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About ICRISAT

The International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) was
founded in 1972 and was the first center
created by the Consultative Group on Inter-
national Agricultural Research (CGIAR).
ICRISAT is one of 13 centers in an interna-
tional research network. Its headquarters
and main research farm, ICRISAT Center, i3
near the village of Patancheru, 25 km
northwest of Hyderabad. India. Other 1CRI-
SAT scientists are posted in six African
countries and in Mexico and Syria.

ICRISAT's mission is to improve the yield,
stabiiily, and food quality of its five mandated
crops—sorghui.a, pearl millet, pigeonpea,
chickpea, and groundnut, andtoimprove the
quality of life among the more than 700 mil-
lion of the world's poorest people who live in
the semi-arid tropics (SAT,

The SAT environmentis harsh. its sotls are
nutrient-poor, and eftective rainfall is limited
to only 2.0-4.5 months a year. The total area
of the SAT. nearly 20 million square kilome-
ters. covers all or part of 49 countries on five
continents. It includes much of India, two
wide zones in Africa, areas inSoutheast Asia
and South America, and parts of Mexico and
Central America.

All five crops of concern to ICRISAT are of
major significance in the SAT, which pro-
duce 55% of the world's sorghum, 95% of the
pearl millet, 90% of the chickpea, 96% of the
pigeonpea, and 67% of the groundnut.
Except tor groundnut, these crops are basi-
cally subsistence food crops mainly for on-
farm consumption.

Because these traditionally-grown crops
are low-yielcing compared with yields in
temperate climates and with their potential
yield in the SAT, they are being extensively
researched by ICRISAT.

To achieve the objectives of ICRISAT's
mandate, its staff functions via multidisciplin-
ary research programs and throuah linkages
with n.tional scientists and other iternational
agricultural organizations. ICRISAT 's research
programs include sorghum. millets, chickpea,
pigeonpea. and groundnut in crop improve-
ment, and farming syst2ms andeconomicsin
resource management. A training program
teaches new technologies to young scientists
from SAT countries.

Through this integrated activity ICRISAT
seeks to improve yields, production, nutri-
tion, and the quality of life of millions of small
farmers in the SAT.




Introduction

Research Highlights is an annual ICRISAT publication which presents a
concise overview of the main achievements of research workers at ICRISAT
Center and at its overseas stations in several countries in Africa, and in Syria
and Mexico. Their efforts and the cooperative inputs of national scientists,
workers in extension, and other agencies in India and other countries in the
semi-arid tropics have helped IIZRISAT take another big stride forward in
1981 towards fulfilling the objectives of its mandate. Our excellent working
relationships with many universities and research organizations in non-SAT
countries have also contributed to our progress.

Living standards are not going to be miraculously upgraded by the advent
of one or two new discoveries for SAT farmers. Instead, the spectrum of
imoroved agriculture and life styles is made up of many vital inputs—
improved seeds, essential fertilizers, effective soil management, better utili-
zation of rainfall, appropriate cropping systems, supplementary irrigation,
rnotivation for adoption of technologies, and the elimination of socioeco-
nomic constraints.

All these inputs and the needs for gathering new information and know-
ledge about them provide essence for ICRISAT's existence and for its
activities for the poor farmers of the SAT.

Our global sorghum improvement research is ICRISAT's largest program.
During 1981, outstanding yield gains with improved varieties were reported
from trials in India, several African countries, and Thailand. The potential for
increasing sorghum production from its low average of 800 kg/ha in SAT
countries is evidenced by yields exceeding 3800 kg/ ha in some of ICRISAT's
growing range of newly generated varietal materials.

Pearl millet is the most important cereal crop for the drier, semi-arid South
Sahelian Zone of Africa. Material from Africa has been used to breed plants
resistant to mildew and ergot, two major millet diseases. This year a hybrid
developed from Senegalese and Nigerian germplasm has yielded 14-29%
more than a standard hybrid.

Good progress has been made in developing chickpea lines resistant to
major diseases. Special emphasis is being placed on breeding for resistance
to the pod borer, Heliothis, which is the most damaging pest of chickpea. In



southern India, some early-maturing selections have shown outstanding
resistance to this insect.

Several promising early-maturing pigeonpea lines have been identified.
This work has been in response to the demand for short-duration varieties
that can be fitted into a double cropping system with wheat or maize. Late-
maturing pigeonpea lines from our program have reached the advanced
yield testing stage in India.

Substantial progress has been made with groundnut. Some advanced
lines, selected for postrainy season conditions, showed very high vyield
potential, nearly 7 tonnes/ha, and significantly outyielded the national
checks at ICRISAT Center. They are now being tested in the national trials
system. ICRISAT scientists have successfully utilized some wild species of
groundnut. Hybridization of this material with the cultivated groundnut has
produced progeny with high levels of resistance to foliar diseases, parlic-
ularly rust.

Our Farming Systems Program in cooperation with Indian research organi-
zations has intensiiied work on technology to double-crop deep Vertisols
(black soils) in India. In the postrainy season, 20 million ha of Vertisols are
single-cropped. This is an area larger, for example, than Syria. India’s food
production would be substantially increased if these soils could be made to
grow two crops annually.

Technological options for profitable cropping on previously fallowed Ver-
tisols have beer examined by the Economics Program; intercropping maize
with pigeonpea can increase profits by 600%. The Program has also devel-
oped a method to assess the performance of cultivars in multilocation and
multiyear trials.

Our genetic resources activities increased in 1981; accessions for all
ICRISAT mandate crops totailed 6498, bringing the grand total to 71,402.
Great emphasis is being placed on salvaging primitive landraces from many
regions of the world. They, and wild species too, possess new and desirable
genetic trails which SAT plant breeders can use to broaden the gene pool
and improve productivity

ICRISAT also acts as a resource center for germplasm. In 1981, the
Institute supplied over 17.000 samples to scientists in 45 countries, mainly in
the SAT, for use in their crop improvernent programs.

The Institute's Program of International Ccoperation was active in the
Indian subcontinent, West Africa, southern Africa, Southeast Asia, West Asia,
and Mexico. Inlate 1981, work commenced on the site of ICRISAT's Sahelian
Center near Niamey, in Niger.

ALICRISAT Center, 113 persons completed training in 1981, which brings
the number to more than 530 since the inception of our Training Program.

[6%]



Nine workshops, conferences, and specialist meetings were hosted by ICRI-
SAT. Nearly 9000 visitors came to ICRISAT Center, of which about 2500 were
farmers.

This review highlights the achievements and progress we made in 1981.
Thes gains reflect the efforts, dedication, and expertise of our scientific
workers. They heighten our sense of purpose to serve and optimism for the
farmers and their families in the SAT.

L.D. Swindale
Director Ganeral




Cereals

Sorghum and millet, which are the major
cereals of concern to ICRISAT, are grown
extensively in the semi-arid tropics as staple
foodstuffs because they are able to with-
stand dry conditions. In terms of world food
production, sorghum and millet are the fourth
and fifth most important cereals; together,
they are second to rice in cultivated area in
the developing countries. Generally they are
the subsistence cereals of the poorest coun-
tries and the poorest people in those
countries.

In calorie intake they rank first in Africa,
and third in Asia and the Middle East. Recent
repoi (s predict substantial defirits in cereals
in the developing world by 199('. The Inter-

national Food Policy Research Inctitute
(IFPRI) estimates that India will then have a
20 million tonne shortage of cereals, if pres-
ent trends of production, population growth,
and demand for food continue. The African
SAT countries, where food production is
declining, will have per capita deficits nearly
10 times as great as India. The demand for
sorghum and millet in developing countries
has increased by more than 25% per
annum, but their annual growih in supply
has been only 1.8% and 1.2%, respectively.

These assessments make it imperative to
increase present production urgently. ICRI-
SAT scientists are aware of this urgency and
are focusing intensive research on the pro-

A sorghum scientist admiring neads of SPV-351, a promising variety developed at ICRISAT.




duction of cultivars with improved and stable
yield; with resistance or tolerance to drought,
insect pests, diseases, and parasitic weeds;
and with responsiveness to whatever
improved levels of management the SAT
farmer can provide.

Sorghum

Considerable emphasis has been given to
the development of simple, inexpensive
selection criteria for screening large
numbers of germplasm and breedirg mate-
rial for sources of resistance to the main
factors reducing sorghum yields in the SAT.
Progress has been achieved in identifying
some good stable sources which are being
incorporated into improved varieties and
hybrids with encouraging results.

Our Varieties in National
and Cooperative Trials

in India our improved varieties, SPV-351,
SPV-386, and SPV-393 were evaluated in
national trials and farmers fields and have
again given good and significant grain yield
performance over several locations. SPV-
351 has been evaluated in the Indian
national trials for the last 3 successive years
with outstanding performance, and has now
been entered inlo the 1982 prerelease All
India Minikit and State-Wise Special Minikit
Trials.

Ourimproved varieties gave good yields in
three farmers' fields in Andhra Pradesh,
India, ranging from 2400 to 3300 kg/ha at
the high-fertility level, and 1460 to 1900
kg/ha at the low-fertility level, versus 1400
and 1000 kg/ ha at high- and low-fertility lev-
els respectively for the local variety over all
locations. SPV-351 was the top yieider at all
focations, with mean grainyields of 3300 and
1900 kg/ha at high- and low-fertility levels
respectively.

™

in Africa several improved varieties were
evaluated in national and international trials
in Nigeria, Senegal, Upper Volta, Mali,
Sudan, Ethiopia, Somalia, Kenya, Tanzania,
Malawi, Zamtia, Zimbabwe, and Botswana.
Some of these varieties have been selecled
for further testing in their national liials or as
valuable breeding lines in their programs.

Such new high-yielding varietal material
has the potential to make substantial contri-
butions to sorghum production in the SAT.

Soil Crusting Studies

Crop establishment is a serious problem in
soils in semi-arid regions where uncertainty
of rainfall is a limiting factor on crop produc-
tion. Soil crusting is a major limitation on
seedling emergence from these soils.

Collaborative research is being con-
ducted at ICRISAT Center, and at Haryana
Agricultural University, Hissar, to screenvar-
ieties for 1heir ability to emerge both through
soils with high surface temperature and
crusts.

The ‘~chniques that have been developed
have t en used to identify seven varieties

Varietal difference 1s evident in the ability of seed-
lings to germinate through a soil ciustina screen-
ing nursery
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which possess superior abilities to penetrate
crusted soil. Preliminary results indicate that
there are distinct varietal ditferences.

Midge Research

!n much of the world sorghum midge (Conta-
rinia sorghicola) is a destructive pest of grain
sorghum. At ICRISAT Center research is
being conducted on midge biclogy, and on
screening and breeding for resistance.

Scientific screening for resistance has
been difficult because of the day-to-day
variation in midge populations and the differ-
ences in flowering of sorghum genotypes. To
overcome these difficulties ICRISAT scien-
tists have adapted several techniques to
evaluate resistance lo midge. Five varieties
were found to be promising.

To evaluate resistance against midge, a sorghum
head is covered with a bag containing midge
insects.

ICRISAT irainees participating in the taste evaluation of ugali. ¢ common sorghum food in East Africa.




Two Valuable International
Symposia

ICRISAT hosted two international symposia
at ICRISAT Centerin late 1981, i.e.,Sorghum
Grain Quality, and Sorghum in the Eighties.
They were sponsored by the USAID Title Xl
Collaborative Research Support on
Sorghum and Pear! Millet (INTSORMIL), the
Indian Council of Agricultural Research
(ICAR). and ICRISAT.

The Grain Quality Symposium was unique
in that it was attended by food technologists,
home economists, nutritionists, breeders,
biochemists, food processors, engineers,

Resistance o gramn mold s evident in the white-
seeded sorghum vagety et whio the other vanr -
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pathologists, entomologists, physiologists,
and economists. This diverse group of
scientists discussed existing knowledge on
preparing sorghum as a food, its grain struc-
ture, milling, laboratory rnethods for evaluat-
ing and improving food quality, nutrition,

onsumer acceptance, marketing, and food
standards.

The Sorghum in the Eighties symposium
was attended by 245 scientists from 37
countries involved in sorghum research,
production, and utilization. Significant
research results during the last decade were
reviewed, and research and development
priorities for sorghum in the next decade
were identified.

The proceedings of both symposia will be
published by ICRISAT in 1982.

Other Highlights

e Screening for resistance to the grain
molding fungi, Fusarium moniliforme, F.
semitectum and Curvularia lunata, was
effectively conducted using sprinkler irriga-
tion without artificial inoculation.

e Improved field techniques have been
developed to screen for resistance to the
parasitic weed, Striga. Using these tech-
niques. 21 improved breeding lines in good
agronomic background have been identified
with useful levels of resistance to Striga.

e As part of the program to diversify and
improve seed parents of hybrids, 380 male-
sterile seed parents are being developed
and 50, which are now atan advanced stage,
are under evaluation in hybrid combination.
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Soryghum plants attacxked by Stnga, a In a field toal with sorgham and Striga asiatica,
piant that parasitizes 1cots of sorghum. sorghum hnes possessing resistance (left) and
susceptible ines (nght) are distinguishable.

A sorghum scientist inspecting a plot of a hybud mvolving a parent Trom the population breeding
program.



Pearl Millet

Of the several millets, pearl millet (Pennise-
tum americanum) is the staple cereal besl
suited o the climate of the hot, drought-
prone regions of Africa and the Indian sub-
continent. Millets are especially important
because they are the main source of calo-
ries for millions of people in the driest areas
of the SAT.

Pearl millet was domesticated in semi-arid
West Africa, a region that still contains the
richest sources of genetic diversity. ICRISAT
obtained from Africa the pearl millet germ-
plasm that conlained the genes needed for
stable resistance to downy mildew and
ergot, which are major diseases of the crop.

Disease Control
Downy Mildew

The development of downy mildew resist-
ance within an ultra downy mildew suscepti-
ble pear! miliet has been demonstrated. The
study was commenced in 1979 by using
2000 plants of an ultra susceptible cultivar,
IP 7042, from Chad. By self pollination and
sibbing—intermating selected individuals of
the same cultivar--it was possible n 1981 to
select six downy mildew-free progenies and
afurther 12 others with less than 10% downy
mildew.

These results demonstrate that resistance
to this disease can be located and utitized
even in highly susceptible cultivars. These
findings offer exciting possibilities and great
scope for the improvement of resistance in
any peatl millet cuitivar (except a totally
inbred line), while at the same time maintain-
ing the original adaptive features of the cul-
tivar. Good cultivars which become
susceptible to downy mildew may nol there-
fore have to be discarded.

In other experiments on downy mildew, it
was established that twn different mating
types of the causal fungus are required for
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sexual reproduction of resting spores. The
phenomenon is called heterothalism and
this is the first time that this phenomenon has
been detected in graminaceous downy mil-
dews. The finding has importantimplications
for pathogen variability. Further studies are
necded 1o determine whether additional
mating types exist and to what extent in natu-
ral populations.

Ergot

In the program to develop sources of resist-
ance to this disease, more than 2000 lines
ranging from the second to the eighth gener-
ation (F2-Fs) were selected in 1981. They
were derived from crosses involving lines of
African and Indian origin of low susceptibility
10 ergot. During the rainy season 13 lines,
which were then being tested aithe Fs stage,
were found highly resistant to ergot. They
also were highly resistant to smuland downy
mildew in India.

In other experiments, ergol control
through pollen management was evaluated.
A hybrid was sown with and without a pearl
millet pollen donor line. Test plots that
included the pollen donor had significantly
less ergot than plots withoul a pollen donor.
The trial results add further evidence to the
potential of ergot control via pollen
management.

Smut

Millet Program scientists have developed an
effective technique to screen for smutresist-
ance in the field at ICRISAT Center where
natural smut incidence is low. Just prior to
head emergence on millet plants, a suspen-
sion of spores is injected into the boot-leaf,
which contains the inflorescence. Inocu-
lated plants are bagged and the piots are
irrigated three times each day with sprinklers
to maintain optimum conditions for disease
attack.



This technigue will allow a high nurmber of
millet lines to be screened with no possibility
of escape.

ldentifying Drought Resistance

Trials have been conducted using a mois-
ture gradient technique to screen millet in
the field for drought resistance. Previously,
the method of withholding irngation water to
impose a moisture stress in off-season
crops was used.

In the moisture gradient technique, a
single row of closely spaced overhead
sprinklers is used to apply a linear gradient of
water at right angles to the sprinkler line. The
varieties being avaluated are planted in
strips at right angles to this line, along the
moisture gradient. With this technique, gra-
dients of stress are created and varieties are
compared for their responses across a
range of stress environments.

Using stalistical analysis methods, it is
possible to evaluate the yielding ability of
breeding lines or cultivars at any selected
level of moisture stress, particuiarly in
severe slress envirorments. A further appli-
cation of the line source lechnique is to eval-
uate the stability of advanced breeding lines
that already possess established vyield
potential, disease resistance, etc., under
stress.

Both analyses are important in breeding
programs developing cultivars for rainfed
environments. The new stress technique
also includes procedures for separating the
stress escape and nonstress components of
yield performance.

Nitrogen Fixation
It has been known for some time that some

cereals and grasses are able to fix atmos-
pheric nilrogen. Because poor nitrogen

Midseason diongn' stress is imposed on pea:! millet by using the line source techrique at ICRISAT
Center duning the hot summer season. The siigle row of overhead sprinklers applies a moisture gradient
al nght angles to the sprinkler hine.
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davalabdity i some soils s a miting factor to
nraduction. and since fertiizers are seldom
avaiable to poor farmers aitrogen tixation 1s
sready playing an important role in cereal
croduction in the SAT and could be further
apoved through research ICRISAT has
wemonstrated differences m otrogen ixing
anhity i cultivated ines of pearl millet and
shosan that much higher fovels of activity
Lsln the wild relatves of pearl millet A
russ between elepnant grass (Penmselum
ceapureamy and peart millet showed activity
oAl to the elephant grass
The Millet Program has continued to study
S petential for exploting mtrogen fixation
ty vanous baciena associated with millet
routs, and pot and test tube screening tech-
cigues have been developed to more closely
cxamine the varnous components of this
cossoc@ation
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Soll sampies. taken from around the reots
¢ millet plants from areas in the traditional
mullet production districts of Gujarat and
Maharashtra in northwest Incha. were exam-
med for nitrogen-fixing bactena. itwas found
that populations of these bactena can be as
nigh as 50 nulhon per gram of soil i the root
region of mitiet

Detalded bactenal studies on 3760 1solates
of bactena trom these soll samples showed
that 42% possessed nirogenase activity
These were classithiedinto 24 colony types A
total of 5 apparently ditferent types of bac-
teria will be further studied in detail for char-
acterizatton andadentification

The overall goal of the nitrogen fixation
studies on pearl midlet 1s 1o develop tech-
nigues to select for nitrogen-fixing capacity
and to incorporate it into advanced breeding
material.



Breeding

In the Source Material preject, a recent
acquisition from Togo has proved to be an
impressive parent for yield, earliness, grain
size, and appearance in variety crosses in
widely different environments in African
countries and places in india.

Hybrid ICH 220, the male parent of which
was developed from Senegalese and Niger-
ian sources, gave 29% higher yield than the
standard hybrid BJ104 in the All India Coor-
dinated Millet Improvement Project, AICMIP,
and an average of 14% more than the local
checks inthe International Pearl Millet Adap-

tation Trial, IPMAT.

A new dwarf seed parent ICM ms 81A,
which is resistant to downy mildew in India,
was made available to Indian scientists in
April 1981 in time for kharif evaluation.

The effect of recurrent selection, a breed-
ing method that enables the simultaneous
concentrating of favorable genes for many
trials in populalicns, was assessed over
three cycles in one of our hreeding popula-
tions, the Medium Compos:e. Grain yield
increase averaged 4.7% per cycle without
adversely affecting height and maturity. Re-
sistance to downy mildew was increased.

One ol the downy mildew free seleclions from the indially ultra susceptible cullivar 7042 developed

PR

through several generations of selection unde! severe downy mildew pressure at ICRISAT Center.




Pulses

The pulse crops chickpea and pigeonpea
occupy very important positions in semi-arid
farming systems both for human nutrition
and for restoring soil fertility.

Because more than 85% of pigeonpea
and 80% of chickpea are produced in the
Indian subconlinent, this region is receiving
the highest priority for irnproving the two
crops. The dietary requirement of all pulses
in India is 17 million tonnes, but present pro-
duction is 12 million--a 30% deficit. The
rapid decline in the availability of pulses and
the widening gap between supply and
demand is causing great concern among
poor people of the Indian subcontinent and
other pulse-consuming areas of the world.

Chickpea and pigeonpea are traditionally
low-yielding crops. But ICRISAT is entimistic
about increasing therr production -ased on
encouraging resulls in the improve. nent pro-
gram, and about the paossibilities for widen-
ing their adaptation (that is, adjustment to
new or altered environmental conditions).

Ciiickpea

Chickpe: plays a vital role as a grain legume
in dryland subsistence agriculture in India,
Pakistan, Bangladesh, Nepal, Afghanistan,
East Africa, West Asia, the Middle East,
southern Europe. North Africa, Mexico, and
South America.

This pulse is a short-statured annual plant
with a relatively high harvestindex; the grain
weighs 40-60% of the above-ground plant
parts at harvest. Chickpea is adapted to
growing in postrainy seasons either on
stored moisture or with irrigation. It has a
high protein content (22-24%) and when
consumed with such cereals as rice,

14

sorghum, millet or wheat it-provides an ade-
quately balanced protein-calorie diet.

Two main types of chickpea are marketed.
Kabuli (garbanzo) is the smooth, white-
colored, large-grain chickpea that is com-
monly spring-sown to produce a summer
crop in the Middlc East. the Mediterranean
region and in the Americas. Desi (garbanzo
porquero) chickpea has smaller, rougher
seeds that range from yellow to black in
cofor. It is autumn-sown to raise a winter
crop in Asia, especially in the Indian subcon-
tinent and in Ethiopia.

Chickpea yields in the SAT are low (about
700 kg/ha) due to the use of locally devel-
oped primitive varieties, poor production
practices, and relegation of the croptoareas
with impoverished soils.

ICRISAT's main efforts are direcled to
developing improved cuitivars and genetic
stocks of kabuli and desi chickpeas capable
of higher and more stable yields in traditional
and nontraditional situations.

Major activities are concentrated at iCRI-
SAT Center at Patancheru to produce short-
duration desi genotypes suited to pen-
insular India; at Hissar in northern india
to produce long-duration desi and kabuli
types adapted to areas of northernindia; and
at ICARDA, our sister institute at Aleppo in
Syria, to produce kabuii types adapted to
bolh winter and spring sowing in western
Asia and North Africa.

Chickpea Diseases

Good progress has been made in identifying
lines resistant to the major diseases. In our
field, greenhouse, and laboratory tests we
have identified 50 lines resistantlo Fusarium
wilt, 48 to dry root rot (Rhizoctonia batatic-
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ola), 18 to black root rot (Fusarium solani), 4
to Botrytis grey mold, and 22 kabuli and 60
desi lines resistant to Ascochyta blight.
Screening for Botrytis was carried out atthe
G.B. Pant University of Agriculture and
Technology at Pantnagar, India, and for
Ascochyta through cooperalive work with
ICARDA. For the first time, Fusarium wilt re-
sistance was detected in kabuli types.

The major pathogens that attack chickpea
are Fusarium wilt. root rots, Ascochyta blight,
and stunt. We are using several crossing
methods to incorporate resistance to these
diseases into adapted genotypes. In view of
the significant loss of production that any of
these diseases can cause, we are giving
great emphasis to transferring disease re-
sistance, including raultiple resistance, into
adapted cullivars. For instance we have
made crosses loc combine resistance to Fus-
arium wilt and root rot with resistance to
Ascochyta blight and stunt.

The first finding of bean yellow mosaic
virus (BYMV) on chickpea under naturalfield
conditions in India was reported

Disease Survival

Because disease-causing organisms occur
in soil, a knowledge of their presence and
viable longevily in soil is an important factor
affecting crop rotation practices.

ICRISAT scientists found that Fusarium
wilt fungus can survive in soil for 39 months
and for up to 24 months in infected chickpea
roots buriec 60 cm deep. Results obtained
so far with dry root rot fungus show that it can
survive for up to 36 months in the soil. Asco-
chyla blight fungus investigations have
shown that deep sowing of chickpea seed
reduced seed transmission of the disease.

Seed Treatments

Seed-borne disease can be controlled by
using appropriate seed dressings. We have
determined that seed dressed with Benlate T
(30% benomyl + 30% thiram) can remain
free of chickpea wilt fungus even when
planted 1 year later. This treatment should
eliminate the chances of moving the fungus
from ICRISAT to cooperators within I[ndia
since they all plant the seed within a year
after treatment.

In northern india. Botrytis grey mold of chickpea
causes heavy losses on chickpea crops. ICRISAT
scientists have identihied lines showing resistance

o the disease




We also confirmed that a seed dressing
with Calixin M (30% Tridemorph + 30%
maneb) eradicates Ascochy!a bligh! fungus
on the seed.

Good Performance Lines

In our cooperative trials in the AltIndia Coor-
dinated Pulse Improvement Project (AIC-
PiP), ICCC-4, a medium-duration desi type,
continued 1o perform well in the central zone
of India and is being evaluated in larger-
scale trials in Rajasthan and Gujarat in
1981/82. Crosses are in progress to intro-
duce resistance to Fusarium will into this
cultivar.

The lines ICC-22, -23, and the germplasm
line P-326 have been promoted from the

Gram Initial Evaluation Trial (GIET) to Gram
Coordinated Variety Trials (GCVT).ICCC-13
has been retained in the GCVT fora4thyear
and last year it was one of the top entries in
the GCVT in peninsular and central India.

The kabuli types ICCC-25 and -26 have
been retained in the Coordinated Kabuli Trial
for a 2nd year and three new entries have
been added.

International Cooperation

We supplied 132 sets of trials and nurseries
to 57 cooperators in 24 countries. Nineteen
high-vyielding, wilt-resistant desi lines have
been included in International Screening
Nurseries and 20 inthe International Wilt and
Root Rot Nursery. A wider range of kabuli
lines with wilt resistance is now available.

ICRISAT has an extensive crossing program to evolve improved chickpeas. Crosses with wild species

nave produced well-podded progeny.
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Chicapeda breeders alICRISAT cooperdte with breeders n 24 countries. These fine looking ciuckpeas
are grovang i ananternahional nurseny inal Al Ishurdn, Banglades.

Segregating pogulations from crosses
made between Ascochyta resistant desi
types and northern Indian materials have
been supplied to Pakistan and north India.

Working with our sister institule ICARDA,
we screened nearly 4000 desi germplasm
accessions at Tel Hadya, in Syria. We also
supplied seed of 101 advanced kabuli lines
for inclusion in ICARDA nurseries.

Heliothis Studies

The Heliothis pod borer is usually the most
damaging pest on chickpea in most areas.
Work on developing resistant lines has con-
tirued and we have supplied seed of our
selections that show most fHeliothis resist-
ance to several cooperators in the All India

Coordinated Pigeonpea Improvement Pro-
gram. The best of our early-maturing selec-
tions were outstanding at Coimbatore in
southern India. There our line ICC-506 had
the lowest percentage of pod damage and
gave the highest yield.

This line and other selections that have
been found to be resistant to Heliothis
attacks are now being utilized in our breed-
ing program. We are currently screening F:
progenies of crosses belween resistant
material and high-yielding cultivars.

The Max-Planck Institute, Munich, is
cooperating with ICRISAT on investigating
resistance mechanisms 1o Heliothis. Qur
more resistant chickpea selections tend to
exude greater concentrations of malic acid
from the glandular hairs which cover the
plants from the seedling stage onwards.
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Other Highlights

e Screening against soil-borne diseases in
the muliple-disease sick plot ot ICRISAT
showed 35 lines 10 possess multipi> resist-
anceto wilt and root rots. Forty of these 'ines
have been included inthe 1981/82 Interira-
tional Chickpea Root Rots/Wilt Nursery.

o Chickpea plots grown atICRISAT Center
under conditions nonlimiting for nutrients
and water gave grain yields of 2800-3200
kg/ha and high productivities of 26-30
kg ha grain per day, thereby indicating that
substantial increased yields can result from
irrigation in peninsular India.

e Irrigation and fertilizer application
increased the protein content of seed.

¢ Genotypes with two pods at each node
have a yield aavantage of up to 11% over
normal single-podded cultivars. ICRISAT
researchers have identified 25 lines with the
double-podded character.

I'he maost damaging pest of chickpea 1s the pod
borer, Heliothis, Most of the pods on this plant
exhibit typical damage caused by this insect.

Coesped HCC-H06 shows fewer pods damaged by Heliothis than the check Annigeri and susceptible
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Pigeonpea

Pigeonpea is grown on about 2.5 million ha in
India, and there are substantial areas of culti-
vation in eastern and southern Africa, South-
east Asia, and the Caribbean. Although this
nlant 1s a perennial shrub with woody slems
and branches, it is normally grown as an
annual crop. It is deep-rooted and drcught -
tolerant, which makes it a useful crop in
erratic <nd low rainfall arcas. Because its
average yields are low (700 kg/ha). pigeon-
pca production has been pushed into margi-
nally productive lands in the SAT by higher
yielding cash crops.

Although it is primarily a seed crop. the
large amount of vegelative material pro-
duced can provide valuable fodder and fuel.
The seeds have a high protein content
(about 20%), and are a staple focd in parts of
the SAT. They are usually consumed with
rice, sorghum or other cereals. a combina-
tion which gives an excellent balance of
amino acids in the diet.

The overall objective of the pigeonpea
improvement program at ICRISAT s the
development of genotypes with high stable
yields of acceptable grain quality under a
range of cropping situatons.

Several pigeonpea types are nceded--
short-duration types responsive 1o high
inputs and suited to sole-cropping systermns
so as to fit o a rotation with whieat; types
suitable for the postrainy seascn in seuthern
and central india; medium-duration types for
southern India and West Afnca, long-
duration types for intercropping in central
and northern india and eastern and southern
Africa; and large-sceded vegetable types,
particularly for the Canbbean.

Photosensitivity Studies

A major handicap in improving yield in
pigeonpea has becn the absence of
daylength-insensitive plants responsive 1o
inputs such as fertilizers, irmgation, and pes-

ticides. Traditional pigeonpea cultivars are
short-day plants, i.e., they will flower only in
daylengths of less than 12 hours.

At the University of Queensland, Australia,
we have supported gaiictic studies thathave
indicated that daylength response is proba-
bly controlled by three genes. This finding
will enable the development of daylength
insensitive lines tor more stable production
in short-duration production systems.

Good progress is being made at our ccop-
erative research station at Hissar in northern
India irn developing short-duration, high-
yielding. disease-resistant pigecnpeas. Sev-
eral promising large-seeded lnes, which
mature in about 105 days, have bean identi-
fied. When used in rotation with wheat, these
lines provide more time for farmers o pre-
pare their fields for wheat.

Late-Maturing Pigeonpea

Our excellent cooperation with the All India
Coordinated Pulse Improvement Projecl has
continued. Whereas in previous years we
have had promising early- and medium-
maturing pigeonpea lines in the All India
Coordinated Trials (AICT), in 1981 we
entered two promising late-inaturing lines for
the first time in the AICT-3. The lines are
ICPL-310 and ICPL-31 1, which were bred at
our ceoperative station at Gwalior where we
are concentrating on doveloping improved
late-maturing genotypes adapted to tradi-
tional production systems.

Disease Resistance

Our scientists have developed high-yielding
pigeonpea lines with resistance (o Fusarium
wilt, sterility mosaic, and Phytophthora blight.

Sterility mosiac, one of the inajor diseases
of pigeonpea. produces bushy plants with
reduced growth, and yeliow and green
mottied leaves. On infected plants, there are
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Heliothis armigera larva, the major pest of pigeonpea, feeding on a pod.

few or no flowers, thus rendering the plants
sterile. Although scientists have not identi-
fied the causative agent of sterility mosaic, it
is believed to be a virus; the agent is trans-

mitted by the mite Aceria cajani. These mites
are carried by wind and can spread the dis-
ease at least 450 meters downwind, but less
than 25 meters against the prevailing wind.

When sorghum is intercropped with pigeonpea there is a reduction in Fusarium wilft in the pigeonpea

crop.
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This year ICRISAT modified its sterility
mosaic disease screening procedure froma
spreader-row technique—planting test
material between regularly spaced well
eslablished infected rows—to an infector
hedge technique. This consists of the
advanced planting of only four rows of a
susceptible cultivar in the upwind end of the
field. These rows are inoculated with
infected mites and, by the time normalplant-
ing occurs, a well infected hedge has devel-
oped. An excellent disease spread was
obtained; indicator rows showed 99.4 to
100% infection. The technique, which is
much simpler than using spreader rows,
enabled the effective screening of 2 ha of
breeding material.

Rabi Yield Increases

In India the postrainy-winter season of
October through January.is known as the
rabi season. The days are short, dry, and
cool. ICRISAT is developing and evaluating

pigeonpea crop systems in the rabi in an
attempt to increase production, utilize fallow
land, take advantage of residual moisture,
and capitalize on pigeonpea's short-day
photo response.

The medium-maturing cultivar C-11 and
the late-maturing cuiltivar NP(WR)-15 were
used in a trial on a Vertisol (black soil) to
evaluate optimum sowing date and number
of irrigations for high yield. The results
showed that irrigation gave a greater yield
increase from a September sowing than
from October or November sowings. These
irrigations in the September planting gave
the maximum yield increase over no irriga-
tion, i.e., 160% for C-11 and 95% for NP(WR)-
15,

Other Highlights

e Epidemiology studies at ICRISAT Center
showed that a 1-year fallow between
pigeonpea crops reduced Fusariurn wiltinci-
dence from 85% under continuous cropping,

A major disease of pigeonpea is sterility mosaic. To screen for resistance, ICRISAT grows four rows of a
susceptible cultivar to form an infector hedge. This technique ensures uniform and efficient screening.
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to about 20%. The incidence of wiit on
pigeonpea when intercropped with sorghum
fur the 2nd year was 24%

o Wilt(Fusanum udumywasfoundto bethe
most serous disease of pigeonpea in a sur-
vey oonducted in Kenya, Malawi, and
Tanzana

o A 15-state, S-year survey of placonpea
nests in India showea damage by lepidopte-
ran pests predominated in southern India:
damiage by podily was more prevalent in
central and notthern India

e Hhigh-qualty rhizobial inocuiants have
foen successiully produced al {CRISAT
nene a fermentar, camers, and packaging
from Austraha TCRISAT has now built afer-
et from low costiocal matenal, and has
croduced rhizobus, which are being tested on
ol carers and packaging material.

oree oy
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Samples of pods cobected from farmern s prgeon-
peas qre sonod decording o ther pest damage
charaeienshos tor ITCHISAT s surveys in India.



Groundnut

The cultivated groundnut, Arachis hypo-
gaea, is a native of South America and is now
grown throughout the tropical and warm
temperate reg:ons of the world. I is the most
important legume crop of the semi-arid frop-
ics (SAT), with production equalling the
combined total for dry beans and chickpeas,
which are the next two grain legumes of
importance. Because groundnut contains
25% protein and 50% oil, it is an important
food crop in the SAT. Aiso, it is the only
mandite crop of ICRISAT that enters into
world trade to any extent because itis one of
the world's major sources of edible oil.

Two-thirds of world groundnut production
is grown in the SAT, most of iton smailfarms.
The major constraints to production are
pests, diseases, and undependable rainfali
patterns. These factors resultin yields aver-
aging only about 800 kg/ha compared with
3000 kg/ha or more in developed countries.
Yields can be subslantially increased by
management of these yield-reducing
factors.

High-Yielding Cultivars

High-yieiding cultivars are being developed
for use in the national programs. By growing
two generations a year at ICRISAT Center,
ICRISAT has produced advanced breeding
lines and entered them into national variety
trials in the relatively short time span of 5
years. One generation has been advanced
in the rainy season and the second genera-
tion in the postrainy season under irrigation.
However, cultivars did not always perform
equally well in both seasons and results indi-
cated that there were strong interactions
between genotype and environment. There-
fore materiat for specific seasons has been

Because of unrehable ramnfall in the semi-and
tropics, plant treeders and physiologists are
endeavorng 1o develop  drought-resistant
groundnut lines, such as the one (center) illus-
trated in this drought screening trial.

selected, with particularly good results for
the irrigated postrainy season when foliar
diseases are relatively unimportant and
water is not so often a limiting factor.

At ICRISAT Center some of these
advanced lines yielded 6.8 tonnes/ha com-
pared with 3.3-5.0 tonnes/ha for nationally
released cultivars. Seventeen of the best
lines were entered into the newly constituted
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Indian National "Rabi-Summer Trials. There
1s an expanding area of summer-grown irri-
gated groundnuts in India due to the high
yields being obtained, which are often dou-
ble those of the rainy-season crop. At four of
the five trial siles, ICRISAT lines gave the
highest yield and one line, ICGS-35, was first
n yield when the resulls were analyzed
across alt the locations,

Other cultivars were entered in the rainy-
season nationaltrials. In the initial Evaluation
Tral (Virginia Bunch) at ICRISAT Center,
ICGS-5 ranked first (1609 kg/ ha). and signif-
icantly outyielded the national check cul-
tivar, Robut 33-1 (1345 kg/ha). The line
ICGS-1 ranked first (2159 kg/bha) in the
fnitial Evaluation Trial (Spanish Bunch) but
did not significantly outyield the national

check, J11 (2104 kg/ ha). This high-yielding
material is being supplied to cooperators in
many countries.

Rusts and Leaf Spots

On a world-wide basis, rust and leaf spots
are major causes of yield loss in groundnuts.
Rust is caused by the Puccinia arachidis,
while the most important leaf spots are
caused by the fungi Cercospora arachidic-
ola and Cercosporidium personatum. Al
ICRISAT Center the most damaging dis-
eases arerustand late leat spot(C. persona-
tum); their combined attack causes vyield
losses of 50-70% in susceptible cultivars
when grown in the rainy season without fun-

Groundnut germplasmi resistant and susceptible to rust and leal spot undergoing field testing at ICRISAT
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[ ate leal spot. Cercospondium personatum, can cause econonncally impoitant yield losses in ground-
nui. Many genotypes with good resistance have been located in screening trials at ICRISAT. The
hiffererce between resistant and susceptible genotypes is obvious.

gicide protection. Although fungicides can
be used for control of the diseases, the
chemicals and application equipment are
expensive.

It is therefore important to find sources of
resistance to the pathogens and to combine
this resistance with goad agronomic charac-
ters such as high yield.

Screening of germplasm for rust and leaf
spot resistance was commenced at ICRI-
SAT in the 1977 rainy season. The rust re-
sistance previously reported from the
Araericas for “Tarapoto” and other lings has
heen confirmed, and additional sources of
resistance have been identified. ICRISAT
now has 33 genotypes with good resistance

to rust, i.e., they rate betow 5 on a 9-point
disease reaction scale (1 =immune; 9 = over
50% of foliage destroyed by disease). The
screening work has been done in collabora-
tion with US Department of Agriculture
groundnut scientists in Georgia and Puerto
Rico and has resulted in the joint release of
rust-resistant breeding lines. International
testing has shown that the resistant geno-
types have very similar rust reactions when
grown in the USA, India, and China.

Prior to 1977 several genotypes were
reported to be resistant to C. arachidicola or
to C. personatum leaf spots in the Americas.
One genotype was reported resistant o both
leaf spots. Screening for resistance to late
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leaf spot at ICRISAT has confirmed some of
the reported resistances and additional
sources have been identitied. ICRISAT now
has 21 genotypes with good resistance
{befow 5 onthe9-point scale) to this disease.
Because the incidence and severity of early
leaf spot disease (C. arachidicola) is too low
at ICRISAT to permit effective field screen-
ing for resistance, materials are being
screened at other locations where the dis-
gase is more prevalent. The preliminary
results are premising.

The prospects of locating sources of mul-
tiple disease resistance to rust and late leaf
spots are good, and 15 genotypes with
excellent levels of resistance to both dis-
eases have been found. Several of these
genotypes originate from South America.
Some are low-yielding and have rather poor
pod and seed characters. However, they can
outyield the best available susceptible cul-
tivars when grown in the rainy season with-
oul fungicide control.

The rust- and leaf-spot-resistant sources
are being used in the breeding program. In
1981 one of the advanced lines, which is
rated 3 for rust resistance. yielded 5.0
tonnes/ha compared with 3.9 tonnes/ha for
the rust-susceptible check, Robut 33-1, under
unsprayed conditions. These breeding lines
also have superior agronomic characters
and are being supplied to our copperators in
many countries.

Nitrogen Fixation

Groundnuts are inoculated by a group of
Rhizobium strains classified as the “cowpea
miscellany”. Most of the cultivated soils of
the tropics appear to have relatively large
populations of this type of Rhizobium and
groundnut is usually nodulated in most of
these soils. Inoculation with effective Rhizo-
bium strains has increased pod yields in
fields where groundnuts had not been grown
previously. However, there are very few
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reports on yields being increased by inocu-
lating groundnuts with effective Rhizobium
strains where the crop has been previously
planted.

Over the last 4 years, ICRISAT has con-
ducted Rhizobium inoculation trials at ICRI-
SAT Center and at other sites in Gujarat and
Karnataka in cooperation with the All India
Coordinated Oilseeds Research Project.
Groundnuts had also been grown in the very
rec.nt past at these sites. In preliminary
trials, sigrificant yield responses wers
obtained with the groundnut cultivar Robut
33-1 and the Rhizobium strain NC 92,
Further trials at ICRISAT Center have con-
tinued to show significant pod vyield
increases of 18 to 34% with the same strain
and cultivar. At the Dharwar station, in Kar-
nataka state, a 40% yield increase was
obtained. One of the ICRISAT breeding line.*
ICGS-15, also gave a significant vyield
increase when inoculated with strain NC 92.

Because Robut 33-1 has been released
as an improved cultivar in Andhra Pradesh,
inoculation tests are being conducted on
farmers’ tields with strain NC 92 in conjunc-
uon with the State Department of Agriculture
and the Andhra Pradesh Agricultural
University.

We have also found that it is better to apply
the inoculum directly to the soil by mixing the
peal containing the Rhizobium with water
and then pouring this mixiure into the furrow
just ahead of the person planting the seed.
Direct application of the Rhizobium to the
seed, a common inoculation method for
legumes, tends to decrease gerrnination of
the fragile groundnut seed.

Seven cultivars and germplasm lines have
been tested for their ability to fix nitrogen.
One line, NC Ac 2821, showed a very high
rate of f'xation and has been used as a par-
ent in the breeding program. A derivative of
this cross w 3 shown to have high yield
potential anu .ndicates that there is a possi-
bility of increasing yield by incorporating
high nitrogen fixing lines in a breeding
program.



Nogrogen beation studies sath groundnul have
shown that apprying the Bhizobiume-peat inocu-
fer dure daectly 1o the soil ahead of planting
produces better nodulation resulls than treating
the seed.

Other Highlights

e A rapid screening technique has been
developed for postharvest seed dormancyin
early-maturing groundnuts. From hybrid
populations of crosses made between dor-
mant late types and nondormant early types,
five lines have been selected that have
early-maturity morphological characteris-
tics and incomplete dormancy for 15-23
days.

e Initial investigations showed that sub-
stantial variability exists in groundnuts for
adaptation to drought. Some cultivars were
able to survive droughts that killed others
and some had a superior ability to maintain
pod growth under dry conditions.

e Doubling the number of chromosomes of
some wild species has made them valuable
parents in crosses with Arachis hypogaea.
The progeny have high levels of resistance
to foliar diseases, especially rust. Advanced
interspecific hybrids have been supplied to
breeders and have shown high yield poten-
tial in preliminary tests.
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Genetic
Resources

One of the important opportunities for crop
improvement lies in the variability and avail-
ability of the world's genetic resources.
There is a considerable amount of diversity
worldwide that is not yet assembled and
conserved. Scientists have become in-
creasingly aware of the need *n salvage land-
races (locally evolved primitive cultivars),

and to capture new and desirable genetic
traits, including those in wild species.

In January 1979, ICRISAT commenced a
Genelic Fesources activity in order to
strengthen and enrich its own crop improve-
ment programs and to make invaluable
genelic material available lo scientists all
over the world. The Genelic Resources

Ttus s foxtand (Setana italica) 1Se-376 from Assam, one of the six minor millets assembled at ICRISAT
Center.
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Unit collects. cvaluates, maintams. con-
serves, documents, and exchanges
germplasm of the Institute’s five mandate
crops and six minor miliets for present and
future utihzation The germlasm collection
mrssions are always launched in close col-
laboration with national and - or international
argamzations

Gennplasm colliection work was accel-
crated in 1981 The new crop germplasm
accessions vere sorghum 2278 pearl mullet
/8 mgeonpea 318 chickpea 37 groundnut
1608 and minor millets 499 They came from
Burma, Malaysia, Botswana, Etwopia. Zam-
hur Gambia, Phiippimes, Mozambigue Tan-
sania Ghana northern Nigena, and several
areas in india. For all these crops. the total
number of accessions s now 71 402 Thisis
probabiy the fargest collection of germptasm

of these crops assembled at one place.
However, we still consider that this total is
rather small compared with what is yet
uncollected.

Every year we notice that there is a grow-
ing awareness that germplasm of any crop s
an indispensable raw matenial for crop
mprovement  Collection  expeditions  are
conducted joimntly  with national scientists in
countries in Alnica. Asia and Central Amer-
ica. and often with the support and close
collaboratien of the tnternational Board for
Plant Genetc Resources (IBPGR)

Evaluation in Collection Areas

The  Genete  Resources  Unit has e
cently commenced ovaluating germplasm
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at or near the area of collection. Such eva-
fuation ensures that landraces can be char-
acterized and utilized properly, which may
not be the case when they are assessed
outside their area of natural adaptation.
Accordingly, pilot projects have been
initiated in Upper Volta and Niger wilh pear!
millet, and in India with chickpea. In Ethiopia,
a joint sorghum germplasm evaluation pro-
gram has commenced with the collaboration
of the Ethiopian Plant Genetic Resources
Center.

Cereal Germplasm

A major effort was made during the year to
assemble more cereal germplasm. Sorghum
collections were organized in the Gambella
area of Ethiopia and in northern Nigeria, and
many Zzera-zera, kaura, fara-fara, and gui-
neense sorghums were collected. The zera-
zera sorghums from the Gambella region of
Ethiopia and Sudan are highly valued for
their elite agronomic characters and grain
quality.

A special project has been initiated to pro-
vide for an effective and easy flow of tropical
sorghum germplasm into various sorghum
improvement programs around the world. In
this plan, the desirable genes from new
germplasm are being incorporated by
hybridization into the adapted cultivars, a
process called introgression. Also, conver-
sionis beingused, ie. converlingdaylength-
sensitive, tall, lropical sorghums into
daylength-neutral, short lines by a back-
crossing program. The present project uses
zera-zera landraces from Sudan and Ethio-
pia, which, although highly valued for their
superior agronomic lraits, are of restricted
utility because of their photoperiod (day-
length) sensitivity and height.

Some of the desirable germplasm now
assembied includes sorghum and pearl
millet lines with several desirable charac-
ters. Sorghum lines with good grain quality
and glossy leaves have been identified from
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the germplasm. Glossy plants tend to be
more drought-resistant at the seedling stage
and show greater resistance to shootfly than
nonglossy lines.

Screening sorghum germplasm for insect
and disease resistance continues in collab-
oration with other disciplines. The following
numbers of promising lines were identified
with resistance to grain mold (236), leaf dis-
eases (148), shoot fly (233), stem borer
(128), and head bug and midge (250). All
these lines are being further tested for confir-
mation and subsequent utiiization by crop
improvement scientists,

New pearl millet. accessions brought the
overall total to 14,340. Three new wild spe-

The cultivated pearl millet (right), its closest wild
relative, P.violaceum(left), and their natural cross
“Shibra” (center) grow side by side in Bambey,
Senegal.




Adcrmerm northern Goana prouds, disol g tns selected peatl milet germplasm, wiich he uses as his
seed for the next year's soviny. Such raditiaonal seeds are collected and conserved in the ICRISAT gene
bhank

cies of Pennisetum obtained are P. schwein-
furthii collected from Sudan, P.
macrostachyum from Mysore University,
and P. violaceum from Senegal, Mali, and
Niger. New and useful characters such as
sweet-staik pearl millet lines were identi-
fied from Tamil Nadu in India and the Ceritral
African Republic. Several landraces, such
as 1P-6271 from Mali, IP-5870 from Senegal,
and IP-5383 from Niger, were identified for
their high-yielding potential, and are being

extensively utilized by millet workers in India
and Africa. Several dwarf and male-sterile
lines were also identified.

Pulses Germplasm
Introgression work in pigeonpea has made a
significant advancement as a result of

crossing two Australian wild relatives of
pigeonpea, Atylosia grandifolia and Atylosia
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A Tancanian tiemer naricipating in the collection of germpliasm from a perennial pigeonped landrace

lanceolata, with cultivaled pigeonpea. This is
the first time this hybridization has been
achieved. It presents new opportunities for
utilizing new genetic traits from wild species
that have been previously unavailable.

Several pigeonpea landraces, such as
ICP-6982 and ICP-2223. have been identi-
fied for their high-yielding potential and are
currently utilized by breeders Other investi-
gations have localed 49 lines with a potential
for photoperiod insensitivity, thereby taking
the total number of photoperiod nsensitive
lines to 787.

Systematic screening by pathologists and
cntomologists has revealed 48 pigeonpea
lines resistant to wilt. 17 to blight, 2 to sterility
mosaic, and 83 with some: tolerance 1o pod
borer or pod fly, or both

New morphological types of chickpea
have been identified in evaluation and char-
acterization studies. Work on mutations—
varying the hereditary material of a cell—has

generaled new and unique variability in
chickpea.

Groundnut Germplasm

A 1total of 1608 accessions were added
which raised the 1olal groundnut accessions
to 9911. Five more wild species have been
secured. In collaboration with other disci-
plines, lines resistant 1o various diseases
were identified and they are currently being
utilized by the Groundnut Program.

Other Highlights
e Promising groundnut lines with resist-
ance to fungal diseases, peanut motlle virus,

and insects were identified.

e A list of descriptors (described charac-



A demonstration of the wide diversily available in pigeonpea: the two ICRISAT accessicns with the
largest (ICP 9150) and smallest (ICP 9880) leallets, lrom Kenya anc india respectively.

teristics) for pearl millet, pigeonpea, and
groundnut has been completed and pub-
lished in collaboration with IBPGR.

* More than 17,000 germplasm samples
were supplied to scientists in 45 countries,
mostly in the SAT, for utilization in their crop
improvement programs.

» New areas for germplasm collection
were idenlified in western, eastern, and
southern Africa for cereals and pulses; in
Central and South America for groundnuts
and pulses; and in southern and eastern Asia
fur cereals, pigeonpea, and groundnut.

* The new Genetic Resources laboratory
and cold storage facilities at ICRISAT Center
are under construction and the transfer of
germplasm from temporary storage is
planned to take place in 1982.

Variation in pods and seeds of groundnut germ-
plasm collected in 1981 from Maharashtra state,
India.
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Farming
Systems

The main objective of ICRISAT's farming
systems research is 10 develop concepts
and techniques for increasing crop produc-
tion through better use of natural and human
resources inthe SAT. These research activi-
ties involve and integrate studies on a range
of diverse soil types, agroclimatic factors,
cropping systems, farm power and equip-
ment, and waler and soil management tech-
niques. Coliaborative investigaticns are
being conducted with national and state
research organizations.

A farmer carrying out fand smoothing prior to preparing broadbeds and furrows.

Increasing Food Production

In India, cooperative work has commenced
with Indian research organizations to test
ICRISAT's farming systems technology for
the double cropping of deep black soils (Ver-
tisols). At present, about 20 million ha of
Vertisols are single-cropped in the postrainy
season in SAT India. Due to problems of
proper management these soils are tradi-
tionally left fallow during the rainy season. If
millions of hectares of these soils can be




Scrgtuer e cropned witlh pigeonped al Taddanpally viiliige. Andhee Pradesh, Inda

used to grow two crops a year, the practice
can add substantially to India's food
production.

ICRISAT has developed improved crop-
ping systems to utilize the rainy-season
period on these Vertisols. he systems offer
a good base to make a guantumjumpin the
production of coarse graans. pulses, and oil-
seed crops Inassured raintall areas, ramy-
season cereal crops have been grown
without reducing the vyields of postrainy-
season crops Mawze and sorghum have
been shown to be good rainy season crops.
Such cereals intercropped with a long-
duration pigeonpea have bean particularly
promising and have given more stable
returns than a sole-crop system

(CRISAT has started 1o test and dermon-
strate its technology for doubie-cropping
deep Vertisols on iarmers’ fields near tCRI-
SAT Center in cooperation with the Indian
Council of AgriculturatResearch (ICAR), the

Andhra Pradesh Department of Agriculture,
and Andhra Pradesh Agricultural University.

ICRISAT scientists selected a 15-ha
watershed in Taddanpally village in the
Medak District of Andhra Pradesh, India.
Fourteen farmers are cooperating inthe pro-
ject The village population is about 400 per-
sons of whom only 20% are literate. The
average size of the ownership landholding is
2.8 ha. About 80% of the deep Vertisols are
traditionally teft fallow dunng the rainy sea-
son. Yields of postrainy-scason crops are
low. Farmers are poor

Results from the 1st year are highly
encouraging. flainy-season crop yields
were:- maize 1 7 tonnes/ha. mungbeans (0.5
tonnes/ha and sorghum 2 tonnes/ha, while
the traditional postrainy-season sorghum
crop averages only 0.6 tonnes/ha.

It is imperative that the new technology of
double cropping on these soils be trans-
ferred to Indian agencies for testing and
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demonstrating to small farmers. To assistin
meeting this need, ICRISAT has trained 56
research and developmental staff from the
Indian Ministry of Agriculture and the states
of Andhra Pradesh, Karnataka, Madhya Pra-
desh, Tamil Nadu, and Maharashtra. They
will prepare plans for on-farm operational
testing of black soiltechnology and ICRISAT
will monitor their progress.

Climatic Characteristics

Agroclimatic surveys are an integral and
essential component of evaluating the
requirements for farming systems research.
Data obtained from such surveys permit a
better delineation of the SAT regions to be
made and improve the capability for pre-
dicting the most appropriate cropping sys-
tems for a given environment.

Climatological data of some SAT locations
have been analyzed and conceptsfor utiliza-
tion of different agroclimatic regions have
been developed. Agroclimatologists in the
Farming Systems Program have completed
studies on the description of the climatic
environm~ (t of pigeonpea-growing areas in
India and compared these "vith the agrocli-
matic characteristics of West African
regions to indicate the areas most suitable
for extending pigennpea cultivation. In the
major pigeonpea-growing areas in India, it
was determined that the mean temperatures
vary from 26 to 30°C in the rainy season, and
17 10 22°C in the postrainy scason. Mean
annual rainfall ranges between 600 and
1400 mm,of which 80-90% is received dur-
Ing the rainy season. The growing season
extends from 120 to 180 days.

We have propased revisions of earlier
world climatology maps published by Troll
which depict the semi-arid tropics. New SAT
maps for India, Brazil, and African coun-
tries. using an entarged data base, have
been drafted. The revised SAT map of India
was developed from data from about 300
locations. Eighty-eight percent of the geo-
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graphical area of India comes under the
tropics. Dry semi-arid tropics—regions with
2 to 4.5 humid months in a year—cover
about 57% of India in the proposed revision.

The boundaries for Brazil are based on
data from 180 locations. The proposed map
of Africa uses data from 300 locations in
West Africa and 180 locations in the
remainder of Africa.

Intercropping and
Moisture Stress

In our cropping systems research we have
made a special study of the advantages of
intercropping compared with sole cropping,
especially under the low moisture and low
fertility conditions typical of the SAT. In the
summer of 1980 a "line-source" experiment
was initiated to examine a vety wide range of
moisture stress conditions on sole crops and
intercrops of millet, sorghum, and groundnut.
Sole crop yields ranged from 2500 to 5000
kg/ha under no stress to as little as 100 to
900 kg/ha under severe stress. Intercrop
yields decreased less rapidly thar sole crop
yields as stress increased, and uncer severe
stress sorghum or groundnut inter:rop yield
exceeded sole crop yield despite the smaller
area occupied. For all intercropping combi-
nations the total yield of both crops was
higher than sole cropping, and these advan-
tages were relatively greater under moisture
stress (44-150%) than under no stress (-2 to
34%). Similar trends were oblained in the
summer of 1981, though the maximum
advantages under stress were rather lower
(up to 58%) because unexpected cloudy
weather and rainfall reduced the degree of
stress achieved.

These results emphasize the potential
importance of intercropping for improving
and stabilising yields in the SAT: it may give
useful advantages in the wet years and it is
even more beneficial in the dry years when
yield increases are more urgently needed.






recovered in the above-ground parts of the
crop When fertilizer was broadcast ot the
<ol surface or ncorporatea after broadcast:
g recovenes were usually much less than
~hen compared with deep placement of the
fertiler

Other Highlights

o Cropping systerms scientists have con-
e from ontercropping . studies that a
orghuimntercrop could decrease Fusatium
sltot pigeonpea and that amilletcrop could
werease Corcospora and rust diseases of

HERIWISTS AL

e We conducted a specialin-houserevicw
of Farining Systerms Research atthe institute
to evaluate the concepts related toits needs
organization. cbjectives, and strategies. The
review Involved ICRISAT Center scientists,
West African Program staft, the Duactor
Generar, and members of the Governing
Board The working papcrs major conctu
SIONs. and reconunendations of the review
are bemng pubished

o A diagnostic test was developed for non
deficiency i groundnuts. by a sinple ex-
traction of fresh tissue of the unopened bud
or hrst tully-opened leat using acidiied
ophenanthroline



Economics

Economics research is focused on identify-
ing socioeconomic and other constraints to
agricultural development in the semi-arid
tropics, evaluating options, and making
recommendations 1o overcome these
constraints.

The Economics Program conducts multi-
disciplinary Village-Level Studies (VLS) to
understand constraints to food production
and development, and to assess prospective
technologies. The extent and importance of
agricultural risk and risk attitudes are deter-
mined and measured. Issues concerning
efficiency and equity in research resource
allocation are studied. Supply and demand
elasticities in markets and consurmer prefer-

ences for SAT food grains, particularly
sorghum, are analyzed.

A major function is to provide data that will
help evaluate and ensure thal the agricul-
tural technology being developed at ICRI-
SAT is relevant to actual constraints facing
SAT farmers, and that the potential for payoff
is high. Experimenis conducted on-station
and on-farm are subjected to economic
analysis and the social, organizational, and
institutional requirements for successful
adoption of new technologies by farmers are
then evaluated in on-farm research. This
research is conducted in cooperation with
scientists in the Farming Systems Research
Program of ICRISAT and those in national
programs.

Millions ol hectares ol black soils (Vertisols) are left as fallow in the rainy season. ICRISAT is developing
improved technologies to utilize this land during the rainy season.




Rainy-season Fallowing
on Vertisols

An analysis was completed of climatic, agro-
nomic, and economic determinants of the
extent of rainy-season fallowing in the Ver-
tisols (black soils) of India. The greatest
extent of such fallowing occurs in the states
of Madhya Pradesh, Maharashtra, and
Andhra Pradesh. In these three states, more
than 12 million haremain asfallow during the
rainy season and most of this area consists
of deep Vertisols.

in a district-level analysis we found thal
irrigation of bettom lands, soil moisture hold-
ing capacities, and annual rainfall were the
main factors determining the incidence of
fallowing. In dependable-rainfall fallow Ver-
tisol regions, the predicted probability of
rainy-season fallowing was inversely related
to soil gravel content and slope of the land.
The relationship was direct for Vertisols with
up to 40% clay content; thereafter it was
inverse.

Other analysis showed that rainy-season
cropping of Vertisols is likely to be an attrac-
tive economic proposition in the relatively
assured rainfall areas 2f Madhya Pradesh.

Profitable Cropping on
Vertisol Fallows

Data from 5 years of joint research by the
Farming Systems Research and Economics
Programs at ICRISAT Center were exam-
ined to determine technology options for
Vertisol fallow regions.

The analysis showed that an improved
watershed-based technology involving
maize intercropped with pigeonpea can
increase profits by about 600% compared
with a traditional system based on rainy-
season fallow and postrainy-season sorghum
and chickpea. This represents a rate of
return of 250% on the additional annual
expenditure of Rs. 1200/ha (US$ 133)
required to implement the improved iechnol-

Investigations on Vertisol rainy-season lallows have shown thal ihey can be cropped using suitable
equipment.
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Doethreshing stidiens tuive been conddcted i Kaneara vidlage, Moaboaras g s e in e

Ciabor bottlenechs consttan miduple cropping. machne threShing sl deioss ncreeed croppine)

TN
teriatly

ogy. This technology greatly increases the
demand for human and bullock labor, and
substantially changes the seasonal patterns
of their use. Hence landless and small farm
evbes who depend heavily on wage labor
ot sustenance can share inincreased
oot streams generated from this
RS AN HSTSLY;

Phese and othor analyses are providing
Qumance  and  support for TCRISAT's
micredsed collaborative on-tarm venfication
mecarch in pilet projects an the Vertisol
assured randall fones of India

Impact of Machine Threshing
A stdy was made on the prospects for and

b wiiects of the introduction of machine
theeshimg n Kanzara village m the state of

Maharashtra, in India. The results showed
that introduction of machine threshers did
nol significantly increase cropping intensity
nor displace labor. The diversifica cronning
pattern, as found in most SAT villages. himits
the scope for and conditions the impact of
mechanical threshing technologies in SAT
India. However m areas with a imited crop
diversity where tabor bottlenecks could con-
strain multiple cropping, machinge threshing
could play a role in allowing increased crop-
ping intensity

Only a few machimes per village are eco-
nomically feasible at the present levels of
cercal production i SAT Indin and they
would not lead to competitve pricing. Under
these conditions s therefore questionable
whether potential henefits hom reduced
costs due to new threshing technologies will
he passed on o producers and consumers

41


http:fillachlr~t.Xq

Wells and Group Organization

Systems governing shared ownership of
open dug wells in two Indian VLS villages,
Aurepalle and Shirapur, were studied. At the
time of the investigation, the wells were the
primary source ot irrigation in these villages

The findirigs of the study support the view
that farmers follow simple, rigid rules when
they own and operate wells incommon This
suggests that, for joint ownership and their
use 1o be successiul, the operation of runoft
ponds on small watersheds has to be eo-
nomically rewarding, very simple, and
predictable.

Risk and Genotype Selection

The Program developed a method to evalu-
ate genotype performance in multilocation
and multiyear trials. The method was basaod
on a distinction between adaptability and
stability. When the yield of 4 genotype at a
given location vanes itie from year to year,
the genotype is said 1o be stable i its yield
on average over years varies little across
locations, the genotype s tlermed adaptable.
The method was used on a large experi-
mental data set for sorghuman India. It was
tound that tne higher nisk associated with
higher yvielding cultivars was well within the
nisk toterance of farmers as revealed in ear-
lier studies. Also, yield-based ranking of
sorghum cultivars comeided well with a risk
preference-based ranking.

Economic Potential of
Water Harvesting

A simulation mode! was used to assess the
economic potential of harvesting excess
runoff from rainfall into small upland tanks or

TCRISATL has studed shered o voerstup of viilage
ol Tnetarmers tollow sunple nigic usage rules
hecause of the resutting hnancial rewands.

reservoirs for supplementary irrigation of
rainy-season sorghum during periods of
moisture stress for the Hyderabad and Sho-
lapur regions in India

The resulis suggest that it will be difficult to
juslify water harvesting and supplementary
irrigation for ramy-season, low-value upland
crops such as sorghiunm. Consideration will
have 10 be given to changing the cropping
patterns along with the introduction of water
harvesting technology  Then, the water
could be used more frequently than would
otherwise be the case if it were kept only for
“life-saving” irrigations of traditional upland
crops.



Other Highlights

¢ Lack of capital and extension and man-
agement expertise required to improve
farmers' technical efficiency were found to
be the major reasons for large gaps between
feasible farm yields and those being cur-

renlly oblained. Capital constraints
explained more than 50% of the gap.

¢ Risk aversion by farmers s only of signifi-
cance in explaining output gaps on small
farms. Even then it is less important than
capital and technical efficiency constraints.

Excess runoff from rainfall is conserved in small upland lanks. An irrigation pump permits supplementary
irrigation during moisture stress periods. Simulation studies are under way to assess the economics of

such use of water.
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International
Cooperation

ICRISAT's international cooperative pro-
grams are aimed at strengthening national
research without duplicating or competing
with it. The Institute has the capability to
assist regional and national programs in
various ways ncluding providing early-
generation breeding material and ex-
changing germplasm, training, promoting
scientific interaction through conferences,

workshops, and seminars, etc., enabling
ICRISAT scientists to work with national and
regional program staif on crop improvement,
farming systems, and economics.

By subject matter, ICRISAT is involved in
international cooperative research in
sorghum, pearl millet, chickpea, groundnut,
farming systems, economics, and genetic
resources. By region, there is cooperative

An ICRISAT scientist in West Alrica surveying a thin stand of traditional mille! following sparse germina-
tion ICRISAT 1s developing new pearl millet lines that substantially outperform local vatieties.
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activity in the Indian subcontinent, western
and southern Africa, southeast Asia. west
Asia. Mexico. Brazil, and Central America

Strong ties have been established with
organizatons such as 1CARDA in Syna.
CIMMY T ir Mexico, ICHPE mKenya, and uni-
versiios and research o establishments in
india Thaland. Australia, the UK the USA
Canada, West Germany. and Japan

i 1981 a substantial amount of research
was conducted m Atnica the chickpea stud-
S CoMuNchion wm I(_.,/\RDA and our
sorghum program m Mexico made consider-
able progress our cooperative work in India
Wwis also very active

Upper Volta

An ICRISAT team s stationed atKamboinse.
Upper Volta. which 1s the main agricuftural
research station of the Veltaic Ministry for
Fhgner Education and Research. Research

FCRISAT s chient group n Sanehan Atuca rural
Heople of imited means who ive at subsistence
‘evels
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subjects compnse  economics and  the
nrprovement of farming systems, sorghum,
pearl millet and thoimesistance against the
parasitic weed. Sthga

Screening of tocal sorghum vanebes has
dientfiod elte dong duration Iines tor vield
festing and crossing with rnproyved cultivars
A finther tnghhight was the testing of cultivar
351 on 130 tanms throughout s zone of
adaplation rewathin the aren of 600 850
i annuai taontall Under siperasod culty
ral aperatons n Kambomse village [35% 1
Bactan average vield of 2165 kg hamother
unations wth educed supenasion and
stcre drought oiten delayed planting ds
rean yield was 102N koo ha

Hreeding waork an rosistance 1o Striga
mtestation i sorgnam and millet was con-
tmued Insorghun the resistance of N13 IS
BHBO. and SPVY 103 was confirmedina mult
lncation triai in Upper Vaolta, Mah, Ghana,
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Nigera, Sudan, Ethiopia, and Cameroon
Sevaeral new sources olresistance - Nayjadh
1S 2862 and 1S 9830 wine detectod

Over 800 germplasm hines of pearl miflet
were evaluated for disease rosistance, head
cmergence, seeding vigor, and tllermg A
set of Togolese ines showed good yield and
disease resistance charactenstios Tridls of
synthetcs bom ICRISAT Conter (vaneties
produced by crossmg a numbaor of mbred
inesy revealed several high-yieldimg
disease-froe ontnes

A number of mallet hnes of Afncan ongin
woere dentified as less susceptible o Sign
Under combined Strgqa and dronght stressin
northern Upper Volta, hines P 2671 and P
2950 showed  owtstandmg resistance o
Strig

After 5 years of testing i a - sick plot™ it
Kambomnse four Dx-Bormnutype nullet ines- -
700251, 700516, 700651, and 700792



have consistently shown low levels of downy
mildew infection, particularly line 700651.
Low-susceptible lines of Mali and Upper
Volla origin have also been identified.

Reconnaissance surveys to obtain a des-
cription of different local farming systems
were conducted in villages representative of
the agroclimatic regions of Upper Volta.
Sites for village level studies have been
chosen from the data collected and work has
started.

Niger

The initial development of ICRISAT's Sahel-
ian Center in a typical millet growing area
near Niamey was commenced in late 1981.
The land assigned to ICRISAT by the
Government of Niger was surveyed for fen-
cing and sites were explored for water.

The Center will service the needs of coun-
tries in West Africa in respeclt of research on
pearl millet and groundnut improvement,
farming systems, economics, transfer of
technology, cooperative research with
national programs, and training of scientists.

Our pearl millet breeding program at the
INRAN Rescarch Center in Maradi com-
menced 3 years ago. Four promising
varieties—ie,, iTV 8001, 1TV 8002, 1TV 8003,
and ITV 8004--have been selected from the
breeding program and included in the Afri-
can Regional Trial for testing across
countries.

Mali

Testing of sorghum collected in Mali has
revealed a rich source of genetic material for
future sorghum improvement work. The find-
ings include identification of cultivars with
wide adanptation, good yielding ahility, resist-
ance to Striga, and good grain quality.
Results from Fi hybrids involving Malian
male parents and a male sterile line showed
outstanding performances in seedling and

plant vigor, drought tolerance, and grain yield.
This indicates that Malian sorghums can be
exploited in hybrid breeding programs.

Nigeria

In yield trials, Nigerian Composite and Ex-
Bornu pearl mitlet yielded 940 kg/ha and
667 kg/ha, respectively, more than a local
farm variety, indicating the advantage that
farmers could obtain by adopting improved
varielies.

When pearl millet materials were grown in
the downy mildew “sick plot,” 33 entries
showed high resistance to this disease. In
other disease trials, four local collections
showed high resistance to ergot and downy
mildew; a large number of entries from inter-
national trials and of local origin showed
smut resistance.

In sorghum pathology studies, 15 local
cultivars were found with resistance to the
major leaf spot diseases, i.e., grey leaf spot,
blight, and anthracnose. When 283 lines
were re-evaluated for sorghum downy mil-
dew resistance, 24 were found to be also
resistant to major leaf spot diseases and
major insect pests.

Sudan

The highlight of the year was the release for
general cullivation of Serere Composite-2
millet by the Variety Release Committee of
Sudan. It has been given the name Ugandi.
In the past 3 years, it had consistently out-
performed the local variety Kordofani, in both
favorable and unfavorable seasons in Sudan.
In multilocational national trials, millet cul-
tivars ICMS 7818, ICMS 7703, and IVS A76
consistently outperformed local varieties.
At Wad Medani, very good results were
obtained among 25 entries in the ICRISAT
Sorghum Hybrids Yield Trial-l. There was
excellent crop expression—very impressive
head size, well-filled heads, and good grain
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quality. The three highest-yielding hybrids
were 296A x A-964 (5386 kg/ha), 2077 x
A-717 (5302 kg/ha), and 2077A x MR-737
(5177 kg/ha).

Mexico

An ICRISAT breeder posted at CIMMYT in
Mexico is breeding sorghums with cold toler-
ance for use in the high altitude areas of
Mexico and Central America. Varicties are
also being developed for use at tower alti-
tudes; four varieties are being extensively
lested in Venczuela.

This research work is exposing the poten-
tial for the use of sorghum as a food for small
farmers on marginal lands and its impor-
tance as a possible admixture in flour for
making tortillas.

West Asia

ICRISAT has a full-time breeder and a
pathologist headquartered in Aleppo with
[CARDA, where cooperative research is
being conducted on chickpea.

The major objective is to develop cold-
tolerant cultivars with resistance to Asco-
chyta blight for winter sowing, which has a
substantial yield advantage over spring
sowing.

In the Chickpea International Yield Trial
(Winter), mean seed yields were 60% higher
than those of spring-sown cultivars. They
exceeded 3 tonnes/ha at two locations,
which indicates the potential for winter sow-
ing in the Mediterranean region.

Screening at ICARDA for Ascochyta blight
has revealed resistance in 22 kabuliand 131
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desi types. The program is breeding tall
types for mechanical harvesting and
increased seed size, i.e.,40 g/ 100 seeds, for
southern Europe, and South and Centrai
America.

The protein conlent of germplasm acces-
sions has been found to range from 16.0 to
24.8%.

Transfer of Technology

The Training Program at ICRISAT is vitally
involved in the transfer of technology pro-
cesses. It has five types of training at ICRI-
SAT Center—in-service training for young
scientific and extension staff from the SAT;
in-service fellow pregrams; research scho-
larships; research fellowships; and internal-
ional interns who have recently received
Ph.D. degrees from agricultural universities
in donor countries.

In 1981, 79 persons from 26 countries
completed the in-service training course; 14
scientists completed the research scholars’
program; and 10 research fellows and 2
international interns finished their programs.
Since 1974, more than 500 persons have
completed one of these training courses.

Nine workshops, conferences, and spe-
cialist meetings were hosted by ICRISAT. Of
particular importance were conferences on
Sorghum Grain Quality, Sorghum in the
Eighties. and Heliothis Management. They
enabled scientists and agricultural special-
ists from all over the world to discuss
research findings. These specialists were
among 8700 visitors to ICRISAT Center dur-
ing 1981. As usual, large numbers of farmers
(2500) visited the Centertoinspectthe crops
and examine first hang how solutions o their
problems are being found.
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