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ICRISAT's Objectives

ICRISAT's mandate is to:

1.Serve as a world center forthe improvement ofgrain yield and quality
of sorghum, millet, chickpea, pigeonpea, and groundnutand toact as

a world repository for the genetic resources of these crops;

2. Develop improved farming systems that will help to increase and
stabilize agricultural production through more effective use of natu-

ral and human resources in the seasonally dry semi-arid tropics;

3.1dentify constraints to agricultural development in the semi-arid
tropics and evaluate means ofalleviating 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 conferences, operating training

programs, and assisting extension activities.




About This Report

This ninth Annual Report covers the 1982 calendar year.

The Report includes work done at ICRISAT Center near Hyde-
rabad, India, at research stations on the campuses of agricultural
universities in different climatic regions of India, and at national and
international research facilities in the 10 countries of Africa, Latin
America, and West Asia where ICRISAT scientists are posted.

To better reflect the interactive nature of our scientists' work we
continue reporting the crop improvement programs as interdiscipli-
nary reports on problem areas. Detailed reporting 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 is included. More details on the work
reported here are given in individual program publications, which are
usually available from the particular research program. Individual
program offprints of this Annual Report also are available from the
program concerned.

Throughout this Report, the variability of estimates is shown by
including standard error (SE); levels of probability are shown by

*

asterisks: for P<0.05, ** for P<0.01, and *** P<0.001. On
graphs representing the mean of several observations, the standard

error is shown by a line (I).




Contents

ICRISAT's Five Crops vii Physiology 110
. Biological Nitrogen Fixation 114
Introduction X Grain and Food Quality 118
ICRISAT's Agroclimatic Plant Improvement 121
Environment wviii Cooperative Activities 125
Looking Ahead 127
Genetic Resources Unit 1 Publications 127
Collections 3 .
Pigeonpea 129
Sorghum Germplasm 8
Pearl Millet Germplasm 9 Diseases 131
Pigeonpea Germplasm 10 Insect Pests 138
Chickpea Germplasm 12 Biological Nitrogen Fixation 144
Groundnut Germplasm 12 Physical Environment 148
Minor Millets Germplasm 13 Grain and Food Quality 153
Distribution 14 Plant Improvement 157
Looking Ahead 14 Cooperative Activities 160
Publications 15 Looking Ahead 168
Publications 169
Sorghum 17
Insect Pests 20 Groundnut A
Diseases 27 Diseases 174
Physical Environment 35 Insect Pests 190
Nitrogen Fixation 43 Nitrogen Fixation 199
Food Quality 47 Drought 202
Population Improvement 50 Plant Improvement 207
Cooperative Multilocational Testing 54 Utilization of Wild Species 215
Looking Ahead 57 Cooperation with AICORPO 222
Publications 60 Looking Ahead 226
Publications 227
Pearl Millet 63
Physical Stresses 65 Farming Systems 229
Biotic Stresses 70 Resource Evaluation 232
Biological Nitrogen Fixation 83 On-station Component Research 257
Plant Improvement 91 On-station Operational Research 274
Looking Ahead o7 Systems Analysis and Modeling 285
Publications 98 On-farm Testing of the Vertisol
. Management Technology 290
Chlckpea 100 Routine Soils Laboratory 299
Diseases 102 Looking Ahead 299
Insect Pests 105 Publications 301



Economics 307 Eastern and Southern Africa 380

Latin America 380
Assessment of Deep Vertisol Cooperation with ICARDA 383
Technology Options 309 Training 389
Features of Traditional Village Workshops, Conferences and Seminars 393
Farming Systems 313 Visitors Services 396
Size and Composition of Rural Income 317 Publications 396
Determinants of Rural Villagers' Wages 318
Risk in India's Semi-Arid Tropics 320 Research Support Activities 397
Agricultural Marketing 327
Looking Ahead 331 Plant Quarantine 399
Publications 332 Statistics Unit 403
Computer Services 403
International Cooperation 335 Library and Documentation Services 404
Publications 405
Upper Volta 338
Mali 352
Niger 357 ICRISAT Governing Board 407
Nigeria %8 |CRISAT Senior Staff 409
Senegal 374
Sudan 375 Acronyms and Abbreviations 413

Vi



ICRISAT's Five Crops

Latin
Sorghum Pennisetum Cajanus Cicer Arachis
bicolor americanum cajan arietinum hypogaea
(L.) Moench (L.) Leeke (L.)Millsp. L. L.

English
Sorghum, Pearl millet Pigeonpea Chickpea, Groundnut,
durra milo, bulrush millet, red gram Bengal gram, peanut
shallu, cattail millet, gram,
kafir corn, spiked millet Egyptian pea,
Egyptian corn, Spanish pea,
great millet, chestnut bean,
Indian millet chick,

caravance

French

Sorgho Petit mil Pois d'Angole, Pois chiche Arachide
pois cajan

Portuguese

Sorgo Painco Guando, Grao-de-bico Amendoim
perola feijao-guando

Spanish
Sorgo, Mijo perla, Gaundul Garbanzo, Mani
zahina rnijo garavance

Hindi
Jowar, Bajra, Arhar, Ghana Mungphali
jaur tur
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Introduction

For ICRISAT, 1982 was a signal year—the end ofa decade of work in India, the beginning of
research at the ICRISAT Sahelian Center in West Africa.

At our 10th Anniversary observance at ICRISAT Center on 11 October, we were able to
review accomplishments with satisfaction and view the future with confidence. Many of the
research results and much of the germplasm we amassed during our first decade can now be
transferred with assurance to scientists and farmers in SAT countries.

In Africa, we began operations at the new ICRISAT Sahelian Center in Niger. The

500-hectare experiment farm near Niamey will be the focal point for our work on millets and
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The  first "office” occupied at the ICRISAT Sahelian Center in Sadore.  Niger. Africa; below, the first laboratory
facility =~ completed there. Construction  of permanent facilites — will begin in 1984.




groundnuts, and on farming systems associated with those crops in the southern Sahelian zone
of West Africa. It will also serve as the headquarters for our West Africa programs.

Semi-arid Africa offers a major challenge in the decade ahead. Its environment is harsh, its
pests are relentless, its plant diseases severe, and food production there has been steadily
declining against increasing populations.

Our scientists at the Sahelian Center work in a drought-prone area where 70% ofthe annual
rainfall occurs within 5 weeks, soil temperatures can reach 60° C (140° F), and the soil is 92%
sand.

In 1982 we also began our response to the request of nine Heads of State in the Southern
African Development Coordination Conference (SADCC) for help in increasing their food
supplies. Our most recent project was establishing a regional groundnut improvement pro-
gram for southern and eastern Africa in cooperation with the Government of Malawi. Our
groundnut breeder arrived at the Chidetze Agricultural Research Station in Lilongwe in
September and began plantings in November of ICRISAT materials including 2000 breeding
lines, breeding populations, germplasm lines, and elite parents. A pathologist willjoin him in
1983.

The team will conduct trials throughout southern and eastern Africa to produce groundnuts
with multiple disease resistance, high yield, good food quality, earliness, and increased seed
size. Their results should apply to all southern African countries and should be especially

valuable in Tanzania, Mozambique, Zimbabwe, and Zambia, as well as Malawi.

ICRISAT groundnut  scientists study diseased plants in a farmer's field in  Malawi. The new regional cooperative
groundnut  program established  in Malawi will  conduct trials to improve  disease resistance throughout ~ southern
and  eastern Africa.




One of four sorghum varieties from the ICRISAT population  breeding program  being marketed in  China after 2

years of selection and  evaluation there.

In addition to the regional cooperative groundnut program based in Malawi, we hope to
establish similar regional cooperative programs for sorghum, pearl millet, and dryland
farming systems in southern Africa. We posted a sorghum and pearl millet coordinator for
eastern and southern Africa at Nairobi in 1982 in cooperation with SAFGRAD.

Our efforts in Latin America resulted in the release in 1982 of three sorghum varieties by
Mexico's national agricultural institute, release of two varieties in EI Salvador, a 50-hectare
planting for seed production in Venezuela, an ICRISAT variety going into production in
Nicaragua, several ICRISAT food-type sorghums being increased in large plots in Guatem-
ala, and eight ICRISAT varieties being increased on farmers' fields in Haiti.

ICRISAT sorghums are also doing well in China. Four varieties from our population
breeding program entered the market in China after 2 years of local selection and evaluation.

In India, which tests new varieties for up to 6 years before releasing them to farmers, our
elite sorghum variety SPV 351 moved to within one step of release and several other lines
advanced through earlier testing stages.

Our first pearl millet variety to be released in India, WC-C75, which resists downy mildew,
went into commercial seed production this year. We shipped nearly 1000 kg of WC-C75 to
agricultural departments in various Indian states, and 340 kg went to agencies that multiply
seed. We supplied 750 kg ofanother variety, ICMS 7703, to the All-India Coordinated Millet
Improvement Project for its final year of extensive on-farm testing, and another400 kg to state

agricultural departments.
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Two ICRISAT millet synthetics bred in Senegal averaged 22 % higher yields in 3-year tests
than Souna IIl, the local standard variety previously released for its superiority. The two
synthetics advanced to prerelease, on-farm evaluation.

Our program at the University of Queensland developed a system of using high-yielding,
early-maturing pigeonpeas forimproved production in Australia. A similar improved produc-
tion system, accepted in Fiji, is expected to make thatcountry self-sufficientin pigeonpea, and
indicates the potential use of such systems in other developing countries.

Work at the University of Queensland has provided sources of male sterility, photoperiod-
insensitive lines, and fast-ratooning lines for the improved production system. Genetic mate-
rial from the program has been distributed to many parts of the world.

In cooperation with the Queensland Graingrowers Association, seed of QPL-96 pigeonpea
was increased for release under the name '"Hunt' to growers in Australia in 1982. Huntis from
the cross Prabhat x Baigani in the ICRISAT breeding program in India.

Although ICRISAT funding for the cooperative work at the University of Queensland

ended in November 1982, the program will continue under alternate funding.
Seed hags of WC-C75, ICRISAT's first pearl millet variety released in India. Commercial seed production started
this  year in Maharashtra.
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The pigeonpea cultivar 'Hunt'. released to Australian  growers from a eross in the  ICRISAT breeding program  in
India, is high  yielding and  relatively insensitive to  photoperiod.

A chickpea developed jointly by ICARDA and ICRISAT to resist ascochyta blight, ILC
482, was released in 1982 for winter sowing and general cultivation in the drier areas of Syria.
Another chickpea, ILC 484, is being multiplied for large-scale trials in Jordan.

We confirmed good resistance to Heliothis armigera in chickpea, and to a lesser extent in
pigeonpea, which we are now transferring to better adapted material.

Our program of incorporating resistant genes from wild groundnut species progressed in
1982 as we produced pegs and pods from crosses previously considered incompatible. We also
produced hybrids with wild species newly introduced to ICRISAT, and found that crossabil-
ity, which is low in early generations, usually increased with successive backcrosses.

During the 1982 rainy season, when rust and leaf spot attacked othergroundnut varieties,
eight ICRISAT genotypes that resist rust and leaf spot yielded 2'/,times as much (1000 vs 400
kg/ha) as three released varieties. At Anantapur, India, during the 1982 rainy season, we had
several drought-resistant genotypes yield more than 1000 kg/ha, compared with 500 to 800

kg/ha by released varieties.
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Agricultural  officials ~ from

five teams  of senior officers

interrow cultivation in  progress
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traditional ~ farm  at  Taddanpally. =~ Andhra  Pradesh.  During  the  year.

on-farm tests spread to eight locations in Jour states. Below,

one of the sites.
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We distributed 4187 populations and breeding lines of groundnut to 31 countries during
1982.

In India our efforts to transfer technology to deep black soils in areas with assured rainfall
expanded dramatically.

Experiences in 1981/82 with 14 farmers in Taddanpally village, about 42 km from ICRI-
SAT Center, were gratifying to us and to those at Indian research institutions and the Central
Government and Andhra Pradesh Departments of Agriculture with whom we initiated the
farmers' test of Vertisol management on farms in 1980.

The nine crop combinations that the 14 farmers chose far exceeded production of other
farms in the vicinity. While returns from other farms averaged Rs. 1625 per hectare, those for
the 14 cooperating Taddanpally farmers averaged Rs.3059. The improved systems required an
extra Rs.588 per hectare, but the extra income was Rs. 1434 perhectare. Thatisa244% return
on the added expense.

Farmers in Sultanpur, a neighboring village, asked to participate in the project in 1982/83.
The 17 farmers there will be trying various crop combinations that they choose on a total of
35.2 hectares. We are also working closely with scientists and extension officers in three other
states of India in on-farm verification trials that should further speed the transfer of this
technology to farmers.

The 1982 results confirm that many deep Vertisol watersheds, now left fallow in India
during the rainy season, should be producing both rainy and postrainy season crops. As the
ICRISAT-developed, improved farming system is adapted to various areas, it can be applied
to several million hectares of deep Vertisol watersheds in India—to the financial advantage of
farmers and their communities through the increased food produced.

We made good progress in 1982 in improving the machinery and equipment thatcan be used

by small farmers.

To break the crusts that reduce seedling  emergence, ICRISAT
engineers  developed two models of a rolling crust breaker, one for
hand  operation and onefor an animal-drawn wheeled  tool carrier.
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Among  more  than 1500 farmers  who visited ICRISAT Center on 3 October were 67 from  the Tata  Agricultural and

",

Rural Training Centre for  the Blind  who 'see  feelingly."

To break the crust that reduces seedling emergence, we developed and tested two models of
a rolling crust breaker, one for hand operation; the other to fit an animal-drawn wheeled tool
carrier. Emergence was 96% when the crust was broken in our tests with seedling sorghum IS
8129; 38% where it was not. The crust breaker made an even more important difference with
millet emergence. Only 1 of 10 millet genotypes exceeded 4% emergence under a crust,
compared with 23 to 55% with the crust broken.

We also designed a furrow opener that does not clog easily in wet soil, requires relatively low
draft, and places seed and fertilizer 10 to 12 cm deep, acceptably separated.

Our long-term training program attracted 126 scientists and technical assistants from 35
countries; scientists from 4 countries did postdoctoral work; 91 persons from 29 countries
took part in the 6-month, in-service training program; 11 countries sent 32 students to do
Ph.D. and M.Sc thesis research; and 7 young scientists from 4 countries took specialized skill
development training as in-service fellows in a recently initiated program.

As part of the ICRISAT program in Mexico, 15 Latin American scientists in sorghum
improvement completed training in 1982, and in Mali we helped several thesis students who
then were employed by the Malian government as research scientists.

ICRISAT's two-way exchange of knowledge with farmers lets them help us as we help them.
More than 1500 farmers visited |CRISAT Center 3 October for Farmers' Day during our 10th

Anniversary. Among them were 67 from the Tata Agricultural and Rural Training Centre for
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the Blind. The blind farmers who are trained in 2 years to be self sufficient on 1.5 to 2.5
hectares in their villages, examined machinery that ICRISAT engineers have designed for
Indian farms, as well as the growing crops, by touch.

Even though insects, diseases, and drought likely will always pose problems for farmers in
the semi-arid tropics, we areina much better position todeal withthem now than 10 years ago.

During the decade, for example, ICRISAT sorghum scientists developed varieties, hybrids,
breeding lines, and other material that resist armyworm, anthracnose, charcoal rot, drought,
downy mildew, head bugs, leaf rusts, shoot flies, sorghum midge, and stem borers. Similar
progress has been made with all our mandate crops.

The base is well established for the work that lies ahead.

L.D. Swindale

Director General
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ICRISAT's 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, with important contributions from ICRISAT scientists posted
at cooperative stations in India, in eight African countries, and in Mexico and Syria. As background to
our research reports, this section presents a brief description of the environments where most of our
research in India is conducted and includes data for the ICRISAT Sahelian Center for comparison.
Pertinent data for weather outside India are listed with experiments in the program reports.

ICRISAT Center

The Institute is located at 18°N, 78 E on 1394 hectares near Patancheru village, 25 km northwest of
Hyderabad on the Bombay Highway. The experimental farm includes two major soil types found in the
semi-arid tropics: Alfisols (red soils), which are light and drought prone, and Vertisols (black soils),
which have great water-holding capacity. The availability of both soil types provides an opportunity to
conduct experimental work on our five mandate 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 monsoon or kharif, usually begins in June and extends into September. More than 80%
of the 800-mm average annual rainfall occurs during those four months, in which rainfed crops are
raised. The postrainy winter season (October through January), also known as postmonsoon or rabi, is
dry and cool and days are short. During this period crops can be grown on Vertisols on stored soil
moisture. The hot, dry summer season is from February until rains begin again in June. Any crop grown

then requires irrigation.

Crops. The five ICRISAT crops have different environmental requirements that determine where
and when they are grown. In the Hyderabad area millet and groundnut are sown on Alfisols during
June and July, the beginning of the rainy season; at ICRISAT Centeradditional generations are grown
under irrigation. Pigeonpea is generally sown at the beginning of the rainy season and continues
growing through the postrainy season; to provide additional genetic material for our breeding program,
we plant an irrigated crop of early-maturing types in December. As in normal farming practice, two
crops a year of sorghum can be grown at the Center, one during the rainy season; the otheron Vertisols
in the postrainy season. Chickpea, a single-season crop, issownduringthe postrainy season on residual
moisture in deep soils (Vertisols at ICRISAT Center). At ICRISAT, asin normal farming practice, the
crops are often grown in various combinations and sequences, which we are working to improve. The

cropping schedule generally followed at ICRISAT Center is shown in Figure 1.

Cooperative Research Stations in India

In cooperation with five agricultural universities in India, ICRISAT has established stations on their

campuses to test the performance ofbreeding material under various climatic conditions and latitudes.
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Figure 1. ICRISAT Center's cropping schedule.

The universities are at Bhavanisagar (11°N), Anantapur (15°N), Dharwar (15°N), Gwalior (26°N), and
Hissar (29°N).

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

sorghum, and groundnut for drought.



The Weather

ICRISAT Center. Rainfall received during the 1982 rainy season (June to October) was 656 mm,
against a normal of 690 mm for this period. Monthly rainfall and temperature data from January to

December 1982 are presented in Table 1.

Anantapur. Of the 590 mm mean annual rainfall, over 80% is spread over a long rainy season
extending from May to October (Table 2). Rainfall in the 1982 rainy season was 340 mm, 42% below

normal.

Bhavanisagar. Normal rainfall data are not available for this station. Rainfall received during May to
December 1982 was 362 mm (Table 3).

Dharwar. Data on rainfall and temperature recorded at Dharwar are given in Table 4. Rainfall

received during May to October 1982 was 679 mm, 3% below the normal of 697 mm for this period.

Gwalior. As shown in Table 5, rainfall received during the 1982 rainy season (June to October) was

853 mm, just above the normal of 843 mm. Over the year, total rainfall was 7% above normal.

Hissar. At Hissar, rainfall receded early in Augustduring the 1982 season (Table 6). Againsta normal
rainfall of 96 mm during September and October, no rainfall occurred during these months. Over the

year, however, rainfall was above normal, due to rains during March to June.

ICRISAT Sahelian Center. Against a normal rainfall of 588 mm during June to October at Niamey
(Table 7), rainfall during 1982 was only 372 mm (37% below normal). Annual rainfall, too, was 37%
below normal. Particularly damaging to crop growth and establishment was the poor rainfall in July,

76% below normal.

Table 1. Rainfall and temperature at ICRISAT Center, 1982.

Temperature (°C)

Rainfall (mm) Normal? 1982

Normal' 1982 M a x Min M a x Min
January 6 0 29 15 29 16
February 11 0 31 17 32 18
March 13 0 35 20 35 21
April 24 34 37 24 37 22
May 27 38 39 26 37 24
June 115 193 34 24 34 24
July 171 155 30 22 31 23
August 156 69 29 22 30 23
September 181 180 30 22 30 22
October 67 59 30 20 30 20
November 23 12 29 16 29 17
December 6 0 28 13 28 13

1. Based on 1901-70 rainfall data.
2. Based on 1931-60 temperature data.
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Table 2. Rainfall and temperature at Anantapur, 1982.
Temperature (°C)
Rainfall (mm) Normal? 1982

Normal' 1982 M a x Min Max Min
January 7 0 30.4 17.3 29.3 17.7
February 2 0 33.4 18.6 33.5 20.6
March 5 0 36.8 21.6 36.3 23.1
April 24 2 38.4 25.7 37.8 26.3
May 57 106 38.1 25.8 37.7 26.7
June 49 85 34.7 24.7 34.5 25.5
July 66 45 32.4 23.7 32.9 24.5
August 74 2 32.4 23.5 32.8 24.6
September 138 100 32.5 23.1 32.2 25.2
October 126 0 31.4 22.5 32.7 22.7
November 36 30.0 19.4 29.5 20.1
December 6 29.1 17.2 28.7 16.9
1. Based on 1910-69 rainfall data.
2. Based on 1931-60 temperature data.
Table 3. Rainfall and temperature at Bhavanisagar, 1982.

Temperature (°C)
Rainfall

Month (mm) Max Min
January 0 30.0 20.2
February 0 32.9 20.5
March 0 35.0 24.0
April 26 36.0 26.6
May 34 35.8 26.8
June 11 34.0 26.8
July 8 34.1 26.4
August 4 33.4 26.5
September 90 34.0 26.0
October 38 32.8 24.4
November 173 30.3 23.4
December 4 29.6 19.9
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Table 4. Rainfall and temperature at Dharwar, 1982.
Temperature (°C)
Rainfall (mm) Normal? 1982

Normal' 1982 Ma x Min M a x Min
January 2 0 29.3 14.3 29.8 13.6
February 2 0 32.1 16.3 33.2 16.4
March 9 0 34.8 18.8 35.6 18.2
April 48 26 36.3 20.8 36.9 19.6
May 75 165 34.9 21.1 34.9 20.2
June 96 105 29.1 20.8 29.3 20.1
July 175 121 26.5 20.5 27.3 19.7
August 122 163 26.4 20.1 25.8 19.8
September 103 30 28.2 19.6 28.3 19.0
October 126 95 29.7 19.1 30.9 18.7
November 48 1 28.6 17.0 28.6 16.5
December 12 0 28.4 13.7 28.5 12.2
1. Based on data for the period 1901-50.
2. Based on data for the period 1972-81.
Table 5. Rainfall and temperature at Gwalior, 1982.

Temperature (°C)
Rainfall Normal' 1982

Normal' 1982 M ax Min M a x Min
January 18 19 23.2 7.5 22.2 8.9
February 8 7 26.6 10.0 22.7 10.7
March 8 19 32.9 16.0 28.5 13.7
April 3 3 38.5 22.3 36.4 20.9
May 9 11 42.6 28.0 38.4 24.9
June 83 53 40.8 30.2 40.4 27.8
July 274 207 34.1 26.6 37.0 27.6
August 259 544 31.9 25.4 31.7 24.6
September 192 40 32.4 24.4 33.6 22.7
October 35 10 33.2 18.0 34.5 19.3
November 2 37 29.4 10.5 28.1 14.0
December 8 16 24.8 7.2 24.0 8.2

1. Based on data for the period 1931-60.
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Table 6. Rainfall and temperature at Hissar, 1982.

Temperature (°C)

Rainfall (mm) Normal' 1982

Normal' 1982 M a x Min M ax Min
January 19 9 21.7 5.5 20.0 5.8
February 15 18 25.0 8.1 19.4 7.2
March 17 42 30.7 13.3 24.2 10.4
April 6 54 37.0 19.0 33.5 16.9
May 11 78 41.6 24.6 35.6 21.2
June 34 48 41.3 27.7 40.0 26.6
July 122 106 37.3 27.3 37.7 26.7
August 114 101 35.5 26.1 34.9 25.7
September 81 0 35.7 23.9 37.0 22.3
October 15 0 34.6 17.4 33.6 18.1
November 8 0 29.6 9.8 28.3 1.7
December 5 8.5 24 .1 6.0 22.5 6.0
1. Based on data for the period
Table 7. Rainfall and temperature at ICRISAT Sahelian Center, Niamey, Niger, Jan-Dec 1982.

Temperature (°C)
Rainfall (mm) Normal' 1982

Month Normal' 1982 M a x Min M ax Min
January 0 - 34 14 32.0 14.5
February 0 - 37 17 34.3 19.2
March 1 3 41 21 38.0 23.8
April 3 - 42 25 41.5 26.8
May 46 24 41 27 40.1 27.7
June 79 55 38 25 37.8 26.4
July 181 43 34 23 35.8 24.8
August 206 194 32 23 32.6 22.8
September 101 69 34 23 36.1 24.6
October 21 11 38 23 37.7 23.3
November 0 0 38 18 33.6 17.4
December 0 0 34 15 32.9 17.9

1. Based on

1931-60 data.
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The correct citation for this reportis ICRISAT (International Crops Research Institute for the Semi-Arid Tropics) 1983.
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GENETIC RESOURCES UNIT

ICRISAT's germplasm collections, managed by
the Genetic Resources Unit, are the present and
future foundations for improving the five man-
date crops. Further progress can now be
reported on ways to acquire more ofthe genetic
resources not collected but available in tradi-
tional farming. Collecting and conserving are
major goals, and much emphasis is laid on eva-
luating, documenting, and supplying seed to
help crop improvement programs worldwide.

Genetic resources of sorghum, pearl millet,
pigeonpea, chickpea, groundnut, and minor
millets are threatened by genetic erosion,
regional droughts, replacement by new cultivars
and crops, and habitat destruction causing wild
relatives to disappear. Germplasm from tracts
under irrigation development schemes also must
be saved for use in rainfed areas.

By guarding the germplasm of the major food
and cash crops of mainly small farmers in the
semi-arid tropics, ICRISAT's Genetic Resour-
ces Unit plays an important role in the world-
wide network of genetic resources institutions,
promoted by FAO, UNDP, UNEP, CGIAR,
international and national institutes, founda-
tions, government agencies and universities.
Time, accessibility, and budget constraints pose
problems, but in most cases we have been able to

carry out plans for collecting in priority areas.

By the end of 1982, 74 798 germplasm acces-
sions of our mandate crops and the six minor
millets had been assembled (Table 1). Major
collections were carried out during 1982 in
Brazil, Ethiopia, Kenya, Rwanda, Burundi,
Nigeria, South Africa, Zimbabwe, and some
areas of India (Jammu, the Palni and Carda-
mom Hills, northern Bengal and Sikkim, and
northern Uttar Pradesh).

Our own collection efforts and material
received from various donors added 3172 new
accessions during 1982. Although we have
reduced the number of geographical gaps in our
collections, many areas are still high on our
priority list.

By the crops indicated, the following areas
urgently need to be explored for collections
either in part or as a whole, and for cultivated
genotypes, wild relative species, or both:

Sorghum Angola, southern Sudan, Central
African Republic, Uganda, Chad, Ivory Coast,
Sierra Leone, Mozambique, Nepal, Ghana,
Morocco, North and South Yemen, northern

Syria, southern Turkey, parts of India, China.

Pearl millet : Chad, Egypt, Ghana, Mauritania,
Upper Volta, Nigeria, Ethiopia, Pakistan, parts

of India.

Pigeonpea : Malawi, Zaire, Burma, Philippines,

Uganda, Caribbean Islands, southeastern

China, Southeast Asia, Australia.

Chickpea : Burma, Pakistan, Turkey, southern
and northern Ethiopia, northeastern India,

Tanzania.

Groundnut Burma, China, East and Central
Africa, Indonesia, Thailand, West Africa, South

America.

Many other areas are also of interest for future
collections. The move to the new Genetic
Resources Laboratory (in the Phase Il build-
ings) in December provided the Genetic Resour-
ces Unit proper facilities to better serve the
scientific community. The new, large, short-term
storage relieves space in the crop-work area for
bulk storage. The new medium- and long-term
storage modules will soon be ready for use. The
medium-term storage facility was made possible
through a financial grant from the Asian Devel-
opment Bank.

The new laboratory (equipped with seed ger-
minators, growth chambers, microscopes for
cytological verification of cultivated and wild
germplasm, and seed handling and cleaning
equipment) will facilitate work hitherto scat-
tered in different parts of the Institute. A spa-

cious herbarium room will store the precious
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Table 1. Germplasm

collection status at ICRISAT as of 31 December 1982.

Number of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
AFRICA

Algeria 0 0 0 18 0
Angola 29 0 0 0

Benin 4 17 0 0 10
Botswana 190 45 0 0 1
Cameroon 1835 171 0 0 2
Central African Rep. 39 58 0 0 2
Chad 138 62 0 0 10
Comoros 0 0 0 0 1
Congo 0 0 0 0 5
Egypt 22 0 0 51 10
Equatorial Guinea 0 0 0 0 10
Ethiopia 4242 0 0 160 0
Gambia 57 17 0 0 22
Ghana 64 256 2 0 34
Guinea 0 0 0 0 17
Ivory Coast 1 0 0 0 61
Kenya 761 47 64 0 34
Lesotho 8 0 0
Liberia 0 0 12
Malagasy Republic 1 1 0 31
Malawi 437 245 20 3 133
Mali 111 873 0 0 22
Mauritania 0 1 0 0 0
Mauritius 0 0 0 0 17
Morocco 0 0 0 53 16
Mozambique 42 28 0 0 126
Namibia 1 0 0 0 0
Niger 408 1032 0 0 5
Nigeria 1173 610 27 3 238
Senegal 237 306 10 0 209
Sierra Leone 3 0 0 0 16
Somalia 125 3 0 0 6
South Africa 726 16 1 0 107
Sudan 2256 274 0 5 165
Swaziland 19 0 0 0 6
Tanzania 432 138 167 2 233
Togo 0 58 0 9
Tunisia 0 0 0 30 0
Uganda 612 48 0 0 134
Upper Volta 248 34 0 0 49

Continued.
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Table 1. Continued.

Number of accessions
Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
Zaire 24 0 0 0 83
Zambia 210 77 20 0 159
Zimbabwe 186 52 0 0 420
ASIA
Afghanistan 6 0 0 674 0
Bangladesh 9 0 57 32 0
Burma 8 0 64 12 19
Cambodia 0 0 0 0 1
China 68 0 0 0 174
Cyprus 1 0 0 22 5
India 4138 10762 9025 5489 1996
Indonesia 32 0 4 0 120
Iran 7 0 0 4093 10
Iraq 4 0 0 18 0
Israel 22 0 0 48 40
Japan 111 0 0 0 44
Jordan 0 0 0 24 0
Lebanon 360 71 0 18 0
Malaysia 0 0 0 0 59
Nepal 0 116 70 0
Pakistan 29 5 15 148 0
Philippines 5 0 37 0 19
Saudi Arabia 1 0 0 0
South Korea 2 0 0 0
Sri Lanka 25 0 70 3 15
Syria 4 0 0 12 1
Taiwan 13 0 3 0 41
Thailand 5 0 20 0 8
Turkey 51 0 0 436 5
Yemen AR 216 0 0 0 1
Yemen PDR 1 0 0 0 0
EUROPE
Belgium 1 0 0 0 3
Bulgaria 0 0 0 5 2
Czechoslavakia 0 0 0 8 0
France 5 0 20 1 1
German DR 4 0 0 1 0

Continued.
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Table 1. Continued.

of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
Greece 1 0 0 24 4
Hungary 26 0 0 4 1
Italy 8 0 5 18 0
Portugal 6 0 0 4 1
Spain 3 0 0 77 1
UK 1 0 0 0
USSR 69 12 2 93 63
Yugoslavia 0 0 0 2 0
THE AMERICAS

Argentina 16 0 0 0 274
Barbados 0 0 0 0 4
Bolivia 0 0 0 0 109
Brazil 0 0 7 0 395
Chile 0 0 0 136 12
Colombia 0 0 5 1 0
Costa Rica 0 0 0 0 1
Cuba 3 0 0 0 20
Dominican Rep. 0 0 6 0

Ecuador 0 0 0 0 2
El Salvador 1 0 0 0 0
French W. Indies 0 0 4 0 5
Guatemala 6 0 0 0 0
Guyana 0 0 7 0 0
Honduras 1 0 0 0 4
Jamaica 0 0 18 0 1
Mexico 234 7 2 359 6
Nicaragua 1 0 0 0 0
Paraguay 0 0 0 0 139
Peru 0 0 5 2 203
Puerto Rico 0 0 45 0 4
Trinidad 3 22 0 3
Uruguay 1 0 0 0 29
USA 1879 48 3 108 1548
Venezuela 1 0 15 0 12
AUSTRALIA AND OCEANIA

Australia 28 4 47 0 52
Fiji 0 0 0 0 2

Continued.




Germplasm  Distribution 7
Table 1. Continued.
Number of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
New Guinea 1 0 0 0 0
UNKNOWN 397 11 0 235 2330

Total 22466 15388 9936 12502 10211

Minor millets collection at ICRISAT

Species No. of accessions

Eleusine  coracana (finger millet)
Setaria  italica (foxtail millet)
Panicum miliaceum (proso millet)

Panicum sumatrense  (little millet)

Echinochloa crusgalli  (barnyard millet)
Paspalum scrobiculatum (kodo millet)
Total

1422
1196
735
243
393
306

4295

reference material of several hundred species,
gathered during many trips, to serve as a per-
manent reference. Companion species and
weeds are filed to assist in identification and
verification. The new building enhances preser-
vation of the samples wunder controlled
conditions.

The major portion of the germplasm is now
stored at 4 to 5°C and 30 to 40% relative humid-
ity. The medium-term stores, equipped with
compactor shelves, already have relieved us
from frequent rejuvenation of germplasm. Our
initial germination tests showed that viability of
fresh seeds placed in the medium-term cold
stores for 2 years remains very good (94% aver-
age for groundnut cultivars).

Multilocational testing continued in Ethiopia
for sorghum, and at Hissar for chickpea, but a
combined attack of Botrytis - Ascochyta wiped
out all but 20 chickpea accessions at Hissar. The
survivors will be evaluated to determine if they
are really resistant.

In collaboration with scientists in other disci-
plines, we will continue to screen new germplasm

for various attributes. Evaluation of our germ-

plasm at, or near, their original habitats will be
increased in the immediate future. Some prelimi-
nary, promising discussions have been made
with Kenyan and Cameroon scientists to launch
such evaluations jointly in their countries.
Table 2 shows the number of samples distrib-

uted in 1982 to scientists in and outside India.

Table 2. Germplasm distribution in 1982.

Samples
distributed’
Other
Other Total countries?

Crop India countries samples (no.)
Sorghum 1430 12785 14215 27
Pearl millet 569 429 998 12
Pigeonpea 1326 569 1895 22
Chickpea 4801 1038 5839 19
Groundnut 2208 1423 3631 18
Minor millets 2080 901 2981 7

1. Figures do not include more than 40 000 samples of
germplasm shared with 1CRISAT scientists.

2. Most of these countries also provided germplasm to
ICRISAT (see Table 1).
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The numbers shared in the Institute are even
larger. The importance ofthe seed supply service
is well understood, and the most useful germ-
plasm available is sent. Seed supply abroad is
channeled through the Government of India
quarantine authorities, who inspect and clear the
seeds.

Documentation was furthered this year by
transcribing existing data on to the new compu-
ter, which will make data retrieval (for selection
and analysis) possible. More concerted efforts
will now be made to document and computerize
germplasm passport and evaluation data for all

our crops.

Sorghum Germplasm

Efforts to assemble sorghum germplasm from
new areas continued, and 1202 new accessions
were added to the existing collection of 21 264,
for a total of 22,466. The new additions were
assembled from 16 countries—by collection
expeditions and correspondence.

Collection expeditions were organized in the
two high altitude central African countries,
Rwanda and Burundi, where sorghum had not
been collected before. A new range of variation
in the collection was noticed for panicle type and
grain color. Some types described by Snowden
as S.  nigricans were recovered. Other expedi-
tions were organized during the year in Zim-
babwe and Kenya.

A total of427 accessions—from Nigeria (193),
Zambia (85), Ghana (79), and Sudan (70)—were
planted in the Postentry Quarantine Isolation
Area (PEQIA) for inspection and release. Pend-
ing clearance by Indian plant quarantine author-
ities are 2270 accessions from ORSTOM: West
Africa (1240), Mali (369), Ethiopia (260),
Rwanda (170), Burundi (105), Kenya (95), and
Zimbabwe (31).

To meet the increasing requests for seed, we
rejuvenated 4609 accessions during the post-
rainy season by using the technique of selfing,
and 118 male-sterile lines were maintained by
hand pollination. AIll accessions are now con-

served in medium-term cold storage.

Sorghum  germplasm,  collected  for the first time  from
Burundi in eastern  Africa, has provided a new range
of panicle types and grain color to ICRISAT's gene

hank.

Also during the postrainy and rainy seasons,
4675 newly assembled accessions were charac-
terized and evaluated at ICRISAT for morpho-
agronomic characters.

Collaborating with scientists of the Sorghum
Program, we continued to screen germplasm for
insect and disease resistance: 15 036 accessions
during the year for resistance to midge, earhead
bug, stem borer, shoot fly, anthracnose, downy
mildew, and grain molds. For the first time, wild
relatives of sorghum were screened for response
to downy mildew by the Sorghum Pathology
Unit and two accessions from 5 arundinaceum
and S.
ICRISAT Center.

sudanense gave an immune reaction at

A base collection consisting of about a thou-
sand accessions was selected from the World
Collection and stratified taxonomically and geo-
graphically, based on their ecological adaptation
at Patancheru. The material is already being
used by sorghum scientists of ICRISAT (to
screen for resistance to midge and head bug, and
for grain quality), by Indian institutions, and by
scientists of Japan, Uganda, Upper Volta, and
Mali in their improvement programs.

Internationally acceptable descriptors were
standardized and published in collaboration
with IBPGR. Adding to the data already compu-



This photoperiod-insensitive zera-zera sorghum was
convened at ICRISAT Center from the  photoperiod-
sensitive landrace collected in Gambela, Ethiopia.

The conversion gives us new  agronomic characteris-

tics to use in  breeding programs.

terized, evaluation data for important descrip-
tors with passport information from IS 10 051
onwards have been tabulated to be
computerized.

For an effective and easy flow of tropical
germplasm into various sorghum improvement
programs around the world, we initiated an
introgression and conversion project in 1979.
Now we are converting zera-zera land races from
Sudan and Ethiopia, which are highly prized for
their superior agronomic characteristics, but
have restricted utility because they are photope-
riod sensitive and much too tall. The converted
F; populations grown at ICRISAT Center in
1982 produced promising segregants, which
combine in zera-zera heads such other desirable
traits as improved grain quality and quantity,

photoperiodic insensitivity, and shorter plant

Pearl Millet Germplasm 9

height. They were selected by ICRISAT breed-
ers, in-service trainees, AICSIP breeders, and
breeders of private seed companies. The nearly
3000 selections will be made into bulks for grow-

ing and further selection by interested breeders.

Pearl Millet Germplasm

A germplasm collection mission to Zimbabwe,
jointly launched by ICRISAT and IBPGR in
collaboration with the Department of Agricul-
ture of Zimbabwe, yielded 37 samples of pearl
millet. Two wild species of Pennisefum were
collected from Burundi. Millet physiologists col-
lected 17 samples from Rajasthan, which include
very primitive landraces with shattering spike-
lets. From the hilly areas of Andhra Pradesh, 18
more samples were collected. The millet breeder
from Mali collected 167 samples. The IBPGR
collection from Nigeria was received after multi-
plication by selfing in Pune. Of the 132 samples
received, seed was obtained from 118, so our
collection now has 15 388 samples.

Of the 1280 samples from 10 countries sown in
PEQIA, 931 were released after quarantine
inspection; the rest did not germinate. Remnant
seeds of 242 accessions were again sown in qua-
rantine. In addition, 876 samples—from Sudan
(376), USA (218), Mali (167), Senegal (50), Zim-
babwe (36), Kenya (15), Ghana (12), and
Burundi (2)—were sown for quarantine inspec-
tion and seed increase.

During the postrainy season, 2196 accessions
were rejuvenated and processed for storage to
replenish the seed quantity or restore normal
viability.

Besides the 931 accessions released from qua-
rantine, 148 samples collected from Maharash-
tra and 118 samples from Nigeria were evaluated
during the rainy season for various morphologi-
cal and agronomical characters.

In total 1255 selected germplasm lines were
classified for male sterility maintaining and res-
toring ability on 5141A. The search for new
characters and new sources was intensified.
From the germplasm grow-outs, 35 new dwarf
stocks were identified, as well as 125 from the

breeders' plots. The true-breeding dwarf stocks
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were crossed to the known dwarfstock d2. When
the Fy was dwarf, it was assumed to he allelic to
d2. When the F{ from such a cross was tall, it was
assumed to be nonallelic to d2. Such a genetic
analysis indicated at least three dwarf stocks that
are nonallelic to d2. Observations on these new
dwarf stocks are continuing.

Glossy leaves, a trait not previously reported,
were identified after screening more than 6000
accessions. The glossy trait, identifiable in the
earliest seedling stage, was best expressed
around 14 days after plants emerged. Prelimi-
nary observations show that the glossy leafchar-
acter is recessive and controlled by a single gene.

Careful examination of anthers and seed-set
after selfing helped us identify several male-
sterile lines, most of which are genetic. We later
identified four morphologically distinct male-
sterile lines and their maintainers, some of which
we are evaluating jointly with the breeders.

By mutagenic treatment of tall, photoperiod-
sensitive, long-duration West African types, we
identified some very interesting early-maturing
dwarf mutants, 37 of which were selected by
breeders. Several chlorophyll mutants were iso-
lated and characterized, and their mode ofinher-
itance was studied.

In collaboration with scientists in other disci-
plines, we screened 1227 new germplasm lines
for resistance to downy mildew and rust (784),
ergot (123), drought (101), insects (212), and
grain quality (7).

For meaningful comparisons ofdata from dif-
ferent locations and recorders, 1CR1SAT and
IBPGR jointly published Descriptors for Pearl
Millet.

Evaluation data of more than 4000 accessions

were tabulated for the computer.

Pigeonpea Germplasm

Collection from priority areas continued, and a
systematic germplasm collection launched in
Kenya secured 282 representative landraces of
pigeonpea. This material includes new records
for seed weight (26.92 g/100 seed) and a new
green seedcoat color. Adding more large-seeded

perennials to the World Collection, many of

Tall and  dwarf types

ICRISAT Center, show the diversity of

of pigeonpea  germplasm, grown

side by side at

plant heights available in germplasm for plant breed-

ers around the world.

which seem to have high yield potential and
drought tolerance, has substantially broadened
the genetic base for the vegetable-type pigeon-
peas needed in such areas as East Africa and the
Caribbean Islands. To secure more wild species,
we organized pointed collections in the Western
Ghats and the northern Himalayan foothill
tracts of India. Among the important collections
are more accessions of Atylosia rugosa, A. albi-
cans, Dunbaria
flora, R.

R. aurea.

ferruginea, Rhynchosia albi-

rufescens, R. suaveolens, R. rothii, and

Germplasm of  Dunbaria  conspersa
from Jalpaiguri district in West Bengal was col-
lected for the first time. We obtained Atylosia

acutifolia, and A.plurifiora, which are new addi-



tions, and A. reticulata from Australia. Our gene
bank now has 9936 accessions from 33 countries.
Wild relatives consist of 164 accessions belong-
ing to 39 species and 6 genera. The 352 recently
added lines from Kenya, Tanzania, Thailand,
etc., are at various stages of quarantine
clearance.

During 1981/82, 1610 lines were rejuvenated,
and 1472 lines were sown for rejuvenation in
1982/83. The recent collection of wild relatives
from the Kumaon hills and the Western and
Eastern Ghats of India also was rejuvenated.

We have completed characterizing most of the
ICRISAT-developed lines, so their morphoa-
gronomic descriptions are now available. In
1982/83 a total of 476 lines including new collec-
tions will be grown forcharacterization. In addi-
tion, to compare the suspected duplicates, we
shall record morphoagronomic characters for
1674 lines; 2150 lines in all were sown forcharac-
terization in 1982/83.

Replicated evaluation to ascertain the perfor-
mance of high-yielding, medium-maturing
pigeonpeas continued; from the 60 lines origi-
nating from diverse genetic backgrounds evalu-
ated in 1981/82 we selected 36 entries for a
replicated yield potential trial in 1982/83. To
identify more lines with photoperiodic insensi-
tivity, we screened 1216 lines in 1982. So far 7256
lines have been screened at 1CRISAT Center,
and 808 lines with potential for photoperiodic
insensitivity were obtained. We sowed 400 ofthe
808 lines in late 1982 under an extended day-
length to confirm photoperiodic insensitivity.
The results will enable us to select more precisely
the right genotypes needed for different geogra-
phical areas -and perhaps to extend pigeonpea
cultivation into nonconventional areas and ena-
ble nonconventional planting times.

From the M2 and M3 generation ofirradiated
cultivar BDN-1, we identified several plants with
translucent anthers containing sterile pollen.
Test-crossed with the known heterozygous male
sterile Ms-3A, two of them were confirmed true
male steriles. Male sterility is now available in
three maturity groups: ICP-10914 (early), BDN -
1 (medium), and ICP-7188 (late) apart from

other known male steriles.
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In collaboration with ICRISAT pathologists,
we now have 339 new germplasm accessions
under various stages of rigorous screening for
reactions to wilt, sterility mosaic disease, and
blight.

screened 7785 germplasm lines since 1975 for

ICRISAT entomologists, who have

reactions to pests, found some lines less suscepti-
ble to such major pests as Heliothis armigera and
Melanagromyza obtusa. Of 150 lines screened in
1981/82, 39 more lines had some resistance to
those pests. In cooperation with ICRISAT's
entomologists, we established that the host
podfly,

range of the Melanagromyza  obtusa,

extends to several species of Atylosia(A. lineata.

To widen our germplasm in the pigeonpea breeding

program, we crossed this  Australian  species, Atylosia
latisepalus, with cultivar NP(WR)-15, developed by
the Indian Agricultural Research Institute, New
Delhi.
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A. volubilis,  etc.), Rhynchosia, and Flemingia.
This knowledge helps scientists estimate the
potential role of wild legumes in harboring pests
from one crop season to the next. As a result of
screening 45 accessions of wild relatives, such as
sericea, A lineata,

Atylosia scarabaeoides, A.

Rhynchosia  bracteata and others, we identified
12 accessions with low susceptibility and other
desirable traits.

The Biochemistry Unit has analyzed 1511
lines for important sulphur-containing amino
acids such as methionine, cystine, and trypto-
phan, and 86 accessions of wild relatives for
protein content and amino acid profile.

We continued our efforts to involve more
exotic germplasm in the introgression work and
successfully crossed one more Australian spe-
cies, Atylosia latisepala with the pigeonpea cul-
tivar NP(WR)-15. Attempts to cross A. moallis,
A. volubilis, and A. platycarpa again failed, but
further attempts will be made.

Documentation of 1980/81 evaluation data
has been completed and the data are entered in
the computer. The 1981/82 data are ready for
the computer. The Cajanus/Atylosia  taxonomic
revision, begun in 1975, reached the final manus-

cript stage.

Chickpea Germplasm

Chickpea germplasm at ICRISAT now totals
12502 entries from 39 countries, not including
about 400 recently acquired samples awaiting
clearance by the Indian plant quarantine author-
ities. During the year, 45 accessions were added
through fresh collections, 9 through correspon-
dence, and 73 were newly developed or selected
at ICRISAT. Our first chickpea germplasm col-
lection mission to Ethiopia during January-
February was successful, resulting in 210
samples, most of which are heterogenous popu-
lations composed of several morphologically
distinct types. A second trip to the Jammu
region of north India yielded 41 samples.
Morphoagronomic evaluation continued at
both Patancheru and Hissar. At Hissar, a severe
epidemic of foliar diseases devastated the crop so

only 20 of 1400 entries sown could be harvested.

Repeated tests of germplasm materials con-
firmed that some accessions such as P 324 and P
326, both originating from Bihar, India, are
among the top grain yielders, and they are being
used by breeders.

ICRISAT scientists have initially screened
almost all the available germplasm and have
confirmed resistance to fusarium wilt in 58
accessions, to dry root rot in 48 accessions, and
to aschochyta blight in 154 accessions. Entomol-
ogists have confirmed good resistance against
pod borer in 22 accessions. Of 58 wilt resistant
lines, 18 also resisted black root rot. Eleven
accessions were confirmed as resistant to chick-
pea stunt virus. Seed ofall of the resistant stocks
is available to research workers on request.

At one time all the eight wild annual Cicer
species were assembled at ICRISAT, but Cicer
echinospermum could not be maintained owing
to its growing requirements. In some other spe-
cies not enough seed could be multiplied under
Patancheru conditions, but some Cicer yamashi-
tae seed was salvaged. In future seasons these
species are to be grown in extended daylight to
induce early flowering, and produce more seeds.

Seeds of wild Cicer species are in heavy
demand, primarily by research workers in basic
and applied genetics. Some of the species have
highly useful genes, but so far only Cicer reticul-
atum has been introgressed successfully with the
cultivated chickpea. Perennial Cicer species are
difficult to maintain under Patancheru environ-
mental conditions.

Evaluation data on about 11 500 germplasm
accessions grown at Hissarand Patancheru have
been entered in the computer under the IDMR S
system. It is now possible to sort out accessions

in any combination required.

Groundnut Germplasm

Our collection of groundnut germplasm totals
10 211 accessions, an increase of 457 over last
year. New accessions came mainly from Mozam-
bique, Zambia, Ghana, Bolivia, Peru, and
Brazil. In February 1982, a groundnut germ-

plasm collection mission was undertaken to



This  wild relative of groundnut, Arachis  marginata, was

expedition  obtained 38  wild accessions and 7 samples of cultivated groundnut.

germplasm now total  more than 10000.

Brazil in collaboration with CENARGEN/EM-
BRAPA of Brazil and IBPGR. The trip, cover-
ing the valleys between the Araguaia and
Tocantins rivers, yielded 38 wild A rachis acces-
sions belonging to three sections namely, Extra-
nervosae, Triseminale, and Arachis, and seven
samples of cultivated groundnut. Collection
trips in connection with other crops also yielded
new groundnut accessions from Zimbabwe (32
samples), Burundi (1), Rwanda (1), and the East-
ern Ghats, India (8).

Groundnut germplasm (about 1800 samples)
from the Southern Regional Plant Introduction
Station, Georgia, USA. is being transferred to
ICRISAT, but most of it is still in quarantine.
We also received 68 wild species accessions from
Texas A&M

under quarantine.

University, some of which are

During the postrainy season of 1981/82, we
multiplied and harvested about 3200 accessions,
and we sowed about 3300 accessions in the 1982

postrainy season for rejuvenation.

Minor  Millets  Germplasm 13

~

collected in Brazii on a joint mission with EMBRAPA; the

ICRISAT's accessions in groundnut

During the rainy season of 1982, we evaluated
1587 accessions according to the IBPGR/ ICRI-
SAT descriptors. Screening of germplasm for
various characters in collaboration with other
programs has continued. Some lines with possi-
ble resistance to leafminer and Spodoptera have
been identified, and are being tested further by
the entomologists. Similarly, physiologists have
identified some drought tolerant lines from the
germplasm. Virologists confirmed that peanut
mottle and peanut clump viruses in a few germ-
plasm lines are not transmitted by seeds.

A booklet.
jointly published by IBPGR and ICRISAT.

Groundnut Descriptors, was

Minor Millets Germplasm

The 256 new accessions assembled from 8 coun-
tries during the year, raised the total to 4295. We
recently acquired 250 accessions more—from
Mexico (148), Italy (44), Tanzania (19), Zim-
babwe (15), Kenya (10), Ethiopia (6), Mozam-
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bique (4), Burundi (3), and Rwanda (1)—which
await release by the Indian plant quarantine
authorities.

The collection expedition organized in collab-
oration with Prof. J.M.J. de Wet, University of
Illinois, USA, in the Eastern Ghats of India
added 148 samples, including new races of Pani-
cum  sumatrense and  Setaria italica, from the
tribal areas of Andhra Pradesh and Orissa in
India.

In 1982, 1421 accessions of Eleusine, 1195 of
Setaria, 735 of Panicwn miliaceum, and 243 of
Panicum sumatrense were characterized and
classified up to the subrace level in collaboration
with the University of Illinois, USA.

Requests for germplasm samples of minor
millets are increasing; we distributed 2981 seed
samples to scientists in India and abroad during
1982, for a total of 19 323 samples since ICRI-

SAT took charge of minor millets germplasm.

Germplasm Distribution

Every year thousands of germplasm samples of
our mandate crops and six minor millets are
distributed free to all who request and wish to
use them in their local environments for crop
improvement. Table 2 shows the numbers of
germplasm samples distributed in 1982. All
ICRISAT seeds are thoroughly inspected and
cleared by the Government of India quarantine
authorities before they are sent out, so ICRISAT

distributes only clean, viable, safe seed.

All those who wish to exchange germplasm
material with ICRISAT may simply write to the
Genetic Resources Unit and request the type of
sample they require, using the descriptor states
as published by IBPGR/ICRISAT. Anyone
wishing to send seed samples to ICRISAT
should send the samples and the Phytosanitary

Certificate by air to:

The Project Director

Central Plant Protection Training Institute
Ministry of Agriculture, Government of India
Rajendranagar, Hyderabad 500 030

Andhra Pradesh

INDIA

Prospective seed senders may contact us in
advance for the green-and-white labels to be
attached to each seed container. A copy each of
the list of samples sent, the phytosanitary certifi-
cate, and the accompanying letter, if any, along
with information about place and date of collec-
tion, altitude and latitude (if known), name of
collector, and other pertinent information may

be sent directly to our Genetic Resources Unit.

Looking Ahead

Further general and pointed collections are
required from areas where genetic diversity still
exists. New missions will be launched depending
on funds, clearance from countries concerned,
and existing collaboration. The new cold storage
equipment will be installed in the recently com-
pleted building, for which the Japanese Govern-
ment provided funds.

Multilocation testing of our germplasm at
appropriate places will prove wuseful for our
scientific clientele. Rejuvenation and evaluation
in the areas of origin may aid in overcoming
losses due to poor adaptation or quarantine
restrictions.

Efforts to make the computer storage and
retrieval system fully operational should facili-
tate selection and analysis. Major publications
on taxonomic classification of pigeonpea and its
wild relatives, and collaborative papers on clas-
sification of sorghum and minor millets are
being processed.

The exciting results of the sorghum introgres-
sion project warrant continuation to ensure new
variability for selection, adaptation, and use.
Likewise, we shall continue introgression in
other mandate crops in attempts to incorporate
useful genes from wild relatives.

Viability studies of seed in long-term and
medium-term storage will soon be started. We
will do more specialized studies on the cytology
of our crops and their wild relatives.

Already established links with the IBPGR and
other national and international organizations

will be further strengthened. A more collabora-



tive working relationship and joint sorghum and
millets germplasm activities will be promoted
with INTSORMIL, in line with initial discus-
sions in 1982.

Cooperative and joint genetic resource works
will be further enhanced with NBPGR, ICAR,
All India Coordinated Projects, and agricultural
universities in India.

The idea of establishing a West African
regional genetic resource activity will be pursued
at the ICRISAT Sahelian Center in Niger. A
similar regional center for eastern and southern

Africa is also a major aim.
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SORGHUM

The period reported here includes the 1981/82
postrainy season and the rainy season of 1982.

Our priority in the first half of the 80s is to
develop and stabilize sorghum screening tech-
niques for resistance and food quality traits. We
advanced our ability to screen for important
yield-limiting traits during the year. We now
increasingly screen at different locations in India
where limiting traits are best expressed.

We used cages to eliminate oviposition prefer-
ence of shoot fly in evaluating shoot fly resist-
ance, and learned more about the feeding
behavior of the shoot fly maggot in relation to
resistance.

The modified diet to rear stem borers pro-
duced more adults and larvae for field
infestation.

We also developed techniques to increase the
incidence of midge when needed in field work.

We can now effectively screen for resistance to
grain molds, downy mildew, and anthracnose.
Cooperative research by physiologists and
pathologists improved our understanding of
management factors relevant to screening for
resistance to charcoal rot.

We have improved our techniques to measure
emergence through a crust and a hot-soil surface
as well as seedling drought resistance and recov-
ery from stress, so we can now do large-scale
testing of breeding stocks and germplasm. We
have learned much about the rate leaves expand,
which provides a potential technique to measure
stress resistance, and can better evaluate aspects
of nitrogen fixation in sorghum.

Using a new technique, we succeeded, for the
first time, in effectively field screening against
Striga asiatica in India.

A new venture is to gain better understanding
of the chemical composition of colored-grain
sorghums, and of grain-mold resistance—and
possible crosses to improve resistance in white-

Seeded sorghums.

Sources of resistance to downy mildew,
Striga, shoot fly, and midge are now available in
agronomically good varieties.

Advance in screening capability has improved
our search for varieties with multiple resistance,
and we began simultaneously incorporating sev-
eral traits in improved varieties and hybrids.

Our improved varieties and hybrids have
moved through testing systems in several coun-
tries and been released during the year. Sorghum
varieties were released in Zambia, China, and EI
Salvador. India and Venezuela have varieties in

advanced stages of testing.

Insect Pests

Shoot Fly (Atherigona soccata)

Biology. Population monitoring of shoot fly
with fish-meal baited traps was continued at
ICRISAT Center for the sixth consecutive year.
The shoot fly population was low from mid-
April through June and peaked the first half of
August.

We replaced the square metal-pan trap that
required frequent change offish meal and water
with a plastic trap that requires no water. It is a
plasticjar with fly entry holes all around (Fig. 1),
containing a fish-meal dispenser and insecticide
vial at the top and at the bottom a funnel whose
outlet is attached to a collection jar. Fermented
fish meal placed in the dispenser remains active 7
days. Tests to compare efficiencies of plastic and
metal-pan traps showed no significant difference
in total catches. The plastic trap, with slight
modification and turning upside down, can also
be converted to a live fly-catching trap.
Resistance screening. Sorghum's glossy trait is
associated with shoot fly resistance, so all

sorghum germplasm glossy lines were screened



Figure 1. The new plastic shoot fly trap used at ICRI -

SAT Center requires no water, unlike those used pre-
viously. Fermented fish meal, placed as bait in

dispenser at top, remains active 7 days.

for shoot fly reaction in a replicated trial during
the rainy and postrainy seasons. Shoot fly inci-
dence was higher in the rainy season (mean
83.0%) than in the postrainy season (40.2%). Of
495 lines, 27 had less than 70% deadhearts in the
rainy season; 36 had less than 20% deadhearts in
the postrainy season. Some glossy lines are less
susceptible to shoot fly, but glossiness alone does
not make a line less susceptible.

We tested 80 previously selected lines in a
replicated trial during the rainy and postrainy
seasons to confirm their resistance to shoot fly.
Under extremely high shoot fly pressure in the
rainy season (mean 71%), 19 lines had less than
66%; incidence; under moderate pressure in the

postrainy season (mean 47%), 40 lines had less
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than 41% incidence. Twelve lines were less sus-
ceptible in both seasons.

Three wild sorghum lines (two Parasorghum

and one Sorghastrum) evaluated for reactions to
shoot fly during the rainy season were not
infested by shoot fly while nearly all of CSH-1
were attacked (92.5%).
Cage screening. From earlier works by Soto,
we developed a ~cage technique to screen
advanced shoot fly lines under uniform fly pres-
sure and under no-choice conditions. To use the
method, sow 44 sorghum lines in a 3.4 x 2 m
seedbed with 15 cm between rows and 5 cm
between plants in rows; 10 days after seed germi-
nates, cover the bed with a 3.4 x 2 x 1 m screened
cage. Release 75 pairs of flies collected from
sorghum deadhearts (previously kept in
sorghum seedlings for 4 days of preoviposition)
or 100 flies collected from fish-meal baited traps.
Remove the cage after 3 days and count eggs laid
on the seedlings and after 7 days observe dead-
hearts formed. Then test the good lines identified
in no-choice conditions to avoid ovipositional
preferential behavior of the fly. For no-choice
testing, cage 100 plants ofeach linein 1 x 1 x 1 m
cage and release 20 flies per cage for 3 days and
evaluate the material as explained before.

Our results from those two testing methods
showed resistance wunder choice conditions
higher than under the no-choice situation, par-
ticularly in lines IS 1082. IS 2122, and IS 2195
(Table 1). Ovary development of shoot flies dur-
ing the preoviposition period is influenced by the
presence or absence of host plants. Females
exposed to sorghum seedlings during the preovi-
position period began laying egg masses the 5th
day; females not exposed did not reach full egg-
laying capacity even after 9 days.
Multilocational testing. During 1982, we
entered 15 advanced shoot fly tolerant breeding
lines in the International Sorghum Shoot Fly
Nursery (ISSFN)and the shoot fly nursery of the
All India Coordinated Sorghum Improvement
Project (AICS1P). Entries PS 14093, PS 14413,
and PS 14533 were in advanced testing in the

AICSIP shoot fly nursery for the second time.
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Table 1. Incidence of shoot fly on indicated sorghum lines under choice and no-choice conditions, ICRISAT
Center, 1982.

Choice condition No-choice condition
Sorghum Egg laying Deadhearts Egg laying Deadhearts
lines (%) (%) (%) (%)
IS 1082 53.1 (47.4)° 29.2 (30.5) 85.3 (67.2) 72.7 (58.9)
IS 2122 55.4 (48.3) 40.7 (39.5) 91.3 (73.9) 82.1 (65.2)
IS 2195 63.3 (53.9) 50.5 (45.4) 76.3 (61.8) 73.9 (60.1)
IS 4663 67.0 (55.9) 49.0 (44.5) 59.3 (50.8) 54.5 (47.6)
IS 4664 41.7 (40.2) 36.4 (37.1) 55.3 (48.1) 36.3 (36.9)
IS 5470 64.4 (53.7) 50.0 (44.8) 71.7 (58.7) 52.2 (46.4)
IS 5484 48.1 (43.9) 41.8 (40.0) 72.1 (58.7) 58.7 (50.4)
IS 5566 47.7 (43.8) 40.5 (39.2) 62.8 (52.6) 55.3 (48.1)
IS 18551 57.2 (49.9) 42.7 (40.6) 51.6 (46.0) 44.0 (41.5)
PS 21171 70.1 (57.5) 46.7 (43.1) 58.6 (50.2) 51.3 (45.8)
PS 21217 48.3 (44.0) 32.7 (33.9) 54.9 (47.9) 40.4 (39.5)
PS 21318 51.1 (45.7) 43.8 (41.3) 60.8 (51.3) 48.3 (44.1)
CSH-1 93.1 (75.0) 92.3 (75.1) 100.0 (85.9) 95.3 (78.5)
a. Figures in parentheses are arc sine transformations.

Entries PS 21171, PS 21217, and PS 21318, ent sources have different blocks of resistant
were less susceptible across locations in Upper genes. So pooling diverse gene blocks may
Volta, Thailand, and ICRISAT Center, and increase resistance.
under a no-choice situation at ICRISAT Center;

PS 21318 was the most promising entry in the Multiple resistance. In 1982 rainy season tests,

ISSFN at Samara, Nigeria. PS 18601-3 showed good resistance to downy
mildew, leaf rust, and shoot fly; PS 14413, to

Breeding for resistance. Using PS 18817-3. PS shoot fly, stem borer (Chilo)) and shoot bugs;

18822-4, PS 18601-3, PS 19230, and PS 14413 as and PS 18817-3, to shoot fly, shoot bug, and leaf

shoot fly resistant parents, we generated 208 F, rust.

populations, tested them in late September 1982, Entries PS 14103, PS 10597, and PS 10607

and made 325 agronomically elite selections with yielded 2500 to 4000 kg/ha with good

shoot fly resistance comparable to that of the management.

original sources.

From 1446 advanced breeding progenies (Fs, Stem Borer (Chilo partellus)

Fe¢, and F;) tested under heavy shoot fly pressure

(90% deadhearts in the moderately resistant Resistance screening. During the rainy season

check), we selected 76 progenies. Six were non- we tested 374 previously selected germplasm

restoring when crossed to a cytoplasmic male- lines in a replicated trial at Hissar, India, under

sterile line. natural borer infestation. Compared with a

mean incidence of 72.2% deadhearts in the test
Source diversification. Our studies on source material, 56 lines showed less than 40% inci-
diversification indicate that good genetic diver- dence. The least susceptible lines originated
sity for shoot fly resistance exists and that differ- from: India 57.5%, Nigeria 14.8%, USA 13.0,



Sudan 7.4%, Uganda 3.7%, and Zimbabwe and
1.9% each. Most of the lines (74.5%)
belong to durra sorghum, whereas 18.2% are

durra bicolor. Of the 1254 lines selected last year

Ethiopia

at Pantnagar, India, under low insect pressure,
106 were retested at Hissar this year; these will be
tested further.

Of 62 advanced,
breeding lines (primarily in Fg and F; material)

less-susceptible, shoot fly
tested in three replications, 3 lines (PS-14413,
PS-13827,

promising for resistance to Chilo. Of these, PS-

and PB-8104-1) were exceptionally

14413 also had good resistance to shoot fly. All

three lines have reasonably good agronomic

backgrounds.

Mass rearing on artificial diet and field infesta-
tion. By developing a new egg-laying cage and
a better moth-collection device, we improved
rearing Chilo partellus on artificial diets. In the
new cage, females lay eggs through holes in a
screen that forms a square grid pattern on the
butter paper. The moth-collection device con-
sists of a suction cleaner and exchangeable col-
lection jars that allow female and male moths to
be collected separately and transferred easily
into egg-laying cages. The kidney-bean diet pre-
viously used was replaced by a chickpea-based
diet that First
instar larvae are distributed in the field with the
bazooka, developed at CIMMY T, which drops

larvae and carries them into plant whorls.

increased female output 60%.

During the postrainy season, 2 ha of sorghum

source material and breeding lines were infested
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when the crop was 26 to 30 days old with artifi-
cially reared 1st instar larvae (5 to 7/plant).

Multilocational testing. Results received so far
1982
Borer Nursery (ISSBN) have been encouraging.
PB-8294, PB-8258, and PB-8281, identified as

tolerant to Chilo in

from the International Sorghum Stem

India, performed well

against Busseola at Samaru, Nigeria—the best
among all ISSBN test entries, rated 2.0,2.4, and
2.5 (I to 9 infestation index) against 6.2 for the

local susceptible control.

Breeding for resistance. To initiate our stem
borer resistance breeding program, we made 50
hand crosses by using PS-14413, PS 13827, and
PB 8104-1

will concentrate on

as resistant source parents. Now we

creating stable, high-

yielding, borer-resistant material.

Sorghum Midge (Contarinia

sorghicola)

Biology. Sorghum midge development from
egg to adult was studied on three resistant (AF-
28, 1S-12666C, and TAM-2566) and two sus-
ceptible (CSH-1

anthesis, 60 midge flies per sorghum head were

and Swarna) cultivars. At 50%

confined on each ofthree heads ofeach genotype
to lay eggs. Numbers of flies that emerged from
infested

florets were counted daily. Develop-

ment periods and numbers of flies emerging

from resistant and susceptible cultivars varied

widely (Table 2). Emergence in susceptible cul-

Table 2. Post-embryonic development of sorghum midge in indicated genotypes, ICRISAT Center, rainy season
1982.
Days after inoculation
Sorghum Total
genotype 15 16 17 18 19 20 21 22 23 24 25 26  flies
Midge emerged/head’
AF-28 - - - - - - 9 9 4 2 - - 24
1S-12666C - - 16 16 12 15 9 7 5 3 1 3 86
TAM-2566 - - - - - 19 8 8 4 5 2 4 50
CSH-1 21 38 49 63 41 34 33 20 9 6 - - 314
Swarna - - 59 30 43 50 52 47 22 9 4 - 316

1. Based on caged earheads inoculated with 60 midge flies/cage.
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tivars (Swarna, CSH-1) started much earlier
than in resistant cultivars except 1S-12666C,
which indicates that less susceptible cultivars can
reduce population buildup, and may over time
reduce the number of generations by prolonging
their development period.

Midge populations were monitored on
sorghum earheads at halfanthesis stage at ICR -
SAT Center. Sorghum plantings were made
fortnightly, and midge flies on sorghum heads at
half anthesis were counted daily. Midge activity
peaked in October with a second peak in
February-March. With the onset of monsoon
rains, the diapausing midge population emerged
in July from infested sorghum earheads carried
over from the previous season. Low midge popu-

lations were active year round.

Resistance screening. The variation of
sorghum germplasm/breeding material in time
to flowering and the fluctuating midge popula-
tion constitute a key problem in screening for
midge resistance. To increase the midge popula-
tion, we used two methods: mixed maturity

spreader rows planted 20 days earlier and midge
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infested heads. The methods were used alone
and in combination as indicated in Figure 2.
Midge damage was recorded in 2000 florets
picked at random from 25 heads at the center of
each plot (Fig.2). Midge damage was highest in
the plot with spreader rows with infested ear-
heads scattered on the ground between test
entry rows, which increases midge population 3
to 5 times. But prevailing temperature and
humidity largely determine the population
buildup.

To screen cultivars under uniform insect pres-
sure, we developed a head cage (25 cm long and
16 cm in diameter). The results indicated that 40
midge flies collected in the morning (9-11 am)
and introduced into the cage on two consequent
days at the half anthesis stage (Fig. 3) produced
maximum damage on susceptible cultivar CSH-
1. Midge in cages covered by blue bags did more
damage than those in red and yellow bags. A set
of 21 lines (replicated 3 times with 5 heads inocu-
lated per replication, containing resistant and
susceptible cultivars) were screened in the head
cage (Table 3). The results indicated that DJ-
6514, TAM-2566, and 1S-12666C were the most

. Midge damage

Chaffy florets

Scattered
infested heads

Control

—

Figure 2. Effect of mixed-maturity spreader rows and inoc

ulation with midge-infested heads on sorghum hybrid

CSH-1 (based on observation of 2000 florets from 25 heads), ICRISAT Center, postrainy season 1981/82.
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Figure 3. Midge damage in sorghum heads (CSH-1) at different levels of midge pressure and stages of head

development in head cage conditions, ICRISAT Center,

resistant lines. Several lines considered resistant
under natural infestation were quite susceptible

under the head cage.

Using the head cage, we screened 300 germ-
plasm and breeding lines, selected 60 promising
lines, and entered the best 10 of them in the
International Sorghum Midge Nursery(ISMN),
which is available to interested scientists in
India, Africa, and Latin America.

Of 4500 germplasm lines screened for midge
resistance at Bhavanisagar and Dharwar in
India under natural infestation, 80 were retained

for further testing.

Breeding nurseries. In nursery tests to identify

midge-resistant breeding lines, sorghum line
PM-7348 has been found less susceptible at loca-
tions in India, Argentina, and EI Salvador, as
also under caged conditions. The line is now used
extensively in ICRISAT's work as an improved

midge-resistant source for new crosses.

Breeding for resistance. Of 26 F, populations

tested under moderate midge pressure at Dhar-

1981/82.

war, we selected 216 less infested derivatives.
The F, populations were derived from crosses
involving TAM-2566 and DJ-6514. which are
resistant to midge.

At Dharwar, we also tested 1645 advanced
midge-resistant, breeding progenies (mostly Fs,
Fs, and F; generation) under high midge pres-
sure, and selected 145 promising progenies to be
advanced.

Six varieties yielded 60 to 70% as much as
CSH-5 (hybrid check) at ICR1SAT Center
under no midge infestation and had good resist-
ance to leaf rust. All midge-resistant lines from
these tests are being crossed with an A-line to see
if they are nonrestoring. After confirming their
restoration reaction, we will convert the best
midge-resistant, nonrestorer lines into male-
sterile seed parents to produce midge-resistant
hybrids.

Head Bug (Calcoris angustatus)

In continuing studies on the biology of C. angus-

tatus, we observed that females lay an average
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Table 3. Midge damage on caged earheads ofindicated
sorghum cultivars, ICRISAT Center, rainy season

1982.

Florets with Chaffy
Cultivar midge larvae (%) florets (%)
DJ-6514 2.33 19.00
TAM-2566 18.67 27.00
1S-12666C 24.33 35.00
1S-12573C 36.33 63.33
1S-12612C 39.33 60.33
EC-92792 42.67 59.67
S-GIRL MR-1 45.33 64.33
1S-2327 46.00 59.00
EC-92794 51.67 75.00
1S-2579C 53.67 64.67
1S-6195 54.33 86.67
1S-12664C 55.00 63.00
EC-92793 56.67 66.00
ENTM-3 58.33 72.67
1S-12608C 58.33 70.33
1S-2328 58.33 67.67
1S-12611 61.00 71.67
1S-2816C 66.00 79.00
1S-1151 66.33 79.33
CSH-1 70.33 84.67
1S-1510 71.00 80.33

182 +21 eggs after a 2- to 4-day preoviposition
period during the rainy season, and 113 + 12 eggs
during the postrainy season after a preoviposi-
tion period of 5 to 8 days. Eggs hatched averaged
93 2% during rainy and 73 +11% during post-
rainy season. The females in cages survived 14 to
23 days during the rainy season and 12 to 23 days
during the postrainy season.

We monitored headbug populations at fort-
nightly intervals at ICRISAT Center, by sam-
pling 10 sorghum heads selected at random in
the postanthesis to milk stage. Maximum bug
activity was observed during September-
October and in late February to early March
(postrainy season), with little or no bug activity

during May-July.

Resistance screening. Perhaps because of
extremely high insect pressure, none of our 1080
basic sorghum germplasm collection lines was
considered less susceptible when screened for
headbug resistance during the rainy season. The
head-cage technique helped overcome the high
insect pressure. Releasing 15 field-collected pairs
of headbugs at preanthesis gave maximum head-
bug counts and grain damage on CSH-1 (highly
susceptible). Of the 180 lines tested with head

cage, 25 were retained for further testing.

Armyworm (Mythimna separata)
Biology. No moths were caught in light traps
during June over the last 3 years even though
larvae were present 7 to 10 days after monsoon
rains began during June. Maximum light-trap
catches of moths were in September after maxi-
mum larval populations in August. Light traps
apparently do not effectively detect the initiation
and peak infestations. Maximum moths were
caught during a period of low or no rainfall after
2 to 4 weeks of moderate to high rainfall, moder-

ate temperatures, and high humidity. Apanteles

reficrus  was the most important parasite
recorded on the larvae.
Resistance screening. A resistance-screening

technique was standardized in the greenhouse.
To use it, expose 15-day-old seedlings (10 seed-
lings/pot) to first (@ 5 larvae/plant) or third
instar larvae (@ 1 larva/plant) with larvae con-
fined to seedlings with plastic cages (11 cm
diameter, 25 cm high) with four mesh wire venti-
lators (5 cm diameter) on the sides and one at
top.

Of 500 glossy lines screened using third instar
larvae, we selected 50 for further testing.

Research in collaboration with the Regional
Research Laboratory, Hyderabad, on neem
extracts showed that fraction 'G' ofthe alcoholic
extract ofdried fruits was the most active against
Mythimna  separata larvae. Further purification
and fractionation led to our identifying three
fractions with strong antifeedant and antimoult-

ing properties.
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Grain Molds

Resistance to grain molds in colored-grain
sorghums. After identifying high grain mold
resistance in colored-grain sorghum germplasm
accessions (ICRISAT 1981 Annual Report), we
began testing for stability of resistance at grain
mold hot-spot locations. Early results indicated
that 15 genotypes maintained high resistance at
five locations: in Farako Ba, Upper Volta, and in
India at Bhavanisagar, Pantnagar, Navsari, and
Patancheru.

Seventy-eight sorghum lines have been identi-
fied as highly resistant to grain molds. Table 4
gives the genetic diversity and origin of selected
identified resistant sources.

Although we have not completely character-
ized seed anatomy, lines 1S-14375, 1S-14380,1S-
14384, 1S-14390. and 1S-21599 appear to have
no testa.

Breeding for resistance. This year we investi-

gated possible transfer of mold resistance in
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colored-grain sorghums to white-seeded,
agronomically-elite cultivars. Preliminary
results indicate that genes for colored grain, tan-
nin content, and mold resistance are not well
correlated, so it may be possible to transfermold
resistance genes to white-seed sorghums. We
have made appropriate crosses involvinga range
of grain mold resistant, colored-grain sorghums
and white-seeded types to understand the rela-
tionship between seed color, tannin content, and
mold resistance. Progenies derived in the F, and
F; generations will be screened during the 1983
rainy season to see if white-seeded segregates

with high mold resistance can be identified.

Sorghum Downy Mildew (SDM)

Destructive potential. The destructive poten-
tial of SDM was seen in the 1981 rainy season at
ICRISAT Center when an epidemic of the dis-
ease resulted in more than 20% ofthe plants with
systemic disease in 19 0of98 ha ofsorghum. Some
fields sown between 23 June and 7 July had more
than 70% oftheir plants with systemic disease. In

Tamil Nadu state, southern India, a survey in

Table 4. Pedigree, race, plant color, and origin of selected colored grain sorghum lines that resist grain molds.

Sorghum

lines Pedigree Race Origin
1S-694 Sugar drip Kafir-Bicolor Mexico
1S-2867 Sugar drip Bicolor South Africa
1S-3547 Rapbol Caudatum’ Sudan
1S-8545 Morasa 74 Caudatum Ethiopia
1S-8614 E-67 Kawanda Caudatum Uganda
1S-8763 E-254 Kafir South Africa
1S-8848 E-513 Caudatum-Bicolor Kenya
1§-9353 No. 169 Caudatum-Kafir South Africa
1S-9487 No. 364 Caudatum-Kafir South Africa
1S-14384 Boane Guinea Zimbabwe
1S-15221 2-1-8-3 b Durra-Caudatum Cameroon
1S-17141 Bomkum Durra-Caudatum Nigeria
1S-20620 HW-746 Durra-Caudatum USA
1S-21454 SAD-182 Guinea-Caudatum’ Malawi
1S-22296 PMK-110 Durra Botswana

1.= tan; all others, pigmented.
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December 1982 of the major sorghum-growing
districts (Coimbatore, Madurai, Trichy, Salem,
and Periyar) which account for 78% of the 720
000 ha total sorghum area in that state showed
SDM widespread on both sorghum and maize.
Up to 95% of the plants in a number of fields
were diseased. That and its importance in the
Americas and parts of Africa make downy mil-

dew a priority problem.

Field resistance screening. We successfully
used the infector-row technique based on wind
borne conidia of the SDM pathogen (see 1CRI-
SAT 1981 Annual Report) to screen more than
4000 sorghum lines for SDM resistance during
the rainy season at Dharwar. The components

and procedures of the technique follow:

1. Sow in infector rows a highly SDM-
susceptible sorghum line (DMS-652 or I1S-

643) on which the pathogen produces

abundant conidia.

Establish SDM disease in infector rows by
incubating germinated (24 hr) seeds between
SDM systemically infected leaf pieces at 20°C
in a dark, humid chamber for 18 to 20 hr
before sowing to ensure that all infector-row

plants are infected.

Plant the test material after infector row see-
dlings have become established and show
sporulation of SDM at about 20 to 25 days

after sowing.

Plant five rows of test material between two
rows of infector rows. Plant the middle row of
the five rows to the same SDM-susceptible
variety as the infector rows, to indicate SDM
pressure and as a susceptible check for the

four test rows.

An infector-row technique, based on windborne conidia

used successfully to screen more than 4000 lines at

will  be retested.

of the pathogen causing downy mildew in  sorghum, was

Karnataka, India; 44 lines were found resistant and



5. Evaluate the check and test material for SD M
at seedling, flowering, and maturity stages,
considering material with 5% infected plants

as resistant.

Downy mildew development and conidial
production in the infector rows were high; there
was 100% systemic disease in check rows, indi-
cating adequate disease pressure for evaluating
test material.

Of 2804 germplasm and 1126 breeding lines
screened, 151 and 334 lines, respectively, were
resistant to SDM; 44 were free from the disease.
Those 44 will be further evaluated in 1983.

Reaction ofwild and weedy sorghum germplasm
to SDM.

sources of resistance to SDM, we began screen-

In our search for genetically diverse

ing wild and weedy sorghum germplasm in the
ICRISAT collection, using conidial inoculum in
infector rows. The material screened was either
highly susceptible to SDM (>50% plants with
systemic disease) or free from it. Resistance was
found in several accessions of Sorghum versico-
lor (1S-14346, 1S-14350) and S. bicolor subspe-
(1S-14218, 1S-14232,
1S-14302, 1S-10710, R.579 P1/1) and drummon-
rfn (1S-14387, 1S-21401).

cies arundinaeeum

Multinational testing. The 1981 Interna-
Mildew

(ISDMN) included 12 locations in 7 countries,

tional Sorghum Downy Nursery
but disease pressure was sufficientat only 5 loca-
tions (Dharwar, Mysore, and Coimbatore in
India and Pergamino and Manfredi in Argen-
tina). At those locations, as in previous years,
QL-3 and its sister lines 2-7 and 2-26 were free
from downy mildew. Other lines with 5% downy
mildew compared with 65 to 100% insusceptible
cultivar DMS-652 were 1S-8185, 1S-8283, 1S-
3443, 1S-8607, 1S-7528, and 1S-3547. It was the
first year in the ISDMN for these six entries.

Breeding for resistance. Use of the large-scale
field-screening technique at Dharwar made it
possible to identify S D M resistance in breeding
material, Of 11 Fg bulks screened 2 (DM-96 and

DM-103) were as free from SDM as their resist-
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ant parent, QL-3. And they had tan plants and
better grain quality than QL-3's red grain.

We screened 199 Fs progenies from crosses
involving QL-3 for resistance and made 419
selections to be advanced and screened. In the
1982 rainy season, 220 new crosses were made
with QL-3 and the QL-3 derivatives as the SDM
resistant donors; the resulting F, segregating
populations will be screened for resistance inthe
1983 rainy season. Forty-nine F, populations
derived from crosses involving new sources of
resistance to SDM (1S-3443 and 1S-8283) were
screened for resistance, and 30 selections made

for further screening in 1983.

Charcoal Rot

Effects of various factors on incidence. Usinga
split-split-plot design, we studied the combined
effects of different levels of nitrogen, plant popu-
lation, plant inoculation, and drought stress on
charcoal rot incidence (measured as lodging—
the first apparent symptom) in the highly sus-
ceptible sorghum hybrid CSH-6 planted in an
Alfisol 15 October 1981. We used three nitrogen
levels (N4, N, N3 = 20, 60, and 120 kg/ha, main
plots), three levels ofplant population (6,12, and
18 plants/m?, subplots), and three inoculations
(none, with pathogen-colonized toothpick, and
with sterilized toothpick; sub-subplots).

The crop was uniformly irrigated to flowering,
then a gradient of soil moisture was imposed.
Eighteen rows, in subplots, were sown parallel to
a line-source sprinkler irrigation system (LS),
and divided into nine 2-row observation units.
Water during grain filling from four LS irriga-
tions 69, 83, 93, and 103 days after planting was
14.2 cm in the observational unit nearestto LS; it
then decreased linearly and continuously so the
last unit received less than 1 cm (Fig.4). Thatthe
water application gave a linear decrease in crop
transpiration was confirmed by measuring the
leaf-air temperature differential (Fig. 4).

As the experiment was conducted during the
milder postrainy season, crop growth and grain
yields were little affected; vyields decreased
slightly after the fourth unit (up to about 6.5 m

from the LS). The effect of stress on disease
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Table 5 A. Linear regressions between distance from
line source sprinkler (X; corresponds to degree of soil

moisture stress) and other variable (Y) [see Figure 4].

Equation rse r

A. Water applied through LS (cm)
Y = 15.43-1.07X 1.04 0.98

B. With leaf-air temperature (°C)

Ns: Y = 1.30-0.32X 0.10 0.99
No: Y = 2.34-0.34X 0.18 0.99
N3: Y = 3.25-0.48X 0.41 0.98
C. With lodging (%)
a) Upto 6.3 m from LS
N Y =0.14-0.71X 0.41 0.97
N,: Y = 2.80-0.42X 1.12 0.67
Ns: Y = 5.80-0.22X 1.20 0.39
b) From 6.3 to 13.9 m
N,: Y = -35.75+5.78X 2.99 0.98
No: Y = -17.23+4.44X 2.72 0.98
N,: Y = -23.24+4.88X 2.47 0.99
LS = Line source.
N1, N2, N3, = Nitrogen levels.

incidence (lodging) was apparent in the whole
range of water supply. Lodging increased under
both high nitrogen and high plant population,
and interactions among all three factors were
significant (Table 5B).
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Leaves in the four observational units closest
to LS were cooler than the air, indicating high
transpiration (Fig. 4), and lodging was low in
these units (Fig. 4). Fartherfrom LS leaves were
hotter than air and lodging increased linearly
with distance from LS, i.e., with increasing
drought stress.

Charcoal rot developed equally well in all
three inoculation treatments, indicating that itis
not necessary to inoculate plants to cause char-
coal rot.

We will use the LS information in designing a
screening technique for expression of disease
with suitable management practices incorpo-
rated to increase sorghum production with min-

imum lodging.

Fungi associated with root and stalk rot and
lodging. The three experimental sets where we
made fungal isolations from roots and stems of
lodged plants were: (1) breeders' yield trials at
Dharwar, (2) experiment on charcoal rot inci-
dence in susceptible hybrid CSH-6 grown under
depleting soil moisture, at Dharwar, Nandyal,
Madhira, and ICRISAT Center, (3) experiment
on charcoal rot incidence in CSH-6 wunder
induced drought stress at Dharwar, ICRISAT
Center, Nandyal, and Wad Medani in the
Sudan. showed that

Results Macrophomina

phaseolina was the predominant fungus and that

Table 5 B. Lodging percentages in CSH-6 sorghum under three nitrogen levels and three plant populations,

ICRISAT Center, 1981/82.

Lodging (%)

N N N
Plant population ! 2 s
(no./ha) (20 kg N/ ha) (60 kg N/ ha) (120 kg N/ha) Mean
66675 7.6 3.8 6.4 5.9
133 350 13.9 18.4 17.0
266 700 29.4 37.0 36.2 34.1
Mean 17.0 19.7 20.4 19.0

SE comparing 2 levels of nitrogen % 1.48

SE comparing 2 levels of plant population + 1.58

SE comparing 2 levels of plant populations at the same level of nitrogen +2.74

SE comparing 2 levels of nitrogen at the same level of plant population +4.97
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Fusarium  moniliforme was nearly always asso-
ciated with it, particularly in the roots. The mode
of root infection and interactions of the two

fungi are being investigated.

Incidence under increasing drought stress. In
India sorghum sown near the end of the rainy
season is predisposed to charcoal rot by develop-
ing and maturing while soil moisture is depleted.
We studied the incidence of charcoal rot in three
cultivars (CSH-6, BJ-111, and E-36-1) at three
plant populations (6, 12, and 18 plants/mz) and
different planting dates at four Indian locations
(Dharwar, Madhira, Nandyal, and 1CRISAT
Center). Planting dates were: Dharwar 15, 25
Sept, and 15,25 Oct; Madhira4 Septand 10 Oct;
Nandyal 12, 24 Oct, and 4 Nov; ICRISAT Cen-
ter 14, 23 Oct, and 7, 16 Nov. Hybrid CSH-6
lodged badly (50-100%) at all locations, and
under all plant populations and planting dates.
Lodging in germplasm line E-36-1 ranged from 0
to 9%. Visual examination of roots and stems
and fungal isolations from plants that had not
lodged in E-36-1 showed them, like lodged
plants, infected by the charcoal rot pathogen M.
phaseolina. So E-36-1's low incidence of lodging

apparently is from charcoal-rot tolerance.

Table 6. Anthracnose-resistant sorghum breeding

lines with high grain-yield potential (>4,000 kg/ha).

AICSIP'

Pedigree designation

CSV-4 x G.G. 370)-2-1-1-3 -

(

(SC-108-3 x CS-3541)-14-1 SPV-476

(1S-12611 x SC-108-3-4-1-9 -

[(SC-108-3 x Swarna) x E-35-1]-6-2 -

[((1S-12622-C x 555) (1S-3612-C x
22198)-5-1)E-35-1]-5-2 SPV-475

[(148 x E-35-1)-4-1 x CS-3541

deriv.]-5-5-2-1 -
[IS-12611 x (SC-108-3 x CS-3541)-

38-1]-3-1 -
(TAM-428 x E-35-1)-4 -

1. AICSIP = AH India Coordinated Sorghum Improvement

Project.

Leaf Diseases

Anthracnose

As in previous years research on anthracnose
Wilson)

was conducted at Pantnagar, where disease inci-

(Colletotrichum graminicola [Cesati]
dence and severity on susceptible sorghum lines
are high under natural infection during the rainy
season.

Observations in 1982 showed that common
weeds (Eleusine indica [L.] Gaertu, Echinochloa

colonum [L.] Link, Digitaria sanguinalis  [L.]

Scop, and Dactyloctenium  aegypiium [L.] Rio-
ter) growing in and around plots, and sorghum-
plant debris in the soil, were the main sources of
anthracnose inoculum in field screening at Pant-
nagar. The pathogen sporulated abundantly on
those weeds and on sorghum-plant debris but
the susceptible cultivar M.P. Chari, used as an
infector row, showed no sporulation although
infection was heavy.

In the 1981 rainy season we screened 3171
germplasm and 609 advanced-generation breed-
ing lines for resistance to anthracnose, and
selected 575 lines foradvanced screening in 1982,
which confirmed high resistance to anthracnose
in 96 breeding lines and 41 germplasm lines. The
best breeding lines with high grain-yield poten-
tial from breeders' trials are given in Table 6.

Rust

Resistance screening. In preliminary screening
of 762 advanced generation breeding materials
and 333 germplasm lines at Dharwar with the
(ICRISAT Annual

Report 1981), we selected 262 lines as resistant to

infector-row technique

rust for further screening in 1983. In advanced
screening of breeding material selected in 1981,
147 of 245 lines were selected as resistant to rust.
Some of these breeding lines have high grain-
yield potential (Table 7).

Resistance to anthracnose and rust. Material
screened for resistance to anthracnose at Pant-

nagar is also screened against rust at Dharwar.



Table 7. Rust-resistant sorghum breeding lines with

high grain-yield potential (4,000 kg/ha).

AICSIP

Pedigree designation

E-35-1 x US/R-408-8-2 -
1S-2550 x Nigerian-8-1-2 -
Indian synthetic-323-1-4-1 -

(SC-108-3 x CS-3541)-51-1 SPV-352
(IN-15-2 x CS-3541)-15-2-3 SPV-355
(SC-108-4-8 x CS-3541)-40-1 SPV-353
(SC-108-3 x CS-3541)-3-1 SPV-350

This year we identified 25 germplasm and 46
breeding lines with resistance to both anthrac-
nose and rust. Notable among the breeding lines
were SPV-351 in minikit trials and SPV-386 in
advanced vyield trials in the All India Coordi-
nated Sorghum

(AICSIP).

Improvement Project

Multilocational Testing

for Resistance to Leaf Diseases

Thirty entries in the 1981 International Sorghum
Leaf Disease Nursery (ISLDN) were evaluated
for resistance to anthracnose, leaf blight, rust,
grey leaf spot, sooty stripe, zonate leaf spot,
rough leafspot, oval leafspot, and tar spot under
natural infection at Indoreand Udaipur (India),
Ocotlan (Mexico), Samaru (Nigeria), Islamabad
(Pakistan), Laguna (Philippines), Farm Suwan
(Thailand), Farako Ba (Upper Volta), and Chi-
langa (Zambia).

As in previous ISLDN nurseries, the best
entry was E-35-1. It resisted anthracnose, leaf
blight, rust, zonate leaf spot, sooty stripe, oval
leaf spot, and tar spot. A new entry, 1S-8283,
resisted anthracnose, leafblight, rust, zonate leaf
spot, sooty stripe, rough leaf spot, and oval leaf
spot. At Manfredi (Argentina), entries were arti-
ficially inoculated with the bacterial leaf stripe
pathogen, Pseudomonas andropogoni (E.F.
Smith) Stapp, and with maize dwarf mosaic
virus (MDMV). Six entries (1S-8283, E-35-1 (IS-
18758), 1S-3925, CS-3541, 1S-7322, and ((CS-
3541 x IN-15-2) 1S-93271-16-1) resisted both
diseases.
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Multiple Disease Resistance

Sorghum is vulnerable to attack by more than
one disease at any location and season, so devel-
opment of genotypes with resistance to several
diseases is important. Development of effective
and reliable resistance-screening techniques for
grain mold and sorghum downy mildew, and
using hot-spot locations for rust and anthrac-
nose has enabled us to identify six sorghum gen-
otypes that resist three or four of those diseases
(Table 8). These genotypes are valuable sources
of multiple disease resistance in breeding pro-
grams. The stability of resistance and additional
diseases they resist will be further tested in our
international sorghum disease resistance testing

program.

Striga

Resistance screening techniques. Lack ofarel-
iable field-screening technique has slowed pro-
gress on developing Striga-resistant sorghums.

At ICRISAT, we developed a three-stage,
Striga-screening technique that we use in devel-
oping improved sorghum varieties that resist
Striga. The technique accounts for Striga infes-
tation variability by providing frequently
repeated plots of a Striga-susceptible cultivar
and increasing its frequency as tested material is
moved through three stages: an observation
nursery, a preliminary screening nursery, and an
advanced screening nursery (Fig. 5).

Specific field layouts and statistical analytical
procedures have been developed for the three
stages. A checkerboard layoutis deployed in the
advanced screening stage to confirm resistance
of the most resistant lines from the preliminary
screening nursery.

A 'seed-pan' technique that we developed
helps us screen individual plants for Striga resist-
ance when sorghum seedlings are 55 days old.
We are refining the seed-pan technique to reduce
the days required and to make the technique
nondestructive.
Breeding for resistance. Fifteen breeding lines

and 5 source lines resistant to Striga in previous
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Table 8. Disease ratings of sorghum lines resistant to sorghum downy mildew, anthracnose, rust, and/or grain

mold.
Diseases and rating’

Sorghum downy Grain
IS no. Pedigree Origin mildew? Anthracnose’ Rust? mold*
3547 Rapbol Sudan 1 2 1 2
2333 MN 971 Nyakina Q2/7/23 USA 1 2 2 3
17141 Bomkum Nigeria 5 2 1 2
21599 Misale Malawi 2 2 2
8283 EC 21484 W5 India 1 2 2 5
2058 SA 8478-3 (DD) USA 1 ( 2 5

1. 1 and 2 resistant; 3 intermediate, 4 and 5 susceptible.

2 From field screening at Dharwar, 1982.

3. From field screening at Pantnagar, 1982.

4. From field screening at ICRISAT Center and Bhavanisagar, 1981 and 1982.
5. Not tested.

years' testing were tested in a checkerboard nary screening layout, provided 8 breeding lines
layout during the 1981 rainy season. Data from with good field resistance for advanced stage
Akola, Bhavanisagar, and Bijapur confirmed testing.

that SAR-1, SAR-2, SAR-5, and SAR-6 carried During the 1982 rainy season, 170 new breed-
useful field resistance to Striga. Another set of ing lines and 48 source lines were tested in the
160 breeding lines and 53 germplasm source preliminary screening stage in Striga-sick fields
lines, field tested in different trials in the prelimi- at various locations in India; 55 lines that

Stage 111
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Figure 5. Three-stage screening for Striga resistance breeding in sorghum.



An ICRISAT scientist

observes Striga-resistant

sorghum (background)  sown on dryland in the post-

rainy season at Bijapur, Karnataka, India; another

points to a susceptible line.

showed good field resistance to S. asiatica were
retained for retesting; 15 breeding lines and 5
source lines were tested in multilocational trials
in the checkerboard layout. Among source lines,
N-13 was the best for Striga resistance (0.9%
Striga plants compared with
CSH-1 control plots).

Among the breeding lines, SAR-1, SAR-10,
and SAR-13 had low Striga counts. Their indi-
vidual reactions were 1.97, 1.71, and 2.04% of
CSH-1.

Among several Striga-resistant lines evalu-
ated at ICRISAT Center and Dharwar in Striga-

free conditions to assess yield potentials, SAR-1

100 percent in

and SAR-12 yielded more than the improved
released commercial varieties in India. Yields of

the 15 breeding lines and 5 source lines also were
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assessed in Striga-sick conditions. Data from
five locations (Table 9) revealed that CSH-1
yields in the Striga-sick plots varied from loca-
tion to location. At all locations, however, the
correlation coefficient (r) between CSH-1 yield
and Striga counts was always negative and sig-
nificant. Coefficient of determination (R?)
values indicated that only 10 to 33% of CSH-I's
yield variation was explained by variation in
Striga count. SAR-1, 2, 10, 13, and 15 yielded
more than the susceptible control, CSH-1, in

Striga-sick plots.

Physical Environment

Drought

A new study on environmental factors that con-
trol leaf-area development was initiated. Investi-
gated were temperature, drought, and nitrogen
effects on leaf emergence, expansion, and
senescence.

Growth of sorghum (hybrid CSH-8R) grown
on a Vertisol during the postrainy season under
two levels of nitrogen and water was affected
more by nitrogen than water (Fig. 6). With 230
mm of available water at sowing and evapora-
tion only 4 mm/day, the dry treatment suffered
only a mild drought stress near the end of the
season. On the other hand, nitrogen was severely
limiting; the profile content of NO3;- N was about
13 kg/ ha to 120 cm deep.

Under adequate nitrogen and water (N+ W+)
plants produced an average of 15 leaves and
flowered in 67 days. Nitrogen stress with or with-
out drought stress reduced the number of leaves
by one, and delayed flowering by 12 (W-) and 9
(W+) days, butdrought stress and nitrogen stress
hastened maturity by 6 days. Emergence and
expansion of individual leaves also were
delayed. Senescence was hastened more rapidly
under nitrogen stress than under drought stress.

Leaf extension rates (LER) in all treatments
varied with diurnal changes in air temperature
(Fig. 7). and increased linearly as temperature
increased (Fig. 8); the highest increase was with

water and nitrogen adequate N+ W+ (0.26
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Figure 6. Effects of nitrogen and water on sorghum development 60 days after sowing: top left, 80 kg N/ha and

irrigated; top right, no nitrogen but irrigated; bottom left, 80 kg N/ha but not irrigated; bottom right, no nitrogen or

irrigation. ICRISAT scientists are breeding earlier-maturing sorghums to escape drought stress late in the season.

mm/hr per °C). LER was reduced by nitrogen
and drought stress, which when combined syner-
gistically reduced LER (Fig. 8).

Nitrogen stress reduced leaf area index and
leaf area duration more than drought stress
(Table 10). The reduced grain and dry matter
yields were related primarily to reduced leal area
duration (Fig. 9). During the postrainy season
when the Vertisol profile is fully charged with
moisture at planting, nitrogen stress is the major
yield limiting factor; together with drought
stress, nitrogen stress reduces grain yields even
more.

High sensitivity of different components of
leaf area to environmental stress emphasizes the
need to screen for useful genetic variation for
traits to use in developing plants better adapted

to soil nitrogen and water supply.

Breeding for Resistance

A plant may suffer drought stress any time dur-
ing its development. Its growth is frequently

divided into three stages: GS1, from germination

to floral initiation; GS2. from floral initiation to

flowering; and GS3, from flowering to maturity.
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Figure 8. Relationships between air temperature and
leaf extension rates (LER). All linear regressions were
highly significant (P 0.01), ICRISAT Center, post-
rainy season 1981/82.
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We conducted stress experiments at several
locations in India where rainfall patterns and
soil types varied. Sowing on deep black soils at
ICRISAT Center suffered mild stress in the
GS3; a sowing in similar conditions at Dharwar
suffered two stress periods, GS1 and the end of
GS2 into GS3. At Anantapur, where sowings
were made on shallow red soils during the rainy
season, the crop experienced prolonged, severe

stress in GS1 stage. At Bhavanisagar, where the

crop was on red soil, a gap in rains produced
GS2 stress. At ICRISAT Center, screening dur-
ing summer season was initiated by establishing
the crop with irrigation.

Nurseries. Individual plant selection based on
head size, grain characteristics, and plant type
practiced in the nurseries grown at ICRISAT
Center produced 260 F3s, 174 Fy4s, 46 Fss,and 10

advanced generation lines. In addition a com-
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Figure 7. Diurnal variation in leaf extension rates (LER) and air temperature 40 days after sowing, ICRISAT

Center, postrainy season 1981/82.
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mon set of 75 entries evaluated at Anantapur 10000_\(
& = dry matter

and ICRISAT Center produced 40 and 60 F4

selections, respectively. Q = grain Fal

Y=4.65 +0.44 X

(r=0.94, P<0.001;

rse=9.4S>

Screening. The genotypes were screened peri-
odically to determine wilting rates. The recovery
score represents how well an entry recovers from
drought stress. In dry seasons, irrigation water
to evaluate recovery can be applied after most
entries have reached nearly complete 5000-4

desiccation.

Yield {kg/hal

We sowed a screening nursery of 126 lines in

four replications at Anantapur and Bhavani-

sagar during the rainy season and at ICRISAT o

a)
during summer. Twelve lines were superior for
=-5.10+0.27 X

P<0.001; rse =5.84)

resistance to wilting, 11 for recovery, and 3
(D71283, D71406, and D38124) were superior

for both traits. The other entries with good

(r=0.94,

Y ! Y = X

scores against wilting were D38001, D38129, 50 100 150 200

D38119, D38380, D38131, D38095, D38200,
D38009, and D71395 and for recovery, D38033,
D38017, D38018, D38016, D38098, D38331,

D38258, and D71464. Figure 9. Relationships between leaf area duration
Correlations between the sets of recovery (LAl days) and grain and dry-matter yields,

Leaf area duration

scores taken at Anantapur and Bhavanisagar, ICRISAT Center, postrainy season 1981/82.

Table 10. Effects of nitrogen and irrigation treatments on leaf-area duration (LAD), seasonal total radiation

interception, and grain and dry-matter yields', ICRISAT Center, postrainy season 1981/82.

Radiation interception

Treatment LAD (mJ/m?) Grain yield (t/ha) Total dry matter (t/ha)
Irrigation —_—W W- Mean W+ W - Mean W+ W- Mean W+ W - Mean
With nitrogen 182 138 160 949 902 926 5.0 2.5 3.8 9.1 5.6 7.4
Without nitrogen 69 55 62 630 487 559 1.5 1.1 1.3 3.8 2.8 3.3
Mean 126 97 790 695 3.3 1.8 6.5 4.2
SE 3.5 +8.8 £17.7 +10.1 +0.19 +0.06 £0.26 +0.26

SE for comparing 2
irrigation treatment
means with the same

nitrogen +5.0 +25.0 +0.26 +0.37

SE for comparing 2
nitrogen treatment means
with the same or different

level of nitrogen +9.5 +20.3 +0.20 +0.37

1. LAD was computed by integrating the leaf area index (LAl) measured at 10-day intervals on an area of0.75m?2. Plot size for

final harvest is 27m?.
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and those at ICRISAT Center (1982 summer)
were not high owing to variations in drought
stress interactions experienced at different
growth stages. The relationship of scores for
wilting at Anantapur and ICRISAT Center was
fair but not related to scores from Bhavanisagar.
This study suggests the need to initiate and ter-
minate stress wuniformly across locations to
improve the efficiency of the screening proce-
dure. Recoveries of D71283, D71406, and
D71464 were consistent across locations and
seasons.
Varietal yield trials. We evaluated 72 experi-
mental varieties in preliminary trials at ICRI-
SAT Center and Anantapur during the rainy
season. Yields ranged from 4075 to 6470 kg/ha
at ICRISAT Center (yield potential environ-
ment); from 130 to 890 kg/ha at Anantapur
(drought environment). Genotypes ranked dif-
ferently in both environments and the ranks at
individual locations differed also from overall
averages, indicating that the wide adaptability
measure cannot identify genotypes for drought-
prone locations. At Anantapur. D38064,
D38133, and D38236 yielded significantly more
than the drought resistant checks.

Performances of 36 advanced varieties evalu-
ated in a triple-lattice design at ICRISAT Cen-
ter, Dharwar, Bhavanisagar, and Anantapur are
presented in Table 11. The first five entries were
selected for yield in yield potential environments
(ICRISAT Center and Dharwar); the remaining
six, for average deviation of yield weighted by
site means in drought-prone environments
(Anantapur and Bhavanisagar). The genotype
ranks obtained by the three procedures (overall
means, yield potential locations means, and
drought-prone locations weighted average devi-
ations) differed widely, suggesting that selection
based on stability oryield potential may not help
identify suitable genotypes for drought-prone
locations.

Correlations for grain yield among locations,
drought

symptoms, and agronomic traits

showed drought symptoms—wilting and
recovery—positively correlated with yield under

drought stress, indicating that both traits are
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important in breeding. Height at yield-potential
environment was related to yield under drought
stress, suggesting that higher growth rate under
yield-potential environment may help in select-
ing genotypes for drought-prone environments.

Entries D38060, D38077, D38127, D38084,
and D38130 are resistant to rust; D38077,
D38029, D38073, D38060, D38035, and 38092
were selected for emergence at 45°C soil

temperatures.

Crop Establishment

Screening technique for resistance to high soil
temperature. Poor crop stands limit sorghum
yields in the SAT, and high soil-surface tempera-
tures reduce seedling emergence, so we deve-
loped a technique to study seedling-emergence
response to high soil temperatures with no
drought stress.

With the technique, you keep long clay pots
(30 cm) filled with sieved Alfisol in a water tank
(Fig. 10), sow seeds 50 mm deep in each pot, heat
the soil surface with a bank of infrared lamps
fitted on a frame above the water tank. You can
maintain a temperature of 35 to 50°C 20mm

deep by varying the height of the lamps, and

EMERGENCE
UNDER HEAT STRESS

SORGHUM
Y.

Figure 10. Infrared heater system used to screen for
plant emergence at desired soil temperatures
(representative of SAT) that reduce plant emergence

and yields.
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reach the temperature that you desire at 20 mm
depth within 6 hr. Monitor the temperature with
thermocouples and keep the soil heated until
plant emergence stops (6-7 days from sowing).
Sufficient moisture will remain as water is supp-
lied through capillary movement through the
wall of the pot. Maintain the test temperature
(45°C), developed at 1400 hr, for about 3 hr.

Maximum soil-surface temperature in the
field is reached mostdays between 1400 and 1500
hr.

Seeds of varieties we used were produced in
the 1981 postrainy season.

Genotypic differences in emergence were most
evident at 45°C. More than 75% of 1S-1037,
1S-2282, and CSV5 emerged while 1S-2146, IS-
4817, 1S-83, and 1S-2705 failed to emerge; an
intermediary group with 40 to 60% emergence
was also identified.

Using the heated-soil technique, we screened
another 34 elite lines from the drought project
produced during the 1982 postrainy season, in a
replicated trial with two checks, 1S-1037 (good
emergence) and CSH-6 (low emergence) under
40, 45, and 50°C. The effects of temperature,
genotype, and temperature x genotype interac-
tions were highly significant (P<0.01). At 45°C,
26% of the entries did not emerge, 29% showed
less than 50% emergence, and 38%, more than
60% emergence.

So the technique, by simulating soil tempera-
tures in the field, can be used to screen genotypes
for ability to emerge through specified soil
temperatures under no drought stress or

crusting.

Postrainy Season Adaptation

Postrainy-season sorghums, which grow on
about 1/3 of India's sorghum acreage, usually
are sown in October and develop in shorter,
cooler days when soil moisture is receding.
toward crop

Drought stress maturity s

common.

Developing breeding lines.— As part ofan effort
to diversify sorghum's genetic base for breeding,

we used known postrainy season Indian lines

and selected lines from Nigeria, Sudan, Niger,
Benin, Kenya, Ethiopia, Malawi, and USA as
parents in crossing. Evaluations of the breeding
materials were carried out at ICRISAT Center
(17°30'N) and Bijapur (16°45'N) by sowing after
mid-September on black soils. The crop grew
well initially, but cold temperatures coupledwith
depleted available moisture when grain was
developing caused severe loss of green leaf area
and lodging.

We selected 697 F3s, 128 F4s, 56 Fss, and 47
Fe¢/7s at ICRISAT Center and 330 F3s at Bijapur

for further evaluation.

We evaluated 133 breed-

ing lines in three preliminary yield trials at ICR-

Evaluating varieties.

SAT Center and advanced 9 lines for further
testing based on grain yield, lodging, plant
height, and days to flowering.

The advanced yield trial of 36 entries was
sown 9 September at Bijapur; 15 September and
ICRISAT Center. The
September-sown trials were rainfed. The late-

13 November at

sown ftrial got one supplemental irrigation in
addition to a presowing one. Twelve lines
(D83325, D71240, D82792, D71258, D83336,
D82072, D71383, D84049, D71185, D82081,
D71680, and D12417) substantially outyielded
the check variety M35-1. They matured earlier
or at the same time as the check, were similar or
shorter in plant height, and generally lodged less
than the check.

M35-1 sorghum variety is widely grown in the
postrainy season; to escape terminal drought
stress, varieties that flower earlier than M35-1
are needed—10 ofthe 12 selected varieties satisfy
that objective, and most of them significantly
outyielded M35-1 (2230 to 3025 kg/ha vs 1905
kg/ha). Sorghum lines planted late flowered
from 1 to 15 days laterthan those planted early.

In a trial of 50 advanced entries from
improved populations at ICRISAT Center, 4
entries yielded more than CSV-8R. Only 7 of the
50 entries were advanced fortestingin 1983 post-
rainy season—A6306, A1010, A5380, A1009,
A1075, A1033, and A1008.

In another trial of 25 preliminary varieties at
ICRISAT Center, 6 entries yielded more than



Promising sorghum varieties for the post rainy season

being inspected at Bijapur,
SAT works in

Karnataka, where ICRI-
cooperation with the University  of

Agricultural Sciences. Postrainy-season sorghums

occupy one-third of India’s total sorghum-growing

area.

CSH-8R and 16 yielded more than CSV-8R, the
control. All 16 were selected for further testing
next year.

Four varieties, D71240 (SPV-578), D12417
(SPV-579), D71383 (SPV-580) and D82792
(SPV-581) were entered in the

postrainy-season trial of the All India Coordi-

regional
nated Sorghum Improvement Project.
Evaluating hybrids. Of 85 hybrids evaluated in
a nursery, 20 were selected for further testing.
A trial for the postrainy season was organized
using 36A (the seed parent for CSH-8R) as the
seed parent. The most promising eight hybrids
are: 36A x D24036, 36A x D24254, D36A x
D24261, 36A x D24242, 36A x D24037, 36A x
D24302, 36A x D24241, and 36A x D24245.
Each of the eight hybrids yielded more than
M35-1 and two of them (36A x D24037 and 36A
x D24254) yielded 36% more than the hybrid
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control, CSH-8R (3406 kg/ha). Most of the
eight lodged less than CSH-8R or M35-1.

Another trial consisting of40 hybrids was also
conducted during the 1981 postrainy season at
ICRISAT Center. Promising hybrids were 296A
x SPV-422, 296A x A740, 296A x A6636, 296A x
A505, 2077A x A909, 2077A x A910, and 2077A
x A916. One hybrid (296A x SPV-422) was iden-
tified forthe AICSIP Trial in 1982. The remain-
ing six hybrids will be tested once again at
ICRISAT Center during the 1982/83 postrainy
season.

Efforts are being made to diversify the seed
parents available for producing hybrids suitable
for postrainy season. The male-sterile line, D1 A,
now at 6th backcross, has a thin stalk. It is taller
than 36A and less susceptible to rust. In addi-
tion. 313 pairs are at the backcross 2 stage of

development.

Nitrogen Fixation

Measuring Nitrogen Fixation

Using two systems of plant culture and gas han-
dling, we exposed sorghum seedlings to nitrogen
gas enriched with the stable isotope '°’N and
demonstrated that nitrogen is fixed in the root
zone and transferred to the tops of the plants.
Initially we grew CSH-5 seedlings in a sand-
farmyard manure (97:3 w/w) mixture in 25- x
200-mm test tubes with an attached side tube.

When exposed to '’N,, the tops of the plants
were sealed from the root system by a Suba Seal
and silicone rubber sealant, and gas in the root
medium in the test tubes was exchanged by water
displacement. The oxygen content of the root
zone was monitored and maintained at 20%.

After exposing 20-day-old CSH-5 seedlings to
labeled nitrogen gas for 3 days, '°N was detected
in the growth medium (0.005 '°N atom %
excess). Seven days after the labeled gas was
removed, the '">’N atom % excess in the plants
increased considerably with 0.029 atom % excess
in the roots and 0.019 atom % excess in the
shoots.
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We tested a device developed at Rothamsted
Experimental Station, UK for gassing 10 plants
at once. We grew CSH-5 plants for 24 days in 35
X 295 mm plastic tubes containing sand:FYM
(97:3 w/w), then enclosed the root systems in the
tubes with silicone rubber around the stem
bases.

We replaced the gas in the root chamber by
flushing with CO, then absorbing out the CO;,
over soda lime and allowing a '>N,:0, mixture to
be drawn in. We thus avoided flooding the root
zone with water to transfer the gas. Table 12
shows that "N was incorporated in the shoot
system by the end of the 3-day exposure period;
SN incorporation in the leaves had further
increased 9 days later.

Our results show unequivocally that nitrogen
is fixed by bacteria in the rhizosphere of
sorghum seedlings and is rapidly taken up by
plant roots and that some is transferred to the

shoot system.

Acetylene (C;H;) Reduction Assay

Soil core assay. We improved the soil core
earlier (ICRISAT
Report 1975/76, pp. 85), and compared nitroge-

assay developed Annual
nase activity with nine genotypes of sorghum
grown in Alfisol soil during the rainy season by
using our assay of regular (disturbed) cores
taken at the time of assay and a planted core
assay where plants were grown with their roots

enclosed by the core from 25 days after planting.

Table 13 shows that significantly more activity
was obtained with the planted core assay (535
nmol C,H4/plant per hr) than with the regular
core assay (35 nmol C,H4/ plant per hr). Similar
differences were recorded in another experi-
ment. Earlier results indicated that mechanical
disturbance to the plant cores during handling
activity

reduced considerably

(ICRISAT Annual Report 1981, p. 64).

nitrogenase

Intact-plant assay for pot-grown plants. Fac-
tors affecting the intact-plant assay for estimat-
ing nitrogenase activity of pot-grown plants
(ICRISAT Annual Report 1979/80, p. 41) were
further studied.

Sorghum hybrid CSH-8 plants grew signifi-
cantly better in pots filled with sand:FYM (97:3
w/w), or Alfisol soil than plants grown in ver-
miculite or sand:soil (60:40 w/w). Plants grown
in sand:FYM had the most nitrogenase activity
(Table 14).

Other studies comparing mixtures of sand and
FYM showed that plants grew better with more
nitrogenase activity as the amount of FYM
mixed with the sand increased to 3%.

We studied root temperature effects on
nitrogenase activity by growing plants in plastic
containers conditioned at a particular tempera-
ture (controlled by water baths) for 10 days
before the assay. More activity was obtained at
40°C and 34°C (370 and 358 nmol C,H,/plant
per hr) than at 29°C (195 nmol C,H4/plant per
hr).

Table 12. '°N, incorporation by sorghum hybrid CSH-S seedlings.

Time of harvest after exposure to '°N;

0 days 9 days
Shoot Root Shoot Root
Dry weight (mg/plant) 264 246 400 673
>N atom % excess 0.056 0.059 0.102 0.073
"N incorporated (ug/plant) 15.9 25.5

Average of 3 replications; plants grown in 35N 295-mm plastic tubes filled with sand:FYM (97:3 w/w); 24-day-old seedlings

exposed to "N, (40 atom % excess)for 3 days. Datafromcollaborative project with Rothamsted Experimental Station funded by

the UK Overseas Development Administration.




Table 13. Nitrogenase activity of sorghum lines

estimated by regular core and planted core assay

methods.
Nitrogenase activity
(nmoles C,H4/plant per hr)?

Cultivar Regular core assay Planted core assay
1S-1057 24 2101
1S-2207 41 253
1S-9180 33 295
1S-2638 33 316
1S-2391 38 682
1S-3951 37 448
18-3949 30 267
CSV-5 61 335
Soil 20 119

Mean 35b 535c

Average of 4 replicated cores. Log transformation
(nmoles C,;H4+1) wused to analyze data. Figures with
different letters vary significantly (P<0.05) from each
other.

Plants grown in an Alfisol field during the rainy season;

assayed for nitrogenase activity 63 days after planting.

Nitrogen  Fixation 45

We compared the nitrogenase activity of 15
lines of sorghum using two assay systems, grow-
ing plants in pots, then assaying them as intact
ICRISAT
1979/1980, p. 41) or exposing the soil-root sys-

plants (see Annual Report
tems in the pots to acetylene after cutting off
plant tops. Intact plants had significantly more
activity than the plants with tops removed
(Table 15), particularly 76-day-old plants. The
intact plants averaged 291 nmol C,H./plant per
hr and decapitated plants, only 11 nmol, a 26-
fold difference. Activity was greater at the 49-
day assay than at the 76-day assay, and three of
the four highest yielding sorghum lines were also
in the top five ranking cultivars at the 76-day

assay.

Table 15. Nitrogenase activity of intact and decap-

itated sorghum plants.

Nitrogenase activity

(nmoles CyH4/ plant per hr)?

Intact-plant Decapitated-plant

Table 14. Growth and nitrogenase activity of

sorghum hybrid CSH-8 in indicated media.

Nitrogenase activity Plant dry

(nmoles C,H4/ plant matter

Media per hr)? (g/plant)
Soil (Alfisol) 7b 40
Vermiculite 49 d 35
Sand:Soil (60:40 w/w) 22 ¢ 24
Sand: Farmyard
Manure (97:3 w/w) 270 ¢ 43
SE +1.5
cv % 20

Average of 15 replications. Log transformation (nmoles
C,H4+1) used to analyze data. Figures with different
letters vary significantly (P<0.05) from each other.
Plants were grown in 7 liter capacity plastic pots with
equivalent of 20 kg N/ha added as ammonium sulphate,
nitrogenase activity estimated at 50 days after planting
(DAP) and plants harvested at 66 DAP.

Cultivar assay assay
15-84 3590 1910
CSV-5 3060 1370
1S-1256 1650 26
1S-5108 480 80
Dobbs 370 16
185-2261 290 30
2077 B 190 270
1S-2190 66 17
1S-1324 60 40
1S5-2267 50 47
15-2980 40 33
18-801 32 35
1S-2207 30 15
1S-1398 26 18
1S-5218 26 18
Soil 13 27
Mean 625 b 247 ¢

abc. Average of 5 replications. Log transformation (nmoles
C,H4s+1) used to analyze data. Figures with different
letters vary significantly (P<0.01) from each other.
49-day-old plants grown in 6-liter plastic containersfilled
with Alfisol soil, assayed for nitrogenase activity; plants

decapitated just before the assay.
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Response to Inoculation

A field trial was conducted during the 1982 rainy
season on an Alfisol with the three sorghum
hybrids CSH-1, CSH-5, and CSH-9 inoculated
with different nitrogen-fixing bacteria at sowing
and again just after seedlings emerged. A
randomized-block design was used. Inoculating
with Azospirilum lipoferum and a root extract
from Napier bajra increased dry-matter produc-
tion (P<0.10) of the three hybrids

together (Table 16). The trend toward increased

taken

grain yield from inoculation was not statistically

significant.

Nitrogen-fixing Blue Green Algae

We surveyed several fields throughout the year
for nitrogen-fixing blue green algae (cyanobac-
teria). The predominant heterocystous algae,

seen forming mats on several fields, were two

Anabaena species and Nostoc muscorum. Other
Nostoc species were observed as well as algae
belonging to the following genera: Calothrix,
Aphanothece, Microcystis, Lyngbya, and
Oscillatoria.

The nitrogen-fixing activity (C,H, reduction)

of the algae-formed mats depended on soil mois-

ture, light, and temperature. Maximum activity
was in early afternoon. Activity as high as 1.6
nmol C,H4/core per hr (4.3 mg N/ m? per hr) was
observed in one Alfisol field cropped to sorghum
in the rainy season. To estimate the blue-green
algal contribution to nitrogen balance, we took
many cores throughout the field several times
during the season. Average activities for a given
afternoon ranged from 1 mg N/m? per hr to
nearly zero when the soil surface became very

dry.

Root Exudates and Growth
of Nitrogen-fixing Bacteria

We found significant differences in amounts and
patterns of organic carbon exuded into culture
media by seedling roots of six sorghum cultivars
grown in axenic liquid culture. Sorghum geno-
types that exuded the most organic carbon sup-
ported the most nitrogenase activity by an
Azospirillum lipoferum inoculum.

Monitoring growth and nitrogenase activity
of five bacterial strains in semisolid synthetic
media, containing root exudates from three
sorghum genotypes as the sole organic carbon
source, showed significant (P <0.05)differences

in growth and activity between bacteria and

Table 16. Effect of inoculating three sorghum hybrids with nitrogen fixing bacteria on dry-matter production,

ICRISAT Center, rainy season 1982.

Total dry matter (kg/ ha)

Inoculum Cultivar CSH-1 CSH-5 CSH-9 Mean
Azospirillum lipoferum (1) 7380 11210 10030 9540
Azospirillum lipoferum (2) 7860 9820 11150 9610
Napier bajra root extract 6930 11360 10220 9500
Azotobacter chroococcum 7420 7600 9740 8260
Uninoculated 7000 8110 8670 7920
SE +820 +379
Mean 7320 9620 9960
SE +198
CV% 21

Average of 4 replications, net plot size 13.5 m2. Urea fertilizer at 20 kg N/ha banded as top dressing.
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Table 17. Vesicular Arbuscular Mycorrhizal (VAM)inoculation, plantdry-matter production, and Phosphorus in

xylem exudate of sorghum hybrid CSH 5.

Pi in xylem exudate®

Shoot dry
Percent matter? Conc. Total
Cultures colonization (g/plant) (pg/ml) (ug/plant)
Glomus fasciculatum 66(8.1)° 1.93 83 25
Glomus mosseae 52(7.2) 2.20 59 18
Gigaspora margarita 48(6.9) 2.07 50 23
Glomus  fasciculatum E3 40(6.3) 1.43 77 17
Gigaspora calospora 36(6.0) 1.14 28 7
A caulospora laevis 32(5.6) 1.33 40 13
Control 25(5.0) 0.98 20 5
SE +(0.32) +0.15 +5 +3
CV (%) 11 21 21 45

a. 54-day old plants. All values means of 5 replicate pots each with 1 plant grown in 1.1 v/v sand:Alfisol soil mixture, steam
sterilized before sowing. Mycorrhizal inoculation at sowing with infected root segments of Panicum maximum containing
approx. 600 extra-matrical spores per pot.

b. Pi = inorganic (or available) P determined by a vanadium molybdate method.

c. Figures in parentheses are data for per cent colonization analyzed after transformation as /x+0.5.

between exudate media. The bacteria x genotype Since, VA M fungi benefit the host plant by
interaction was significant, indicating qualita- enhancing P uptake, we examined the P content
tive differences in root exudates, which may be of the xylem exudate. The percentage of VAM
important in selecting bacteria for inoculation colonization and available P in the xylem exu-
trials. date, measured by a vanadium molybdate

method correlated significantly (r = 0.64; df=34;

Mycorrhiza P < 0.01). That correlation suggests that P in the

xylem exudate could be used to screen plants

A field survey at ICRISAT Center showed that and VAM isolates for the effectiveness of the
sorghum forms vesicular arbuscular mycor- symbiosis they form. This technique needs more
rhizal (VAM) symbiotic associations with the work to standardize exudate collection, and to
four major genera of VAM fungi. account for the diurnal pattern ofexudation and

In a pot trial with a root medium of sterilized fluctuations in P concentrations in the exudate
sand and Alfisol soil (1:1 v/v), inoculating during plant growth.

sorghum cv CSH-5 with six species of VAM
fungi increased growth 115 to 220%. VA M cul-
tures varied widely in ability to stimulate Food Quality
sorghum growth (Table 17). There was a signifi-

cant correlation between the proportion of the Grain Sprouting

root colonized by VAM (log transformed data)

and plant dry-matter production, based on the Grain weathering and head sprouting are com-
means for each strain (r=0.89; df=6; P < 0.05). mon in sorghum heads exposed to rainfall in late
However Acaulospora and Glomus mosseae did growth stages. Sproutdamage has beenreported

not follow this relationship. to induce alpha-amylase activity which modifies
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carbohydrates in the grains. Such damage, if

extensive, would lower the quality of food pre-
pared from the damaged grain (Tables 18 & 19).

We monitored the alpha-amylase activity in
sorghum grains grown during the rainy season.
as

Alpha-amylase activity expressed specific

activity (change in absorbance per mg protein)
ranged from 0.19 to 0.48 in rain-affected grains
but was less than 0.19 in dry-season harvests.
To study the effect of sprouting on flour and
we soaked grain samples of 15
distilled for 4 hr
removed the samples and kept them in a germi-

nator 30 hr at 35°C. We then subjected the con-

roti qualities,

genotypes in water then

trol and laboratory-sprouted grain samples to

alpha-amylase assays and flour quality

evaluations.
The alpha-amylase activity of sprouted grains

was high (mean 0.75). Average particle size and

rolling quality of flour from sprouted samples
were significantly lowerthan from controls. Par-
ticle size of the flour from sprouted grain was
reduced 20 to 30%.
the sprouted grains oftwo cultivars did not differ
that

because germination of these lots was only 50%.

Rolling quality of flour from

significantly from of controls, perhaps

Spreading quality of gel made from sprouted
samples differed significantly from that of con-
trols; gel from sprouted samples was thin, less
firm, and visually poor. Taste and keeping qual-
ity of roti made from sprouted samples was sig-
those factors of roti from

nificantly below

control samples.

Grain Characteristics

Endosperm texture or hardness of the grain is

associated with its quality as food. We compared

Table 18. Properties for some grain- and flour-quality attributes of 15 sorghum cultivars.
Flour’
a-amylase Rolling Flour over Flour thru
activity quality (cm) 1250 (%) 750 (%)

Genotype C S C S C S Cc S
M35-1 0.15 0.74 24.2 21.6 12.4 12.8 66.1 67.8
IS 10504 0.20 0.54 16.0 171 12.3 6.4 73.7 83.3
SPV 351 0.17 0.80 22.2 19.7 22.5 14.5 48.4 62.9
SPV 475 0.19 0.80 23.7 21.5 24.0 19.7 43.9 53.1
CSH-1 0.13 0.67 23.7 21.5 21.3 16.6 53.5 61.5
CSH-4 0.15 0.77 22.5 21.2 18.5 21.8 52.2 50.2
20778B 0.14 0.66 23.5 17.4 13.7 10.1 64.9 72.8
CS 3541 0.17 0.68 22.4 17.7 30.0 18.5 39.4 52.9
Mothi 0.14 0.66 23.5 20.2 29.5 19.4 41.3 54.5
Safra 0.16 0.64 23.5 17.2 21.7 9.8 53.1 70.9
SPV 352 0.15 0.62 23.7 19.1 24 .1 18.4 47.9 54.8
CSH-9 0.14 0.81 23.2 19.1 29.0 15.0 44 .4 62.8
CSH-5 0.15 0.82 22.0 19.2 35.9 11.8 59.2 69.1
CSH-8 0.14 0.81 24.7 20.7 14.0 10.9 63.8 69.4
E6954 0.11 0.66 25.5 20.5 26.1 19.2 42.5 57.2

Mean 0.15 0.75 23.0 19.6 22.3 15.0 52.9 62.9

SE+ 0.01 0.08 0.55 0.42 1.85 1.17 2.70 2.40

1. Values are averages of two observations.
C = Normal control grains.
S

= Grains sprouted for 30 hours.
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Table 19. Properties for some food-quality attributes of 15 sorghum cultivars.
Flour Roti'
Gel Spread (mm) Taste Keeping quality
Genotype C S C S C S
M35-1 57 57 2.0 2.5 2.0 2.5
IS 10504 73 94 3.0 4.0 3.0 4.0
SPV 351 58 62 2.5 3.0 2.5 2.7
SPV 475 55 57 2.7 3.0 2.5 2.7
CSH-1 57 57 2.7 3.0 2.5 2.5
CSH-6 58 62 2.5 3.5 2.7 3.2
2077 B 58 58 2.7 4.0 2.7 3.7
CS 3541 56 57 2.7 3.5 2.7 3.2
Mothi 59 64 2.5 3.7 2.7 3.7
Safra 61 70 3.0 3.7 3.0 4.0
SPV 352 59 63 3.0 3.5 3.0 3.0
CSH-9 61 64 2.5 3.0 2.7 3.0
CSH-5 60 64 2.2 3.0 2.2 2.5
CSH-8 56 55 2.8 3.5 2.5 2.0
E6954 56 58 3.0 4.0 2.5 2.7
Mean 59 63 2.6 3.4 2.6 3.1
SE+ 1.1 2.5
1. Roti taste and keeping quality rated on 1 to 5 scale; 1 - good and 5 = unacceptable.

C = Normal control grains.
S = Grains sprouted for 30 hours.
several methods to describe grain hardness of Statistical analysis of the data showed highly

bulk samples from 15 white-seeded cultivars that

lacked testa but had diverse endosperm
properties.

Our replicated observations covered these
grain attributes: (a) corneousness percentage,

measured with a light microscope as the translu-

cent area of the endosperm in a longitudinal
section of the grain; (b) grain-breaking strength
in kg measured with a Kiya Hardness Tester; (c)
grain density; (d) the grain's water absorption
5 hr at

temperature; (e) percentage of floaters in a sam-

estimated by soaking in water room

ple of 100 grains placed in sodium nitrate solu-

tion of 1.3 specific gravity (adopted from

Carlsberg Research Center, Copenhagen); (f)
percentage of uniformly ground flour retained

on 75- to 250-p sieves.

significant differences among genotypes (Table
20).
tively and highly significantly (P < 0.01) except

Most of the quality factors correlated nega-

percentage floaters vs flour through the 75-p
0.87).

Soft endosperm grains produced the finest flour.

sieve. That correlation was positive (r =

Among the various methods used, breaking
strength was affected by grain shape. Analysis of
particle sizes showed that different milling and
sieving techniques determine flour particle size.
Mechanical sieve shakers cannot be used to
determine particle size of fine flour because it
agglomerates. Several workers have used grain's
resistance to pearling as a measure of hardness.
But grain size, shape, and pericarp structure
affect that measurement. Pericarp structure also

affects water absorption.
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Table 20. Mean properties for indicated grain and flour quality attributes of 15 sorghum cultivars.’

Corneous Breaking Grain Water Flour Flour through
endosperm strength density Floaters absorption over 125 y 75-psieve
Genotype (%) (kg) (g/cc) (%) (%) (%) (%)
M35-1 32.5 5.7 1.25 55 16.5 9.1 74.4
2077B 49.2 4.1 1.21 72 23.6 8.9 72.4
IS 1401 4.0 4.3 1.22 93 21.0 7.5 80.9
IS 5604 48.1 5.0 1.26 19 18.3 24.7 49.2
CSH 6 50.1 6.1 1.30 10 22.5 20.6 48.0
E35-1 68.4 11.0 1.32 14 20.6 19.5 48.8
SPV 351 61.6 8.1 1.20 22 23.3 22.2 46.2
SPV 422 57.8 7.9 1.26 56 25.2 11.0 67.2
CSH 8 49.3 5.8 1.25 47 22.9 11.5 65.0
2968B 48.1 6.3 1.22 50 21.2 12.9 65.9
2219 B 80.2 6.5 1.28 4 18.9 23.2 45.6
P-721 5.8 5.2 1.06 99 36.6 10.4 78.4
S-29 75.1 7.2 1.22 83 23.9 17.5 55.8
1S-9985 45.1 6.1 1.15 93 24.9 6.3 81.5
SPV 393 57.2 6.8 1.21 59 26.4 14.5 61.7
Mean 48.8 6.4 1.23 52 23.1 14.6 62.7
Maximum 80.2 11.0 1.32 99 36.6 24.7 81.5
Minimum 4.0 4.1 1.06 4.0 16.5 6.3 45.6
SEx 1.17 0.13 0.004 1.02 0.43 0.32 0.47
CV (%) 27.8 7.9 1.4 7.6 2.6 8.6 2.8

1. Averages of three independent observations each replicated over three weeks; all genotypes have white pericarps.

We found percentage floaters in a 1.3 specific-
gravity solution is a rapid, effective method to
evaluate and classify many samples for grain
hardness and endosperm texture into a small

number of classes.

Pop Sorghum

Studying popping quality of 30 sorghum culti-
vars, we associated various grain quality charac-
ters with popped sorghum. The volume ofa 5-g
popped sample varied from 9 to 54 cc, and float-
ers varied from 12 to 99%. Starch granulesinthe
endosperm ofthe 30 cultivars varied in size from
17 to 26pu. Floater percentage and pop volume
correlated negatively (0.67 = P < 0.01). Starch
granule size correlated

volume (0.58 = P < 0.01).

negatively with pop

In a preliminary study on the inheritance of
popping quality, we used crosses between eight
parents with varied levels of popping quality
(volume) and found popping volume highly her-

itable and controlled by polygenes.

Population Improvement

Recurrent Selection

recurrent selection infive
sorghum US/R, US/B, Rs/R,
Rs/B, and West African Early (WAE). Indian

Synthetic, the newly composited population, is

We continued

populations:

ready for its first cycle of recurrent selection in
1983.



During the 1981 rainy season, 196 S, progen-
ies from Rs/ R and Rs/ B populations, and four
checks were evaluated at ICRISAT Center, Bha-
vanisagar, and Dharwar. Using their perfor-
mance on several traits, we selected 38 S,
progenies from each of Rs/ R (mean grain yield,
4292 kg/ha) and Rs/B (mean, 4830 kg/ha) and
recombined them in the 1981/82 postrainy sea-
son, which completed the fourth cycle of recur-
rent selection. During recombination phase,
sources of shoot fly and midge resistance were
injected into the restorer populations; 12 addi-
tional nonrestorer lines were incorporated into

the Rs/B population.

From Rs/R and Rs/B random-mating popu-
lations in cycle 4, we selected 4576 Rs/ R and 990
Rs/ B half-sib progenies and evaluated them in
unreplicated nurseries during the 1982 rainy sea-
son; we used overall performance, including res-
istance to insects and
progenies, and selected 397 S; of Rs/R and 990

S, of Rs/B progenies. They were advanced to S;

diseases, of those

progenies during the 1982/83 postrainy season.

The US/R and US/B populations are in their
5th selection cycle. Half-sib progenies from both
populations (798 of US/R and 892 of US/B)
were evaluated in the 1981 rainy season and 397
US/R and 413 US/B selected Sy progenies were
evaluated and advanced to S, progenies in unre-
plicated nurseries at ICRISAT Center in the
1981/82 postrainy season and at Bhavanisagar
in 1982 summer. The 196 selected S, progenies
from each population were evaluated in repli-
cated trials at ICRISAT Center, Dharwar, and
Bhavanisagar in the 1982 rainy season.

Using overall performances, we selected 41S,
progenies in US/R and 46S, progenies in US/B
to recombine to complete the 5th selection cycle.
During recombination, 19 restorerand 14 non-
restorer lines with desirable characteristics will
be incorporated, respectively, into US/R and

US/B populations.

Population-derived Lines

We continued extracting lines from improved
populations by advancing the generations of

plants selected from different stages of popula-
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tion development. We grew 2105 derived lines in
a nonreplicated nursery, and we advanced 762
lines. The most promising and uniform of them
will be included in yield trials and other nurseries
to evaluate resistances to various yield-limiting

factors.

Varietal Trials

Two Preliminary Variety Trials, PVT-1 and
PVT-2 (39 early- and 39 medium-maturity lines,
population derived) were evaluated at ICRISAT
Center,
selected lines in PVT-1 and 6 in PVT-2 yielded

well at all locations. But most of them are taller

Dharwar, and Bhavanisagar. Eight

and matured later than the hybrid check. Pedi-
grees of lines that yielded well and were selected
for further evaluation and selection are: PVT-
1—ICSV-101, A13152, A13153, A13121,ICSV-
139, A13172, 1CSV-134, and 1I1CSV-136;
PVT-2—ICSV-138, A13194, A13201, ICSV-
105, A13239, and ICSV-104.

Evaluation of Advanced
Elite Varieties

The evaluations of 60 varieties derived from the
grain quality project at ICRISAT Center, Dhar-
war, and Bhavanisagar in 1981 and 1982 con-
firmed the superior yield and stability of
M60252, M60256, and M60297. And we selected
two new varieties (M60370, and M60396) for
high grain yield, improving quality, and agro-
nomic eliteness.

Also in 1982 we evaluated 33 improved varie-
ties selected in 1981 for adaptation and yield
stability at ICRISAT Center, Dharwar, and
Bhavanisagar. At ICRISAT Center, they were
evaluated in Vertisol and Alfisol under low and
high fertility and sprayed and unsprayed envir-
onments (Table 21). Coefficient of variation was
high in the low-fertility environments, from 23 to
47%.

The genotype x environment interaction was
significant. But three varieties (ICSV-130, 120,
and 138) had stable, high yields at mostenviron-
ments. 1CSV-147, a Striga asiatica-resistant var-

iety, was highest yielding under low fertility, but
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Table 21. Mean grain yields (kg/ha)ofindicated elite, advancedsorghum varieties evaluated atthree sitesin India,

rainy season 1982 (RCB, three replications, plot size variable: 4 m2 minimum, 12 m? maximum).

ICRISAT Center

Bhavani-

Varieties Pedigree Dharwar sagar HF'  (2)2 LF®  (3)*
ICSV-130 (22-40xSPV-105)-6-12-1-1-B 5630 3170 7160 2350
ICSV-120 [(148xE35-1 )-4-1xCS-3541 deriv.]-5-3-2 6350 3080 5960 2160
ICSV-138 CSV-4xG.G.x370-2-1-1-4 7230 4920 6580 2060
ICSV-126 [SC-108-3xSwarna)xE35-1]-6-2 7940 4080 6050 1870
ICSV-139 UchV2xFLR-101-2-1 7870 1920 5860 1570
ICSV-114 [(SRN-4841 xWABCXxP-3)-3]-7-3 5240 2210 5380 2310
ICSV-145 (555xGPR-168)-1-1 4370 960 4680 2200
ICSV-147 (555xGPR-168)-23-2-2-3-2 2420 2420 4530 2460
ICSV-115 (555xGPR-168)-19-2-7 1940 2830 4470 2120
ICSV-107 (SC-108-3xCS-3541)-19-1(SPV 351) 6540 2750 5230 2190
CSH-5 (Hybrid control) 6000 3290 6490 3060

SE +390 +441

CV(%) 11 31

1. HF = High Fertility (128:82:0).

LF = Low Fertility (40:20:0).

»woN

225, CV (%) 23.

ICRISAT Center two locations: Vertisol SE £+ 390, CV(%) 13; Alfisol SE £ 300, CV(%) 11.

ICRISAT Center three locations: Alfisol SE + 385, CV(%)28; (pesticide free) SE + 372, CV (% )47; Vertisol (pesticide free) SE *

did not compete under high fertility at ICRISAT
Center. All varieties were about 25% shorterand
matured a week later under low fertility. Severe
headbug damage, especially in later-maturing
varieties, further reduced yields in low-fertility

plots.

Developing Hybrids
Male steriles. Developing phenotypically and
genotypically diverse, improved male steriles
remains a high-priority objective. The process
involves identifying good nonrestorer lines and
converting them to male steriles. First back-
crosses were made for 111 and second back-
crosses for 74 nonrestorers while converting
them to male steriles.

Some nonrestorers are now converted to male

sterility and several were testcrossed on five

selected restorer lines, A535, A701, CS-3541,
D71396. and MR841. Resulting hybrids will be
evaluated in the 1983 rainy season. B-lines ofthe
most promising new male steriles (MB-2, MB-5,
MB-6, MB-9, MB-10, and MB-12) were evalu-
ated at ICRISAT Center, Dharwar, and Bhava-
nisagar. The trial included B-lines of commonly
used Indian male steriles (2077B, 2219B, and
BTx623 from Texas) for comparisons. The
results indicated no significant differences from
B-line controls for height or maturity but
improved grain-mold resistance.

In the breeding program for the postrainy
season, we hope to diversify seed parents for
hybrids with better grain characters and resist-
ance to leaf diseases. D84271A (from 2219A x
CSV-5)is ready for testcross evaluation. And 14
F, lines from crosses to 2077A and 296A were
test-crossed forming 453 hybrids, with 313
remaining male sterile. The pollen parents are

now being backcrossed to develop A-lines.



Evaluating hybrids. Several hundred hybrids
produced on 2219A, 2077A, and 296A were eval-
uated during the rainy season in nurseries or
trials at ICRISAT Center, Dharwar, and Bhava-
nisagar. Approximately 20 new hybrids, super-
ior in agronomic traits including yield potential,
were selected for further testing in advanced
hybrid adaptation trials in India or in Interna-

tional Hybrid Adaptation Trials in 1983.

Twenty-two hybrids initially selected for
further testing in 1981 were evaluated for adap-
tation and yield stability at 1TCRISAT Center,
Dharwar, and Bhavanisagar (Table 22). 1CSH-
110 was the most stable and productive with
highest yields at all locations except Bhavani-
sagar. The evaluations were in Vertisol and
Alfisol at ICRISAT Centerunder low- and high-
unsprayed

fertility and sprayed and

environments.
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Yields of most hybrids were reduced more
than 50% by low-fertility, unsprayed conditions.
Low fertility also delayed flowering of most
hybrids about 1 week and reduced plant height
about 25%. Head bugdamage, being most severe
on late-maturing hybrids, further reduced yields
under low fertility.

We also evaluated 44 hybrids for yield during
the rainy season at ICRISAT Center, and
selected 3 on the existing A-line 2077 (2077A x
D39599, 2077A x D39602, and 2077A x
D39607); and 3 for advanced testing on new
ICRISAT-developed A-lines (D1A x CS-3541,
D2A x D71278-4, and D2A x D40957).

Results from other hybrids made on 2077A,
296A, D2A, and D3A led us to select 11 whose
yields and lodging scores were better or much
better than those of hybrid controls: (2077A x
D37221, 2077A x D37215, 2077A x D37223,

Table 22. Mean grain yields (kg/ha) of some elite, advanced sorghum hybrids evaluated at three sites in India,

rainy season 1982 (RCB, plot size variable: 4 m? minimum, 12 m? maximum).

ICRISAT Center

Bhavani-
Hybrids Pedigree Dharwar sagar HF'  (2)2 LF® (4)*
ICSH-110 296Ax(SC108-3xCS3541)-51-1 6570 3850 7720 3910
ICSH-138 296Ax FLR-266xCSV-4-2-2-2-3-2 6410 2630 7720 3050
ICSH-136 296AxDiallel-475-746-4-5-2-1 5600 1710 6910 3560
ICSH-123 296Ax[(1S10927xUchV2)-16-1xCS-3541]-5 6410 4460 6770 3290
ICSH-137 296AxEarly Pop-5-1-1 6230 3920 6850 3180
ICSH-126 296Ax[(CS-3541xET2039)-11-1 x
SC-108-3x148]-29-3-1 6270 2100 7440 3010

ICSH-134 2219AxUchV2xG.G.x370-4-2-3 5650 2940 6260 3650
ICSH-122 296Ax SC108-3 x Swarna) x 1S-9327 -6-1-2 6500 2870 6810 2930
ICSH-133 2219AxFLR-266xCSV-4-2-2-2-1-1 5330 2290 6600 3460
ICSH-121 2219Ax(SC-19803xCS-3541)-1-3-1 6120 2420 6240 3290
ICSV-107 (SC-108-3xCS-3541)-19-1 (SPV 351) 5920 2790 6280 2210
ICSV-108 (SC-108-4-8xCS-3541)-88 (SPV 386) 6540 3680 6280 1940
CSH-9 (Hybrid control) 6120 3870 5270 2420

SE +322 +432

CV (%) 10 25

_HF = High Fertility (128:82:0).

ICRISAT Center, two locations: Vertisol SE + 389, CV(%) 10; Alfisol SE £+ 509, CV (%) 14.

1
2
3. LF = Low Fertility (40:20:0).
4

ICRISAT Center, three locations: Alfisol SE + 669, CV (%) 26; Alfisol (pesticide free) SE +407, CV(% ) 35; Vertisol (pesticide

free) SE + 414. CV (%) 36.
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utew |

This  promising  hybrid developed at ICRISAT Center, with

to rainy-season cropping.

2077A x D37219, 2077a x D37209, 2077A x
D37214, D2A x D37225, 296A x D37212, 296A x
D37219, 296A x D37214, and D3A x D712784).

Evaluating hybrids on new A-lines. Our newly
developed A-lines were crossed with selected res-
torers to produce 145 hybrids that were evalu-
ated in 1982 at ICRISAT Center. Dharwar, and
Bhavanisagar. Nine hybrids whose grain yields
were as good or better than those of control
hybrids are: MA-2 x MR-836, MA-2 x M R-877,
MA-3 x MR-830, MA-5 x MR-836, MA-5 x
MR-852, MA-5 x MR-890, MA-6 x MR-850,
MA-5 x MR-802,and MA-10 x MR-861. Those
nine new hybrids resist lodging and leaf diseases
and are less susceptible to grain molds than
existing commercial hybrids included in the

trial.

A

high yields and a low rate of lodging, is especially  suited

Cooperative

Multilocational

Testing

Our cooperative activities with national pro-
grams primarily involves evaluating our Interna-
tional
(ISVAT), International Sorghum Hybrid Adap-
tation Trial (ISHAT) and distributing improved

Sorghum Variety Adaptation Trial

breeding lines. All those activities were extended
to more SATcountries. Datafrom 1981 Interna-
tional Trials,
ISPYT-1 and ISPYT-2, and the Sorghum Elite

Progeny Observation Nursery (SEPON) were

Sorghum Preliminary Yield

received too late in 1982 to be analyzed for the

1981 Annual Report. They are reported here.



International Sorghum Variety
Adaptation Trial (ISVAT)

This trial merged previous international trials
ISPYT-1, ISPYT-2, and SEPON. Thus ISVAT
is composed of the best varieties, plus other var-
ieties identified and selected for superior perfor-
mance, adaptation, and agronomic eliteness in
our other breeding projects.

ISVAT consisted of 23 varieties and a local
control contributed by our cooperators. The
trial went to 47 locations in 36 countries. Data
are now arriving but most of the data will be

received during 1983.

International Sorghum Hybrid
Adaptation Trial (ISHAT)

This trial consisted of 23 hybrids and a local
control hybrid contributed by our cooperators.
It went to 30 locations in 24 countries. We expect

to receive data from most locations by mid-1983.

International Sorghum Preliminary
Yield Trial-1 (ISPYT-1)

The 1981 ISPYT-1 consisted of 24 early- to
medium-maturity varieties
including CSH-6, a

hybrid check (control), and a local control con-

derived from
improved populations
tributed by cooperators. The trial went to 37
locations in 18 countries, data received from 16
locations in 7 countries show several varieties

performing well at various locations (Table 23).

International Sorghum Preliminary
Yield Trial-2 (ISPYT-2)

The 1981 ISPYT-2 consisted of 24 medium-
maturing varieties, 2 hybrid controls, and a local
variety contributed by cooperators. The trial
went to 37 locations in 18 countries; data have
been received from 16 locations in 7 countries
(Table 24).

Cooperative  Multiloeational Testing 55

Sorghum Elite Progeny
Observation Nursery (SEPON)

SEPON-1981 consisted of48 entries, includinga
hybrid control (CSH-6) and a local control con-
tributed by cooperators. The test material was
mostly in advanced generations (Fg and more) of
medium maturity and height. A few entries that
performed well in 1980 SEPON were included.
The nursery went to about 50 cooperators in the
semi-arid tropics. SEPON-1981 performance
data were received from 20 locations outside
India. Average grain yields of the entries ranged
from 1785 to 3488 kg/ha. Average performances
of 15 selected entries from SEPON 1981 are
presented in Table 25; (E35-1 x TAM-428)-4-3
and SPV-387 were least affected by molds.

Contribution to National
Programs

E35-1 has moved increasingly in Upper Volta to
more productive fields close to farmers' dwel-
lings. Another variety, M60256 (SPV-386), was
provisionally released in Zambia with 1600 kg of
seed for 1982.

Four varieties from the ICRISAT population
breeding program went on the market in China
after 2 years of local selection and evaluation.
They are named Yuan 1-54 (A6072), Yuan 1-98
(A3681), Yuan 1-28 (A3872), and Yuan 1-505
(A3895).

Two ICRISAT varieties (CENTA SS-41 and
San Miguel No.1), selected from SEPON, were
released in E1 Salvador.

In India M60252 (SPV-351) was included in
minikit testing, and we expect M60256 (SPV-
386) will enter minikit in 1983. Seed of three
varieties, M35544, SEPON-77 (PR-79-99-100),
and M60251, were increased in 1982 to 1 tonne
of each used for wide-scale testing in Venezuela.

Varieties resistant to midge being used in
India and Argentina include PM1052, PM1060,
PM1059, PM1063-2, PM1064, PM1065,
PM1069, PM1070, PM1076, PM1079,
PM39656, PM39658, PM39704, PM39792, and
PM39833. Seed oftwo Striga-resistant varieties,
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An  elite  sorghum variety ~ SPV 351,

SAR-1 and SAR-2, have been increased for
extensive farmers' field testing in parts of Maha-
rashtra, India.

Varietal, hybrid, and some sources of resist-
ance have moved up through national testing
systems and, in several instances, have been

released to farmers.

Looking Ahead

Insects. Shoot fly work will concentrate on
identified resistance sources to study their
behavior under no-choice conditions and to
group them by their resistance mechanisms.

Top priority for sorghum midge will be classi-
fying breeding material for resistance under
head cages.

We shall improve the artificial-infestation
method of verifying resistance in lines identified
natural

for stem-borer resistance under

conditions.

developed by 1CR1SA T.

within one  step of release to farmers.

has proved superior in tests onfarms in India, and is

The screening procedure for headbugs will be
improved and more information collected on
their biology and ecology.

Diseases. Several grain mold-resistant,
colored-grain sorghum cultivars recently identi-
fied will be used in the breeding program. Inher-
itance of grain-mold resistance in colored-grain
types will be determined, and studies to under-
stand relationships among seed color, high tan-
nin, and grain-mold resistance will be continued

and intensified.

Striga. Breeding efforts will be intensified to
strengthen Striga resistance in identified sources
and breeding lines. Grain and food quality ofthe
Striga-resistant lines will be improved. Tech-
niques to screen individual plants for Striga res-
istance will be refined.
Physical environment. We will continue to try

to improve techniques for screening lines for
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Table 25. Performance ofindicated varieties from Sorghum Elite Progeny Observation Nursery (SEPON), 1981.
Grain yield (kg/ ha)
America Africa Asia India

Origin Pedigree (2)? (10) (2) (4) Mean
M36136 (IS 12611xSC 108-3)-1-2-1 (SPV 391) 2320 2850 4420 4270 3230
M36170 (E35-1x TAM-428)-4-3 2310 2410 3820 2770 2640
M36056 [(SC 423xCS 3541)xE35-1]

-2-1 (SPV 387) 3450 2630 3550 4650 3310
M36229 [(SC 108-3xSwarna)xE35-1]-6-2 3890 2780 3440 4770 3420
M39335 [(IS 12622Cx555) (3612Cx2219B)

-5-1)xE35-1]-5-2(SPV 475) 2430 2500 2240 4410 2890
M36007 (SC 108-3xCS 3541)-19-1 (SPV 351) 2290 2250 3080 4830 2920
M36095 (IS 12611 xSC 108-3)-1-1-2-1

(SPV 471) 1630 3220 3320 4250 3230
M36178 t(148xE35-1)-4-1xCS3541

deriv.]-5-3-6 (SPV549) 2540 2800 3140 3820 3030
M36200 [(148x E35-1)-4-1 xCS 3541 deriv.]

-5-4-2-1 1810 2970 2990 4500 3180
M36197 [(148xE35-1)-4-1xCS3541deriv.]

-2-3-1 1650 3260 3930 4680 3490
M36528 [(SC 423 x CS 3541) x E35-1]-9-1 2370 3050 3600 4200 3310
M36435 [(SC 108-3xSwarna)xCS 3541)

-7xGroup 111]-1 3000 2860 4020 3630 3170
M39281 (SC 108-4-8xCS 3541)-88 (SPV 386) 3230 2850 4070 4920 3490
M36168 (SC 108-4-8xCS 3541)-4-2-1 3580 2720 3800 5000 3480
M36121 [(SPV 35xE35-1)xCS 3541]

-8-1 (SPV 472) 1540 2850 2990 4000 2980

Coordinated Sorghum Hybrid-6
(CSH-6) 3190 2300 1990 3850 2670
Local 1230 2310 6370° 2980 2600

a..Numbers in parentheses are number of locations involved. Local varieties varied and could be a local variety orimproved variety.

b. Grain yield data from only one location.

improved crop establishment and drought resist-

ance. We will systematically screen the germ-
plasm and breeders' lines for morphological and
physiological traits associated with drought res-
istance and crop establishment, two major prob-
lems. As we describe material, we will make it
available to breeders and physiologists for their
national breeding programs or for basic physio-
logical studies in universities and research insti-
tutes outside ICRISAT.

The lattice design is efficient in drought situa-
tions, but we hope to modify field designs to

improve evaluation efficiency.

Selection, alternating between optimal and

stress situations, will continue.

Nitrogen fixation.
N

screen sorghum

The possibility of using the

isotope-dilution technique in pot culture to

lines for ability to stimulate N-
fixation will be explored.
We will screen sorghum lines for stimulation

of nitrogenase activity in tube culture and in

pots, using both the acetylene reduction assay
and the effect ofinorganic combined nitrogen on

activity.
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By field trials, we will continue toexamine the
response by sorghum to inoculation with differ-
ent nitrogen-fixing bacteria, and to examine
long-term nitrogen balance.

We will use the synthetic exudate medium and
the aseptic plant culture system to screen our
large collection of N-fixing bacterial isolates for
potential inoculants. We also will study competi-
tion and synergistic effects on plant growth and
N-fixation of mixed bacterial cultures used as
inoculants.

We hope to develop a system of seedling-plant
culture that enriches the bacteria type(s) prefer-
entially residing in the rhizosphere of a cultivar.
We will isolate and screen vesicular arbuscular
mycorrhizal (VAM) fungi from India's tradi-
tional sorghum-growing areas, and survey geno-
typic variation in root colonization of sorghum
by VAM inthe field. Pot trials will be conducted
to determine effects of type and level of P fertil-

izer and response to inoculation with VAM.

Food quality. Basic information available on
sorghum food quality, particularly endosperm
texture, will be used to identify routine methods
to evaluate grain samples without cooking.
Efforts to improve food quality of the rainy
season crop will be intensified by screening for
reduced sprout damage, alpha-amylase activity,
pigmentation, and weathering. A second set of
International Sorghum Food Quality Experi-
ments will be initiated.

Population improvement. Recurrent selection
will be continued on the six populations we are
improving. Improved populations in advanced
cycles will be evaluated in West, East, and south-
ern Africa to determine and select appropriate
populations best suited to those geographical
areas. We hope to initiate a population for the

postrainy season.

Developing hybrids. Emphasis will continue
on developing improved new male steriles for
both rainy and postrainy seasons, and these will
be evaluated in hybrid combinations from

selected pollinators.

Postrainy season adaptation. Effects of con-
tinued selection at and between locations will be
evaluated, and how sowing date affects crop
performance will be further evaluated, as will
photoperiod-sensitivity in relation to late
sowing.

To develop further broad-based material for
screening, we shall use germplasm lines from
drier parts of Africa in the postrainy-season pro-
gram. And we will continue to evaluate hybrids

for the postrainy season.
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PEARL MILLET

Physical Stresses

Drought Resistance

A procedure for analyzing the relative effects of
(1) yield potential, (2) drought escape (time of
flowering), and (3) drought resistance/suscepti-
bility on cultivar yields in drought resistance
tests was reported previously(ICRISAT Annual
Report 1978/79). The procedure indicated that
40 to 60% of the variation in grain yields under
stress could be explained by variation in yield
potential and drought escape, and that those
effects must be removed before an accurate esti-
mate of varietal drought resistance or suscepti-
bility can be made.

The procedure for calculating drought
response of a cultivar has been slightly modified
since the 1978/79 report. Cultivars with actual
grain yields that are within one standard devia-
tion of the yield predicted from yield potential
and time-of-flowering data are considered to
have drought indices ofzero, as such a difference
is within expected or normal variation. Entries
whose measured yields differ from the predicted
yields more than one standard deviation are
assigned an index that reflects the difference in
multiples of the standard error. Drought index
values by this system typically range from -2 to
+2, with zero for mostlines in a given test; that is,
their yields do not differ from their expected
yields for their particular yield potential and
time of flowering.

Drought-resistance screening
between 1977 and 1979 included established cul-

tivars, breeding lines, and source materials that

experiments

differed considerably in yield potential. As a
result, a significant portion of the variation in
yields under midseason or terminal stress simply
reflected variation in yield potential (Table 1).
Since 1981, however, we have concentrated on
screening only advanced breeding lines that

differ little in yield potential, so drought escape

Table 1. Average percentage ofvariation in measured
grain yields of pearl millet attributable to variation in
yield potential, time of flowering, and drought res-
ponse index for variety and source material tests
(1977-1979) and for advanced breeding products tests
(1981/1982), ICRISAT Center.

Percentage of variation

explained
1977-1979 1981/1982

Mid-season stress

Yield potential 44 1

Time of flowering 8 44

Drought index 41 43
Terminal stress

Yield potential 20 1

Time of flowering 32 53

Drought index 41 38

and drought resistance/susceptibility are the
major factors influencing grain yields in a
drought situation. Now we can focus on those
two factors in analyzing cultivar performance
and establish how each factor affects compo-
nents of grain yield—to help us answer, is
drought escape or resistance expressed through
more heads per plant, more grains per head, or
otherwise?

Since the droughtindex measures relative per-
formance (actual to expected), the relative
expression of the various yield components
(stress to control) was correlated to the calcu-
lated drought index and to time of flowering.
For the terminal (which begins with flowering of
the main shoot) stress treatment, the expression
of both drought escape (Table 2) and drought
response (Table 3) was consistent both years.
Drought escape correlated significantly with rel-
ative yield through relative grain numbers per

head and individual grain weight. In all cases,
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Table 2. Correlations between drought escape (days
to flowering) and relative yield components (stress as
a proportion of control) in pearl millet in advanced
screening under terminal drought stress, 72 entries
each year in 1981 and 1982, ICRISAT Center.

1981 1982
Grain yield -.70** -.49%*
Plants/m? 15 -.25*
Heads/ plant -.09 -.03
Grains/ head -.66*" -.40**
Weight/grain -.42%* -.38**

correlations were negative as expected; that is,
earlier flowering lines had higher relative yields,
grain numbers per head, etc., than later flower-
ing lines. Relative numbers of heads per plant
were not related to drought escape in either year;
productive plant numbers were related one year
but not the other.

Drought index was similarly related to rela-
tive grain number per head and individual grain
size both years. The relationships were positive,
indicating that Ilines rated drought resistant
could maintain grain number per head and grain
size under stress better than lines rated drought
susceptible. Maintaining head numbers per
plant (and productive plant numbers) was not
related to drought resistance.

Relationships with grain number per head and

grain weight were expected underdrought stress,

Table 3. Correlations between drought index and rel-
ative yield components (stress as proportion of con-
trol) in pearl millet in advanced screening under
terminal drought stress, 72 entries each year in 1981
and 1982, ICRISAT Center.

1981 1982
Grain yield .55** .61**
Plants/m? -.07 15
Heads/plant .14 14
Grain/head .34 41
Weight/grain .38** .38**

because those two yield components are most
affected by a stress during grain filling. That the
drought index correlated positively with those
two components of yield after effects of drought
escape were removed is encouraging evidence
that variability in response to stress does not
depend only on drought escape.

Correlations of both drought escape and
drought index with relative yield components in
midseason stress were not consistent the 2 years.
In 1981 only heads per plant correlated with the
drought index, but in 1982 productive plant
numbers and grain per head correlated with the
drought index. Whether the variation reflects
differences in stresses or in the material is not
known.

Such analyses, over time, should help us
understand how yield is determined under stress
and how resistance to stress is expressed by spe-

cific components of grain yield.

Crop Establishment

Studies in Aurepalle village (ICRISAT Annual
Report 1981) suggested that plant populations in
farmers' fields were generally lower than the All
India Coordinated Research Project for Dry-
land Agriculture recommends—and that varia-
tion of space between plants was often large with
gaps inthe crop and places where plants were too
closely 'clumped' together. Observations in
farmers' fields in other millet-growing areas in
India suggest that wide between-plant variation
is common (Fig.1).

How much uneven plant stands affect millet
grain yields is not known, though a tillering crop
like millet has considerable ability to compen-
sate for gaps in plant stand. But the ability to
compensate will depend on the degree of varia-
tion in the stand, plant population, and a range
of environmental conditions.

We initiated a research project in 1981 to
quantify some of these effects, and to better
define an adequate plant stand for pearl millet.
We designed a series of 20 within-row plant
arrangements so variance in the average spacing
between plants ranged from zero (identical spac-

ing between all plants) to approximately 10 000
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cm? (Fig.1). Each row was bordered on both
sides by a row of evenly spaced plants to minim-
ize between-row effects.

Variance treatments were used in a replicated
experiment in 1981 with two plant populations
(50 000 and 100 000 plants/ha) and in 1982 with
the same plant populations and two fertility lev-
els (0 and 100 kg N/ha). Grain yields from each
of the 10-m row lengths were plotted against the
spacing variance for that row, and the relation-
ship of yield and variance in plant spacing was
determined for years, populations, and fertility
level.

Yields in 1981 were high for both the high and
low population plantings with regular plant
spacing in the row (low variance). Under those
conditions increase in spacing variance reduced
yields markedly, particularly over the lower end
of the range of variance (Fig.2). Increasing var-
iance from zero to 1000 reduced yields 40% in
high populations and 31 % in the low plant popu-
lations. The apparently greater decline in yield in
the high population may have resulted from

Figure 1. Variation in plant-to-plant spacing in a farmer's millet field is seen above. To find out how these spacings

affect yields, ICRIS AT scientists devised a method with between-row spacing and plant populations constant and

variance of plant-to-plant spacing from 0 to 10000 cm?.
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Figure 2. Grain yield as a function of variance of plant-to-plant spacing for plant populations of 50000 plants/ha
and 100 000 plants/ha under high fertility, ICRISAT Center, 1981.



more clumping of plants in the higher popula-
tion than in the lower population for a given
variance.

Yields were poorer and varied more in 1982,
but spacing variance effects were similar to those
1981, the

low-fertility crop, an approximation of farmers'

in particularly for low-population,
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fields (Fig.3). Yields wunder low fertility
decreased an average 33% when variance

changed from zero to 1000; under higherfertility
the decline was 10%.
in

Variances 75% of the

farmers' fields in Aurepalle village ranged from
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the range for most of the yield decline both years
and at both yield levels. Other management fac-
tors probably were better in our experiments
than in farmers' fields, so spacing variance may
have reduced yields more for us than for farmers.
Still the data suggest that farmers are losing yield
by uneven between-plant spacing. The 1981 data
suggest that spacing may influence yields more

than plant populations do.

Biotic Stresses

Biology and Epidemiology

Downy Mildew (Sclerospora graminicola)

Detecting pathogenicity differences. In the
University of Reading/ODA/ ICRISAT Project
on variability in the downy mildew (DM) patho-
gen, distinct differences in pathogenicity
between West African and Indian populations of
Sclerospora detected. Pearl
millet hybrids MBH 110 and ICH 105 were

highly resistant to Indian inoculum but moder-

graminicola were

ately susceptible to the West African samples.
When the pathogen samples were tested over a
range of host cultivars, West African samples
were generally more pathogenic, and caused
higher DM incidence than samples from India.
Samples within West Africa also differed—those
from Nigeria, Upper Volta, and Nigerwere most
pathogenic, those from Senegal intermediate,
and those from the rest of West Africa and India

least pathogenic.

Those results broadly confirm results from
several years of IPMDMN testing, and show
that variation is primarily genetic rather than
conditioned by environmental differences
between and within continents. Still environ-
ment may influence expression of some resist-
ance genes. We intend to characterize the
pathogen populations further to establish
whether resistance is usually under single gene or

polygenic control.

Detecting pathogenicity differences between iso-

lates. In an attempt to detect variability in the

population of S. graminicola in India, we com-
pared the pathogenicity of oospores collected
during 1981 rainy season at Durgapura
Research Station (Jaipur, India) with ICRISAT
Center oospores, and planted surface sterilized
seeds of NHB 3 and 7042 in sterilized oospore-
inoculated soil in pots. Both cultivars were tested
with each isolate. In two tests, no DM was
detected on NHB 3 with Durgapura oospores,
while 7042 developed 54% DM, and both the
cultivars were highly susceptible, as expected, to
ICRISAT

sporangial-infection tests were similar to oos-

Center oospores. Results from
pore infection except that 14% of NHB 3 deve-
loped DM from sporangia of the Durgapura
isolate. Possibly the virulence of the pathogen
has shifted at Durgapura in the absence of this
particular host genotype whose cultivation was

abandoned several years ago.

Stunt reaction. In laboratory, glasshouse, and
field studies at ICRISAT Center, BJ 104 and its
female parent, 5141 A, developed a characteristic
stunted appearance after inoculation with 5.
Stunted

less than 10 cm tall, have mottled leaves, and

graminicola. plants generally remain
produce little or no asexual sporulation. The
stunt reaction is independent of seedling stage at
inoculation, inoculum concentration, and path-

ogen isolate.

To study the significance of the stunt reaction
during the 1982 rainy season, we planted two
isolation plots (each 400 m?) of BJ 104 sur-
rounded by a 1-m wide band of heavily DM -
infected 7042 (as a source ofinoculum) and two
similar plots were planted without a source of
inoculum and at least 500 m from each other or

from another pearl millet field.

DM incidence taken 23 and 39 days after
planting showed that two plots with the inocu-
lum source developed 44% and 15% DM with
three reaction types: (1) plant severely stunted
with virus-like vyellow mottling, (2) plants
slightly to moderately stunted with virus-like
yellow mottling, and (3) plants with normal DM
symptoms. Percentages of three reaction types
were 43, 55,and 2, respectively, inthe firstinocu-

lated plot and 45, 54, and 1, respectively, in the



second inoculated plot. Stunted plants produced
no oospores. No DM was detected in plots with-
out an inoculum source.

Since stunted plants support little or no asex-
ual sporulation, BJ 104 is likely to be resistant in
situations where developing an epidemic
depends mainly on the supply of inoculum from
within the crop (esodemic). Under exodemic
conditions, however, DM can be very high in BJ

104.

Ergot (Claviceps fusiformis)
Alternative host. In view of recent reports that

Cenchrus  ciliaris from Durgapura, Rajasthan

(G. Singh, personal communication), and Pani-
cum antidotale, from Hissar, Haryana,(Thakur,
D.P. and Z.S. Kanwar, 1978. Indian J. Agric.
Sci. 48:540-542.) are alternative hosts of the
pearl millet ergot pathogen, Claviceps fusifor-
mis, we inoculated eight grass species with the
ICRISAT Center ergot isolate during the 1982

rainy season. A minimum of 10 inflorescences

Terminal sporidia

Sporidial chain

Promycelium

Pointed branches

Lateral sporidia

B offee——— Sporidial chain

Figure 4. Patterns of teliospore germination in
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were inoculated in each of Cenchrus ciliaris,
Panicum antidotale, Panicum maximum, Pas-
palum notatum, Pennisetum massaicum, Pen-
nisetum squamulatum, Pennisetum ruppelli,
and Setaria  sphacelata, and Pennisetum  americ-
anum as the check. None other than Cenchrus
ciliaris and Pennisetum americanum showed

any ergot symptoms. In a later screenhouse

experiment, Cenchrus ciliaris's susceptibility to
the pearl millet ergot and vice versa were con-

firmed by cross-inoculation tests.

It seems that in Rajasthan, India's major pearl
millet growing state, Cenchrus ciliaris, a wide-
spread grass species, is a major source of ergot
inoculum. This grass may, however, affect the
ecosystem favorably for millet plants (see the
mycorrhiza section of this report).

Smut

(Tolyposporium  penicillariae)

Biology. Sporeballs of T. penicillariae varied

from circular to near polyhedral and measured
42 to 325 x 50 to 175pu.

The number of telios-

Sporidial cluster

Sporidia in branched chains

Tofyposporium penicillariae.
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Table 4. Smut severity and seed set in five pearl millet lines following various inoculation and pollination treat-

ments in field and screenhouse experiments, ICRISAT Center, 1982.

Treatment'

Inoc., no poll. Inoc., poll. No. inoc, poll. No inoc, no poll.

Experiment Smut Seed Smut Seed Smut Seed Smut Seed
and line severity(%) set(%) severity(%) set(%) severity(%) set(%) severity(%) set(%)
Field experiments

ICH 2202 25+5.3 <1 1+0.1 82+3.8 0 85+2.6 0 0

5054 A°® 43 + 2.5 <1 4+0.7 76+1.9 0 83+1.0 0 <l
Screenhouse
experiments?

BJ 104 88+1.3 <1 8+2.1 74+4.2 0 91 1.4 0 5+6.8

BK 560 77+5.6 <1 21 £4.2 71+4.3 0 86 2.4 0 22 +£8.7

5141 A 74 t 53 0 32+3.4 45+ 8.3 <1 86 +2.2 1+0.9

5054 A° 43 + 4.1 5%2.7 2+0.5 84 +3.2 0 90 +1.4 0 0

1.In each treatment inoculations were at the boot-leaf stage and pollinations at full stigma-emergence stage, 5-8 days after inoculation.

. Based on observations of 20 inflorescences/treatment.

2

3. Based on observations of 100 inflorescences/treatment.
4. Based on observations of 10 inflorescences/treatment.
5

A separate experiment conducted without high humidity.

pores aggregated in balls varied from 200 to
1400. Teliospores were mostly circular and 7 to
12 y. in diameter. Maximum germination of teli-
ospores occurred at 30°C but different patterns
of germination were observed (Fig. 4). Cultural
characters of the pathogen grown on different
media varied widely. The fungus grew well 3to 5
days on potato/carrot agar at 35°C and its
growth remained purely sporidial even after
repeated subculturing. Sporidia were borne on
promycelia, laterally and/or terminally, and
were reproduced by budding in chains (Fig. 5).
Sporidia were spindle-shaped and 8 to 25 p long.
Sporidial inoculum was effective for large-scale

smut screening.

Effects of pollination on smut development. In
field and screenhouse experiments, pollination
of inflorescences of three pearl millet F; hybrids
and two male-sterile (ms) lines with fresh viable
pollen 5 to 8 days after inoculation with a T.
penicillariae sporidial (suspension about 10°
reduced smut

sporidia/ml) severities signifi-

cantly compared with the inoculated, nonpolli-

nated check (Table 4). Smut development was
not significantly reduced in a ms line after polli-
nation of inoculated inflorescences with pollen

of low viability (Table 5).

Sporidia

Teliospore
20 py

Figure 5. A germinated teliospore of Tolyposporium

penicillariae.



The results indicate that to obtain high smut
infection, inoculated inflorescences must be pro-

tected, by covering with bags, from pollination.

Table 5. Effects of inoculation and pollination with
low-viability pollen (LVP) and viable pollen (VP) on
smut development and seed set in a pearl millet male-

sterile line (5054-A), ICRISAT Center, 1982.

Smut Seed

Treatment’ severity (%)? set  (%)?

Inoc, no poll. 81+ 3.1 0
Inoc, poll, with VP 2+0.4 84+4.3
Inoc, poll, with LVP 68+5.8 4+£2.4
No Inoc, poll, with VP 0 83 +3.2
No inoc, poll, with LVP 0 10+4.6
No inoc, no poll. 0 <1

1.In each treatment inoculation was at the boot-leaf stage
and pollination, at the maximum stigma-emergence
stage, 5-8 days after inoculation.

2. Mean of 10 inflorescences/treatment.

Identifying and Using
Disease Resistance

Identifying and using resistance to DM, ergot,
smut, and rust continued as a major activity. As
in previous years, large-scale field screening for
DM, ergot, and smut was conducted at ICRI-
SAT Center and for rust at Bhavanisagar. The
multilocational testing of sources of resistance
identified at 1TCRISAT Center was continued in
cooperation with ICRISAT cooperative pro-
gram staff in various African countries and in
India.

All trials of the All India Coordinated Millet
Improvement Project (AICMIP) were screened
for resistance to DM, ergot, and smut. Breeders
and pathologists worked togetherin the continu-
ing program ofusing DM resistance, in efforts to
transfer ergot resistance into hybrid seed par-
ents, in using smut and rust resistance, and in

studying the genetics of disease resistance.
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Downy Mildew
Developing a precise inoculation techni-
que. We conducted several experiments to
develop a laboratory/glasshouse technique to
reliably screen pearl millet for DM resistance. In
these experiments, we classified potted seedlings
into six growth stages: Stage 1, seedlings <6 mm
above soil surface and covered with plumule
leaves; Stage 2, seedlings >5 mm but <1 cm
above soil surface, first leaf still folded; Stage 3,
seedlings > 1 cm above soil surface, first leaf still
folded; Stage 4, first leaf beginning to unfold
forming cup-like structure; Stage 5, second leaf
beginning to unfold forming cup-like structure;
and Stage 6, third leafbeginning to unfold form-

ing cup-like structure.

By staggering the planting, we inoculated all
stages at the same time. Individual seedlings
were inoculated with viable sporangia sus-
pended in water at 25 pl/ seedling with an Agla
Micrometer Syringe (Wellcome). Inoculum,
placed at the tips of the seedlings, rolled down to
the base, covering the entire seedling surface.
The seedlings' susceptibility decreased with age,
with susceptibility maximum when seedlings
were less than 1 cm above ground (Stages 1-3,

Table 6).

Table 6. Downy mildew incidence on pearl millet
NHB 3 seedlings inoculated with sporangia at six
growth stages, ICRISAT Center, 1982.

Plant Downy Mildew'

Inoculation stage Nos. (%)
1.<0.5 cm long 283 90.0 a?
2. 0.S to 1 cm long 251 85.6 a
3. >1 cm long, first leaf 213 84.9 a
still folded
4. 1st leaf unfolded 276 64.1 b
5. 2nd leaf unfolded 233 33.4 ¢
6. 3rd leaf unfolded 76 6.1 d
Not inoculated (control) 441 0

1.Mean of two tests except in the case of 3rd leaf unfolded.
2. Figures followed by the same letter are not significantly
(P=0.05) different, based on statistic Z (standard normal

deviate) used for comparing two binomial proportions.
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Table 7. Mean downy mildew severities (%) of34 pearl millet entries and three standard checks evaluated in the
IPMDMN 2 to 7 years from 1976 to 1982 at indicated locations in India and West Africa.

Entry Location 1976 1977 1978 1979 1980 1981 1982
SDN-503 Nigeria 0.6 1.3 2.7 2.5 8.0 9.0 8.0
P-7 Mali 5.5 1.7 3.4 3.0 9.0 6.0 5.6
700251 Nigeria 3.1 1.8 2.2 1.3 9.0 6.0 6.0
700516 Nigeria 2.1 3.0 2.3 0.8 7.0 5.0 3.0
700651 Nigeria 1.3 3.0 4.1 0.9 10.0 6.0 4.0
IP-1930 ICRISAT Center - - - 2.0 8.0 2.0 -
EB-83-2 ICRISAT Center - - - 1.5 6.0 5.0 -
IP-2058 Nigeria - - - 0.7 9.0 8.0 -
MPP 7147-2-1 New Delhi - - - 1.4 7.0 5.0 6.4
J-1486 x 700787-2-10 ICRISAT Center - - - 0.9 7.0 5.0 -
SSC-7218 ICRISAT Center - N " 0.1 7.0 4.0 -
NC-7158 ICRISAT Center - - - 1.5 7.0 2. -
EB-18-3-1 ICRISAT Center - - 1.8 1.0 7.0 2.0 -
SDN-347-1 Nigeria 4.7 3. 4.1 2.6 - - -
SDN-305 Nigeria 3.2 5.0 - - - - -
PHB-14 Ludhiana 4.5 7.7 - - - -
BK-560 New Delhi 8.1 9.1 - - - - -
J-1188 Jamnagar 5.3 4.8 - 2.3 - - -
ICH-190 (111A x E298-2) ICRISAT Center - 2.7 5.6 - - - -
P-10 Mali - 3.1 3.9 1.4 - - -
114 IR Senegal - 4.0 6.3 6.1 - - -
T-128-3 x 700404-1-5-5 ICRISAT Center - - - 0.4 8.0 - -
700619 Nigeria - - - 3.0 12.0 - -
EB-79-2-2 x EB-59-3-1 ICRISAT Center - - - 2.2 9.0 - -
IP-2037 Nigeria - - - 1.3  10.0 - -
ICM-165 [11A x SC14 (M)] ICRISAT Center - - - 1.5 8.0 - -
700706 Nigeria - - - - 9.0 3.0 -
E-298-2-1-8 ICRISAT Center - - - - 5.0 3.0 3.7
700546 Nigeria - - - - 7.0 6.0 71
700512 Nigeria - - - - 6.0 3.0 2.9
SDN-496 Nigeria - - 2.9 2.1 - - -
SDN-714 Nigeria - - - - 6.0 6.0 4.5
ICH-226 [5141A x (J1623 x 70049-2-6-2)] ICRISAT Center - - - - 11.0 6.0 -
NC-7174 ICRISAT Center - - - 0.9 8.0 3.0 -
J-1593 ¢ Jamnagar - 27.9 13.5 8.1 17.0 15.0 -
BJ-104 ° New Delhi - 13.6 - 125 21.0 10.0 17.4
7042 ° (unselected) Chad - - - 58.3 63.0 68.0 44.4

a. Standard checks.




This technique is superior to other known
inoculation techniques (seedling-dip, spraying,
putting germinating seeds on leaves with profuse
asexual sporulation) because it resembles natu-
ral inoculation yet permits uniform inoculum.
We use the technique to screen all key-breeding
material and to confirm field-identified resist-

ance to downy mildew.

Resistance screening at ICRISAT Center. Us-
ing the infector-row screening technique, we
screened approximately 7000 breeding lines in
the field for DM resistance during the 1980/81
postrainy season and the 1982 rainy season.
Almost all of our breeding material now carries
acceptable DM resistance, after screening two

seasons each year.

We screened 449 more germplasm accessions
originating from Sudan, Botswana, Zimbabwe,
Zambia, South Africa, Togo, Niger, and Upper
Volta; 192 were DM free and 189 showed less
than 10% DM.

We also screened 193 entries from the AIC-
MIP. Five hybrids (MBH 133, MBH 134, MBH
135, MBH 136, and MBH 151) and one popula-
tion (DEC 1) were DM free. Many hybrids and
population entries had less than 10% DM.
Multilocational testing. Multilocational test-
ing continued to be invaluable in identifying
stable resistance and locating nonspecific
resistance.

The 150-entry, Pre-International Pearl Millet
Downy Mildew Nursery (Pre-IPMDMN) was
tested only at ICRISAT Center. Under severe
DM pressure, 48 entries were DM free, and 73
developed less than 10% DM. The DM-free
entries will be tested in the 1983 IPMDMN.

The 45-entry IPMDMN was sent to coopera-
tors at 14 locations in India and West Africa.
Data were received from 12 locations. No entry
was DM free at all locations; however, six entries
(P 93, P 100, ICH 415, P 433, P 1930, and
700516) developed less than 10% DM at all
locations.

Downy mildew reactions of37 entries tested in
IPMDMN for 2 to 7 years (1976-82) at many

locations in India and West Africa are presented
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in Table 7. Clearly, we now have many sources of

stable DM resistance.

Development of DM resistance. The study
initiated in 1979 to develop resistance in IP 7042,
a highly susceptible landrace cultivar from
Chad, was concluded. In 1982 we raised 148 Ss
progenies in the DM nursery; 18 showed no DM
and 45 showed high DM resistance (<10% DM).
Also 18 progenies were either DM free or had
less than 10% DM in Sj3, S4;, and S5 generations
(Table 8). The first six in the table showed all
characters typical of 7042. One progeny 7042-3-
1-2-2-2 showed less than 10% DM at all loca-
tions in India in the 1982 multilocational test.
Variabilities for rust resistance and for several
height

(extremely dwarf to tall), leaf size and shape,

other characters, including plant
earhead length, and pollen color also were

observed.

The results demonstrate that when a useful
cultivar shows increasing DM susceptibility, it
probably can be "renovated" by reselection of
residual resistance. The information is now
being used to develop resistance in parents of BJ
104, the most popular hybrid in India, which is
becoming DM susceptible.

Ergot

Resistance screening. During the summer and
rainy seasons of 1982 we screened more than
2500 entries for ergot resistance under different
screening phases at ICRISAT Center.
Identifying resistance. To obtain ergot resist-
ance in new backgrounds, we further screened
129 S; germplasm lines from Tanzania, 127 S,
from Togo, and 18 S, from Ex-Bornu. All the
Tanzanian lines were highly susceptible to ergot
(>30% mean severity), but about 4% of Togo
and 11% of Ex-Bornu lines showed < 10% sever-
ity (Table 9). We selected 83 single plants show-
ing adequate selfed seed set and ergot resistance

(<5%) for further evaluation.

Multilocational testing. The 29-entry, 1982

International Pearl Millet Ergot Nursery
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Table 8.

Downy mildew incidence (S1-Ss5) and rust incidence (Ss) in 18 best performing IP 7042 pearl

millet

progenies grown in the DM-nursery, ICRISAT Center, postrainy season 1981/82.

Downy mildew incidence (%) Rust incidence (%)

Pedigree S; S, Ss S, Ss Ss
7042-3-1-2-2-2 46 10 6 1 0 10
7042-11-1-2-13-1 33 38 9 8 4 25
7042-11-1-12-4-1 33 38 8 0 0 5
7042-11-1-12-4-2 33 38 8 0 0 25
7042-11-1-12-4-3 33 38 8 0 0 25
7042-11-1-12-4-5 33 38 8 0 5 25
7042-3-1-2-2-1 46 10 6 1 0 10
7042-3-1-2-6-1 46 10 6 0 4 0
7042-3-1-2-6-2 46 10 6 0 0 5
7042-3-1-2-6-3 46 10 6 0 1 0
7042-11-1-2-2-1 33 37 9 9 5 40
7042-11-1-2-2-3 33 38 9 9 9 25
7042-11-1-2-13-2 33 38 9 8 1 40
7042-11-1-2-13-3 33 38 9 8 1 5
7042-11-1-2-13-4 33 38 9 8 0 25
7042-11-1-2-13-5 33 38 9 8 7 40
7042-11-1-2-13-6 33 38 9 8 5 10
7042-11-1-12-4-4 33 38 8 0 0 25

Susceptible check (NHB-3)? 62 37 53 84 72 40
a. Mean of all indicator lines.
(IPMEN) was tested at seven locations in India ter by pedigree selection following crosses

and one in Nigeria. Although no entry was ergot

free at all locations, 13 showed high resistance
with across-location mean severities of not more
than 1% and maximum severity not more than
5% atany location. Another9 entries had across-
location mean severities between 2 and 5% com-
pared with the susceptible check's 65% severity.
IPMEN
entries were recorded as highly susceptible, 25 of
29 IPMEN entries had <10% mean severity in
1982; 8 entries tested both years had 13 to 46%
but <6 % in 1982, although dis-
1982 (83% on sus-
ceptible check) thanin 1981 (68% on susceptible
check) (Table 10). Wider testing in Africa will be

needed

At Samara, where most of the 1981

severity in 1981

ease pressure was higher in

to determine if the present sources of

ergot resistance (alldeveloped at ICRISAT Cen-

between ergot low-susceptible lines) can be effec-
tive in that continent.
Developing resistance. The process of devel-
oping ergot-resistant lines, initiated in 1977, was
continued. Selecting and selfing progenies from
sets of crosses between

different

several less susceptible

plants from germplasm sources
continued.

The first set of crosses was advanced to Fg
generation where most lines appeared to be sta-
bilized for ergot reaction and phenotypic unifor-
the 1982
evaluated 32 Fg line bulks in a replicated trial at
ICRISAT Center and Aurangabad,

159 Fs line bulks inanotherreplicated trial at the

mity. During rainy season, we

and

India,

same two locations; 77% ofthe lines have shown



< 10% mean ergot severity (Table 9). We evalu-
ated more than 1600 lines in F3, F4, F5, and Fg
generations during the summer and rainy sea-
sons, and 1270 (77%) showed high ergot resist-
ance; we selected 1604 ergot-resistant individual
plants with selfed seeds for further evaluation.

To test the stability of their resistance, we will
include the best of ergot-resistant lines selected
from these trials in the 1983 IPMEN.

Using resistance. The 1982 tests again con-
firmed the recessive nature ofresistance to ergot;
so resistance must be introduced into both

hybrid parents. We thus continued efforts to
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incorporate ergot resistance in B lines and their
counterpart ms A lines. Fortunately we have
seven ergot resistant lines that are maintainers
on 5054-A, 5141-A, and ms 81-A, which are
being used in a backcross program to develop
ergot resistance in A lines. Twenty-two F, popu-
lations, 111 F3, 51 F4, and 48 Fs lines from
crosses between B lines x ergot-resistant lines
were evaluated. AIll 22 F, populations were
highly susceptible, but ergot-resistant segregants
were identified in F3, F4, and Fs lines (Table 9).
The results indicate that ergot resistance may be
transferred in ms lines by backcrossing F; or Fy4

lines.

Table 9. Number of pearl millet lines in various categories of mean ergot severity and ergot resistant plant

selections in (he ergot resistance screening nurseries during summer (S) and rainy (R) seasons, ICRISAT Center,

1982.
No of
No. of entries with mean ergot severity single
No. of plants
Material Season entries <10 % 11-20% 21-30% >30% selected
Ciermplasm lines’
Tanzania S 129 (Sy) 0 0 129 26
Togo R 127 (Sy) 1 I 110 41
Ex-Bornu R 18 (S3) 2 1 | 14 16
Development of resistance?
F; lines S 167 72 55 17 23 199
F4 lines R 685 534 96 41 14 763
Fs lines S 310 229 38 34 9 483
Fe¢ lines R 48.1 435 24 10 14 159
Fs line bulk R 159 122 21 6 10 5
Fs bulk trial R 32 26 2 1 3 -
Use of resistance’
Hybrid I (ER x ER) R 49 44 4 0 -
Hybrid Il (ELS x ER) R 55 25 16 7 7 -
F, pop. (B x EL S-1)4 S 22 0 0 0 22 111
F; lines (B x ELS-1) R 111 64 18 15 14 67
F, lines (B x BLS-11) S 51 5 6 35 48
Fs lines (B x FLS-11) R 48 12 8 7 21 35
ER maintainers® R 64 62 0 1 1 -

1 Based on 10-20 inoculated inflorescences/entry.

2. Based on 20-40 inoculated inflorescences/entry in 2 replications.
3. Based on 10 inoculated inflorescences/entry in 2 replications.

4. Based on more than 200 inoculated inflorescences/populations.
5. - indicates selections not made.

B = B line.

ER = Ergot resistant (stable lines).

ELS = Ergot low susceptible.
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Table 10. Performance ofthe eight IPME N entries in 1981 and 1982 at one West African and three Indian locations.

Ergot severity? (%) at

Samaru Aurangabad Jamnagar ICRISAT Center

Entry’ 1981 1982 1981 1982 1981 1982 1981 1982
ICMPE 134-6-9 46 <1 8 1 <1 1 <1 1
ICMPE 134-6-11 43 <1 8 5 <1 1 <1
ICMPE 134-6-41 35 <1 9 5 < <1 <1
ICMPE 134-6-34 35 <1 8 2 1 1 1
ICMPE 134-6-25 44 1 10 1 < 0 <1 <1
ICMPE 13-6-27 18 6 20 1 7 1 5
ICMPE 13-6-30 33 1 28 1 4 1 3 2
ICMPE 34-1-10 13 2 13 4 4 7 4 13

Susceptible check 68 83 60 97 41 58 99 98
1.1CMPE = ICRISAT millet pathology ergot-resistant lines.

2. Based on 20-40 inoculated inflorescences/entry in 2 replications.

Smut

Resistance screening. After an effective field
screening technique was developed in 1981, the
major smut resistance screening was shifted
from Hissar to ICRISAT Center in 1982.
Sprinkler irrigation let us screen about 3000
entries in a 2-ha smut nursery during the 1982

rainy season.

Identifying resistance. During the 1982 rainy
season, 463 smut-resistant (SR) single plant
selections from the 1981 rainy season screening
and 34 entries in the pearl millet smut nursery
(PMSN) were evaluated in a replicated trial at
the ICRISAT Center smut nursery. More than
90% of the single plant selections and all the
PMSN entries showed high smut resistance
(<10% mean severity), compared with 72% in
the susceptible check, and 462 smut-resistant
selfed plants were selected for furtherevaluation
(Table 11).

Smut-resistant pearl millet heads at left contrast with

those from a normal, susceptible line in  ICRISAT's
Multilocational testing. The 28-entry 1981

inoculated screening  nursery. In  our 28-entry multilo-

cational testing for smut across five locations, we IPMSN was evaluated at three Indian and two
identified 15 entries with < 1% mean severity (<2% at West African locations. Fifteen entries showed
any location) and 13 others with < 7%, compared with mean smut severity of <1 % across locations

49% in the control. with maximum of 2% at any one location; the
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Table 11.

Number of pearl millet lines in various categories of mean smut severity and smut resistant stent

selections made in the smut resistance screening nursery, ICRISAT Center, rainy season 1982.

No. of lines with mean

smut severity (%) No. of
single
No. of <10 11-20 21-30 >30 plants
Material entries selected
Identification of resistance’
Smut resistant selections 1981 463 433 17 8 5 324
PMSN 34 34 0 0 0 138
Development of resistance’
Fs (SR x SR) lines 133 133 0 0 0 157
Fs (SR x SR) lines 112 106 1 1 142
SR Tall sel. Fs 487 467 21 3 2 552
SR Med. tall Fs 486 477 4 3 2 695
SR Dwarf Fs 17 16 1 0 0 35
SR Ag. elite Fs 29 29 0 0 0 150
Use of resistance?
F, test hybrids 17 0 0 14 -
SR Comp. C, cycle 712 615 78 17 2 640
SR Synthetics 2 2 0 0 -3
Fi (81 B x SR) 88 43 13 8 24 i
Fs (23 D, B x SR) 95 50 13 15 17 i
SR Pollinators 14 10 3 1 0

1. Based on 10-40 inoculated inflorescences.
2. Based on 5-40 inoculated inflorescences.
3. Selections not made.

P M SN = Pearl Millet Smut Nursery.

SR = Smut resistant.

remaining 13 entries had mean smut severities
between 1 and 7% compared with 49% in the
check. Two entries (SSC-FS 252-S-4 and ICI
7517-S-1) have shown stable resistance across
locations over 5 years of testing; both are being
used in the ICRISAT Center breeding program
to develop smut-resistant varieties and hybrids.
Developing resistance. To obtain increased
resistance to smut, we intermated several smut-
resistant lines and after pedigree selecting ateach
generation of screening, we selected progenies
with high smut resistance and good agronomic
traits. During the 1982 rainy season, we evalu-
ated 1264smutresistant.individual plant selec-

tions as F3;, F4, and Fs progenies; 1228 lines

(97%) showed high smutresistance(< 10% mean
severity). They were categorized into different
height groups—tall, medium tall, and dwarf,
and 40 smut resistant lines withgood agronomic
traits were identified. More than 1700 smut-
resistant plants were selected (Table 11) foreva-
luation at F4, and Fs generations in 1983.
Using resistance. We evaluated 17 F, test
hybrids (ms lines x SR. lines), 712 half-sib pro-
genies of smut-resistant composite (SRC) C,
cycle, 2 synthetics, 88 F4s (81B x SR), 95 F;5 lines
(23DB x SR), and 14 SR pollinators for smut
resistance.

All 17 test hybrids WERE susceptible (>20%
smut severity), but 615 (86%) of the composite
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progenies, the 2 synthetics, 10 pollinators, 43 of
the 88Fs (81B x SR) and 50 ofthe 95 F5 (23D,B
x SR) showed <10% smut severity (Table 11).
From the SRC half-sib progenies about 300 Ss
have been developed and will be tested for per-
formance and smut resistance, to identify the
best for recombination.

With a reliable screening technique available,
it appears possible to transfer smut resistance
into maintainer (B) lines and thus produce resist-
ant ms (A) lines. It also appears feasible to
increase resistance in varieties and synthetics in a

relatively few cycles.

Rust

Initial screening. Germplasm accessions (542)
originating from Mali, Uganda, Nigeria, Niger,
Senegal, Lebanon, and USA were initially
screened at Bhavanisagar, a rust hot spot.
Twenty-one of the 542 accessions were rust free,
and 311 had less than 10% rust. The remainder

developed 25 to 65% rust.

45-entry, 1982

IPMRN was sent to cooperators at seven India

Multinational testing. The

locations. Results, received from only four,
showed rust pressure most severe at Pudukkotai
and moderate at Kovilpatti, Bhavanisagar, and
Hissar. No entry was rust free at all locations,
but several, including 700481-21-8, 700481-22-8,
IP-537,1P-2084-1,700481-7-5, IP-2084-1,D212
PIl, and collection-91, showed stable rust

resistance.

Screening for Multiple
Disease Resistance

Screening pearl millet germplasm lines and
breeding materials simultaneously for resistance
to downy mildew (DM), ergot, smut, and rust
was initiated during the summer 1982. The
methodology involved space planting (20 cm
between plants on 75-cm rows) test lines in the
DM nursery, where DM already was well estab-
lished on infector rows. DM scores were taken
30 days after emergence (DAE); final scores, 45
DAE. In selected DM-free plants, two tillers

were inoculated—the first with ergot, the second
with smut. Observations for ergot and smut sev-
erity were recorded 20 days afterinoculation and
selfed seed were selected from plants resistant to
all four diseases listed.

During the 1982 summer, 303 entries consist-
ing of germplasm lines from Togo (178 S,s), Ex
Bornu (45 S;s), and entries from IPMDMN,
IPMEN, IPMSN and IPMRN were screened.
Hot, dry weather during March-April kept smut
inoculations from being successful, but observa-
tions were recorded for DM, ergot, and natural
rust incidence. Among the germplasm lines, only
17% of Togo lines and 22% of Ex-Bornu lines
showed <10% ergot severity but most entries
(94-100%) resisted DM and rust.

Again among the disease nurseries, few entries
resisted ergot but 100% of the IPMEN entries
resisted ergot; 85%, DM ; and 100%, rust. Other
nurseries had few entries with ergot resistance.
The results indicate that although most of the
lines resist DM and rust, only a few have resist-
ance to ergot and their resistance, except in
IPMEN entries, may or may not be stable over
years (Table 12).

During the 1982 rainy season, 832 entries

including A1CMIP trial entries, Ghana germ-

Table 12. Summary of the results of screening pearl
millet lines for multiple disease resistance at ICRISAT

Center, summer season (January-April) 1982.

% entries with = 10%

incidence/ severity

No. of
Material entries DM’ Ergot? Rust?®
IPMDMN 30 100 0 97
IPMRN 10 70 20 100
IPMEN 20 85 100 100
IPMSN 20 85 30 95
Ex-Bornu (Sy) 45 100 22 100
Togo (Si) 178 94 17 99

1. Incidence based on total and infected plants observed in
2 replications, 2 rows/entry per replication.

2. Severity based on mean of 40 inoculated heads in 2 repli-
cations.

3. Severity based on mean of 2 replications, 2 rows/entry per

replication.




plasm lines, ICRISAT breeding lines, and dis-
(IPMDMN, IPMEN,

IPMSN) were evaluated. DM and smut resistan-

ease nurseries and

ces were widespread but ergot resistance was
rare except in IPMEN entries (Table 13). Ergot,
DM,
ergot-resistant entries in 1981 and 1982 are pres-

in Table 14.

smut, and rust reactions of some of the

ented

Results of two seasons of multiple-disease

screening indicate that because ergot resistance
is difficult to find and stabilize, the strongest
selection pressure should operate for ergot res-

istance first and then for other diseases.
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Alternate Control Methods
We conducted several glasshouse and field

experiments to determine the efficacy of meta-

laxyl, a systemic fungicide, in curing DM -
infected plants, we sprayed systemically infected
concentra-

plants of several ages with several

tions of the fungicide. Plants as old as 40 days
recovered and produced healthy leaves within 7
days of spraying. But spraying should be before
panicles initiate or infected plants produce cha-
racteristically deformed "green ear" heads.

In glasshouse tests 125 ppm (product) was the

Table 13.

rainy season 1982.

Summary of results of screening pearl millet lines for multiple disease resistance at ICRISAT Center,

% entries with <10% incidence/severity

Material No. of entries DM’ Ergot? Smut?
A1CM1P
IPMHT-1 21 62 0 14
APMHT-11 19 74 0 21
IPMPT-IV 15 33 0 60
APMPT-V 17 64 0 35
Male Sterile lines 106 53 1 35
Others 18 50 0 44
Germplasm lines
Ghana 123 96 2 94
ICRISAT breeding trials
PMST 25 88 0 84
PMHT 25 84 0 32
PMHT(P) 25 60 0 s
DSC Bulks 16 94 0 87
APVT 24 87 0 71
MD I 247 80 4 85
Fs Progenies (B x ERL) 49 92 25 83
Pathology trials
IPMEN 29 93 79 100
IPMSN 28 86 3 100
IPMDMN 45 91 0 48

1. Incidence based on total and number of infected plants for each entry.

2. Severity mean of 10-20 bagged-inoculated heads.

3. Severity mean of 5-20 inoculated-bagged heads of same plants inoculated earlier with ergot. Since inoculations were made in

later part of the dry season,

4. - indicates not inoculated.

smut development was not adequate on test entries.




82 Pearl Millet

Table 14. Ergot, smut, downy mildew (DM), and rust reactions ofsome ofthe ergot resistant pearl millet entries,
ICRISAT Center, 1981 rainy (R) and 1982 summer (S) and rainy seasons.

Ergot sev. (%) Smut sev. (%) DM inc. (%) Rust sev.(%)

1981° 19827 1981° 1982d 198° 1982¢ 1982°¢
Entry®, R S R R R R S R S
ICMPE 134-6-25 <1 0 <1 0 0 0 0 0 0
ICMPE 134-6-41 <1 <1 <1 0 0 0 1 0 0

c

ICMPE 134-6-9 <1 1 <o 0 . 0 1 0 0
ICMPE 134-6-11 <1 0 <1 0 0 0 0 5 0
ICMPE 140-3 1 <1 3 0 0 0 0 0 0
ICMPE 13-6-27 5 0 0 0 0 0 0 0 0
BJ-104 (Check) 83 67 94 54 48 32 5 51 40
WC-C75 (Check) 74 - 66 3 2 2 - 5 -

a. ICMPE=ICRISAT millet pathology ergot, derived from crosses J2238 x J2210-2 and J606-2 x J2238.

b. Based on 40 inoculated heads from two replications,
c. Based on DM reactions during the 1980/81
d. Screening done in multiple disease nursery.

e. - indicates data not recorded/entry not included.

both ergot and smut inoculations made on tillers of the same plant.

postrainy season in ICRISAT Center DM nursery.

that

100% recovery. But, in the field with sporangial

lowest fungicide concentration permitted

inoculum present inabundance, at least 250 ppm

(product) is required for acceptable control,

which was significantly superior to seed treat-
recommended rate for

15).

ment at 2g a.i./kg seed,
field application (Table

Insect Pests

In the pearl millet insect-observation plots at

ICRISAT Center the past 3 years, we observed
83 insect species feeding on millet, 23 for the first
observations on insect

time. Fortnightly

damage-population revealed that of the 83 insect

Table 15.

Recovery (%) of systemically downy mildew-infected, 29-day-old pearl millet plants of IP 7042 and

NHB-3 after spraying with metalaxyl (WP-2S) in DM-nursery conditions.

Downy mildew %

IP 7042 NHB-3

Treatments Incidence Severity Incidence Severity
1000 ppm 10.7 4.9 1.2 0.6
500 ppm 12.2 6.2 2.0 1.0
250 ppm 8.4 4.4 10.0 6.2
125 ppm 24.0 15.0 28.6 18.9
Seed treatment' 48.0 35.5 16.7 10.6
Unsprayed 85.8 79.9 87.0 79.9
SEt 2.3 2.0 4.5 3.4

1. Seed was treated at 2 g a.i./kg seed.




Earhead chaffer. Oxycetenia versicolor, one of the 83

insect  species observed feeding on millets at ICRISAT

Center.

species observed, wireworms {Gonocephalum

spp.), Wwhite grub (Apogonia sp.), shoot fly
(Atherigona approximata), maize aphid (Rho-

palospiphum maidis), leaf beetle {Chaetonema

minuta), shoot bug (Peregrinus maidis), army-

worm (Mythimna earhead
lars  (H.

thrips (Thrips sp.) became serious.

separata), caterpil-

armigera, Eublema  silicula etc.) and

Armyworm (Mythimna separata)

An analysis of 2 years of larval parasitism data
showed fewer Hymenopteran parasites in pearl
millet (<5%) than in sorghum (>25%), which
helps explain the more extensive defoliation of
pearl millet (Fig. 6). In an experiment with four
weeding treatments (weed-free, Atrazine @ 0.5
kg/ha + one hand weeding, one hand weeding,
and unweeded check), larval populations and
leaf defoliation were higher in weedy plots (Fig.

7) because they shelter the larvae in the topsoil
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during the day. Grain yield correlated negatively
with larval populations (r = -0.69), leafdamage (r
= -0.71), and with weed dry weight (r = -0.94).
Head Caterpillar  (Heliothis  armigera)
Heliothis
ing grain in pearl millet heads; up to 212 lar-

armigera is a serious pest on develop-

vae/100 earheads have been observed with a
maximum of 10 larvae/earhead during Sep-
tember. Larval population density can vary
widely in one field, which must be considered in

planning Heliothis experiments.

Biological Nitrogen Fixation

Acetylene Reduction Assay
for Nitrogenase Activity

We improved the assays developed earlier
(ICRISAT Annual Report 1975/76, p. 85;
1979/80. p. 66) for estimating nitrogenase activ-
ity of pearl millet.

Soil core assay. Nitrogenase activity of pearl
millet hybrid NHB 3 plants grown in the field
and estimated by our regular core assay at harv-
est was compared with that of plants grown with
roots enclosed by the core from 15 days after
planting (planted-core assay). Frequency distri-
butions of nitrogenase activities are compared in
Figure 8. Activities of most of the plants esti-
mated by the regular core assay ranged from 0 to
20 nmol C,H4/plant per hrcompared with 100 to
250 nmol C,;H4/plant per hr, for the planted-
core assay. Mean activity recorded for planted
cores was 167 nmol C,H,/plant per hr, signifi-
cantly higher than the regular cores' 18 nmol

C,H4/ plant per hr.

As plants aged, activity of the regular cores
declined more than that of planted cores. Earlier
work had shown that activity of the core taken
over the crown of the plant represented only 15
to 40% of the total activity associated with that
plant (ICRISAT Annual Report 1976/77, p. 44)
and that mechanical disturbances during collec-

tion and transport of the regular core reduced
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Figure 6. Larval survival and parasitization ofMythimna separata on sorghum and pearl millet in three environ-
ments, ICRISAT Center.

activity (ICRISAT Annual Report 1981, p. 64).
So the higher activity of the planted cores may
stem from higher concentration of roots in the
core and less disturbance of the soil-root inter-
face while preparing for the assay.

Intact-plant assay for pot-grown plants. Ace-
tylene injected at the base of 6-liter, 20-cm deep
pots of sand, sand soil, and vermiculite media
diffused through the media within 1 hrso that the
acetylene concentration in the space above and
below the rooting media (except soil alone) was
similar and remained so the next 5 hr (Fig. 9).
For Alfisol soil, equilibration ofinjected gas was
rapid initially, but was not complete by6 hr. The
effects of different root media on gas diffusion
into account when deciding

We

need to be taken

how long to measure acetylene reduction.

measure acetylene reduction for soil media in

pots 1 to 6 hr afteracetylene is injected, but that
is a less accurate measure than for the other

media tested, because gas diffuses so slowly.
Plants grown in an Alfisol soil or sand + FYM
97:3 w/ w, grew significantly betterthan plants in
N-free vermiculite or sand + soil. In a separate
experiment with 61-day-old Ex-Bornu plants,
we found more nitrogenase activity for the sand
+3% w/w FYM (612 nmol
than for Alfisol soil (269 nmol C,H4s/plant per

hr).

CyH4/plant per hr)

Different mixtures of sand and farmyard

manure were compared as growth media. Table
16 shows that 2 or 3% FY M supported the most

nitrogenase activity, but 1 or 0.5% FYM sup-
ported relatively little activity. Plant growth
increased as amount of FYM increased. Even
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Table 16. Effect of indicated

associated with millet cv Ex-Bornu,

levels of farmyard manure (FYM) on total
1CRISAT Center, 1982.

dry matter and nitrogenase activity

Nitrogenase activity

(nmoles C,H4/plant per hr)’ Total
dry weight
Treatment 44 DAP 71 DAP (g/plants)?
Sand:FYM (97:3 w/w) 593 + 102 483 + 194 32.6 £+ 1.28
Sand:FYM (98:2 w/w) 542 + 154 745 + 235 27.7 £ 1.43
Sand:FYM (99:1 w/w) 86 + 25 137 + 39 10.4 + 0.6
Sand:FYM (99.5:0.5 w/w) 106 + 24 276 + 73 5.5 + 0.46

1. Average of 10 replications,

2. Plants harvested 71

days after planting (DAP),

average of 10 replications.

moisture in pots adjusted to 60-70% water-holding capacity 1

day before assay as intact plants.
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Mythimna separata,

ICRISAT Center,

1981.
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with 10 replicate plants the standard error for
nitrogenase activity was large. Part ofthe varia-
tion in activity could be attributed to genetic
variability in the Ex-Bornu population.

To test the effect of incubation temperature,
we used b56-day-old plants in temperature-
controlled water baths for 10 days before the
assay; 34°C and 40°C supported nitrogenase
activity the same but at root temperature of
29°C, nitrogenase activity was significantly
smaller (Table 17).
Tube-culture assay technique. During 1982 we
developed a tube-culture assay to estimate

nitrogenase activity of millet seedlings in the

35 wm

30 =~

1. Regular core assay 17.6
2. "Planted"

Table 17. Effect of incubation temperature on nitro-
genase activity associated with millet cv Ex-Bornu
plants, ICRISAT Center, 1982.

Nitrogenase activity

Temperature (°C) nmoles C,H4/plant per hr'

29 £ 2 195 + 50
34 = 1 694 + 235
40 £ 0.5 634 + 200

1. Average of 5 replications, plants grown in sand:FYM
(97:3 w/w). The pots at 34 and 40° incubated in tempera-
ture-controlled water baths and conditioned at bath
temperature for 10 days before the assay. For the 29°
treatment, pots were in greenhouse with air temperature

control.

Mean nitrogenase activity (nmol

core assay 167

.Regular core assay (class interval * 10)

D "Planted" core assay (class interval " 50)

CyoH4/core per hr)

@
®»20 -
-y
§
-]
?3. —
<3

10 =

10 20 30 40 50 60 100 150 200 250 300 350 400 450 500 550 600 650 700 750

nmol C,H4/core per hr

Figure 8. Frequency distribution of nitrogenase activity of millet hybrid NHB-3, expressed as nmol/plant per hr,

for "planted’' cores and for regular cores.
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greenhouse. The plants were grown in 20 cm x2.5
cm dia, 80-ml glass test tubes with a small tube
attached to the side near the bottom (Fig. 10).
The tubes were filled with 20 to 25 ml of growth
medium, soil, sand, sand FYM, vermiculite, or
nitrogen-free agar, then the tubes were covered
and painted to keep light from the root medium.
Plants were grown inside the tube, which was
plugged with cotton wool until the assay, then
with a rubber Suba Seal; the side tube was also
closed with a Suba Seal. Acetylene gas, equival-
ent to 15% of the free volume in the tube, was
injected through the bottom Suba Seal. Eleven

lines of millet were sown and one control tube

Figure 10. To estimate nitrogenase activity of intact

millet seedlings in the greenhouse, we grew the plants

in 80-ml glass tubes, 20 cm x 2.5 cm diameter.

without seed inoculated with a rhizosphere
extract of field-grown millet to provide a mixed
inoculum.

Differences between cultivars in stimulating
nitrogenase activity were apparent by 20 days
after planting, and rankings were similar in dif-
ferent growth media. The technique was further
improved by allowing the shoots to grow outside
the test tube. At assay time a Suba Seal and
silicone rubber were used to seal the gas phase
around the root medium with the shoot remain-
ing free in the air. This method again permitted
differences to be detected between millet lines
stimulating nitrogenase activity by 20 days after

planting.

Responses to Inoculation with
Nitrogen-fixing Bacteria

We conducted a field trial with irrigation in the
1982 summer season, in an Alfisol soil contain-
ing 0.047% total nitrogen in the top 15-cm layer
and 0.044% in the 15- to 30-cm layer. Millet
cultivars IP 2787 and ICMS 7819 were inocu-
lated with different N,-fixing bacteria at sowing
and again after seedlings emerged. The cultivars'
responses to inoculation differed in both dry-
matter production and grain yield (Table 18).
Cultivar ICMS 7819 did not respond to inocula-
tion but Azospirillum lipoferum  increased 1P
2787's grain yield 17%. In a further field experi-
ment during the rainy season with three millet
cultivars and five inoculum strains, and an
inoculum-free control, inoculations again pro-
duced definite effects, with indications of strain
x cultivar interaction (Table 19). Inoculation
with either A.
occum increased yields of cultivars WC-C75 and
IP 2787—with a mean increase of 27% for A.
and 19% for A

cultivar ICMS 7703 was not responsive to those

lipoferum  or  Azolobacter chrooc-

lipoferum chroococcum—but
two inoculants. However, inoculation with A.
braziliense decreased the yield of cultivar WC-
C75, but not those of ICMS 7703 or IP. 2787.
These results are similar to those obtained in
Israel following inoculation of sorghum with

Azospirillum.
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Table 18. Effect of inoculation with nitrogen-fixing bacteria on dry-matter production and grain yield of pearl

millet with irrigation, ICRISAT Center, summer season 1982."

Plant dry matter (kg/ha) Grain yield (kg/ha)
IP 2787 ICMS Mean IP 2787 ICMS Mean
Inoculum 7819 7819
Azospirillum lipoferum? 1740 1810 1770 930 1360 1140
A braziliense 1410 1930 1670 760 1240 1000
NBRE 1630 1910 1770 880 1230 1050
Not inoculated (control) 1550 1880 1670 830 1310 1070
SE +113 +80 +29 +21
Mean 1580 1880 850 1280
SE +56 +3.6
CV (%) 16 16

1. 12 replications (net plot size 16.9 mZ). No nitrogen fertilizer applied. Each plot inoculated twice, once at sowing and 30 days
later with 2.5 liters of liquid inoculum prepared by suspending in 25 liters of water, a 70-g peat culture with viable bacterial
count of 10°%/g peat.

2. Strain 4 ABL obtained from Dr. J. Balandreau.

Mycorrhiza increasing uptake of such relatively immobile
soil nutrients as phosphorus. VA M also seem to

Certain zygomycetous fungi form a symbiotic enhance resistance to disease.

association with plant roots known as vesicular Mycorrhizal fungi have not been grown in the

arbuscular mycorrhiza (VAM). The mycorrhiza absence of plants. Using the perennial grass

associations improve plant growth mainly by (Cenchrus ciliaris) as the host plant, we have

Table 19. Effect ofinoculation with different nitrogen-fixing bacteria on grain yield of pearl millet, rainy season 1982.

Grain yield (kg/ha)’

Inoculum IP 2787 ICMS 7703 WC-C75 Mean
Azospirillum lipoferum 2090 2110 2560 2250
Azospirillum lipoferum(1)? 2060 2010 2310 2130
Azotobacter chroococcum 2140 2110 2110 2120
NBRE 1870 1980 2070 1970
Azospirillum braziliense 1720 1760 1450 1650
Control (not inoculated) 1690 2030 1870 1860

SE +203 +98

Mean 1930 2000 2060

SE +52

CV (%) 22

1. Average of fivereplications (net plot size 13.5mz). No nitrogen fertilizerapplied. Eachplotinoculated twice, onceat sowingand
30 days later with 2.5 liters of liquid inoculum prepared by suspendinga 70-g peat culture packet with viable bacterial count
of 103/g peat, in 25 liters of water.

2. Strain 4 ABL obtained from Dr. J. Balandreau.
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isolated and multiplied large quantities of the
major types of the symbiotic fungi, and now
strains of calospora, G.

maintain Gigaspora

margarita. Glomus  mosseae, G.fasciculatum, G.

fasciculatum (E3 type),G. epigaeum, G. macro-

carpum, and Acaulospora sp.

Our survey of pearl milletat ICRISAT Center
showed that it forms mycorrhizal symbioses
(Fig.11) with all four major genera of VAM
fungi.

Pot-culture studies with sterilized soil and
sand root media showed that mycorrhiza bene-
fited plant growth. Of six cultures tested as inoc-
calospora,, G. margarita, and

ulants, Gigaspora

Glomus fasciculatum increased shoot dry matter
50% over the noninoculated control. One cul-
ture, E3, depressed growth. Tissue P concentra-
tion increased with VAM inoculation but with
wide variation among isolates. The total uptake
of phosphorus by plants inoculated with either
G. fasciculatum or Gigaspora margarita was
twice as large as that of noninoculated plants.
Extent of root colonization by the isolates and
plant dry-matter production correlated strongly

(r=0.77, df 34; P20.05) (Fig. 12).

The two best mycorrhizal isolates from the

previous trial were compared with P fertilizing in

fungus.

Figure 11.

VAM mycelia,

Shoot dry matter (g/plant)

0 1 T ]

25 50 75
Percentage <colonized

Figure 12. The relationship between the percentage
of pearl millet cv BJ 104 colonized by mycorrhiza

isolates and shoot dry-matter production.

a sterile Alfisol soil in a pot trial. Growth stimu-
lation from VAM inoculation was of the same
order as from adding superphosphate at 8 kg
P/ ha, indicating that VA M fungi's presence can

Our studies have shown that pearl millet forms mycor-
rhizal symbioses with VA M fungi. At left is a colonized root showing

large vesicles formed by the fungus; above are two roots connected by

showing the extramatrical chlamydospores of the



help provide plants with part of their P
requirement.

We also examined the host plant genotype's
role in developing the mycorrhizal association,
by growing 50 pearl millet genotypes inthe rainy
season in an Alfisol field that received no P. In
root samples taken 54 days after sowing,
between 10 and 54% ofthe root was colonized by
naturally occurring VA M fungi. The variationin
infection between genotypes followed normal
distribution with most, including the two widely
grown cultivars BJ 104 and MBH 110, with 30 to
40% root colonization. Certain genotypes being
more susceptible than others to colonization by
V AM indicates scope for increasing mycorrhizal
symbiosis by selecting and breeding. A pot-
culture screen in nonsterile Alfisol with natural
VAM flora showed that some hybrids had more
mycorrhizal colonization than either of their
parents, indicating that the extent of coloniza-

tion can be influenced by the host genotype.

Plant Improvement

The plant improvement project has four

objectives:

1. to identify, and incorporate into agronomi-
cally useful backgrounds, sources of new vari-

ability and/or traits of agronomic value;
2. to breed superior hybrids and varieties;

3. to develop improved procedures for breeding

superior genetic material; and

4. to distribute improved germplasm and infor-

mation to pearl millet scientists worldwide.

Endeavoring to meet those objectives, we have
been evaluating parental material for biomass
production and protein content; strengthening
our hybrid project in male-sterile breeding; exa-
mining genotype x environment interactions to
determine the optimum number, location, and
type of tests needed in our program; clarifying
physiological mechanisms that underlie good
adaptation; and assembling nurseries with mate-

rial showing good expression of various
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physiological-morphological traits and good
disease resistance.

Source Material

In this project we have been concerned with both
new variability and identifiable traits (morpho-
logical, physiological, biochemical, physico-
chemical, disease resistance, insect resistance)
that could contribute to yield potential, yield
stability, or grain quality. To incorporate new
variability, we have made many crosses with
material from the germplasm resources unit—
approximately 4500 for breeders in Africa and
1000 for breeders in India.

The fewer crosses than in previous years
reflect reduced labor resources and our concen-
trating on inbreeding and evaluating materials
from previous years' crosses. The identified bet-
ter inbred lines are placed in the Source Material
Inbred Nursery (SMIN), which now contains
406 entries.

A study of biomass production in a range of
cultivated and wild types identified many wild
types and F3 lines from wild x cultivated crosses
that accumulate dry matter faster than normal
cultivated types. Before these can be used in the
main breeding programs, further research will be
necessary to determine whether the trait can be
introgressed into the cultivated types without
negative associations.

We continued to evaluate materials for the
physiological-morphological nursery but fewer
than previously. For earliness, 23 DBE lines and
material from the pearl millet program at Kan-
sas State University have been incorporated.
Protein content evaluations also have been con-
tinued on several high and low lines, some of
which have been incorporated. Further evalua-
tion of these materials will be necessary in the

1983 rainy season.

Breeding

OQutput from pur breeding work encompasses
pollinators (R-lines), male-sterile (A-)and main-
tainer (B-) lines, experimental varieties, and

synthetics—together with promising progeny
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ICRISAT millet breeders continued to draw from a wide variety of source material in wild and cultivated types to
identify and utilize lines that could improve and stabilize yields with acceptable grain quality. Clock wise (from top
left): millet PS 90 growing at Bambey, Senegal; variability in head length and girth in millet grown infields near
Niamey. Niger; a  high-tillering plant resulting from natural introgression from wild  millet. Sadore, . Niger; and

Ankautess, a drought-resistant millet grown by a farmer near Sadore, Niger.




derived from the various projects. Work the past
year is reported in each category.
Pollinator (R-line) development. The crossing
program, given highest priority, has been vigor-
ously continued. Several backcrossing projects
to eliminate defects from existing elite lines have
been initiated or continued with emphasis on
large seed size, increased seed number per head,
downy mildew resistance, smut resistance, ergot
resistance, and rust resistance. Approximately
50 simple crosses amongelite lines were made for
pedigree selection, and 23 elite linescombined to
constitute an R-Composite. More than 500
crosses were made among lines of good pheno-
type but with no hybrid performance record,
with germplasm resource unit materials and with

lines otherwise used as females (B-lines).

Selection of materials for testcrossing is car-
ried out visually at the various stages of genera-
tion advance. More than 2000 test crosses were
made this year, with existing male steriles used in
approximately the following
5141 A,45%; 5054A,25%; 111 A, 10%; 81A,20%.
Limited use of 111A and 81A reflects their late
maturities compared with 5141A (ICRISAT
Annual Report 1981, p.83, Table 17).

Yields of our best hybrids (prefix 1CMH) in
the 1982 Elite Varieties Test (ELVT), which eval-
uates leading products, were 5 to 15% higher
than those of the widely grown hybrid BJ 104
and the recently released variety, WC-C75.

proportions:

Table 20 presents pedigree details of our most

advanced hybrids.

Male-sterile (A-line) and maintainer (B-line)
development. Three male-sterile cytoplasms
(A1, A2, and A3) have been recognized in pearl
millet, but only A1 has been widely used in
hybrid production, and then in only a few
nuclear-cytoplasm associations. To help widen
the genetic base, ourcrossing program with and
among identified maintainers will be continued
and strengthened in 1983.

Several projects have been initiated to select
within an established or promising B-line or to
introduce a desirable traitthrough backcrossing.
Traits involved are sterility, ease of restoration,
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Table 20. Pedigree details for the most advanced
ICRISAT pearl millet hybrids.

Hybrid Parents
(ICMH) Breeding

No. stream Male Female
423 Composite EC-211 5141 A
418 Composite BC-377 5141 A
415 Composite WC-7209 5141 A
433 Pedigree 1CP206-44 5141 A
426 Pedigree ICP220-10 5054 A
435 Pedigree 1CP226-50 5141 A

earliness, and resistances to downy mildew,
smut, ergot, and rust. Conventional crossing
projects have involved making all possible
crosses among 10 established or promising
maintainers, and deriving 349 A/B pairs from
previously recognized B-lines.

We also have made and evaluated 2000 test
crosses (largely with source material), and iden-
tified an additional 134 nonrestorers (92 on 81 A,
31 on 5141A, and 11 on new male-sterile lines
derived from J 1623 x 3/4 ExB-96-1-10). They
will be sib multiplied, evaluated for phenotypic
acceptability as B lines, and then tested forcom-
bining ability before being converted into male-

sterile lines.

Variety development. Approximately 30
experimental varieties (prefix ICMV ) are consti-
tuted annually from various composites (Fig.
13). Before 1980 various selection procedures
were applied to the different composites; since
then six composites have been handled in a S2
testing scheme (2 years percycle), one composite
in a S| scheme (2 years per cycle), and 4 compo-
sites in a modified half-sib system (1 -year cycle).
Approximately 50 progenies are used in recon-
stituting each composite. The various compo-
sites and their characteristics are shown in Table
21.

In addition to the main project, dwarfversions
of four of the above composites (WC, IVC, MC,
SSC) and three additional composites (Early,
Nigerian, Ex-Bornu) are being produced by
introducing a dwarfing gene (d,) by backcross-

ing. The conversion process has been virtually
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etc.

Figure 13. Generalized scheme for development of

experimental varieties in pearl millet.

completed, and dwarf composite bulks, derived
by combining d, dwarf F4/F5s progenies from the
third backcross, have been compared with their
tall (original) versions. Preliminary results from
yield tests at ICRISAT Center and Bhavani-
sagar indicate that the d, dwarfversions yielded
as much as their tall counterparts, and that Nig-
erian composite d, bulk yielded significantly
more than its tall equivalent.

The performance of the most recent standard-
height varieties from several composites seems
to be improved little over varieties constituted at
early selection cycles, so we are reevaluating
both our procedures for constituting experimen-
tal varieties and the composition of the various
composites. We may combine some of our cur-

rent composites and reestablish a few new com-

posites on the basis of elite varieties and inbreds.
To help in the reevaluation, and to permit rapid
appraisal of progress made in various compo-
sites, we have initiated a Bulk Composite Test,
which will be grown every 2nd year after recon-
stituting the composites in which S, selection is
practiced. Results in 1982 indicate that gains in
yield have averaged between 2 and 4% percycle
in most composites (Table 21).

Synthetic development. Approximately 50
synthetics (prefix ICMS) are made each year
from progeny generated by crossing existing
lines, varieties, promising source material lines,
and disease-resistant sources. Which progeny
(generally Fs) to use in constituting a synthetic is
usually determined on the basis of multilocation
performance testing of the products of diallel
mating (partial) of 10 to 20 parents in each of 5
diallels. Some source material progenies, how-
ever, are used after S, testing. Initial testing of
synthetics is currently delayed until syn-2 seed is

available (2 years after diallel testing).

Synthetics are tested in three stages—two

Initial Synthetics Trials, an Advanced Synthet-
ics Trial, then an Elite Varieties Test (ELVT),

ICRISAT's pearl millet synthetic ICMS 7703 has
reached the final stage of prerelease testing in India. In
5 years of testing, it has given yields equal to the best
hybrid'’s, shown low susceptibility to downy mildew,

and given 20% more fodder,
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Table21. Charecteristics ofvarious pearlmilletcomposites undergoingrecurrentselection, ICRISAT Centre, 1982.

Date of Gain Varities in
initiation of No. of Selection per cycle advanced
Name testing cycles objectives (%) testing
Composites subjected to S, selection (from 1980)
World composite (WC) 1974 5 Yield 2.6 C75,> P8004
Inter Varietal Composite (IVC) 1974 Yield 3.3 P77; P78,
5454, 98001
Medium Composite (MC) 1974 Yield 3,9
Serere Composite-1 (SC-1) 1975 5 Yield 2.0 P 8001
New Elite Composite 1978 3 Yield 2.9 P 79
Composites subjected to S, selections
Smut resistant Composite (SRC) 1980 1 Smut resistance; -
yield
Composites subjected to HS selection (from 1980)
Super Serere Composite (SSC) 1975 5 Bristles; yield 2.4 80164
New Early Composite (NEC) 1977 4 Yield 4.6
D; Composite (D41C) 1978 1 Yield 2.8 P7904
D, Composite (D,C) 1980 2 Yield, height 7.4

a. WC-C75 was released commercially in 1982.

which also includes hybrids and experimental
varieties.

Synthetics in AICMIP tests in 1982 were: 4th
ICMS 7703; 2nd year
Advanced, ICMS-7704; 1st year Advanced,
ICMS-7818, 7835; and Initial, ICMS 7857.

year Advanced,

Procedures

An analysis of grain yields from stations cooper-
ating in the AICMIP program has been under-
taken to determine whether testing at ICRISAT
Center under both high- and low-fertility condi-
tions is warranted. Studies of the physiological
mechanisms that underlie good adaptation and
that could enable us to pinpoint reasons for
genotype x environment interaction have been
continued—concentrating on photoperiodic
responses. They have shown that responses of
varieties adapted to Indian conditions differ
widely.

A selection study was initiated in 1980 to test
two ways of selecting for increased grain
numbers, previously shown (ICRISAT Annual
Report 1978/79) to account for 50 to 75% of

yield variation. From a genetically variable
dwarf population of 1250 spaced plants (20
000/ha), 50 to 60 (from which selfed, S| seed was
harvested) were selected for increased grain
number by measuring the surface area of the
main panicle, and another 50 to 60 by the
number of productive tillers per plant.

For comparison we then selected a similar
number purely on visual judgment of yield
potential. Then we evaluated the three groups of
S progenies at normal plant populations (133
000/ha) the next year. The best 10 ineach group
(by yield and the originalcriteria) were identified
(Table 22).

Reserve seed ofeach ofthe 10 weregrown and
used, after controlled pollination with mixed
pollen, to produce three synthetics representing
each selection criterion. The synthetics were
compared in a 1982 yield test that included the
original unselected population (Table 23).

Visual selection produced little change.
Although selection for head numbers increased
heads about 25%, the gain was completely offset
by decreased head size and seed size. Selecting

for head surface area, however, increased grain
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Table 22. Grain numbers and grain yields for S, lines of pearl millet selected for head numbers, head surface area,

and visual appearance, ICRISAT Center, 1982.

Grain Grain Head
no./m? yield Head surface
Selection criteria N ('000) (g/m?) (no./m?) (cm?)
Head numbers
Selected Sis 10 39.5 243 36 -
Population 60 33.4+3.88 195 £22.2 29+2.9 -
Head surface area
Selected Sis 10 39.5 274 . 222
Population 54 33.7 +3.43 209 £19.9 - 192 £+ 11.8
Visual appearance
Selected S,s 10 40.8 256 - -
Population 57 34.5+4.31 210+ 22.5 - -
number per head 25%, with no change in seed of special material for distribution on request.
size. Head numbers declined slightly but the net Those nurseries include:
result was a 15% yield increase, considerable Parental materials
gain for one cycle of selection. The synthetics Uniform Progeny Nursery
will be compared again after further random Advanced materials
mating, and head surface area as a selection International Pearl Millet Adaptation
criterion will be further tested on other Nursery
populations. International Pearl Millet Observation
Nursery

Materials were also contributed to the various

Distribution AICMIP trials as follows:

Entries
Thirty pearl millet scientists from all over India Initial Hybrid Trial 1
took part in field days at Hissar. ICRISAT Cen- Advanced Hybrid Trial 2
ter, and Bhavanisagar. Most of them requested Initial Population Trial 3
materials from our nurseries, and we provided Advanced Population Trial 7
more than 3000 samples. In addition to such Inbred Nursery 7
specific requests, we assembled several nurseries Resource Nursery 30

Table 23. Grain yield and yield components ofexperimental pearl millet varieties based on head surface area, head

number, and visual appearance, ICRISAT Center, 1982.

Grain yield Grain Head Grain no./m? 1000 seed wt.
Selection criteria (g/m?) (no./ head) (no./m?) ('000) (9)
Head surface area 267 2150 20.7 44.2 6.1
Head number 239 1560 27.7 43.3 5.5
Visual selection 225 1610 24.2 38.8 5.7
Original synthetic 230 1730 22.4 38.4 6.0

SE +22.1 +85.9 +1.49 +3.30 +0.30




Looking Ahead

Physical stresses. We will begin 2 years of test-
ing of selections made under high- and low-
fertility conditions. Initial tests of synthetics
made from -early-generation selections from
each environment indicated no difference in per-
formance in higher-yielding environments (2-3
t/ha). Tests will now be on advanced lines in
both low- and high-yielding environments.

We are ready to begin large-scale field screen-
ing for ability to emerge under crusted soils and
declining soil moisture. Initial work will be on a
selected set of germplasm lines to determine how
much variability exists in millet for these charac-
teristics. Beginning 1984, entries from all
advanced breeding trials will be subjected to this
screening as well.

Testing of selections for yield components
other than grain number will continue from
materials now in various stages of development.
The use of head surface area as a selection criter-
ion will be retested in other breeding materials.
Biotic stresses. Large-scale field screening for
downy mildew, ergot, and smut at ICRISAT
Center and for rust at Bhavanisagar will con-
tinue. Multilocational testing for resistance sta-
bility will continue with emphasis on evaluating
factors that affect resistance stability and
durability.

Efforts will be made to develop downy mildew
resistance in commercially popular genotypes,
based on information gathered with 7042.
Development of ergot and smut resistant lines in
more diverse backgrounds will continue, as will
use of ergot and smut resistance in hybrids and
synthetics in cooperation with breeders.

Screening for multiple disease resistance,
initiated in 1982, to combine resistance to all the

diseases will continue.

Nitrogen fixation. We will attempt to stabilize
lines that stimulate high or low N,-fixation in the
Ex-Bornu population, and use them in crosses to

analyze the heritability of this trait.
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We will explore N isotope-dilution tech-
nique's potential for screening lines of millet for
ability to stimulate N,-fixation. "*N-enriched gas
will be used to measure the N,-fixation rate asso-
ciated with millet seedlings and distribution of
fixed nitrogen in the plant.

We will use field experiments to measure sta-
bility over seasons and sites of responses by
millet to inoculation by N,-fixing bacteria.

We also will collect VAM isolates from the
traditional millet-growing areas of Rajasthan
and Gujarat, and test the isolates' efficiency in
promoting P uptake and plantgrowth underlow
fertility.

The interaction between P fertilizer type and
amount added, and the response to VA M inocu-
lation will be examined in nonsterile soil.

Multilocational trials will examine the influ-
ence of soil type and location on variation of
root colonization by VA M among cultivars, and
we will correlate colonization and P uptake in
more detail. Advanced materials from breeders
will be examined for the extent of VAM

colonization.

Plant improvement. We will continue to
emphasize development of elite inbreds, varie-
ties, and synthetics. For the variety program,
new composites using elite materials will be
formed, and some of the existing composites
showing little progress will be dropped. For
hybrid breeding, the A-line project will be
strengthened, and efforts will be increased to
develop new disease resistant lines thatcan effec-
tively compete with the widely used seed parent
5141A for earliness and general combining abil-
ity. We will endeavor to modify our approaches
to ensure that data collection facilitates both the
continued evaluation of the effectiveness ofvar-
ious breeding procedures adopted, and provides

a basis for adopting new superior procedures.
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CHICKPEA

the

the develop-

The

Improvement

principal objective of Chickpea

Program remains
ment of improved cultivars and genetic stocks of
desi- and kabuli-type chickpeas capable of
higher and more stable yields in traditional and
nontraditional cropping situations.
the 1981/82 cropping
activities continued at three main locations: (1)
ICRISAT Center at Patancheru (18°N, 78°E),
concentrating on short-duration desi types; (2)
(29°N, 75°E), in with

Agricultural University, long-
kabuli (3)
ICARDA, our sister institute at Aleppo, Syria
(36°N, 37°E) kabuli
spring sowing in the Mediterranean region and

South and Central

During season our

Hissar cooperation

Haryana for

duration desi and cultivars; and

for types for winter or

America.

We continued to use subsidiary centers at
Gwalior (26° N, 78° E) in central India for testing,
at Tapperwaripora (34°N, 75°E) in

and at Terbol (34°N, 36°E) in Lebanon, for off-

Kashmir,

Both desi- (smaller seeds at left) and kabuli-type (larger,
of research in ICRISAT's chickpea improvement  program,
stocks that can give higher and more stable yields in

whiter seeds at

season advancement. We acknowledge contri-
butions of many cooperators in India, through
the All-India Coordinated Pulses Improvement
(AICPIP)

trials and materials distributed from the main

Project and elsewhere, who grew
centers.

The season was unfavorable for chickpeas. In
rains continued into
the
amount was nearly 1200 mm, 50% higher than
The
ICRISAT Center and
emergence. One week of continuous rain follow-
ing
seed

south and central India,

November; at Patancheru total annual

normal. rains hampered seedbed prepara-
tion at led to poor plant
the early (mid-September) sowing caused
rotting so emergence was near zero. Poor
stands were further reduced by collar rot and
fusarium wilt, of data

difficult.

making interpretation

In the northern areas of the Indian subconti-

nent, rain in October-November encouraged

sowing larger than normal areas but excessive

the focus

continued to be

right) chickpeas
with cultivars

varying

empbhasis on improved and genetic

cropping situations.
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rains during the growing season favored asco-
chyta blight and botrytis gray mold, which
caused losses ofup to 50% in Punjab, India, and
in Pakistan. At Hissar and most other centers in
northern India few genotypes survived, so ana-
lyzable data were few.

Heliothis damage was normal except for
severe infestations in central India.

In the Mediterranean region winter tempera-
tures were unusually low with March and April
dry, followed by unseasonally wet May and
June. In Syria the chickpea area was much larger
than normal but growth of the winter-sown crop
was severely depressed by the cool, dry condi-
tions and many genotypes previously considered
relatively cold tolerant were badly damaged. The
continuing wet conditions favored development
of ascochyta blight in both winter- and spring-
sown chickpea and many farmers plowed their
damaged crop under and replaced it with mel-
ons. At Tel Hadya, pod damage was more severe
than normal and previously resistant lines
showed severe symptoms. Leaf miner damage
was widespread but Heliothis populations were

lower than normal.

Diseases

Surveys

We conducted surveys in Chile, Mexico, USA,
Pakistan, and parts of India. In Chile, wilt (Fus-
arium oxysporum f .sp. ciceri), dry root rot (Rhi-
zoctonia bataticola), and black root rot
(Fusarium solani) were important diseases. In
Mexico, wilt was widespread and serious, and
black root rot, collar rot (Sclerotium rolfsii),
rust (Uromyces ciceris-arietinij, and iron chloro-
sis werecommon. In USA, wiltand iron chloro-
sis were common in chickpea trials at Yuma,
Arizona. In Pakistan, ascochyta blight (Asco-
chyta rabie) was the most widespread and
serious disease, causing extensive and severe
chickpea damage. Root rot (Rhizoctonia solani)
was another important disease in Pakistani
farmers' fields, and iron chlorosis, stunt (pea

leaf-roll virus), and wilt were common inexperi-

ment station crops. Excessive rains throughout
the latter half ofthe season in northern India led
to serious, extensive damage from ascochyta
blight and botrytis gray mold (Botrytis cinerea).
Other diseases commonly observed were alter-
naria blight (Alternaria  alternata), wilt, stunt,

and stem rot (Sclerotium  sclerotiorum).

Fusarium Wilt (Fusarium oxysporum

f.sp. ciceri)

Screening for resistance. Of more than 1200
new germplasm accessions screened in wilt-sick
plots, 73 had less than 20% of the plants killed.
We now have screened all chickpea germplasm
accessions available in our Genetic Resources
Unit for resistance to fusarium wilt. The 72
germplasm selections with less than20% mortal-
ity due to wilt last season (1980/81), screened
again in 1981/82, revealed 25 resistant (less than
10% mortality). Only three (ICC-933, -1987, and
-3072) ofthe 18 lines selected from germplasm in
1979/80

screening.

remained resistant under repeated

Of the 72 lines with less than 10% stunt infec-

tion, only ICCC-10 resisted wilt; of5 germplasm
selections that resisted pod borers last season,
only ICCC-1403 resisted wilt this year. Mortal-
ity was less than 20% in 9 of49 new pod borer-
resistant germplasm selections we screened in
the wilt-sick plot. None of the 22 ascochyta
blight resistant lines screened were resistant to
wilt.
Breeding for resistance. We made 79 crosses
involving wilt- and root rot resistant parents; 31
involved short-duration genotypes and sources
resistant to Race 1 of Fusarium oxysporum for
peninsular India; 32 involved long-duration desi
genotypes and sources of resistance to Races 1
and 2 fornorthernand central India; 14 involved
kabuli and wilt-resistant kabuli types. Eight
backcrosses of wilt-resistant parents were
attempted with high yielding cultivars of desi
and kabuli types.

Fi1 generations of nine crosses made earlier
were advanced in off-season and in main-season

nurseries and 15 F, and F3 bulks, and 1762 F,



and more advanced progenies and bulks were
screened in the wilt-sick plot at ICRISAT Cen-
ter. We selected 1469 single plants and 282 bulks
for further evaluation in 1982/83. In addition,
we evaluated (at ICRISAT Center) 470 desi and
33 kabuli lines previously selected for wilt resist-
ance. The best desi types will be tested in repli-
cated trials next season. Several wilt-resistant
lines in replicated tests gave yields similar to
Annigeri's, the best control; eight of them are
being included in international nurseries in
1982/83. Additional kabuli types with accepta-
ble seed type and larger seed size were developed.
At Hissar, we screened, in a wilt-sick plot, 56
F; populations, 838 F4, and more advanced pro-
genies and bulks, along with 614 desi and 17
kabuli lines, selected previously for wilt resist-
ance. As with the other materials, most of the
lines were destroyed by ascochyta. We selected
only a few single plants for further testing.
Inheritance studies. Evidence has been
obtained that resistance to Race 1 of fusarium
wilt is governed by two independent recessive
genes that separately delay wilting but must be
present together for complete resistance.
Resistance to Race 2 appears to be controlled
by two other recessive genes.
Biology and epidemiology. Continuing studies
of F. oxysporum f.sp. ciceri survival, we buried
infected roots with 5 cm of the stem base (stub-
ble) from wilted chickpea plants in soil in potsin
March 1978. Four pieces of stubble were care-
fully removed from the pots every 3 months in
attempts to isolate the fungus. The stubble had
fully decomposed after 33 months. Last year
(1980/81) we detected the fungus up to 39
months by planting seeds collected from healthy
plants ofJG-62, a wilt-susceptible cultivar, in the
same pots. This year, we detected the fungus
after 51 months. The experiment is continuing.
In another experiment where we tested burial
depths of infected roots, the fungus has survived

36 months in infected roots buried 60 cm deep.

Influence of crop rotation and intercropping. In

June 1980, in collaboration with our agrono-
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mists, we initiated a 4-year experiment to study
the influence of crop rotation and intercropping
on wilt in a wilt-sick plot. The second year's
results were similar to those of the first year: no
treatment influenced wilt incidence in the sus-
ceptible cultivar, JG-62, which showed nearly
100% incidence. The experiment is continuing.
Eradication ofthe fungus from seed. Lastyear,
we reported that seed, dressed with Benlate-T®
(30% benomyl + 30% thiram) at 2.5 g/kg seed,
remained free of the fungus when sown 1 year
later. This year we established that seed dressing
with the same formulation effectively eradicated
the fungus from dry seed up to 22 months after
seed treatment, so international exchange of
seed that is free from F. oxysporum f.sp. ciceri is

possible.

Multiple Soilborne
Disease Screening

Fungi in the multiple disease-sick plot at ICRI-
SAT Center, in order of prevalence, are F. oxys-
Rhizoctonia

porum f.sp. ciceri, bataticola,

Sclerotium rolfsii, R. solani, and a sterile
seedling-rotting fungus.

This year, we retested 195 lines that showed
less than 20% mortality in 1979/80 in the multi-
ple disease-sick plot; 42 ofthem showed less than
10% mortality. Ofthe 63 lines that showed multi-
ple resistance in 1980/81, 46 maintained resist-
ance this year. Four lines with multiple
resistance were selected for the 1982/83 Interna-
tional Chickpea Root Rots/ Wilt Nursery. We
confirmed the multiple resistance of an asco-
chyta blight resistant germplasm accession,
ICC-3935, and eight of the nine kabuli chickpea
germplasm accessions resisted wilt in this year's
tests. We also tested 46 kabuli chickpea lines
developed by breeders at ICRISAT Center for
multiple resistance, and identified 17 lines with

less than 20% mortality.

To monitor root pathogens during the chick-
pea season, we periodically isolate fungi from
wilted/dried plants collected from the multiple
disease-sick plot. The results (Table 1) showed
that F. dominated

oxysporum f.sp. ciceri
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Table 1. Periodic isolations(%) from wilted/dried plants

ICRISAT Center, 1981/82.

of chickpea collected from multiple disease sick plot,

Date F. oxysporum R. S. F. R.

collected’ f. sp. ciceri bataticola rolfsii solani solani Others

13 Nov 23 20 42 11 2

7 Dec 42 26 21 3 3

28 Dec 40 28 16 10 2

18 Jan 43 30 3 12 7 2 (white root
5 Feb 42 40 11 2 rot fungus)
26 Feb 45 46

1. Date sowed: 16 Oct 1981.

throughout the season followed by R. batatic-
ola, which was more prominent from February
as ambient temperatures rose (more than 30°C).
S. rolfsiib, which was responsible for about half of
the seedling mortality, caused no mortality after
January. F. solani and R. solani caused mortal-
ity only to mid-February; R. solani was the least

common fungus in the multiple disease-sick plot.

Dry Root Rot

(Rhizoctonia baiaticola)

Two crosses were made to transfer root-rot res-
istance to Annigeri, and their F,s were advanced

in the off-season nursery in Kashmir.

Ascochyta Blight

(Ascochyta rabiei)

Our laboratory tests confirmed that dressing
seed with a 0.3% formulation of Calixin M®
tridemorph + 30% maneb) eradicates the fungus,
such dressing should prevent moving the fungus
on seed from one location to another. Exposing
the seed to sun from 0830 to 1700 hr for 20 days
in May did not control seedling infection.

Breeding for resistance. We made 26 crosses
between 3
ICARDA identified) ILC-72, -202, and -3279,
and northern Indian desi and kabuli cultivars.

ascochyta-resistant lines (that

We also made 74 crosses involving northern

Indian material that had shown resistance last

season to ascochyta and/or botrytis in north
India.

F, populations of ascochyta-resistant desi
types previously crossed onto BG-209, Pant G-
114, and L-550 were screened for ascochyta res-
istance at ICARDA, at NARC in Pakistan, and
at PAU, Gurdaspur, and Palampur in Punjab
and Himachal Pradesh, India. No plants main-
tained resistance in the severe epidemics at
ICARDA and in Pakistan, but resistant plants
were selected at Gurdaspur and Palampur and
their progenies will be tested further in 1982/83.

Stunt (Pea Leaf-roll Virus)

Work on screening for resistance to stunt was
continued at Hissar. Alfalfa (to augment disease
pressure) was planted around the nursery (0.5
ha) 1 September 1981 with chickpea planted 4
October. The stunt-susceptible cultivar, WR-
315, was planted after every five test rows as an
indicator-cum-spreader.
dence in WR-315 was 30%, which indicates that

the previously used mixture of hosts of the virus

Average stunt inci-

and vector(s) is better than a single crop of
alfalfa.

Some accessions with less than 10% infection
in the last two to five seasons showed similarly
good reactions during 1981/82. Accession ICC-
2385 has had less than 10% infection forthe sixth
consecutive season, and accession |ICC-2546
gave similar results for the fourth consecutive

season. We tested 125 ascochyta blight-resistant



accessions this year, but only one, ICC-3127,
showed any resistance to stunt.

Breeding for resistance. Fifteen crosses were
made involving Pant G-114, BG-209, and L-550
with 5 lines: 1CC-2385, -3718, -6433, -6934, and
-10495, which have shown consistently low stunt
infection.

When we screened our F, populations of 8
crosses we made between stunt-resistant Collec-
tion 327 and adapted desi and kabulilines, infec-
tion rates ranged from 28.1 to 52.1%, and we
selected 155 plants for retesting next year. Addi-
tionally, we tested 3 F; and 9 F, bulks and
selected 90 plants from the F3; and 158 from the
F, bulks. Of 14 screened F, progenies from a
cross, P-4353 x WR-315, only 1 showed lessthan
10% infection.

Mosaics

We continued studies to identify and character-
ize cucumber mosaic virus (CMV) and bean yel-
low mosaic virus(BYMV). Aphis craccivora and
Myzus persicae transmit both viruses, but not
persistently. Purification procedures were stan-
dardized for both viruses. CMV particles were
isometric and were 28 to 30 nm diameter while
those of BYMYV were flexuous, rod-shaped, and
750 nm long and 15 nm wide. Both viruses were
identified by specific antisera in agar double-
diffusion tests. CMV was identified also by
enzyme-linked immunosorbent assay (ELISA).
An antiserum for CMV of 1:1024 titer was pro-
duced. Physicochemical properties of CMV also

were determined.

We screened, through sap inoculation, 143
germplasm accessions for resistance to CMV;
two (ICC-1781 and -8203) remained free from
infection. For BYMV, we screened 106 germ-
plasm accessions, and 9 remained free from
infection.

Botrytis Gray Mold

(Botrytis cinerea)

With the help of scientists of G.B. Pant Univer-

sity of Agriculture and Technology at Pant-
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nagar, India, we screened 1984 new germplasm
accessions for resistance to this disease, and con-
firmed resistance in ICC-1069 and -6250 and
tolerance in ICC-7574. And we found 9 new
accessions resistant, which we shall retest next
year. A procedure to screen chickpea material
for resistance in an isolation-plant propagator
was standardized. We identified 16 accessions
with moderate resistance (5 rating on 1 to 9
scale).

None of the eight seed-dressing fungicides
tested, alone or in combination, eradicated the
seedborne fungus, nor did solar heat treatment.
Breeding for resistance. We made 60 crosses
between the best sources of botrytis resistance
and northern Indian desi and kabuli cultivars,
and advanced F; and F, populations of earlier

crosses for screening in 1982/83 at Pantnagar.

Alternaria Blight

(Alternaria alternata)

We studied the symptoms in detail, and identi-

fied the causal fungus as A. alternata.

Insect Pests

Surveys

Our surveys of pest damage on chickpea in
farmers' fields this year covered four states of
India—Orissa, Uttar Pradesh, Bihar, and West
Bengal. The average percentage of pod damage
was 5.1, slightly lower than the 7.8% average
recorded from 647 farmers' fields since 1977.
Heliothis damage was also particularly severe in
Madhya Pradesh, and many farmers dusted
their chickpeas with BHC, attemptingtocontrol
that pest.

Almost all pod damage on chickpea was
caused by Heliothis armigera, but in some areas
other pod borers, including Autographa nigri-
striga and Diachrysia orichalcea, were somewhat
important. In addition to pod damage, Heliothis
can cause considerable vegetative and floral

damage, which we could not quantify because
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ICRISAT
measures. Four states of India—Bihar, Orissa, Uttar

scientists survey farmers' fields to assess

most of our surveys are when pods are maturing.
Cutworms seriously damaged this crop at the
seedling stage in some areas; termites also killed
some plants. In general, chickpea is attacked
much less by insect pests than is pigeonpea, but
in some areas and in some years Heliothis can
damage up to 100% of chickpea pods.

At ICRISAT Center the
tions on chickpeas at the vegetative and podding

Heliothis popula-

stages were greater this year than last year. More
than 50% of susceptible cultivars' pods were
damaged where no pesticide was used. Other
insect pests were of little or no importance but
rats damaged some fields.

All our trials at Hissar, where we screen for
resistance to  Heliothis in late-maturing and
kabuli materials, were destroyed by ascochyta
blight. In the few plots where pods set before the
blight killed the plants, more than 50% of the

pods were destroyed by Heliothis.

damage by pests and findings are used to design preventive
Pradesh, and West Bengal—were surveyed this year.

Monitoring Heliothis Populations

As described in the pigeonpea section of this
report, we supplement our counts of eggs and
larvae of Heliothis on the crops with counts of
moths in light and pheromone traps at ICRI-
SAT Center and at several other locations in
India, in cooperation with entomologists of the
All India Coordinated Pulse Improvement Pro-
ject. Figure 1 shows data on male Heliothis
moths caught in pheromone traps set in
pesticide-free chickpea fields at ICRISAT Cen-
ter together with counts of larvae on that crop.
We found a few larvae on plants in October soon
after sowing, large catches in the pheromone
traps in late November, and a peak infestation of
larvae in December. We plan to investigate the
relationship between light and pheromone traps
with counts of the pest on its host crops in more

detail next year.
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Figure 1. Average catches of male H. argmigera

moths in pheromone traps and counts of larvae in
surrounding chickpea fields in the pesticide-free area
of ICRISAT Center, 1981/82.

Resistance to Heliothis

Screening for resistance. In previous reports
we recorded progress in screening germplasm of
more than 12000 accessions for resistance to
Heliothis and our success in selecting some geno-
types that have reduced susceptibility to this
pest. One of the least susceptible accessions,
ICC-506, an early-maturing desi type, entered in
a number of trials this year, again had a rela-
tively low percentage of pods damaged by Helio-
this. 1CC-506 also recorded high yields when it

grew on wilt-free soils.

Although we have had most success in our
search for resistance to Heliothis in the early-
maturing germplasm, we have also found
appreciable differences in susceptibility in the
mid-maturity group. Data from one of our trials
of mid-maturity selections are summarized in
Table 2. All the selections were considerably less
susceptible to Heliothis damage than ICC-3137,
the susceptible check. But no selection gave a
substantial improvement, either in resistance or
yield, over K-850, the commonly used mid-

maturity check.
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Mechanisms of resistance. Biochemists ofthe
Max-Planck Institute in Munich collaborated
with us in an attempt to determine the mecha-
nisms of resistance by studying biochemical dif-
ferences between our selections that are resistant
Heliothis

attacks. Our collaborative study has shown what

and those that are susceptible to
appears to be a fairly strong correlation between
the malic acid content of the plants' exudates
and resistance. Exudates of our most resistant
cultivars have the highest malic acid contents. In
our collection of exudates from a range of more-
and less-susceptible cultivars grown at ICRI-
SAT Center and at Hissar, we found very little
exudate on plants at Hissar, and the small
amount collected from there had little malic
acid. The lack of malic acid there may be asso-
ciated with the ascochyta blight epidemic, or the
environment at Hissar may not be conducive to
exudation. If so, materials selected for resistance
at ICRISAT Center, which may owe their resist-
ance to a concentrated acid exudate, might not
have resistance at Hissar or at locations with a
similar environment. That could explain why

some ICRISAT selections have proved disap-

Table 2. Pod damage caused by Heliothis armigera
and yields from mid-maturity chickpeas (selected ear-
lier for resistance to this pest) in a pesticide-free, bal-
anced lattice square design trial, ICRISAT Center,

1981/82.

Chickpea Mean pod Yield
line damage (%) (kg/ha)
ICCL-79037 11.2 1350
ICC-11088 16.0 1220
ICC-9966 12.2 1140
ICC-10224 15.9 950
ICCL-80130 14 .1 1310
ICCL-78001 11.7 1580
ICC-2812 11.7 1330
K-850 (check) 13.8 1420
ICC-3137 (susceptible check) 30.5 690
SE +1.36 +43
CV(%) 17.9 7.1
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pointing when grown by collaborators in north-
ern India.

Breeding for resistance. Increased attention
was given to breeding for resistance to Heliothis,
including incorporating resistance into adapted
backgrounds, recombining different resistance
sources, and transferring fusarium-wilt resist-
ance to Heliothis-Tesistant lines, most of which
appear to be highly susceptible to fusarium wilt.

To investigate their inheritance and to recom-
bine different sources of resistance, we crossed
six short- and six medium- and long-duration,
resistant, and susceptible genotypes in diallel
combinations. We also made 27 desi and 12
kabuli crosses of resistant and adapted lines and
8 crosses to transfer wilt resistance into
Heliothis-resistant materials.

F. diallel trials ofdesi (6 x 6) and kabuli (4 x4)
resistant lines were conducted at ICRISAT Cen-
ter under pesticide-free conditions. The results
of the desi trial indicated that variation in pod
borer damage is predominantly additive (Table
3). ICC-5800-EB's pods were damaged more

than pods of other parents, which was reflected

in highly significant positive general-combining-
ability (gca) effects. The data indicate that the
conventional breeding methods we are using will
be effective in handling resistance to Heliothis.
In the kabuli trial, borerdamage was higherthan
expected on the parental lines, variation was
less, and gca and specific-combining-ability (sea)
effects were not significant.

Forty F, bulks, and 811 F3; and 121 F,4 proge-
nies were grown under unsprayed conditions at
ICRISAT
selected to be evaluated in progeny rows next

Center, and single plants were
year.

The comparisons of breeders' materials
(selected under insecticide protection) with lines
resistant to Heliothis were repeated at ICRISAT
Center (short and medium duration) and Hissar
(long duration) under protected and nonpro-
tected conditions.

At ICRISAT
insecticide-protected trials were significantly

Center, yields from the

higher than those from the trials that received no
protection (Table 4). In the short-duration
group, fusarium wilt killed the resistant lines
ICC-506-EB, IC-738-8-01-1P-BP-EB, and 7394-

Table 3. Estimates of general (gca) and specific combining ability (sea) variances, and gca effects inan F, diallel of

Heliothis resistant chickpea types, ICRISAT Center,

1981/82.

Variances

Source d.f. Days to flower Borer damage Plant yield
gca 5 28.62** 6.01** 0.72**
sca 15 6.68* 0 0
Error 40 9.18 9.20 2.67
gca effects

Parents Days to flower Borer damage Plant yield
ICC-3474-EB 2.80** -1.76 1.15*
ICC-5800-EB -3.45** 5.25** -0.99
ICC-10619-EB -5.32** -0.74 -0.22
1IC-738-8-1-1P-BP-EB -5.71** 0.26 0.01
1C-7320-11-2-1H-B-EB 5.99** -1.66 -1.13*
1C-73213-9-1-3H-B-EB 5.68** -1.34 -1.18*

SE(gi)’ +0.98 +0.98 +0.52

1. Standard error of difference between two gca effects.
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Table 4. Seed yields (kg/ha) of Heliothis-resistant and breeders’' chickpea lines in insecticide-free and protected

trials, ICRISAT Center, 1981/82.

Short-duration cultivars Medium-duration cultivars
Unprotected Protected Unprotected Protected

Heliothis-resistant lines 810 1190 650 990

Breeders' lines 750 1060 620 1060

Annigeri 610 1310 630 1170
SE +78 +55

Mean 740 1120 640 1040
SE +43 +35

18-2-1P-BP-EB and they were omitted from the
analysis. There were no significant yield differ-

ences among short-duration cultivars but there

were significant differences in the medium-
duration group, primarily from differences
within breeders' materials and the Heliothis-

resistant lines. Both groups showed significant
interactions between entries and insecticide pro-
tection, but that resulted mainly from the com-
parison of Annigeri with the remaining entries.
Unlike last year, there was no indication that
breeders' materials were lower yielding than res-
istant lines without protection, nor that breed-
ers' materials responded more to insecticide.

At Hissar the trials were damaged by ascochyta
blight, and yield data were not recorded.

Plant Density and Pesticide

We previously found that increased plant popu-
lations lead to increased populations of Helio-
this larvae per unit area. This year, we compared
ICC-506, one of our most resistant selections,
with Annigeri, a well known, highly productive
but susceptible cultivar, at three spacings, in a
pesticide-free field. The susceptible cultivar had
large increases in eggs and larvae and pod-
damage percentage at the closer spacings (Table
5). Spacing had comparatively little effect on the
same factors in ICC-506. Although yields were
not greatly affected by spacing, the lowest plant
ICC-

506 had less Heliothis infestation, less pod dam-

populations produced the lowest yields.

age, and higher yields than
indicate that ICC-506 at 167 000 plants per hec-

tare (56 kg/ ha seed) performed satisfactorily in

Annigeri, which

the pesticide-free area when Heliothis popula-

tions were higher than average.

Natural Control

Heliothis has relatively few natural enemies on
chickpea, probably because the acid exudate dis-
courages most fauna. The commonest parasite
chlorideae, a small

this year was Campoletis

wasp that attacked the young Heliothis larvae,
particularly during the vegetative stage of the
crop (October to December). The only other
parasite recorded in substantial numbers on
chickpea this year was the tachinid fly Carcelia
illota, which from Heliothis

emerged larger

larvae.

Samples of larvae collected from the spacing
trial indicated less parasitism on ICC-506, the
resistant selection, than on Annigeri, and less on
the closer spaced plants of both cultivars. But
overall parasitism (<4%) was very low in the
Heliothis trial. We

need further study of the effects on parasitism of

larvae collected from this

spacing and cultivars.

Insecticide Use

Fusarium wilt masked results of our trial to

compare effects of insecticide (2 sprays ofendo-
ICC-506 and

sulfan at 0.7 kg a.i./ha) on



110 Chickpea

Table 5. Effects of plant density on Heliothis armigera populations, pod damage, and yields of chickpea cultivars,
resistant and susceptible to the pest, ICRISAT Center, 1981/82.
Pod Seed
] Heliothis/m®
Spacing damage yield
Cultivar (plants/m?) Eggs Larvae (%) (kg/ha)
ICC-506 8.3 40 21 11 1060
(resistant) 14.7 40 35 11 1400
33.3 54 31 13 1320
Mean 45 29 12 1260
Annigeri 8.3 36 49 38 840
(susceptible) 14.7 60 69 46 850
33.3 104 101 58 870
Mean 67 73 47 850
SE (m) cultivars +1.9 +0.8 +1.2 +33
Overall 8.3 38 35 25 950
14.7 50 52 28 1130
33.3 79 60 36 1090
SE (m) spacings +3.8 +2.5 +2.5 +32
SE of means of +4.8 +3.0 +3.2 +49
cultivars within spacings
SE of means of +5.4 +3.5 +3.6 +45

spacings within cultivars

Annigeri. Although Heliothis caused considera-
bly less pod damage on unsprayed plots of ICC-
506 (7.1%) than on Annigeri (14.9%), ICC-506
yielded less, presumably because it is more sus-
ceptible to wilt. Mean yield from protected plots
(1442 kg’/ha) 12%

unprotected plots. Annigeri's response to pesti-

was only more than from
cide was a yield increase of 14%; ICC-506's was

10%.

Physiology

Irrigation

Nonirrigated chickpeas are progressively

stressed as soil moisture recedes and the evapo-

rative demand of the atmosphere increases.
Under those conditions irrigation gives large
yield increases (ICRISAT Annual Report 1981,

pp. 102-103).

Using cv Annigeri, a cultivar well adapted to
studied

stages of

conditions,
different
growth at ICRISAT Center. Irrigation increased

peninsular Indian we

responses to irrigation at
both dry matter and seed yield (Table 6), except
for a single irrigation during the pod filling stage,
which was probably too late to be effective. Two
irrigations applied during the vegetative and pod
filling stages nearly doubled yields. Two irriga-
tions, one during the vegetative stage and the
other at flowering gave no yield advantage over a
single irrigation applied during the vegetative

stage.

Drought Tolerance

We developed a screening technique of growing
chickpea cultivars under both drought stress and
well-irrigated conditions on an Alfisol of low
water-holding capacity. A major factor influen-

cing yield under drought conditions is growth
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Table 6. Response to irrigation in chickpea (cv Annigeri) on a deep Vertisol, ICRISAT Center, 1981/82.

Total dry matter Seed yield Harvest index

Stage irrigation applied (kg/ha) (kg/ha) (%)
No irrigation 2170 1250 57
Vegetative (31 days) 3240 1770 55
Flowering (52 days) 2940 1660 56
Podfill (73 days) 2270 1300 57
Vegetative + flowering 3580 1720 48
Vegetative + podfill 3970 2280 57
Vegetative + flowering + podfill 4070 1740 43

SE +124 +106 +2.3

CV (%) 1.7 19.1 13.1

duration: the earlier the cultivar, the more it
tends to escape the drought. But under drought
stress, differences exist among cultivars of sim-
ilar growth duration. The differences under
drought reflect differences in both intrinsic
yielding ability (measured by yields under well-
irrigated conditions) and drought tolerance. To
obtain a quantitative measure of drought toler-
ance, we use a multiple regression analysis that
accounts for both the effects of growth duration
and yield potential (ICRISAT Annual Report
1979/80, p.83); Annigeri was one of the most
drought tolerant cultivars thus identified over 3

years of testing.

Last year we screened more than 480 chickpea
lines; this year, 430 more. Seven of the lines that
appeared most drought tolerant last year were
tested again this year in a replicated trial that
included Annigeri. None was as drought tolerant
as Annigeri, and none yielded as well under
moisture stress. In future work, Annigeri will be
the drought-tolerant standard others arejudged

by.

Plant Density

At ICRISAT Center, optimum growth duration
of unirrigated chickpeas is usually between 85
and 90 days. Earlier- or later-maturing cultivars
yield less.

We investigated in a field trial whether yields

of very early cultivars could be increased by

growing them in high population densities.
Maturities of the eight cultivars we compared
ranged from 70 to 100 days. We used thenormal
33 plants/mz, and populations twice and three
times as high. Yields at the higher populations
did not differ statistically and there were no
significant interactions between cultivars and
plant density. Apparently crowding cultivars
produces no yield advantage. Again, we con-
firmed that cultivars ofaround 85 days' duration

produce the highest yields.

Flower and Pod Development

In chickpea, pods may fail to develop from
reproductive buds for two reasons: the buds may
give rise to small shriveled pseudoflowers
instead of developing into flowers (Fig.2), or
normal flowers may develop but fail to set pods.
This year we investigated the effects of several
environmental factors on both pseudoflowcr

production and flower abortion.

Shading. At ICRISAT Center, we erected ver-
tical screens running east-west in the field, with
rows of chickpeas at right angles to the screens.
The plants nearest the screens on the northern
side were shaded most of the day; those farthest
away were not shaded at all. Observations made
on five cultivars in the shaded area, in the
unshaded area, and in the partially shaded area

revealed that shading significantly increased
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Pseudoflower

Figure 2. ICRISAT scientists found that irrigation,
shade, and cool tempeatures are causes of pseudoand

aborted flowers in chickpeas.

pseudof lowers per plant. Mean values were 22.9,
12.7, and 8.8 from fully shaded to unshaded.
Shading also increased flower abortion: 4.6, 2.3,
and 1.1 per plant. The effects were similar in all
five cultivars.
Temperature. At Hissar during the cool winter

weather, with minimum temperatures often
below 5° C, (lowering can continue several weeks
before pod setting begins. That period of ineffec-
tive flowering generally ends as temperatures
February-March (ICRISAT Annual
1978/79. pp. 125-126). To test the

hypothesis that low night temperatures increase

rise in
Report
increased

flower abortion, we temperatures

(with transparent plastic enclosures and heating
cables) in the field, from December on during the
day, during the night, or during both day and
night. We raised maximum day temperatures
about 3°C and minimum night temperatures
about 9°C. In G-543, warm days alone had little
effect, but warm nights either alone or in combi-
nation with warm days caused earlier podding
and increased numbers of pods (Table 7). Sim-
ilarly, in Annigeri. warm nights led to earlier
podding, but warm days also had a marked
effect. So, indeed, flower abortion is influenced
by temperature, but further investigations will
be necessary to determine the relative influences
of day and night temperatures and how much the
increased humidity in the plastic enclosures

influenced pod setting.

ICRISAT Center,

markedly affected both pseudoflower produc-

Irrigation. At irrigation
tion and flower abortion. Pseudoflowers aver-
aged twice as many and aborted flowers 10 times
as many on irrigated as on nonirrigated plants,
but with striking differences among cultivars
(Table 8). Some, including ICC-5810. had few
pseudoflowers or aborted flowers even when
irrigated (3.0 and 2.4 per plant, respectively);
others, including Annigeri. had many (32.9 and
22.3 per plant, respectively). Since the infructu-
ous flowers were produced before pod setting
began, podding was delayed in cultivars such as
Annigeri but in cultivars such as ICC-5810 pod-
ding started soon after the plants began to flower
(Fig.3). The differences may have adaptive sig-

nificance, as the effective vegetative phase of

Table 7. Effects of raising the day and/or night temperatures on pod-set in chickpea cultivars Annigeri and G-543

at Hissar, 1981/82.

Annigeri

G-543

Pod no./m?

Date podding Pod no./m? Date podding

Treatment 12 Feb began 4 Mar began

Control 16 12 Feb 12 4 Mar
Warm days 252 18 Jan 113 27 Feb
Warm nights 268 13 Jan 877 17 Feb
Warm days and warm nights 483 8 Jan 966 12 Feb
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Table 8.

nonirrigated conditions on an Alfisol, ICRISAT Center,

Numbers of pseudoflowers and aborted flowers per plant in eight chickpea cultivars under irrigated and

1981/82.

Irrigated Nonirrigated
Cultivar Pseudo flowers Aborted flowers Pseudo (lowers Aborted flowers
K-850 10.8 +4.9 0.7 +0.3 2.9 +0.4 0.4 +0.2
ICC-5810 3.0 +0.4 2.4 +0.8 3.9 +0.5 0.3 +0.2
Caina 15.9 +3.3 5.1 +1.2 5.4 +0.7 2.8 1.1
ICC-8404 28.0 +3.9 7.5 +1.4 11.0 +2.0 1.2 +0.4
ICC-14 13.1 +2.3 10.3 +2.7 10.5 +1.5 1.7 +0.9
ICC-7684 10.5 +2.4 14.4 +2.8 7.0 £1.1 1.1 +0.4
ICC-10445 23.9 +3.8 16.2 +3.5 8.1 +1.3 0.6 +0.2
Annigeri 32.9 +6.9 22.3 +3.5 12.9 +2.1 2.7 +0.7

Annigeri-type cultivars is extended under favor-
able moisture conditions but ICC-5810-type cul-

tivars are affected relatively little.

Effects of Photoperiod

We studied the effects of extended photoperiod

by
plants growing in the field with electric lights all

on growth and development illuminating
night every night from seedling emergence until
the Chick-

peas, flower

reproductive phase began (Fig.4).

quantitative long-day plants,

sooner under extended photoperiods(ICRISAT

Annual Report 1979/80. pp. 79-81). Early cul-
tivars are affected relatively little: this year
Annigeri flowered 3 days earlier at ICRISAT
Center and 8 days earlier at Hissar under an

extended photoperiod. But late cultivars such as
G-130 flowered 30 and 40 days earlier,
ICRISAT Center and Hissar.

respec-

tively, at

Photoperiod affects not only the phenology of
the but their

before they flowered,

plants also morphology. Even
the plants showed strik-
At
the

leaves and were more

ingly different
ICRISAT Center,
late G-130 had

upright and

vegetative growth patterns.
the medium L-550
larger

and

illuminated at
Indeed, the
plants resembled the early Annigeri in both phe-

less branched when

night than under normal conditions.

nology and general appearance (Fig.5).

Figure 3.

Irrigating chickpeas increasing both pseudo
and aborted flowers but at widely different rates in
different varieties. Annigeri, for example, produced
33 pseudo and 22 aborted flowers per plant, while
ICC-5810 produced only 3 and 2, respectively. Shad-

ing also increases pseudo and aborted flowers.
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Figure 5. In each photo, chickpeas on the left were

exposed to 24-hour days; those on the right to natural
daylengths. L-550, a medium-maturing variety, and
G-130, a late maturity one, produced larger leaves,
grew more upright, and branched less under 24-hour
days than under natural light, so they resemhled
Annigeri, the standard chickpea.

Under 24-hour days, G-130 flowered from 30 to 40

early-maturity

days earlier than under natural days. Annigeri out-

yielded the others.
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Figure 4. Chickpea under electric lights that extended daylength to 24 hours at ICRISAT Center matured earlier

but tended to yield less than those under natural daylengths.

Under normal day lengths, Annigeri matured
sooner than, and significantly outyielded, the
other cultivars (Table 9). With extended pho-
toperiod, all three cultivars matured more or less
simultaneously, but Annigeri still gave the high-
est yield, which indicated that its superiority
over the later cultivars depends on its growth
duration being close to optimum and on other

physiological factors.

Biological Nitrogen Fixation

Rhizobium Collection
The collection, now maintained in freeze-dried
ampoules, has continued to be a source of strains

for research workers in India and overseas.

Surveys

Poor nodulation in farmers' fields as indicated in
our previous nodulation surveys (ICRISAT
Annual Report 1975/76, p. 139) may stem from
several factors such as insufficient soil moisture,
high or low temperature, or absence of, or poor

performance by, Rhizobium. We extended the

technique of counting chickpea rhizobia (ICRI-
SAT Annual Report 1977/78, pp. 17-18 and p.
134) to farmers' field surveys in January and
February 1982. Five of 18 farmers' fields in
Gwalior district and 9 of 18 in more traditional
growing areas between the Rajasthan canal and
Hissar had low populations of chickpea rhizo-
bia. Correlations between nodule number per
plant and soil Rhizobium population were not
statistically significant but poor nodulation was
always associated with low rhizobial popula-
tions, so soil Rhizobium population counts may

be useful in assessing inoculation needs.

Strain Evaluation
and Success of Inoculation

Past experience at ICRISAT indicates that plant
growth and yield responses to Rhizobium inocu-
lation are minimal in soils containing high popu-
lations of chickpea rhizobia (> 10° rhizobia per g
soil). To differentiate effects of inoculation treat-
ments on plant growth, we conducted strain test-
ing experiments in 1981/82 at ICRISAT Center
on Alfisols that were free of chickpea rhizobia
and low in soil N. But the experiments revealed
problems not previously observed where natural

populations had masked inoculant effects.
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Table 9. Effects of 24-hr photoperiod on flowering, maturity, and yield of three chickpea cultivars, ICRISAT

Center, 1981/82.

Days to 50% flowering Days to maturity Yield (kg/ha)
Cultivar Control 24-hr day Control 24-hr day Control 24-hr day
Annigeri 33 87 75 1860 1420
L-550 52 95 72 1030 1090
G-130 66 102 75 1130 1010
SE within cultivars +0.3 +0.3 +71
SE within treatments +0.4 +0.9 +65

In an experiment conducted as part of AIC-
PIP, K-850 produced greater nodule mass and
seed yields than Annigeri or BDN-9-3 (Table
10). The three inoculants used (H-45, F-75, and
IC-76) each increased nodule mass and seed

yield. H-45 produced the greatest increase in

nodule mass; IC-76, the least. Strain x cultivar
interactions were not significant. Other nodula-
tion characteristics responded similarly to
nodule mass.

At 20 days after sowing, however, nodulation

was poor even with the best strain. The coats of

Table 10. Nodulation (74 days) and seed yield of three chickpea varieties inoculated with three Rhizobium strains,

ICRISAT Center, 1981/82.

Rhizobium strains Annigeri BDN-9-3 K-850 Mean
Nodule dry weight mg/plant
IC-76 40 28 69 46
H-45 77 92 127 98
F-75 48 77 106 77
SE +15.5 +8.9
Mean 55 66 10!
SE +8.9
Noninoculated 2 6 0
Urea (150 kg N/ha) 0 0 2
Seed yield (kg/ha)
IC-76 1240 900 1160 1100
H-45 1310 1020 1410 1250
F-75 1030 970 1320 1110
Control 700 640 810 720
Urea 1380 1420 1690 1500
SE 120 69
Mean 1130 990 1280
SE +54




Roots of chickpea plants show nitrogen-forming
nodules (right)  after being treated with an effective
inoculum. Roots on the left from a noninoculated
plant.

germinated seeds carried at least 10* rhizobia per
seed, indicating that nodulation failed because
rhizobia did

Rhizobia apparently moved

not move into the rooting zone.

only after irriga-
tion, which was confirmed later in a glasshouse
pot study. Most chickpeas are grown on residual
moisture in the semi-arid

tropics, so we are

initiating experiments on alternative methods of
applying

Urea at

Rhizobium.

150 kg N/ha significantly increased
yields and seed protein contents over the inocu-
lated and noninoculated treatments (Table 11).

Seed protein content was greater in inoculated

Biological  Nitrogen  Fixation

BDN-9-3
ranked

than in noninoculated plots and in
than or K-850.

similarly in all nitrogen regimes, confirming pre-

in Annigeri Genotypes

vious indications of the absence of genotype x

environment interactions for seed protein

content.

Serological Studies

A study involving a mixed inoculum provided by
NifTAL clearly showed

Rhizobium-free

the dominance of one

strain in soils. Difficulties in
preparing antisera prevented more extensive use
of the which investigated

technique, is being

further.

Effect of Soil Temperature

We varied the soil temperatures for chickpea
plants in pots containing Vertisol soil with high
by immersing the pots
baths of 25°, 30°, 32°, and 35°C for 8

hr/day, beginning 6 days after sowing. Nitroge-

Rhizobium counts in

water
nase activity, nodule number and mass, and top
dry weight declined as increased
(Table 12, Fig.6),
nodulation in chickpeas sown early at ICRISAT
high
temperatures (ICRISAT
1977/78, p. 173).
be mitigated by

temperature

suggesting that the poorer

Center may stem from September soil

Annual Report
High-temperature effects may

irrigation, which has consist-

Table 11. Protein percentages of seeds of three chickpea cultivars in differing nitrogen regimes.
Treatment Annigeri BDN 9-3 K-850 Mean
H-45° 17.2 20.1 18.5 18.6
F-75° 17.5 19.2 17.8 18.2
IC-76° 17.8 20.4 18.1 18.7
Noninoculated 14.5 16.8 15.5 15.6
Urea (150 kg N/ha) 22.6 25.7 23.4 23.9
SE +0.56 +0.33
Mean 17.9 20.4 18.7
SE +0.25
abc. Rhizohium  strains.
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Table 12. Effects of soil temperature on nodulation,

N,-fixation, and plant growth of chickpea.

Temperature Nitrogenase activity Nodule Nodule dry wt Top dry wt
(°C) (M M C;H4/pot per hr) (no./pot) (g/pot) (g/pot)
25 22.7 1480 1.95 21.9
30 11.1 1580 1.55 16.9
32 4.7 1490 1.33 10.4
35 2.2 800 0.83 6.8
SE +1.79 152 +0.163 +0.74
CV (%) 35 23 23 il

ently improved nodulation and yield (ICRISAT
Annual Report 1979/80, p. 83). We plan to start
screening for strains that fix nitrogen at high
temperatures (30° to 35°C).

Screening for Nodulation

To determine the basis of chickpeas' variability,
we will assess nodulation characteristics of plant
progenies showing high and low nodulation in

controlled conditions.

Figure 6. A test with soil temperatures varied from

25° to 35°C for 8 hours daily in a Vertisol with many
nitrogen-forming bacteria indicated that poor nodu-
lation in chickpeas sown early may stem from high
September soil temperatures. Several measures of

growth and vigor declined as temperature increased.

Grain and Food Quality

Cooking Quality

We evaluated dhal samples of 14 desi and 4
kabuli cultivars for cooking time, water absorp-
tion, percentage of solids dispersed, and Instron
force. Desi cultivar cooking times ranged from
22 to 32 min; kabuli's from 22 to 26 min.

Differences (assessed by five panel members)
were small between such organoleptic qualities
as color, taste, flavor, and texture of desi and
kabuli dhal samples (Table 13).

Protein Quality

The analyses of 60 cultivars for total sulfur (leco
sulfur analyzer) and methionine (colorimetric
procedure) showed no significant relationship
between those two constituents, confirming pre-
vious data. Methionine contents (determined by
the rapid colorimetric procedure) of defatted
dhal samples of 1393 accessions ranged from
0.77 to 1.69 with a mean of 1.19 g/16 g N.
The nitrogen accumulation
(T-1-A)
indicated that Annigeri is more efficient in pro-

patterns of low
(Annigeri) and high protein cultivars
tein yield per plant. T-1-A had higher percen-
tages of nitrogen in the root, stem, leaf, and seed
samples than Annigeri, at all stages of growth
except for roots and leaves of Annigeri contain-

ing more nitrogen in the early stages (Fig. 7).
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Table 13. Organoleptic qualities' of dhal from desi and kabuli chickpea cultivars.

General
Cultivar Color Taste Flavor Texture acceptability
Desi
JG-62 1.8 2.2 2.3 2.8 2.3
Annigeri 2.5 2.8 2.6 2.3 2.7
Pant G-114 2.8 2.3 2.8 2.8 2.8
Kabuli
L-550 2.7 2.8 2.6 2.4 2.8
ICCC-24 2.6 2.7 2.6 2.3 2.7
ICCC-25 2.8 2.8 2.5 2.3 2.8
SEt 0.15 0.14 0.14 0.16 0.13
1. Rating scale: 3 = good; 2 = fair; 1 = poor. Means of two replicates, evaluated by five panel members.
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Figure 7. Nitrogen content various tissues of T-1-A and Annigeri chickpeas at indicated stages of growth.



120 Chickpea

Dry-matter accumulation and nitrogen uptake
per plantin T-1-A were considerably higherthan
in Annigeri. Starch accumulation was markedly
higher in seeds of Annigeri but soluble sugars
were higher in T-1-A seeds at all stages of seed
development.
T-1-A.

starch in the seeds of Annigeri appears to be

Annigeri yielded three times as
much as Increased accumulation of
responsible for its decreasing seed protein per-
centage during development, but we found no
evidence that the higher seed protein in T-1-A
stems from mobilizing and translocating more of
its leafnitrogen. Annigeri's protein yield per unit

area is higher than T-1-A's.

We continued to monitor seed protein con-
tents of advanced breeding lines, to ensure that
they do not fall below those ofexisting cultivars.
The protein contents of 1603 samples ranged
from 12.3 to 31.3%.

The seed protein percentages reported for the
germplasm collection are based on seed har-
vested from unreplicated sets in different sea-
sons, so both seasonal and field variations may
distort the data. To assess such distortions, we
grew a replicated trial of germplasm accessions
(considered high or low in seed protein percen-
tage based on single tests in four seasons) and
determined protein contents of the duplicate
seed samples harvested from each plot. Correla-
tions were high (r = 0.90, P <0.01), confirming
the accuracy and repeatability of the estimation.
Although significantly greater than zero, corre-
lations between replicates (r=0.51, P<0.01) and

present and previous determinations (r =0.31, P

-0.01) much which confirms the

importance of environmental effects on seed

were lower,
protein and indicates that we need to review our
methods of evaluating for meaningful, compara-
ble estimates of this and other characteristics.
Progenies of crosses involving T-I-A pro-
duced significant negative correlations between
seed size and protein content. We selected those
combining moderate seed size with high protein
content in F, to F4 generations involving T-1-A
for further testing. None of the progenies of
crosses involving parents other than T-1 -A exhi-

bited high protein content, so all were discarded.

Antinutritional Factors

To study the effects of cooking on protease
inhibitors, we used dhal samples of 16 cultivars,
uncooked and cooked under pressure for 15
minutes, then assayed for trypsin inhibitor and
chymotrypsin inhibitor activity (Table 14). Heat
under pressure destroyed more trypsin inhibitor
than chymotrypsin inhibitor activity, but neither
was completely destroyed during cooking. In
vitro protein digestibility in uncooked samples
ranged from 52.1 to065.1%; and in cooked sam-

ples, from 64.1 to 75.8%.

Pod Borer Susceptible

and Resistant Cultivars

Polyphenols compounds were estimated in

immature and mature seed samples of chickpea

Table 14. Effects of pressure cooking for 15 minutes on trypsin and chymotrypsin inhibitor activities' and in vitro

protein digestibility in dhal samples of 16 chickpea cultivars.

Uncooked Cooked
Constituent Range Mean Range Mean
Trypsin inhibitor activity' 9.6-21.1 15.3 +0.83 0.1- 0.9 0.4 +0.04
Chymotrypsin inhibitor activity' 3.1- 3.5 3.3 +0.03 0.2- 0.6 0.4 +0.02
In vitro protein digestibility (%) 52.1-65.1 58.5 +0.91 64.1-75.8 70.6 +0.65

1. Units inhibited per mg meal.




cultivars ICC-506 and Annigeri, considered
respectively resistant and susceptible, to pod
borer (Heliothis armigera). Mature seeds of
ICC-506 contained more polyphenols com-
pounds than Annigeri, but there were no differ-
ences in immature seeds. High-performance
liquid chromatography and other procedures
revealed no qualitative differences between the

two cultivars.

Plant Improvement

Breeding Methodology

Tests at ICR1SAT Center of Fg families selected
from six crosses (Caina x Ponaflar, JG-221 x
F-404, P-324 x ICCC-5, B-106 x NEC-989, P-
790 x P-1798, F-496 x F-404) advanced by pedi-
gree, bulk, or single-pod descent matured too
late for peninsular India and suffered severe
plant mortality due to wilts and root rots, so we
discontinued the study.

Data were recorded on random plants of Fyu
bulks of single- and three- and four-way crosses
among Annigeri, ICCC-1, ICCC-2, and K-850
to study the variability generated by multiple
crosses. Significant differences among entries
were recorded for all characters; the differences
arose from among, rather than between, groups.
There were alsodifferences within groups in var-
iances, but multiple crosses gave no clearadvan-
tage over single crosses except for yield per
plant, where three-way crosses exhibited the
highest variances. Highest variances for seed size
were in crosses involving K-850, which is much

larger-seeded than the other parents.

F3 bulks and progenies ofcrosses among three
desi (CPS-1, Pant G-1 14, and BG-203) and three
kabuli (C-104, K-4, and P-9800) genotypes were
grown in replicated tests at ICRISAT Center
and Hissar. Wilt and root rots attacked the
ICRISAT Center plots and ascochyta damaged
those at Hissar, so they will be repeated as F,
bulk trials in 1982-83.

Plant  Improvement 121

Off-season Nurseries

At ICRISAT Center, we advanced 155 F,s and
58 F3;/F4 bulks from different projects. At Tap-
perwaripora, we sowed 849 F4s, which included:
1) diallel and line x tester series of crosses ofdesi
and kabuli and plant type projects, 2) materials
for early- and late-planting projects and inherit-
ance studies, and 3) crosses to incorporate wilt,
stunt, ascochyta, and Heliothis resistance into
improved backgrounds. We also multiplied 288

Fs; progenies and 197 F, to Fs bulks.

Breeding Desi Types

Using line x tester sets between established and
new cultivars and diallel sets of new cultivars, we
made 316 crosses involving established and new
short- and long-duration desi cultivars.

More than 8000 populations and progenies
were evaluated at ICRISAT Center and Hissar
(Table 15). F4 and F, tests of line x tester sets at
ICRISAT Center confirmed previous indica-
tions that genetic variation in chickpea is pre-
dominantly additive except for such
characteristics as number of primary branches,
pods, seeds, and seed yield per plant, for which
additive and nonadditive effects are important.

Sixty-one F;s and 129 F3s in the short- and
medium-duration categories were evaluated in
replicated trials at ICRISAT Center and Gwal-
ior, and 61 F;s and 166 F3s ofthe long-duration
group at Gwalior and Hissar. Three F, and five
F; populations gave numerically higher seed
yields than the control. Other populations' seed
yields were either similar to or lower than the
controls. Ascochyta blight at Hissar, and soil
variation at Gwalior prevented meaningful ana-
lyses. The best entries were advanced for further
testing and selection in 1982/83.

Progenies with sufficient seed were evaluated
in two plantings. At ICRISAT Center, one
planting was under insecticide-free conditions;
at Hissar, to vary the environments, the two
plantings were on different dates. More than
6300 single plants at ICRISAT Center and 1691
at Hissar were selected from the F4 and more

advanced generations for evaluation in progeny
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Table 15. Numbers of desi populations and progenies grown at ICRISAT Center and Hissar, 1981/82.

ICRISAT Center

Hissar Total

Generation 1st planting 2nd planting

1st planting 2nd planting

1st planting 2nd planting

Fi 158 -
F, 61 -
Fa 127 -
F, 70 -
Fs 3315 2364
Foe 1760 1556
Fz 215 195
Fg 53 53
Fo - -

Total 5759 4168

44 - 202 -
156 - 217 -
166 - 293 -
236° - 306 -
991 573 4306 2937
493 271 2253 1827
142 125 357 320

68 68 121 121
59 59 59 59
2355 1096 8114 5264

a. Includes 144 progenies and 92 populations.

rows; 277 progenies were bulked for interna-
tional nurseries and trials next season.

Two preliminary trials of short-duration
materials (including introductions from other
centers, germplasm selections, and advanced
breeding material) were conducted at ICRISAT
Center, and two of long duration entries at His-
sar. Ascochyta blight destroyed the trials at His-
sar. At ICRISAT Center, stands were variable
due to wilt and salinity. Germplasm and lines
from other centers yielded more than the con-
10 derivatives of

trol. Among interspecific

crosses, 3 lines were as early flowering as
Annigeri, and gave similar yields. They will be

tested further next season.

Breeding Kabuli Types

Kabuli materials, evaluated at Hissarand Gwal-
ior, were so badly damaged by ascochyta blight
at Hissar that yield data were not analyzable.
We made 25 crosses involving at least one
kabuli parent, evaluated in replicated tests F,
and Fj3 line x tester sets of crosses made the two
previous seasons, and advanced 92 for further
tests in 1982/83. Of more than 1200 F; and more
bulks and

selected nearly 600 plantsand bulked 28 rows for

advanced progenies grown, we

replicated tests next season. We also evaluated

134 lines in replicated trials and selected the best

for further tests.

Extending Adaptation
of Chickpea

Early sowing. Screening ofgenotypes forearly
sowing in peninsular India continued at ICRI-
SAT Center.

A diallel set of crosses was made among seven
lines that had performed consistently well under
early-sown conditions in previous seasons; they
and five other lines were crossed onto three sour-
ces of wilt and root-rot resistance.

We also advanced 19 F; and 27 F, populations
of earlier crosses, sowed 248 new germplasm
lines early in replicated trials, and repeated our
of the identified

under normal and early-sown conditions.

comparison previously lines

The sowing, in mid-September, was followed
by 7 days of heavy rain that caused seed rotting
much that the
experiments were discontinued; the trials will be

repeated in 1982/83.

and depressed emergence so

High-input and late-sown conditions in north-
ern India. The search forlines adapted to high-

input situations and late sowing in northern



India continued at Hissar but severe damage
from ascochyta blight prevented meaningful

conclusions. The tests will be repeated.

Plant Type

Tall, erect habit.

potential continued in populations involving tall

Selecting for improved yield

types, which offer advantages for mechanical
cultivation.

We made 69 crosses between 8 tall and 9 new
desi and kabuli cultivars. At ICRISAT Center,
replicated tests ofthe F;y 9 x 5 line x testerand 6 x

6 diallel sets made the previous season were con-

Traditionally, short

chickpeas (foreground) are known
(background), known to he

traits and to improve yields.

he high yielding.
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ducted; the data indicated that variation was
predominantly additive except for plant height.
In the line x tester, K-56567 was a good general
combiner for plant height; ICCC-13, for pod
number and seed yield. The Hissar trial provided
no data because of ascochyta blight.

Sixty-five F, populations and 1116 F3; to Fg
progenies from previous crosses suffered poor
emergence due to poor seedbed preparation so
selections, which will be grown as progeny rows
(1082) in 1982/83, were confined to single plants.

At Hissar, we grew replicated tests of line x
tester and diallel set Fys; 69 F, populations; 1132
F; to Fg progenies; and a replicated trial of 25

ICRISAT scientists study tall chickpeas

useful for ~mechanical harvesting and closer planting, to exploit their physiological
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Our work on selection to combine double-podded and

multiseeded characters in chickpea continued, at both
ICRISAT Center and  Hissar. Seeds per pod are
counted in pod samples harvested, and progenies  with

most seeds per pod advanced further.

tall, advanced lines. Analyzable data were not
obtained owing to ascochyta blight, but the best
lines and single plants were advanced for further
tests in 1982/83.

Double-podded and multiseeded types. Selec-
tion to combine the double-podded and multi-
seeded characters continued. We made 38
three-way crosses of multiseeded and double-
podded Fis and 13 multiseeded F4s onto short-
and long-duration desi cultivars to introduce the
characters into adapted backgrounds.

The replicated trials of F4y and F, generations
of a 6 x 6 diallel cross among multiseeded lines
and the F; generation of a multiseeded (6) x
double-podded (5) line x tester set were grown at
ICRISAT Center and Hissar. High plant mor-
tality, caused by wilt at ICRISAT Center and
ascochyta blight at Hissar, resulted in variable,
poor stands, and nonvalid data in both trials.
The replicated trial of F, generation of 6 x 6
diallel will be repeated at both locations in
1982/83.

At ICRISAT Center, 47 F, populations were
grown and 1083 individual plants selected. We
also evaluated 1955 F; and F, progenies; those

with the most seeds per pod will be further tested
in 1982/83.

At Hissar, we selected single plants in 53 F,
and 22 F; bulks of an earlier line x tester set, and
grew 1063 F; and F, progenies and harvested
pod samples from each to count seeds per pod.
Those with the most seeds per pod will be

advanced for further testing and selection.

Inheritance Studies

Parents, F4s, and F, populations of five crosses
to study the inheritance of susceptibility to iron
chlorosis were grown at ICRISAT Center. The
normal parents (Annigeri, K-850, G-130, H-208,
and BDN-9-3) and the F4s were all normal and
the chlorotic parent (NP-62) showed chlorosis.
Although the numbers of normal and chlorotic
plants in three of the F,s and overall were con-
sistent with the segregation of a single gene with
susceptibility recessive, the cross with H-208
gave a large excess of chlorotic plants and that
with BDN-9-3, an excess of normals (Table 16).
F,s and F3 progenies will be examined further in
1982/83.

Segregation of normal and pedicel mutant
individuals in F, populations indicated that the
character's inheritance is controlled by a single

recessive gene.

Table 16. Numbers of normal and chlorotic plants.
chi-square values, and probabilities of goodness of fit
to a 3:1 ratio in F,s of chickpea crosses (NP-62 x

normal parents).

Plants (no.)

Cross Normal Chlorotic X2 P
NP-62xAnnigeri 173 41 3.61 0.1-0.05
NP-62 x K-850 133 37 0.79 0.3-0.5
NP-62 x G-130 47 23 2.87 0.1-0.05
NP-62 x H-208 155 89 17.13 <0.01
NP-62 x BDN-9-3 159 35 5.35 <0.05
Total 667 225 0.05 0.7-0.9
Heterogeneity 23.40 <0.01




Cooperative Activities

Materials distributed to cooperators and con-
tacts with other programs continued to increase.
In developing our policy to tailor materials to
specific situations, we distributed populations
segregating for ascochyta blight resistance to
Pakistan and to Punjab, India, and separated
the early generation bulk tests into short- and

long-duration materials.

International Trials and Nurseries

We distributed 138 sets of trials and nurseries to
46 cooperators in 16 countries (Table 17).

Trials of the long duration group were in areas
where ascochyta blight was more or less epi-
demic. Except for identifying a few entries with
some resistance, we got analyzable data from
only three locations.

In the short duration group, among the F;
populations several yielded similar to or better
than local controls ateach site. Eleven ofthe best

and the poorest were selected for 1982/83 F;
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trials in short-and medium-duration categories.
Correlations between performances of the Fj
and F»
1981/82 again were poor, confirming the need to

populations of the same crosses in

test in more than one season. All were carried
forward for single-plant selection at ICRISAT
Center next season.

In ICSN-DS, yields of entries at each site were
similar to or better than the controls. Overall
ICCL-81243 from a cross of C-235 and JG-221
was highest yielding. The best nine entries in the
short- and medium-duration groups will be
repeated in ICSNs next season. Four ofthe best
performers during the last 2 years, including
ICCL-80074, have been submitted for coordi-
nated trials. The results of ICCT-DS received to
date indicate the highest yield for ICCL-78055
followed by BDN-9-3 and ICCC-8.

A series of adaptation trials was grown forthe
ICARDA.

They included a range of desi and kabuli geno-

first season, in cooperation with

types of wide geographical origin, which,incon-
junction with environmental analysis, will help

us interpret variation in yield and refine our

Table 17. International chickpea trials and nurseries distributed by ICRISAT in 1981/82.

Trial/Nursery

Country F3sMLT-DS F,MLT-DL F3sMLT-DS F3sMLT-DL.  ICSN-DS ICSN-DL. ICCT-DS ICCT-DL. CAT PTPMT  Total
Bangladesh 1 1 4 2 4 12
Bulgaria 1 1
Burma 1 1 2
Canada 1 1
China 1 1
Ethiopia 1 1 1 1 1 1 6
Ghana 2 2
Honduras 1 1 1
India 6 6 8 11 16 14 5 9 8 4 87
Kenya 1 1
Lesotho 1 1 2
Mexico 1 1
Nepal 2 2
Pakistan 3 3 4 4 14
Tanzania 1 1
Zambia 2 2
Total 8 9 11 15 25 f9 14 18 11 8 138
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selection and testing strategy. Eight sets were
grown in Indiaand complete data obtained from
four of them. Even this limited set emphasizes
environmental effects on performance and
diverse reactions ofthe few genotypes tested. All
the data will be included in our international

nurseries report.

International Disease Nursery

The 60 entries in International Chickpea Root
Rots/Wilt Nursery (ICRRWN) for 1980/81—
originating in four countries and ICRISAT
Center—were sent to 34 locations in 18 coun-
tries. Data were returned from 21 locations in 9
countries. Detailed results of this nursery are
available separately (Pulse Pathology Progress
Report No. 19). Two entries (ICC-267 and -
11551) performed well across 13 locations; three
entries (ICC-858, -9023, and -9032) across 12
locations; and six (ICC-2858, -2862, -6494, -
10803, -11088, and -11550) across 11 locations.
All other entries did well across several

locations.

Distribution of Breeders' Material

In addition to the trial and nursery sets, we
supplied 2889 parental lines and segregating
materials to centers in India and other countries.

Cooperation with ICARDA

An ICRISAT staff position, created for a chick-
pea pathologist at ICARDA, was filled in
September.

Surveys indicated that the leaf miner, Lirio-
myza cicerina, was, as usual, widespread in most
fanners' fields in Syria. We continued attempts
to quantify yield losses it causes. Heliothis spp.
were again of minor importance in northern
Syria but in southern Syria they seriously dam-
aged crops, and several farmers used pesticides
Heliothis

viriplaca were found on chickpea in roughly

on the crop. Heliothis armigera and
equal numbers. The latter entered pupal dia-
pause in April and May and emerged the next

spring. In Tunisia, Algeria, and Morocco leaf

miner damage was common and severe enough
to reduce yields in some areas. Heliothis spp.
were rare on chickpea during our visit but the
national scientists said that those pests are
extremely damaging in some areas and years.

Around 5000 desi germplasm accessions and
25 F,s ofcrosses between ascochyta blight resist-
ant desi types and north Indian desi and kabuli
cultivars were screened in an ascochyta blight
nursery at Tel Hadya. Under the extreme disease
conditions that occurred, pod damage was high
so only a few germplasm accessions, and no F;
populations, were rated resistant.

We provided 101 advanced kabuli lines to
assess the potential of northern Indian materials
for winter sowing. Growth was affected by unus-
ually low temperatures and dry conditions in
March and April, and most of the genotypes
showed symptoms of iron chlorosis but a few
yielded more than the local controls, indicating
some potential of northern Indian material for
winter sowing in the Mediterranean region.

See the "International Cooperation" section
of this annual report for a fuller review ofcoop-
erative work with ICARDA.

Cooperation with AICPIP

We screened germplasm lines and breeding
materials from scientists of All India Coordi-
nated Pulses Improvement Project (AICPIP)
for resistance to fusarium wilt and other soil-
borne diseases, and communicated the results to
the scientists.

Five new entries were contributed to the Gram
Initial Evaluation Trial (ICCC-27, -28, -29, -30,
and -31). ICCC-22 and 1CCC-23 were promoted
to Gram Coordinated Varietal Trials in different
zones, and ICCC-4 and ICCC-13 were retained
in peninsular and central India for the 4th year.
ICCC-4 also was included in demonstration
plots in Rajasthan, Madhya Pradesh, and Guja-
rat. And it has been proposed for mini-kit trials
in those areas in 1982/83. One set each of the
gram coordinated trials was grown at ICRISAT
Center.

Two new kabuli lines, ICCC-32and ICCC-33,

were contributed to the Kabuli Coordinated



Variety Trials and ICCC-25 and ICCC-26 were
continued for the 2nd year.

We have submitted four new desi lines and one
new kabuli line to the <coordinated trials
1982/83.

Looking Ahead

Sources of resistance to important fungal dis-
eases and pests have been identified and are now
being bred into improved genetic backgrounds.
Emphasis will be accorded to resistance to asco-
chyta blight and botrytis gray mold, the most
damaging diseases of chickpea the past two sea-
sons in the main growing areas.

We are recombining Heliothis-resistant sour-
ces to increase existing resistance to this pest. It
becomes increasingly clear that viruses cause
heavy crop losses and merit increased attention.

Physiological studies of the effects of pho-
toperiod and temperature on flowering and pod
set and genotypic responses to late sowing are in
progress. We hope to develop husbandry practi-
ces and genotypes capable of higher and more
stable yields, which are vital if chickpea is to
compete with wheat in irrigated situations in
northern India. The search also continues for
genotypes that germinate with limited seedbed
moisture and are tolerant to drought stress and
salinity. Effective Rhizobium strains are being
evaluated for competitive ability, and inocula-

tion methods are being studied.

Increasing knowledge of constraints to pro-
duction is assisting in assembling the disease and
pest resistance and physiological and microbio-
logical characteristics necessary for higher and
more stable yields in specific environmental

situations.
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PIGEONPEA

During 1982 the Pigeonpea Improvement Pro-
gram continued to develop cultivars, lines, and
broad-based populations of early-, medium-,
and late-maturing pigeonpeas that can provide
higher and more stable yields in the SAT. This
report covers the data collected in 1982, most of
them from crops planted in 1981. Early-maturity
pigeonpeas, normally planted in June or July,
are usually harvested before 30 November, so
results from them are included. But medium-
and late-maturity pigeonpeas planted at the
same time as early-maturity ones usually are
harvested late in February and April, respec-
tively, so results for their 1982 plantings are not
available for the 1982 annual report.

Our major activities were concentrated atfour
locations: (1) ICRISAT Center at Patancheru
(18°N; 760 mm rainfall), with emphasis on
medium-maturity types for intercropping with
major cereals in central and peninsular India; (2)
Hissar station (29°N; 350 mm rainfall), on early-
maturity types as sole crop with limited irriga-
tion in pigeonpea-wheat rotations, a new
cropping system of northwestern India; (3)
Gwalior station (26°N; 900 mm rainfall), on late-
maturity types for intercropping in northeastern
India; and (4), through contract research, at the
University of Queensland, Brisbane, Australia,
(27°S;

season pigeonpeas and mechanized production

1092 mm rainfall), to develop short-

systems for extensive rainfed agriculture. After
five productive years, the contract with the Uni-
versity of Queensland is being completed this

year, but we expect our close collaboration to

continue.
Rainfall in northwestern India during 1982
was less than normal. Our crop at Hissar

required one irrigation and apparently drew
moisture from the water table, which is around
2-m deep. Except for some pod borers on the
earliest pods, insects and diseases did little dam-

age at Hissar.

In 1981 the rainy season generally ceasing
early in central and peninsular India caused dis-
appointing yields at ICRISAT Center. Again
pod borer attacks on the rainy-season, medium-
maturity pigeonpea crop were heavy and podfly
attacks were moderate.

In much of the northeastern region, flooding
from heavy early rains led to poor crop establish-
ment and heavy phytophthora blight attacks on
the early-seeded crop. Atour Gwalior station the
rainy season ceased extremely early, though late
rains helped the crop recover partially—but with
highly variable yields. Sterility mosaic, wilt, and
podfly continued to take heavy tolls on pigeon-
pea yields in that region.

Diseases

Surveys

Roving surveys we have made since 1974 in India
and four African countries (Kenya, Malawi,
Tanzania, and Zambia) indicate that sterility
mosaic is the most important pigeonpea disease
in India followed by wilt (Figs. 1 and 2), whilein
three of the four African countries, wilt is the
most important (Table 1); our economists esti-
mate sterility mosaic and wilt losses in India at
U.S. $113 million annually. In Africa wilt dis-
ease has been estimated to cause annual losses
exceeding U.S.$5 million.

Wilt

We continued efforts to identify sources of wilt
resistance and to use them in the breeding
program.

Screening for resistance. Ten of 12 promising
early-maturity progenies with less than 20% wilt

last year had lessthan 10% this year. Eighty ofan
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additional 184 early-maturity pigeonpea pro- plasm in two previous seasons gave 71 selections
genies or lines we screened had less than 20% with wilt resistance; 13 of them have been
wilt, and 474 of2736 new germplasm accessions included in the 1982/83 ICAR-ICRISAT Uni-
screened had some resistance. Screening the 157 form Trial for Pigeonpea Wilt Resistance
progenies of resistant plants selected fromgerm- (I1TUTPWR). Seventy-two late-maturity promis-

=07
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10.1 to 20%
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Figure 1. Average incidence (%) of pigeonpea sterility mosaic disease in India, based on ICRISAT surveys,
197580.



ing lines were screened, and 56 showed wilt
resistance.

We also screened for resistance to wilt, our
accessions that resist sterility mosaic, phytoph-
Of the 49
sterility mosaic resistant accessions screened, 12

thora blight, or Heliothis pod borer.
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had some resistance to wilt. Screening the 52

progenies from wilt-resistant plants selected
from sterility mosaic resistant lines during the
two previous years gave 33 resistantto wilt. Only

2 of 21 blight-resistant accessions tested, resisted

wilt; 17 of 45 accessions with promising resist-

Pradesh

A 0.1 o 5%
10.1 to 20%
— Above 20%
E:] Not surveyed

Figure 2. Average incidence (%) of pigeonpea wilt disease in India, based on ICRISAT surveys, 1975-80.
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ance to Heliothis pod borer also were promising
against wilt.

A large amount of breeding material, includ-
ing F3 to Fg progenies, F3 bulks, early-, medium-
and late-maturity advanced materials that had
earlier shown some resistance to wilt and elite
breeding lines and vegetable types, were
screened in the wilt-sick plot. Promising mate-

rials were advanced for further testing.

Influence of crop rotation and intercropping. In
cooperation with ICRISAT's cropping-systems
scientists, we began a 4-year study of crop rota-

tion and intercropping with pigeonpea in the

1978/79 season. In 1981, the 3rd year, pigeonpea
intercropped with sorghum had 20.6% wilt in
contrast to 63.7% in the continuous sole pigeon-
pea crop (ICP-6997). But intercropping pigeon-
pea and maize did not reduce wilt. Sorghum, in a
2-year break between pigeonpea crops, reduced

wilt to 10.9% in pigeonpea the 3rd year.

Sterility Mosaic

Causal agent. Our efforts to establish the cau-
sal agent of sterility mosaic disease continued.
We tried several extraction media and purifica-

tion procedures to isolate the causal agent.

Table 1. Major pigeonpea disease problems in East African countries in order of severity and frequency.1

Approximate

Distance pigeonpea
traveled Locations area in the
by road examined country
Country (km) (no.) (ha) Diseases
Kenya 1500 25 100000 Wilt?
Cercospora leaf spot2
Powdery mildew
Grey mildew
A mosaic
A root tumor (gall)
Malawi 1000 20 50000 wilt? °
Cercospora leaf spot? ®
Powdery mildew?®
Root-knot
Phoma stem canker?®
Tanzania 600 13 35000 Wilt?
Powdery mildew?
Cercospora leaf spot
Grey mildew?
Rust?®
Macrophomina stem canker?
Zambia 500 6 Not known Powdery mildew? 3

Cercospora leaf spot

Phoma stem canker?®

1. Bated on visits in 1980.

2. Diseases considered to merit top research priority in the countries indicated.

3. Although reported previously in other countries, these diseases are reported for the first time in the countries indicated.




Twice we obtained thin flcxuous rod-shaped and
rhabdo-type virus-like particles; however, we
did not observe such particles in thin sections
from sterility mosaic affected leaves. Our efforts
to locate a local lesion host, and to establish the
cause, will continue.

Biology of the vector. Aceria cajani (Channa-
basavanna) (=Eriophyes cajani), an eriophyid
mite, is a vector of the causal agent of sterility
mosaic of pigeonpea. After having our research
technician trained in the U.S. Department of
Agriculture's Boyden Entomology Laboratory
at the University of California, Riverside, in
handling and rearing eriophyid mites, we
initiated work to develop a causal-agent-free
mite colony, to help us better understand the
mosaic disease

mechanism of sterility

transmission.

We continued studies on the spread of the
disease under field conditions. The mites, carried
by wind, spread the disease at least 1000 m with
the wind, 200 m against the wind, up to 400 m
north, and up to 300 m south. We shall deter-
mine if the mites can spread the disease up to
2000 m with the wind.
Screening for resistance. This year we used the
infector-hedge technique developed last year,
starting with four rows of the susceptible cul-
tivar, NP(WR)-15, planted 15 December 1980,
across the wind direction. Plants in the fourrows
were staple-inoculated and mites allowed to
multiply. By mid-June, the normal planting
time, the four rows had developed into a hedge
with 34% sterility mosaic infection and a plenti-
ful mite population. The disease spread (in a
2-ha screening nursery, monitored with BDN 1
susceptible indicators) was excellent. Infection
on BDN 1 rows averaged 99.8%, ranging from
99.5 to 100%.

We screened 224 progenies selected from 81
segregating germplasm accessions since
1976/77, and identified 34 resistant accessions.
In addition, we screened 201 progenies selected
from segregating germplasm accessions during
1980/81, and found 24 progenies resistant. Of

six dwarf lines screened, our selection, 73081-16
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D3 -3@-B®-90-B8and 20 (105) from Berhampore
showed <10% infection. We purified two early-
maturing lines for resistance by selecting and
rescreening resistant plants from segregating
lines. None ofthe 13 lines screened havingresist-
ance to Heliothis was resistant to sterility mo-
saic, although two 1980/81 selections,
ICP-3615-E1-3EB and ICP-8130-E1-2EB,
showed <10% infection. Of 34 entries in the four
All India Coordinated Varietal Trials (EACT,
ACT-1, ACT-2, and ACT-3) only one entry,
MA-97, showed <10% infection.

The large amount of breeding material
screened this year included early-maturity mate-
rial from Hissar, 113 progenies selected from
different crosses, 57 resistant and 230 tolerant F3
progenies selected from 1980/81 F, bulks, 41
resistant and 9 tolerant F; bulks, 20 progenies of
the cross C 11 x ICP-6997 included in the yield
nursery, and 33 advanced lines included in the
two yield tests. Of 185 early-maturity Hissar
lines,only one,74205-|-104-||-Be-H1-HB-HB,
was resistant. Six ofthe 57 F3; progenies screened
were resistant; they, along with 22 other proge-
nies selected for resistance, will be yield tested
next year. Of the 230 tolerant progenies
screened, 67 were uniformly tolerant. Among
113 promising progenies selected from different
crosses, 12 progenies—in addition to being res-
istant or tolerant—yielded more than 2000
kg/ha.

The 387 germplasm accessions, identified at
ICRISAT Center as resistant or tolerant to ste-
rility mosaic, were tested forreactions to sterility
mosaic at Bangalore in collaboration with a
scientist of the University of Agricultural Scien-
ces. All the accessions tested except eight were
susceptible, which indicates that a different
strain of the causal agent or vector existed at
Bangalore. We are investigating the reason for

this difference in reaction.

Influence of intercropping. The influence ofa
sorghum intercrop on sterility mosaic incidence
was studied in an experimentin the sterility mo-
saic nursery. Disease incidence was slightly
higher in intercropped than in sole crop pigeon-

pea up to 75 days after planting (DAP). At 90
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Table 2.
sorghum at ICRISAT Center, rainy season 1981.

Sterility mosaic incidence and weather factors in sole pigeonpea and pigeonpea intercropped with

Disease incidence (%) at indi-

. 1 Wind Relative
. cated days after planting o o 2

Cropping Velocity humidity Temperature
pattern 30 55 75 90 125 (km/h) (%) (°c)
Sole pigeonpea 2.3 32.5 48.7 96.7 98.0 5.6 71.7 24.3
Intercropped?®

pigeonpea 3.5 36.1 60.5 96.9 98.3 3.3 72.7 23.7

SE+ 0.5 0.6 6.8 0.4 0.6

CV(%) 33.0 3.7 24.7 0.9 1.2
1. Average of four replications.
2. Recorded five times during the day 50 days after planting.

3. One row pigeonpea cultivar BDN 1

to 2 rows sorghum CSH-6.

later there was no difference. At 50
the

sole

DAP and
DAP,
cropped

lower in inter-

the

wind velocity was

pigeonpea than in crop,

although relative humidity and temperatures
were similar in both (Table 2). The reduced wind
in the intercrop permitted better spread of the

mite vector, as we previously observed.

Phytophthora Blight

Epidemiology. Many overcast, rainy days dur-

ing the 1981 rainy season encouraged severe
blight development in the multiple disease
nursery. We observed about 50% blight inci-

dence even in lines such as ICP-2376 and BDN 1,
A
identified as

which
Phytophthora sp. was
P. sp.

and pathogenicity tests on known P2 resistant

resist the P2 isolate of phytophthora.
isolated and
Cultural characters

drechsleri f. cajani.

lines show this new isolate is
P3

All the lines resistant to isolate

and susceptible

similar to isolate (isolate from Kanpur,
northern India).
P2 were susceptible to the isolate P3. IsolateP3
We

rainy season

in northern India.
the 1981

another isolate from Mhali (Amgaon) in Maha-

appears to be common
also identified during
rashtra, India that seems to be similar to the P3
isolate. Our observations so far indicate that the
P3 type

isolate in India, so we are shifting the priority in

is more widely prevalent than the P2

our phytophthora program to identify sources of

resistance to isolate P3.

Screening for resistance. We screened 476 new

germplasm accessions against the P2 isolate and

found 14 resistant. The breeding material
screened this year included 22 selected lines, 184
early-maturity lines from Hissar, and 188 late-
maturity lines from Gwalior. We identified

Dwarf-4, BDN 1

progeny from cross number 74360, 40 Hissar

(Akola), several lines from a

lines, and 37 Gwalior lines as resistant to the P2

isolate. Using germplasm accessions and elite

lines found resistant to other diseases, we

initiated systematic screening against the P3 iso-
161 elite, and 184

early-maturity lines from Hissar screened, none

late. But of 2000 germplasm,

was resistant.

Fungicidal control. We continued studying the
efficacy of metalaxyl for controlling blight in the
field. Metalaxyl (Ridomil®) at 1.75 g a.i./kg
seed, which had been effective in greenhouse

tests, failed to control the blight in a preliminary

field test in the 1979/80 season, so we tried
higher rates in our 1980/81 and 1981/82 field
tests. During 1980/81 metalaxyl, even at 10 g

a.i./kg seed, provided no control in the Alfisol
blight) in the
But in 1981/82 control was good
blight at 30
days after planting using 7 g a.i./kg seed com-
pared with 49% blight plots. By 60
days though, no treatment controlled the dis-

lack of persistance in pigeon-

and only moderate control (25%
Vertisol field.

in our Alfisol field with only 10%

in control

ease. Metalaxyl's



pea plants under field conditions makes it
ineffective in controlling phytophthora blight of
pigeonpea.

Multiple Disease Resistance

We continued screening breeding material for
combined resistance to all three diseases (wilt,
sterility mosaic, and phytophthora blight-P2
isolate) in our multiple disease nursery.

Of the 31 germplasm selections screened, only
two, 1CP-5097 and -8094, had less than 20% wilt,
sterility mosaic, and blight. And of 76 progenies
from crosses 73076, 74332, 74360, 74363, and
76009 screened, only one (from cross 74360)
seemed to resist all three diseases. The 111 pro-
genies from cross 74360, which resisted wilt and
sterility mosaic and were tolerant to blight dur-
ing the 1980/81 season, were screened, and only
7 showed low disease incidence for all three dis-
eases. None of the nine F,, F3, F4, and Fs bulks
contained

plants with promising multiple-

disease resistance. AIll 37 progenies from the
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three BDN 1 backcrosses screened were suscepti-
ble to wilt.

Thus, of 306 breeding lines screened, only 10
showed low multiple-disease incidence, but 331
plants with multiple-disease resistance were
selected from 103 breeding lines for rescreening

next year in the multiple-disease nursery.

Potentially Serious Diseases

In addition to the three diseases already menti-
oned, which are the most important in India,
four others have destructive potential, particu-
larly in the postrainy-season pigeonpea crop,
which is gaining wide acceptance by Indian
farmers. The four are alternaria blight {Alterna-
ria tenuissima, Fig.3), powdery mildew (Oidiop-

sis taurica), sclerotium blight (Sclerotium

rolfsii), and yellow mosaic, a whitefly-
transmitted virus disease. To identify sources of
resistance that breeders may use, we are develop-
ing simple techniques to screen for resistance to

these diseases.

Figure 3. The value of having a resistant or tolerant variety of pigeonpea when alternaria blight strikes is shown by

these contrasting plots in the postrainy season at Varanasi, India. The susceptible variety on the left was severely

defoliated by the blight, while the tolerant variety seemed unharmed.
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Insect Pests several months and allows this insect to build up.

But on most farmers' fields, it was rare.
Surveys One of our entomologists who visited the

pigeonpea-growing areas of Kenya and Malawi
Although our extensive survey of insect pests of observed substantial pest damage in most of the
pigeonpea throughout India was completed in fields he surveyed there. The pod borers Helio-
1981, we continue to monitor the pests and their this armigera and Maruca testulalis were gener-
damage at selected sites. In the 1981/82 season, ally the most damaging but the sucking bugs
Heliothis armigera caused substantial losses to Clavigralla spp. and Nezara viridula were also
farmers' crops, particularly in central and south important. A podfly, Melanagromyza  chalco-
India. The podfly, Melanagromyza obtusa, soma, was common in some areas. Although
damaged fields in many areas, particularly in the insecticides were used to protect the pigeonpea
late-maturing pigeonpea crops in central and crops on research stations, few farmers used
northern India. Of the many minor pests, ajas- insecticides. In most areas pigeonpea was inter-
sid, Empoasca kerri was unusually common cropped with maize.

during the crop's vegetative stage in northern

India. The hymenopteran pest Tanaostigmodes

) Heliothis armigera
sp. was common and damaging on several ofthe

research stations, where a mixture ofcultivars of Populations. Our surveys have shown that

differing maturities ensures a supply of pods for Heliothis armigera is the most damaging pest of

Sampling pigeonpea crops for insect pests and their natural enemies continued: an extensive survey throughout

India was completed in 1981, and selected sites are still being monitored. This work helps us predict damaging pest

populations and identify  their  natural enemies in time to initiate effective control measures.



pigeonpea throughout the Old World. Its popu-
lations vary widely from year to year and from
area to area, but they destroy at least 40% of the
crop in central and southern India in most years.
We are attempting to monitor Heliothis popula-
tions, hoping to correlate population sizes with
climatic and other factors. With such data we
should be able to predict damaging populations
in time for control measures to be taken on
pigeonpea and many other crops that this pest

attacks.

We have been recording catches of Heliothis
moths in light traps at ICRISAT Center since
1974. We have encouraged our colleagues in the
national program to set up a network of such
traps across India, and we have received data
from light traps in 10 locations. Efforts to
expand this network have been hampered by
operating difficulties. Many sites, where we
would like to obtain data, do not have reliable
electricity. Also, a skilled recorder is essential to
sort, identify, and record the trapped insects,
skilled

and such assistance is not always

available.
Pheromone traps. We have made substantial
progress in pheromone trapping of Heliothis,
and we are cooperating with Dr. B.F. Nesbitt of
the Tropical Products Institute, London. We
have a synthetic pheromone that is much more
attractive than virgin females to male moths. Itis
a 97:3 mixture of (Z)-11-Hexadecenal: (Z)-9-
Hexadecenal which is adsorbed on white rubber
septa. A septum loaded with only 1 mg of the
pheromone mixture remains attractive to male
moths more than 2 months, but we normally
change the septa after 28 days.

The traps we use are made from cheap, locally
available materials, modified from a design
supplied by the Centre for Overseas Pest
Research, London. More than 100 male moths
are frequently caught in a trap in one night with a
record catch, so far, of 288. Very few moths of
species other than Heliothis, or other insects,
enter the traps, so recording is relatively easy.

The light trap network across India has now
been supplemented with pheromone traps, and

our collaborators are finding pheromone traps
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modified with
rials from a design supplied by the Centre for Overseas
Heliothis

locally ~made mate-

Pheromone traps

Pest Research, London, effectively trap

armigera, the most damaging  pest of pigeonpea.

Much  cheaper and easier to wuse than light traps,
pheromone traps now are being used at 26 locations in

India.

much cheaper and easier to operate than light
traps. Data are now received from 46 phero-
mone traps at 26 locations and we hope to
extend the network in India and into neighbor-
ing countries during 1983.

The relationship ofthe catches in two kinds of
traps (light and pheromone) to each other, and
to populations of eggs and larvae on the host
plants in the vicinity, must be determined before
the catches can be used to estimate populations.
Catches from the two types oftrap and estimates
of larvae populations on the pesticide-treated
areas of ICRISAT Center for 1981/82 (Fig.4)
show wide deviations of trap catches from each
other and from the estimates of populations of

larvae during some periods ofthe year. We may
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Figure 4. Catches of male moths of HeUothis armigera in three light traps and six pheromone traps and larval

populations on crops in the pesticide-treated area of ICRISAT Center, 1981/82.

need correction factors, involving climatic and
lunar-period variables, before we can use trap
data to estimate populations.

Resistance to Heliothis. We continued to
screen the germplasm and materials generated
Heliothis  and
other pests. Although we have found no plants

by our breeders for resistance to

with strong resistance, we have found considera-
ble differences in susceptibility to the pests.
Breeders are crossing several of our selections in
attempts to intensify the resistance. Progenies
from their crosses will be screened during the
next 2 years. Anexample of the range of suscep-
tibilities already available in our late-maturing
materials is showninTable 3. The percentages of
HeUothis feeding,

ranged from 19.4 inacommonly used, relatively

bored pods, mainly from

resistant cultivar to 46.4 in a susceptible selec-

tion. The coefficients of variation for pest dam-
age were high; such variability gives us problems
in screening.

We are investigating the mechanisms involved
in different levels of susceptibility in our selec-
tions in cooperation with biochemists from
ICRISAT and from the Max-Planck Institute
Munich,

Although this work is in a preliminary stage,

for Biochemistry at Germany.
there appear to be differences in pod-wall exu-
dates of some of our selections. The differences
are being detected with a high-performance liq-
uid chromatograph donated to ICRISAT for
this purpose by the German Agency forTechni-
cal Cooperation (GTZ).

Biological control. Monitoring of natural ene-
mies of HeUothis on pigeonpea and other crops

continued with increased attention to HeUothis



predators. Among its known predators on
pigeonpea, spiders, ants, coccinelids, and chry-
sopids are all fairly common. We monitor their
populations by a variety of methods, including
sweep nets, pitfall traps, and sticky boards.
The commonest spiders ofpigeonpea at ICRI-

SAT Center appear to be Clubiona sp and Tho-

Table 3. Pod damage in pesticide-free area from a
3-replication RBD trial of late-maturing pigeonpeas
selected for differing susceptibilities to pests in
previous years, ICRISAT, 1981-82.

% of pods
Characters' select-
damaged by

ed for in

Selection previous years Borers Podfly
ICP-8102-5-S1 MB, LPf 45.9 11.9
NP(WR)-15 LB 19.4 22.4
ICP-8094-2-S2 LB, HPf 19.7 20.4
ICP-5651-1-S3 LB, HPf 33.7 40.0
ICP-7194-1-S4 LPf 33.1 16.4
GW-3 (Check) - 31.2 32.4
ICP-8606-E1 HPf 28.6 33.6
ICP-7041-E1 M B 27.9 25.0
ICP-8127-E1 LB, HPf 22.0 37.9
ICP-8130-E1 HPf 21.3 32.9
ICP-8571-E1 MB, HPf 23.4 29.4
1CP-8583-E1 LB 33.0 26.6
1CP-7537-E1 LB 22.8 32.0
ICP-4640-E1 LB 35.4 31.7
PPE-38-2 LB, HPf 23.4 28.1
ICP-4745-2-E8 LB 24.6 21.0
PPE-36-2 LB, HPf 29.9 26.9
PPE-38-1 LB, HPf 28.6 30.4
1CP-7176-18-E2 LPf 28.9 22.3
1CP-7496-E1 LB 26.6 22.7
ICP-7176-5-E1 HB, LPf 46.4 10.6
ICP-8134-1-81 LPf 23.6 27.2
ICP-2114-E1 LB 28.8 23.5
ICP-7337-2-S4 HPf 43.0 45.8

SE +4.85 +5.01

CV (%) 30.6 33.7
1. LB = low borer infestation; MB = moderate borer infesta-

tions; HB = high borer infestation; LPf = low podfly

infestation; HPf = high podfly infestation.
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misus sp. In laboratory feeding trials, Clubiona
sp consumed an average of 59.3 +9.17 Heliothis
eggs and 3.2 £ 0.28 second instar Heliothis larvae
per spider per day, over several days of tests.
Those spiders and other predators mayconsider-
ably reduce populations of Heliothis eggs and
larvae on the pigeonpea crops, but quantifying
the reduction is difficult.

We continued to rear and field release at
ICRISAT Center Eucelatoria bryani, a tachinid
parasite of Heliothis imported from the USA. It
has been reported to breed well only at tempera-
tures below 30°C and reproduction has been
poor at 35°C. Maximum temperatures at ICRI-
SAT Center, and throughout much of central
and southern India, exceed 35°C for lengthy
periods every year so this parasite may not sur-
vive in our fields. In incubator tests, it breeds
well under a 35°C day, 30°C night regime, so we
will select for tolerance to higher temperatures
by exposing successive generations to increasing
temperatures. We also hope to improve the
genetic diversity of our culture by incorporating
fresh imports into our stock.

Eggs of H. armigera collected from many
host-plant species are usually heavily parasit-
ized. On sorghum, for example, we frequently
find more than 50% of the eggs parasitized by
Trichogramma sp. But few (< 1 %) Heliothis eggs
on pigeonpea are parasitized. In cooperation
with the National Centre for Biological Control,
Bangalore, and the Central Biological Control
Station, Hyderabad, we are now testing a range
of  Trichogramma spp to determine whether any
will parasitize Heliothis eggs on pigeonpea.
Insecticide use. Although yield increases
exceeding 100% can be obtained by using insecti-
cides on pigeonpea, particularly on the early-
and mid-maturity cultivars that form pods
during the peak Heliothis attacks, our surveys
show that less than 10% of farmers use insecti-
cides on thiscrop. Difficulty of spraying the tall,
dense crop with available sprayers and the
recommended 600 liters per hectare of water for
the spray mix are obstacles to fanners. Such
obstacles may be largely overcome by controlled

droplet applicators (CDA) at ultra low volume.
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applicators make

Controlled droplet spraying tall

pigeonpea  crops easier and more effective. At ICRI-

SAT Center, proper spraying reduced Heliothis popu-

lations  and increased yields  40% over plots sprayed

with hand-operated knapsacks.

In the past year we compared the conventional
hand-operated knapsack sprayers, motorized
knapsack sprayers, and battery-operated
spinning-disc CDA sprayers. With a single
application of endosulfan at 0.7 kg of a.i/ha
sprayed at the peak of pest attack, more Helio-
this were killed in plots sprayed by the CDA
sprayers than in those sprayed conventionally
(Table 4), but a single spray did not fully protect
the crop. Yields were low, largely because of
severe Heliothis attack, but vyields from the
CDA-sprayed plots were 40% greater than from

plots sprayed with hand-operated knapsacks.
Spinning disc CDA sprayers are now fairly
widely available in India but suitable formula-
tions of insecticides are not yet available. Such
formulations should be of low volatility and
nonphytotoxic when high concentrations are

sprayed at low volume.

Podfly

Populations. The podfly, Melanagromyza
obtusa, is the second most damaging pest of
pigeonpea in India. Found in all areas, itiscom-
monest in the central and northern states where
it regularly reduces yields 20% or more. In south-
ern India it is much less important than Heliothis
in early- and mid-maturing cultivars. When
Heliothis destroys the early crop, the compensa-
tory flush of pods is often severely infested with
podfly.

As in previous years we monitored the inci-
dence of podfly by opening samples of pods at
regular intervals. We have yet to discover a way
to monitor the adults with any form oftrapping.
As we have found no podfly resting stage, we
assume that it bridges the summer and monsoon
period by feeding in wild legume pods. Our stu-
dies of alternative hosts showed Flemingia sp.
with 75% of its pods damaged by podflies.
Resistance to podfly. Our search for resistance
to podfly continued with screening germplasm
and new materials supplied by our breeders. As
podfly is most damaging in late-maturing

pigeonpeas, we concentrate on that maturity

Table 4. Pod damage assessments of pigeonpea cv
ICP-1 sprayed with endosulfan at 0.7 kg a.i./ha by
conventional and CDA sprayers, ICRISAT Center,
1981/82.

Volume of

spray mix
Mean pod damage (%)

applied
(1/ha) Borers Podfly
Knapsack sprayer 500 60 37
(hand operated)
Knapsack sprayer 250 51 53
(motorized)
CDA sprayer 4 32 34
SE +9.7 +0.8
CV (%) 28.8 2.6




group. Data in Table 3 show the range ofsuscep-
tibility in our late-maturing selections. Podfly
damage ranged from 10.6% in material selected
as relatively resistant to podfly to 45.8% in a
highly susceptible selection. The selections most
resistant to podfly are susceptible to Heliothis.

Several selections showing reduced suscepti-
bility to podfly are now in our breeders' crossing
program. They made 86 crosses with the mate-
rial this year to introduce insect resistance and
short-plant stature for easy spraying.

To assess some ofour mostadvanced breeding
lines under naturalinsect pressure, we planted 24
lines in a yield test in our pesticide-free area.
Under heavy insect attacks, yields offour ofthe
lines exceeded 900 kg/ha, more than twice as
much as the check (cv C 11).

As in previous years we found that washing
the racemes of some cultivars with water
increased their susceptibility to podfly. Differen-
ces in infestation were greater between pods
from washed and unwashed whole plants than
between pods from washed and unwashed
racemes on the same plant. In cooperation with
the biochemists, we are studying water-soluble

exudates of pod walls.
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Natural enemies. Previous reports refer only
to Euderus sp as a parasite of podfly, but we have
discovered three more parasites: Eurytoma sp,
Ormyrus  sp, and  Antistrophoplex sp. One or
more of them may be hyperparasites.

In cooperation with the entomologists of the
All India Coordinated Pulse Improvement Pro-
ject, we surveyed parasitism in podfly from 11
states in India. Cooperators sent samples of
pods, we counted podfly larvae and pupae inthe
pods and then observed these for emergence of
parasites. Table 5 shows that parasitism was
generally below 10%, and that Euderus sp was

the commonest parasite.

Insecticide use. Althoughendosulfanisrecom-
mended to control podfly infestations in some
areas of India, it has not controlled the pest on
our ICRISAT Center farm. So we tested arange
of insecticides on the developing stages and
adults of podfly in both laboratory and field.
Dimethoate was more effective thanendosulfan,
monocrotophos, or DDT, against both adults
and larvae inside pods. Cypermethrin, a syn-
thetic pyrethroid that is particularly effective

against Heliothis, gave reasonable control of

Table 5. Summary ofdata from samples ofpigeonpea pods(collected from indicated states ofIndia)examined for

incidence of podfly and its parasites, 1981/82.

Podfly larvae

Pods and pupae found Parasitized Dominant
State examined (no.) (%) parasite’
Andhra Pradesh 745 260 9.6 E
Bihar 833 229 9.6 o
Gujarat 859 671 7.7 E
Haryana 2476 452 13.9 E
Karnataka 1431 348 6.9 E
Madhya Pradesh 6834 3353 10.4 E
Maharashtra 1264 151 12.6 E
Orissa 701 307 0.7 E
Rajasthan 1846 597 1.0 -
Uttar Pradesh 5826 2543 A1 E
West Bengal 1013 380 7
1. E = Euderus sp; o = Ormyrus ap (equal numbers of Eurytoma sp, Ormyrus sp, and Antistrophoplex sp were found in

Rajasthan).
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podfly adults but little or no control of larvae

inside the pods.

Biological Nitrogen Fixation

Rhizobium Culture Collection
We continued to fill requests from several coun-

tries for strains from our pigeonpea Rhizobium

culture collection. We have initiated studies on
the specificity of the strains in
that

related to Cajanus and that may be useful in the

relation to Atylo-

sia and  Rhynchosia, genera are closely

breeding program.

Rhizobium Inoculation
Under Low Inputs

In farmers' fields. Farmers' fields in the semi-

arid tropics are generally low in plant nutrients.

revealed that pigeonpea nodulates poorly under
those conditions, so we conducted simple Rhizo-
bium inoculation trials on five farmers' fields in
Aurepalle village, 60 km south of Hyderabad, to
see if inoculation alone would improve nodula-
tion and nitrogen fixation. The farmers did the
sowing under our otherwise the
trials did

operations, which were to grow pigeonpeas as an

supervision;
not affect the farmers' routine field
intercrop with sorghum or pearl millet.

Thirty days after planting neither nodulation
significantly

nor nitrogenase activity differed

between inoculated and noninoculated plants
(Table 6). Waterlogging and pests ruined three
fields so yields were measured in only two fields.

In these two fields yields were extremely low and

there was no response to Rhizobium
inoculation.
In pesticide-free areas at ICRISAT. At ICRI-

SAT we maintain a pesticide-free, low-nutrient
input area to simulate SAT farmers' field condi-

tions. Simple inoculation experiments were laid

Pigeonpea is grown under rainfed conditions
with @ minimum of inputs. Surveys have
Table 6.

Effects of inoculation on nodulation and nitrogen-fixation in pigeonpea grown with low inputs on five

farmers"' fields in Aurepalle, A.P., India, rainy season 1981.

30 days after sowing

At maturity
Nitrogenase activity
Total
UM C,H,4 produced/hr
Nodule Nodule Top dry Grain dry
/ plant dwt/plant Per g dwt wt/ plant yield matter
Farmer Treatment (no.) (mg) Per plant of nodules (mg) (kg/ha)

A Inoculated 8.5 8.0 0.08 2.0 320 155 1023
Not inoculated 8.0 8.5 0.16 13.4 290 157 1088

B Inoculated 5.8 22.0 0.01 4.3 640 315
Not inoculated 5.9 20.0 0.03 11.6 610 0 446

C Inoculated 12.3 7.5 0.72 83.0 270 ND? N D
Not inoculated 9.1 4.9 0.37 57.1 210 N D N D

D Inoculated 4.0 3.0 0.09 22.5 460 N D N D
Not inoculated 4.0 1.7 0.04 18.1 400 N D N D

E Inoculated 6.0 4.0 0.04 24.8 620 N D N D
Not inoculated 4.0 1.8 0.01 4.8 620 N D N D

a. ND = Not determined.
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Table 7.

Effect of Rhizobium inoculation on nitrogenase activity, nodulation, and plant dry matter SO days after

planting, and final yields at maturity in pigeonpea grown at three low-input sites, ICRISAT Center, 1981.

50 days after planting At maturity

Nitrogenase activity

Nodule Top dry Fallen Total
UM C2H,4/ uM CoHsg Nodule/ dry wt/ matter/ plant Grain dry
plant dry nodule plant plant plant parts wt. matter
Field Treatment per hr per hr (no.) (mg) (9) vaarsaan (kg/ha) vewansen
Vertisol 1 Inoculated 1.6 112 5.2 13 4.8 2600 940 6550
Not inoculated 1.4 68 5.4 20 4.9 2550 680 5900
SEx 0.44 16.6 1.3 3.1 0.17 132 105 230
CV (%) 88 55 73 56 11 15 34 13
Vertisol 2 Inoculated 2.4 112 9.0 20 6.4 2670 680 5540
Not inoculated 2.6 97 8.5 30 6.6 2860 640 5940
SE+ 0.53 8.2 1.12 10 0.23 111 61 223
CV (%) 67 25 40 66 11 13 20 12
Alfisol Inoculated 12.8 159 16 80 4.0 1840 1050 4240
Not inoculated 13.7 171 18 83 3.8 1680 920 3760
SEx 1.93 12.0 1.8 10.4 0.28 116 53 246
CV (%) 46 23 34 40 23 21 17 20

out on three fields in that area, two on Vertisols
Alfisol,
Rhizobium

and one on to measure pigeonpea's

response to inoculation. The initial
population was 10* to 10° rhizobia/g dry soil.
Samples taken around 50 days after planting
showed no response to inoculation in nodula-
tion, nitrogenase activity, or plant dry matter
(Table 7). The first flush of pods was completely
Heliothis

less on subsequently formed pods. Fallen plant

damaged by armigera;, damage was
parts, collected fortnightly until final harvest,
were pooled and weighed. Data on fallen plant
parts, final grain yield, and total dry matter
showed no significant differences between inoc-
ulated and noninoculated plots (Table 7).

reasons for the low

There may be several

yields on farmers' fields relative to those in
ICRISAT's pesticide-free area. An intercrop of
pigeonpea, like that on farmers' fields, generally

yields less than a sole crop, as grown on the

ICRISAT farm.

collected in the

Only one flush of pods was
fields,
flushes were collected in our fields. Our soils, like

farmers' while three

theirs, were low in nutrients, particularly in
available nitrogen and phosphorus (Table 8).
That lack of response to inoculation might stem
from lack of other nutrients necessary for nodu-
lation. Nitrogen fixation is being examined in
studies at Aurepalle and ICRISAT.

Residual effect of pigeonpea. Pigeonpea,
grown as a sole crop, has a large beneficial effect
on the next crop (maize) (ICRISAT Annual
Report 1981, pp 133-136). This has been attrib-
uted partly to fallen leaf parts. To examine that
hypothesis, we maintained plots with fallen
plant parts plowed in situ after harvest and oth-
ers with fallen plant parts removed and dis-
carded. We shall plant maize on the plots next

year.
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Table 8.
beginning of the 1981

Chemical properties ofthe soil from twofarmers' fields and unsprayed areas at ICRISAT Centertaken at

rainy season when inoculation trials were sown.

E.C Organic Olsen's
(m mhos/ Total NH,;-N NO;-N carbon available
Field PH cm) N (%) (ppm) (ppm) (%) "P (ppm)
At Aurepalle’
Farmer 'E' 8.4 0.15 .049 8 2 0.34 4.0
Farmer 'A' 8.6 0.15 .031 6 3 0.43 18.5
At ICRISAT?
Vertisol 1 8.0 0.17 .049 10 0.40 2.5
Vertisol 2 8.2 0.19 .041 1 3 0.32 3.0
Alfisol 7.2 0.15 .034 14 2 0.23 3.0

1.0- to 30-cm soil profile.

2. 0- to 15-cm soil profile.

SN for Measuring Nitrogen Fixation

During the 1980 prainy season, we conducted a
field experiment in collaboration with the Inter-
national Atomic Energy Agency, Vienna, to
measure the nitrogen fixed by pigeonpea grown
in an Alfisol compared with castor bean (Ricinus
communis) as a nonfixing crop. Ny-fixation was
be the "N dilution

method and 'A' value. Two pigeonpea cultivars

to measured by isotope
were grown at 0 and 20 kg N/ ha; castor bean, at
0, 20, 100 kg N/ha applied as '°N-labeled

ammonium sulphate. Though the crops germi-

and

nated well, a prolonged drought limited pigeon-
pea nodulation and acetylene reduction activity

as a measure of nitrogen fixation. Grain and

total dry-matter yields of both pigeonpea and
castor were low, so we did not measure N;-
fixation. Despite the poor growth and yields,

castor appears to be a good nonfixing control

crop in this environment because it survives

under drought stress and its growth period is
similar to that of pigeonpea.

Another experiment with >N was conducted
in the 1981

by pigeonpea

rainy season to measure N,-fixation
in a Vertisol field and to assess
to the nodule-
eating insect, angulata (ICRISAT

Annual Reports 1976/77 and 1978/79). Weused

N,-fixation lost by pigeonpea

Rivellia

aldrin at 2 kg a.i./ ha tocontrol the nodule-eating
insect. Because castor is sensitive to waterlog-
ging, which is associated with Vertisol fields, we
(1S

19747) as the nonfixing control crop. The soil N

used a long-duration sorghum cultivar

"SN-labeled ammonium

pool was labeled with
sulphate at 20 kg N/ha in both aldrin-treated
and control plots. To examine carbofuran's

effect in controlling nodule damage and provid-
ing protection against other insects, we used 1.2
kg/ha of it on plots where no '°N was applied.
Forty-seven days after the plots were planted
both had
nodule damage and increased nitrogenase activ-
(Table 9), but
later samplings. To

SN we harvested both

insecticide applications reduced

ity and dry-matter production
differences disappeared in
N and
crop species atthe same time. Pigeonpea was still

the but

determine total

at late podding stage sorghum had

matured.
The that
86.3% ofthe nitrogen in the plant tops (= 66.5 kg

isotope-dilution method indicated
N/ ha) was derived from biological nitrogen fixa-
tion in the insecticide-free plots (Table 10). The
accuracy of that determination depends on both
the pigeonpea and sorghum exploring the same
volume of soil at the same rate. But sorghum
probably explored the soil faster because it grew

more rapidly than pigeonpea and took up more
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Table 9.

Effect of carbofuran and aldrin on insect-caused nodule damage and nitrogenase activity in 47-day-old

pigeonpea plants grown on a Vertisol field at ICR1SAT Center, rainy season 1981.

Nitrogenase activity

Nodule/ Nodules Nodule dry wt/ pM CoHd/ MM C,Hg4/ Top dry

plant damaged plant plant g dry nodules wt/ plant
Treatment (no.) (%) (mg) per hr per hr (9)
Carbofuran 8 19 33 4.6 129 3.6
Aldrin 16 40 39 4.1 100 3.7
Control 15 63 24 1.8 68 3.0
SE+t 2.7 7.2 7.3 1.5 17.9 0.12

CV (%) 36 31 39 75 31 6

nitrogen and '"°N. So sorghum is not a suitable

nonfixing control for mid-duration pigeonpea.
Also aldrin adversely affected sorghum growth
and N uptake but did not significantly affect °N
uptake. So N fixed by pigeonpea in the presence
of aldrin may be even further overestimated.
Because we have nononnodulating pigeonpea
as a control, we are investigating techniques in
the field

ence crops explore the same volume of soil to

to ensure that both legume and refer-

which "N has been applied.

Ureides as a Measure
of Nitrogen Fixation

Ureides in pigeonpea xylem sap and their rela-

tionships with nodulation and nitrogenase activ-

ity have been reported previously (ICRISAT
1979/80). The distribution of

ureides in different plant tissues has been studied

Annual Report

to determine whether tissue analysis, which
would provide simple, nondestructive sampling,
could be used as an alternative to sap analysis,
We the

both well-nodulated plants and

which destroys whole plants. used

approach on
plants grown with nitrogen fertilizeradded, sam-
pling the plants at 10-day intervals to 100 days.
Ureides were most abundant in the shoot tip but
changes in their concentration there bore little
relation to the ureides in the sap orto nodulation
and N,-fixation.

Chemical studies continue on the relationship
of ureides to other nitrogen components in the

sap. The possibility of using total reduced nitro-

Table 10.

Effect of aldrin on yields, '°N uptake by pigeonpea cv

pigeonpea grown at ICRISAT Center, rainy season 1981.

ICP-1 and sorghum, and nitrogen-fixation by

Total dry matter N in dry matter "N atom excess N,-fixation by
(kg/ha) (kg/ha) (%) pigeonpea
PP’ 2 3
Treatments S PP S PP S (%) kg/ha
Aldrin 5540 11600 78 67 .022 .200 88.8 69
Control 5620 17530 77 92 .021 .153 86.3 66
SEz+ 510 1860 4.5 10.3 .0051 .0306 3.0 3.9
CV (%) 16 22 10 22 41 30 6 10

1. PP - pigeonpea at late podding.

2. S - sorghum (nonfixing control) at full maturity.

3. Perentage of nitrogen derived from fixation.
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gen in the sap to measure N,-fixation is governed
by the presence in the roots of nitrate reductase.
This is being studied in pot experiments using
>N fertilizer to determine whether nitrate is

reduced in the root.

Selecting Pigeonpea
for Nitrogen Fixation

Considerable effort has been directed to screen-
ing pigeonpea germplasm to identify lines with
superior nodulation and nitrogen fixation.
While lines differ, intraline variation has been
particularly wide. The variation may stem from
the considerable amount of outcrossing that
occurs in this species. For this study we selected
advanced breeders' lines of different maturities
that had been selfed two to fourtimes. They were
grown in pots and examined after 35 days, when
well and poorly nodulated plants were selected
for further selfing. Selection was based on a
careful nodule count before the plants were re-
potted for seed production. Plant grown from
this seed will be further selected, advanced by
selfing, and used in attempts to increase nodula-
tion and decrease plant-to-plant variability so

evident in pigeonpeas.

Physical Environment

Yield Potential

Yields of medium-duration pigeonpea cultivars,
which are adapted to peninsular India, generally
average less than 1500 kg/ha and rarely exceed
2000 kg/ha at ICRISAT Center, Patancheru.
The plasticity of this group of cultivars appar-
ently keeps them from responding to increasing
plant density (ICRISAT
1979/80, pp. 106-107).

To determine the potential yield of pigeonpea

Annual Report

grown with minimal stress in Vertisol and
Alfisol, we used five medium-maturity cultivars
in large plots with high fertilizer input, frequent
irrigation, and intensive plant protection.

The highest yield was 2300 kg/ha for ICP-1-6
on Vertisol (Table 11). Total dry matter was
similar on the two soil types, but grain yielded
more on Vertisol, so harvest indices were higher
on Vertisol.

In a similar large plot trial at our Hissar sta-
tion, early-maturity pigeonpea cultivars yielded
more in a shorter time (Table 12) than the
medium-maturity cultivars at ICRISAT Center

(Table 11).

Table 11. Growth duration, total dry matter, and yield of medium-maturity pigeonpea cultivars in Vertisol (V) and

Alfisol (A) with high inputs, ICRISAT Center, 1981.

Crop growth

Soil duration Total dry matter Grain yield

Cultivar type (days) (kg/ha) (kg/ha)
ICP-1-6 \ 200 10340+ 460 2305+ 20.8
A 193 11130 + 1128 1185+ 43.1
ICPL-270 \ 192 7716+ 272 1967 + 28.9
187 7753 578 1484 = 61.1
ICPH-6 \Y 192 8799+ 287 2015 + 44.8
A 191 6896+ 854 1312 + 65.2
c 1 \% 187 9569+ 353 1952+ 37.8
A 187 7558+ 479 1394 + 104.0
BDN 1 \Y 184 6999+ 154 1897 + 43.6
A 181 8760+ 639 1855 + 53.3




Table 12. Growth duration, total dry matter, and
yield of extra-early pigeonpea cultivars grown with
high inputs, ICRISAT station, Hissar, India, 1981.

Crop Total

growth dry Grain

duration matter yield
Cultivar Habit (days) (kg/ha) (kg/ha)
ICPL-81 NDT 115 8365 2231
ICPL-1 NDT 136 8658 2670
UPAS 120 NDT 150 11881 2267
1CPL-87 DT 143 11673 3419
ICPL-267 DT 98 NR?2 2047
ICPL-179 DT 99 N R 1468
1. NDT = nondeterminate; DT = determinate.

2. NR = not recorded.

Higher yields at Hissar than at Patancheru are
of considerable interest. During the monsoon
season, June to September, mean temperature is
about 5°C higher at Hissar than at Patancheru.
And early cultivars at Hissar mature before cold
winter weather, while medium-maturing culti-
vars at Patancheru mature during November
and December. So a major reason for higher
yields at Hissar may be the plants developing

under warmer temperatures.

Climate and Growth

To examine the effects of temperature and other
environmental factors on crop growth rates, we
sowed four cultivars of pigeonpea, UPAS 120
(extra early), T 21 (early), C 11 (medium), and
NP(WR)-15 (late) at monthly intervals from
April to February at ICRISAT Center. The
plants were irrigated frequently to minimize
drought stress, and crop growth rate was deter-
mined over the first 50 days after seeding, during
the vegetative phase.

Growth rates of cultivars differed signifi-
cantly, with cv UPAS 120 the slowest. All culti-
vars, however, showed similar responses to
sowing date, with most growth in Apriland May
plantings, and least in November and December

(Fig.5). Both solar radiation and high tempera-
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ture may have contributed to the high growth
rates in the April and May plantings, while the
greatly reduced growth in the winter season may
have stemmed mainly from low temperatures.
Plants sown in June, forexample, had a growth
rate six times higher than plants sown in
November. Mean solar radiation throughout the
growing season was less in the June sowing
(owing to cloudy weather), butthe meantemper-
ature was 6°C and the minimum temperature
was 9.5°C higher than in the November sowing.
We are carrying out further studies of tempera-
ture effects on vegetative and reproductive
growth.
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Figure 5. Mean growth rates of4 pigeonpea cultivars
the first 50 days after sowing, with different dates of
planting, ICRISAT Center, 1981/82. Average solar
radiation; maximum, mean, and minimum tempera-
tures for the same 50-day periods are shown. (Mean
temperatures represent the means at hourly intervals

each day).
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Effects of Soil Cracking

Last year we reported second harvest yields of
pigeonpea consistently higher in Alfisols than in
Vertisols even though Vertisols' water-holding
capacity is greater (ICRISAT Annual Report
1981, p. 138). Vertisols characteristically
develop deep cracks as the postrainy season
advances. The cracks increase evaporative water
losses from the soil and damage roots as the soil
pulls apart. The cracking may reduce yields of
both the second harvest and the first harvest of
the rainy-season crop, which normally sets seed
at ICRISAT Center well after the rains cease.

Different land management practices, like
broadbeds, ridges and furrows and flat planting,

have different influences on how cracks develop.

First harvest

d Second harvest
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Figure 6. Total dry weight, and yields of first and
second harvests of pigeonpea cv C 11 in east (E)
central (C) and west (W) rows on broadbeds on a

Vertisol at ICRISAT Center, 1981/82.

In the broadbed system, cracks predominantly
develop from wheel pressure of the bullock-
drawn Tropicultor in the furrow. To test the
effect of soil cracking on yield, we sowed three
rows of pigeonpea 50 cm apart on broadbeds
running north and south, so we had arow in the
middle of the bed and an eastern and a western
row on the outside of the bed. The two outside
rows were closer to the cracks that developed in
the furrows so we expected them to yield less.

As expected, grain yield and total dry matter
in both the first and second harvests were signifi-
cantly higher in the central row than in border
rows (Fig.6). Mulches in the furrows to reduce or
stop evaporative loss of water had no significant
effect.

A curious feature of our results was that the
eastern rows yielded significantly more than the
western rows. Last year we found a similar dif-
ference from east and west rows on the sides of
north-south 75-cm ridges. Since cracking inten-
sity is similar in each furrow, yield differences
may have resulted from asymmetrical root
growth, perhaps as a consequence of the south-
west monsoon winds prevailing while the plants
were young. An east-west asymmetry of the root
system would mean that roots on the east side
would be damaged less than roots on the west
side of each bed or ridge. We are investigating

that possibility.

A Perennial Pigeonpea
Cropping System

Pigeonpea as a postrainy-season crop on deep
Vertisols is now well established in areas where
temperatures are high enough for good growth.
We have tried a cropping method that extends
the cropping time of postrainy-season pigeon-
(Fig.7). The

postrainy-season crop, seeded in September or

peas to three <crops normal
October, is harvested by ratooninginlate Febru-
ary or March. The ratooned plants remainin the
field and, because of their deep root system and
perennial nature, most survive. With the onset of
monsoon rains they quickly establish a full can-

opy, so the second crop develops with no addi-
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Table 13. Three-harvest yields of pigeonpea cv ICP-1-6 planted 11 November 1980 at Sangareddy, A.P., India.

Seed yield (kg/ha)

First harvest

Second harvest Third harvest

Method of first harvest 26.3.1981 19.12.1981° 6.4.1982 Total
Pod picking (nonratooned) 352 1449 131 1932
Ratooning at 30 cm plant 400 1437 110 1947
height
Ratooning at 10 cm plant 423 1214 113 1750
height
SE+ 33.0 101.0 11.8
Mean 390 1370 120 1880
CV (%) 16.8 15.0 27.0

a. Harvested at 150 cm plant height.

tional expenses for land preparation or planting
and it can be harvested in December. After a
third harvest from the same plants in March or
April, the crop is removed. This triple-harvest
system has a great potential for the extensive
Vertisol areas in India, which normally are left
fallow during the rainy season.

By planting a postrainy-season crop with cv

ICP-1-6 that is both wilt-resistant and sterility

Normal crops

mosaic tolerant, we demonstrated that the sys-
tem is feasible. A cultivar with resistance or tol-
erance to both ofthose diseases appears essential
for the system to succeed. On earlier attempts
with a susceptible cultivar we lost the third crop
before harvest. First yields of the postrainy-
season crop this year were low (390 kg/ha)
(Table 13) probably because it was planted in

November instead of September or October. But

> |

H H
._ —y Postrainy season crops ’_ -
’ . Perennial cropping system " .
h hd .l
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Rainy season Rainy season
I | ] 1 T T I 1 I I 1 L | T 1 LI L} I 1 1 !
June Sept Dec Mar June Sept Dec Mar

Figure 7. Diagrammatic representation of the perennial

pigeonpea cropping system starting in the postrainy

season, compared with the normal and postrainy season annual cropping systemswith medium maturity cultivars.

H = harvest time.
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In the management system that produces three pigeonpea crops from one planting, the first harvest is by ratooning,
with the ratooned stubble left to quickly establish a full canopy when the monsoon arrives. Considerable firewood
may be removed (below) after the third harvest.




the yield the following December was 1370
kg/ha, which is comparable to that of a crop
planted at the beginning ofthe rainy season. The
yield ofthethird ratooncrop, harvested in April,
was low (120 kg/ha), but again comparable to
the second harvest normally obtained from a
rainy-season crop on (ICRISAT
Annual Report 1981, p. 138). Besides the seed

yield, substantial quantities of firewood were

Vertisol

produced, and fallen leaves returned about 40
kg/ha of nitrogen to the soil. We are further

examining the system.

Planting Date and Population

Our experience has been that early-maturity
genotypes respond to higher-than-normal seed-
ing rates (ICRISAT Annual Report 1977/78,
Table 52, p.100). So we used two determinate
ICPL-267 and ICPL-87, and
two indeterminate ones, ICPL-81 and ICPL-
142, at Hissar, sown 26 Juneand 21 July 1981, at

six population densities ranging from 5.5 to 133

advanced lines,

plants/mz. The June planting gave higher yields
at all the six populations than the July planting
(Table
highest yields in

14). The densest populations gave the
June plantings except that
ICPL-142, an indeterminate line, yielded best at

22 plants/mz. The profuse growth of the June
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planting may be why ICPL-142 used the wider
spacing more effectively than the other shorter,
more upright lines. All the lines in the July plant-
ing yielded best at high population densities,
which indicates that many cultivars may con-
tinue to give increased yields when seeded at
more than a million plants per hectare. Various
cultivars seeded densely, however, may respond

differently to planting date.

Grain and Food Quality

Cooking Quality

The cooking qualities of 18 pigeonpea cultivars,
each grown during both the rainy and postrainy
season of 1981/82 at ICRISAT Center, were
evaluated. Analysis ofthe data indicated thatthe
same cultivar grown during the postrainy season
requires longer to cook than when grown during
the rainy season. Organoleptic qualities such as
color, taste, flavor, and texture were evaluated
on cooked dhal samples by five taste panelists.
differed

among the 18 cultivars grown in either season. In

None of those factors significantly
6 of the 18 cultivars, red or white testa had no
bearing on organoleptic qualities of dhal sam-

ples (Table 15), which differs from our village-

Table 14. Effects of date of planting and plant population on yield (kg/ha) offour experimental early pigeonpea

lines, ICRISAT Station, Hissar, rainy season 1981.

) ICPL-267 ICPL-87 ICPL-81 ICPL-142 Mean

Spacing Population
(cm) (plants/m?) 26 June 21 July 26 June 21 July 26 June 21 July 26 June 21 July 26 June 21 July
30 x 2.5 133 1960 2230 2730 2210 2950 1990 1760 1580 2350 2200
30 x 5 66 1720 2210 2590 1930 2610 2170 2160 1690 2270 2000
30 x 10 33 1690 1790 2640 1920 2570 1960 2180 1680 2270 1840
30 x 15 22 1620 1870 2490 1970 2420 1810 2290 1610 2200 1820
30 x 30 11 1230 1580 2410 1790 2100 1750 2050 1650 1950 1690
30 x 60 5.5 910 1440 1910 1510 1700 1560 2030 1380 1640 1470

Mean 1520 1860 2460 1890 2390 1870 2080 1860

SE For population within cultivar 88

For cultivar within planting date +54

For planting date for each cultivar

74
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Table 15. Organoleptic qualities' ofcooked dhal sampeles prepared from pigeonpea cultivars withindicated testa

color.
Testa General
color Cultivar Color Taste Flavor Texture acceptability
Red No. 148 2.8 2.8 3.0 3.0 3.0
c 1 3.0 2.4 2.2 2.8 2.4
BDN 1 3.0 2.4 2.8 2.2 2.4
White Hy 8 2.2 2.2 2.6 2.6 2.4
BDN 2 3.0 2.6 3.0 3.0 3.0
GS-2 3.0 2.4 2.8 2.2 2.4
Mean 2.8 2.4 2.7 2.6 2.6
1.Good = 3; fair = 2, poor = 1. Average of 2 replicates by 5 panel members.
level survey where consumers preferred red used the standardized rapid colorimetric

pigeonpeas to white ones.

To examine further the cooking-quality varia-
bility among pigeonpea lines, we analyzed 140
germplasm accessions for cooking time, water
absorption, percentage of solids dispersed, and
instron-force hardness. Cooking time ranged
from 18 to 60 minutes with a mean of 25.3.
Microscopic examination of starch granules
from one accession each of low (18 min),
medium (43 min), and high (60 min) cooking
time indicated that size and shape ofstarch gra-
nules had no relationship to cooking time.
Neither did cooking times differ widely between
dhal made from pigeonpea cv C 11 and keptin a
polythene container with an insecticide-
impregnated strip and stored 12 months, and
dhal freshly prepared from whole-seed samples
stored the same way for 12 months.

We found no clear-cut differences in cooking
quality when we evaluated six pigeonpea culti-
vars belonging to early-, eight to medium-, and
eight to late-maturity groups, which confirms
our earlier observations. And cooking-quality
characteristics of five pigeonpea cultivars, each
grown on both Vertisols and Alfisols, were

similar.

Protein Quality

Protein contents of 1358 breeding lines we ana-

lyzed ranged from 15.5 to 25.2%. Inaddition, we

methods for estimating methionine and trypto-
phan to analyze defatted dhal samples. The 634
accessions analyzed for methionine ranged from
0.70 to 1.45, with a mean of 1.03 g/16 g N, and
460 accessions analyzed for tryptophan ranged
from 0.53 to 1.11 with a mean of0.75 g/16g N.

In conjunction with our breeders we deter-
mined protein contents of 338 single-plant selec-
tions in the F; generation. They came from

crosses between Pant A-2 pigeonpea and two

Table 16. Comparison of high protein pigeonpea
lines vs standard adapted cultivar at ICRISAT Cen-

ter, rainy season 1981.

Protein(%)2
Pedigree and

parentage’ Line Check (C-11)
75560F;-26-3 @ 32.1 21.3
-48-9 8@ 32.1 21.3
76175F,-8 §-4@ (a1) 31.3 21.4
75560Fs-44 ®-2@ 31.1 21.7
18 B30 31.0 22.6
44978 30.7 21.7
-12-98 30.7 21.4
-19-3@ 30.6 22.6
39 © 30.6 21.3
76175-8 @ 2@ (a1) 30.5 21.4

1. Plant A-2 x A. scarabaeoides, with A. albicans for
pedigrees marked (al).

2. Estimated on dhal (dried, split seeds) basis.




high-protein scarabaeoides
and A.
had at least 25% protein and 18 had more than
30% 10 with

reported inTable 16. Afterevaluating theiragro-

Atylosia spp—A.

albicans. Nearly 300 of the 338 selections
protein; the highest protein are
nomic performances, we shall use the best ones
as parents in future crosses.

This year our breeders made 30 crosses involv-
ing three high-protein and three low-protein par-
ents to study the inheritance of protein levels.
Reciprocal crosses were made to identify possi-
ble maternal effects.

To determine the effects of environment on

protein content, we determined levels in early-

and medium-maturing pigeonpea lines planted

in different locations in India. Homogeneity of
error variances indicated that the data sets from
locations of the EACT, ACT-1,
ACT-2 trials could be pooled.
were significant for the short-season EACT and
ACT-1 trials,
ACT-2 trial.

tions

different and

Location effects

but not for the medium-maturing

Genotype differences and interac-

between genotypes and locations were
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Antinutritional Factors
To assay trypsin and chymotrypsin inhibitor

activities in cooked dhal samples of 18 pigeon-
pea cultivars, we cooked the samples in a pres-
sure cooker 15 minutes, then freeze-dried the
their broth.

more trypsin inhibitor activity than chymotryp-

samples with Cooking destroyed
sin inhibitor activity (Table 18), but values var-
ied widely among the cultivars. In no instance
the
cooking, but cooking greatly reduced the extrac-

tability of the

were inhibitors completely destroyed by

inhibitors.

The cooking process tended to increase in

vitro protein digestibility of all the samples.
Values from cooked samples are compared

with values from uncooked samples in Table 18.

Vegetable Pigeonpeas

We compared the nutritional compositions of

immature vegetable pigeonpea seeds and gar-

highly significant in all three trials. The mean denpeas. Total soluble sugars in general, and
protein percentages for different locations are sucrose in particular, were considerably higher
reported in Table 17. in gardenpeas than in pigeonpeas, while the
Table 17. Mean protein percentage of pigeonpea entries in EACT, ACT-1, and ACT-2 grown at indicated

locations in India during 1980-81 rainy season.

EACT

ACT-1

ACT-2

Locations

Locations Locations

Cultivar Berhampore Nayagarh S.K.Nagar Cultivar Junagarh S.K.Nagar Cultivar Gulbarga S.K.Nagar Kanpur
ICPL-1 19.8 16.5 19.5 BDN-3 20.5 20.4 BDN 2 18.9 20.2 19.7
ICPL-81 19.8 16.5 21.1 Hy 1 21.9 18.9 ICPL-227 18.8 18.4 18.3
ICPL-86 18.6 16.8 22.0 S-5 21.5 19.9 20 (105) 19.4 18.6 17.9
ICPL-87 20.0 16.8 19.6 T.21 21.3 20.2 ICPL-42 19.1 19.4 19.6
DL 78-2 20.4 18.5 21.0 4-84 20.5 20.5 ICPH-2 19.7 21.0 20.4
ICPL-85 22.5 19.9 22.5 Hy 5 20.8 19.1 1CPH-5 17.9 17.9 19.6
H77-208 19.9 18.4 21.0 ICPL-8 21.0 19.9 ICPL-192 18.9 19.9 20.1
Pant A-10 20.6 16.9 20.2 S-80 20.9 18.1
DL 78-1 20.9 17.8 20.8 DL 74-1 211 20.2
ICPL-95 20.8 19.6
ICPL-6 20.1 18.2
SE+t 0.42 0.22 0.40 0.20 0.34 0.24 0.58 0.30
CV (%) 3.6 2.2 3.3 1.9 3.5 2.5 6.0 3.0
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Table 18. Effect of 15-min pressure cooking on trypsin and chymootrypsin inhibitors and in vitro protein

digestibilityof dhal samples prepared from 18 pigeonpea cultivars.

Uncooked Cooked
Constituent Range Mean SE Range Mean SE
Protease inhibitors'
Trypsin inhibitor activity (TIA)" 5.4-12.2 +0.4 0.5-2.0 1.1 +0.1
Chymotrypsin inhibitor activity 1.7-3.0 +0.1 0.1-0.3 0.2 +0.02
(C1A)!
In vitro protein digestibility (IVPD)? 52.5-56.5 55.1 +0.4 59.4-83.4 771 +0.6

1. Units inhibited per mg meal.

2. Digestible nitrogen %.

flatulence-causing sugars (raffinose and sta-
chyose) were higher in vegetable pigeonpeas.
The organoleptic qualities offreshly harvested
Uncooked and cooked vegetable pigeonpeas
from green and purple pods were evaluated by
an eight-member taste panel. The overall accep-
tability of uncooked pigeonpeas from green

pods was better than from purple pods. But

cooking erased the differences, which indicates
that cooking improves the acceptability of pur-

ple vegetable pigeonpeas.

Milling Quality

Using a barley pearler fitted with a wooden

instead ofa carborundum wheel, we investigated

Table 19. The milling quality of ten pigeonpea cultivars.’

Yield of indicated fractions (%)

100-seed wt Dehusked Broken

Cultivar (9) (%) Dhal grains Husk
C.1 9.4 96.7 75.4 9.0 12.3
Bahar 12.9 91.5 79.1 8.9 10.9
ICPL-227 10.0 90.2 53.8 25.6 10.9
T.7 11.8 89.7 71.1 10.0 8.6
Gwalior-3 8.5 89.4 63.6 13.4 12.5
Hy 4 8.6 77.2 55.6 11.2 10.0
NP(WR)-15 7.2 71.3 52.9 7.3 11.2
ICPL-6 6.8 69.4 48.9 11.3 9.1
BDN 2 7.4 65.9 54.2 3.4 8.6
LRG-30 6.5 60.0 43.2 8.9 10.8

Mean 8.9 80.1 59.8 10.9 10.5

Se 0.68 4.07 3.77 1.84 0.44

CV (%) 24 16 20 53 13

1. Average of 3 determinations.




the milling quality of 10 pigeonpea cultivars.
Dehusking percentages ranged from 60.0 for the
cultivar LRG-30 to 96.7 for the cultivar C 11
(Table 19). Dhal yield was 43.2% for LRG-30
and 75.4% for C 11. Two other milling fractions,
broken grains and husk, ranged from 3.4% to
25.6% and 8.6% to 12.5%, respectively, forthe 10
cultivars tested. Dehusking percentages of 60
germplasm accessions evaluated for milling
quality ranged from 43.3 to 97.2.

Chemical Analyses of
Podfly-tolerant Cultivars

In collaboration with entomologists we esti-
mated total nitrogen, soluble nitrogen, soluble
sugars, and total polyphenols compounds in
leaf and stem tissues of 12 cultivars from low- or
high-podfly incidence groups. Two replicates of
each cultivar were grown in a randomized-block
design on a Vertisol at ICRISAT Center. Plant
samples obtained from the vegetative and flow-
ering stages were analyzed. The same constitu-
ents were determined in seed and pod wall tissues
of tender pods. Statistical analysis of the data
indicated that no chemical constituent analyzed

differed significantly between the two groups.

Plant Improvement

Extra-early and

Early-maturity Pigeonpea

The area sown to early-maturity pigeonpeas
increased substantially in northwestern India
again this year. The main requirement of that
area continues to be a pigeonpea that matures
early enough to be harvested in time to allow
timely seeding of winter wheat. Wheat cultivars
can be sown wellinto Decemberbut farmers will
not tolerate the marked yield reduction from
sowing wheat late. Therefore work at our Hissar
station is aimed at producing still earlier-
maturing cultivars to be sown in June or July
and yield as well or better than the early-

maturing cultivars now used.
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Because of the added benefits of yield from
intercropping, reduced weed competition, and
increased wood yield, more farmers are sowing
in April early pigeonpeas and such early-
maturing pulse crops as summer mung (Vigna
radiata). We are continuing our research to iden-
tify pigeonpea cultivars suited to that cropping
procedure by testing much ofour breeding mate-
rial at our Hissar station at morethanone plant-
ing date.

In much of northwestern India pigeonpeas are
generally not affected by such diseases as wilt,
sterility mosaic, and phytophthora blight, which
are prevalent in most of India. Butcultivation of
early-maturing pigeonpeas is being increasingly
extended into areas oflndia where those diseases
are prevalent. Additionally, whenever pigeon-
peas are grown they may be attacked by insects,
particularly Heliothis pod borer and podfly; so
we are attempting to identify at ICRISAT Cen-
ter, Patancheru, early-maturing lines that resist
sterility mosaic, phytophthora blight, and wilt
and are less susceptible to pod borers and
podflies.

About half of the 120 crosses made at Hissar
in 1982 were intended to incorporate disease
resistance in early-maturing backgrounds. In
addition, we screened 454 advanced lines at
ICRISAT Center, Patancheru for resistance to
sterility mosaic, wilt, and phytophthora blight.

Besides the lines reported in the 1981 ICRI-
SAT Annual Report, we identified others in
1981 with promising yields and seed size that
matured in less than 100 days (Table 20). They
can provide farmers more time to prepare their
fields for wheat, or they can be used where
delayed seeding of pigeonpea is necessary. Their
comparatively short stature (about 150 cm)

makes them easy to manage and spray.

Medium-maturity Pigeonpea

The medium-maturing pigeonpea types are
adapted to SAT areas with enough rainfall fora
crop to grow 150 to 170 days without heavy
drought stress. Such pigeonpeas are usually
grown as an intercrop. Foroptimumyields, they

must withstand attacks by wilt, sterility mosaic,
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Table 20. Performance ofsome promising pigeonpea lines maturing in less than 100 days at the ICRIS AT station,

Hissar, India, rainy season 1981.

100-seed

Days to Days to weight Yield

Lines flower mature (9) (kg/ha)
ICPL-316 56 97 8.8 2510
ICPL-313 55 99 7.6 2450
Comp. 1 ODT-H7-HB 54 90 7.7 2430
Prabhat (Control) 74 118 6.1 2320
SE 0.7 6.3 0.21 108
CV (%) 1.9 9.8 4.5 8.8

and pod borers. Phytophthora blightand podfly
may also reduce yields considerably.

In our 1981/82 crossing program at ICRISAT
Center, we made 581 crosses designed to pro-
duce medium-maturity, high-yielding pigeonpea
lines with insect and disease resistance and
acceptable grain quality. Several medium-
maturity, advanced lines derived from single,
triple, and double crosses performed wellduring
the 1981 rainy season, outyielding the standard
control cultivars (Table 21). We are testing most
of those lines during the 1982 rainy season at
several locations, in India and elsewhere, as part
of the Medium Maturity Pigeonpea Adaptation
Yield Trial (MPAY).

Late-maturity Pigeonpea

We continued breeding late-maturity pigeonpea
during 1981 at our Gwalior station where
extremely high variability stemmed from poor
growth in certain areas of the field. Despite the
variability, we identified certain lines with prom-
ise. They are being tested at several locations in
the Late Maturity Pigeonpea Adaptation Yield
Trial (LPAY). ICPL-311, which performed well
inthe ACT-3 ofthe All India Coordinated Pulse
Improvement Project, is being tested again in the
ACT-3, along with ICPL-310.

In 1981 we also identified several promising
short-statured, late-maturity lines whose perfor-

mance we are evaluating this year.

Line Development

We continued to purify and maintain varieties
and elite lines. We evaluated 34 inbred lines of
ICP-6982-6, along with its open-pollinated bulk
and C 11, in a replicated yield test. ICP-6982-6 is
a line that has performed well when intercropped
with sorghum. Of the inbred lines five signifi-
cantly outyielded the open-pollinated bulk. One
line, ICPL-304 from the cross (T. 21 x ICP-102)
x (ICP-4726 x ICP-6986), was promising on the
basis of good performance the past 3 years. It
was entered in the 1982 ACT-2.

Hybrids

New hybrids. This year we are producing
enough seed at ICRISAT Center of ICPH-8,
(the early-maturity hybrid MS-Prabhat x ICPL-
161) that yielded 3900 kg/ha in our trials at
Hissarin 1981 (ICRISAT Annual Report 1981),
to enter itinthe EACT ofthe AICPIP during the
1983 rainy season. We are also producing a large
quantity of seed of the hybrid ICPH-2 so it can
be tested in the national mini-kit trials (prere-
lease on-farm trials) in 1983.

Using the diversity of genotypic backgrounds
into which we have putthe male-sterile character
(ICRISAT Annual Report 1981), we produced
several new hybrids; for example, 57 early-
maturity hybrids using MS-Prabhat and MS-T.

21. Next year we will have enough seed to test 15
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Table 21. Performance of indicated, medium-
maturity advanced pigeonpea lines grown in several

trials at ICRISAT Center, rainy season 1981.

100-
Days seed

to 50% weight Yield

Trial Pedigree flowering (9) (kg/ha)
1 ICPL-296 95 8.6 1650
Hy 4 (Control) 97 11.6 1560
SEz 0.9 0.17 132
CV (%) 2 3.7 16
2 ICPL-272 131 9.7 2220
C 11 (Control) 133 9.5 1760
SE ¢ 10 0.21 2 A field worker in Hissar, northern India, emasculates
cv (%) 2 4.4 10 a pigeonpea flower as part of making a hybrid. We
3 ICPL-318 128 10.6 2280 continued to develop hybrids and progenies from
ICPL-319 123 11.6 2180 hybrids to use more fully the diverse genotypic back-
BDN 1 (Control) 127 10.7 1940 grounds we have assembled.
SEz 141.0 0.24 120
CV (%) 141.4 4.1 12
of the 57 new hybrids in a replicated yield test at
4 ICPL-321 138 7.9 2420 our Hissar station. The remaining 42 are being
ICPL-322 136 7.1 2350 grown in an unreplicated yield nursery at Hissar.
ICPL-320 133 8.4 2340 Using other material from our newly converted
C 11 (Control) 133 10.3 2190 male-sterile lines, we produced 19 medium-
SE % 0.7 0.18 114 maturity hybrids of two types: medium- x
CV (%) 0.9 3.5 10 medium-maturity and early- x late-maturity par-
5 ICPL-324 ° 140 74 1880 ents. We are testing all of them during this rainy
ICPL-323 139 71 1750 season at ICRISAT Center.
C 11 (Control) 134 9.8 1690
SE 0.6 014 132 Male-sterile conversion. In our male-sterile
CV (%) 0.7 3.6 17 conversion program we completed four back-
crosses onto eight diverse elite lines, ICP-102,
6 73094-13-G1- 134 9.3 2150 -3783, -7086, -7105, -7118, -7120, BDN 1, and
VIINDT1-4- NP(WR)-15, in addition to the five reported last
VINDT4-B year (ICRISAT Annual Report 1981). The
C 11 (Control) 136 10.6 2080 fourth backcross F,s of the eight new lines were
SE % 2.0 0.30 157 sown this year, so we can make the final back-
CV (%) 3.0 4.9 16 crosses using the appropriate recipient parent as
7 73076 F.B-306- 128 94 2130 the female, to avoid the possible danger of a
GB-GB.B.O® single cytoplasm in all the lines.
C 11 (Control) 131 10.4 1940
SE% 13 0.33 140 Population Development
CV (%) 2.0 5.5 15

We initiated five male-sterile populations this

a. Inbred lines of ICP-6982-6. year. After three generations of intermating we
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will select within them using mass, half-sib, and
Sy family population-improvement techniques.
We will derive improved inbred lines from these
populations and release them to cooperators for
further selection. The selection goals include sta-
ble high yield in both late-and medium-maturity
classes, with and without insect control. Each
population carries resistance to the major
pigeonpea diseases; otherwise the parentage of
each population is determined by its selection

goal.

Natural Outcrossing

To estimate the unintended outcrossing percen-
tage on uncovered flowers after hand pollina-
tions, we made crosses between green x green
stem markers and obtuse x obtuse leaf markers.
As these are both recessive markers, any out-
crosses with adjacent normal plants give normal
seedlings. The percentage of outcrosses was 10.7
from green x greenand 5.4 from obtuse x obtuse.
The results show a higher percentage of foreign
pollen than those reported last year, and suggest
caution when making crosses without protecting

the emasculated flowers.

Rapid Generation Turnover

Our ability to advance material only one genera-

tion a year has limited our progress in breeding

late-maturing pigeonpeas. Recent research in
Australia and New Zealand indicated that
pigeonpea flowering is inhibited by excessively
high or low temperature, as well as by long days.
With thatinformation, we continued attempts to
obtain two crops a year. Thatinvolved sowing 20
diverse genotypes in March in south India with
its relatively short days from March to Sep-
tember. These sowings were in the Nilgiri and
Palni Hills (that lie between about 10° and 11°
30'N) at six sites with a range of altitudes—to
obtain an array of temperature regimes.

Data in Table 22 show the average growth
stage of six lines in the late-maturity group. By
mid-September we could harvest mature or
near-mature seed from all six late-maturity lines
at the Vegetable Seed Production Center in the
Nilgiri Hills. We had previously reported obtain-
ing seed from Ilate-maturity Ilines between
October and March at ICRISAT center (ICRI-
SAT Annual Report 1975/76). Using the south
India location, we can now obtain two genera-
tions a year of our late-maturing breeding

material.

Cooperative Activities

International Trials

During 1982 we constituted a Pigeonpea Obser-

vation Nursery (PON) of 23 genotypes with a

Table 22. Effect ofaltitude on the average growth stage ofsix late-maturing pigeonpea lines seeded between 16 and
19 Mar 1982 in two hill ranges in South India and evaluated between 13 and 17 Sept 1982.

Hill Latitude Altitude Average
Location range N (m) growth stage
Kallar Nilgiri 11°21" 500 No floral buds
Masinagudi Nilgiri 11°34" 1000 2 weeks before
flowering
Pannaikadu Palni 10°17' 1350 Early podding
Vegetable Seed
Production Center Nilgiri 11°21" 1450 Late podding
Kukkal Valley Nilgiri 11°27" 1550 Late flowering
Shembaganur Palni 10°14' 1850 1 week before

flowering




This off-season crop of a

late-maturing  pigeonpea
from Kenya was grown at 1450 m in the Palni hills of

southern India—using the  shorter days and lower

temperatures there—to let us advance late maturity

breeding lines two generations a year.

wide range of maturities, plant types, and disease
and insect resistance to indicate the type of mate-
rial that might be adapted where little or no
pigeonpea had previously been grown. We sent
the nursery to 20 locations in 14 countries. Addi-
tionally, we sent 15 adaptation yield trials con-
taining our elite lines ofearly- (EPAY), medium-
(MPAY), and late-maturity (LPAY) to seven
countries other than India.

All India Coordinated Trials

Excellent cooperation with the All India Coordi-

nated Pulses Improvement Project (AICPIP)
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continued this year. Several ICRISAT lines and
hybrids were tested in the extra-early (EACT),
early- (ACT-1), and medium-maturity (ACT-2)
Arhar (pigeonpea) Coordinated Trials.

Our hybrids 1CPH-2, -5, and -6 continued to
perform well when considered across all loca-
tions in the ACT-2 (Table 23). Combining all
possible comparisons among the entries in the
trials where these three hybrids were grown
ranked them second, third, and fourth. Compar-
ing the vyield of our line 1CPL-270, a wilt-
resistant selection from AS 71-37, with the
original cultivar under disease-free conditions
illustrates the difficulty of retaining yield in
disease-resistant selections. Now, however, we
have disease-resistant lines that yield as well as

adapted controls under disease-free conditions.

Adaptation Yield Trials

We again made available to breeders, tests con-
taining our most advanced breeders' lines. In
1981 our early-maturity trial of 20 entries, the
medium-maturity trial of 25 entries, and the late
trial of 16 entries, were sent to 10 appropriate
locations. The yield, maturity, or seed size of
some of them was extremely promising (Table
24). Performance in these tests is a criterion for
putting them in the All India Coordinated
Trials. For example, ICPL-142 and ICPL-161
are in this year's EACT. These trials also permit
breeders to select lines particularly suited to their

locations.

Regional Trials

Each pigeonpea genotype tends to have a spe-
cific area of adaptation, so it is important to
know the adaptability of each newly developed
genotype to each region. Three regional trials
were formulated for Andhra Pradesh, India, for
the 1981/82 rainy season in cooperation with
APAU and the 1ARI Regional Station, Hyde-
rabad. Those three trials contained the most
advanced, locally adapted material available
from each of the cooperators. The first trial,
ART-1, consisted of normal-spreading types;
the second, ART-2, oferect types; and the third,
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ART-3, was intercropped with sorghum. Each
contained an upright (Hy 4) and a spreading (C
11) control. The tests were conducted at six loca-
tions, four on Vertisols, and two on Alfisols.
Yields of the ICRISAT entries compared with
the highest yielding check were encouraging for
ICPL-265, -296, and -272, which are being tested
again this year to confirm their superiority. Sim-
ilar regional trials for early-maturity pigeonpeas
have been organized this yearinfour other states
in India.

ICAR-ICRISAT Disease Nurseries

The second Indian Council of Agricultural
Research (ICAR) and ICRISAT Uniform Trial
for Pigeonpea Wilt Resistance (IITUTPWR)con-
sisting of 20 entries, 16 of which were contrib-
uted by ICRISAT, was
locations in India. Two entries contributed by
ICRISAT, ICP-8863 and cross 74342, had less
20% wilt at all six Alfisol
(Annigeri, Badnapur, Berhampore, Dholi, Gul-
barga, ICRISAT Center) and at all five Vertisol

locations (Jabalpur, Kanpur, New Delhi, Ran-

conducted at 11

than locations

Cooperative  Activities 163

chi, ICRISAT Center). Five other entries, ICP-
7118, -7182, -10957, -10960, and -11299, did well
across 10 locations. Several otherentriesdid well
at more than one location. Based on its good
performance across all locations in India, ICP-
8863 was recommended by AICPIP for use in
breeding programs developing wilt-resistant
cultivars.

Similarly the second cooperative ICAR and
ICRISAT Uniform Trial for Pigeonpea Sterility
Mosaic Resistance (IIUTPSMR) consisting of
21 entries, of which 20 were contributed by
ICRISAT, was grown at seven locations: Bad-
napur, Dholi, ICRISAT Center, Kanpur, Lud-
hiana, Vamban, and Varanasi. As last year, all
lines reacted similarly at Badnapur (Maharash-
ICRISAT Center.
were susceptible at Dholi (Bihar), Kanpur(Uttar
Pradesh), Ludhiana (Punjab),
(Tamil Nadu). Entry ICP-5124, however, was
resistant at Dholi; entries ICP-4395 and ICP-
7234, at Kanpur; and entry ICP-7378 at Vam-

ban. Some entries showed resistant or tolerance

tra) and Most of the lines

and Vamban

at all three locations, which indicates that there

are different strains ofthe causal agent, or ofthe

Table 24.

Performance of five top yielding pigeonpea lines and the checks in the Early Maturity Adaptation Yield

Trial at five locations in the North Plains West Zone, rainy season 1981.

At Hissar (ICRISAT)

Yield (kg/ha)

100-seed
Days to Days to weight HAU ICRISAT Delhi Pantnagar Sriganga-
Entries flower mature (9) Hissar Hissar nagar Mean
ICPL-142 86 145 7.2 2170(4)* 3570(1) 3360(2) 2570(1) 3000(2) 2930
ICPL-155 77 137 8.3 2330(2) 2300(6) 3220(4) 2300(7) 2760 (3) 2580
ICPL-161 90 145 8.9 2280(3) 2260(8) 2870(7) 2320 (5) 2580 (5) 2460
ICPL-154 .75 131 8.9 2110(6) 2520(3) 2360(11) 2370 (2) 2190 (6) 2310
ICPL-148 78 122 8.8 1670(13) 2240(10) 3270(3) 2150(8) 2200(10) 2300
UPAS 120 (Check) 86 149 7.2 2610(1) 1560(20) na® 2360 (3) 2610 (4) 2290
Prabhat (Check) 70 118 6.5 1720 (14) 2100 (12) 1920 (16) 2110(9) 2330 (5) 2040
SE+ 0.5 2.6 0.3 164 160 108 495 191 -
CV (%) 1.2 3.2 6.0 14.3 13.2 7.3 34.1 171 -

a. Yield rank within trial

b. na = not available.
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Based on good performance over the past few years

(growing at right while the susceptible line stands

breeding programs to develop wilt-resistant

vector at different locations. We are planning a
study next year to find reasons for the

differences.

Testing for Wilt Resistance
in Kenya and Malawi

Considering the importance of pigeonpea wiltin
Kenya and Malawi, we sent some lines with
promising wilt resistance at ICRISAT Center to
be tested in those two countries during the
1980/81 season. Of 38 lines tested in a wilt-sick
plot at Katumani, Kenya, lines ICP-9145,-9155,
and -10960, were resistant, and ICP-8864,-
10957, and -11295 showed some resistance.
Those six lines, along with other promising lines
from ICRISAT, are being tested again at Katu-
mani during the 1981/82 season.

In Malawi, 12 lines from ICRISAT were

tested in a wilt-sick plot at Byumbwe during the

cultivars.

11 locations in India, ICRISAT pigeonpea ICP 8863

at leftt has been recommended by AICPIP for use in

1980/81 season. Lines ICP-9139, -9142, -9145,
and -9148 were free from wilt, and ICP-9134,
-9147, -9156, and -9177 were resistant. Further
testing of those eight lines, and other promising

lines from ICRISAT, is in progress.

University of Queensland

Our work at the University of Queensland con-
tinued in 1982. ICRISAT's funding of this pro-
gram formally terminated in November 1982.
But the University will continue the program
under alternative funding.

Our 5-year association with the University of
Queensland has been extremely fruitful. One of
our scientists worked at the University 2"/, years,
funded by a Commonwealth of Australia Spe-
cial Research Grant. Exchange visits between
Queensland and ICRISAT Center strengthened

the program, and we collaborated in developing



pigeonpea programs at each other's institutions.
Primarily, this program has developed a produc-
tion system with early-maturing pigeonpea cul-
tivars that produce outstanding yields (Tables 25
and 26). An improved production system has
been researched and accepted in Fiji, and its
adoption is expected to make that country self-
sufficient in pigeonpea production. Work by the
University of Queensland staff has provided a
better understanding of the control and inherit-

ance of flowering as influenced by photoperiod
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and temperature. The program also has identi-
fied two new sources ofgenetic male sterilityand
a mechanism that may ensure selfing, and has
developed photoperiod-insensitive lines and
fast-ratooning lines. Genetic material from this
program has been sent to many parts of the
world. A cultivar, Hunt, was released in Queens-
land in 1982.

The 1982 season in southeastern Queensland
was generally favorable with rainfall well distrib-

uted in many areas. Crop growth was mostly

Table 25. Yields of the highest yielding early-maturing pigeonpea lines and the control cv Prabhat in replicated

tests at four locations in Australia, 1982.

Population

Days to 100-seed
50% flo- weight Yield

Location (plants/ha) Entry Pedigree wering (9) (kg/ ha)
Redland Bay 500000 QPL-67 ICP-6997 x Prabhat 67 9.5 6310
QPL-17 HAU line 60 8.6 4780
Prabhat 60 7.2 4650
QPL-58 Prabhat x ICP-6997 60 9.5 4200
QPL-61 Prabhat x ICP-6997 69 1.7 4200
Trial Mean (n 3790
SE +436
CV (%) 19.8
Kingaroy 500000 QPL-61 Prabhat x Baigani 68 6320
QPL-40 (Prabhat x ICP-8405)x
ICPL-10 63 5050
QPL-58 Prabhat x ICP-6997 66 5030
QPL-67 ICP-6997 x Prabhat 69 4960
Prabhat 62 3170
Trial Mean (n - 23) 3930
SE +283
CV (%) 12.5
Gatton 500000 QPL-67 ICP-6997 x Prabhat 9.7 5560
QPL-58 Prabhat x ICP-6997 10.5 4930
QPL-17 HAU line 7.6 4730
Prabhat 5.4 2860
Trial Mean (n 3730
SE + 561
CV (%) 26.1
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Table 26. Performance of some breeding lines fan replicated yield trials at Redland Bay, Queensland, Australia,

1982.
Days to 100-seed
50% flo- weight Yield
Entry Pedigree wering (9) (kg/ha)
QPL-130 ICP-6997 x Prabhat 60 12.3 6510
QPL-126 ICRISAT Cross 74075 64 10.3 5560
QPL-134 Prabhat x Hy 3C 60 10.0 5290
Prabhat (Check) 60 7.2 5240
Trial Mean (n = 50) 3800
SE +412
CV (%) 18.8
QPL-131 ICP-6997 x Prabhat 64 1.7 8070
QPL-132 ICP-6997 x Prabhat 61 11.6 7540
Prabhat (Check) 60 7.0 5470
Trial Mean (n = 15) 4170
SE +430
CV (%) 17.6
QPL-503 (Prabhat x ICP-8504) x 66 11.9 8880
CPL-10
QPL-511 (Prabhat x ICP-8504) x 70 13.8 6690
ICPL-10
QPL-536 (Prabhat x ICP-8504) x 65 11.2 6420
ICPL-10
Prabhat (Check) 60 7.2 4790
Trial Mean (n = 362) 3210
SE +517
CV (%) 22.8
QPL-246 C. cajanus x A. lineata 87 4990
QPL-247 C. cajanus x A. lineata 89 4090
QPL-242 Prabhat x C-322 85 3250
C-322 (Check) 91 2400
Trial Mean (n = 50) 2240
SE +241
18.6

CV (%)




excellent, except that extremely wet and over-
cast conditions at Redland Bay during flowering
and early pod set of the earliest maturing lines
drastically reduced pod set from the firstflush of
flowers. Subsequent flowering, pod set, and seed
yield there were excellent.
Inheritance of photoperiod-sensitivity. These
studies continued in 1982. The lines showing
differential response are being stabilized. They
will be selfed for reevaluation next yearand lines
in the various response classes that appear
homozygous will be intercrossed to test our
hypothesis regarding inheritance of this trait.
In addition we carried out a detailed study of
time-to-flowering in a further series of F, popu-

lations grown at two sowing dates.

Photoperiod x temperature interactions. Attain-
ing rapid generation turnover is critical in breed-
ing. But the factors influencing floral induction
and initiation and flowerdevelopmentin pigeon-
pea are poorly understood, partly because it is
difficult to use controlled environment facilities
for the later pigeonpea germplasm that grows to
extremely large size and may take 200 days or
more to flower. Thus we have had to use field
trials to investigate the effects of environmental
factors on flowering.

Detailed studies on the effects ofphotoperiod,
temperature, and their interaction on floral initi-
ation and development in early-flowering
pigeonpeas have been completed, using field and
controlled-environment facilities. Control of
flowering in late genotypes remains unclear,
although our trials at several latitudes and alti-
tudes in India indicate that late genotypes can be
made to flower rapidly. This year a program was
initiated in Bali, Indonesia, to study flowering
response—funded by the Australian Universities
International Development Program and the
Department of Agriculture, University of
Queensland, The topography of Bali allows
pigeonpeas to grow at sites with the same lati-
tude (8°S) butat different altitudes, which varies
temperature regimes. Artificially extending the
photoperiod has permitted usto make afactorial

study of photoperiod and temperature.

Cooperative Activities 167

Germplasm from ICRISAT, Kenya, and the
University of Queensland, and several F, popu-
lations involving photoperiod-sensitive and
insensitive parents are being evaluated at three
altitudes for initiation and flowering. Prelimi-
nary results from the experiment, still in pro-
gress, confirm that initiation and flowering of
late lines can be accelerated. The study should
provide useful additional information on pho-
toperiod x temperature interactions on floral
development in pigeonpea, and perhaps help
develop

procedures for rapid generation

turnover.

Regional yield evaluation. Yields from six
regional tests in Queensland, Australia were
encouraging (Table 25), and confirm the high
seed-yield potential from short-season pigeon-
peas grown in dense populations. Besides
increasing yields, we have also improved seed
size and seeds per pod in these lines.

The high plant populations we used in Austra-
lia suppress branching and result in synchron-
ized flowering and pod maturity. This greatly
assists insect control. Apart from Redland Bay,
a vegetable-growing area with continuous insect
problems, we found that no more than four
sprays at any site gave excellent insect control.
Such a spray schedule is typical for crop species
in trials in these areas.

We observed remarkable homeostatic ability
for seed yield, associated with the perennial
habit. At Gatton, on a heavy black soil, insect
control at flowering was neglected for various
reasons, and the first flush of flowers was des-
troyed by Maruca spp. With subsequent insect
control, the second flush set well and produced
high yields despite a delayed harvest (Table 25).
Similarly at Redland Bay, high seed yields were
attained from the second flush of flowers after
early flowering lines had extremely poor initial
pod set due to overcast skies. The perennial habit
is highly important in conditioning homeostatic
performance in early-maturing pigeonpea, by
allowing it to respond to variable climatic and
insect challenges.

Preliminary evidence this year suggests that

some of our breeding lines can produce even
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higher yields (Table 26). Some of the lines gave
relatively high yields at all test sites. Next year we

will evaluate a wider range of entries and sites.

Release of photoperiod-insensitive cultivar. In
cooperation with the Queensland Graingrowers
Association we have increased seed of QPL-96
for release to growers under the name 'Hunt'.
QPL-96, from the cross Prabhat x Baigani in our
breeding program in India, has been tested 3
years in Queensland. It is relatively insensitive to
photoperiod, flowers in about 65 days, and has
10 g/100 seeds.
Plant populations ofaround 400 000 per hectare

brown seeds approximately

are required for maximum yields.

Distribution of Breeders' Material

In addition to our entries in the All India Trials,

we supplied 3302 pigeonpea samples to various

Two ICRISA  T-developed pigeonpea

ICPL-92 in

varieties are being

in Gujarat, and Himachal  Pradesh.

considered for release

breeders on request. Forty scientists in 28 coun-
tries other than India received 1227 samples; 53
scientists at 39 locations in India received 2075
samples. The materials despatched include F4S,
F,s, segregating progenies, advanced lines,
disease-resistant lines, male-sterile stocks, and

newly converted male-sterile progenies.

Looking Ahead

We will continue to search for resistance to wilt,
sterility mosaic, and phytophthora blight with
special attention to broadening our genetic base
for resistance to all three. We are particularly
interested in identifying a source of resistance to
P3 isolate of phytophthora blight. Our multilo-
cation testing will help identify both the most
widely resistant

material and potential new

races.

LA o

to farmers in India:  ICPL-87 (above)



We expect to expand the pheromone-trap net-
work monitoring Heliothis  armigera popula-
tions, in India and in neighboring countries.
When we understand the relationship ofthe trap
populations with field populations, along with
climatic and cropping effects, we should be able
to predict damaging infestations and thus allow
timely control.

We shall continue to study ureides and other
nitrogenous transport compounds as a means of
evaluating nitrogen, fixation, while continuing
attempts to improve the acetylene-reduction
assay. We will evaluate our collection of effective
Rhizobium strains to identify the most competi-
tive ones. Our selection for improved fixation
will be concentrated initially on advanced breed-
ers' lines, in which selfing has reduced the
extreme plant-to-plant variability.

We shall continue efforts to identify high-
yielding production systems for our new early-
maturing lines.

We also will be looking for chemical factors
within plants related to disease and insect resist-
ance, and for factors related to high vegetable
quality.

Creating and testing new hybrids with the
many new male-sterile lines we have now deve-
loped should provide some high-performing
combinations. We will continue emphasis on
developing extremely early lines with high yields
on shorter plants. We will work closely with the
national programs in coordinating crosses for
disease resistance, testing lines over a wide range
of environments, and providing meetings at
ICRISAT where breeders can share ideas and

select material that may be useful to them.
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GROUNDNUT

Groundnut production in the semi-arid tropics
(SAT) exceeds that of any other legume and
comprises 70% of the world's production.
Approximately 25% protein and 50% edible oil,
groundnuts are an important source of food and
cash to SAT farmers. Groundnut yields in the
SAT arc generally low, around 800 kg/ha, and
fluctuate widely from wunreliable rainfall. The
low yields stem mainly from disease and pest
attacks and drought stress. Answers to those
problems would lead to greatly increased yields.

In the Groundnut Improvement Program we
are working on disease and pest problems, nitro-
gen fixation, drought stress, and on improving
yield and quality. Our continuing management
strategy is to use the genetic diversity in ground-
nut and its wild relatives to breed into the crop
stable resistance or tolerance to the major yield

reducers.

Diseases

Some of the many diseases that attack ground-
nuts in the SAT cause large pod and haulm
losses. The most important and widespread fun-
gus diseases are the leaf spots, incited by Cercos-
pora arachidicola and Cercosporidium
personatum, and rust, incited by Puccinia ara-
chidis. Pod rots, caused by a complex of soil
fungi, are important in some regions and their

damage is probably much underestimated.

Contamination of groundnut seeds and pro-
ducts with aflatoxins and other mycotoxins is a
worldwide problem. Virus diseases are also
important. Peanut mottle virus disease, which is
seedborne, is widely distributed and causes sig-
nificant yield losses. Other virus diseases are
more restricted but where they occur they can
severely damage groundnuts. Although nema-
tode diseases are infrequent, they can cause sig-
nificant damage and may be linked to pod and

root rots. Groundnuts' only important bacterial

disease is the wilt caused by Pseudomonas sola-
nacearum. The wilt has not been found in India
so we have done no research on it at ICRISAT.

Foliar Fungal Diseases

Screening for resistance. Germplasm lines pre-
viously identified as resistant to rust and late leaf
spot diseases (ICRISAT Annual Report 1981,
pp.159-160) were further tested in the 1981/82
postrainy and 1982 rainy seasons. All resistances
were confirmed. The disease ratings closely
agreed with previous ratings, indicating stable

resistance.

The fight against leaf diseases: resistance to rust and

late leaf spot diseases—shown here—was confirmed

this year in all groundnut germplasm lines previously
rated high  for this trait, thus indicating stable

resistance.
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Table 1. Yields (kg/ha) of selected groundnut genotypes resistant and susceptible to foliar diseases, ICRISAT

Center, postrainy season 1981/82 and rainy season 1982.

Pods Haulms

Genotypes 1981/82 1982 1981/82 1982
Pl 215696 4280 64 9630 2150
Pl 259747 5330 279 8490 3880
Pl 298115 2590 840 9100 2840
Pl 314817 6170 1180 6920 2490
Pl 341879 5150 266 8660 3450
Pl 390593 5620 715 8170 3020
Pl 350680 4440 244 8090 3050
Pl 393516 5080 62 9200 2980
Pl 393517 7260 1180 9400 3100
Pl 393531 6360 700 6670 3270
Pl 407454 6640 1210 9380 3460
Pl 405132 5440 447 11460 3520
NC Ac 17142 7040 450 7960 3330
EC 76446 (292) 3810 389 8180 3725
Krap. Strain 16 5120 468 8640 3060
RMP 12 3820 750 9120 3190
J 117 4760 252 5120 1290
TMV 2° 4310 124 5840 1010
Robut 33-1° 5140 409 6560 1810
SE +396° +136 +682 +331

+ 404° +138 +695 +337

CV (%) 9.8 24.8 10.2 14.2

a. Foliar diseases-susceptible released high-yielding cultivars.
b. For genotypes appearing in the same block.

c. For genotypes not appearing in the same block.

Yield evaluation of foliar disease resistant lines.
Forty-five germplasm lines with resistance to
rust and/or late leaf spot diseases and late leaf
spot-susceptible cultivars J 11, TMV 2, Robut
33-1, and M

1981/82 postrainy season and the 1982 rainy

13 were tested for yield in the

season in field trials in a 7x7 triple-lattice design.
The postrainy-season trial was irrigated when
necessary and fully protected from insect pests;
the rainy-season trial received no irrigation and
no pesticides. Pod and haulm yields for selected

genotypes are shown in Table 1.

Disease pressure was low and yields high in

the postrainy season, but disease pressure was
high and yields low in the rainy season. Despite
low disease pressure in the postrainy season,
three resistant lines significantly outyielded
Robut 33-1. Some germplasm lines outyielded
released cultivars in the rainy season. The effi-
ciency of the triple-lattice design over the ran-

domized block ranged from 101 to 116%.

Effect of chlorothalonil on groundnut yields. In
the 1981/82 postrainy season genotypes TMV 2
and Robut 33-1, both susceptibletorustand late
leaf spot diseases, and Pl 259747, which resists
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Table 2.
ICRISAT Center, postrainy season 1981/82.

Effect ofchlorothalonil on rust and late leafspot development and on yield ofthree groundnut genotypes,

Yield (kg/ha)
% RGL? Pods Haulms Shelling (%)
b ~c
Genotypes w? ce w'e we ce wP c’
TMV 2¢ 52.2 100.0 3297 2867 4375 5601 71.2 70.5
Robut 33-1° 62.7 100.0 3503 4160 5141 6613 71.0 65.7
Pl 259747 ° 97.2 100.0 3879 3722 5925 6478 58.5 62.3
SE +1.32 +338.17 +400.5" +1.63"
+284.29 +432.89 +3.71°
CV (%) 11.6 8.6 3.0
a. = Percentage remaining green leaf.
b. = Water spray.
c. = Chlorothalonil spray.
d. = Susceptible to rust and leaf spots.
e. = Resistant to rust and leaf spots.
f= Standard error of the differences between two subplot treatment means at the same level of the main plot
treatment.
g. = Standard error of the differences between two main plot treatment means for the same subplot treatment mean
or for different levels of the subplot treatment.
Table 2. Further trials are needed to better

both diseases, were given two spray treatments
water (500 liter/ha) and the
fungicide chlorothalonil (1.28 kg a.i. in 800 liter

eight times each:

water/ha). Rust and late leaf spot diseases were

present at low levels. The percentage of green

understand chlorothalonil's effects on the dis-

eases and yields.

Influence of host genotype on uredospore pro-

leaf remaining at harvest, haulm yields, pod duction. We studied uredospore production
yields, and shelling percentages are shown in by Puccinia arachidis on rooted, detached leaves
Table 3. Uredospore production by Puccinia arachidis on six groundnut genotypes.
Mean pustule Spores/ Spores/mm?

Genotypes area (mmz) @ pustule b pustules area
TMV 2 (SE)° 1.2 (+0.069) 1015 (+97.275) 855 (+47.879)
EC 76446 (292) 0.4 22 61

NC Ac 17090 0.4 50 121

Pl 405132 0.7 84 127

Pl 407454 0.3 47 139

Pl 393643 0.4 48 121

SE +0.05 +17.8 +38.0

a.

b.

Calculated from the pustule diameter measured 31

c. Rust-susceptible cultivar.

days after inoculation.

Mean uredospore production during 13 to 35 days after inoculation.




of the rust-susceptible genotype, TMV 2, and
five rust-resistant genotypes: EC 76446 (292),
NC Ac 17090, Pl 405132, Pl 407454, and PI
393643. Significantly fewer uredospores were
produced per unit of leaf area and per unit of
pustule area on the resistant genotypes than on
susceptible TMV 2 (Table 3 and Fig. 1).
Uredospores from resistant genotypes had sig-
nificantly lower germinability than those from
moderately resistant genotypes (Table 4), but we
found no differences in uredospore morphology
(Fig. 2).
Reduced uredospore production and germi-

nation are significantly related to rust disease
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buildup, sogenotypes with those characters have
a particular advantage.

Biological control ofrust and late leafspot disea-
We

parasitizing

ses. found the fungus Verticillium lacanii

rust and late leaf spot fungi in an
1CRISAT glasshouse. Preliminary research con-
firmed the pathogenicity of this fungus on both
foliar disease pathogens. Applying spores of V.
rooted detached
cultivar TMV 2,

ing with spores of the

lacanii to leaves of groundnut

either before or when inoculat-
late

rust and leaf spot

pathogens, considerably reduced development

of the rust disease (Table 5).

Table 4. Germinability of uredospores of Puccinia arachidis collected from pustules on 19 groundnut genotypes.
Percentage germination of uredospores sampled at:
Field First Mean
rust rupture 5 days 10 days 15 days uredospore
Genotype score ? of pustules later later later germination(%)°®
NC Ac 17090 2.1 29.8 32.5 40.3 46.3 37.2
Pl 414332 2.5 34.6 37.4 38.0 38.7 37.2
Pl 341879 2.5 54.5 54.9 45.7 41.3 49 .1
Pl 393646 2.5 54.5 49.4 50.6 45.0 49.9
Pl 405132 2.5 59.5 53.4 37.8 41.5 48.1
Pl 414331 2.8 30.9 21.6 47.7 45.3 36.4
Pl 407454 2.8 31.9 38.5 50.4 49.6 42.6
Pl 390593 2.8 33.9 41.2 60.2 32.7 42.0
Pl 315608 3.0 23.0 16.2 19.3 33.3 23.0
Pl 393527-B 3.0 30.1 33.0 51.7 56.4 42.8
Pl 314817 3.0 35.8 45.7 51.6 39.4 43.1
EC 76446 (292) 3.0 45.4 64.0 44.3 38.7 48.1
Pl 393643 3.0 47 1 38.3 44.7 43.3 43.3
Pl 381622 3.0 50.2 35.7 38.1 33.1 39.3
Pl 259747 3.0 57.9 50.7 44.5 49.4 50.6
NC Ac 17127 4. 59.3 71.9 82.4 76.9 72.6
Robut 33-1° 9.0 69.2 73.9 82.5 67.3 73.2
TMV 2° 9.0 59.3 77.9 85.1 78.0 75.1
J 11° 9.0 65.7 83.8 82.7 68.7 75.2
SE +3.54 +3.01 +3.15 +3.89
CV (%) 14.4 11.8 11.7 15.2

a. Mean of field rust scores on a 9-point scale; 1
b. Analyzed after eliminating the sampling time differences.

c. Rust and late leaf spot susceptible cultivars.

= no disease and 9 = 50 to 100% foliage destroyed.
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Figure 1. Production of uredospores of Puccinia arachidis per unit leaf area (A), and per pustule (B) for six

groundnut genotypes.



Figure 2. Uredospores of Puccinia arachidis on

rust-susceptible genotype TMV 2 (A),

rust-resistant genotype NC Ac 17090 (B).

the

and on the
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Breeding for rust resistance. In the 1981/82
postrainy and 1982 rainy seasons we made 35
new crosses involving high-yielding lines, rust-
resistant advanced breeding lines and germ-
plasm lines to generate rust-resistant,
high-yielding populations. In the disease-
screening nursery 873 F, to F4o populations were
evaluated. We rejected 133 populations with
poor yields and/or high susceptibility to rust,
and made bulk selections ofthe others, which are
being advanced in the 1982/83 postrainy season.

Yield trials.
Fi2 advanced rust-resistant lines, adapted sus-

Four yield trials comprising F7 to

ceptible cultivars, and the rust-resistant parent
check NC Ac 17090 were conducted in the 1982
rainy season. Three of the four trials were under
both high-fertility and low-fertility rainfed con-
ditions, with and without protection from pests.
The other trial was only under low fertility. Sev-
eral advanced lines outyielded both the suscepti-
ble cultivars and the resistant parent under both
systems (Tables 6 to 9). The best selections are
being evaluated during the 1982/83 postrainy
season at Ankola, Karnataka, and Aliyarnagar,
Tamil Nadu—to select entries for the Foliar Dis-
eases Resistance Varietal Yield Trial to be con-
ducted through AICORPO during the 1983

rainy season.

Breeding for late leaf spot resistance. During
the 1982 rainy season, we raised 14 F4s from
single, triple, and double crosses involving high-

yielding advanced lines and lines with resistance

Table 5. Effect of the hyperparasite Vertcillium lacanii on development of rust and late leaf spot diseases on
groundnut cultivar TMV 2.
Late leaf spot
Infection Leaf area Infection Leaf area
frequency damage frequency damage
Treatment (lesions/cm?) (%) (lesions/cm?) (%)
Pathogen alone 12.6 19.9 6.7 32.2
Pathogen + V. Jacani (mixture) 7.3 8.6 4.5 38.3
Preinoculation with V. Jlacanii 5.3 7.4 3.3 24.5
SE + 1.27 +1.95 +0.56 +7.33
CV (%) 33.7 36.4 25.9 51.7
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Table 6. Breeding groundnut for rust resistance; F; and Fg yield trial, ICRISAT Center, rainy season 1982.
Reaction

Pod Haulm 100-kernel

yield weight Shelling weight Late
Pedigree (kg/ha) (kg/ha) (%) (9) Rust leaf spot
(G 37 x EC 76446 (292)) F;B 2470 3980 65 28.4 2.7 6.7
(DH 3-20 x EC 76446 (292)) F;B 2320 2930 60 32.3 3.0 7.0
(NC Ac 2190 x NC Ac 17090) F,B 2260 3090 65 34.9 3.0 7.0
(TG 14 x NC Ac 17090) FgB 2220 4380 52 29.6 3.0 6.0
(Shantung KU No. 203 x NC Ac 17090) FgB 1980 3520 56 26.1 3.0 7.0
(JH 89 x NC Ac 17090) F;B 1970 2990 60 29.3 3.7 7.0
(MH 1 x NC Ac 17090) F;B 1890 4140 52 30.8 2.7 6.3
(NC Ac 2564 x NC Ac 17090) F,B 1840 3460 52 28.2 3.3 6.7
(NC 17 x Nc 17090) FgB 1780 4320 64 241 3.0 6.3
NC Ac 17090 ° 1250 3700 59 27.8 2.5 6.3
Robut 33-1 ¢ 1510 1540 70 31.7 9.0 9.0
JL 24° 870 1410 50 22.8 9.0 9.0
Jone 680 1480 65 27.4 9.0 9.0

SE +140 +239
CV (%) 16 13

a. Scored on a 9-point disease scale; 1 = no disease and 9 = 50 to 100% foliage destroyed.

b. Rust-resistant check.

c. Standard susceptible checks.

to both late leaf spot and rust. We will simultane-
ously screen the F;s of the crosses for both dis-
1983

eases during the rainy season.

Genetics ofrust resistance. The parents and F,,
F,, and first backcross generation of both the
259747, EC

two susceptible

parents of three resistant lines, PI
76446, and NC Ac 17090 and
lines, Gangapuri and J11, were grown during
the 1982 rainy season. We recorded rust disease
scores and percentages of leaf areas damaged on
all plantsjust before harvest using methods pre-
(ICRISAT Annual

An analysis based on Jinks and

viously described Report
1981, p.159).
Jones' six-parameter model revealed that resist-
ance to

additive,

rust was predominantly controlled by

additive x additive, and additive x

dominance gene effects. Duplicate epistasis was
observed both for rust-disease scores and leaf-

area damage.

Soilborne Fungal Diseases

Pod rot disease. Screeninggermplasm lines for

resistance to pod rot disease continued. Entries
showing low pod rot incidence among 213 lines
in 1981/82 postrainy-season and 789 in 1982

rainy-season preliminary observation trials are
now in advanced screening.

Twenty germplasm lines that had shown res-
istance to pod rot in earlier trials were grown in
field
genotypes Robut 33-1, TMV 2, M
puri, and EC 76446 (292) in the 1981/82 post-
rainy and

replicated trials with known susceptible

13, Ganga-
1982 rainy seasons. Both seasons the
trial was repeated on three fields. Mean percen-
tages of pods rotted are shown for each genotype
for the three 1981/82 trials in Table 10, and for
the three 1982 trials in Table 11. Table 11
shows pod yields of genotypes from one field in
1982.

also

Most of the genotypes selected as pod rot
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Table 7. Breeding groundnut for rust resistance; F;g yield trials, ICRISAT Center, rainy season 1982.

Pod yield (kg/ha) Reaction °¢
Haulm 100-kemel ¢

HF @ LF weight ° Shelling ° weight Late
Pedigree (kg/ha) (%) (9) Rust leaf spot
(Ah 65 x NC Ac 17090) FsB 3020 1230 2160 64 34.6 3.0 7.3
(Comet x NC Ac 17090) FgB4 2680 1870 2940 64 35.6 3.0 7.3
(GAUG 1 x Pl 125974) F4B 2570 1540 3370 64 25.9 4.5 6.0
(Tifspan x NC Ac 17090) FgB 2570 1780 3330 62 38.2 3.0 7.0
(Comet x NC Ac 17090) FgB, 2450 1630 3140 62 35.5 4.0 7.0
(NC Fla 14 x NC Ac 17090) FgB 2420 980 3000 53 35.3 3.0 6.3
(TG 14 x NC Ac 17090) FgB 2410 1220 3100 64 29.2
(JH 335 x NC Ac 17090) FgB 2380 1230 2580 60 36.3
(M 145 x NC Ac 17090) FgB 2240 1420 2010 64 31.6 3.5 6.8
(JH 171 x PI 259747) FgB 2200 3080 58 25.2
NC Ac 17090 ° 1460 1340 4400 60 29.3 2.5 6.3
Robut 33-11 1350 1280 1640 62 33.5 9.0 9.
J 11 1050 1700 60 23.5 9.0 9.

SE +104 +92 +168
CV (%) 11 11

a. HF = High fertility with irrigation and protection from insects.
b. LF = Low fertility, rainfed without protection from insects.

c. From HF trial.

d. Scored on a 9-point disease scale; (see Table 6 fn a).

e. Rust-resistant check.

f. Standard susceptible checks.

resistant had significantly fewer (%) pods rotted
than the susceptible controls. Several rot-
resistant ones had yields as good as the high-
yielding control, Robut 33-1.

In the 1982 rainy season seven groundnut gen-
otypes previously selected for pod rot and
drought resistance were compared for pod rot
resistance with the susceptible genotypes, Robut
33-1 and M 13, in two field trials—one trial on a
field in the normal crop rotation; the other on a
pod rot sick plot. Pod rot was more severe on
plan