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ICRISAT's Objectives

To serve as aworld centerto improve the yield and nutritional quality of
sorghum, pearl millet, pigeonpea, chickpea, and groundnut.

To develop farming systems which will help to increase and stabilize
agricultural production through better use of natural and human
resources in the seasonally dry semi-arid tropics.

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

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



About This Report

This eighth Annual Report covers 1'/, years (June 1980 through
December 1981) as a transition from our crop yearreports (1 June to 31
May) to future reporting on a calendar year basis. Because of the
different normal and experimental growing periods ofour five mandate
crops and the need fortime aftercropping seasons to analyze data, some
of the reports do not cover the entire 1'/,years. The period under report
is mentioned in each Program's introduction.

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

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

Detailed reporting of the extensive activities of ICRISAT's many
research support units is beyond the scope ofthis volume, buta compre-
hensive coverage of ICRISAT's core research programs is included.
The work reported here is written up in more detail in individual
program publications, which usually are available from the particular
research program. Individual program offprints of this Annual Report
are also available.
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bicolor americanum cajan (L.) arietinum hypogaea
(L.) Moench (L.) Leeke Millsp. L. L.
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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,
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Indian millet chick,
caravance
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Sorgho Petit mil Pois d'Angole, Pois chiche Arachide
pois cajan
Portuguese
Sorgo Painco Guando, Grao-de-bico Amendoim
perola feijao-guando
Spanish
Sorgho, Mijo perla, Gaundul Garbanzo, Mani
zahina mijo garavance
Hindi
Jowar, Bajra Arhar, Chana Mungphali
jaur tur
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Introduction

Since ICRISAT's establishment in 1972, farmers in the semi-arid tropics
(SAT) have been watching our experiments with the hope that some day they
would be able to benefit from them. In the period ofthis report (June 1980-Dec
1981) we took a significant stride in that direction—by transplanting to the farm our
field successes with improved technology for the deep Vertisols in areas of assured
rainfall in India. The technology has several components, some developed by us
and others refinements or modifications of existing practices. The on-farm
project was launched on a 15-ha area of deep Vertisols in farmers' fields at Taddan-
pally village, about 43 km northwest of ICRISAT Center, in collaboration

ICRISAT's Director General distributes to Taddanpally farmers leaflets on the Institute's proposal for
transfer of improved technology to their fields. The farmers agreed to the proposal and the project was
successfully launched with their participation.
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Policymakers from Indian states visited ICRISAT and Taddanpally to discuss the feasibility of taking
ourimproved technology to their states. They also saw experiments at our research farm above.

Village scene near ICRISAT's new Sahelian Center, about 35 km south of Niamey, Niger.
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with the Department of Agriculture, Government of Andhra Pradesh; the
Medak district officials; the All India Coordinated Research Project for
Dryland Agriculture; and the Andhra Pradesh Agricultural University. Both
the participating farmers and their neighbors were enthusiastic about the extra
crop produced in the rainy season when this land normally remains fallow, and
about the substantially increased profits. This success in technology transfer
prompted teams of policymakers and agriculturists from six Indian states
where large deep Vertisol areas exist to approach ICRISAT to discuss the
feasibility of taking the technology to their states.

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

On a request from the Southern African Heads of Government, we sent a
fact-finding mission to the S ADCC member countries to examine the state of
research and development of ICRISAT mandate crops. Based on the recom-
mendations of the mission, a strategy is being developed to provide ICRISAT
support to these countries.

Our Genetic Resources Unit

added 7190 accessions to our A view of ICRISAT's medium-term cold storage

collection, raising the total to facility where the Institute's germplasm is
71600. Although we now have stored.

the largest number of samples of
our mandate crops assembled at
any one place in the world, there
are still many regions to be
explored. In collaboration with
regional and national gene
banks, we have embarked on
multilocation evaluation of our
germplasm in order to charac-
terize it at or near its place of
origin to determine its full
potential.

Our sorghum and pearl millet
experimental varieties and cul-
tivars continued to excel in both
national and international trials.
Our sorghum hybrids entered
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This year we succeeded in identifying kabuli-type chickpea lines resistant to fusarium wilt. One of these,
ICCL-81001, is shown above.

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

For the first time, kabuli-type chickpea lines with resistance to fusarium wilt
were identified. Screening for Botrytis resistance was initiated at G.B. Pant
University of Agriculture and Technology, Pantnagar, India. In Ascochyta
screening work at ICARDA, our sister institute in Syria, several promising
lines were selected. After 4 years of advanced testing, one of our medium-
duration desi-type chickpea cultivars qualified for national program farmers’
field testing in the central zone of India.

One of our first early-maturing pigeonpea hybrids yielded 3900 kg/ ha at our
Hissar station in the 1981 rainy season. Besides yielding 33% more than the
adapted check, T-21, the hybrid matured 10 days earlier than the check. This
hybrid was one of four produced from two early-maturing cultivars in our
male-sterility conversion program.
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An ICRISAT scientist explains a groundnut experiment to some of the 1550 farmers who visited us on
Farmers' Day.

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

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

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

L.D. Swindale
Director General




ICRISAT's Research
Environment

Most of the research reported in this volume was carried out at ICRISAT Center, the
Institute's main research facility in south-central India, with important contributions
made by ICRISAT scientists posted at cooperative stations in India, in seven African
countries, and in Mexico, Syria, and Australia. As background to our research reports,
this section presents a brief description of the environments in which most of our research in
India is conducted. Pertinent data for weather outside India is listed with experiments
in the program reports.

ICRISAT Center

The Institute is located at 18°N, 78 E on 1394 hectares near the village of Patancheru,
25 km northwest of Hyderabad on the Bombay Highway. The experimental farm
includes two major soil types found in the semi-arid tropics: Alfisols (red soils), which
are light and drought prone, and Vertisols (black soils), which have great water-
holding capacity. The availability of these two soil types provides an opportunity to
conduct experimental work on the five crops in our mandate under conditions
representative of many areas of the SAT.

Seasons. Three distinct seasons characterize much of India. In the Hyderabad area
the rainy season, also known as monsoon or kharif, usually begins in June and extends
into September. More than 80% of the 800-mm average annual rainfall occurs during
these months, in which rainfed crops are raised. The postrainy winter season of
October through January, also known as postmonsoon or rabi, is dry and cool and
days are short. During this period crops can be grown on Vertisols on stored soil
moisture. The hot and dry summer season is from February until the rains begin again
in June. Any crop grown in this season requires irrigation.

Crops. The five ICRISAT crops have different environmental requirements that
determine where and when they are grown. In the Hyderabad area milletand ground-
nut are sown on Alfisols during June and July, the beginning of the rainy season; at
ICRISAT Center additional generations are taken under irrigation. Pigeonpea is
generally sown at the beginning of the rainy season and continues growing through the
postrainy season; an irrigated crop of early-maturing types is planted in December at
the Center so as to provide additional genetic material for our breeding program. Asin
normal farming practice, two crops a year of sorghum can be grown at the Center, one
during the rainy season and the other on Vertisols in the postrainy season. Chickpea, a
single-season crop, is sown during the postrainy season on residual moisture in deep
soils (Vertisols at ICRISAT Center). At ICRISAT, as in normal farming practice,
these crops are often grown in various combinations and sequences, which we are
working to improve. The cropping schedule generally followed at ICRISAT Center is
shown in Figure 1.




Research Environment

7

Rainy season Postrainy season Summer
LJune LJuly 1 Aug |Sept| Oct | Nov | Decl Jan l Feb | Mar | Apr | Mayl

SORGHUM ’ 1

PEARL MILLET

'- ——————————
CHICKPEA ' ; 1
P e e e
PIGEONPEA - A
- ook o N -
GROUNDNUT ' N o et e e e o e e =+

pe—————aq ICRISAT cropping periods that correspond to
farmers' general practice in the area.

b~ — ———4 Additional ICRISAT cropping periods to meet
experimental needs; with irrigation where
necessary.

Figure 1. ICRISAT Center's cropping schedule.

Cooperative Research Stations

In cooperation with five agricultural universities in India, ICRISAT has established
stations on their campuses to test the performance of breeding material under varying
climatic conditions and latitudes. These are situated at Anantapur (15°N), Bhavani-
sagar (11°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. Our
cooperative work at Hissar was started in 1975 to test chickpea and pearl millet in the
climatic conditions where these crops are mostly grown—a belt that stretches across
north India-(and-the Middle East for chickpea, and the Sahelian zone of Africa for
pearl millet). Hissar also provides a test site for early-maturing pigeonpeas in a region
where they are increasingly being grown in rotation with wheat. Likewise the need for
extending the work on sorghum to screen for diseases and pests was met at Dharwar
(an especially good site for sorghum downy mildew screening), and Bhavanisagar,
which also provides another test environment for pearl millet at a latitude (i.e.,
daylength analog) similar to the West African millet belt. Our research station at
Gwalior provides us with an effective screening site in the region where most of
India's late-maturing pigeonpea crop is grown; this station also provides an alternative
site for selecting chickpea. Anantapur, our most recently acquired site (1980), is
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used during the rainy season for drought screening of pearl millet, sorghum, and
groundnut.

The Weather

ICRISAT Center. In 1980 the total rainfall received during the rainy season (June to
October) was 733 mm, against a normal rainfall of 690 mm for this period. Rainfall
from June to October in 1981 was 1072 mm, which was 36% above the normal.
Monthly rainfall and temperature data from June 1980 to December 1981 are pres-
ented in Table 1.

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

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

Table 1. Rainfall and temperature at ICRISAT Center, June 1980-December 1981.

Temperature (°C)

Rainfall (mm) Normal” 1980/81
Month Normal® 1980/81 Max Min Max Min
June 115 141 34 24 33 24
July 171 127 30 22 30 23
August 156 306 29 22 30 22
September 181 153 30 22 30 22
October 67 6 30 20 32 18
November 23 0 29 16 30 16
December 6 2 28 13 28 14
January 6 16 29 15 27 14
February 11 0 31 17 33 16
March 13 77 35 20 K’ 20
April 24 3 37 24 38 23
May 27 2 39 26 39 26
June 115 203 A 24 35 24
July 171 209 30 22 31 23
August 156 218 29 22 28 22
September 181 287 30 2 29 2
October 67 155 30 20 30 20
November 23 2 29 16 28 15
December 6 0 28 13 27 14

a. Based on 1901-70 rainfall data.
b. Based on 1931-60 temperature data.
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Table 2. Rainfall and temperature at Anantapur, June 1980-December 1981.

Temperature (°C)

Rainfall (mm) _ Normal> _1980/81
Month Normal® 1980/81 Max Min Max  Min
June 49 55 347 247 343 238
July 66 10 324 237 340 242
August 74 35 324 235 322 236
September 138 26 325 231 337 234
October 126 67 314 225 340 228
November 36 18 30.0 194 306 20.2
December 8 0 29.1 172 305 177
January 7 1 304 173 30.2 18.3
February 2 0 334 186 344 18.8
March 5 15 36.8 216 36.8 23.0
April 24 7 384 257 399 265
May 57 16 381 258 393 26.0
June 49 6 347 247 353 250
July 66 112 324 237 338 243
August 74 48 324 235 314 242
September 138 197 325 231 298 238
October 126 102 314 225 302 229
November 36 6 300 194 288 196
December 6 18 291 172 279 179

a. Based on 1910-69 rainfall data.

b. Based on 1931-60 temperature data.

Table 3. Rainfall and temperature at Bhavanisagar, June 1980-December 1981.7

Rainfall (mm)

Temperature (°C)

Month 1980/81 1980/81

Max Min
June 6 335 27.0
July 19 33.1 26.9
August 90 32.9 259
September 42 354 274
October 136 321 24.8
November 103 30.9 22.9
December 19 30.6 224
January 0 31.2 21.8
February 0 324 19.0
March 9 34.5 23.9
April 9 36.9 26.0
May 83 374 26.5
June 8 32.8 255
July 7 34.6 26.5
August 25 32.8 26.1
September 115 325 252
October 166 31.2 24.9
November 48 27.2 23.8
December 9 29.6 20.0

a. Rainfall and temperature data for past years are not available for Bhavanisagar.




10

Research Environment

Table 4. Rainfall and temperature at Dharwar, June 1980-December 1981.

Temperature (°C)

Rainfall (mm) Normal 1980/81

Month Normal® 1980/81 Max Min Max Min

June % 159 291 208 27.9 21.2
July 175 202 265 205 26.2 20.7
August 122 149 264  20.1 25.6 20.2
September 103 127 282 196 284 19.7
October 126 43 29.7 191 314 19.0
November 48 23 286 170 29.8 16.8
December 12 1 284 137 29.3 13.9
Januury 2 3 293 143 28.3 17.3
February 2 0 321 163 32.2 15.9
March 9 3 348 188 35.2 18.1

April 48 22 363 208 36.9 20.5
May 75 108 349 211 33.9 20.9
June % 127 291 208 27.5 20.6
July 175 183 265 205 25.9 20.3
August 122 123 264  20.1 25.3 19.9
September 103 9% 282 196 27.2 20.0
October 126 80 29.7 191 29.5 18.6
November 48 12 286 17.0 28.7 14.8
December 12 0 284 137 27.2 14.3

a. Based on data for the period 1901-50. b. Based on data for the period 1972-81.

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

Rainfall (mm) Temperature (°C)
Normal® 1980/81 Normal® 1980/81

Max Min Max Min
June 83 82 40.8 30.2 385 28.2
July 274 290 34.1 26.6 322 26.2
August 259 575 31.9 254 32.2 25.3
September 192 0 324 244 336 249
October 35 21 33.2 18.0 35.3 20.2
November 2 0 294 105 29.7 124
December 8 14 24.8 7.2 24.3 84
January 18 0 23.2 75 23.2 7.8
February 8 0 26.6 10.0 27.0 104
March 8 20 329 16.0 304 15.8
April 3 0 385 223 38.3 21.8
May 9 14 42.6 28.0 41.3 26.7
June 83 42 40.8 30.2 422 29.3
July 274 251 341 26.6 33.1 26.7
August 259 115 31.9 254 334 26.2
September 192 54 324 244 35.8 256
October 35 6 33.2 18.0 34.6 14.6
November 2 63 294 10.5 27.8 51
December 8 7 24.8 7.2 237 5.1

a. Based on data for the period 1931-60.
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Table 6. Rainfall and temperature at Hissar, June 1980-December 1981.

Temperature (°C)

Rainfall (mm) Normal® 1980/81

Month Normal® 1980/81 Max Min Mex Min

June A 10 41.3 277 40.6 27.6
July 122 138 37.3 27.3 354 26.7
August 114 46 355 26.1 35.9 26.1
September 81 0 357 23.9 36.3 224
October 15 8 34.6 174 347 17.9
November 8 7 29.6 9.8 28.0 10.5
December 5 29 241 6.0 22.0 6.4
January 19 27 217 55 19.9 7.0
February 15 2 25.0 8.1 256 8.3
March 17 43 30.7 133 26.6 12.3
April 6 0 37.0 19.0 371 18.3
May 11 13 416 246 414 244
June A 95 41.3 27.7 42.8 26.5
July 122 171 37.3 27.3 34.2 26.7
August 114 59 355 26.1 35.5 257
September 81 27 357 23.9 36.2 23.1
October 15 0 346 174 337 15.2
November 8 61 29.6 9.8 259 10.8
December 5 0 24 1 6.0 22,6 47

a. Based on data for the period 1931-60.

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

Dharwar. Data on rainfall and temperature recorded at Dharwar are givenin Table
4. During the 1980 rainy season (early May to October), 714 mm of rainfall was
received, while in 1981 it was 716 mm—the normal rainy season rainfall is 697 mm.

Gwalior. The 968 mm of rainfall received during the 1980 rainy season (June to
October; see Table 5) was 15% above the normal rainfall for this period. However,
during the 1981 rainy season the rainfall for the corresponding period (468 mm) was
45% below normal.

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






GENETIC RESOURCES UNIT

T | Ty Pt ot L S ey S e N o
- £ o] ..o A T i R 203 P O A R T
o1 - ““WW Np W b B Xy % Lt e
RS A AN .ﬂr-u Wy NS . “‘“f*\ﬁdfe_\},}”w&
4 2 | *

An M
LN g PSR e
A !ﬂi_\ 'S d‘-w-'v\- A% AR MAgay A >
\‘;\{;%’}&\‘Q\‘H £24 ..':\"\'\ 4 “‘. SRR LA A
- e y Ve -
3 1'-_\3-1&"“,-\ Y ra Y

s B
L4
4 tad




Sorghum Germplasm
Pearl Millet Germplasm
Pigeonpea Germplasm
Chickpea Germplasm

Contents

15
20
21
22

Groundnut Germplasm
Minor Millets Germplasm

Looking Ahead

23
23

23



GENETIC RESOURCES UNIT

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

In the past 1-1/2 years (1 June 1980-31 Dec
1981) we added 7190 accessions to our collec-
tion. We now have over 71 600 accessions (Table
1) of our mandate crops and six minor millets.
Major expeditions during this period were
launched in Ethiopia, the Gambia, Ghana,
Mozambique, Nigeria, Tanzania, Zambia, the
Philippines, and several areas in India. Detailed
report on each collection mission is available
from GRU. Although we have the largest
number of samples of each crop assembled at
any one place in the world, there are yet many
regions to be explored. Our present areas of
priority for germplasm collection include:

Western Africa — sorghum and millets
Eastern Africa — sorghum, millets, pigeon-
pea, and chickpea
Southern Africa — sorghum, millets,pigeon-
pea, and groundnut
Central Asia — chickpea
South Asia — sorghum, millets, pigeonpea,
chickpea, and groundnut
Southeast Asia — pigeonpea and groundnut
Far East — sorghum, millets, and groundnut
Central America — groundnut and pigeonpea

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

IBPGR. The collected material is also shared
accordingly.

Almost all the Institute germplasm is now
being maintained and conserved in the tempor-
ary medium-term cold storage at 4-5°C and 30-
40% relative humidity. Germination tests are
conducted periodically to monitor the viability
of seeds during storage. For maximum safety,
the groundnut seeds are conserved unshelled,
thus occupying relatively more space. Therefore
some of the seeds are still in short-term storage at
about 18°C. This problem will soon be solved
when we move to our new Genetic Resources
Laboratory, presently under construction.

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

An important service provided by the Genetic
Resources Unit is the worldwide distribution of
germplasm to interested workers. Table 2 shows
the number of samples distributed since June
1980 to scientists within and outside India. All
seed despatches abroad are inspected and
cleared through the Government of India's qua-
rantine services.

Sorghum Germplasm

To the existing collection of 17 986 sorghum
accessions we added 3278 during the report
period, thus raising the total collectionto 21 264.
The new additions were assembled from 48
countries through collection expeditions and
correspondence. This also includes 847 missing
IS numbers in the world collection that were
recovered from other gene banks.

A total of 851 accessions from Tanzania, Ethi-
opia, South Africa, Malawi, the Gambia,
Yemen, Mozambique, Upper Volta, Australia,
USA, Senegal, West Germany, Hungary, and
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Table 1. Gemmplasm collection status at ICRISAT as of 31 December 1981.

Number of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
AFRICA
Algeria 0 0 0 16 0
Angola 29 0 0 0 6
Benin 4 0 0 0 9
Botswana 190 45 0 0 0
Cameroun 1 835 171 0 0 3
Central African Rep. 39 58 0 0 0
Chad 138 62 0 0 10
Congo 0 0 0 0 11
Egypt 22 0 0 53 8
Equatorial Guinea 0 0 0 0 11
Ethiopia 4 113 0 0 161 0
Gambia 1 17 0 0 18
Ghana 64 1 1 0 10
Guinea 0 0 0 0 16
Ivory Coast 1 0 0 0 57
Kenya 761 47 64 0 30
Lesotho 7 0 0 0 0
Liberia 0 0 0 0 10
Libya 0 0 0 0 1
Malagasy Republic 1 0 1 0 28
Malawi 370 223 17 3 93
Mali 111 527 0 0 21
Mauritania 0 1 0 0 0
Mauritius 0 0 0 0 13
Morocco 3 0 0 56 9
Mozambique 0 0 0 0 133
Namibia 1 0 0 0 0
Niger 408 1 032 0 0 4
Nigeria 1173 492 27 3 203
Senegal 230 304 10 0 157
Sierra Leone 3 0 0 0 2
Somalia 125 3 0 0 6
South Africa 659 16 0 0 60
Sudan 2 255 168 0 11 688
Swaziland 19 0 0 0 1
Tanzania 133 136 5 1 121
Tunisia 0 0 0 30 0
Uganda 612 48 0 0 68
Upper Volta 216 34 0 0 39
Zaire 24 0 0 0 4
Zambia 210 25 14 0 88
Zimbabwe 186 52 0 0 430

Continued




Table 1. Continued.
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Number of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
ASIA
Afghanistan 6 0 0 674 0
Bangladesh 9 0 57 33 0
Burma 8 0 63 9 16
Cambodia 0 0 0 0 1
China 68 0 0 0 162
Cyprus 1 0 0 22 5
India 4 027 10 727 9001 5 319 1774
Indonesia 32 0 4 0 97
Iran 7 0 0 4 099 6
Iraq 4 0 0 18 0
Israel 22 0 0 48 41
Japan 111 0 0 0 50
Jordan 0 0 0 24 0
Lebanon 179 71 0 18 0
Malaysia 0 0 0 0 63
Nepal 8 0 116 77 0
Pakistan 29 5 15 150 0
Philippines 5 0 13 0 16
Saudi Arabia 1 0 0 0 0
South Korea 2 0 0 0 0
Sri Lanka 25 0 66 3 17
Syria 4 0 0 13 1
Taiwan, China 13 0 3 0 36
Thailand 5 0 7 0 10
Turkey 51 0 0 435 4
Yemen 27 0 0 0 1
Yemen DR 1 0 0 0 0
EUROPE
Belgium 1 0 0 0 2
Bulgaria 0 0 0 5 3
CzechosJavakia 0 0 0 8 0
France 5 0 20 1 0
German DR 0 0 0 1 0
Greece 1 0 0 25 4
Hungary 22 0 0 4 2
Italy 8 0 5 30 0
Portugal 6 0 0 4 0
Spain 3 0 0 78 1
UK 1 0 0 0 0
USSR 69 12 2 98 55
Yugoslavia 0 0 0 2 0

Continued
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Table 1. Continued.

Number of accessions

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut
THE AMERICAS

Argentina 16 0 0 0 228
Bolivia 0 0 0 0 94
Brazil 0 0 7 0 322
Chile 0 0 0 138 12
Colombia 0 0 5 1 0
Costa Rica 0 0 0 0 1
Cuba 3 0 0 0 11
Dominican Rep. 0 0 6 0 0
Ecuador 0 0 0 0 2
El Salvador 1 0 0 0 0
French W. Indies 0 0 4 0 0
Guatemala 6 0 0 0 0
Guyana 0 0 7 0 0
Honduras 1 0 0 0 4
Jamaica 0 0 18 0 1
Mexico 234 0 2 360 6
Nicaragua 1 0 0 0 0
Paraguay 0 0 0 0 118
Peru 0 0 5 2 72
Puerto Rico 0 0 45 0 21
Trinidad 3 0 22 0 6
Uruguay 1 0 0 0 24
USA 1 867 48 3 109 1692
Venezuela 1 0 15 0 12
AUSTRALIA AND OCEANIA

Australia 28 4 47 0 45
Fiji 0 0 0 0 2
New Guinea 1 0 0 0 0
UNKNOWN 397 11 0 233 2502
Total 21 264 14 340 9697 12 375 9911
Minor millets collection at ICRISAT

Species No. of accessions
Eleusine coracana (finger millet) 1241

Setaria italica (foxtail millet) 1160

Panicum miliaceum (proso millet) 715

Panicum sumatrense (little millet) 243

Echinochloa cruagalli (barnyard millet) 380

Paspalum scrobiculatum (kodo millet) 300

Total 4039




Table 2. Germmplasm distribution from 1 June 1980 to
31 December 1981.

No. of samples distributed?®

Within Outside
Crop India India Total
Sorghum 5 276 6 898 12 174
Pearl millet 1875 2434 4 309
Pigeonpea 3 197 1010 4 207
Chickpea 5724 12 942b 18 666
Groundnut 3 509 1721 5230

Minor millets 3 996 1 982 5 978
Total 23 577 26 987 50 564

a. The figures do not include over 65 000
samples of germplasm supplied to ICRISAT
scientists.

b. 10 334 samples were supplied to ICARDA,
Syria.

Lesotho were planted in our Postentry Quaran-
tine Isolation Area (PEQIA) for inspection and
release.

Pointed collections organized in the Gambella
area of Ethiopia and in northern Nigeria resulted
in acquisition of a good number of zera-zera,
kaura, fara-fara, and guineense sorghum acces-
sions. These are highly prized for their agro-
nomic superiority, including grain quality.
Other expeditions during the year were to Zam-
bia, Mozambique, Tanzania, Ghana, and India.

To meet the increasing requests for seed, 7824
accessions were selfed and rejuvenated in the
1980 postrainy season and 112 male-sterile lines
were maintained by hand pollination. A total of
4850 newly assembled accessions were charac-
terized and evaluated for their morphoagro-
nomic characters during the 1980 postrainy and
1981 rainy seasons.

We continued screening sorghum germplasm
for insect and disease resistance in collaboration
with other program scientists. A number of lines
were identified as promising sources of resist-
ance to grain mold (236), leaf diseases (148),
shoot fly (233), stem borer (128), and head bug
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Three heads of the highly prized zera-zera sorghum
germplasm collected in 1981 from Gambella, Ethiopia.

and midge (250). These lines are under further
testing for confirmation.

We have selected a basic collection of about
1000 accessions from the world collection, strati-
fied taxonomically and geographically, based on
their ecological adaptation at the Patancheru
location. This collection is being used by
sorghum scientists in their crop improvement
research. This year the entire Ethiopian
Sorghum Improvement Program (ESIP) germ-
plasm collection (4479 accessions) has been eval-
uated and classified in Ethiopia through a
cooperative effort between the Plant Genetic
Resources Center of Ethiopia, ESIP, and ICRI-
SAPs GRU.

During the year we standardized and pub-
lished internationally acceptable descriptors in
collaboration with IBPGR. In addition to the
data that we have already computerized, the
evaluation of important descriptors with pass-
port information from 1S-10051 onwards was
carried out and the data were tabulated for
computerization.

For an effective and rapid flow of tropical
germplasm into sorghum improvement pro-
grams around the world, we initiated an intro-
gression and conversion project. At present we
are in the process of converting zera-zera land-
races from Sudan and Ethiopia to photoperiod-
insensitivity. These landraces are highly prized
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for their superior agronomic characters, yet they
have been of restricted utility because of their
photoperiod sensitivity and plant height. Desira-
ble F;, segregants have been selected and planted
to make the first backcross using zera-zera lines
as recurrent parents.

Pearl Millet Germplasm

With the 748 accessions added this year, our
pearl millet germplasm total rose to 14 340. The
new additions are from Sudan, Botswana, Zim-
babwe, Zambia, South Africa, Upper Volta,
Cameroon, the Gambia, Nigeria and India. New
additions to the wild species of Pennisetum are
P. schweinfurthii collected from Sudan; P.
macrostachyum from Mysore University, India;

and P. violaceum from Mali (5), Senegal (3), and
Niger (3) collected by ORSTOM. Further addi-
tions to the already existing wild species are P.
purpureum, P. polystachyon, P. pedicellatum,
and P. hohenackeri. We also received three
induced autotetraploids from Andhra Univer-
sity, Waltair, India.

A total of 829 pearl millet accessions from
Ghana, lItaly, Mexico, Mozambique, Tanzania,
Upper Volta, and USA, were planted in PEQIA
for quarantine inspection and multiplication.
Another 4826 accessions were rejuventated for
seed increase. A total of 9112 accessions were
evaluated and characterized for various mor-
phoagronomic traits during the 1981 rainy
season.

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

Heads of some landraces of pearl millet showing genetic diversity.



pearl millet germplasm lines from 16 countries
were evaluated at Kamboinse and Bobo-
Dioulasso, Upper Volta; Maradi, Niger; and
Bhavanisagar, Hissar, Ludhiana, Durgapura,
and ICRISAT Center in India. The data are now
being analyzed.

Souna IP-6271 (P-242) from Mali was found
to be consistently good in Upper Volta, Niger,
and India. Our breeders crossed it extensively
with several adapted lines. Souna (IP-5870)
from Senegal, Gaouri (IP-6352) from Mali,
Tamangagi (IP-5383) and Zongo (IP-5411) from
Niger, Saouga Local from Upper Volta, and
IP-7440 from Tanzania appear promising.
Accession IP-4021 from Gujarat was the earliest
to flower (33-35 days) during both the seasons.
Breeders selected several accessions from the
multilocation evaluaton trials.

The sweet-stalked character found in lines col-
lected from Tamil Nadu, India, last year has now
been found in lines from the Central African
Republic. Several sterility maintainer lines for
5141 A have been identified and are being
confirmed.

Pigeonpea Germplasm

We collected 318 landraces of pigeonpea from
the Philippines and Tanzania, and planted most
of them in PEQIA for quarantine inspection.
Pointed collections were carried out in the
Kumaon Hills and the Western and Eastern
Ghats of India. Several samples of the following
wild relatives were collected: Atylosia albicans,
A. lineata, A. cajanifolia, A. goensis, A. platy-
carpa, A. mollis, A. volubilis, A. scarabaeoides,
Rhynchosia rothii, and Paracalyx scariosa. The
"Attappadi pigeonpeas" known for their super-
ior quality for dhal were collected from the
Attappadi Hills of the Western Ghats. Explora-
tions into forests of the Silent Valley in the
Attappadi Hills revealed many Atylosia species,
the first report on the occurrence of Atylosia in
the area.

All the lines developed at ICRISAT—elite
breeders line, disease-resistant lines, and pest-
tolerant lines—were transferred to GRU for
recharacterization and maintenance. Presently,
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One of the wild relatives of pigeonpea, Atylosia
albicans, maintained at ICRISA T Genetic Resources
Unit.

9697 accessions of pigeonpea are maintained in
our gene bank, including 882 new additions.
Wild relatives consist of 144 accessions belong-
ing to 38 species of 6 genera. Atylosia lanceolata
and A. latisepala from Australia and a Burmese
variety of A. volubilis are among the new addi-
tions to the secondary gene pool of Cajanus.
In the past 1-1/2 years we characterized 1916
pigeonpea lines. The material included germ-
plasm of Indian origin stored at Puerto Rico and
subsequently transferred to ICRISAT and
newly collected material from Nepal, Bangla-
desh, Malawi, and India. The photoperiod-
insensitive Queensland lines showed poor
expression at Patancheru and could not be char-
acterized properly. These lines, like other extra-
early types, must be evaluated elsewhere. Several
landraces, such as ICP-6982 and ICP-2223, have
been identified for their high-yielding potential
and are currently being utilized by our breeders.
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The search for more high-yielding lines with
good agronomic background was continued
with the use of 60 diverse germplasm lines.

During the report period 1500 lines were
screened for response to photoperiod sensitivity,
and 49 additional lines with potential for pho-
toperiod insensitivity have been identified. So
far 6040 lines were screened at ICRISAT over 4
years, and the number of promising lines for
photoperiod insensitivity now stands at 787.
This development presents high potential for the
wider adaptation and utilization of pigeonpea
around the world.

Screening for male sterility resulted in identifi-
cation of two new sources: ICP-7188, an |ARI-
developed late-maturing cultivar, and
ICP-10914, a Queensland selection from Pant
A-8, which belongs to the extra-early-maturing
group.

In the BDN-1 induced mutation (M and M3)
material maintained by our pulse physiologists,
we identified 14 plants with translucent anthers
and sterile pollen. These are now being test-
crossed with the known heterozygous male-sterile
line MS-3A. If this observation is confirmed it is
likely to broaden the genetic base of male-sterile
parents for future use in hybrid production. A
new mutant with sesame-like leaflets has also
been isolated from ICP-8289.

Systematic screenings by ICRISAT's patholo-
gists and entomologists continued. Of several
germplasm lines screened for disease resistance,
48 were found to be resistant or tolerant to wilt,
17 to blight, and 2 to Sterility Mosaic Virus
(SMV). Of 442 lines screened for insect resist-
ance, 83 showed some degree of tolerance to pod
borer, or podfly, or both. For the first time,
ICRISAT microbiologists undertook large-
scale screening for nodulation and nitrogenase
activity, which revealed variation among lines in
nodule number and weight, and nitrogenase
activity. Screening for cooking quality, initiated
by ICRISAT biochemists, indicated variation in
cooking time ranging from 16 (ICP-8177) to 65
(ICP-7867) minutes across cultivars.

We completed classification of the world col-
lection of pigeonpea on the basis of phenology
and morphoagronomic characters. A working

collection has been constituted, with adequate
representation of the major genetic diversity
present in the primary and secondary gene pools.
Evaluation data on 8815 pigeonpea accessions
are now documented and entered in ICRISAT's
computer, using the ICRISAT Data Manage-
ment and Retrieval System (IDMRS). Ofthe 53
descriptors recorded, 33 find definite place in the
computer-based catalog. The complete list of
pigeonpea descriptors was published in collabo-
ration with IBPGR.

Our efforts to cross Atylosia platycarpa and
A. volubilis using style amputation and mentor
pollen techniques have so far been unsuccessful.
Two Australian species, A. grandifolia, and A.
lanceolata, were successfully crossed with Caja-
nus cajan, cv. Prabhat, for the first time. A
vegetable-type pigeonpea, ICP-3783 has also
been successfully crossed with Atylosia albicans.
The F¢s are now being grown in our introgres-
sion block.

During the 1980 postrainy and 1981 rainy sea-
sons, 2690 accessions were rejuvenated and seed
of most of the base collection and wild relatives
is now stored in medium-term cold storage.

Chickpea Germplasm

The chickpea germplasm accessions in our col-
lection now number 12 375 from 39 countries.
During the past 1-1/2 years, 47 new accessions
were collected, 84 were received through corres-
pondence, and 49 were generated through newly
bred/developed strains at our Institute.

During the report period 1934 late-maturing
chickpea accessions were sown at Patancheru
for evaluation and rejuvenation, and 1000 acces-
sions at Hissar for evaluation. Most of the mate-
rials were affected by botrytis disease epidemic
at Hissar, which hampered evaluation. The eva-
luation data recorded from 1974 to 1980 on
about 11 000 accessions have been computerized
in the IDMRS. The germplasm accessions are
being classified into 11 groups based on origin,
utilization, and several characters.

Some new morphological types have been
identified in the course of our chickpea evalua-
tion and characterization work. A natural



mutant that has one to three functional carpels
per flower and two flowers per peduncle was
observed during our evaluation and characteri-
zation activities. Its seeds are larger than the
normal parent. We also identified a mutant with
trilobed vexillum. In the cultivar Annigeri auto-
tetraploidy was successfully induced through
colchicin application. The C, selected autotetra-
ploids showed increased seed weight and near
normal fertility and pod setting. This work as
well as our attempts to induce mutations by
ethyl' methane sulfonate (EMS) treatment has
generated new variability in chickpea.

Groundnut Germplasm

During the period under report we added 1608
samples to the existing collection, raising the
total to 9911 accessions. The material included
accessions obtained from North Carolina State
University, USA, Indonesia, China, and Sene-
gal, as well as that collected by ICRISAT in
Malawi, Malaysia, Burma, Zambia, the Gam-
bia, Mozambique, the Philippines, and India.

New wild species added to the collection dur-
ing this period are Arachis batizogaea, A. pros-
trata, A. monticola, A. glabra la, A. helodes, and
four other yet unidentified species belonging to
sections Arachis, Erectoides, and Rhizo-
matosae.

The groundnut accessions are rejuvenated in
precision fields. Material is space-planted and
appropriate protection measures are taken. Only
pods attached to plants are harvested to avoid
mixtures. During the period under report, 5895
accessions were rejuvenated. Presently 7440
accessions are conserved in medium-term cold
storage.

A total of 3219 accessions were evaluated and
characterized for various morphoagronomic
characters. Germplasm screening in collabora-
tion with ICRISAT pathologists, virologists,
and entomologists resulted in identifying lines
resistant or tolerant to rust (2), late leaf spot (10),
yellow mold (3), and clump virus (5). Only one
line appears to have no seed transmission of
peanut mottle virus. ICRISAT entomologists
have found several lines with resistance to jassids
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Variation in pods and seeds of groundnut germplasm

collected in 1981 from Maharashtra State, India.

(13 accessions), thrips (4), and termites (15).
Some germplasm lines in our collection have
shown resistance to more than one pest or dis-
ease, and seed of these has been passed on to the
breeding program for utilization.

The groundnut descriptors list has been final-

ized and is being published jointly with the

IBPGR. The passport descriptors for 8000

accessions have been listed for computerization.

Minor Millets Germplasm

During the past 1-1/2 years we assembled 499
new accessions from 24 countries, raising the

total to 4039. A total of 227 of these were planted

in PEQIA from Zambia, Sri Lanka, South
Africa, and Nepal. During the 1981 rainy season

we rejuvenated for seed increase 711 accessions

of proso millet, 343 of foxtail millet, and 266 of

finger millet.

In collaboration with the University of Illi-
nois, USA, we characterized and classified 311
accessions of barnyard millet and 301 accessions
of kodo millet. This joint evaluation effort will
be continued.

Looking Ahead

Pointed and other general collecton missions in
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genetic diversity areas will be undertaken in the
future depending on the progress made in the
priority areas, the availability of funds, and
clearance from the countries concerned.

The new genetic resources laboratory building
is under construction with financial aid from
Japan. The laboratory will be fully equipped
with the latest cold storage chambers and facili-
ties with Asian Development Bank aid.

Evaluation and screening of all our germ-
plasm will be continued at ICRISAT Center in
collaboration with other crop improvement
scientists. Special efforts to evaluate our germ-
plasm at or near their center of collections will
continue.

The development of Genetic Resources
regional centers in West and East Africa is being
considered. The first regional center may be
established at the ICRISAT Sahelian Center,
Niger. Regional centers would help in the eva-
luation and conservation of the germplasm at or
near the area of collection or origin and would
also facilitate more manageable germplasm
mobilization. Loss of germplasm due to quaran-
tine restrictions and rejections would also be
minimized.

For an effective utilization of tropical germ-
plasm in various crop improvement programs,
the introgression and conversion project will be
continued.
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During the period under report (June 1980 to
Dec 1981) the Sorghum Program arrived at its
full complement of scientists at the Center,
enhancing our ability to meet our sorghum
improvement objectives. A major effort during
the first few years of the eighties will be the
development and improvement of techniques to
screen for major problems limiting yield and
stability.

In an effort to internationalize the sorghum
program, we have identified geographic func-
tional regions that are of an appropriate size and
continuity for effective coordination of research.
Each region has been subdivided into adaptation
zones, and priority problems within each zone
have been identified. This concept has been
widely reviewed and accepted, and a beginning
has been made towards its implementation.

Hybrids entered regional trials in India for the
first time in 1980 and were sent internationally
for the first time in 1981. Some of the ICRISAT
developed best seed parents for hybrids are
already being evaluated in hybrid combination.
New sources of resistance have been identified
and in some cases—for example grain mold,
midge, and shoot fly—resistance is being devel-
oped in plants with good agronomic traits.

Two important events held at ICRISAT in
1981 were the symposia, "Sorghum in the Eight-
ies" and "Sorghum Grain Quality," sponsored
by the USAID Title XII Collaborative Research
Support Program on Sorghum and Pearl Millet
(INTSORMIL), the Indian Council of Agricul-
tural Research (ICAR), and ICRISAT (see
International Cooperation section of this
Annual Report for details.)

Additionally this year, scientists in all disci-
plines of the Sorghum Program have increased
their contributions to the training program—as
lecturers, as advisors for thesis problems, and as
partners in cooperative work with visiting
scientists.

Insect Pests
Shoot Fly

Biology. At ICRISAT Center shoot fly (Athe-
rigona soccata) monitoring continued through-
out the year with fish-meal-baited traps. In
collaboration with the Max-Planck Institute,
Munich, we studied the attraction to fish-meal
extracts of shoot fly. Five extracts—FM 130,
FM 131, FM 134, FM 135, and FM 136—were
tested in traps placed 25 m apart and replicated
four times. FM 134 attracted about eight times
more shoot flies than raw fish meal. The other
four extracts did not show significantly better
attraction than the raw fish meal.

Screening for resistance. During the 1980
rainy season and 1980/81 postrainy season, we
tested 323 germplasm lines previously selected as
having low susceptibility to shoot fly at ICRI-
SAT Center, and 195 lines selected from these
were retested at Hissar during the 1981 summer
season. Of these, 23 lines showed a consistently
low-susceptible reaction in all three tests. The
three best lines were 1S-2162, 1S-2205, and |S-
5566 showing 31, 39, and 43% deadhearts, com-
pared to 88% in the control.

In addition, we tested 2668 lines from our
germplasm collection during the rainy season
using infester rows and fish meal, and selected 18
low-susceptible lines for further testing. Of 73
glossy and 27 nonglossy lines tested in the pos-
trainy season, 50 glossy and 9 nonglossy lines
showed low susceptibility to shoot fly. Among
the glossy lines, 1S-2122, 1S-5613, and [1S-8977
showed less than 30% deadheart incidence, while
among the nonglossy lines only 1S-5635 showed
similar low damage.

Breeding for resistance. A component analysis
was done on factors contributing to shoot fly
resistance: trichome intensity, glossy intensity,
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eggs laid per plant, and percent deadhearts. Low
shoot fly incidence was found to be highly asso-
ciated with the glossy seedling trait, indicating
that this trait contributed to resistance. On parti-
tioning the correlation coefficients into their
direct and indirect effects we found that,
although the glossy trait was highly associated
with shoot fly resistance (r = -0.935), it had very
little direct effect on the resistance (r= -0.166).
This suggests that the glossy trait might be an
indicator trait for some other trait that contrib-
utes to shoot fly resistance. The presence of the
glossy trait was found to be negatively correlated
with yield (r= -0.453). This requires further
investigation.

In early 1981, a shoot fly nursery of nearly
3900 progenies was planted at Hissar. About 281
lines showed low susceptibility. In the summer
season, an observation nursery of 643 advanced
promising shoot fly resistant lines was planted at
Bhavanisagar to assess their agronomic perfor-
mance and 270 progenies were selected for
further testing.

Multilocational testing. The 1980 Interna-
tional Sorghum Shoot Fly Nursery (ISSFN)
comprising 20 entries was sent to 12 locations in
Asia and Africa. Data returned from only five
locations were of value, since shoot fly pressure
at the other locations was low. Six lines—IS-
2162, 1S-2263, 1S-2291, 1S-4660, 1S-17739, and
1S-18390—performed consistently well at all five
locations. However, at ICRISAT Center these
entries showed high susceptibility under
extremely high shoot fly pressure.

Stem Borer

Biology. Regular monitoring of stem borer
(Chilo partellus) moths using synthetic phero-
mone (supplied by the Tropical Products Insti-
tute, London) and light traps was continued at
ICRISAT Center. At the beginning of the crop
season (July) when the natural population of
Chilo was low, little difference was observed
between male moth catches in pheromone and
light traps (Fig. 1). From the 3rd week of August

until April, male moth catches in light traps were
higher than in pheromone traps.

Screening for resistance. The mass rearing of
C. partellus on an artificial diet developed at
ICRISAT Center for field infestation with lar-
vae was continued. During the 1980 rainy sea-
son, we tested 2156 germplasm lines from our
previous screenings under artificial larval infes-
tation at ICRISAT Center, and under natural
infestation at Hissar. At Hissar, natural infesta-
tion was extremely high (100% infestation in
checks), and only 10% lines were found low-
susceptible. At ICRISAT Center 1200 lines were
selected for further screening because of low
stem borer pressure. In addition, 37 agronomi-
cally elite lines, 323 shoot fly low-susceptible
lines, and 20 lines from the 1980 International
Sorghum Stem Borer Nursery were also planted
at Hissar. Of these, 114 lines found to be low-
susceptible were selected for further testing.
Another 2359 entries, mostly advanced breeding
lines, and 504 new introductions were also tested
at Hissar; 152 low-susceptible entries were
selected.

During the postrainy season, 1797 lines
selected from our previous screenings were
tested under artificial larval infestation at ICRI-
SAT Center, and 917 lines found to be low-
susceptible were selected for further testing.

Midge

Biology. In order to determine the best time
for screening of our experimental lines against
sorghum midge (Contarinia sorghicola), we
planted CSH-1, the susceptible check, and
TAM-2566, a resistant line, at fortnightly inter-
vals during 15 May to 30 September 1980 at
ICRISAT Center and at Dharwar. Midge inci-
dence and buildup of adult flies is shown in
Figure 2.

Diurnal activity of midge flies around
sorghum heads was recorded between 0630 and
1830 hr. Maximum activity was observed
between 1000 and 1100 hr at Dharwar and 0930
to 1030 hr at ICRISAT Center. Tetrastichus
coimbatorensis, Tetrastichus spp, and Eupelmus
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Figure 1. Chilo catches in light and pheromone traps at ICRISAT Center, 1980/81.

popa were recorded as the most important natu-
ral enemies at ICRISAT Center.

Screening for resistance. Major constraints for
meaningful screening under natural infestation
are the varying day-to-day midge populations
and staggered flowering of sorghum genotypes.
To overcome these difficulties, we attempted to
develop methods for increasing the midge popu-
lation and for screening under uniform midge
pressure.

To increase midge populations, mixed matur-
ity infester rows were sown in large plots (0.25
ha) 20 days earlier than the test material and
midge-infested heads containing diapause larvae
were spread along the infester rows. Midge
counts were taken on 100 earheads at 50% flow-
ering, and incidence in florets was recorded 15
days after head emergence. Midge incidence was

found to be higher in plots where infester rows
and midge-infested sorghum heads were used.
To test cultivars against midge under uniform
midge pressure, we covered the sorghum heads
with a wire-supported muslin cloth cage and
released 20 midge flies into each cage when
anthesis began at the top of the head. Since the
midge adult lives for only 24 hr, a new set of 20
flies was released into each cage after 24 hr. This
method produced over 80% midge damage in the
susceptible check CSH-1. Of 40 genotypes (iden-
tified resistant sources and susceptible checks)
evaluated by this caging technique during rainy
and postrainy seasons, 24 lines appeared to be
low-susceptible in both seasons.

In the 1980 rainy season we evaluated 1000
lines for midge resistance at Dharwar where nat-
ural midge incidence is high. From these, 250
lines were selected and tested in the postrainy
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Figure 2. Midge incidence and adult midge fly activity at fortnightly plantings at ICRISAT Center, 1980.

season at ICRISAT Center and in the summer at
Bhavanisagar. Of these, 112 low-susceptible
lines were selected for further testing.

Breeding for resistance. In 1980 rainy season
140 low midge susceptible lines were agronomi-

cally evaluated at ICRISAT Center. PMR-1110-
1, PMR-1130-2, PMR-1134-1, PMR-1052, and
PMR-1061 vyielded higher than the CSH-1
hybrid check. DeKalb Seed Company also
tested 15 low midge susceptible entries at Salto,
Argentina; eight entries showed more than 80%



seed set against 3% in the local check. These
eight entries and PMR-2086-6 and PMR-2108-1
were contributed to the 1981 All India Coordi-
nated Sorghum Improvement Project (AICSIP)
midge nursery for testing in India.

A midge nursery consisting of 1254 progenies
from different generations was tested at ICRI-
SAT Center in the 1980 postrainy season; only
221 lines were less susceptible. Most of the
midge-resistant lines were derivatives from
crosses involving DJ-6514, 1S-12573-C, TAM-
2566, AF-28, and S-girl-MR-1.

Of 200 advanced progenies tested under caged
conditions, 13 progenies showed low levels of
susceptibility to midge. Most of them were deriv-
atives from crosses involving 1S-12573C. The 13
lines were sent to various cooperators in Africa
and Latin America for further testing.

Multilocational testing. The 1980 Interna-
tional Sorghum Midge Nursery consisting of 13
entries was sent to five locations in India and
seven in Africa. At Kamboinse (Upper Volta)
the differences between the control and the test
entries were nonsignificant; however, S-girl-
MR-1 and [1S-12666-C showed low damage lev-
els (12%) compared to control CSH-1 (24%). At
ICRISAT Center IS-2816, AF-28, S-girl-MR-1,
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DJ-6514, 1S-3574, 1S-12573-C, 1S-12664-C, and
TAM-2566 showed significantly lower damage
compared to the check. At Dharwar (India) all
entries showed significantly lower damage than
the local check. Lines 1S-2816, AF-28, S-girl-
MR-1, DJ-6514, 1S-12573-C, 1S-12666-C and
TAM-2566 had low midge damage ratings at all
Indian and African locations.

Headbugs

Biology. In the 1980/81 postrainy season at
ICRISAT Center, four headbug species, Calo-
coris angustatus, Creontiades pallidus, Eurysty-
lus vellevoyei, and Campyloma sp were found
damaging sorghum earheads. Their distribution
in relation to head maturity and soil type is given
in Table 1.

Preliminary information was collected under
laboratory conditions on the biology of C.
angustatus and C. pallidus. The C. angustatus
females laid banana-shaped eggs within the
glumes after a preoviposition period of 2 to 4
days. The eggs hatched in 7-8 days, and the four
nymphal instars completed development in 8-12
days. In the field, maximum activity was
observed from August to September. C. pallidus
laid eggs in the milky grains after a preoviposi-

Table 1. Distribution of four headbug species in relation to head maturity and soil type at ICRISAT Center, 1980.

No. of bugs/10 earheads

Calocoris Creontiades Campyloma Eurystylus

Soil typo

Alfisols 3 1 47 1
Vertisols 186 2 82 1
Growth stage of the head

Preanthesis 23 0 2 0
25% anthesis 55 0 1 0
50% anthesis 63 1 5 0
Full anthesis 45 1 4 0
Postanthesis 39 0 6 0
Milky grain 87 0 10 4
Hardened grain 46 1 40 15
Harvestable grain 8 0 104 4
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tion period of 2-5-days, which hatched in 6-8
days: The five nymphal instars completed devel-
opment in 8-18 days. Adult longevity was 10.5
days for males and 12.6 days for females. In the
field, the population increased from October to
November.

Screening for resistance. In the 1980 rainy sea-
son 10 germplasm lines selected earlier for low
susceptibility to headbugs were retested. Germ-
plasm lines showing resistance to shoot fly and
stem borer were also evaluated for their reaction
to headbugs during the postrainy season. From
these, 300 lines were selected for further testing.
Eighteen lines showing low susceptibility to
headbugs were included, in the International
Sorghum Headbug Nursery.

Breeding for resistance. A yield trial consisting
of 58 progenies with low susceptibility to head-
bugs was conducted at ICRISAT Centerand 13
entries were found to give good yield. In a head-
bug nursery of 435 test entries, mostly advanced-
generation derivatives, grown in the postrainy
season at ICRISAT Center, 18 showed low sus-
ceptibility to headbugs.

Oriental Armyworm

This pest, Myihimna separata, is a voracious
foliage feeder of sorghum and pearl millet. Lar-
val population counts at ICRISAT Center were
high during August 1980, being higher in

Table 2. Effect of neem shell and kernel powder and
its alcoholic extracts on the feeding of M. separata.

Leaf area Dry matter

Treatment consumed (cm? ) eaten(mg)
Shell powder (1%) 48.3 28.3
Kernel powder (1%) 54.9 29.5
Shell extract (1%) 33.6 37.0
Kernel extract (1%) 47 .1 223
Control 97.9 70.8
SE + 5.67 9.98

sprayed areas than in the pesticide-free area and
farmers' fields. We have been monitoring adult
populations since 1974. Maximum moth activity
has been recorded in August-September.

An initial study of the antifeedant properties
of neem (Azadirochta irtdica) against Mythimna
showed that alcoholic extracts from shell and
kernel powder decreased the leaf area and dry
weight consumption by the larvae (Table 2).
Alcoholic extract from a mixture of powdered
fruit pericarps was the most potent antifeedant
in the no-choice situation.

Diseases
Grain Molds

Field screening technique. In our efforts to
improve the field-screening techniques for resist-
ance to grain molds, in the 1980 rainy season we
compared three treatments in a randomized
block design for their ability to promote mold
development on susceptible genotypes: (1) pani-
cles inoculated with a mixture of Fusarium
moniliforme, F. semitectum and Curvularia
lunata and then bagged for 15 days to increase
humidity, (2) panicles inoculated with the same
mixed inoculum but left unbagged, and (3) pani-
cles not inoculated and not bagged. All the treat-
ments were sprinkler-irrigated on rain-free days
from flowering to grain maturity. All three pro-
duced high levels of grain mold that were not
significantly different from each other. There
was thus no advantage in the laborious and
expensive treatments ofinoculation and bagging
over no inoculation and no bagging. This was
confirmed in the 1981 rainy-season trials. Conse-
quently, our future routine screenings will use
only sprinkler irrigation to promote mold devel-
opment from flowering to grain maturity.

Identification of resistance sources. In routine
field screening for resistance using methods des-
cribed in our previous reports (ICRISAT
Annual Report 1977/78, p 52, 1978/79, pp 38-
39), 32 brown-seeded germplasm lines showed
high levels of resistance to grain molds. The most
resistant lines were 1S-118, 1S-307, and IS-



20727. Most of these lines were resistant at both
ICRISAT Center where panicles were inocu-
lated and sprinkler irrigation was used to pro-
mote mold development and at Bhavanisagar
under natural infection conditions. The most
significant observation was that the resistance
was maintained for at least 2 to 3 weeks after
physiological maturity under conditions favora-
ble for mold development.

Multilocational testing. The 1980 Interna-
tional Sorghum Grain Mold Nursery was sent to
eight locations in Africa and Asia. Data of
selected entries at seven locations, where grain
mold pressure was sufficient for meaningful eva-
luation of the entries, are presented in Table 3.
These data confirm the low susceptibility to
grain molds of germplasm lines E-35-1, IS-
14332, and 1S-2328.

Breeding and Selection for Resistance

Selection for mold resistance in early genera-
tions. In large-scale field screening, 1200 F,,
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Fs, and F¢ progenies were evaluated for resis-
tance to grain molds, and 136 entries were
selected for further evaluation. F, progenies
originating from 614 crosses between low mold
susceptible selections, adapted varieties, and
selected lines from the germplasm were grown in
the rainy season, and 709 single-plant selections
were made. Ft hybrids of 231 crosses were grown
and 118 of them were advanced to the F, genera-
tion. A fresh set of 294 crosses involving selected
lines from germplasm and pest- and disease-
resistant sources were made.

Performance of advanced varieties. Four
varieties—(SC-108-3 x CS-3541)-3, (SC-108-3 x
CS-3541)-19, (SC-108-3 x CS-3541)-51, and
(SC-108-3 x E-35-1)-29-2—remained best for
yield and grain mold resistance at Dharwar,
Bhavanisagar, and ICRISAT Center in the 3rd
year of testing. At ICRISAT Center tests were
conducted under both low-fertility (20 kg N and
20 kg P,0s/ha) and high-fertility (130 kg N and
84 kg P,0s/ha) conditions in Alfisols and Verti-
sols. The yield of (SC-108-3 x CS-3541)-19 was

Table 3. Range of field grain mold scores® from two replicates of selected sorghum lines in the 1980 International

Sorghum Grain Mold Nursery at various locations.

Range of field grain mold rating at

Upper Volta Thailand India Across-

Farako Ba Farm Suwan Bhavani- Coimba- ICRISAT Pant- Rajendra- location
Entry sagar tore Center nagar nagar mean
1S-14332 1-1 5-5 1-1 1-1 2-2 1-2 1-1 1.8
1S-2328 2-3 3-3 2-2 11 3-3 3-3 1-1 2.2
E-35-1 1-1 3-3 2-3 3-3 3-3 3-4 2-2 2.6
M-60578 2-3 5-5 2-3 2-2 4-4 3-3 2-2 3.0
M-60792-2 2-2 3-5 2-2 2-3 3-3 NA 2-2 2.6
M-61140-1 2-2 3-3 2-2 3-3 4-5 NA 2-2 2.7
M-90324 2-2 5-5 2-2 2-3 34 2-3 2-2 2.8
SPV-104° 5-5 5-5 4-5 4-4 5-5 5-5 4-4 4.6
CSH-1° 35 5-5 1-2 3-3 5-5 5-5 5-5 4.1

a. Mold score based on a 1 to 5 scale where 1

no mold and 5 = panicle severely molded with

more than 50% of grains showing discoloration and mold growth.

b. Susceptible check.
NA = Data not available.
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Table 4. Grain yield performance of advanced varieties during 1978-80.

Days to Plant Grain yield (kg/ha)
50%° height® High fertility All India®
flowering  (cm) 1978 1979° 1980° Mean Low  average
Variety Mean Mean fertility® 1979 1980
(SC-108-3xCS-3541)-3 64 153 5240 4835 4992 5029 3464 3381 3122
(SPV-350)
(SC-108-3xCS-3541)-19 68 193 5661 5870 5268 5600 3186 3746 3403
(SPV-351)
(SC-108-3xCS-3541)-51 75 162 4178 5728 4462 4789 2051 3406 2765
(SPV-352)
(SC-108-3xE-35-1)-29-2 70 196 5575 5513 4169 5086 2350 3613 2752
(SPV-354)
CSV-4(Check) 70 150 3905 4625 4362 4297 2633 3208 2343

Average over 3 years and three locations.

. Average of replicated plot yields from three locations (Bhavanisagar, Dharwar, and ICRISAT

Center) at high fertility (130 N 84 P,0s5), CV = 8 to 25%.

(CV = 24%) and Alfisols (CV

. Averaged over replicated experiments conducted on low fertility (20 N, 20 P,05) Vertisols

18%) in 1980.
Averaged over 33 locations in India. (Reproduced from the 1980/81 A1CSIP Report).

best across locations and fertility conditions
(Table 4).

Performance of preliminary varieties. Seven
varieties were evaluated for yield and grain mold
resistance under high-fertility conditions at
Dharwar, Bhavanisagar, and ICRISAT Center
and under low-fetility conditions at ICRISAT
Center. The yield of (SC-108-3 x CS-3541)-88
was highest (6052 kg/ha under high fertility and
2593 kg/ha under low fertility) while that of the
variety check CSV-4 was 4493 kg/ha and 2633
kg/ha under high and low fertility conditions,
respectively.

Charcoal Rot

Our toothpick inoculation technique for this dis-
ease (Macrophomina phaseolina [Tassi] Goid)
has failed to detect consistent genotype reaction
over locations or in replicates at the same loca-
tion. This may be due to environmental and crop
management factors. Accordingly, our research
strategy now emphasizes studies of the relation-

ship between moisture stress, crop management,
and disease development as they relate to resist-
ance screening.

Our preliminary results in 1980/81 postrainy
season showed that severe charcoal rot inci-
dence, as measured by lodging, occurred at the
highest plant population of 266 700 plants/ha
subjected to moisture stress when the final leaf
was visible in the whorl of most plants. These
experiments are continuing.

Sorghum Downy Mildew (SDM)

Resistance screening technique. At Dharwar
station where environmental conditions are usu-
ally favorable for SDM, we conducted an exper-
iment in 1981 to determine the distance over
which conidia of Peronosclerospora sorghi can
be dispersed from an infection focus and cause
infection in susceptible plants. The results
showed that windborne conidia caused 70-100%
systemic infection of susceptible plants placed
10 m from the source of inoculum. It thus appears



possible to use the infector-row technique for
large-scale field screening for resistance to SDM
at Dharwar. This possibility will be evaluated in
1982.

Breeding for resistance. Crosses were made to
transfer SDM resistance genes from the highly
stable source of resistance in Q1-3 and its sister
lines to agronomically elite and genetically
diverse backgrounds.

From 145 crosses involving QI-3 as a female
parent, 621 single-plant selections from the F,
were screened for SDM resistance; 35 lines had
the same resistance level as Ql-3. These promis-
ing lines were advanced in the 1980 postrainy
season, and 77 single-head selections were made
for improved agronomic characters.

Multilocational testing. The 1980 Interna-
tional Sorghum Downy Mildew Nursery
(ISDMN) was sent to nine locations, but downy
mildew pressure was sufficient only at two loca-
tions (Dharwar and Mysore in India) of six from
which data were returned. At both these loca-
tions QI-3 and its sister lines 2-7,2-26,3-23, and
3-36 were free from downy mildew, and UChV-
2, M-36203, and 3-3 had less than 5% downy
mildew infection, compared to 80-100% in the
susceptible cultivar DMS-652.

Leaf Diseases

Rust. Severe rust (Puccinia purpurea Cooke)
infection occurs naturally on late-planted, rainy-
season susceptible sorghum genotypes at Dhar-
war, India. We used this location in 1980 for
large-scale field screening of germplasm and
breeding lines for resistance to rust, employing
an infector-row technique. In this technique
seven rows of test entries were planted between
two infector rows of the highly rust-susceptible
line, Khundijowar, which had been planted 16
days earlier. Rust severity, as measured by the
percentage of leaf area damaged, was recorded
at the soft dough stage on the top four leaves of
10 plants in each test row of 4 m. In preliminary
screening, high rust resistance was observed in
151 agronomically elite sorghum lines out of 781
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lines from various breeding projects. In
advanced screening of 346 lines, 23 lines consist-
ing of germplasm and ICRISAT-bred agronom-
ically elite lines were found to be free from rust.
Notable among the rust-free entries were the
converted lines USDA-Texas A&M 1S-2816-C,
IS-3574-C, 1S-6882-C, [S-6906-C, 1S-7778-C,
IS-7907-C, 1S-7994-C, and 1S-12605-C, and
ICRISAT lines (1S-3443 x DH 599-77R)-7-1-1,
IS-1331 x E-35-1)-3-2-1, (E-185-2 x 16-9)-4-2-1,
and (1S-12573-C x 1S-12666-C)-2-1-1-1.

Anthracnose. In our exploratory trials in 1980
we found Pantnagar, U.P., North India, to be
suitable for large-scale field screening for resist-
ance to anthracnose (Colletotrichum gramini-
cola [Cesati] Wilson) under natural infection
conditions, as the disease occurred early and in
severe form on the highly susceptible line H-112.
We evaluated 24 sorghum lines, reported to be
resistant, and the resistance of four was con-
firmed: 1S-2319, [S-4225, 1S-9569, and IS-
18521. In addition, at this location grey leaf spot
(Cercospora sorghi) and zonate leaf spot (Gloeo-
cercospora sorghi) also occurred in severe form
on susceptible lines and provided meaningful
evaluation of test material.

Multilocational testing. The 1980 Interna-
tional Sorghum Leaf Disease Nursery consisting
of 23 test entries and seven susceptible checks for
anthracnose, leaf blight, rust, grey leaf spot,
zonate leaf spot, rough leaf spot, and sooty stripe
was evaluated at six locations in Africa and Asia.
The best entries, which showed resistance to sev-
eral leaf diseases, are listed in Table 5.

Striga

Striga, a root parasite of cereals, is an economi-
cally important parasite of sorghum in Africa
and India. Since S. hermonthica is more impor-
tant in West and East Africa, our major research
activity on this species is based at ICRISAT's
West Africa Program, in Upper Volta (see Inter-
national Cooperation section, this Annual
Report). Research at ICRISAT Center is on S.
asiatica, the more important species in India.
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Table 5. Range of leaf disease scores® of selected sorghum lines in the 1980 International Sorghum Leaf Disease

Nursery.
Leaf disease and range of disease score”

Anthrac- Leaf Grey Zonate Sooty
Pedigree nose blight Rust leaf spot leaf spot  stripe
E-35-1 (1S-18758) 1-2 2-2 1-5 2-2 2-2 2-2
1S-115 1-2 1-2 2-4 2-3 2-2 2-2
1S-4150 1-2 1-2 1-5 2-3 2-2 2-2
1S-7322 1-2 2-5 2-5 2-2 2-2 2-2
(Swarna x CS-3687)-6-1 1-2 2-2 1-2 3-5 2-4 2-2
(CS-3541 x IN-15-2) 1S-9327-16-1 1-2 1-1 14 1-3 1-2 4-4

a. Based on a 1 to 5 scale where 1 = no symptom and 5 = more than 40% area of top four leaves

damaged by the disease.

b. Disease score at locations where sufficient leaf disease occurred. The locations were Farm
Suwan (Thailand), ICRISAT Center (India), and Pantnagar (India) for anthracnose; Farm Suwan
and ICRISAT Center for leaf blight; Farm Suwan and Kovilpatti (India) for rust; Farm Suwan

Laguna
spot; and Cinzana (Mali) for sooty stripe.

(Philippines), and Pantnagar for grey leaf spot; Laguna and Pantnagar for zonate leaf

Screening for Striga resistance. Low produc-
tion by the host roots of a stimulant considered a
prerequisite for the germination of Striga seeds
has been identified as a mechanism for field
resistance. To verify the relationship of low-
stimulant production with field resistance to S.
asiatica, we grew sets of low-stimulant lines in

White-flowered Striga asiatica (arrowed) is a serious

root-parasitic weed of sorghum in India. The crop
growth is stunted and head formation is poor.

Striga-sick fields at different locations. We
found that not all low-stimulant lines were resist-
ant in the field, and the expression of resistance
varied from location to location.

Analysis of field reaction data on selected
source lines for resistance to S. asiatica in multil-
ocational testing during 1977, 1978, 1979, and
1980 showed that, though there was no absolute
resistance to S. asiatica, sorghum lines N-13,
555, 16-3-4, Serena, 1S-2203, 1S-4202, IS-7471,
and [S-9985 could be valuable in breeding pro-
grams as sources of some degree of resistance.

Breeding for Striga resistance. Work con-
tinued in 1980 on the development of agronomi-
cally elite Striga-resistant cultivars by crossing
Striga-resistant source lines with adapted high-
yielding lines. Segregating progenies were
advanced both in Striga-sick and Striga-free
plots, and selection was made for suitable height
and maturity, pest and disease resistance, appar-
ent seed quality characteristics, and absence of
Striga. The results indicated that not all resist-
ance sources are good 'breeding stocks' for
Striga resistance since they carry many undesira-



ble traits. One resistant source line, 555, has been
a parent in a number of useful advanced lines.
We now have several breeding stocks that are
improvements over the original source lines and
are being confirmed for Striga resistance. Dur-
ing the 1980 rainy season, 156 advanced-
generation uniform lines were screened at three
locations in multilocational testing, and 23 lines
were selected for further testing. Of these, seven
lines—SAR-1 [(555 x 168)-1-1], SAR-2 [(555 x
168)-16], SAR-3 [(555 x 168)-23-1-BK], SAR-4
[(148 x 555)-BK], SAR-5 [(148 x 555)-1-2],
SAR-6 [(148 x 555)-33-1-3], and SAR-7 [(Fram-
ida x 168)-9-2-3]—were selected for inclusion in
the 1981 AICSIP Striga resistance nursery.

Striga resistance screening technique. Im-
proved techniques for field screening are being
evolved. One technique is a three-stage testing
process where test entries are increasingly grown
in proximity to susceptible checks. Only prelimi-
nary data are available, and the usefulness of the
technique is being verified.

Physical Environment
Drought

Field screening for resistance. The line-source
(LS) sprinkler irrigation technique, described in
our 1978/79 Annual Report (p 31), was used to
screen sorghum cultivars for drought resistance.
The methods used to analyze the data are dis-
cussed below.

During the 1980 postrainy season we con-
ducted two experiments to evaluate both germ-
plasm lines and advanced selections (Fs
progenies) from the drought resistance breeding
project.

In the first experiment, we studied the
response of 18 genotypes to linearly decreasing
levels of water supply ranging from fully ade-
quate to nil (following three uniform irrigations
for crop establishment). Harvest of each cultivar
was taken from two replications (one on either
side of the LS). The relationship of decrease in
grain yield with declining levels of available
moisture from the LS and rainfall (regression)
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was determined for each genotype (Fig. 3, Table
6). The yield potential was determined from the
intercept with the 'y' axis and was taken as the
yield potential in the absence of moisture stress.
The faster the yield declined with reduced mois-
ture availability, the more susceptible a variety
or hybrid was to moisture stress. This decline in
yield with increasing stress can be estimated
from the slopes of the lines for each entry.
While the genotypic differences in the inter-
cept and slope were notable, generally the geno-
type with higher yield potential also showed
greater decline in yield as the stress level
increased (e.g., CSH-6 has high intercept but its
slope is also high). Computation of the correla-
tion between yield potential and drought suscep-
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Figure 3. Genotype evaluation for drought resistance
using line source (LS) sprinkler irrigation system:
Relationship between irrigation water applied
through LS plus rain (after three uniform furrow
irrigations to recharge the profile during crop estab-
lishment phase) and grain yield. (Field RP11B at
ICRISAT Center, 1980 postrainy season; regressions
for only 7 out of 18 genotypes are shown; for all
correlations n=18; P <0.001).
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Table 6. Linear relationships between water supply(x) and grain yield(y) of sorghum entries and Eberhart and
Russels' stability analysis. The regression coefficient is derived from regression of yield on environmental index

(yield at each level of water).

A. Regression analysis of LS data

B. Stability analysis®

Yield (g/m?) at  Slope e sSP Mean yield ERd Residual
36 cm water (g/m?) sum of ,
Entries (Intercept) squares (S%)
D-71305 397 - 8.93 0.93 2.25 187 0.99 156
D-71500 269 - 6.61 092 246 113 0.75 1291
D-71463 232 - 7.36 0.95 3.17 95 0.90 1454
D-71464 236 - 4.51 0.84 1.91 145 0.55 544
Rs/RxCS-3541 403 - 829 092 205 209 0.96 1363
Rs/B-8785 386 - 8.45 093 2.19 187 0.96 1079
GG-1483 398 - 8.91 092 224 231 1.04 1399
SPV-386 430 -10.63 0.95 247 231 1.31 903
SPV-351 409 - 7.38 0.85 1.81 235 0.83 981
SPV-387 456 - 930 091 204 237 1.03 744
DJ-1195 517 - 9.87 0.95 1.91 285 1.14 1756
1S-12611 403 - 7.39 0.85 1.83 229 0.85 819
CS-3541 441 - 8.95 0.75 2.03 231 1.10 5701
CSV-5 329 - 852 096 2.60 128 0.94 1070
CSH-8 486 -11.66 0.78 2.40 212 1.41 8959
V-302 294 - 880 090 299 97 1.13 955
CSH-6 592 -11.12 0.86 1.88 286 1.26 4824
M35-1 331 - 7.39 0.89 2.23 157 0.86 661

Correlation coefficient.

Q

b. Susceptibility index. Ratio of rate of decline in yield to yield at 36 cm water (slope/intercept)

expressed as percentage.
c. Eberhart, S.A., and Russell, W.A.
6:36-40.

d. Regression coefficient: grain yield regressed against environmental index (i.e.,

1966. Stability parameters for comparing varieties. Crop Sci.

mean grain

yield of all genotypes at each observed level of water supply).

tibility revealed that they were mutually opposed
(r=0.813, P< 0.001). This poses a serious prob-
lem for combining high yield potential with least
drought susceptibility. Hence we used the fol-
lowing approach for selecting drought-resistant
genotypes. The values for yield potential (inter-
cept) were compared with the values for slope
(Table 6), forming the array of points appearing
in Figure 4. The genotypes showing above-
average yield potential (points on right-hand
side of broken vertical line) and slope with low
values for slope (less than regression predicted
values, i.e., genotypes at points above the regres-

sion lines) were selected as drought-resistant
types. The diagonal line in Figure 4 is the regres-
sion of yield potential with slope. Similarly, the
genotypes below the regression line and on the
left-hand side of the broken vertical line were
identified as susceptible to drought. Using this
procedure, it is possible to select entries with
good yields and better resistance to moisture
stress. Interestingly, D-71463 and D-71464 are
sister lines arising from the same cross. In the
field screening for leaf firing (1979/80 Annual
Report, p 30) under hot dry summer conditions,
D-71464 was found to be more drought resistant
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Figure 4. Relationship between yield potential and drought susceptibility on field RP11B at ICRISAT Center

(postrainy season 1980 data for 18 genotypes are shown).

than D-71463; the former also recovered faster.
It was apparent that while the difference in the
yield potentials was very small between sister
lines there was considerable variation in drought
resistance (Figs.3 and 4).

Traditionally, genotype stability is assessed by
multilocational trials. If water availability is the

major constraint in the test locations, LS can be
used to create the needed levels of water supply.
Using the data generated from the above experi-
ment, Eberhart and Russel's stability analysis
was carried out (Table 6). Besides high mean
yields of cultivars, the two parameters—slopes
of the regression line b®F) and the deviations
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and low fertility.

from the regression lines (residual sum of
squares in Table 6)—are useful in characterizing
the genotypes. A stable cultivar has high mean
yield, unit regression coefficient (b% =1.0), and
deviations from the regression as small as possi-
ble (S% = 0). It was observed that the correspon-
dence between this analysis and the first one
described above was good, suggesting that the
data collected on a small piece of land at a single
location can be used to select drought-resistant
types. To ascertain the least susceptible geno-
types (within the high-yield potential group),
one can compute the "susceptibility index" (SI)
as the ratio of drought susceptibility to yield
potential (Slope/lntercept; Table 6) expressed
as positive percentage of the latter. Sl can thus
be used as an indicator of drought susceptibility
and we will aim at selecting high-yielding geno-
types with the lowest susceptibility index.

In the second experiment, 64 Fg progenies
were tested along with eight checks without any

One of our lines which has recovery drought resistance
performed very well under normal moisture conditions

replication. Two-row plots of each cultivar were
planted in 75-cm row spacing at right angles to
the line source, and each plot was harvested in
successive segments of 15 m. The yield poten-
tials were again highly correlated with drought
susceptibility (r = 0.958, P < 0.001). Using the
technique described above, selections were made
for drought resistance.

In both experiments the hybrid checks showed
highest yield potential and, in spite of steeper
slopes, they outyielded all varieties at all levels of
water supply used. This substantiates the general
experience that hybrids are more stable than
varieties even under stress.

Breeding for drought resistance. Breeding
material generated from crosses involving par-
ents selected from our earlier field screenings
was evaluated both at ICRISAT Center and at
the dryland agricultural research station, Anan-
tapur (in a drought-prone area of Andhra Pra-
desh) under natural conditions.

At Anantapur, about 146 mm rain fell during
crop growth. The drought was severe but rainfall
was distributed over several weeks. Sorghum
lines were evaluated for recovery ona 1 to 5 scale
(1 = least scorched leaves and 5 = severely
scorched leaves and no recovery or regrowth )
and heading ability (where 1 = 90% or more
plants headed, 10 = less than 10% headed). The
known drought-resistant checks, M-35-1 and
CSH-6, recovered well at both locations.

The materials in advanced generation were
screened in three replicated ftrials at the fruit
research station, Sangareddy, Andhra Pradesh,
during the 1980 summer (see ICRISAT 1979/80
Annual Report, p 31). Differences in genotypic
effects in all three trials for recovery were highly
significant, indicating that selection for this trait
is effective.

Susceptible lines D-71305 and D-71463 identi-
fied in these screenings may be used as indicators
in future. The selected lines will serve as sources
for drought resistance. The sister lines D-71463
and D-71464, which showed contrasting
responses at Sangareddy, can be utilized in phy-
siological studies to elucidate the drought resist-
ance mechanisms, particularly recovery from



drought stress. The responses of these genotypes
for recovery at Gadamballia, in the Sudan were
similar to those observed at Sangareddy, India.

All the lines screened at Sangareddy and
Anantapur were yield-tested at ICRISAT Cen-
ter in Alfisols. These trials indicated that the
yield levels of the selected lines were comparable
to the released hybrids (such as CSH-5) and that
these lines had higher levels of drought resist-
ance (recovery) than the released variety, CS-
3541.

Postrainy-season Adaptation

Evaluation of germplasm. Earlier, based on
visual selection, we used the known Indian
postrainy-season lines as parental source mate-
rial. Subsequently, in an effort to diversify the
genetic base, 7251 lines in the germplasm block
were visually evaluated, and 32 lines were
selected as parents in the program. The geogra-
phical distribution of these 32 parents is: India
(7), Nigeria (2), the Sudan (3), Niger (1), Daho-
mey (1), Ethiopia (11), Kenya (1), Malawi (2),
and USA (4). These varieties are generally tall
and late.

Segregating materials were generated from
crosses involving adapted photoperiod-
insensitive types. The segregating materials (446
F.s and 461 F3s) were evaluated late in the season
(October) in Vertisols at ICRISAT Center, thus
enhancing the chances of encountering terminal
drought stress. In addition, 1150 advanced-
generation lines were also evaluated in Vertisols.

In cooperation with the University of Agricul-
tural Sciences (UAS), Bangalore, a similar set of
segregating material and avanced selections
were evaluated at UAS research station at
Bijapur, situated in a major postrainy-season
growing area in Karnataka State, India.

From ICRISAT Center evaluations, 270 F3s,
112 F4s, and 500 advanced-generation lines were
selected for further testing and selection. From
the Bijapur screenings, 58 single-plant selections
and 9 Fss were obtained.

Evaluation of advanced breeding lines. The
advanced-generation lines selected earlier from

Physical Environment 41

the rainfed postrainy season were evaluated in
two separate trials. There were 100 entries
(including three checks) in each trial and a triple
lattice design was used. Each of these trials was
grown in Vertisols at two locations—ICRISAT
Center and Bijapur. In order to account for the
variation in sowing time usually followed by
farmers there were two different dates of plant-
ing (early and late) at ICRISAT Center.

All entries in both trials, including the checks,
M-35-1, SPV-86, and CSH-8R, wilted com-
pletely at Bijapur.

The early-planted trials at ICRISAT Center
were conducted on fields that had received less
than 500 mm rainfall during the preceding rainy
season and the crop had experienced severe ter-
minal stress. Emphasis in selection was given to
seedling emergence, vigor, days to flowering,
and agronomic score, and a total of 28 selections
were obtained for furter testing in advanced
yield trials. The selected lines had good food
grain characteristics and three of these, D-82066,
D-82073, and D-82039, possessed trichomes, a
trait known to confer shoot fly resistance. Par-
ents M35-1, VZM-B, SPV-105, 2077B, EI85-2,
IS-6928, and 1S-1038 were in the pedigrees of
most final selections.

Crop Establishment

Soil temperature. Fifty sorghum lines were
tested in ICRISAT Center Alfisol beds for their
emergence ability over a wide range of soil
temperatures by planting on different dates
between October 1980 and April 1981. Two dif-
ferent soil temperature profiles were obtained at
each planting by use of kaolin and charcoal as
surface covers (Fig.5). We found that emergence
was significantly affected by (1) date of planting
(environment), (2) surface (kaolin and charcoal
cover), and (3) genotype. Significant genotype x
treatment (2 + 3) interactions were found.

It was evident that with the increase in temper-
ature from January to April, there was decrease
in emergence in the charcoal treatment: in the
kaolin treatment the emergence was always
higher than in the charcoal treatment. In gen-
eral, during winter months, emergence took a
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Figure 5. Effect of temperature (simulated by char-
coal and kaolin) on seedling emergence in sorghum (in
brick flats at ICRISAT Center).

longer time in kaolin than in charcoal due to the
prevailing lower temperature in the former.

High soil surface temperature did not adver-
sely affect seed germination, but it damaged the
emerging seedlings. After reaching the soil sur-
face, the coleoptile tips of the susceptible geno-
types bent laterally or coiled, possibly because of
the high temperature. Also, the coleoptile tips
(or the expanding leaves) showed signs of
scorching.

The technique for the selection of lines for
tolerance to high soil surface temperature is sim-
ple and inexpensive and a few lines (including
IS-301 and 1S-8264) were selected.

Soil crusting. Techniques for studying emer-
gence ability through a simulated crust are being
developed in the field and also in brick flats
(Fig.6) at ICRISAT Center. A field technique
was described in the ICRISAT 1979/80 Annual
Report (p 32). For the technique in brick flats,
the soil is levelled and then saturated with water.
The following day the seeds are sown at 40-mm
depth, and water is applied from rose cans held
at 1-m height in an attempt to simulate rainfall

and facilitate formation of crusts on hot sunny
days.

Collaborative research with Haryana Agricul-
tural University (HAU) was initiated during
1980 to study the relative performance of
sorghum genotypes under surface crusting in
Aridosols at Hissar. These soils situated in arid
and semi-arid climates are structurally unstable,
low in organic matter, and susceptible to surface
crusting. The first trial included 31 genotypes. In
the second trial, 45 genotypes (including 19 from
the previous trial) were studied for their emer-
gence ability under crust and no-crust situations.
During 1981, 102 genoypes were tested and dis-
tinct genotypic differences were observed
(Fig.6).

Genotypes showing good emergence ability
both at ICRISAT and HAU were 1S-4349, |S-
5977, 1S-2705, 1S-1072, 1S-10022, Naga White,
and 1S-5642). At HAU some lines emerged well
in the presence of a soil crust, while others failed
miserably (Table 7).

Soil moisture. In 1980, 100 lines from the
drought breeding project and several germplasm
lines were evaluated for drought resistance at the
seedling stage. Significant variability was found
to exist for drought resistance at this stage, and
20 lines with high resistance were selected.

EMERGENCE
THROUGH
CRUST

Figure 6. Brick flat experiment: Emergence through
soil crust (a few genotypes emerged well, while many
failed to emerge).



Table 7. Seedling emergence behavior of some
sorghum genotypes at HA U, Hissar.

Seedling emergence (%)

Genotype Crust No crust
1S-4474 67 69
IS-684 52 63
IS-155 60 69
IS-3510 59 73
1S-923 3 40
IS-4663 7 77
1S-4542 11 49
IS-8962 13 59

In order to investigate whether selection for
drought resistance at the seedling stage is related
to drought resistance at the advanced growth
stage, 21 lines with good agronomic traits that
had been selected at the seedling stage were
exposed to continuously depleting soil moisture
during the panicle development and grain-filling
stage in an Alfisol field during the 1980 post-
rainy season. The results showed that lines IS-
4405, 1S-5567, 1S-2394, 1S-4776, and 1S-1096
selected for drought resistance at the seedling
stage also showed reasonable levels of resistance
at advanced growth stages. Some of these lines
gave reasonable yields both under irrigated and
nonirrigated treatments (2900 to 5700 kg/ ha in
irrigated and 2100 to 3800 kg/ha in nonirrigated
plots). The yields of 1S-4405, 1S-2394, 1S-1696,
and 1S-5567 were comparable to the two stand-
ard checks, CSH-8 and CSH-6.

Seedling vigor (seedling size) was found to be
significantly correlated with emergence through
crust and also with drought resistance at the
seedling stage (P< 0.01).

The glossy lines-1S-4663, 1S-5484, and 1S-
923—showed reasonable resistance to soil crust-
ing and to drought at the seedling stage, as well
as to shoot fly.

Plant Nutrition

Selection for nitrogen efficiency. Considering
the small farmer's conditions and traditional
agricultural practices in the SAT, it is important
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to produce cultivars that preform reasonably
well under both low and high fertility conditions.
We therefore initiated a study of the selection
results in both conditions.

Selection was carried outfrom So progenies of
three random mating populations under both
high (100 kg N/ ha) and low (20 kg N/ ha) fertility
conditions during Sp-S; generations of three pop-
ulations. Our final objective was to test whether
the top-ranking selections made under either fer-
tility levels retained similar ranking at both lev-
els of fertility. From each population and
fertility level, 16 final selections were grown for
seed multiplication during the 1979 postrainy
season. Yield trials were conducted during the
1980 rainy season with S, progenies. For testing
at each level of fertility, the selections made from
both levels of fertility were planted along with
four checks in a 6 x 6 lattice design. In addition
to testing, selection continued under each level
of fertility and the Ss seeds were multiplied dur-
ing the 1980 postrainy season. The test was
repeated in the 1981 rainy season with Sg
progenies.

The Spearman rank correlation coefficients
between ranks of two groups of selections for
grain yield under high and low fertility condi-
tions were separately computed. The correlation
was found to be positive and significant in all
cases. This indicates that the best selections
made under high fertility also retain similar
ranking under low fertility.

Nitrogen-fixation studies. A test tube culture
technique was developed in 1980 to test the effect
of host genotype and bacterial culture on
nitrogenase activity. Plants are grown in 25 x
200-mm tubes containing 20 cc of sail, soil: sand
mixture, or vermiculite medium (Fig. 7).
Nitrogenase activity could be detected 3 days
after planting, and by 15 days there were usually
differences between genotypes in stimulating
this activity. We are now standardizing this
method and determining the correlation with
activity of older, field-grown plants because
plant and bacterial material can be screened for
nitrogenase activity much more readily using the
tube culture method.
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Figure 7. Tube culture technique for estimating
nitrogenase activity of sorghum plants.

Using the intact plant assay method reported
in our 1979/80 Annual Report (p 66), we have
observed a marked diurnal pattern for nitroge-
nase activity of sorghum (Fig. 8). The activity
increased during the day, with most occurring
between 1600-1700 hr and a marked decline dur-
ing the dark period. This pattern closely fol-
lowed the one for soil temperature, but our
experiments on the effect ofincubation tempera-
ture on nitrogenase activity of root-soil cores
indicated only a twofold increase as the tempera-
ture rose from 20°C to 35°C. This suggests that
much of the 13-fold variation in diurnal activity
observed with intact plants was not due to
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Figure 8. Diurnal pattern of nitrogenase activity of
intact sorghum plants (CSV-5).

temperature, but rather to the photosynthetic
activity of the plants.

Using a line-source irrigation system on an
Alfisol at ICRISAT Center in the dry summer
season we found a significant correlation (r=
0.54) between the soil-moisture content and
nitrogenase activity in hybrids CSH-6 and CSH-
8. Most nitrogenase activity occurred in both
genotypes when they were sampled 2 m away
from the sprinkler where the soil-moisture con-
tent was 8.9% on a soil dry-weight basis. There-
after, nitrogenase activity declined as the
distance from the sprinkler increased and the soil
contained less moisture. In another experiment,
47-day-old plants of CSH-1 grown in an Alfisol
were assayed for nitrogenase activity as root plus
soil cores (ICRISAT Annual Report 1976/77, p
43). Different amounts of water were added to



the cores, and after an equilibration period of 1
hr these were then assayed for nitrogenase activ-
ity over a 5-hr incubation period. There was
again a significant positive correlation (r=0.61)
with increasing amounts of water added (Fig. 9).

Pure cultures of Erwinia herbicola and Ente-
robacter cloacea, which grow in the rhizosphere
of sorghum, did not show nitrogenase activity,
but mixtures of these cultures produced consid-
erable activity. If such synergism exists in the
rhizosphere of sorghum, it would be difficult to
choose organisms for use in single-strain inocu-
lants.
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Figure 9. Effect of different soil-moisture levels on
nitrogenase activity of the sorghum hybrid CSH-1
grown in an Alfisol field and assayed in 15-cm dia
cores.
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Incubation temperature also affected nitroge-
nase activity of pure cultures, and most activity
was obtained at 30°C for Azotobacter chroococ-
cum, and35°C for Azospirillum lipoferum.

In a pot experiment with the sorghum hybrid
CSH-1 grown in unsterilized Alfisol, inoculation
with nitrogen-fixing bacteria produced a signifi-
cant increase in grain and total dry-matter pro-
duction (Table 8). Adding the equivalent of 20 to
40 kg N/ ha fertilizer as ammonium sulphate also
increased vyields. The crude inoculum prepared
from an extract of ground up roots of field-
grown Napier bajra (a cross between pearl millet
and Napier grass) gave the most consistent
response (Table 9).

Food Quality
Sankati Cooking Quality

In several regions of South India sorghum grain
is consumed in the form of sankati, a prepara-
tion traditionally made with grits from either
dehulled or whole grains. Grain samples of 25
cultivars in the International Sorghum Food
Quality Trials (ISFQT, ICRISAT Annual
Report 1979/80) were evaluated for sankati
quality at Bhavanisagar with the aid of six farm
women as panelists. M-50013, CSH-5, Mothi,
and M-35-1 were rated as best for good sankati
quality.

Dehulled sorghum grain is also cooked to
make rice-like products called chorru or annam,
which are consumed in South India and other
regions of the SAT. To determine the range of
variation for various cooking quality character-
istics, grain samples of 112 cultivars of diverse
origin were evaluated. The time required for
cooking a standard quantity (20 g) of whole
grain ranged from 54 to 114 min (Table 10).
Percent increase in the volume of the grain as a
result of cooking varied from 100 to 273, while
the weight increase ranged from 107 to 186%.
The texture range of cooked grain varied from
11 to 4.7 on a scale of 1 to 5 (1 = good). Dehulled
as well as whole-grain samples of 25 cultivars in
the ISFQT were evaluated. In general, the
volume and weight of the cooked product from
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Table 8. Effect of inoculation with nitrogen-fixing bacteria on sorghum grain yield (g/pot).?

kg N/hectare Regression

Culture 0 20 40 Mean equation
Azospirillum  lipoferum 9.7 13.1 18.9 13.9 Y=931+023 N
Azotobacter chroococcum 9.3 10.9 15.9 12.1 Y = 8.7+0.16 N
Napier bajra root extract 10.0 12.8 22.0 14.9 Y = 9.94-0.18N +0.008 N?
Uninoculated broth 71 9.9 17.9 11.6 Y =6.32+027 N

SE + 1.11 0.64

Mean 9.0 11.7 18.7

SE + 0.55

a. Average of four replications. Four plants were grown in each replicate pot in unsterilized
Alfisol in a glasshouse for 103 days.

Table 9. Effect of inoculation with nitrogen-fixing bacteria on sorghum dry-matter production (g/pot).?

kg N/hectare Regression

Culture 0 20 40 Mean equation
Azospirillum  lipoferum 66.4 79.8 93.5 79.9 Y= 66.4+0.68 N
Azotobacter chroococcum 58.5 74.0 93.7 754 Y =578+0.88 N
Napier bajra root extract 62.2 81.5 96.1 79.9 Y=629+085 N
Uninoculated broth 48.1 67.2 85.4 66.9 Y = 48.26 + 0.93 N

SE + 4.37 2.52

Mean 58.8 75.6 92.2

SE + 2.19

a. Average of four replications. Four plants were grown in each replicate pot in unsterilized
Alfisol in a glasshouse for 103 days.

dehulled grains was twice that of the whole grain
and the cooking time was 60% lower. The tex-
ture and color appeal of the dehulled cooked
product was much better than that from the
whole grain. Correlation coefficients between
physical grain characters and cooking quality
attributes indicated that percent increase in
volume of the cooked grain is positively corre-
lated with grain density (r= 0.66) and corneous-
ness (r= 0.54), while cooking time was positively
correlated with 100-grain weight (r= 0.46).

Chapati Quality

Dough and chapati qualities of 60 sorghum cul-
tivars were evaluated. Sticky, easily Tollable
dough produced good quality chapati. The stick-
iness of the dough was measured with a back-
extrusion cell using the Instron food testing
machine. The good dough of variety M-35-1
required more force for deformation, than the
poor dough of 1S-12611. A poor dough was
compressed in the cell, and was not extruded, so
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Table 10. Variability for some grain and cooking quality attributes of 112 genotypes of sorghum.

Attribute Mean SE + Range

Corneousness score? 2.70 0.09 1.0- 5.0
Grain weight (g/100 seed) 3.31 0.09 0.7- 6.8
% water absorption of grain® 24.90 0.49 15.7- 40.2
Breaking strength (kg) 7.60 0.22 1.8- 15.0
Initial volume of grain (cc/20 g) 15.68 0.10 14.0- 20.0
Time required for cooking (min) 81.15 1.02 54.0-114.0
Weight of cooked grain (g) 48.91 0.30 41.5- 57.2
Volume of cooked grain (cc) 44.00 0.31 36.0- 52.5
% increase in weight 143.00 1.50 107.0-186.0
% increase in volume 182.00 2.70 100.0-273.0
Cooked grain texture® 3.20 0.10 1.1- 4.8

a. Corneousness was scored on a scale of 1 to 5 (1 = highly corneous, 5 = completely floury).

b. Water absorption of the grain after 5 hr of s

oaking in water.

c. A random sample of 10 grains was independently evaluated on a scale of 1 to 5 (1 = very soft
and 5 =very hard) and the scores were averaged.

Table 11. Textural characteristics of chapati dough

from eight cultivars.?

Initial Extrusion
Rolling® force for yield
Kneading” quality extrusion point Work done

Cultivar quality (cm) (kg) (kg) (sg. cm) Slope
Simila Very poor c (a single peak—no extrusion)

P-721 Poor C

PJ-12K Medium 22 12.5 20.0 10.8 0.25
Karad local Medium 22 19.3 25.7 15.3 0.24
269 Good 24 27.5 39.0 241 0.40
18-12611 Good 24 35.0 48.8 28.4 0.49
1S-1235 Good 23 43.3 53.7 324 0.40
M35-1 Good 24 41.8 58.0 34.3 0.60

a. Using back-extrusion cell in an Instron machine.
b. Fifty grams of dough were subjectively evaluated for kneading quality and maximum rollability.

c. Difficult to roll into chapati.

an increased force was required for compression.
The slope and area (work done) under the force-
distance curve (Table 11) was higher for cultivars
having good dough characteristics and low for
poor dough characteristics.

We also studied the effect of the environ-
mental factors, nitrogen fertilizer level, and
moisture stress on grain and chapati quality
characters. A split-plot design with six cultivars
at four levels of nitrogen application (0,60,120,
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Instron food testing machine used for measuring sor-

ghum dough stickiness.

and 200 N kg/ha) was used. Nitrogen level pro-
duced no significant effect on chapati quality of
the grain samples. Similarly, chapati quality of
clean and plump grain samples from 10 geno-
types affected by moisture stress did not differ
from that of grain samples obtained from their
corresponding control plots. In another experi-
ment, where nitrogen fertilizer x irrigation treat-
ments were studied using commercial hybrid
CSH-8, chapati quality of grain from the various
treatments also showed no significant differ-
ences, as judged by taste panelists.

Sorghums for popping. In India popped sor-
ghums are traditionally used in snack foods. Cul-
tivars with inherent popping quality are
desirable, and popping quality can be particu-
larly improved by controlling the moisture level
of the grain. Grain samples of 3682 accessions
from India were scored for popping percentage
onascaleof1to5(1=80to 100% and 5=0to

20% popped grain). Of 36 accessions exhibiting
superior popping quality (score of 1 to 2), the
best were 1S-5111, 1S-5285, 1S-5566, 1S-5604,
IS-5638, 1S-5646, and 1S-5655. Most of these
had small grains and were white with medium to
thick pericarp, hard endosperm, and a very low
germ/endosperm size ratio; the germ was often
located at a corner of the hilar region.

Population Improvement

The improvement of sorghum populations by
the S, progeny testing method continued during
the period under report. Five existing
populations—US/R, US/B, RS/R, RS/B, and
West African Early—and a new population,
Indian Synthetic, are being carried forward.

Selection Advance in Populations

Of the five populations currently being
improved, the two most advanced populations,
US/R and US/B, were used to measure the pro-
gress made by recurrent selection. We found that
the selection advance in three cycles for grain
yield was 51.7%; per cycle gain varied from 7.5%
to 19%. Similarly, the grain yield of the US/B
population increased by 34% over three cycles,
with a range of 7.2 to 14.5% per cycle. The
advanced cycles of both populations showed sig-
nificantly delayed maturity, as the base popula-
tions were extremely early. Mean plant height
varied from cycle to cycle, with an overall
increase of 9.2% in the US/R and 5.3% in the
US/ B population. The range and the coefficients
of genetic variability for grain yield were main-
tained over cycles, indicating that following the
present system of selections the populations can
be successfully improved by selection for several
more cycles. In addition to grain yield, overall
desirability of the populations for grain quality
and plant type was also improved. The advanced
populations showed increased uniformity in
plant height and maturity.

Recurrent Selection
During 1980, S2 progenies trials of US/R and



US/B and West African Early populations were
conducted at ICRISAT Center, Dharwar, and
Bhavanisagar. From each population 195 pro-
genies with five checks were grown. On the basis
of grain yield and agronomic desirability over
locations, 28 S, progenies from US/R, 32 from
US/B, and 41 from West African Early were
selected for recombination. During recombina-
tion, 11 additional lines in US/R, 5 lines in
US/ B, and eight in the West African Early popu-
lation were incorporated.

Population-derived Lines

From the above S, progeny trials, 198 plants
from US/R, 296 from US/B, and 192 from West
African population were advanced for pedigree
selection. The progeny rows from these plants
were grown at Bhavanisagar during the summer
season; only 178 lines were selected for further
evaluation.

During the 1980 rainy season, 1123 advanced-
generation progenies from populations and their
crosses were reevaluated in a breeding nursery
and the most uniform and promising lines were
identified for inclusion in the 1981 preliminary
yield trials.

Varietal Trials

Preliminary Yield Trial-1 (PYT-1). This trial
consisted of 84 early-maturing entries (81 test
entries and three checks) in randomized com-
plete block (RCB) design with two replications.
Twenty-six entries selected on the basis of their
yield performance and agronomic desirability
were selected for advanced tests in 1981. It was
observed that 31 entries at ICRISAT Center, 5
entries at Dharwar, and 3 entries at Bhavani-
sagar gave significantly higher grain yield than
hybrid check CSH-6. On the basis of mean grain
yield, some of the top-yielding entries were (E-
35-1 x US/R 408)-8-2, (1S-2579-C x FLR-101)-
4-3, and Ind Syn 600-3-3, which gave 6120,5673,
and 5518 kg/ha, respectively, as compared to
4951 kg/ha of the best hybrid check, CSH-5. The
released varietal check, CSV-4, ranked 80th in
the 84-entry trial.
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Preliminary Yield Trial-2 (PYT-2). This trial
consisted of 147 test entries of medium to
medium-late-maturing varieties with three
checks: variety CSV-4 and hybrids CSH-5 and
CSH-6. A randomized complete block design
with two replications at each location was used.
In 1981, 21 varieties were advanced for testing
internationally. The top-yielding entries CSV-4
x (GG x 370)-2-1-4, (CSV-4 x GG x 370)-2-2-2,
and E-35-1 x US/B 487-2-1-4 gave 4857, 5278,
and 5264 kg/ha, respectively, as compared to
4362 kg/ha of the best hybrid check, CSH-5.

Development of Hybrids

Development of Male Steriles

Ten lines that we earlier identified as potential
female parents, derived from the grain quality
breeding project, have undergone six successive
backcrosses to convert them to male steriles.
Their corresponding A and B lines are ready for
evaluation as female parents in hybrid combina-
tion. These new male steriles showed good yield
potential and grain quality. Twenty more poten-
tial parents were identified and were back-
crossed twice to convert them to male steriles.

A large number of nonrestorers derived from
the nonrestorer populations are being converted
to male sterility. We now have 777 pairs of A and
B lines in various generations of backcrossing.
Fifteen of the A and B pairs appeared uniform
and were distributed to interested breeders in the
SAT. New hybrids based on these male steriles
were made and evaluated in the 1981 rainy sea-
son. The results will be reported in the 1982
Annual Report.

Identification of Potential
Nonrestorer Lines

The development of A and B pairs by backcross-
ing requires time and resources, and not all A
and B lines produce desirable high-yielding
hybrids. It is, therefore, desirable to evaluate
nonrestorer lines for their combining ability
prior to conversion by backcrossing. In a modi-
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fied lines x tester analysis, we successfully evalu-
ated male-sterile hybrids from crosses of
nonrestorer lines with cytoplasmic male steriles
by use of interlards of fertile hybrids to provide
pollen for testing the hybrids. This technique
was found satisfactory, and three nonrestorer
lines out of 20 lines evaluated were found supe-
rior in combining ability and were recommended
for conversion to male steriles.

Evaluation of Hybrids

A large number of hybrids based on three male
steriles (2219A, 2077A, and 296A) were made
with several varieties derived from the sorghum
populations and grain quality breeding projects.
These were evaluated at ICRISAT Center, Bha-
vanisagar, and Dharwar; results on the best
hybrids are presented in Table 12. Several

Table 12. Grain yield (kg/ha) of selected hybrids based on commercial Indian female parents 2219A, 2077A, and
296A with restorers derived from the grain quality breeding project evaluated at three locations in India during the

1980 rainy season.

Location
Trial Pedigree Patancheru Dharwar Bhavanisagar Mean
1 2219Ax(SC-108-3xCS-3541)-1-3-2 6012 4815 3078 4635
2219Ax(SC-108-3xGPR-148)-18-1-1 5084 4907 4125 4705
2219Ax(SC-108-3xCS-3541)-1-3-2 4790 5509 4734 5011
2219Ax(SC-108-3xCS-3541)-14-1 4978 5528 4094 4866
2219Ax(SC-108-3xCS-3541)-11-2-3 5002 5740 3688 4810
2077Ax(SC-108-3xGPR-148)-12-5-3 4954 5556 3516 4675
2077Ax(SC-108-3xCS-3541)-20-2-2 6224 5277 3891 5132
CSH-5 5525 5000 2813 4446
SE + 210 345 577
CV (%) 6.9 111 24 .4
2 2219Ax(SC-108-3xE-35-1)-29-2-1 5481 6111 5000 5531
296Ax(SC-108-3xCS-3541)-11-2-3 5369 6852 5146 5789
296Ax(SC-108-3xCS-3541)-29-1-1 5756 5787 5208 5584
296Ax(Swarna x CS-3687)- 6-1-3 5441 6713 6042 6065
296Ax(SC-108-3xE-35-1)-25-1 4909 5602 6500 5669
296Ax(SC-108-3xCS-3541)-27-2-1 6963 5463 4313 5580
2077Ax[(SC-108-3xSwarna)xE-35-1]-6-1-1 6226 6574 4771 5857
CSH-9 5261 6065 4896 5407
SE + 312 343 490
CV (%) 10.3 11.4 20.7
3 296AxFLR-101xIS-1082-4-3-3 6492 5722 4792 5669
296AxFLR-101x1S-1082-4-4-1-1 5908 5861 4514 5428
296AxFLR-101xCSV-4-1-1-1-1 6633 6028 5069 5910
296AxFLR-101xCSV-4-4-3-2 6458 5833 5208 5831
296AxDiallel-475-746-4-4-2-1-2 5508 6500 4549 5519
296AxDiallel-475-746-4-5-3-1 5983 6639 4653 5758
296AxDialle 1-475-746-2-3- 6117 6417 4444 5659
CSH-5 4733 5667 2882 4427
SE + 720 444 656
CV(%) 19.2 11.1 24.0




hybrids were significantly superior in perfor-
mance to the check commercial hybrids.

Of 1000 new hybrids based on several male
steriles evaluated in unreplicated nurseries at
ICRISAT Center in the 1980 rainy season, 260
exhibited superior performance over the com-
mercial hybrid checks and were selected for
further yield testing.

International Trials and
Nurseries

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

The 1980 ISPYT-1 consisted of 20 entries,
including varietal check CSV-4, hybrid check
CSH-6, and an improved local check contrib-
uted by our cooperators. The trial was sent to 46
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locations in 29 countries; data were received
from 21 locations in 10 countries. The grain yield
of selected entries is given in Table 13.

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

The 1980 ISPYT-2 consisted of 43 test entries,
plus one varietal check (CSV-4), one hybrid
check (CSH-5), and a local check contributed by
our cooperators. The trial was sent to 46 loca-
tions in 29 countries. Data on the performance
of selected lines at 16 locations in 12 countries
are presented in Table 14.

Entries Ind Syn 387-3-1 and Ind Syn 387-3-3,
both sister selections of Ind Syn 387 (designated
as SPV-394 in India) performed consistently
well for the 3rd year in this trial, RS/ B-8785 also
performed well for the 2nd year at locations in
India.

Table 13. Grain yield (kg/ha) of selected entries in the 1980 ISPYT-1.

Location
Indian Southern Overall
Pedigree Subcon;[inent Thailand Sudan Niger Africaa Qatar Somalia Mean
(11)
<FLR-266xCSV)- 3292 2571 2212 2675 4487 4083 4369 3395
4-4-3-7-2 (11)° (11) (6) (5) (8) (11) (1) 9)
(E-35-1xUS/B-287)- 3300 3827 2032 2788 4743 5146 3482 3505
2-1-2 ) ) 7 @ (5) (5) (6) (4)
(E-35-1 x WA x Nigeri- 3298 3517 1991 2500 5488 3979 2475 3430
an)-3-2 (10) (5) 8 (8 (2) (13) (A7) (7)
(M-35-1xRs/R 195)-3-2 3512 3569 2574 2613 4187 3062 3262 3449
(6) (4) 2 @ (11) (18) (8 (5)
Ind.Syn.323-1-3 3990 3394 2407 2725 4830 5437 3050 3921
(1) (6) - Q) @ (4) (2) (12) (2)
Ind.Syn.Tall.600-2-1 3849 2045 1841 1788 4311 4312 3659 3589
(3) (14) (10)  (17) (10) (9) (4) 3)
CSV-4 (check) 2884 2879 733 1925 2558 3625 3085 2728
(18) 8) (20)  (14) (19) (15 (10) (19)
CSH-6 (check) 3962 3867 3040 3550 5282 4750 4234 4200
(2) 2) Mm 3) () ) (1)
SE + 395 455 402 405 369
CV (%) c 21 37 23 c 14 18

a. Number of locations.
b. Figures in parentheses are ranks.
c. CV (%) of the Indian subcontinent ranged from 12 to 33 and of southern African locations, 11 to 30.
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Table 14. Grain yield (kg/ha) of selected entries in the 1980 ISPYT-2.

Location®
Indian West Southern Overall
Pedigree Subcontinent Thailand  Africa Africa Sudan Qatar Mean
(2)° (2)° (3)° (2
FLR-101x1S-1082-4-5-3 3858 2273 1922 4976 2757 5167 3774
(6)° (26) (10) ) @ (1) (5)
E-35-1xRs/R-253-2-1-1-2 3910 3907 1829 3707 1616 5333 3874
(4) (2) (1) (33) (28) (4 (2)
E-35-1xRS/B-394-1-1-2 3947 4196 2263 4153 1908 5000 3961
3) (1) (4) (17) (20)  (10) (1)
E-35-1xUS/B-487-1-1 3485 2947 2026 4433 3015 4812 3757
(13) (15) () (11) (1) (14 (8)
Rs /RxCSV-4-1525-1-1-4 3758 2768 1677 4488 1454 5792 3629
(7) (17) (19) 9) (36) (3) (7)
Ind.Syn.112-1 3168 1590 2277 5250 2374 4125 3294
(22) (44) (3) (2) @) (23 (14)
Ind.Syn.387-3-1 4030 1992 1978 4268 1674 4958 3681
(1) (37) (7) (14) (25) (12 (6)
Ind.Syn.387-3-3 3997 1168 1981 4728 1474 4708 3825
() (45) (6) (6) (34)  (16) 3)
CSV-4 (check) 2933 1990 2813 2710 887 3208 2677
(32) (38 () (32 @4 @) G7)
CSH-5 (check) 3862 2256 1360 5264 2462 4617 3824
(%) (27) (32) (1) ©® (7 (4)

a. CV (%) of the Indian subcontinent locations ranged from 17 to 37; West African locations, 18
to 49; southern African locations, 17 to 23; and Thailand two locations was 22.

b. Number of locations.
c. Figures in parentheses are ranks.

Sorghum Elite Progeny Observation
Nursery (SEPON)

The 1980 SEPON comprised elite progenies in
advanced generations of crosses between
adapted, low-mold susceptible, and good grain
quality parents. The nursery was organized into
three separate sets—early (105-110 days),
medium (110-135 days), and late (135 days and
above) maturity with 39, 60, and 39 entries,
respectively. The entries included a local check, a
commerial hybrid (CSH-6) check, and varieties
that performed well in the 1978 and 1979
SEPON. The trial was sent to 40 locations in 30
countries, and data were received from 10 loca-

tions in six countries. The grain yield data of
selected entries are presented in Table 15.

Contributions to National Programs

A list of varieties from ISPYT-1, ISPYT-2,and
SEPON, that performed well in Africa and have
been selected for further yield testing in national
trials is presented in Table 16.

Six hybrids were accepted by AICSIP for
inclusion in Preliminary Hybrid Trials in 1980
and four of these (SPH-185, 187, 188 and 221)
were promoted to the Advanced Hybrid Trial in
1981. Seeds of 85 hybrids divided into two trials
and an observation nursery, were distributed to
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Table 16. Varieties that performed well in some African countries and were selected for further yield testing in

national trials.

Varieties

Countries in which variety selected

(1S-12611 x SC-108-3)-1-1-2-1
[(IS -12611x(SC-108-3xCS-3541)-38]- 1

[(CS-3541xET-2039)-11x(SC-108-3x148)-12-10]-1

Rs/B-878-1-1-3
Ind.Syn.323-1-3
FLR-266xCSV-4

FLR-101x1S-1082-4
CSV-4xBulk-y-55
FLR-101x1S-1082-4-4-2-1
Ind.Syn.112-1
E-35-1xUS/B-487-1-1
Ind.Syn.387-3-3

Nigeria and Senegal
Senegal

Mali

Malawi

Sudan and Malawi
Somalia

Sudan and Malawi

Malawi
Zimbabwe
Zimbabwe
Sudan
Malawi

six countries (Mexico, Upper Volta, Mali, The
Sudan, Ethiopia, and Nigeria).

Looking Ahead

Insect pests. Population monitoring of shoot fly
and stem borer will continue at ICRISAT Cen-
ter, and we will try to develop suitable means of
monitoring midge and headbug populations. We
will make predictive models to forecast infesta-
tions of shoot fly, stem borer, midge, and
armyworm.

We will continue screening for resistance to
shoot fly, stem borer, midge, and headbug and
will emphasize development of efficient screen-
ing techniques against midge and headbug. Mul-
tilocational testing through international pest
nurseries to identify broad spectrum and stable
resistance sources will continue. An inter-
disciplinary study will be initiated on the mecha-
nism and inheritance of resistance.

Our collaborative studies with Max-Planck
Institute in West Germany and with the Center
for Overseas Pest Research will continue. We
expect to initiate collaborative studies on
sorghum midge with entomologists at Texas

A&M University in the USA and to develop
more joint projects on sorghum insects around
the world.

Diseases. In breeding for resistance to grain
molds, we will utilize new sources of resistance to
diversify the genetic base and will intercross low
mold-susceptible selections to achieve further
improvement.

The identified sources of resistance to
sorghum downy mildew (SDM) will be used to
diversify the resistance genes in various genetic
backgrounds. SDM resistance will also be incor-
porated into the male-sterile background. We
will also study the genetics of resistance.

Our Striga research will continue to identify
and confirm sources of resistance and to
improve their agronomic quality. Since we do
not have any identified B-line with Striga resist-
ance, we will emphasize B-line screening and
improvement for this trait. Efforts to improve
screening methodology will continue, and the
effect of crop management on Striga infestation
will be studied.

Physical environment. Our major research
thrust will continue on factors affecting crop
establishment and on drought. Greater emphasis



will be placed on research on crop performance
under severe stress (summer) conditions. The
interactions of water, heat, and nitrogen stress
will be examined further, together with a closer
examination of the overall comparative perfor-
mance of hybrids and varieties under these stress
conditions.

Drought-resistant local varieties from the
drier parts of Africa and from Karnataka in
India will be crossed with the drought-resistant
(recovery) lines identified earlier in the program
to generate more variability. Also, the sister lines
D-71464 and D-71463 with contrasting response
under drought will be utilized to study the mech-
anisms involved in recovery drought resistance.

Another important activity in the coming year
will be identification of varieties and hybrids
adapted to the postrainy season and incorpora-
tion of the glossy-trichome traits for shoot fly
resistance.

Our nitrogen-fixation studies will concentrate
on improving the acetylene reduction assay for
nitrogenase activity using seedlings grown in test
tubes and intact plants grown in pots. We will
use °N to measure the amounts of nitrogen
fixed. We also plan to initiate work in West
Africa where sorghum and millet growth with-
out added fertilizer in sandy soils low in nitrogen
indicates that considerable nitrogen fixation
may be occurring.

Food quality. Future efforts will be devoted to
the development of simple and reliable labora-
tory techniques for the evaluation and predic-
tion of food quality in different sorghum food
products and to use these techniques to routinely
evaluate advanced breeding lines.

Population improvement. Significant im-
provement in agronomic desirability, yield, and
grain quality has been achieved in the five popu-
lations under recurrent selection. The superior
lines extracted from these improved populations
will be selected for uniformity and evaluated for
adaptation and yield stability in multilocational
trials. Selections from these will be evaluated
further for their stability and adaptation in com-
parison with hybrids in multilocational trials.
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We will also attempt to increase their resistance
to insects. A large random-mating population
composed of our germplasm collection lines will
be established and improved by recurrent selec-
tion under low selection pressure to ensure the
efficient utilization and preservation of useful
variability in the germplasm collection.

Development of hybrids. We will continue our
work on the development of a diverse array of
male-sterile lines. A few male steriles with good
yield potential will be evaluated as female par-
ents in hybrid combination.

International yield trials. Superior varieties and
hybrids will be distributed to national programs,
and included in international trials for evalua-
tion of their performance and adaptability.
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PEARL MILLET

Abiotic Stresses

Seedling Emergence
and Establishment

Suboptimal plant stands (Fig. 1) are thought to
be one of the major constraints to the production
of sorghum and millet in large areas of the SAT.
However, we have not been able to find suffi-
cient data, particularly from farmers' fields,
which are of use either in quantifying the prob-
lem or in identifying its causes.

In order to place a firm base under research
into genetic variation for stand establishment
capability, we began a systematic survey of seed
rate, sowing conditions, and plant stands on
farmers' fields in Aurepalle village (Andhra Pra-
desh, India) in the 1981 rainy season.

Soils in this village are generally sandy and
shallow, with a low moisture-holding capacity.
Land preparation and sowing are done with tra-
ditional bullock-drawn implements. Farmers
mainly grow either an intercrop of pigeonpea
and mixed cereals (sorghum and pearl millet) or
castor as a sole crop. Little or no chemical fertil-
izers are used, and the crop varieties are gener-
ally traditional ones.

We collected bulk seed samples from each
field at the time of sowing and later separated
them into component parts (in the case of mix-
tures). The percent of damaged seed was esti-
mated and the germinability of undamaged
seeds measured. Information on the source of
seed and seed treatment used (if any) was
obtained from each farmer.

Sowing depth and seeding rate were recorded
in the field at the time of sowing. Seeding rate
was estimated by counting all seeds in the furrow
for a distane of 2-3 m of row before the furrow
was closed. Five to ten such samples were taken
at random to obtain a mean for each field. In the
case of seed mixtures, the number of seeds of

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

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

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

Most farmers used locally produced seed that
was not pretreated, although a limited supply of
commercial castor and pigeonpea seed was
available in the village. Seed damage due to
insects was common in locally produced seed;
mean species' values ranged from 6% damaged
seed in sorghum to 16% in pigeonpea, with occa-
sional seed lots being severely damaged. Rhizo-
pertha dominica appeared to be the main insect
pest in cereals and Callosobruncus chinensis in
pigeonpea. Mean germinability (of undamaged
seed) of all four crops was reasonably good,

Figure 1. Farmer's field in Niger indicative of difficul-
ties in obtaining sufficient plant population.
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varying from 75% for sorghum to 93% for
pigeonpea (Table 1). Most of the fields were not
prepared prior to sowing. The farmers used
bullock-drawn plow to make furrows, seeded by
hand, and closed the furrows with a light blade
harrow. Sowing depths ranged from 3 to 8 cm
for all four crops, despite the large differences in
seed size among crops. Sowings took place over
a 4-week period, as early monsoon rains were
erratic and scattered. As a result, soil-moisture
content in the seedbed at the time of sowing
varied widely (Table 1). Soil temperature also
showed considerable variation, part of which,
however, may have been related to the time of
day of observation, which was not standardized.

Sowing rates for the cereals were generally
quite high and quite variable, especially in the
case of millet where rates ranged from 200 000 to
700 000 seeds/ ha (Fig. 2). Yet for both crops the
emergence percentage of seeds sown was low:
27% for sorghum and 18% for millet. Even
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adjusting these percentages for damaged and
nongerminable seeds, the emergence rates were
only 39% for sorghum and 25% for millet. More

Table 1. Seed quality and sowing observations of
pearl millet, sorghum, pigeonpea, and castor from
Aurepalle, India, 1981.

Mean + SD?® Range”®

Seed damage (%) 7.6+16.8 0- 57
Germinability (%)° 85.2+ 9.9 79-100
Sowing depth (cm) 4.4+ 12 3- 8
Soil water content (%) 76+ 3.3 2.7- 18.6
Seed bed temperature (°C) 40 + 6.0 32- 50

a. Mean value for all four crops.

b. The data used to indicate the ranges are
individual field values.

c. Based on undamaged seed.

Number of fields

Number of fields

200 7400 600 800

1 Pigeonpea

” |

200 400 600 800
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Figure 2. Distributions of sowing rates and seedling plant stands for the four crops studied. The data are individual

field means.



important, however, was the variation in emer-
gence rates, which resulted in very low plant
stands (<50 000 plants/ha) in a large proportion
of fields (Fig. 2), contrasting markedly with the
recommendations of the All India Coordinated
Research Project for Dryland Agriculture
(AICRPDA) of 180 000 and 220 000 plants/ha
for sorghum and millet, respectively. Emergence
rates for castor and pigeonpea were considerably
better (52 and 50% for total seed sown and 67
and 63% for good seed, respectively). However,
sowing rates for these two crops were considera-
bly lower than for sorghum and millet (Fig. 2),
resulting in relatively low populations in many
fields, compared to AICRPDA recommenda-
tions (50 000 and 70 000 plants/ ha, respectively).

Even making allowance for the desirability of
somewhat lower-than-recommended plant pop-
ulations for shallow, infertile soils such as Aure-
palle's, many fields had suboptimal crop stands,
especially among the cereal fields. The problem
evidently occurs somewhere between sowing and
emergence, as seed quality (undamaged and ger-
minable seed) generally was acceptable and sow-
ing rates were good. This hypothesis is
supported by two observations: (1) a very high
correlation between the emergence percentage of
sorghum and millet sown together in the same
field (r - 0.96, P< 0.001), which suggests that
species differences were unimportant relative to
field differences and (2) a low correlation (r=
0.33, P< 0.04) between sowing rate and stand,
indicating that this fact was also unimportant.
(This also suggests that the farmers' strategy of
raising sowing rates to compensate for poor
emergence was ineffective this year.)

Thus our attempts to identify the factors
responsible for poor emergence for sorghum and
millet were not successful, as emergence rate was
not related to any of the seedbed and sowing
conditions measured. These studies will be con-
tinued, as there is clearly a problem, but one for
which the explanation may be more complex
than originally thought.

Drought

We previously field screened millets for drought
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Evaluation of pearl millet genotypes over a gradient of
drought stress from a line source (at left).

response by withholding irrigation to impose
moisture stress in off-season crops (ICRISAT
Annual Report, 1976/77 and 1978/79).
Recently, however, several techniques have
become available by which gradients of stress
can be created to evaluate varieties for their
response to a range of stress environments. The
most popular of these is the line-source sprinkler
method (Hanks, R.J. et al., 1976, Soil Sci. Soc.
Am. Proc. 40:426-429) in which a single row of
closely spaced overhead sprinklers apply alinear
gradient of water at right angles to the line. The
varieties to be evaluated are planted in strips at
right angles to the sprinkler line, along the mois-
ture gradient. The uses of such a technique are
obvious, but interpretation and analysis of the
data from such experiments is not always simple,
either statistically or conceptually.

We examined some of the conceptual prob-
lems using a data set from a line-source compari-
son of 16 cultivars conducted in the dry season
(Feb-May) of 1981. In this comparison a gra-
dient of stress was applied during the grain-
filling stage to a crop which had been fully
irrigated up to the time of flowering. Two repli-
cates were used to compare the responses and
mean grain yields for all varieties at each pointin
the gradient were used to determine the stress
environment at that point.

Yield under stress. The line source technique
can be effectively used for comparing perfor-
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mance of breeding or germplasm lines at any
selected level of moisture stress, particularly in
severe stress environments. Response of individ-
ual cultivars to the moisture gradient is deter-
mined by regression of individual cultivar yield
on mean yield for each point on the gradient
(Fig. 3). Cultivars can be compared forany point
on the gradient; for purposes of illustration, a
severely stressed environment of 100 g/m? (1000
kg/ha) mean yield has been chosen. MBH 110
was clearly superior in this environment, fol-
lowed by ICH 220, ICH 226, and BK 560. WC-
C75 was similar to the mean and ICH 162 and
Serere 17 were poorer (Fig. 3). Yields in the
severe stress environment were found to be
highly correlated with date of flowering (r =
-0.81,P < 0.01) indicating that differences in time
of flowering were responsible for the majority of
the differences among cultivars in grain yield
(Table 2). Thus drought escape through early

3501
300+
250+

2009  MBH 110

4 BK 560
150 ICH 226
ICH 220

1004 wcC-C75

Variety grain yield (g/ m?

ICH 162

50 Serere 17

5'0 160 1:50 2(I)0 2'50 SOb
Mean grain yield (g/m?)

Figure 3. Individual cultivar responses to a moisture

gradient during grain filling. Grain yields in a severe

stress environment (mean yields of 100 g/m?) and a

mild stress environment (mean yields of 250 g/m?)

were chosen as examples for comparison in the

analysis.

flowering, rather than drought resistance,
appeared to be the major factor in differences
among cultivars. Regression analysis (of esti-
mated yields at 100 g/m2 against days to flower-
ing) was used to examine individual cultivar
performance under severe stress, independent of
drought escape (Fig. 4). The better yields of

Table 2. Correlations of genotype yields in the severe
and mild stress environments, days to flowering,
and regression coefficients for response to the entire
gradient.

Yield in Daysto Yield in
stress flower- mild stress
environment ing  environment
Days to
flowering -0.81**
Yield in
mild stress +0.45 -0.28
Regression
coefficient  -0.43 0.44 0.61*
*P <0.05 ** P<0.01.
200 ¢ WC-C75 ® BK 560
e ®MBH 110 ©ICH 220
aICH 162 & |[CH 226
160 & Serere 17
Y
< 120
2
-
© 801
-2
i
404
O =it T T T T -y
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Days to flowering

Figure 4. Relationship between grain yields in the

severe stress environment and days to flowering for all

cultivars (solid line). Actual data points for individual

cultivars of interest in the analysis are indicated on the

figure.



MBH 110 and BK 560 can be explained by their
date of flowering as their actual values are within
one standard deviation from the prediction line.
The yields of ICH 220 and ICH 226 were better
than those predicted by the date of flowering,
indicating that their better performance under
these conditions is not dependent on escape.

A similar procedure can be used to compare
performance in any environment along the gra-
dient, for example a mild stress environment
such as 250 g/ m? (see Fig. 3). In this environment
also there were significant cultivar differences,
but here date of flowering was unrelated to yield
ability (Table 2), as escape is a less important
factor in mild stress environments. Therefore,
actual performance in the mild stress environ-
ment is adequate for cultivar evaluation.

Cultivar performance in the mild stress envir-
onment was positively correlated with the
regression coefficient for response to the entire
gradient between the severe and mild stress
environments (Table 2). Thus for lines selected
for good performance in the severe stress envir-
onment, the regression coefficient would serve as
a useful secondary selection criterion for perfor-
mance in less severe conditions as well. For
example, ICH 220 would be preferred to ICH
226 by this criterion (see Fig. 3), although they
perform equally well under severe stress.

Stability of advanced lines under stress. A
second application of the line-source technique

Comparison of selection environments for pearl millet:

single-plant selection under drought stress.
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is in the evaluation of the stability of advanced,
high-yielding lines under stress. Here the yield
potentials of the test entries are assumed to be
good, and relative rather than absolute yields
can be used in the analysis for both the individ-
ual cultivars and the environmental index (Fig.
5). This places all entries on an equal basis in the
nonstressed portion of the gradient and allows
the investigator to focus on the stability of each
line under stress. Stability is estimated by the
regression slope of an individual cultivar's rela-
tive yield on the environmental relative yield. In
the test data set, MBH 110, ICH 226 and BK 560
are clearly better than average (regression slopes
> -1.0), while ICH 220 and WC-C75 are similar
to the mean, and ICH 162 is poorer than the
mean (Fig. 5). Drought escape also plays an
important part in genotype stability in this anal-
ysis, as indicated by a high correlation (r=0.81,
P <0.01) between slope and date of flowering. As
in the previous example, regression analysis can
be used to identify those cultivars whose stability
is largely a function of drought escape and those
that may have some physiological adaptation to
stress which gives them a more stable perfor-
mance along the gradient. This is done by

10
0.8 X
B
\?"
0.6
MBH 110 .
B
0.4 &
ICH 226 @
| =
BK 560 0.2 3
ICH 220

r I T T T
-1.0 -0.8 -06 -04 -0.2 0

Environmental index (¥; /g - 1)
max

Figure 5. Stability of individual cultivar yields under
stress, expressed as changes in individual cultivar
relative yield in relation to relative environmental
index.
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regressing the slope against date of flowering
and looking for those cultivars whose slope is
higher than that predicted by the date of flower-
ing. The better performance of MBH 110 and
BK 560 can be explained by their flowering pat-
tern, as can the performance of ICH 220 and ICH
162. Only ICH 226 shows evidence of better yield
stability under stress that is not dependent on
escape. Similarly, WC-C75 appears to have a
significant instability or susceptibility to this
type of stress pattern.

Although we have used a single data set to
illustrate both types of analysis, we would expect
that these analyses would be applied differently.
The first is most useful for identifying source
material from germplasm accessions or from
breeding lines that have superior yield perfor-
mance under stress and particularly those mate-
rials whose superior performance is not based on
drought escape. The second analysis, as pointed
out, is more useful for advanced breeding lines
with already established yield potential, disease
resistance, etc., to determine yield stability. Both
analyses have an important place in breeding
programs concerned with developing cultivars
for rainfed environments.

Low Fertility

We have examined the factors affecting the
nitrogenase activity of millet when estimated by

Table 3. Effect of time interval between cutting off
tops and C;H, injection on nitrogenase activity of
millet cultivar NHB 3.

nmol C,H./plant/hr?

Interval (hr) 1-5 hr

4 17 + 23
3 8 £+ 15
2 12 + 3.2
1 24 + 47
0.5 104 +41.7

a. Plants were 66 days old and at flowering
stage; mean of 20 replicate cores.

the soil-root core assay method (ICRISAT
1976/77 Annual Report, pp 43-44). After sam-
pling, the cores are generally transported from
the field to the laboratory for assay. Our studies
this year revealed that the mechanical distur-
bance during transportation greatly reduced
nitrogenase activity. Significantly higher
nitrogenase activity (three-fold more) with the
soil cores transported with minimal disturbance
was recorded as compared to the activity of the
soil cores transported from the field with normal
disturbance. Activity was greatest when the time
interval between cutting the tops off the plants
and injection of acetylene was reduced to 30 min
(Table 3). It varied with the growth stage of the
plant, increasing until grain filling was com-
pleted and then declining (Fig. 6). It also varied
with the time of day at which sampling was done,
and was highest for plants sampled at the end of
the day (Fig. 7).

By assaying an intact plant (see ICRISAT
1979/80 Annual Report, p 66) throughout the
day we have shown that nitrogenase activity fol-
lows a marked diurnal pattern, with most activ-
ity at 1700 hr followed by a decline during the
dark period (Fig. 8). This suggests a close link
between nitrogenase activity and current
photosynthesis.

This year soil samples from around the roots
of millet plants grown in traditional cultivation
areas in the northwest Indian states of Gujarat
and Maharashtra were examined for nitrogen-
fixing bacteria. After the soil was serially dil-
uted, plating the extract directly onto
nitrogen-free media enabled us to count and
follow the growth of the different bacteria and to
isolate and characterize them. The number of
nitrogen-fixing isolates obtained varied from 10°
to 107/g soil. Alternatively, the soil extract was
added to small vials of medium containing 100
mg/ liter yeast extract as the only nitrogen source
and either malate or sucrose as the carbon
source, and after incubation, nitrogen-fixing
activity of the soil dilutions in the tubes was
determined. From the pattern of activity over
the range of soil dilutions, we calculated the
most probable number (MPN) of nitrogen-
fixing bacteria originally present in 1 g of soil.
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at different growth stages.

This MPN ranged from 10% to 10° depending on
the soil type and location.

Based on colony morphology, we picked 3760
isolates from nitrogen-free media using sucrose
or malate as the carbon source. Nitrogenase
activity was shown in 42% of the isolates, and
95% were able to grow on MacConkey bile salt
medium, a semi-diagnostic test for Enterobacte-
riaceae. The isolates unable to grow on Mac-
Conkey medium were all originally picked from
a sucrose medium. Some of the isolates were
mixed cultures of bacteria and Actinomycetes,
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which lost their nitrogenase activity when puri-
fied to a single type of bacteria. The nitrogenase-
positive isolates could be classified into at least
24 different colony types. Using this character
together with their growth on different media,
we have chosen 59 apparently different types of
bacteria for more detailed characterization and
identification. Many are Enterobacter spp and a
few are Azospirillum, but others appear to be
species not previously recorded to be able to fix
nitrogen,such as Pseudomonas spp, Acinetobac-
ter spp, and Flavobacterium spp.

Biotic Stresses

Diseases

Biology and Epidemiology of
Pearl Millet Diseases

Heterothallism. This year we established and
maintained six isolates of pearl millet downy
mildew (DM) pathogen Sclerospora graminic-
ola in plants of a susceptible pearl millet cul-
tivar, from sporangia collected from infected
leaves of field-grown plants that showed no
evidence of oospore formation. The isolates were
used singly and in all paired combinations in two
experiments to inoculate seedlings of pearl millet
cultivar 7042, which is known to be highly sus-
ceptible to DM. Some seedlings on which the
first leaf never unfolded became completely
necrotic by 12 to 14 days after inoculation
(DAI). Oospores were detected in the necrotic
tissue of seedlings inoculated with certain com-
binations of isolates. No necrosis or sporulation
were observed on any of the water-treated check
seedlings. The total numbers of infected see-
dlings, total numbers of seedlings with oospores,
and the relative abundance of oospores are pres-
ented in Table 4.

While inoculations of all paired combinations
of isolates 1,4, and 6 and of isolates 2, 3, and 5
did not produce oospores, oospores were pro-
duced when any one of isolates 1, 4, and 6 was
paired with any one of isolates 2, 3, and 5. In
these combinations the abundance of oospores
varied, but large numbers of oospores were

found in seedlings that had shown little or no
asexual sporulation. Abundant oospores were
also correlated with extensive necrosis. Oos-
pores with a mature morphology were observed
13 DAI on some seedlings that had produced
sporangia, and therefore sexual sporulation
probably began at the same time or shortly after
asexual sporulation. No oospores were observed
in the roots of seedlings or in the segments of the
leaves used to provide the initial inoculum of the
six isolates. The results obtained clearly demon-
strate that S. graminicola exhibits heterothal-
lism and that among the isolates tested two
sexual compatability types exist. The study ofa
large number of S. graminicola isolates from
diverse locations is needed to determine whether
additional mating types exist and the relative
frequency of the mating types in natural popula-
tions of the pathogen.

Further experimentation is required to deter-
mine whether the sparse production of oospores
in a few seedlings inoculated with isolate 6 is due
to a slight degree of self-compatibility or to con-
tamination of the isolate with a small proportion
of the second mating type.

Relative DM susceptibilities of seedling roots
and shoots. Seedlings of pearl millet cultivar
7042 were raised in 1% water agar on plastic
plates in such a way that seedling roots were
separated from shoots by a layer of agar. Roots
or shoots of 3-day-old seedlings were dipped into
a sporangial suspension (8.3 x 10° sporangia/
ml) of S. graminicola for 2 hr at 20°C. After the
dip-inoculation, seedlings were transplanted
into pots, which were maintained in a net house.
Final DM incidence records were taken 17 days
after inoculation. The experiment was con-
ducted twice, and each time greater incidence
occurred when shoots rather than roots were
inoculated (64% vs 32% in Experiment 1, and
75% vs 48% in Experiment 2).

Germination of ergot sclerotia. Sclerotia of
Claviceps fusiformis, the causal agent of pearl
millet ergot, were successfully germinated in the
field, in potted soil in a glasshouse, and in sterile
sand in petri plates in the laboratory.



Biotic Stresses 67

Table 4. The numbers of downy mildew infected seedlings of pearl millet cultivar 7042, the number of infected
seedlings containing oospores, and the relative abundance of oospores following inoculation with six isolates of
Sclerospora graminicola singly and in all paired combinations, in two experiments at ICRISAT Center, 1980/81.

Experiment 1

Experiment 2

No. of No. of Oospore No. of No. of Oospore
plants plants abun- plants plants abun-
Isolate infected with dance® infected with dance®
combination oospores oospores
1 11 0 B 24 0 B
2 12 0 - 18 0 -
3 14 0 - 9 0 -
4 11 0 - 16 0 -
5 12 0 - 24 0 -
6 13 1 + 22 1 +
1x4 8 0 - 4 0 -
4x6 17 0 - 9 0 -
1x6 10 0 - 15 0 -
2x3 12 0 - 20 0 -
2x5 12 0 - 11 0 -
3x5 13 0 - 15 0 -
1x 2 13 2 +++ 19 2 +++
1x3 11 2 ++ 15 2 +++
1x5 14 4 +++ 10 1 ++
2x4 10 4 t++ 18 3 i+
2x6 15 1 + 12 4 +++
3x4 13 3 ++ 21 3 R
3x6 18 5 +++ 18 4 +++
4x5 17 8 +++ 20 10 ++ o+
5x6 16 8 4+ 19 9 +++
a. Abundance of oospores in seedlings: + =sparse (a few scattered oospores), ++ = intermediate

(oospores encountered in several microscope fields, but in easily countable numbers), +++ =
abundant (oospores encountered throughout tissue,too numerous to easily count).

The sclerotia germinated by producing one to
several stipes that terminated in a stroma con-
taining perithecia (Fig. 9). The first germinated
sclerotia were observed 40 days after seeding in
all three environments, and in the sterile-sand
culture in the laboratory sporadic germination
occurred for more than 400 days. The infectivity
of ascospores produced in these perithecia on the
germinated sclerotia was demonstrated by the
production of ergot symptoms in pearl millet
inflorescences that were exposed at the proto-
gyny stage. Additional evidence for the role of
sclerotia in the initiation of pearl millet ergot was
produced in two field experiments with pearl

millet hybrid ICH 105 grown in 10-m x 10-m
isolation plots and seeded with and without
ergot sclerotia (Table 5).

Inoculation technique to screen for resistance to
smut. We conducted several experiments to
determine the cultural methods and media
required to produce viable inoculum, to examine
the effectiveness of several types of inoculum,
and to determine the effects of flowering stage at
inoculation and the effects of various inocula-
tion methods. The most effective inoculation
was achieved by injecting an aqueous smut spo-
ridial suspension (about 1x10° sporidia/ml,
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Stroma

Figure 9. Germinated sclerotium of Claviceps fusi-
formis.

from a 6 to 10-day-old culture grown at 35°C on
potato/carrot agar) into the boot just prior to
initiation of inflorescence emergence, followed
immediately by bagging the inoculated tillers
and providing sprinkler irrigation twice a day for
15-20 days. This technique was used successfully
in the field to screen 200 pearl millet cultivars at
ICRISAT Center during the 1981 rainy season,
producing more than 90% severity on heads of
susceptible lines. This achievement will facilitate
movement of the major smut resistance screen-
ing activity from Hissar to ICRISAT Center,
which will allow more material to be screened,
better control of humidity because of the
sprinkler irrigation facilities at the Center, and
simultaneous screening for resistance to downy
mildew, ergot, and smut.

Identification and Utilization of
Disease Resistance

During the report period the identification and
utilization of resistance to downy mildew, ergot,
smut, and rust continued to be a major activity in
the Program, in cooperation with ICRISAT's
pathologists and breeders. As in previous years,

Table 5. Percent ergot incidence in pearl millet hybrid
ICH 105 following seeding in 10 x 10 m isolation
plots with and without ergot sclerotia in two experi-
ments at ICRISAT Center, 1980/81.

Percent ergot incidence

With Without
sclerotia at sclerotia at
48 DAP? 56 DAP 48 DAP 56 DAP

Expt. 12 2 53 0.2 18
Expt. 2 10 19 0 5

a. Days after planting.
b. Single isolation plot per treatment.
c. Two isolation plots per treatment.

the large-scale field screening for downy mildew
and ergot was conducted at ICRISAT Center,
for rust at our Bhavanisagar cooperative
research station in southern India, and for smut
at our Hissar station in northern India (though a
successful screening technique for smut was also
used in the field at the Center in the 1981 rainy
season). The multilocation testing of sources of
resistance identified at the Center was continued
in cooperation with ICRISAT cooperative pro-
gram staff and with national program staff in
various African countries and in India. All trials
of the All India Coordinated Millet Improve-
ment Project (AICMIP) were screened for resist-
ance to three diseases. Breeding lines from
individual plant breeders in India and the USA
were also screened, as a service to the pearl millet
improvement research community. Breeders
and pathologists worked together in the continu-
ing program of utilizing downy mildew resist-
ance, in efforts to transfer ergot resistance into
hybrid seed parents, in utilization of smut resist-
ance, and in the study of the genetics of disease
resistance.

1. Downy Mildew

Resistance screening at ICRISAT Center. Ap-
proximately 7000 breeding lines were screened in
the field each season for DM resistance during



the 1980 rainy season, the 1980/81 postrainy
season, and the 1981 rainy season, using the
infector-row screening technique. After 5 years
of such screening in two seasons each year, all
but the newest materials in the program now
carry an acceptable level of DM resistance that is
effective in India.

The results from screening germplasm and
AICMIP trials are summarized in Table 6.

Multilocation testing. The multilocation test-
ing program continues to be invaluable in the
identification of stable and location nonspecific
resistances.

The 150-entry 1980 Pre-International Pearl
Millet Downy Mildew Nursery (PRE-
IPMDMN) was evaluated in Upper Volta
(Kamboinse), Nigeria (Samaru), and India
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(ICRISAT Center). One entry (P 1423) was
DM-free at all three locations, 60 entries were
either free or had less than 10% DM at all loca-
tions, and an additional 15 entries had no more
than 15% DM at any location. Distinct location-
specific reactions were evident for several
entries. These entries were either free or had less
than 10% DM at ICRISAT Center and at Kam-
boinse but developed high levels of DM at
Samaru.

The 45-entry 1980 IPMDMN trial was sent to
cooperators at 20 locations in India and West
Africa. Data were received from 11 locations.
No entry was DM-free at all locations. Three
entries (E 298-2-1-8, WC 8220, and MPP 71472-
1) had no more than 10% DM at any location,
and 33 entries had less than 10% across-location
mean severity values.

Table 6. The total number of lines screened for DM resistance in germplasm and All India Coordinated Millet
Improvement Project Trials, and the numbers of lines free of DM or with less than 10% incidence.

Material/trial

Number of lines free or with < 10%
DM in two seasons

Rainy 1980 Rainy 1981

Germplasm Total 527 135
free 293 75

<10% 211 34

AICMIP-1 Total 20 16
(initial hybrids) free 0 4

<10% 10 11

AICMIP-II Total 25 20
(advanced hybrids) free 1 0

<10% 16 12

AICMIP-IV Total 14 16
(initial populations) free 0 1

<10% 13 15

AICMIP-V Total 14 18
(advanced populations) free 0 0

<10% 12 16

CMPT Total 40 17
(Coordinated Millet Pathology Trial) free 4 8

<10% 9 5

% DM in indicator rows

94 73
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The 150-entry 1981 PRE-IPMDMN trial was
evaluated at ICRISAT Center and at Samaru.
MBP 8104, P 2904, and P 535 were DM-free at
both locations; P 13, P 1520, P 452, P 35, and P
227 had less than 10% DM at both locations, and
40 test entries had across-location mean severity
values of less than 10%.

The 45-entry 1981 IPMDMN trial was sent to
cooperators at 20 locations in India and Africa.
Data were received from 11 locations. No entry
was DM-free at all locations, but five entries (P
13, P 1520, P 452, P 35 and P 227) developed less
than 10% DM at all locations, and 39 entries had
mean DM severity values of less than 10% across
locations.

Development of DM resistance in an ultrasus-
ceptible line. We initiated this study in 1979
with IP 7042, an ultra-DM-susceptible cultivar
from Chad. In the 1979 rainy season about 2000
plants were raised in our pearl millet DM
nursery, and 20 DM-free plants were selected
and selfed. In subsequent seasons, progenies
were advanced in the DM nursery by selfing and
sibbing DM-free plants. In the 1981 rainy sea-
son, 251 S, progenies were raised; 6 remained
DM-free, while 12 had less than 10% DM sever-
ity indices. These results provide additional evi-
dence and highlight the exciting possibilities for
development of DM-resistant versions of any
pearl millet cultivar, exploiting the scattered re-
sistance genes within the population while main-
taining the cultivar's other original characteris-
tics.

2. Ergot

Resistance screening at ICRISAT Center.
During the 1980/81 crop seasons we screened
more than 1300 pearl millet lines in unreplicated
initial trials, including germplasm lines from
Tamil Nadu (India), ICRISAT breeding trial
entries, AICMIP trial entries, IPMDMN
entries, and IPMSN entries. Most of these
entries were highly ergot-susceptible (more than
30% ergot severity), and the remaining few
entries with less ergot had very poor seed set on

inoculated inflorescences and so no selections
were made (Table 7).

In our advanced screens, 131 single-plant
selections from the 1979 initial screening were
tested in a replicated trial. About 120 single
plants from less susceptible entries (<10% ergot)
were selected for further evaluation.

From a 75-entry Pearl Millet Ergot Nursery
(PMEN) grown in the 1980 and 1981 rainy sea-
sons, 59% of the entries had less than 10% ergot;
292 single plants were selected from these entries
for further evaluation.

Multilocation testing. The 32-entry 1980 IP-
MEN was tested at two West African and seven
Indian locations. Five entries (SC-2(M)-5-4-E-1 -
6,700448-1-E-2-DM-3, ICMPE 193-7, ICMPE
192-16, and ICMPE 140-3) had across-locations
mean ergot severities of not more than 10%,
compared with 35% in the trial check BJ 104.
Three of these entries (the ICMPE lines) were
ergot-resistant Fs lines developed at ICRISAT
Cent