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The International Crops Research institute for the Semi-And Tropics 1s a nonprofit scientific educational
institute receiving support from donors through the Consultative Group on International Agncultural
Research Donors to ICRISAT include governments ana agencies of Austrahia. Belgium, Canada, Federal
Repubtic of Germany, Finland, France. Inaia. Naly. Japan, Nethorlands, Nigena, Norvay, People's
Republic of China, Sweden. Switzesland, United Kingdom Uniteo States of America. and the following
intcrnalinnal ana private organizations Arap Bank for Economic Development in Africa, Astan Develop-
ment Bank. International Devetopment Research Centie Internatonal Fertihizer Development Center,
International Funit tor Agncultural Development, The Eur opean Econonye Community, The F rd Founda-
tion. The Leverhuime Trust, The Opec Fund for International Devetlopment, The Population Council, The
Rockelelier Foundation. The World Bank, and the United Natons Developmant Programme
Information arig conclusions in this publication do not necessarily reflect the pos-ton of the alorementioned
governruents, agencies, ana mternational and private organizaticns

The designations emploved and the presentation ol the matendl in this publication do not unply the
expression of any opinion whatsoever anthe part of ICRISAT concerning the legal status of any country,
terntory, city. or area, or ot its authorties, or concerning the delmitaton of its frontiers or boundaries.

Cover: ICRISAT scienlist explores genelic diversity of sorghum in Zimbabwe.
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About ICRISAT

ICRISAT is one of 13 international
centers in a worldwide research net-
work devoted to improving food pro-
duction in less developed countries.
ICRISAT's mandate isto improve the
yield, stability, and food quality of five
crops basic to life in the semi-arid
tropics (SAT) and to develop farming
systems that will make maximum use
of the human and animal resources
and the limited rainfall of the region.

The seasonally dry semi-arid trop-
ics are spread over nearly 20 million
square kilometers and cover all or
parts of 50 nations on five continents.
They include much of South Asia,
parts of Southeast Asia, West Asia,
and Australia, two wide belts of Africa,
areas of South America and Central
America, and much of Mexico.

The SAT is a harsh region of limited,
erratic rainfalland nutrient-poor soils.
It is populated by more than 700 mil-
lion people, most of whom live at
subsistence levels and depend for
their food on the limited production of
small farms.

The crops researched by ICRISAT
are sorghum and pearl millet—two of
the major cereals in the SAT—and
chickpea, pigeonpea, and groundnut,
the most important food legumes of
the region. Groundnut, rich in oil, is

also an important cash crop for the
SAT farmer. The four others are all
primarily subsistence food crops; over
half the total production of each—in
some places nearly all of it—is con-
sumed on the farms where itis grown.

ICRISAT's headquarters are at Pa-
tancheru, India, 26 km northwest of
Hyderabad, but it also has scientific
staff posted in seven countries of
Africa, in Mexico, Pakistan, and Syria,
and at five cooperative research sta-
tions of agricultural universities in
India. Principal operations in Africa
are in Burkina Faso, Kenya, Malawi,
Mali, Niger, Sudan, and Zimbabwe.
Scientists were previously posted also
in Nigeria and Senegal, but funding
for these positions has ceased. The
search is on for a suitable site to
locate a West Africa regional pro-
gram for sorghum.

The two main bases for ICRISAT's
future work in Africa, as currently
envisaged, will be at the new Sahe-
lian Center near Niamey, Niger, and
the SADCC/ICRISAT sorghum and
millets improvement program at Ma-
tapos, near Bulawayo, Zimbabwe,
set up in response to an invitation
from the nine-nation Southern Afri-
can Development Coordination Con-
fererice (SADCC).



Introduction

For ICRISAT, 1985 has been a year of consolidation and further progress. We
putinto efiect several suggestions emerging from the two external reviews in
1984—on ICRISAT's research and trainino sctivities and on its management.

There was a gradual move toward more strai2gic and sharply focused
researchinallfive ICRISAT crops. More efforts were inade to help strengthen
national programs, training activities were enlarged, and long-term research
and management plans were developed, both at ICRISAT Center and for our
multilocational work in Africa.

New and irmportant sources of variability were added to our genetic
resources accessions, widening the base that crop irprovement scientists
can exploit.

Progress was made in efforts to combat major yield reducers of all ICRI-
SAT crops—arought and physical stresses, diseases, and insect pests.
Techniques developed for screening resistant materials were confirmed as
efficient, new resistant materials identified, and mechanisms of genetic
transfer better understood. Bacteria and fungi that can benefit crop growth
were studied, and methods to exploit them were successiully demonstrated.

Two pearl millet hybrids, developed from ICRISAT material, have per-
formed exceptionally well in Indian multilocational trials. These are likely to
be released in India in 1986. Work continued in sorghum, millei, and pigeon-
pea on the basic and complex research that precedes the production of
hybrid seeds.

Several crop lines developed or improved by ICRISAT scientists were
released or recommended for release to farmers in many parts of the semi-
arid tropics. Among them was ICGS 11 in India, the first groundnut from
ICRISAT to be recommended for release. Other lines reached advanced
stages of prerelease testing, and improved breeding materials continued to
be provided to scientists in national programs. Taken together, they can add
substantially to crop production in the semi-arid tropics.

Research continued on ways to improve management of available resour-
ces. Some practices were evolved that can be quickly transferred, and other
findings gave useful insights for long-term planning. Analysis of data from
socioeconomic studies, in India and in countries of Africa, yielded valuable
inferences. Work on farming systems and socioeconomics was merged
during the year into a single program on Resource Management, to give
these related areas of research a better perspective.



Trameoes at ICRISAT Center studving diseased plants with a groundnut pathologist (left
FOCCI Cd More ILENees i 198 Ihan i any provious yoar

) ICRISAT

ICRISAT's training activities expanded this year 1o lake in more than 200
participants, with a corresponding expansion in regional training efforts.

Important progress on these and other aspecls is outlined on the following
pages. and is described in fuller detail in the 1985 Annual Report.

ICRISAT has also strengthened ils research base in Alrica through a
network of cooperation with national, regional, and international institutions
that have common interests. Further progress was made with establishing
the ICRISAT Sahelian Center in Niger and the regional cereals improvement
projectin Zimbabwe These will serve as the focal points of research in West
Africa and southern Africa. two major regions within the semi-arid tropics.

We can thus 100k to the future with hope, confident that our work to date
and the experience gained will help us better address the problems of crop
production in the semi-arid tropics.

L.D. Swindale

Director General



Augmenting Genetic Resources

Unimproved crop lines traditionally grown by
tarmers, known as landraces, and their wild
relatives growing in the natural habitat are an
invaluable heritage of mankinA. They need to
be preserved, studied, and used judiciousiy
to help crop production. With increasing
urbanization and dependence on large-
scale agricullural projects, many such plant
lypes are becoming extinct. Arresting and
reversing this trend is an urgent ecological
need.

ICRISAT has been given the mandate for
holding the genetic resources of all its crops.
Il added to its gene bank this year 3 505 new
accessions of ils five crops and 105 of minor

millets. And a total of 54 434 seed packels
were distributed—30 380 to ICRISAT scien-
tists, 8 044 to breeders in India,and 16 010 to
those in 61 other countries. Anyone who has
a genuine need of seed samples is sent
some on request.

But ICRISAT's work extends beyond hold-
ing and distributing such seeds. Collecting
expeditions, in close cooperation with
national programs, are undertaken in areas
of promise or from where material is now
lacking. Collected seeds are preserved so
their viability is intact. They are then
screened and evaluated, and data are main-
tained on their origin and traits. This aids

Children in Swaziland display primitive scrghum landraces. ICRISAT aims (o use its collections for crop

improvement work that can lead to bettor future harvests




Chidclron i Malawi sholl vegotable pigeonpea. ICRISAT added to its resources this year important
sources for developmg improved vegelable fype pigeonpedas

ready retrieval of ines to mect requests and
match desired trans, so that the accessions
canbe effectively usedincrop improvement

Collecting nussions m 1985 yielded 226
new sorghum accessions m Lesotho and
Swaziland, 271 prigeonpea landraces m the
Canbbean. 2006 chickpea accessions in
Bangladesh andin Tamif Naau, India and 95
groundout landraces i Tanzana Nahonat
and regional programs cooperate aath 1CRI1-
SAT scientists and take active part i the
collecting  expediions The samples cols
oles are also retamed by the national
program

Ihe new sorgham actesseens, belonging
mamly o the races kahie and Durra kafr,
mciude some with genes for cold tulerance
and some primitive landraces from Swaai-

New groundnut accessions from Tanzania offer
divers'ty n pods and seeds.

* 7



land on the verge of extinction. They thus
add to the diversity of ICRISATs total collec-
tion, as do the new accessionis in the other
three crops.

The pigeonpeas have a range of desirable
agronomic traits, including a rich source for
improving long-duration, vegetable-type
pigeonpea. The chickpeas include some
desi samples with extra-large seeds.

Among the landraces already held and
distributed from ICRISAT's gene bank, two
kafir sorghum landraces from South Africa,
IS 9302 and IS 9323, have been approved for
release in Ethiopia under different names,

New sources of male sterility were identi-
fied in pearl millet. and the African germ-
plasm lines so identified are now being used
in breeding programs.

A lotal of 400 pigeonpea accessions were
screened for insensitivity 1o photoperiod
(length of daylight) and 20 were found to be
moderately insensitive. These may be useful
in breeding more widely adapted lines.

Work in 1985 also included classifying into
landrace groups of a number of pearl miliet

Chichpea with multiple pods obiained b y induced
mutation in ICRISAT's genetic resources unit
Further experiments are in progress.

Pigeonpea landrace growing in a hilly area of
Malawi ICRISAT scientists have collected sam-
oles from here as well

accessions from Burkina Faso, Cameroon,
Ghana, India, Malawi, Niger, Nigeria, South
Africa, Sudan, Zambia. and Zimbabwe.
Germplasm databases for chickpea and
pigeonpea, already compiled. were revised
and edited. They are ready for publication in
catalog form. This should help enhance use
of accessions in ciop improvement work.

ICRISAT's genetic resources work thus
provides a solid base from which multidisci-
plinary teams of scientists, at ICRISAT and
elsewhere, can draw both information and
materials for their crop improvement efforts.
How that base is utilized by ICRISAT scien-
tists is described on some of the following
pages.



Developing Disease Resistance

Diseases are a major problem affecting crop
yields. The typical farmer in the semi-arid
tropics has very limited means to counter
them. And several national programs are not
in a position to undertake the kind of multidis-
ciplinary research that is required to identify
and combat diseases, and thusto effectively
counter the losses they cause.

ICRISAT's work on developing crops with
resistance to diseases, therefore, has many
facets:

e studies on occurrence of diseases;

e identifying pathogens or disease-causing
organisms,

s studies on survival and spread of patho-
gens under various conditicns;

® developing techniques for screening
genotypes, both in the laboratory and in
the field under induced disease pres-
sures, for levels of resistance;

® dentifying sources of resistance to one or
more diseases’

® testing stability of resistance over a range
of locations;

e understanding genetics of resistance;

® incorporating resistance into well-adap-
ted lines; and

® testing advanced breeding lines for adap-
tation and yield levels.

As reported over the last 3 years, ICRISAT
now has lines with multiple resistances in all
of its crops. important further progress was
made in 1985 on most of the facets listed
above. There was evidence that ICRISAT
materials were doing well in multilocational
tests for disease resistante conducted by

national programs, ICRISAT scientists iden-
tified new sources of resistance or con-
firmed resistances in breeding lines, and the
mechanisms of disease resistance and their
transfer were better understood in some
instances.

Two peart millet varieties with high levels
of resistance to smut and downy mildew,
ICMV 82132 and ICMV 8283, were entered

The common wilt in sorghum: ICRISAT scientists
studied the disease and gathered information of
use in coatrolling it.




A
Pearl millet lines suscepfible (foreground) and
resistant (background) to ergot disease. Several

promising hines have been identified and a new
tesistant composite formed

in yield trials of the Indian national program,
following their good performance the pre-
vious year in an international adaptation trial.
These are the first ICRISAT varieties with
smut resistance to advance this far in
testing.

Also reaching advanced stages of testing
in Burma were some wilt-resistant chickpea
genotypes from ICRISAT, having perforimed
well there.

Two pigeonpea genotypes from ICRISAT
were found resistant to sterility mosaic dis-
ease at 10 locations in India. One of these,
ICP 7867, was also resistant to fusarium will.
thus combining resistance to the two moslt
damaging pigeonpea diseases. Similarly,
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two of ICRISAT's chickpea lines showed
resistance to fusarium wilt at 13 of 20 test
locations across the semi-arid tropics.

In groundnuts, new lines obtained by
incorporating ‘genes from wild species that
confer resistance against late leaf spot and
rust were evaluated and found successful at
ICRISAT Center and at Bhavanisagar in
southern India. They have now been entered
in disease resistance trials of the Indian
national program.

Collaborative research carried out at the
USDA Plant Disease Containment Labora-
tory in Maryland, USA, has identified 10 ICRI-
SAT sorghum lines that can be a valuable
source of downy mildew resistance for

Gram-mold resistance lound in cofored-grain
sorghums has been transferred 1o a white-

gramed type (inset). Farmers preler the white
grains lor consumer acceptance.



Studyng bud necrosis disease on groundnuts at ICRISAT Center: inset shows close-up of a symptom.

breeders worldwide In tests at that fabora-
tory, 75 sorghum hines previously identified
as resistant to downy mildew were exposed
to 16 1solales of the pathogen from Argen-
tina. Brazil. Ethopia, Hondwas. India. Nige-
ra. and USA Reactions differed. but the 10
ines now dentified: -all from ICRISAT's
mternational nursery for this discase-—were
resistant to allisolates of the pathogen

At ICRISAT Center. several 2rgot-
resistant pearl millet nes were identified as
bemng resistant also to smut and downy mil-
dew. In additon they have a good yield
potential Based on these ines. a new com-
positc has been constituted to breed
improved ergot-resistant variehes

Screening  germplasm accessions  at
ICRISAT Center. 70 more chickpea geno-
types were identified as being resistant to
wilt and root rot. In sorghums, six agronomi-
cally elite lines were identified as highly re-
sistant to downy mildew i ICRISAT's

advanced screening nursery at Dharwad in
southern India.

Screening groundnuts for resistance to
bud necrosis disease, ICRISAT scientists
identified many lines with a low incidence of
the disease. They are confident that this is
mainly because the lines are resistant to
thrips, the insect that spreads bud necrosis
by acting as a carrier of its causal agent, the
tomato spotted wilt virus. Such virus-vector
relationships, and their impact on crop lines,
are a separate subject of study in them-
selves, calling for interdisciplinary work.

The common wilt in sorghum has been a
relatively unknown disease in northern india.
ICRISAT scientists this year found evidence
of s incidence, identified the cause as a
specific fungus, and showed that it is trans-
mitted through the seed Similarly, the fungus
causing fusarium wilt In pigeonpea was
shown to be internally seedborne; genolypic
ditferences in seed infection were also noted.

[N
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Preliminary results from tests at ICRISAT
Center indicate tha! grain-mold resistance
identified in colored-grain sorghums can be
transferred to white-grained types. Success-
fut transfer of mold resistance has been
achieved from three colored-grain sorghums
into white-grained lines.

Scientists at ICRISAT Center used several
species of a patticular taxonomic seclion of
wild relatives of groundnut to incorporate
desirable genes inlo improved lines. The
traits those genes bestow include resistance
to rust, late leaf spol. and bud necrosis dis-
eases. This 15 the first such use of those
species.

A modified enzyme-linked technique was
developed and used successfully by ICRI-
SAT groundnut scientists. in collaboration
with the Peanut Collaborative Research Sup-
port Program (Peanut CRSP, 1JSA), to iden-

12

Promising pigeonpea line (center) resists will and blight diseases, while that at nght 1s wiped out.

tily peanut stripe virus in southeast Asia. The
method can be used evenin countries where
specialist plant virology laboratories are not
available

That technique was also used to test seed
ot 745 groundnut accessions onginating
from southeast Asian countries, now with
ICRISAT's genetic resources unit, for the
possible presence of peanut stripe virus. All
the tests were negative. confirming that this
material can now be safely supplied to users
around the world

ICRISAT's work in disease resistance thus
goes beyond the mere identification or
supply of improved lines. The numerous
aclivitics described here provide an effec-
tive research base from which scientists—at
ICRISAT and elsewhere—can evolve resis-
tant crop lines for the benefit of farmers
worldwide.



Controlling Insects

Insects are another major cause of reduced
yields in food crops. ICRISAT's work in th's
arez is tIso multipronged. In addition to
studying resistance mechanisms and identi-
fying sources of natural resistance, ICRISAT
scientists work on pest surveys, moniloring
insect  populations,  biological control
through parasites and predators, and im-
proved agronomic practices, including safer
and ore efficient methods of applying pesti-
cides. The overall aim is tc arrive at inte-
grated pe st management strategies that can
help tarme s get betler yields in their fields.

Important progress was made in 1985 in
several of these areas. A major destroyer of

Sorghum plants are screened in cages under induced insect pressure o identify shoul fly resistance.

both chickpeas and pigeonpeas is the Helio-
this pod borer. Several chickpea genotypes
selected by ICRISAT for resistance to that
pest performed well in india’s national trials.
One of them ha: been outstanding in 3 years
of testing and is now included in the national
crossing program. Making similar acdvances
1s an ICRISAT pigeonpea, ICPL 332, the first
Heliothis-resistant line to be entered in
India's multilocational trials, which has been
retainad for further tests.

A midge-resistant sorghum variety identi-
fied by ICRISAT, ICSV 197, is now being
used as an improved breeding source by
national programs in Argentina and El Salva-

R S
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the degree of host-plant resistance required
to avoid use of insecticides without reducing
farmers’ incomes. Several lines showing a
high degree of resistance to this pest have
been identified.

A total of 345 wild sorghums from the
genetic resources accessions were
screened for resistance to shoot fly, and 13
were identified as having high levels of re-
sistance. Their genes can now be incor-
porated inlo otherwise well-adapted
sorghums.

In Mali, resistance to head bugs was iden-
tified in 3 of 11 sorghum cultivars tested. In

Head bugs and ergot arccase tahe then combmed
toll of thus pearl millot head at Samaru, Nigoria.

0
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ICRISAT scientist proudly displivs pigeonpea
hne that 1s resistant 1o the Heliatins pod Dorer

dor and by ICRISAT regional program
scientists in Mali and Mexico 111s also being
extensively tested by the Indian national pro-
grami. and by the University ol Agricultural
Sciences. Dharwad. Karnalaka. in midge-
endemic areas of that Indian state.

Groundnut hines previously identified for
resistance 1o thnps and leathoppers were
tested during the rainy scason at 'CRISAT
Center under natural pest infestations in a
high-input environment, using optirum lev-
els of fertizer and supplementai rrigation
Several of them outyielded the two high-
yielding, but susceptible. controls by more
than 30%

Based on a lage-scale field tnal at ICRI-
SAT Cerniter valuable information has been
gathered on the economic significance and
control of the qroundnut leal runer, a major
problem ' india and Southeast Asia Thae
data are new hemg incorporated intu a com-
puter modei 1o fiind oul, among other things.

14
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Two viows of stom borer damage in sorghum. Valuabl> data has been gathered to help develop control
INeASUIes

another experiment there, head bug infesta-
tion was induced at dilferent stages of
sorghum growth: later infestations did the
feast damage

Scientists at the ICRISAT Sahehan Center
in Niger monitored populations of two major
nsect pests on pearl millet stem horer and
carhead caterpillar and gathered informa-
ton of value in designing control measures
in cooperation with the Comnonwealth inst
tute for Biological Control. a study was
miiated on natural enenues of both pests

Studying agronomic: control measures for
the earhead caterndlarin Niger. three hilage
treatments-- two of them common farming
practice in the Sahel —-were tied on plots
with high infestations the previous year. One

of them—deep plowing—reduced insect
incidence considerably In a vanetal trial for
resistance to the caterpillar. carried out with
scientists of the Niger navonal program and
the Institut du Sahel. 6 of 14 entries shcwed
neghgibie miastation

In more hasic research at ICRISAT Cen-
ter. a specific nuclear vius was shown 10
reduce the Heloths podborer on pigeon-
pea dunng a field tnal

Analyzing results from stem borer yield-
f0ss trals i sorghum. 1CRISAT scientists
have concluded that early infestation by the
pest (15-20 days after emergence) caused
yield losses. but later mfestations did not.
This finding can be vuluable i economizing
or: efforts to control stem borers.



Using Bacteria and Fungi

Among the microorganisms abounding in
nature, some specific strains of bacteria or
fungi can be used to help crop production,
Such strains help plants absorb nutrients
from the air and soil, grow better, and yield
more grain. ICRISAT scientists work on iden-
tifying these and on finding ways to use them
profitably.

Over the past 3 years, three strains of rhi-
zobial bacteria identified as beneficial by
ICRISAT--IC 76, IHP 195. and NC 92—have
been recommended to inoculant manufac-
turers in India. The production of chickpea,
pigeonpea, and groundnut can be boosted.
each by the use of one of the identified
strains.

This year, a system was developed for
producing and packaging rhizobial inocu-
lants, using low-cost, locally available mate-
rials. Its operation was successfully
demonstrated to inoculant manufacturers.

Work initiated in earlier years continued
also on beneficial fungal strains associated
with the root zone of plants, known as mycor-
rhiza. Inoculation with such strains has been
found to help both pearl millet and
pigeonpea.

The fungus aids uptake of phosphorus
from the soil, thus enhancing plant growth, At
the ICRISAT Sahelian Centerin Niger, inocu-
lation of a local landrace of pearl millet with
the fungus increased the plant's uptake of
phosphorus by several limes. As phospho-
rus is the most wanting element in scils on
which pearl millet is grown in West Africa, the
potential of that finding is encouraging.

In similar tests with pigeonpea at ICRISAT
Center, growth responsas to inoculation with
myccrrhiza were clearly shown, with the
response being greater in sterilized than in
unsterilized soil.

The studies wil! continue.

Studying soil and crop responses lo mycorrhizal inoculation at ICRISA T Sahelian Center. The tungus
has been found to aid crop growth in pearl miflet through improved phosphorus uptake.




Enduring Physical Stresses

High soil and air temperatures, drought, poor
soils, sandstorms, and highly variable rainfall
are individually and collectively the bane of
the farmer in the semi-arid tropics.

ICRISAT scientists study the interaction
among those factors and crop growth, and
strive to identify lines that can endure those
stresses and produce a harvest. They also
evolve farming systems and improved prac-
tices that can help the farmers face the
harsh environment with greater confidence.

While evolving improved crop lines is
important, just as important is developing
techniques to routinely screen them against
adverse physical conditions. The tech-
niques often involve simulating conditions to
match nature’'s extremes. ICRISAT scient-
ists made important progress this year with
work on such techniques initiated in earlier
years.

Laboratory and field techniques devel-
oped at ICRISAT Center were successfully
used by scieritists in Mali and Niger to study
how seedlings emerge under high soil
temperatures. The ability of sorghum and
r.ict seedlings to emerge is a crucial factor
that can help the plant survive the heatinthe
Sahel, where soil temperatures can reach
55°C.

Seedling vigor to break through soil crusts
is also valuable in droughty environments.
Using previously developed field tech-
niques, some 150 sorghum lines were
screened at ICRISAT Center for their ability
to emerge through soil crusts and 22 of them
were identified as measuring up to
expectations.

The uming of drought within the crop’s life
cycle, as well as its intensity, are both impor-
tant in understanding hew drought affects a

Screening for emergence through soil crusts (left) at ICRISAT Center. At right, trainee at ICRISAT

Sahelian Center, Niger, learns a technique to study plant establishment.
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ifferences were confirmed this year.

Groundnut lines being tested for drought toler-
ance at Anantapur in southern India.
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Screening of chickpeas for drought lolerance at ICRISAT Center. Previously identified genolypic
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crop. Studying both timing and intensity of
drought during grain filling in pearl millet,
ICRISAT scientists quantified data over 2
years and gathered information of value in
selecting cultivars of proper growth duration
for areas prone to drought at different stages
of crop growth,

An international groundnut trial of early-
maturing cultivars was organized in 1985
and distributed to 48 locations worldwide. In
Botswana, where rainfall during the crop
season was only 205 mm, several entries in
the trial onityielded the local cultivar by nearly
50% in preliminary screening. They matured
in 119-126 days. as against 142 days for the
local. Trials at ICRISAT Center confirmed
the drought tolerance ot several progenies of
NC Ac 17090, a parent line identified earlier
as resistant to rust and late leaf spot
diseases.

ICRISAT scientists also tested 42 ground-
nut genotypes at Anantapur, a droughly site
in southern India marked by low and erratic
rainfall. Two sowing dates were observed to




study drought effects at different growth
stages of the plants; the first sowing received
315 mm of rain, the second 200 mm. In both
trials, several entries outyielded thelocal cul-
tivar, TMV 2; these lines had earlier been
jdentified in trials at ICRISAT Center as re-
sistant to foliar diseases and tolerant of
drought.

This is reassuring, not merely because of

The Making

For commercial farmers and government
agencies looking for quick results, hybrids
are a relatively easy means of boosting
yields. But they require carelul basic
research and an efficient seed industry that
is rigorous in quality control.

the genotypes identified as tolerant, but also
because the validity of our method of
screening is thus confirmed. In similar trials
with chickpeas at ICRISAT Center, scientists
found that previously identified genotypic
differences were consistent. Lines that were
relatively drought tolerant on a red soil also
performed best on those black soils where
water-holding capacily was low.

of Hybrids

Because subsistence farmers in many
countries of the semi-arid tropics do not
have access to such seeds, ICRISAT s initial
work focused on varieties. Farmers tradition-
ally prefer to grow local varieties, as they can
then use their crop as the source o1 seed for

This pearl millet hybrid, based on an ICRISAT-developed parent line, has done exceptionally well in
Indian multitocational 'riais. Il is expecled to be released soon to farmers in India.
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the next planting.

But ICRISAT's mandate is worldwide and
there are several countries in the semi-arid
tropics with well-developed seed producing
agencies. Recognizing this, the Institute has
also paid altention to hybrids, and its efforts
have begun to show results on a larger scale.

One illustration of that success is the
excellent performance the past 2 years—in
tests of the Indian national program—of two
pearl millel hybrids, ICMH 451 and ICMH
501. based on ICRISAT-bred parent Iines.
Yet others are the success of sorghum
hybrids Hageen Durra 1 in Sudan and SPH
221n Indha. Officially released to Sudanese
farmers in 1982, Hageen Durra 1 continued
to do well even durmg a general drought and
s seed s being multiphied for planting on a
much wider area. Authorities in India recom-
mended for release this year ICRISAT
sorghum hybnid SPH 221

A fairly complex process precedes these
resulls . Experniments involving numerous
lmes are laid out, where the male parents in
ceitain ines of bisexual plants-- such as
sorghum and pearl mullet-- are stenhized by
genctic mtervention The resultant female
lmes are then ferliized by pollen from other
mes. carned by wind. Not all ines so
crossedresultinhybrids capable of produc-
ng sutficient seed Those that do are then
tested for yield--the main criterion for setting
the process m motion—first at rescarch sta-
tons. thenin multilocational trials by national
programs. which include farmers' fields And
only those that resultin significant yield gains
on-farm and produce grans of acceptabie
quality are released to farmers

To ad effectively in that process of selec-
tion, scientists need to make detalled obser-
vations Male: and female parents identfied
for crossing have to flower at the same time
and they have also t: be resistant to major
diseases. The geneuc putity of the male and
female parents has to be  constantly
ensured. And the process of rendering some
selected lines male stenle is in itself quite
delicate, requiring technical finesse.
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Pigeonpea breeder
studies male-sterile
line, to which bees
will carry pollen
(inset), tertilizing it
and producing
hybrid seed.

Not all national programs have the infra-
structure to support this process. even if they
have a sced industry that can exploit its
results. This s where ICRISAT steps in, pro-
viding basic and strategic research supporl
to national programs that can be productive
i therr own situations.

I sorghums, for example, 1CRISAT
scientists this year planted a detailed obser-
valion nursery in Burkina Faso, sludied 45



recently developed female parents, and
identified 15 for further testing, adaptation,
and potential use in making hybrids. As
some of these show a high resistance to
foliar diseases, they can be of considerable
value to the national program.

Al ICRISAT Center, similarly, sorghum
scientists evaluated more than 300 temale
parents for their potential as hybrids. Two
male-sterile lines resistant to shoot fly are
now ready for hybrid production, and two
other lines resistant to midge were identified
for conversion into male-sterile lines. A total
of 34 cooperators (6 inIndia, 28 elsewherein
the world) were supplied with 45 male-sterile
lines selected for superior agronomic traits,
sc that their stability and yield can be tested
further

With pigeonpeas, the process of produc-
ing hybrids has been developed only
recently, and its polential has not been
exploitad commercially. Because pigeon-
pea is a predominantly seif-pollinated crop,

lines that are genetically male-sterile needto
be identified, and their potential for use in
making hybrids explored. ICRISAT has pio-
neered work in this area and shown that
hybrid seed production is economically via-
ble in pigeonpea.

Crossing blocks are grown where natural
insect populations carry pollen from the
male parent row 1o several rows of the male-
sterile lineg, from which fertile planis have
been removed. This work has already
altracted the attention of two private seed
companies in India.

Hybrids evolved by this process are being
tesled in India. ICRISAT pigeonpea hybrid
ICPH 8 has done exceedingiy well at Hisar,
Haryana, during 3 of the last 4 years. But
when it was tested across 22 locations in
India, yields ranged widely. Since it ranked
first or second among six entries in 11 of 15
trials in India in 1984, it will be tested further.

To stabilize the future performance of
pigeonpea hybrids across environments and

Socghum nursery grown in Burkina Faso to help identify suitable female parents for making hybrids.
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cropping systems, male-sterile lines are now
being developed with high combining ability,
diverse genetic backgrounds, and varying
growth periods. To aid this process, ICRISAT
scientists have already identified male-
sterile pigeonpea lines with sufficiently large
seeds, which are also resistant to two major
diseases, wilt and sterility mosaic.

But evidence of the best use by a national
program of ICRISAT's strategic research
comes from the development of pearl millet
hybrids in India. Seed of two hybrids, ICMH
451 and ICMH 501 produced from tvio
male-sterile lines developed by ICRISAT. is

already being multiplied in anticipation of
their likely release in 1986. One of those
male-sterile lines, 81A, is increasingly being
used in Indian hybrid programs. In 1985, 10
hybrids of the 39 under initial tests in India
were made using 81A And ICRISAT has
conlributed 8 of the 21 male-sterile nes in
the Indian national program's seed parent

be expected from this work.

These are some ways in which ICRISAT
scientists strive to strengthen the reseatch
efforts of national programs, with higher and
stabler crop yields as the common goal.

Breeding Improved Crop Lines

Improving crop lines is always a complex
and tirme -consuming process. Itis especially
so within ICRISAT's mandate, given the
gravity and range of problems in the semi-
and tropics Itinvolves identiftying problems
inspecific environments, studyng the genet-
ics of speafic crop lines. anc deveoping
mproved vaneties or hybnds that can 1esis!
the major yield 1educers and stabiize o
bOOSE yieids in one or more of the given
regions Such umproved ines then necd 1o be
tested extensively betore release to farmers

Earlier pages i this publication descnbed
ICRISAT s multdisciplinary work on drougnt
diseases. and insect pests Here the focus is
oh scme end results

Through cooperative  endeavors  with
national agncultural programs. ICRISAT has
attermmpted over the yeais to shorten the time
lag involved in exchange of detailed crop
information and crop materials. More impor-
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tantly, the involvement of national programs
in collaborative testing at vanous stages has
specded up the release of crop hnes 16
fermers adecisior thatrermains the preroga-
e of the concerned national program

Dunng 1985, several crop mes developed
ormproved by ICRISAT scientiats reached
farmersin different parts of the world Among
the: Imes so releasoed or recommendod for
release were seven sorghums, four pearl
midlets. three pigeonpeas, two chickpeas,
anag a groundnut Many  others reached
advanced stages of testing moving a sten
nearer release 1o fanmers

Among sorghurme {CRISAT hybnd SPH
221 was recommended  for release  to
farmers in India for rainy-season cultivation
It has been renamed CSH 11 by the Indian
pregram - In Zimbabwe, twe ICRISAT
sorghum vancties were released under the
names of SV 1 and SV 22 So were four others
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in Latin America: SPV 387 under the name of
Surano in Honduras; a white variety called
Blanco 86 in Mexico; a variety called ICTA-
Mitlan-85 in Guatemala; and another called
ISIAP Dorado in Venezuela. The last named
variely has already been released in El Sal-
vador and Mexico.

Two other [ICRISAT sorghums were
selected during 1985 tor minikit (prerelease)
trials on farmers’ fields in India, and two were
promoted to the Indian program’s advanced
hybrid trials for rainy season 1985. Similarly,
multifocational trials in Burkina Faso led to
two new high-yiclding selections being iden-
tiied. They have good panicle and grain
characteristics and will be evaluated in on-
farm trials in 1986.

Among pearl millets, ICRISAT-bred varie-
ties continued to be increasingly important in
india and in countries of Africa. Afler 6 years
of national testing. synthetic variety ICMS
7703 was released for general cultivation in
India. It was found high yielding and disease
resistant. and some 270 tonnes of its seed
was produced by the concerned agency for
distribution to farmers.

In Niger, three pearl miflet varietios - -1 TMV
8001, ITMV 8002, and ITMV 8304. bred by
ICRISAT in collaboration with the national
program—were released to farmers for gen-
eral cultivation.

Pearl millets now in advanced testing offer
even greater promise. ICRISAT's synthetic
variely ICMS 7704, tested in Indian mullilo-
cational trials over the last 5 years. equals
the gramn yield of the: alreaday-released ICMS
7703 and gives 14% maore fodder. 1t also
gives 35% more fodder than the widely used
commercial hybnd BJ 104, and has a high
level of downy mildew resistance, making it
the best dual-purnose variety dentified so
far in the Indian tials. Two other varictios
were chosen for large-scale multiphcation
and testing on farmers fields in Mall, as was
yet another in Cameroon. Four now varietios
from ICRISAT's cooperative program in
Senegal, and two from the cooperative pro-
gram in Niger. are now in the second series
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ICRISAT s pearl millet synthetic ICMS 7703 has

beon released for general cultivation in India.

of regional tests conducted by the Institut du
Sahel. Five vaneties bred by the cooperative
program in Burkina Faso have been pro-
posed for prerelease tnals

An ICRISAT pearl niillet reteased eatlier,
WC-C75 (now identified as ICMV 1), con-
tinued to be cultivated in India on a large
scale, and results from trials in Zambia indi-
cale that the variety may soon be released
there Two varietics released in Senegal in
1984 now occupy more than 15% ol the
millet arca in their northern zone. These var-
ieties are also now under extensive testing in
Mali.

ICRISAT's first groundnul selection 1o
reach farmers will be ICGS 11 It was recom-
mended by the Indian national program for
release in the central and peninsular zones
of India. Suitable for irrigated cropping in the
postrainy season, ICGS 11 outyiclded the
local controls by an average of 25 and 40%
mn adaptive trials in the two regions.




Three other groundnut selections from
ICRISAT have reached the stage of adaptive
trials in India. ICGS 44 was recommended
tor postrainy, irrigated cropping in India's
western zone, which includes Gujarat,
India’s main groundnut-producing state. {t
outyielded the four local cultivars against
which it was tested by 16 to 39%. Similarly,
ICGS 1 and 5 are heing evaluated for rainy-
season cropping in the states of Rajasthan,
Punjab. Haryana, Uttar Pradesh, and Bihar.

As arrigated groundnut cuftivation has
expanded greatly in central and southern
India in recent years, the development of
high-yielding. adapted cuitivars—such as

Thus ICRISAT groundnut selection, ICGS 44, is in
prerelease adaphve tnals in India for postrainy.
irngatec, croppung. Another ICRISAT selection,
ICGS 1t has already been recommended for
release.

T E “r | 7'>¢‘7 s

Tius bold-seeded groundnut has been identified
as suttable for the contectionary lrade.

ICGS 11 and 44-—is expected to have a sig-
nificant impact on production.

The confectionary lrade is among the
largest users of groundnut. ICRISAT scien-
tists contributed 13 selections with larger
seeds. improved for the confectionary trade,
for wider testing m India in the 1985 rainy
scason  They also set up an international
trial for this purpose and sent 24 lines to
rescarchers in 15 countries.

Among pigeonpeas. ICRISAT's short-
duration genotype ICPL 87 was released this
yeartofarmersinindia Itsyields exceeded 5
tonnes per hectare ina muttiharvest system
developed at ICRISAT  Althcugh  most
pigeonpeas grown - the world are long-
duration tall types, usually intercropped with
a coreal, 1CRISAT scientists are confident
that short-duration genotypes, like ICPL 87,
have a great potential, even as a monocrop.

But work continues simultanecusly on
improving the traditional longer-duration
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pigeonpeas, with emphasis on breedmg for
resistance 1o diseases, insects. and other
stresses. Two such new lines were released
this year {CR 8863, renamed Marut, i Kar -
nataka Inda, and 1CP 7035 m g renamed
Kanuca rahich means sweel, s seoeds are
farge and saweelwhen caten greeny Marations
resistant o tas aum ewalt disease and wilf be
of value to many tarmers who have sufferod
sernous lusses from the disease Kamea s
resistant to two diseases, fusanam wilt and
sterlity mosae. and tolerant of another phy-
tophthora blight

P oter JCRISAT  pigeonpeas  did
cxcoptionally welhin Indian tests, and one of
them has been adentfieod for release in
nottheiestor g The canety soadentifind
FACPL ST ancarly matunngindelerninate
genotyne, aoich has Luge crean colored
seedsis high yielding. and has tolerance to
sterdity mosaic 1 can be used as a rotabhon

crop with wheat. ICRISAT's early-maluring
hybnd ICPH 8 gave an average yield of 2250
kg/ha i 16 tests across India, 26% more
than the best control cultivar of the same
growth duration

Very high yields were reported from trnals
in several countnes of pigeonpeas supplied
by ICRISAT: more than 5 t/ha in Argentina
and Thailand, and more than 3 t/ha in the
Philippines

In chickpeas. ICRISAT s kabuli-type 1CCC
32, with resistance to wilt and root rots and
some tolerance of Hebothes pod borer and
soif salindy. hag heenidentfied for release in
India’s northwest plams. It has also been
tested in prerelease tnals i central India,
where it outyielded the control by 30%.
Another kabuligenotype, GNG 149, selected
from ICRISAT matenal by breeders at the
Sriganganagar Agricultural Research Sta-
tion in Rajasthan. India, has been identified




for release in India’s northwest plairs.
Numerous other chickpea lines from ICRI-
SAT performed well in demonstration or
adaptive trials in India. Two early-maturing,
wilt-resistant kabuli lines and one desi chick-
pea weie qistributed for demonstrations in
peninsular india. Similarly, seed of ICCC 37,
a high-yielding desi chickpea, was supolied
on request to the Gevernment of Andhra
Pradesh in India for farge-scale mulliplica-
tion and prerelease trials. There were 12
ICRISAT chickpea selections in advanced
yield trials in Tamil Nadu, and 3 in Gujarat. In
addition, 12 other lines, selected from ICRI-
SAT material by breeders in Indian research
stations and contributed by them to the
national trials, also performed well.

This ICRISAT chickpea has been identified for
release in the northwesl plains of India.

discuss ICRISAT's early-maturing
goodyields

Scientists
pigeonpea hybrid ICPH 8, which gave
across 16 lest locations in India.

In Nepal, two ICRISAT chickpeas, ICCC 4
and ICCC 13, continued to yield well, while
ICRISAT's ICCL 82148 gave excellent
results in Bangladesh.

ICRISAT's contribution to improvement in
all of its crops is thus multifaceted. While the
lines, varieties, and hybrids released this
year—added to those released in earlier
years—will make a significant impact on
production wherever these crops are grown,
iCRISAT continues to provide nationat pro-
grams with selected breeding material that
can be used in their own crop improvement
efforts.

Thus, ICRISAT's stralegic research on
geretic improvement of varieties and
hybrids is expected to have an even greater
impact in future years.
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Improving Management
of Resources

Learning how to manage the available
resources of climate and environment—
soils, rainfall, sunshine—for better crop pro-
ductiori is yet another facet of ICRISAT's
research. ICRISAT scientists study rnany
factors to assess the cropping patierns or
farming systems most appropriate for given
regions, and then identify those that make
maximum use of the available natural,
human, and animal resources. Their findings
can be of use to crop planners within nations
and regions, as well as to farmers.
Long-term weather patterns are studiedin
relation to crop production, so that crops can

be olanned for specific weather trends.
Agronomic studies identify the crops, varie-
ties, crop compinations, and cultural prac-
tices most suitable for a range of farm
situations. \Ways to conserve and better util-
ize soil and water resources are explored, as
are availability of fertilizer, crop responsesto
fertilizer, and tillage methods. Simple, modi-
fied equipments that can help the farmer
obtain better results are also studied.

As with crop improvement, ICRISAT con-
ducts its research on managing resourcesin
cooperuation with national agencies and
other specialized research institutions. It

Millet piot at left was fertilized with locally produced rock phocnhate, showing dramatic gains over the
control plot (right). This work was carried out at the ICRISAT Sahelian Center, in collaboration with the

International Fertilizer Development Center




recognizes that even within the semi-arid
tropics, each region is diverse, and that
research must pool all available knowledge if
suggested improvements are to be effective.

A collaborative study in Niger, with the
Inte —wtional Fertilizer Development Center,
coniirmed that a form of rock phosphate,
processed from locally available material, is
as good as water soluble phosphate. It is
also less expensive than imported phos-
phatic fertilizers. Yields at least doubled with
24 kg of phosphorus applied per hectare,
both on the research station and in on-farm
trials.

Among the inputs suggested to farmers in
ICRISAT's village siudies in Niger, use of
phosphorus is being adopted by farmers and
a general increase in use (up to 60 kg/ha)
has been noted. An improved low-cost
production package was tested on a pilot
scale in farmer-managed and researcher-
managed tests in four villages in Burkina
Faso. The package includesrunoff-reducing
bunds made from field rocks, mechanically
built tied ridges. a low dose of chemical fertil-
izer, and the improved ICRISAT white-
sorghum variety ICSV 1002. Yield increases
exceeding 175% were obtained under com-
plele farmer management.

in collaborative work in Niger with scien-
tists of the International institute of Tropical
Agriculture, impressive cowpea yields were
noied. The growing period of some new
early-maturing cowpeas was found to range
between 55 and 70 days after sowing. The
highest grain yield obtained in a sole crop
was 1760 kg/ha, with minimal insecticide
protection. Since cowpea hay is used for
forage. dual-purpose cultivars were also
identified The best such line gave 1600 kg of
grain and 2070 kg of hay per hectare in less
than 70 days. while the traditional cultivar
gave no grain and 3530 kg of hay. Cowpeas
are also used widely in the Sahel as aninter-
crop v..n millet.

Tillage studies over 2 years in sandy $0ils
in West Africa showed that ridging has many
advantages. It loosens soil bulk density and

»s e :.-. L B SO
Workshop participants view agroforestry experi-
ments at ICRISAT Cenler.

improves plant establishment; provides a
weed-free seedbed that is clean for a con-
siderable period of time, thus saving time
and labor; provides more uniform stands
than traditional planting: and reduces wind
erosion up to 50%.

At the ICRISAT Sahelian Center in Niger,
combining crop residues (pearl millet straw)
with fertilizers has givena 10-fold increasein
yield. Tillage experiments on red soils at
ICRISAT Center gave several valuable
insights:

e off-season tillage enhanced water infiltra-
tion and enabled earlier sowing;

e tillage without soil inversion reduced
crusting and sealing because it left sandy
soil on the surface,;

29



rative experiments with the International Institute of Tropical Agriculture contirmed the benefits of
intercropping cowpea and nullet (background).

® deep tillage (to 20-25 cm) reduced runoff
and soil loss for 2-5 years: and

* subsoiling of deeper red soils increased
infiltration root proliferation, and maize
dry-matter production.

Collaborative experiments with India’'s
Central Research Institute for Dryland Agri-
culture. conducted in farmers’ fields in the
droughty 1985 rainy season. showed that
simple hand-metenng equipment covered
as much area in the same time and gave as
good sorghum yields as mechanical seed-
and-fertihzer dnills. Bul the fatter saved labor
by 50% and gave 12% more pigeonpea
yields

Data from long-term crop-rotation expert-
ments on black soils at ICRISAT Center were
analyzed. Initial results confirm the good
residual effects of grain legumes, which fix
nitrogen biologically Grain yiclds of rainy-
season sorghum with no added fertilizer
ncreased from 1400 to 3400 kg/ha where
an intercrop of pigeonpea and cowpea was
grown the previous year.

a0

Experiments over 3 years on black soils in
India showed that germination and cmer-
gence of cereal crops were not adversely
affected by placing fertilizer with the seed.

Tesling continued in several Indian states
ot ICRISAT's watershed-based technology
for double cropping deep black soils. That
technology was adopted and modified suc-
cessfully on a wide scale by Karnataka's
Department of Agriculture in 1984,

Recognition of that success has come in
an indirect way. The Government of India,
aware of the need for greater attention to
dryland agnculture, has created a national
watershed development program for rainfed
agnculture  and  appointed the  previous
Director of Agneulture in Karnataka as the
Agnculture Production  Comnussioner in
Noew Delh

N a workshop held at ICRISAT on {raining
needs for dryland agnculture, with particular
reference to ICRISAT's technology for deep
black soils. specific training needs were
identihed. Meeting those needs will require
strong collaborative efforts involving India's



national institutions, agricultural universities,
and ICRISAT.

Analyzing weather and produclion trends
over the past two decades in Sahelian West
Africa, ICRISAT scientists found the down-
ward trend in groundnul vields related to @
decline in rainfall that had resulted in a shor-
ter growing season. Thatfinding addresses a
specitic problem in some African countries,
once exporters of groundnut: howto stabilize
and restore yields. The answer: earlier-
maturing and drought-resistant groundnuts,
some of which have already been identified
through ICRISAT's research.

Work also began al ICRISAT Center on
agroforestry research. A working group
meeting was held to review ongoing

research, explore collaborative linkages,
and identify ways in which trees and food
crops can be profitably grown together on
tarmers' fields. A representative of the Inter-
national Council for Research in Agrofores-
try attended; the Indian national program,
which already has research in progress on
several facets of agroforestry, was well-
represented.

Results from ICRISAT's work in 1985 thus
offered encouragement in many respects.
Scme specific practices were evolved that
can be transierred fairly quickly. Other find-
ings indicated the potential of continued
research. and yet others gave usefulinsights
for long-term planning.

Studying Farmers’ Options

ICRISAT conducts socioeconomic studies,
in addition to its bioscientific research. Such
studies aim both to identify constraints that
affect agricultural development and to
assess technological options in farmers’
situations. The effort is to account for the
human and institutional factors in agricul-
tural development, sometimes neglected
areas of research.

Studies continued in 1985 on, among oth-
ers: income levels of farm households, with
reference to stability measures such as crop
insurance; factors affecting availability of
labor; common property resources:. pros-
pective benefits from intercropping; effects
of rock bunds and earthen contour bunds;
and preferred qualities of marketed
groundnut.

ICRISAT economists analyzed income
levels over 9 years of | 04 rural householdsin

three Indian villages and found income lev-
els low and their variability high. Average
annual per capita incomes were less than
US$ 100 (1977 prices), with a mean CV of
35%—data thet confirm the uncertainty of
agricultural production in India’s semi-arid
tropics.

Based on simulated models, crop insur-
ance was found to have a negligible impact
(about 1% of mean houselold income) on
smoothing fluctuations in incomes of farm
households in India. As the farmers derive
their income from severai sources, stabiliz-
ing the yields of any one crop would not
appreciably help reduce fluctuations in their
incomes. Flexible public works programs,
such as the Maharashtra Employment Gua-
rantee Scheme, have proved effective in
protecting poor rurat households from sharp
fluctuations in income and consumption.
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The economists found in another study,
though, that improved crop lines can vyield
sufficient benefits at the national level to
offsetany regional or sectoral variations they
may accenluate. Thus, research on varieties
and hybrids that can slabilize yields, by
retaining and enhancing resistance to yield-
reducing facters, is not to be ignored.

Labor is an important constituent of agri-
Culture. Concern has often been expressed
that the new technologies introduced may
take away employment and reinforce inequi-
ties. ICRISAT's study of factors affecting
labor supply inrural India suggests that nutri-
tional status, health. wealth. skill, and caste
all play a part. for both men and women. But
both nulritional status and caste figure more
prominently for women than for men.
Whether the woiman cornes from a nuclear
or an extended family does nct seem to
affect her decision to work in this contex!, a
finding at variance from the situation in devel-
oped countries. Women also seem to will-

ICRISAT economist discusses rock-bunda experiment with farmers in Koho village, Burkina Faso.
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ingly work longer hours than men, carrying
their ycung children along to the place of
work.

Labor-intensive technologies, designed
for the deep black soils of the Indian semi-
arid tropics, can increase wages by 67% for
men and 48% for women, tripling the income
from labor for the average household. Even if
income from other sources does not change,
total annual housenold income could
increase by 79% This confirms that
employment-generating technology would
especially benefit low-income households,
who depend on wages from the labor market.

Continued studies on common property
resources, such as vitlage pastures, waste-
lands, and ponds, to which villagers have
open access, suggest that such resources
help reduce the income inequalities among
rural households The poorest households
rely the most on common property resour-
ces, making gainful use of them whenever
the demand for labor shrinks.
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Intercroppma holds the mast pronuse tor those dryland reagrons where rainy season cropping 1S widely

practiced [CRISAT economusts tound Controlled experinents woull be needed lo quantify that trend on

farmers fields

ICRISAT economists also found that
small-farm households and landless labor
get more than 70% of their fuel needs from
common property resources This suggests
that making cron byproducts. such as har-
vested dry stalks or quick-growing trees
available could resall i fess dung being
used tor fuel maxing it available tor use as
crop manure

ICRISAT ccononmists fuund i the Indian
vilages they studied thatintercropping holds
the most promise for those aryland regions
where 1aimy oason Croppng s extensively
practiced Tne rditonal Bedeet that growing
WO Crops sitatane sy on the same plot
mstead of one will reduce the farmiers 1isks
seetns 1o be vald, but controfled agronenic
expenments would be needoed to ngorously
qguanuty that frend

ICRISAT scientists have been studying
the effects of earthen bunds i willages in
Burkina Faso over the last 3 years.in collab-
oration with the national agency responstble
there for a contour-bunding program  The
carthen bunds increased mean yields of
millet by 43% and of sorghum by 3070 Asthe
bunds are essentially a sold and water con-
servabion measure. those short-term bene-
fits can be further ancreased with more
judicious selection of sites indicated by con-
inued  research  adequate mantenance.
and complementary use of ferthilizer

Testing began this year in Burking Faso of
awaler harvesting syster usimg rock bunds,
Mtroduced by the Oxtord tamine Reliet
Agency mimeaediate yield benetits measured
dagamst nvestment costs. vaned consider
ably for tarmers across rainfall zanes, with
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Groundnul samples at an Indian market Some 370 samples were Studied to obtam data on trader

percentons ol araundnut quality inelabon o mathet prces The data can later be used by broeders in

Crop inpraveent otk

the best results obtained where runoff tends
to be high and where the bunds allowed less
water e seep through

While iarther research would be needed to
pimpomt arcas where the roch-bund system
can wor~ well preamimary interviews indi-
cate that farmers advice may be very usetul
ndentifying suttable land configurations for
this technology Nearly all farmers reported
that considerable sol and organic matter
accumulated at the bunds. suggesting that
fong-term benefits may exceed the short-
term results. Learning from ther percep-
tions, the tests will be modiied. keeping 1in
view the resources avallable within the
villages

Market studies for food grains, especially
nrelation to quality preferences. are another
aenerally neglected arca of research in the
semi-and tropies. though such research has
picked up over the fast decade or so ICRI-
SAT cconomusts undertook this year an
analysis ol some 370 groundnut samples
from five grain markats in Andhra Pradesh
and Gujarat, India
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They recorded the market prices and
measured seven lraits of the groundnut sam-
ples that both traders and groundnut breed-
ers considered important A inathematical
model was then designed to relate the prices
to those quality charactenstics The analysis
mdicated that shelling percentage, oil con-
tent, and 100-seed weight were important,
but damaged or infested seeds had a lesser
role in depressing prices than was generally
beleved

A further task now will be to collect a new
set of samples, predict then prices based on
the above analysis. and then compare them
with prevailing market prices. If the esti-
males closely match prevailling prices, the
maodel can be used to screen groundnut
Iines for consumer preferences and provide
hreeders with information that can aid their
crop improvement efforts.

ICRISAT's socioeconomic studies thus
play an important role in finding ways to
speed up transfer of new technologies,
whether they relate to improved varieties or
belter ways o imanage availabie resources.



Training Activities

Recognizing that training plays a crucial role
in agricultural development and transfer of
technology, ICRISAT enlarged its training
efforts this year. More than 1100 people from
72 countries have completed training at
ICRISAT Center since the program’s incep-
tion in 1974. Regional training efforts have
expanded in recent years, with ICRISAT
scientists posted in African and Latin Ameri-
can counltries oifering research advice and
guidance 1o students anc technicians.

During 1985, there were 195 participants
from 49 countries in training programs at
ICRISAT Center, with the content of training
varied to malch individual needs within the
Institute's mandate. In addition, more than 12
students from 4 countries worked with ICRI-
SAT scientists in Burkina Faso, Mali, and
Niger.

Thirty-two in-service fellows—holding
midlevel scientific positions in the national
research programs of 21 countries—took

Research scholar conducls phvsiolegical experiments with groundnuts




S . i
Student from Mali selects gr

partin intensive skill-development programs
in plant pathology, entomology. agroclima-
tology. crop improvement, microbiology. or
farm development.

A total of 109 in-service trainees from 38
countries completed training prograims for 6
months in various aspecls of crop improve-
ment, crop production, ur resource manage-
ment, with a large group of 81 in the
long-term, rainy-season program.

Eighteen postdoctoral fellows from forr
countries were at ICRISAT Center during the
year. Seven of them completed research on
optimizing use of light and water, insect pop-
ulations and migration patterns, on-farm
research, effects of land fragmentation,
genetics of disease resistance, or nema-
tology.
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oundnut lines for his breeding experimen

Theses research on a wide range of topics
was conducted by 30 students from 13 uni-
versities and 11 countries. The 10 who com-
pleted studies worked on effects of drought
stress on seed development. growth
responsec and heritability estimates in
groundnuts, input markets, economics of
water management, sorghum dehulling devi-
ces, genotypic interactions in intercropping
systems on shallow black soils, chemical con-
trol measures, and resislance to insect pests
in pulses.

The apprentice program, which provides
work-study experience. was utilized by five
participants from four countries.

A number of short-term courses were also
conducled.

A second 6-week in-service training pro-



gram for economists working in national
agricultural research programs was held at
ICRISAT Center during 1985. Six African
countries—Burkina Faso, Ethiopia, Kenya,
Malawi, Nigeria, and Sudan—weie repre-
sented among the 11 participants. The pro-
gram aimed al strengthening the ability of
participants to cany out socioeconomic
research that can aid agricultural develop-
ment. Special emphasis was placed on the
use of microcomputers, particularly in
budgeting analysis. on whole-farm model-
INQ, and on survey research methods

The sixth international training course in
pineonpea and chickpea pathology vras
conducted, with 16 participants from 9
ccuntries—Bangladesh, Chile, Ethiopia,

R

In-service trainee from the Philippines examines short-duration pigeonpea.
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India, Mexico, Nepal, Pakistan, Syria, and
Thailand.

Six scientists from four Central American
countries—Costa Rica. El Sawvador, Gua-
temala, and Mexico—received in-service
training for 5 months with ICRISAT scientists
based in Mexico. Sorghum breeding and
agronomy were the focus of this training.

The ICRISAT Sahelian Center trained six
students from Niger during 1985 in addition,
studends from the Agricultural Technical
School in Niger attended a 1 -week course al
the Sahelian Center to gain practical expe-
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Ethiopian research scholar studies chichpea vields

rience with animal traction, rainfall simula-
ton, farm equipment. and agricultural

surveying

In Burkina Faso, two students worked on
their thesis research with ICRISAT scientists
on Striga, a weed that affects sorghum and
millet, and a third on a sorghum physiology
problem A postgraduale student from
France participaled in Striga research for his
degree.

ICRISAT thus offered substantial training
support during 1985 to scientists and
national programs worldwide,



Strengthening the Research
Base in Africa

Africa contains a major part of the world’s
semi-arid tropics. And considering the grav-
ity of the continent’s iood production prob-
lems, it is likely to be an area of growing world
attention. ICRISAT's research amply recog-
nizes this. While important research is con-
ducted ir India, Latin America and several
other parts ot the semi-arid tropics, Alrica
always remains an imiortant focus.

Many scientists are posted at Africanloca-
tions, and testing and collaborative research
is undertaken in many African countries.
Results from such research are reported

under appropriate headings in this booklet.
ICRISAT also offers considerable research
support to national programs in eastern,
southern, and West Africa, working with
other developmental agencies to create a
network of cooperalive action and research.

Such support takes many forms: research
teams based in the region; regional work-
shops; facilitating exchange cf scientists;
training; short-term consultancy. and the set-
ting up of special projects, oiten through cos-
ponsorship. ICRISAT has set upthe ICRISAT
Sahelian Center at Sadoré, near Niamey,

ICRISAT training oticer expfains phosphorus deficiency symptoms in sorghuim to local researcher in

Zimbabwe.
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Niger, to focus on West Africa; two regional
programs in southern Africa, for cereals at
Bulawayo, Zimbabwe, and for groundnuts at
Chitedze, near Lilongwe, Malawi; and an
gastern African coordinator's office in Nai-
robi, Kenya. ICRISAT scientists work also
from Burkina Faso, Mali, and Sudan.
Although active research has been in pro-
gress at the ICRISAT Sahelian Center only
since 1981, work there already points to pos-
sible new technologies for the Sahelian
zone, as aiready reported. A donor's meeting
was held there in 1985, to review ongoing
work and make plans. Progress has been
made with contracts for construction of the
main campus buildings. which are now
expected to be completed late in 1987 The
Sahelian Center will then become a full-
fledged research facility focusing its work
on the problems of the Sahel.
Considerable progress was also made in
constructing laboratories, a training cenler,
and houses for local slaff in the regional
sorghum and millet program based at Bula-
wayo, Zimbabwe. Through consultations in
the region, research needs and priorilies
have becn determined and a sound techni-

cal program established. Set up in response
to a call from the Southern African Develop-
ment Coordination Conference (SADCC),
the regional program has been reviewed
favorably by its major initial donor. the U.S.
Agency for International Developraent.
Other donors have now come forward to
suppor! the venture.

An international symposium on agrome-
teorology of groundnut was held at the Sahe-
lian Center, cosponsored by WMO, FAO, the
U.S. Peanut CRSF, and ICRISAT, in coopera-
tion with the Niger national program. The
symposium was preceded by a week-long
fraining course for 12 agrometeorologists
from 10 African countries.

Regional workshops were also held on
groundnu, sorghum, and pear! milietin east-
ern, southern, and West Africa. Research,
adaptation, and strengthening of coopera-
tive networks were the focus of attention in
all five workshops

Exchange of scientific visits during the
year helped lend greater focus 10 ICRISAT's
efforts. Scientists and technical stafé from
ICRISAT spent from several weeks to sev-
eral months at one or more Alrican locations,

Construction makes headway at ICRISAT's soulhern Atrican regional cereals improvement project,

based at Matopos. near Bulawayo. Zimbabwe.
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A pronusma sorghum pursory arown i Zimbabwe. A sound technical program for cerals has been
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estathshed wy it country i consultation with scientists i the requon

Three of them resecarched problems of pearl
millet  one  established a downy mildew
nursery at Mal: another showed through
field studhes in Niger the importance of a
particular stram of mycorrhizain phosphorus
uplake. and a third gathered data of value in
improving  stand  estabhishiient Others
helped scientists i ditfferent parts of Afica
vath ther work on genmplasm evaluation,
sorghum breedmmy. and insect screenimg in
groundnuts. Yet others set up computer pro-
grams to analyze sociceconomic data, dis-
cussed expenmental designs and methods
for statishical anatyses, and hetped develop
traimmg proarams in the reaion

Seven senor agneultural scientists from
ecastern and southern Afnca, representing
Ftriopia, Lesotho, Malawi. Sudan, Tanzania,
and “ambia. came to ICRISAT Center as
part of & study tour of India Prionty areas for
research were dentified dunng discussions
with the visitors. These mclude finger millet:

resistance in sorghum to birds and to the
weed, Striga; grain storage technology. grain
quality and color preferences; and soil
studies.

Ready availabilty of research information
1s another prionty need in many parts of the
semi-and tropics A Sorghum and Millet
Information Center (SMICH has functioned at
ICRISAT Center since 1976. under financial
support from Canada's International Devel-
opment Research Centre. During 1985,
seven workshops were held in four African
countries in an efiort to widen the scope and
utilization of this service About 120 partici-
pants from 14 countrics attended these
workshops

In addition to s 1esearch and training,
ICRISAT thus makes a special effort to
address the problems of crop production in
Alnca. facilitating the setting up of institu-
tional networks that can speed up the search
for answers 1o those protlems.
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Soul solanzation experiment, begun at ICRISAT Center (above), has shown positive eflects on pigeonpea

growth. Those eftocts are visible bolow: in front is the Crop grown on nonsolarized soil. at back the one
benefiting from residual effects of solarization,
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In Other Research

® Work continued on developing five broad-

based sorghum populations, incorporat-
ing multifactor resistances. Each of those
populations is intended to have resistan-
ces to a set of diseases and insect pests
identified as priority needs in geographi-
cal regions within the semi-arid tropics.
Hundreds of sorghum lines have been
studied for resistances, variability in per-
formance, and transfer of genes. The
inferences drawn are being used in
further crossing.

In research on pigeonpeas, solarization
was found to have marked slimulatory
effects on growth and yield. Soil solariza-
tion is a technique of heating the soil by
covering it with transparent polythene
sheets during the summer. The technigque
has so far been used primarily to control
soillborne pathogens and was used by
ICRISAT scientists to study control of wilt
disease. They discovered in the process

that the technique did more than just
inhibit the disease. It suppressed weed
growth and nematode pcpulations, and
enhanced soil nitrate levels. Residual
effects were also observed in the season
following the treatment. Further studies
are in progress to confirm, explain, and
explore these effects.

A package of agronomic practices was
developed to adapt early-maturing
pigeonpeas for monocropping in penin-
sular India. This information has been
documented for dissemination and use.

ICRISAT launched its Asian Grain
Legumes Prograni by appointing a Coor-
dinator, following a review and planning
meeting held at ICRISAT Center. The pro-
gram aims to improve the availability in
Asian countries of ICRISAT expertise and
plant material, by linking together ina net-
work the activities of national, regional,
and international research organizations.
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ICRISAT Senior Staff—
as of December 1985

Administration

L.D. Swindale, Director General

J.S. Kanwar, Director of Research

C.R. Jackson, Director of International Cooperation
{until October)

M.G. Wedeman, Assistant to Director General

S.P. Ambrose, Principal Government Liaison Officer
and Principal Administrator

B.C.G. Gunasekera, Principal Soil and Water Scientist
(International Cooperation)

S.J. Phillips, Special Assistant to Director General
for Educational Affars

V. Balasubramanian, Senior Executive Officer
(Oirectar General's Office)

Joyce Gay. Senior Administrative Secretary
to Dircctor General

M.S.S. Reddy. Scientist (frorn May, on contract)

Sunetra Sagar, Senior Administrative Secretary
to Director of Rescarch

S. Krishnan, Sentor Administrative Officer
{International Cooperation)

S. Ramachandran, Administrative Officer
(International Cooperation)

D. Mutra, Fiscal Manager

A. Banerji, Assistant Manager (Fiscal)

V.S Swaminathan, Senior Accounts Officer

AN. Venkataswamy. Accounts Officer

C P. Rajagopalan, Accounts Officer

P AVN. Kumud Nath, Accounts Officer (from March)

B K. Johri, Personnel Manager

Y. Bharadwaja. Assistant Personnel Manager
(untit July)

N.S L. Kumar, Senior Personnel Officer

P Suryanarayana, Senior Personnel Otficer

R. Vaidyanathan, Purchase and Slores Manager
(on sabbatic leave from October)

C.R. Krishnan, Assistant Manager (from June)

K.P. Nair, Senior Purchase Officer

D K. Mehta, Senior Stores Officer

D.v. Rama Raju, Senior Purchase Olfficer

K.C. Saxena, Stores Olfficer

K.R. Natarajan, Shipping and Purchase Officer

S K. Dasgupta, Senior Scientific Liaison Officer
(Visttors™ Services, until February)

A. Lakshminarayana, Scicntific Liaison Officer
(Visitors' Services)

Harish Sethi, Scientific Liaison Officer (from May)

K.K. Sood, Senior Sccurity Ofticer

A. Ekbote, Security Officer

K.K. Vij, Senior Administrative Officer (Delhi Office)
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V. Lakshmanan, Assistant Manager (Administration)

N. Surya Prakash Rao, Resident Medical Officer

R. Narsing Reddy, Transport Officer (on study leave)
G. Vijayakumar, Transport Officer

K. Jagannadham, Administrative Officer (Transport)

A. Rama Murthy, Travel Officer (from March)

International Cooperation

ICRISAT Sahelian Center, Niger

C.R. Jackson, Director, ISC and West African
Programs (from November)

K.F. Nwanze, Principal Millet Entomologist
and Acting Director (until November)

K. Anand Kumar, Principal Millet Breeder
and Team Leader, Millet Improvement Program

B.B. Singh, Principal Millet Breeder, (Maradi)

MY K. Sivakumar, Principal Agroclimatologist

D.S C Spencer, Principal Econotnist

M.C. Klaij, Principal Soil and Water Management
Scientist

C.A. Giroux, French Wriler/Editor

B.D. Marvaldi, Project Development Olficer

P.G Serafini, Research Farm Manasger

D.C. Goodman Jr, Regional Administrative Officer

L.K Fussell, Principal Millet Agronomist

C. Renard, Principal Agronomist and Teamn Leader,
Resource Managemcnt Program (from April)

J. Werder, Principal Millet Pathologist
(from February)

A Batiano, Principal Soit Chermst (ICRISAT/IFDC)

Maimouna S. Dicko, Principal Animal Nutritionist
(ICRISAT/ILCA)

B.R. Ntare, Principal Cowpea Breeder/ Agronomist
(ICRISAT/IITA)

R.C. Chase, Principal Soil Scientist
(Texas A&M University)

L. Marchais, Principai Geneticist (SRSTOM)

S. Tostain, Pordipar Geneictst (URS1TOM)

A. Tekete. Principal Agronormist (University of
Hohenheim, from April)

T J. Stomph, Research Assistant

P. Quedraogo. Research Assistan! (from February)

Solange D. Gabriel, Executive Assistant, Liaison

Burkina Faso

C.M. Patianayak, Principal Sorghum Breeder
and Team Leader

K.V Ramaiah, Principal Cereal Breeder—Striga
{on sabbatic Icave from December)

S.N. Lohani, Principal Millet Breeder

P.J. Matlon, Principal Production Economist

Helga Vierich. Principal Social Anthropologist
{until August)



M.D. Thomas, Principal Sorghum Pathologist
D.S. Murty, Principal Sorghum Breeder (from June)
S. Lingani, Administrative Assistant, Accounts
B. Ouedraocgo, Administrative Assistant,
General Services

Mali

J.F. Scheuring. Principal Cereals Bieeder and
Team Leader

S.VR. Shetty, Principal Agronornist

S. Toure, Administrative Officer

I. Kassambara, Computer Analyst (from April)

Nigeria
S.Q. Okiror, Principal Millet Breeder

Senegal
S C. Gupta, Principal Millet Breeder (until October,
on sabtatic leave, April-August)

Kenya
Brhane Gebrekidan, SAFGRAD/ICRISAT Coordinator
for Sorghum and Millet, Eastern and Southarn Africa

Sudan
R P.Jain, Principaf Millet Breeder

Malawi

Regional Groundnut Improvement

Program for Southern Africa

K R. Bock. Principal Groundnut Pathologist
and Team Leader

SN. Nigam, Principal Groundnut Breeder

Zimbabwe
SADCC Regional Sorghum and Millet
Improvement Project
L R. House, Project Manager
W. Williams, Administrative Officer
A B Obilana, Principal Sorghum Breeder (from July)
S.C. Gupta. Principal Miilet Breeder (from October)
EW. Nunn, Farm Development Specialist
(until May)
D.S Bisht, Farm Development Speciahist (from June)
WAU de Milllano, Principal Cereals Pathologist
{from Decermber)

Syria

K.B. Singh, Principal Chickpea Breeder

M.V. Reddy, Principal Chickpea F ithologist
(until February)

Pakistan
M.S. Rahinan, Principal Chickpea Breader/Plant
Pathologist

Mexico
V.Y. Guiragossian, Principal Sorghum Breeder
C.L. Paul, Principal Sorghum Agronomist

Research Programs

Sorghum

S.Z Mukuru, Principal Plant Breeder
and Program Leader
L.K. Mughogho, Principal Plant Pathologist
J.M Peacock, Principal Plant Physiologist
K. Leuschner, Principai Cereals Entomologist
D.S. Murty, Plant Ereeder (on sabbatic leave
from June)
Belum V.S Reddy, Plant Breeder
{on sabbatic leave until April)
B L Agrawal. Plant Breeder
P K Vaidya, Plant Breeder (from April)
N. Seetharama, Plant Physiologist
(on sabbatic leave until August)
R.K. Maiti. Plant Phystologist (until January)
P. Soman. Plant Physiologist
Suresh Pande, Piant Pathologist
R. Bandyopadhyay. Plant Pathologis!
S L. Taneja. Entomologist
H.C Sharma, Entomolc.pt
HD. Patil. Senicr Research Associate
SP. Jaya Kumar. Administrative Officer
P. Ramesh. lcsearch Fellow
N.F. Benmati, international Intern
(from October)

Pearl Millet

S B King. Principal Plant Pathologist
and Program Leader

F.R Bidinger, Principal Plant Physiologist

JR. Witcombe, Principal Plant Breeder

K K. Lee, Principal Cereals Microbiologist

K N. Rai. Plant Breeder

B 'S Talukdar, Plant Breeder

Pheru Singh. Plant Breeder

S B Chavan, Plant Breeder

G. Alagarswarmy, Plant Physiologist
(on sabbatic leave until October and
on secondment from Nevember)

V. Mahalakshmi, Piant Physiologist

S.D. Singh, Plant Pathologist

R P. Thakur, Plant Pathologist
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S.P. Wani, Microbiciogist

K.R. Krishna, Microbiologist

Nirmala Kumar, Administrative Officer

P.Q. Craufurd, International Intern
(from February)

Pulses

Y.L. Nene, Principal Plant Pathologist
and Program Leader
D.G. Faris, Principal Plant Breeder, Pigeonpea
W. Reed, Principal Entomologist
(on sabbatic leave until April)
C. Johansen, Principal Agronoimist

HA. van Rheencn, Principal Plant Breeder, Chickpea

J. Anhara, Associate Physiologist (from May)
N. Ae, Associate Microbiologist (from May)
K. Okada, Assistant Microbiologist
(frem December)
K.C. Jain, Piant Breeder, Pigeonpea
K.B. Saxena, Plant Breeder, Pigeonpea
SC Gupta, Plant Breeder, Pigeonpea
Harjit Singh, Plant Breeder, Pigeonpea
{until October)
DM. Pawar, Ser nr Agricultural Officer
(Cooperative Triai.,
M.D. Gupta, Senior Research Associate
(on study leave)
Onkar Singh, Plant Breeder. Chickpea
CL.L Gowda. Plant Breeder. Chickpea
S.C. Sethi, Plant Breeder, Chickpea
Jagdish Kumar, Plant Breeder, Chickpea
(on sabbatic leave until July)

JH. Miranda, Senior Research Associate, Chickpea

OP. Rupela, Agrononust (Microbiology)
JVDK. Kumar Rao, Agronomist (Microbiology)
NP Saxena. Agronomist (Physiology)

Y S. Chauhan. Agronomust (Physiology)

N V. Ratnam, Senior Research Associate

SS. Lateef. Entomologist

S Sithanantham, Entomologist

M P Haware. Plant Pathologist

M V. Reddy. Plant Pathologist (from March)
AM. Ghanekar. Plant Pathologist

V.S Bisht. Research Fellow (until September)
DR Dent. International Intern (until December)
I'S Dundas. International Intern

S Dwved:, Research Fellow (until October

SB Sharma, Research Fetlow (untit November)
P K Anand Rao, R~search Fellow

Groundnut

RW. Gibbons, Princ:.21 Plant Breeder
and Program LeacCer

D. McDonald, Principal Plant Pathologist

D.V.R. Reddy, Principal Plant Virologist
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J.H. Williams, Principal Plant Physiologist
J.P. Moss, Principal Cytogeneticist
(on sabbatic leave until October)
J.A. Wightman, Principal Ento.nologist
L J. Reddy, Plant Breeder {(on sabbatic
leave from July)
P. Subrahmanyam, Plant Pathologist
{on sabbatic leave unlil April)
M.J. Vasudeva Rao, Plant Breeder
V.M. Ramraj, Plant Physiologist
V.K. Mehan, Plant Pathologist
P.T.C. Nambiar, Microbiologist
P.W. Amin, Entomologist
A K. Singh, Cytogeneticist
D.C. Sastr, Cytogeneticist
S.t. Dwivedi, Plant Breeder
R.C. Nageswara Rao, Plant Physiclogist
G.V. Ranga Rao Entomoalogist (from July)
P. Subrahmanyam, Administrative Otficer
SN. Azam Ali, International Intern (until October)
K.M. Dick, International Intern
M. Dutta, Research Fellow (until December)
H.A. Hobbs, international Intern
S. Nahdi, Research Fellow

Resource Management

M. von Oppen, Program Leader
(from October} and Program Leader,
Economics (untif September)

R P._Singh, Program Leader, Farming Systems
(February-October)

SM Virmani, Principal Agroclimatologist
{on sabbatic leave until August)

J R Burford, Principal Soil Chemst

CW Hong. Principal Soill Scientist
(ICRISAT/IFDC)

CK Ong, Principal Agronomist,
Cropping Systems

ABS King. Cropping Systems Entomologist
(ICRISAT /TDRI)

R4 Vvan Den Beldt, Principal Agronomist,
Agroforestry (from March)

A Schult, Assistant Engineer.
Soil Fertility Unit, (ICRISAT /Uruversity
of Hamburg, from Decermnber)

KB Laryea, Prncipal Soil Physicist
(from November)

T Takenaga, Principal Agricultural Engineer

TS Walker, Principal Econormist (from June)

RA.E Mueller. Principal Economist

D. Sharma, Coordinator, On-farm Research

Piara Singh, Soil Scientist

A KS. Huda, Agroclimatologst

K.L Sahrawat. Soll Chemist

T J. Rego, Soil Scientist {on sabbalic leave
unti October)



K.P.R. Vittal, Soil Scientist (until June)
M.R. Rao, Agronomist
M.S. Reddy, Agronomist (on leave from November)
M. Natarajan, Agreromiist
C.S. Pawar, Entomologist
AAH. Khan, Engineer
Sardar Singh, Soil Scientist
K.L. Srivastava, Agricultural Engineer
RK. Bansal, Agricultural Engineer
R.C. Sachan. Agricultural Engineer
Prabhakar Pathak, Agricultural Engineer
N.K. Awadhwal, Agricultural Engineer/Soil Physicist
SK sharma, Senior Research Associate
VM Mayande Engineer
N S. Jodha, Sentor Economist
RN Athavale, Senior Hydrologist
(from June, on contract)
R D Ghodake, Economist (on leave
from September)
RP.Singh, Economnust
K G Kshirsagar. Senior Research Associate
K.V Subba Rao. Senior Research Associate
MJ Bhende. Sentor Research Associate
R S Aiyer, Senior Administrative Ofticer
Surendra Mohan, Senior Administrative Officer
RT Hardinan, international Intern (untit May)
KA Dvorak, Inlernational Intern (from January)
N V. Narasimhan, Resedrch Fellow
V. Ballabh. Research Fellow

Support Programs

Biochemistry

R. Jambunathan, Principal Biochermst

Umaid Singh, Biochemist (on sdbbatic leave
untit September}

V. Subramanian, Biochemist

S Sivaramaknshnan, Plant Biochemst/Physiologist
(from June)

T A Krnshnamurthy, Senior Administrative Otficer
(from Augus!)

Santosh Gurtu, Senior Research Associate

M S. Kherdekar, Seznior Research Associate

Electron Microscopy
AK Murthy. Engireer

Genetic Resources

M.H. Mengesha, Principal Germplasm Botanist
and Program Leader (on sabbatic leave)

W.H. Skrdla, Germplasm Botanist and Acting
Program Leader

K_.E. Prasada Rao, Senior Botanist

R.P.S. Pundir, Botanist

V. Ramanatha Rao, Botanist

S. Appa Rao, Botanist (on sabbatic leave)
P. Remanandan, Botanist

Plant Quarantine

B.K. varma, Chief Plant Quarantine Officer
Upendra Ravi, Senior Research Associate
N. Rajamani, Senior Administrative Officer

Fellowships and Training

D.L. Oswalt, Principal Training Officer
A.S. Murthy, Senior Training Officer
B. Diwakar, Senior Training Officer
T. Nagur, Senior Training Officer
(on sabbatic leave from November)
S.K. Dasgupta, Senior Training Officer
(from February)
Faujdar Singh, Training Officer (from March)
T.A. Krishnamurthi, Senior Administrative Officer
(until July)
V.S. Raju, Senior Secretary (from August)

Information Services

H.L. Thompson, Head

J.B. Wills, Research Editor

Susan D. Feakin, Research Editor

S.R. Beckerman, Visiting Research Editor
(until August)

S.M. Sinha, Assistant Manager, Art and Production

D R. Mohan Ra). Editor

Madhu Reddy, Editor

J.J. Abraham, Editor (from August)

H.S. Duggal, Senior Photographic Supervisor

G K. Guglani, Senior Art Visuahzer

T R. Kapoor, Senior Composing Supervisor
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