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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 is to 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 rainfall and 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 it isgrown. 

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, inMexico, 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
ference (SADCC). 
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Introduction 

For ICRISAT, 1985 has been a year of consolidation and further progress. We 
put into effect several suggestions emerging from the two external reviews in 
1984-on ICRISAT's research and trainino activities and on its management.

There was a gradual move toward more stral3gic and sharp!y focused 
research in all five ICRISAT crops. More efforts were made 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 important sources of variability were added to our genetic 
resources accessions, widening the base that crop inprovement scientists 
can exploit.

Progress was made in efforts to combat major yield reducers of all ICRI-
SAT crops-drought 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 successfully 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, millel, 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 farmer, 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 \frica, 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. 
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ICRISAT's training activities expanded this year to take in more than 200 
participants. with a corresponding expansion in regional training efforts. 

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

ICRISAT has also strengthened its research base in A1rica 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 
project in Zimbabwe. These will serve as the focal points of research in West 
Africa and souLthern Africa, two major regions within the semi-arid tropics. 

We can thus look 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 

5 



Augmenting Genetic Resources
 

Unimproved crop lines traditionally grown by 
farmers, known as landraces, and their wild 
relatives growing in the natural habitat are an 
invaluable heritage of mankind. They need to 
be preserved, studied, and used judiciously 
to help crop production. With increasing 
urbanization and dependence on large-
scale agricultural projects, many such plant 
types 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. 
It added to its gene bank this year 3 505 new 
accessions of its five crops and 105 of minor 

millets, And a total of 54 434 seed packets 
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 s-rghum landraces. ICRISA Taims to use its collections for crop
improvement work that can lead to bettor future harvests 
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land on the verge of extinction. They thus 
add to the diversity of ICRISAT's total collec
tion, as do the new accessions in the other 
three crops.

The pigeonpeas have arange 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,
IS9302 and IS9323, 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 total of 400 pigeonpea accessions were 
screened for insensitivity to 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 millet 

ChicApea with mulplepods obtained by induced 
mutation in ICRISA T's genetic resources unit. 
Further experiments are in progress. 

PIeonpea landrace growing in a hilly area of 
Malawl.ICRISAT scientists have collected sam
p/os 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. 
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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 isrequired to identify 
and combat diseases, and thus to effectively 
counter the losses they cause. 

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

" studies on occurrence of diseases; 

o 	 identifying pathogens or disease-causing 
organisms; 

* 	 studies on survival and spread of patho
gens under various conditions; 

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

* 	 identifying sources of resistance to one or 
more disease,, 

* 	 testing stability of resistance over a range 

of locations-, 

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

The common wilt in sorghum: ICRISA Tscientists 

studied the disease and gathered information of 
use in controlling it. 
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Pearl millet lines susceptible (foregrond) and 
reslstant(background) to ergot disease. Several 
promlslng hues have ben idenhtfid and a new 
rtsistantconmposIe form 

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 perlormed 
well there. 

Two piCleonpoa 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 fusarinim wilt. 
thus combining resistance to the two most 
damaging pigeonpea diseases. Similarly, 

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-
SA F sorghum lines that can be a valuable 
source of downy mildew resistance for 

Grain-mold resistance found In colored-grain
sorghums has been transferred to a while
grcsined typo (inset). Farmers prefer the white 
grains for consumer acceptance, 

_d 
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Studying bud necrosis diseaso on groundnutsat ICRISA T Center inset shows close-up of a symptom. 

breeders worldwide In tests at that labora-
tory 75 sorghum lines previously identified 
as resistant to downy mildew were exposed 
to 16 isolates of the pathogen fromlArgen-

tina. Brazil, Ethiopia. Hondutas. India, Nige-

ria. and USA Reactions differed, but the 10 
hnes now identified all from ICRISAT's 
interrnational nursery for this disease--were 
resistant to all isolates of the pathogen 

At ICRISAT Center. several a.rgot-
resistant pearl millet lines were identitied as 

being resistant also to smut and dowry rmil-

dew, in addition tney have a good yield 
potential Based on these lines, a new coin-
pusite has b (onslituted breedcn to 
improved ergot-resistant varieties 

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

advanced screenirg nursery at Dharwad in 
soulthern 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 tnis is 
mainly because the lines are resistant to 
thrips, the insect that spreads bud necrosis 
by acting as a cairier oi 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 Unknowrn disease in northern India. 
ICRISAT scientists this year found evidence 

of its incidence, identified the cause as a 
specific ftingus, arid showed that it is trans
milled thr(Onugh the seed Similarly, the fungus 
causing fusarium wilt in pigeonpea was 
shown to be internally seedborne; genotypic 
differences in seed infection were also noted. 
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Promising pgeonpea line (center) resists wil and blight diseases, while that at riqhtis ivipedout. 

Preliminary results from tests at ICRISAT 
Center indicate that grain-mold resistance 
identified in colored-grain sorghums can be 
transferred to white-grained types Success-
ful 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 particular taxonomic seclion of 
wild relatives of groundnut to incorporate 
desirable genes into improved lines The 
traits those genes bestow include resistance 
to rust, late leaf spot. and bud necrosis dis-
eases. This i the first such use of those 
species. 

A modified enzyme-linked techniqcue V.as 
developed and ursed socctJssf[Ily by ICRI-
SAT groundnut scientists, in collaboration 
with the Peanut Collaborative Research Sup-
port Program (Peanut CRSP, USA), to iden-

tify peanut stripe virus in southeast Asia. The 
method can be used even incountries where 
specialist plant virology laboratories are not 
available 

That technique was also used to test seed 
of 745 groundnLt accessions originating 
from southeast Asian countries, now with 
ICRISAT s genetic resources unit, for the 
possibOle presence of peanUt stripe vius. All 
the tests were negative, confirming that this 
material can now be safely supplied to users 
around the world 

ICRISAT's work indisease resistance thus 
goes beyond the ineie identification or 
supply of improved lines. The numerous 
activities described here provide an effec
live research base from which scientists-at 
ICRISAT and elsewhere-can evolve resis
tant crop lines for the benefit of farmers 
worldwide. 
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Controlling Insects
 

Insects ire another major cause of reduced 
yields in food crops. ICRISAT's work in this 
area: is Eiso multipronged. In addition to 
studying resistance mechanisms and identi-
fying sources of natural resistance, ICRISAT 
scientists work on pest surveys, monitoring 
insect populations, biological control 
through parasites and predators, and irn-
proved agronomic practices, including safer 
and more efficient methods of applying pesti-
cides. The overall aim is to arrive at inte-
grated ptst management strategies that can 
help tarmes get better yields in their fields. 

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

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 advances 
is an ICRISAT pigeonpea, ICPL 332, the first 
Helio!his-resistant line to be entered in 
India's multilocational trials, which has been 
retained for further tests. 

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

Sorghum plants are screened in cages under induced insect pressure to identify shoot fly resistance. 
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Center iinder natu ral pest infestaiions Irna 
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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 into otherwise well-adapted 
sorghums. 

In Mali. resistance to head bugs was iden
tified in 3 of 11 sorghum cultivars tested. In 
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incidence considerably In a varietal trial for 

resistance to the caterpillar, carried out with 

scientists of the Niger mtional program and 
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In more basic research at ICRISAT Con

rer, a specific nticlear virus was shown to 
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ori efforts to control stem borers. 
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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-
lifying 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 Center in Niger, inocu
lation of a local landrace of pearl millet with 
the fungus increased the plant's uptake of 
phosphorus by several times. As phospho
rus is the most wanting element in soils on 
which pearl millet isgrown inWest Africa, the 
potential of that finding is encouraging. 

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

The studies will continue. 

Studying soil and crop responsos to mycorrhizal inoculation at ICRISA TSahelian Center. The fungus
has been found to aid crop growth in peartmillet 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 scientists in Mali and Niger to study 
how seedlings emerge under high soil 
temperatures. The ability of sorghum and 
m;,o, seedlings to emerge is a crucial factor 
that can help the plant survive the heat in the 
Sahel, where soil temperatures can reach 
550 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 timing of drought within the crop's life 
cycle, as well as its intensity, are both impor
tant in understanding hov. drought affects a 

Screening for emergence through soil crusts (left) at ICRISA T Center. At right, trainee at ICRISA T 
Sahelian Center. Niger, learns a technique to study plant establishment. 



Screening of chickpeas for drought tolerance at ICRISA T Center. Previously identified genotypic
'fferences were confirmed this year 

Groundnut lins being tested for drought toler-
ance at Anantapur In southern India. 

.,, 4for 

..... . ,, 

crop. Studying both timing and intensity of 
drought during grain filling in pearl millet, 
ICRISAT scientists qugtntified data over 2 
years and gathered information of value in 
selecting cultivars of proper growth duration 

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 oiityielded the local cultivar by nearly
50% in preliminary screening. They matured 
in 119-126 days, as against 142 clays for the 
local. Trials at ICRISAT Center confirmed 
the drought tolerance of 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 droughty site 
in southern India markeo by low and erratic 
rainfall. Two sowing dates were observed to 
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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 the local cul-
tivar, TMV 2; these lines had earlier been 
identified in trials at ICRISAT Center as re-
sistant to foliar diseases and tolerant of 
drought. 

This is reassuring, not merely because of 

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 capacity was low. 

The Making of Hybrids
 

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. 

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 ot seed for 

This pearl mdl/el hybrid, based on an ICRISA T-developed parent line, has done excepthonally well in 
Indian multilocational !rials.It is expected to be released soon to farmers in India. 

501
 

19 



the next planting. Pigeonpea breear 
But ICRISAT's mandate is worldwide and studies male-sterile
 

there are several countries in the semi-arid 
 line, to which bees 
tropics with well-developed seed producing will carry pollen
 
agencies. Recognizing this, the Institute has (inset), fertilizing it
 
also paid attention to hybrids, and its efforts andproducing


hybridseed.
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 millet hybrids, ICMH 451 and ICMH 
501. based on ICRISAT-bred parent lines. 
Yet others are the suiccess of sorghum
 
hybrids Hageon Durra 1 in Sudan and SPH
 
221 in India Officially released to Sudanese 
 .... " .
 
farmers in 1982. Hageen Diria Icontinued
 
to do well even during a general drought and ,
 
its seed is being Multiplied for planting on a
 
mr'uch wider area Authorities in India recoin
inended for release this 
 year ICRISAT ". \
 
sorghum hybrid SPH 221
 

A fairly complex process precedes these A V
testills Experiments Involving numelrous 
hrtS are laid oLIt, where the male parents in
 
curtain lines of bisexual plants- such as
 
surghurni arid pearl millet- are sterilized by
 
geetlic ,ntirventi(n The resultant female
 

wes ferlilized by pollen from other
arthu 

lines ca rried by .vind Not all lines so
 
criss(d iestjUf n hybrids capable of puOdLc-

Ing sufficiert seed Those that do are then
 
testedfr yield the nan criterion for setting

the process III notiori- first at research sta
tiWns. then) in)niultilocatirn Itrials by national
 
programs, which iiclude farmers' fields And
 
only those that resultUn signiticant yield gains
 
on-far rn anrd )rOduce grains of acceplabie 
quality are released to farmers 
To aid effectively in that process )fsoloc- Not all national programs have the infra

lion, sciontisls need to make detailed onser- structure to support this process, even if they
vations Male c.id female parents identified have a seed industry lhat can exploit its
for crossing have to flouwer at the sanie time results. This is where ICRISAT steps in, pro
and they have also t1,be resistant to major vidirng bas'c and strategic research support
diseases The genetic purity if the male arid to national programs that can be productive
female parents has to he constantly in their own s;tuations.
ensured And the process of 'rnidering some In sorghums, for example, ICRISAT 
selected lines male sterile is in itself quite scientists this year planted a detailed obser
delicate, requiring technical finesse. valion nursery in Burkina Faso, studied 45 
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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. 

At ICRISAT Center, similarly, sorghum 
scientists evaluated more than 300 female 
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 in lndia, 28 elsewhere in 
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 potential has not been 
exploited commercially. Because pgeon-
pea is a predominantly seit-pollinated crop, 

lines that are genetically male-sterile need to 
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 to several rows of the male
sterile line, from which fertile plants have 
been removed, This work has already 
attracted the attention of two private seed 
companies in India, 

Hybrids evolved by this process are being 
tested 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, itwill be tested further. 

To stabilize the future performance of 
pigeonpea hybrids across environments and 

So,ghun nursery grown in ButAina Faso to help identify suitable female pare,,t for makiTg hybrids. 

LV 
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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 usp 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 tv.,o 
male-sterile lines developed by ICRISAT is 

already being multiplied in anticipation of 
their likely release in 1986. One of those 
male-sterile lines, 81 A, 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 
contributed 8 of the 21 male-sterile lines in 
the Indian national program's seed parent 
furery. indirating that further advances cat 
be expected from this work. 

These are some ways in which ICRISAT 
scientists strive to strengthen the research 
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 tirnc -consuming process. Itis esperially 
so within ICRISATs riandate, given the 
gravity and range ol probleins in the semi-
arid tropics It nvolvcs Identfyunq prohlern C; 

If] S.-pecific Crlvirorrri ts Studying th grier-
JCs of speci ic (irop lines. an:( ; c 
iruiproved variet;os or hybrds that can resist 
the rajor i( and stai)ilize urlikJ eJdicers 
boo'st yeids it) oneu or mnore of tle given 
regions Such nproved lines then need tIche 
tested extensively hefore rele(ase, to afHiers 

Earlier pages in this pit hical ion t-l h(.rid( scr/ 
ICRISATs Mu lbtdisc'plihnary work on driugrt 

diseases,and insect pests Here thl; focus is 

Onl Scmfle end results 


Through cooperative endeavors with 
national agricultural programs. ICRISA F has 
attempted over the years to shorten the tine, 
lag involved in exchange of detailed crop 
ihformation and crop materials. More impor-

taftly, the involvement of national programs 
incollaborative testing at varou1 stages has 
speeded up the relas of crop lines t,) 
farr~ers. a decisior- thal rerfsairis the c:reroga
'uof the concerned national program 
[trIng 1985, several crop lins( -ve luped 

ofr,iml)ruv' d by ICHISAI scientflsfts reiac:hedor 
tanners vidifferent sits of the ,11r1 Among 
the lines so releaised oi recorruuirende for 
rihtsise wet. sever sotr irti , f0(1f i l 
tiulltis trire(e ( i)riis. chickleas,ipl( two 
a11uo a .nuuurujdnu1rd Many i others rec(hed 
advance'd stlage' of testing ruoving a ster) 
rnearetr release to famers 

Arruong s-ur(luure. ICRISAT hybrid SPH 
:)'1 was u:Wr drllfd(J release tor( fur 
faifres in Indla lot riiy-,eain cultivation 
It has beun teinarud (,SH I I by the Indian 
pr(g rani Ii ZIunbatjwe, Iwo ICRISAT 
sorghuii varieties r,(,ereea.sed under the 
iIL-nmes of SV 1and SV 2 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 
ISlAP Dorado in Venezuela. The last named 
variety has already been released in El Sal
vador and Mexico. 

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

Among pearl millels. ICRISAT-bred varie
ties continued to be increasingly important in 
India and in countries of Africa. Alter 6 years
of national lesting, 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 l)roducecd by the concerned agency fo 
distribution to farmers. 

In Niger, three pearl millet varieties -ITMV 
8001, ITMV 8002. and ITMV 8304. bred by 
ICRISAT in collaboration v'ilh the national 
program-were released to farmers for gen-
eral cultivation. 

Pearl millets now in advanced testing offer 
even greater promise. ICRISATs synthetic: 
variety ICMS 7704. tesled in Indiaf multilo-
cational trials over he last 5 years, equals 
the grain yield of the alreaciy-released ICMS 
7703 and gives 1,4% ror fodder It also 
gives 35% rniore fodder than the widely used 
r'ommercial hybrid BJ 104. and has a high 
level of downy mildew re;slance, making it 
the best dual-purpose variety identified so 
far ini the Indian trials Two other varieles 
were chosen for large-scale multiphica iOn 

and testing on farmers field,; int
Mali, as wais 
yet another in Ca meroon.Four nw varnotioee 
frorTi ICRISAT's cooperatve prograrri in 
Senegal, and two frorm the cooperative pro-
gram in Niger. are now inthe second series 

k 

ICRISA1 Ts pearl millet synthetic ICMS 7703 has 
boon /easod o,general cultivation in India. 

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

An ICRISAT pearl millet released earlier, 
WC-C75 (now identified as ICMV I ),con
tinued 1o be cultivated in India on a large 
scale, and resUilts from trials in Zambia indi
cafe that the variety may soon be released 
there Two varieties released in Senegal in 
1984 now occupy more than 15P6 of the 
millet area in their northern zone. These var
jetes are also low under extensive testing in 
Mali. 

ICRISAT's first groundnuLt selection to 
reach farmers will be ICGS 11 Itwas recoin
riended by the Indian national program for 
release in the central and peninsular zones 
of India. Suitable for irrigated copping in the 
postrainy season, ICGS It oulyie!ded the 
local controls by an average of 25 and 40% 
in adaptive trials in the two regions. 
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Three other groundnut selections from 
ICRISAT have reached the stage of adaptive 
trials in India. ICGS 44 was recommended 
for postrainy, irrigated cropping in India's 
western zone, which includes Gujarat, 
India's main groundnut-producing stale. It 
outyielded the four local cultivars against 
which it was tested by 16 to 39%. Similarly, 
ICGS I and 5 are being evaluated for rainy
season cropping in the states of Rajasthan, 
Punjab, Haryana, Uttar Pradesh, and Bihar. 

As irrigated groundnut cultivation has 
expanded greatly in central and southern 
India in recent years, the development of 
high-yielding, adapted cultivars-such as 

This ICRISA 7 groundnutselection, ICGS 44, Is in 
ptott 'lese adaptive trials inIndia for p0otrail.iriclaI ctotpno Anltheri/ISA T solection. 
IC(S / 1, irs a/toady ht ,n f l l oli 

4.:1 


This bold-seededgroundnut has been identified 
as sutable for the confectionary trade. 

ICGS I Iand 44---rs expected to have a sig
nificant impact on production.

The confectionary trade is among the 

la,rgest users of gLounrdnL . ICRISAT scien
tiLsts contiHtO d 13 selections v,ith larger 
s.(l, imipoved for the conlectionary trade, 
for wi i festing in India in the 1985 rainy 
S0i._S.0)season set Up ar internationalThey also 

rial for this purpose and sent 24 lines to 
researchers in 15 countries. 

Among pigeonpeas. ICRISAT's short
duration genotype ICPL 87 was released this 
year to farmers in India Its yields exceeded 5 
tonnes per hectare in a multiharvest system 
developed at ICRISAT AIthcuClh most 
-igoonpeas grouwn !i the world ale long
durtion, tall types, uisoally intercropped with 
a ncr,al, ICRISAT scienlists are confident 
that short-duration genotypes, like ICPL 87, 
have a greaf potential, even as a monocrop. 

But work continues simullaneously onl 
improving the traditional longer-duration 
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pigeonpeas, with wripfihasis on breeding for crop with wheat. ICRISAT's early-maturing 
resistance I; (It) Inrsects. rolhtr hybrid ICPH 8 gave an average yield of 2250a.se,s, iind 

stresses -1vv() such rnt.w ins we(e relna s(d kg/ha in 16 tests across India, 26% more 
this yvear f( 8831 renoamrr Maruli in Kut than the best control cultivar of the same 
'rat;Ika II(dila. arid ICP / I II5IJ freatrIr(i( growth duration 
\,muaiir 1f00a5w sweet lt.- se'(eds ar Very high yields were reported from trials,..,nicil 
t} d ~t4,,,vr~tl ratelgre.i Marrti, in several Countries of pir]orpeas supplied 

rO' taIrfl ,iLr ', It dls(ease llt' nore than 5 l ha in Argentinat(f lu a nIm,,viii by ICRISAT 
(Av itur ttt1( rrikimaniy 'ut i and more than thei) r ,.vh h'i'vte sufh Fhailand, and 3 t ha ini 

(),,% f()l , t'S(Il w/dX - th1o il.ol%("?,% Kci, mm a| PhihI ppi tes 

I- st itl () t,.vro (listIs .,ftii;,ti.n rrltill aridl lin chickpeas, ICRISAI's kabul lype ICCC 
,triity itisi: l wit ir) tnr phy wilt and root rots andiri nonlef 32, wilh resistance to 
to ltiior sorme lolin:irce of t lelothln pod borer andhIrIhl 

I .'.') o.t-w (( ISA ;)i ,cipei. (lid soil salinity, has been,ideontified lor release In 
.f ] III fe iu:(A India's northwest plains It has also been, Iti l, l Iiino n 'im 

lith i rl a ; 'trn r(Irof rlo(I fl ileast in tested in prerelease( trials In cenral India, 
ntitnffi:, t *' , n i(ily Il us IentIIr,(I where it i)otyielded the control by 300o 
i'.(:lCII t r , ,oor!,',oor i n]lrK :t ritlate Another kabiili geno(ype.(GNG 149, selected 
cgcrni(ly.':.i01 1;1rg (oltred IClISAI l by breeders the11'3' (jrt(irl frorr rialerr at 
seeJs. hIIi(I'tyrId!Ii and hi Irleranc to Srigangangar Agricultral Research Sta
st ilily rro; m i (tiii) hiseo wS a rotation ion In Rajasthan. India, has been identified 

26 



for release in India's northwest plains. 
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 oistributed for demonstrations in 
peninsular india. Similarly, seed of ICCC 37, 
a high-yielding desi chickpea, was supplied 
on request to the Government of Andhra 
Pradesh in India for large-scale multiplica
lion 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 ICRISA T chickpea has been identified for 
releasein the north west plains of India. 

4,ig)Vonpeanhybrio 

-.
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Scientists discuss ICRISAT's early-maturing
lCPH8, whiich gave goodyields 

across 16 test locations in Indka. 

In Nepal, two ICRISAT chickpeas, ICCC 4 
and ICCC 13, continued to yield well, w!,Jle 
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 impac! on 
production wherever these crops are grown, 
iCRISAT continues to provide national pro
grams with selected breeding material that 
can be used in their own crop improvement 
efforts. 

Thus, ICRISAT's strategic research on 
genetic 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-
duction is yet another facet of ICRISAT's 
research. ICRISAT scientists study rany 
factors to assess the cropping patiens 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 studied in 
relation to crop production, so that crops can 

b( olanned for specific weather trends. 
AqgrDnomic studies identify the crops, varie
ties, crop comoinations, 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 responses to 
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 resources in 
cooperation with national agencies and 
other specialized research institutions. It 

Millet plot at left was fertilized with locally produced rock phosphate, showing dramatic gains over the 
control plot (right). This work was carried out at the ICRISA T Sahelian Center. in collaboration with the 
International Fertilizer Development Center 
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recoghizes 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 
Int ..,tional Fertilizer Development Center, 
conirned lhat 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 farner-managed and researcher
managed tests in four villages in Burkina 
Faso. The package includes runoff-reducing 
bends made from field rocks, nechanically 
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 corn
plete farmer management. 

In collaborative work in Niger with scien
tists of the International Institute of Tropical 
Agriculture, impressive cowpea yields were 
noted. The growing period of some new 
early-maturing cowpeas was found to range 
between 55 arid 70 days after sowing. The 
highest grain yield obtained in a sole crop 
was 1760 kg/ha, with minimal insecticide 
protect!on. 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 an inter-
crop v :,nmillet. 

Tillage studies over 2 years in sandy soils 
in WVest Africa showed that ridging has many 
advantages. It loosens soil bulk density and 

-

WorA shop particpants viewagrolomsty expen
intts at ICRISA T Center. 

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

At 	the ICRISAT Sahelian Center in Niger, 
combining crop residues (pearl millet straw) 
with fertilizers has given a t 0-fold increase in 
yield. Tillage experiments on red soils at 
ICRISAT Center gave several valuable 
insights: 
* off-season tillage enhanced water infiltra

tion and enabled earlier sowing; 

9 	 tillage without soil inversion reduced 
crusting and sealing because it left sandy 
soil on the surface; 
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Early-maturing groundnuts (foreground) being studiedat the ICRISA T Sahelian Center, where collabo
rative experiments with the International Institute of Tropical Agriculture confirmed the benefits of 
intercropping cowpea and nillet (background). 

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

* 	 subsoiling of deepe, red soils increased 

dry-matier production. 

Collaborative experiments with Indias 
Central Research Institute for Dryland Agri-
culture, conducted in farmers fields in the 
droughty 1985 rainy season, showed that 
simple hard-rmelrfing eqiipmeilt coverted 
as much area In the same tunre and gave a,; 
good sorghurm yields as mechanical seeo( 
and-fertlilize'r drills But the latter saved la)iii 
by 50' L and gave 120 11nur pigeo(npea 
yields 

Data from long-term crop-rotation experi-
nients on black soils at ICRISAT Center were 
analyzed. Initial results confirm the good 
residual effects of grain legumes, which fix 
nitrogen biologically Grain yields of rainy-
sea son sorghLnn with no added fertilizer 
Increased from 1.400 to 3-00 kg ha where 
an intercrop of pigeonpea and cowpea was 
grown the previous year. 

Experiments over 3 years on black soils in 
India showed that gerninalion and emer

gence of cereal crops were not adversely 
affected by placing fertilizer with the seed.

Testing continued in several Indian states 
dl ICRISAT's watershed-based technology 

for double cropping deep black soils. That 
technology was adopted and modified soc
cessfully orr a wide scale by Karnataka's 
Department of Agriculture in 1984. 

Recognition of that success has come in 
an Indrrect way The Government of India, 
avvare of the nieed for greater attention to 
dryland agricultitre, ias created a national 
V,.var sned development pr ogram fot rainted 
ag(uIlture and appointed the previous 
)iri!ctor of AgIcultr In Karnataka as the 

Acii(:oltiouf Production Cormmissioner in 
New Delhi 

In a workshop held at ICRISAT on training 
iieeds lot _ryland agricolturc,, with particular 
teference to ICRISATs technology for deep 
black soils, specific training needs were 
identified. Meeting lhose needs will require 
strong collaborative efforts involving India's 
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national institutions, agricultural universities, 
and ICRISAT. 

Analyzing weather and production trends 
over the past two decades in Sahelian West 
Africa, ICRISAT scientists found the down-
ward trend in groundnut yields related to a 
decline in rainfall that had resulted in a shor-
ter growing season. That finding addresses a 
specific problem in some African countries, 
once exporters of groundnut: how to 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 at 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 
farmers' 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. 
Some specific practices were evolved that 
can be transferred fairly quickly. Other find
ings indicated the potential of continued 
research, and yet others gave useful insights 
for long-term planning. 

Studying Farmers' Options
 

ICRISAT conducts socioeconomic studies, 
in addition to its bioscientific research. Such 
S[udies aim both to identity 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 maiketed 
groundnut. 

ICRISAT economists analyzed income 
levels over 9 years of ' 04 rural households in 

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 that 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 housefhold income) on 
smoothing fluctuations inincomes of farm 
households in India. As the farmers derive 
their income from severa: 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 rural households from sharp 
fluctuations in income and consumption. 
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The economists found in another study, 
though, that improved crop lines can yield 
sufficient benefits at the national level to 
offset any regional or sectoral variations they 
may accentuate. Thus, research on varieties 
and hybrids that can stabilize yields, by 
retaining and enhancing resistance to yield-
reducing factors, 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 in rural India suggests that nutri-
tional status, health, wealth, skill, and caste 
all play a part. for both men and women. But 
both nutritional status and caste figure more 
prominently for women than for men. 
Whether the woman comes from a nuclear 
or an extended family does not seen to 
affect her decision to work in this context, a 
finding at variance from the situation in devel-
oped countries. Women also seem to will-

ingly work longer hours than men, carrying 
their young 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 418% 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 village 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. 

ICRISA Teconomist discusses rock-buna experiment with farmers in Koho village, Burkina Faso. 
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the best results obtaind ,.vherorunoff tends They recorded the market prices and 
to be higli arid where the bonds allo)wed less measured seven traits of the groundnut sam
water If seep lhrough pies that both traders and groundnut breed-

While ;r her research would be rreded to ers considered important A mathematical 
pinpoint ar oa s wh(re the rock-biinal syster model was then designed to relate the prices 
can wor, well, p o,iminary uiilerviews nd - tu those quality characterislics The analysis 
cate that farmers advice may be very usefUl indicated that shelling percentage, oil con
in identifying suitable land configiiratOi S for lent. and 100-seed weight were important, 
this technology Nearly all farmers re)orftd but damaged or infested seeds had a lesser 
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from five grain markets in Andhra Pradesh whether they relate to improved varieties or 
and Gujaral. India better ways to manage availabe resources. 
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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 countries oifering research advice and 
guidance to students and technicians. 

During 1985, there were 195 participants 
from 49 countries in training programs at 
ICRISAT Center, with the content of training 
varied to match 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 conducts phvsiological experiments w/th goundnuts 
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Student from Mali selects qroundinuthines for his breeding exporiment 

part in intensive skill-development programs 
in plant patnology, entomology, agroclima-
tology, crop improvement, microbiology, or 
farm development, 

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

Eighteen postdoctoral fellows from to',r 
countries were at ICRISAT Center during the 
year. Seven of them completed research on 
optimizing use oi light and water, insect pop-
ulations and migration patterns, on-farm 
research, effects of land fragmentation, 
genetics of disease resistance, or nema-
tology. 

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 
responses and heritability estimates in 
grouindnuts, 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 
conducted. 

A second 6-week in-service training pro
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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
grarn aimed at strengthening the abilily of 
participants to cariy 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-
ing, and on survey research methods 

The sixth international training course in 
pineonpea and chickpea patho!ogy v/as 
conducted, with 16 participants from 9 
ccuntries -Bangladesh, Chile, Ethiopia, 

.. ........
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In-seuice ttainee from the Philppinesexamines short-duration pigeon)pea. 
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India, Mexico, Nepal, Pakistan, Syria, and 
Thailand. 

Six scientists from four Central American 
Countres-Costa Rica, El Sa,vador, GUa-
temala, and Mexico-- received in-service 
training for 5 nmotihs with ICRISAT scientists 
based in Mexico. Sorghum breeding and 
agronomy were the focus of this trainng. 

The ICRISAT Sahelian Center trained six 
students from Niger during 1985 in addition, 
Sludenit ' from the Agricultural Technical 
School in Niger attended a I -week course at 
the Sahelian Center to gain practical expe-

rience, with annial traction, rainfall simula
ton, farm equipment, ard agricultural 
surveying 

In Burkina Faso, two students worked on 
their thesis research with ICRISAT scientists 
oinSto~g, a weed that affects sorghUm and 
millet ard a third on a sorghum physiology 
problern A postgraduate Student from 
France participaed in Stlga research for his 
degree. 

ICRISAT thus offered Substantial training 
support during 1985 to scientists and 
national programs worldwide. 
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Strengthening the Research
 
Base in Africa
 

Africa contains a major part of the world's 
semi-arid tropics. Arid considering the gray-
ity of the continent's food 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 in India, Latin America and several 
other parts or the serni-arid tropics, Africa 
always remains an '-imrtor!nt focus, 

Many scientists are posted at African loca-
lions, 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 cooperative 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
ling up of special projects, oiten through cos
ponsorship. ICRISAT has set up the ICRISAT 
Sahelian Center at Sador6, near Niamey, 

ICRISA T trainingofficer explains phosphorus deficiency symptoms in sorghumn to local researcher in 
Zimbabiwe. 
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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 
Chikedze, near Lilongwe, Malawi; and an 
eastern 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 already 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 5e completed late in 1987 The 
Sahelian Center will then become a full-
fledged research fac,!:ty focusing its work 
on the problems of the Sahel. 

Considerable progress was also made in 
constructing laboratories, a training center, 
and houses for local staff in the regional 
sorghum and millet program based at BLula-
wayo, Zirnbabwe. Through consultations in 
the region, research needs and priorities 
have been 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 Developrent. 
Other donors have now come forward to 
support the venture. 

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

Regional workshops were also held on 
groLndnul, sorghum, and pearl millet in east
ern, southern, and West Africa. Research, 
adaptation, and strenglhening of coopera
rive networks were the focus of attention in 
all five workshops 

Exchange of scientific visits during the 
year helped lend greater locus to ICRISAT's 
efforts. Scientists and technical staff from 
ICRISAT spent from several weeks to sev
eral months at one or more African locations. 

Constuctloo makes headway at ICRISA T's southern Alrican regional cereals Improvement prolect,
based at MUaopos,near Bula wayo,Zinbabwe. 
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In Other Research
 

* 	 Work continued on developing five broad-
based sorghum populations, incorporat- 
ing multifactor resistances. Each of those 
population,,,,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 usd in 
further crossing. 

pigeonpeas, solarization* 	 In research on 

was found to ha/e marked stimulatory 
effects on growth and yield. Soil solariza-
tion is a technique of healing the soil by 
covering it with transparent polythene 
sheets during the summer. The technique 
has so far been used primarily to control 
soilborne 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 populations, and 
crihanced 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 lauriched its Asian Grain 
Legumes Prograni by appointing a Coor
dinatoi, 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 in a 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) 
MG. Wedeman, Assistant to Director General 
SP. Ambrose, Principal Government Liaison Officer 

and Principal Adminisftrater 
B.C.G. GunaseKera, Principal Soil and Water Scientist 

(International Coopraton) 

SJ Phillips. Special Assistant to Director General 


for Educational Affair,; 
V. Balai bra nanian Senior Executive Officer 


(D~irector General's Office) 

Joyce Gay, Senior Administrative Secretary 


to Director General 

M.S S. Reddy. Scientist (from May, on contract) 
Sunetra 	Sagar. Senior Admnistrative Secretary 


to Director of Research 

S. Krishnan, Senior Administiative OfficerS.nKrhnaneior Coo inierati OD.C.(International Coop~etahion) 
S. Rairiacliandran. Acimni trarve Officer 

(International Cooperation)
D MIlra, Fiscal Manager 

A Banerji Assistant Manager iFiscal) 
VS Swamninathan, Senior Accounts Officer 
A N Venkatiswarn y. Accounts Officer 
C P. Ralagopalan, Accounts Officer 
P A VN. Kuriud Nath, Accounts Officer (froin March) 
B K John, Personnel Manager 
Y Bharadwaja. Assistant Personnel Manager 

(until July) 
N.S L. Kurnar, Senior Personnel Officer 

P Suryanarayana, Senior Personnel Officer 

R.Vaidyanathan, Purchase and Stores Manager 


(on sabbalic leave from October)
 
C.R. Krishnan, Assistant Manage, (from June) 
K P. Nair, Senior Purchase Officer 
D K. Mehta, Senior Stores Officer 
D.V Rama Ratu, Senior Purchase Olficer 

K.C. Saxena, Stores Officer 
K R Nalarajan, Shipping and Purchase Officer 
S K. Dasgupta, Senior Scientific Liaison Officer 

(Visilors' Services, until February) 
A. Lakshrninarayana, Scientific Liaison Officer 

(Visitors' Services) 
Harish Sethi, Scientific Liaison Officer (from May) 
K.K. Sood, Senior Security Officer 
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. Jagann.dham, 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
 

ard Acting Director (until November)
 
K. Anand Kumar, Principal Millet Breeder
 

and Team Leader Millet Improvement Program
 

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

M',' K. Sivakumar, Principal Agroclimatologist
 
D.S C Spencer, Principal Economist 
M.C. 	Klaij, Principal Soil and Waler Management
 

Scientist
 
C.A. Giroux, French Wriler/Editor 
B.D. Marvaldi, Project Development Officer 
P.G Serafini, Research Fan tanarer 
PGSrfnRsac amMn~c
 

Goodrman Jr, Regional Administrative Officer
 
L.K Fussell, Principal Millet Agronomist
C. Renard, Principal Agronomist and Team Leader,

Resource Managemcn Prograr (from April) 

J. 	Werder, Principal Millet Pathologist 
(from February) 

A. Batiano, Principal Soil Chemimst (ICRISAT/IFDC) 
Mainmouna 	S. Dicko, Principal Aniiial Nutritionist 

(ICRISAT/ILCA) 
B.R 	 Nlare, Principal Cowpea Breeder/Agronomist 

(ICRISAT/IITA) 
R.C. 	Chase, Principal Soil Scientist 

(Texas A&M University) 
L. Marchais. Principa, 3--fic-1 IORSTOMiS. Tostain. Pr'r I~a Gomicist (l.'R IUM)
A. Tekete. Principal Agronomisl(Uniersity of 

Iofenheirn, from April) 
TJ Stomph, Research Assistant 
P. Ouedraogo, Research Assistant (ron February) 
Solange D. Gabriel, Executive Assistant, Liaison 

Burkina Faso 
C.M. Pattanayak, Principal Sorghurii Breeder 

and Team Leader 
K.V 	 Rarnaiah, Principal Cereal Breeder-Stiga 

(on sabbatic leave from December) 
S.N. I.ohani. Principal Millet Breeder 
P.J Mallon, 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. Lingaii, Administrative Assistant, Accounts 
B. Ouedraogo, Administrative Assistant, 

General Services 

Mali 


J.F 	Scheuring, Principal Cereals Bieeder and 
Team Leader 

S.V.R. Shetty, Principal Agronomist
 
S. Toure, Administrativf: Officer 

I Kassambara, Compu:er Analyst (from April)
 

Nigeria 
SO Okiror, Principal Millet Breeder 

Senegal 


SC. Gupta. Principal Millet Breeder (until October, 
on sabbatic leave. April-August) 

Kenya 
Brhane Gebrekidan, SAFGRAD/ICRISAT Coordinator 

for Sorghum and Millet, Eastern and Southern Africa 

Sudan 

R P Jain, Principal Millet Breeder 

Malawi 
Regional Groundnut Improvement 
Program for Southern Africa 
PR.ora frncipl A tSouenut at 

KR.Bock. Prncipal Groundnut Pathologist 
and Team Leader 

SN Nigarn, Prirc:pal Groundnut Breeder 

Zimbabwe 
SADCC Regional Sorghum and Millet 
Improvement ProjectLmrouemret Mer 
L R Ho u s e P ro e c t Ma nag erar 

W. Williams, Administrative Officer 

A B Obilana, Principal Sorghum Breeder (from July) 

S.C Gupta. Principal Millet Breeder (from October)


E W oon FarDeelopriet SpciaistKEW Nunn, Farmn Developm entSpecialist 

(until May) 
D.S Bisht, Farm Development Specialist (from June) 
W A J de Milliano, Principal Cereals Pathologist 

(from Decernber) 

Syria 
K.B. Sogh, Principal Chickpea Breeder 
MV. 	Reddy, Principal Chickpea P ithologist 

(until February) 

Pakistan 
M.S. Rahman, Principal Chickpea Breeder/Plant 

Pathologist 

Mexico 

VY.Guiragossian, Principal Sorghum Breeder 
C.L. Paul, Principal Sorghum Agronomist 

Research Programs
 

Sorghum 

SZ Mukuru, Principal Plant Breeder 

and Program Leader 
L.K. Mughogho, Principal Plant Pathologist 

J.M Peacock, Principal Plant Physiologist 
K. Leuschner, Principal Cereals Entomologisl
DS.Murty, Plant Breeder (on sabbatic leave 

from June) 

Belurn VS Reddy, Plant Breeder 

(on sabbatic leave until April) 
B L Agrawal. Plant Breeder 
PK Vaidya, Plant Breeder (from April) 
N. Seetharama, Plant Physiologist 

(on sabbatic leave until Augustl 
R K Maiti Plant Physiologist (until January) 
P. Soman, Plant Physiologist 

Suresh Pande, Plail Pathologist 
R. Bandyopadhyay, Plant Palnologisl 
S L. Taneta, Entomologist 
H C Sharma, Entorrolc 1:Jt-
H D. Patil, Seniur Resuoach Associate 

S P. Jaya Kumar. Admlinistrative Officer 
P Ramesh, Pt-;earch Fellow 
N.F. Beninal,.International Intern 

(from October) 

Pearl Millet 

S B King. Principal Plant Pathologist
d P o a m L d e
 

arid Program Leader
 
F.R 	 Bidinge, Principal Plant Phsolgs 
R ie Principal la reeder
K Lee, Principal Cereals Microbiotogist

a.Pl n r e e 
K N Rai Plant Breeder 
B S Talukdar, Plant Breeder 

Singli. Plant Breeder
S B Ch .van, Plant Breeder 
G. Alagarswamy, Plant Physiologist 

(on sabbatic leave until October and
 
on secondment from November)
 

V. MahalaKshmi, Plant Physiologist 
S D Singh, Plant Pathologist 
R P. Thakur, Plant Pathologist 
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S.P. Wani, Microbiologist 
K.R. Krishna, Microbiologist 

Nirmala Kumar', Administrative Officer 

P.O. Crauturd, 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 Agronomist 
H A. van Rheencn, Principal Plant Breeder, Chickpea 
J. Arihara, Assoiate Physiologist (from May) 
N.Ae, Associale Microbiologist (from May) 
K. Okada, Assistant Microbiologist 


(from December) 

K.C. Jain, Plant Breeder, Pigeonpea 
K.B Saxena, Plant Breeder, Pigeonpea 

S C Gupta, Plant Breeder, Pigeonpea 

Harjil Singh, Plant Breeder, Pigeonpea 


(until October) 

DM Pawar, Set or Agricultural Officer
 

(Cooperative TriaL, 

MD. Gupta, Senior Research Associate
 

(on study leave) 
Onkar Singh, Plant Breeder. Chickpea 
C L L Gowda. Plant Breeder. Chickpea 
SC Sethi, Plant Breeder. Chickpea 
Jagdish Kumar, Plant Breeder, Chickpea 

(on sabbatic leave until July) 
J H Miranda, Senior Research Associate, Chickpea 

O P Rupela, Agronomist (Microbiology) 

J V D K. Kumoar Rao, Agronumist (Microbiology) 

N P Saxena, Agronomist (Physiology) 
Y S Chauhan. Agronomist (Physiology) 
N V Ratnam, Senior Research Associate 
SS Lateef, Entomologist 
S Sithanantham. Entomologist 
M P Haware Plant Pathologist 
MV Reddy, Plant Pathologist (from March) 
A M Ghanekar Plant Pathologist 
VS Bisht. Research Fellow (until September) 
DR Dent. International Intern (until December) 
I S Dundas, International Intern 
S Dwivedi. Research Fellow (until October 
S B Sharma, Research Fellow (until November) 
PK Anand Rao, R,-earch Fellow 

Groundnut 

R.W. 	 Gibbons, Princ. pl Plant Breeder 
and Program LeaCe., 

D. McDonald, Principal Plant Pathologist 
D.VR. Reddy, Principal Plant Virologist 

J.H. Williams, Principal Plant Physiologist 
J.P. Moss, Principal Cytogeneticist
 

(on sabbatic leave until October)
 
J.A. Wightman, Principal Entonologist 
L J. Reddy, Plant Breeder (on sabbatic
 

leave from July)
 
P. Subrahmanyam, Plant Pathologist 

(on sabbatic leave until 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, Cytogenelicist
 
D C. Sastri. Cytogeneticist
 
SI. Dwivedi, Plant Breeder
 
R C. Nageswara Rao, Plant Physiologist
 
GV. Ranga Rao Entomologist (from July)
 
P. Subrahmanyam, Administrative Officer
 
SN. Azam Ali, International Intern (until October)
 
K.M Dick, International Intern
 
M. Dulta, Research Fellow (until December)
 
H.A Hobbs, International Intern 
S. Nahdi, Research Feilow 

Resource Management 

M von Oppen, Program Leader
 
(from October) and Program Leader,
 
Economics (until Soptember)
 

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

SM Virmani, Principal Agroclimatologist 
(on sabbalic leave until August) 

J R Burford, Principal Soil Chemist 
C.W 	 Hong, Principal Soil Scientist 

(ICRISAT/IFDC) 
C K Ong, Principal Agronomist, 

Cropping Systems 
A B S King. Cropping Systems Entomologist 

(ICRISAI /TDHI) 
R	J Van Den Beldt, Principal Agronomist, 

Agroforestry (from March) 
A Schult, Assistant Engineer 

Soil Fertility Unit, (ICRISAT /University 
of Hamburg, fron Decernber) 

K B Laryea, Principal Soil Physicist 
(from Novemberi 

T Takenaga. Principal Agricultural Engineer 
T S Walker, Principal Econornist (frorn June) 
R A.E Mueller Principal Economist 
D Sharma, Coordinator, On-farm Research 
Piara Singh, Soil Scientist 
A K S Huda. Agroclimatologist 
K.L Sahrawat. Soil Chemist 
TJ. Rego, Soil Scientist (on sabbalic leave 

until October) 
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K.P.R. Vittal, Soil Scientist (until June) 

M.R. Rao, Agronomist 

MS. Reddy, Agronomist (on leave from November) 

M. Natarajan, Agrooniist 

C.S. Pawar. Entomologist
 
A.A.H. Khan, Engineer 

Sardar Singh, Soil Scientist
 
K.L. Srivastava, Agricultural Engineer 

RK. Bansal, Agricultural Engineer 

R.C. Sachan. Agricultural Engineer 

Prabhakar Patlak, Agricultural Engineer
 
N.K. Awadhwal. Agricultural Engineer/Soil Physicist 

S.K Sharma, Senior Research Associate
 
VM Mayande Engineer 

N S Jodha, Senior Economist 

RN Athavale, Scnior Hydrologist 


(from June, on contract) 
R D Ghodake, Economist (on leave 

from Septenber) 
R P Singh. Economist 
KG Kshirsagar. Senior Research Associate 
K V Subba Rao. Senior Research Associate 
M J Bhende, Senior Reseach Associate 
R S Aiyer, Senior Admirnistrative Officer 
Surendra Mohan, Senior Administrative Officer 
R T Hardinan, International Intern (until May) 
K A Dvorak, International Intern (rom January)N V Narasrmhan, Research Fellow 
V Ballabh Research Fellow 

Support Programs 

Biochemistry 

R. Jambunathan. Principal Biocherlist 

Umaid Singh, Biochemist (on sabbatic leave 

until September) 
V Subramanian, Biochemist 
S Sivaramakrishnan. Plant Biochem ist/Physiologist 

(from June) 
T A Krishnarnurthi. Senior Administrative Officer 

(from Augusl) 
Sanlosh Gurto, Senior Research Associate 
M S Kherdekar, Senior Research Associate 

Electron Microscopy 

A K Murthy, Engireer 

Genetic Resources 

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

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

K.E. Prasada Rao, Senior Botanist 

R.PS. Pundir, Botanist 
V. Ramanatha Rao, Botanist 
S. Appa Rao, Botanist (on sabbalic 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 sabbaic 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, HeadHL hmsn la 
JIB Wills, Research Editor
Susan D. Feakin, Research Editor 
SR. Beckerrnan, Visiting Research Editor 

(until August) 
S.M. Sinha, Assistant Manager, Art and Production 
DR. Mohan Raj. Editor 
Madhu Reddy, Editor 
J J Abraham, Editor (from August) 

H S Duggal, Senior Photographic Supervisor 

G K Guglani. Senior Art Visualizer 

T R.Kapoor, Senior Composing Supervisor 
A Antonisarny, Printshop Supervisor 
N.V N. Chari, Administrative Officer 

Statistics 
B. Gilliver, Principal Statistician 

(on sabbalic leave from July) 
Murari Singh, Statistician 

Computer Services 

JW. Estes, Computer Sarvices Officer 
S.M. Luthra, Assistant Manager (Computer Services) 
J. Sai Prasad, Assistant Manager (Computer Services) 
T.B R.N. Gupta, Senior Computer Programmer/Analyst 
C. Kameswara Rao, Corrputer Programmer/Analyst 
J. Gnanasekharan, Computer Programmer/Analyst 

(from October) 
S.V. 	Nanda Kishore, Computer Programmer/Analyst 

(from December) 
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Library and Documentation Services 

L.J. Haravu, Manager 
P.K. Sinha, Senior Documentation Officer 
P.S. Jadhav,Library Officer
PS. adav , Library O r 
S. Prasannalakshmi, Library Officer 

Housing and Food Services 

G.W. Conover, Manager 
S. Mazumdar, Assistant Manager (Food Services) 
BR. Revathi Rao, Assistant Manager (Housing) 
D.V Subba Rao, Assistant Manager (Warehouse) 

Physical Plant Services 

VP. McGough. Manager (from May) 
P.M. Menon. Assistant Manager (Administration) 
Sudhir Rakhra, Chief Engineer (Civil) 
D. Subramaniani. Chief Engineer (Electrical) 
C K Belliappa, Assistant Manager (Workshop. 

from May) 
SK VK Cha, Senior Engineer (Electronics and 

Instrumentation, on study leave) 

N.S.S. 	Prasad, Senior Engineer (Electronics and 
Instrumentation) 

A.R. Das Gupta, Senior Engineer (Communication)
D.C. Raizada, Senior Engineer (Airconditioning)NV. Subba Reddy, Horticulture Officer (until August)
DVS emEgne Mciehp
D.VS. Verma, Engineer (Machineshop) 

R.Thiyagarajan, Engineer (Automobiles) 
AN. Singh, Engineer (Heavy Equipment and Tractors) 
S.W. Quadar, Engineer (Office Equipment) 
K.R.C. Bose, Engineer (Civil)
 
VS.Raju, Senior Secretary (until July)
 

Farm Development and Operations 
D.S. Bisht, Manager (until May) 

SN. Kapoor, Manager (Farm Operations) 
SK. Pal, Senior Plant Protection Officer 
K. Ravindranath. Senior Engineer (Farm Machinery)
 
M. Prabhakar Reddy, Senior Agricultural Officer
 
M.C. Ranganatha Rao, Senior Engineer
 
S. Abid Ali Khan, Agricultural Officer
 
NV. Subba Reddy, Horticulture Officer (from August)
 
K. Santhanam, Senior Administrative Officer
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ICRISAT 
Governing Board-1985 

Dr. J. L. Dillon, Chairman 
Dept. of Agricultural Economics 

and Business Management 
University of New England 
Armidale, NSW.2351 
Australia 

Dr. N. S. Randhawa, Vice Chairman 
Director General, Indian Council of 

Agricultural Research (ICAR) and 
Secretary to the Government o India 

Department of Agricultural Research 
and Education 

Krishi Bhavan 
New Delhi 10 001 
India 

Dr L D Swindale. Ex-Officio Member 

Director General, ICRISAT 
ICRISAT Patanchert, P0 

Andhra Pradesh 502 324 
India 

Mr M Subramanian 
Secretary to the Government of India 
Ministry of Agriculture 
Krishi BhavanNew Delhi 110 001 
India 

Mr Shravan Kumar 
Chief Secretary to the 

Government of Andhra Pradesh 
Secretariat 
Hyderabad 500 022 
India 

. P L. Adkisson 
Deputy ChancrIlor for Agriculture 
Texas A&M University System 
College Station 
Texas 77843 
USA 

Dr, C Charreau 
Director for Coordination and Programs 
Institut de Recherches Agronomiques 

Tropicales e des Cultures Vivrieres (IRAT) 
45 bis Avenue de la Belle Gabrielle 
94130 Nogent sur Marne 
France 

Dr. N. L. Innes 
Head, Plant Breeding Division 
Scottish Crop Research Institute 
Invergowrie, Durdee 
Scotland 

Dr. J. Kabore 
Program Officer 
World Food Program 
B P. 620 
Nouakchott 
Mauritania 

Dr. K. Kumazawa 
Professor of Plant Nutrition and Fertilizer 
Faculty of Agriculture 

University of Tokyo 
Bunkyo-ku, Tokyo 
Japan 

Dr F. V. MacHardy 
7817 Saskatchewan Drive 

Edmonton, Alberta 
Canada T6G 2L3 

Dr. W. T Mashler 
4 Woody Lane4WoyLn 
Larchmont, New York 10538
 
USA
 

Dr. J. Moncada de la Fuente
 

Consevo Directivo de la Investigaci6n Agricola,
 

Pecuaria, Forestal y Agroindustrial de Ia Sarh 
Dickens 52-401 
Colonia Polanco 
11560 Mexico D F 

Dr. P MUller 
Deputy Head, Dept of Agriculture, 

Health and Rural Development 
Deutsche Gesellschaft fur Technische 

Zusammenarbeit (GTZ) GmbH 
Postfach 5180, D-6236 Eschborn I 
Federal Republic of Germany 

Dr P M A Jigerstedt 
Department of Plant Breeding 
University of Helsinki 
00710 Helsinki 
Finland 


