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Cover: Two faces ofthe Sahel. the general en vironment,desert-likeand hostileto cropproduc.. 
tion; anda happy farmer (inset)in Gaya village,Niger, with hismillet harvest,aided by research. 
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About ICRISAT
 

ICRISAT is one of 13 international centers in a worldwide researchnetwork devoted to improving food production in less developedcountries. ICRISAT's mandate is to improve the yield, stability, andfood quality of five crops basic to life inthe semi-arid tropics (SAT) andto develop farming systems that will make maximum use of the humanand animal resources and the limited rainfall of the region.
The seasonally dry semi-arid tropics are spread over nearly 20million square kilometers and cover all or parts of 50 nations on fivecontinents. They include much of South Asia, parts cf Southeast Asia,West Asia, and Australia, two wide belts of Africa, areas of SouthAmerica and Central America, and much of Mexico.
The SAT is a harsh region of limited, erratic rainfall and nutrientpoor soils. It is populated by more than 700 million people, most ofwhom live at subsistence levels and depend for their food on the

limited production of small farms. 
The crops researched by ICRISA Fare sorghum and pearl millettwo of the major cereals in the SAT-and chickpea, pigeonpea, andgroundnut, the most important food legumes of the region. Groundnut,rich in oil, is also an important cash crop for the SAT farmer. The fourothers are all primarily subsistence food crops; over half the totalproduction of each-in some places nearly all of it-is consumed on

the farms where it is grown.
ICRISAT's headquarters are at Patancheru, India, 26 km northwestof Hyderabad, but it also has scientific staff posted inseven couniriesof Africa, in Mexico, Pakistan, and Syria, and at five cooperativeresearch stations of agricultural universities in India. Principal operations inAfrica are in Burkina Faso, Kenya, Malawi, Mali, Niger, Sudan,and Zimbabwe. Scientists were previously posted also in Nigeria andSenegal, but funding for these positions has ceased. The search isonfor a suitable site to locate a West Africa regional program forsorghum. The two main bases for ICRISAT's future work inAfrica, ascurrently envisaged, will be at the new Sahelian Center near Niamey,Niger, and the SADCC/ICRISAT sorghum and millets improvementprogram at Ivlatapos, near Bulawayo, Zimbabwe, set up in response toan invitation from the nine-nation Southern African Development

Coordination Conference (SADCC). 
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Introduction
 

Africa's continuing food crisis has captured headlines with accounts
of famine and human misery. A compassionate world has responded
with food aid to alleviate suffering.

But providing food for Africa's future isa long-term project, a matter
of increasing productivity on exhausted land that cannot make effi
cient use of the rain that falls. 

ICRISAT, the International Crops Research Institute for the Semi-
Arid Tropics, is carrying out agricultural research to help Africa help
itself avoid future food crises. 

ICRISAT scientists are, or have been, posted in 10 African countries
and also work with national scientists, agricultural institutes, and 
collaborating agencies in at least 23 others. 

ICRISAT has developed improved varieties of sorghum and millet,
two essential food crops of subsistence farmers in drought-prone 
areas, which are now grown on farmers' fields in Africa. 

ICRISAT's studies in farming technologies are showing how
farmers can increase production through more efficient use of availa
ble materials and better tillage methods. 

ICRISAT is providing African national scientists with germplasm,
training, and support that will help countries develop strong programs
in sorghum, millet, and groundnut production.

ICRISAT believes its programs will help Africa reach its goal of
providing adequate supplies of nutritious food for the future. 

This booklet tells the story of ICRISAT's work in Africa. 

L.D. Swindale 
Director General 



Food for the Future
 

Twice in the past 15 years the world has 
been shocked by the vision of starving peo-
pies in Africa, where devastating droughts 
have wiped out the crops of peasant farmers. 

Billions of dollars have been raised for 
emergency food relief and medical care, but 
relatively little has been targeted for long-
term research on how to increase and stabi-
lize food production, 

Weather conditions improved and food 
production increased irtseveral countries 
late in 1985, but history shows that the prob-
lems of the subsistence farmer do not go 
away for long. There will be more droughts, 
more plagues of insects, more disease-
ravaged fields. Rapid population growth 
means more and more mouths to feed. food 
supplies that are adequate this year won't 
satisfy the deniand next year or the year 
after. 

Complacency or overoptimism could lead 
to another desperate emergency in the future. 
But vigorous research action now to develop 
improved, high-yielding, disease-resistant 
food crops can mean a healthier, happier 

future for the long-suffering people of semi
arid regions in Africa. 

In the past, research on subsistence food 
crops has not had a sufficiently high priority 
for African governments, which have em
phasized industrial development, export 
crops, and foods preterred by city dwellers. 
Attempts at wholesale transfer of western 
technologies and improved seed varieties 
have been no more successful than deve!
opment schemes that bypassed the neasant 
farmer in favor of highly mechanized food 
production. Strengthening national and re
gional research that will benefit the small
scale farmer must become the first priority in 
assuring sufficient food for the future. 

Natural and Manmade 

r bl mProblems 

Though Africans are creative and resource
ful in coping with a difficult environment, their 
crop yields per hectare are the lowest in the 

Throughout the Sahel environmental conditions are extremely difficult for crop growth. Observe the 
nelet plants (below right)hit by sand blast 
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I/lot heads being threshed near a field granary, where they are stored after harvest. 

world Three-quarters of the people of Africa 
are farmers, yet per capita food production 
drcpped by 20% between 1960 and 1980, 1 
period of rapid population growth. 

Twenty-four African nations faced acute 
food energencies early in 198R, and more 
than half the population lives inconditions of 
absolute poverty, below any level of human 
dignity. 

Low and unpredictable rainfall, poor soils, 
extremely high soil surface temperatures, 
vicious winds, diseases and pest problems 
found nowhere else, and continuing soil deg
radation are natural problems that compli-
cate attempts to improve agricultural produc-
tivity. 

Government pricing policies that do not 

encourage production of food crops, provide 
for efficient seed production and distribution, 
or make chemical fertilizer available, are 
manmade hurdles. So is well-meant food aid 
that results in imported rice, maize, or wheat 
being sold at lower prices than locally pro
duced sorghum and millet. 

Substantial Increases 

Possible 

Money spent for agricultural researc[ can 
lead to substantial increases in food produc
tion. ICRISAT, for example, is developing 
improved crop varieties and hybrids, as well 
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as technologies for their production, which 
will help bring this about in large areas of 
Africa. 

ICRISAT, which has been doing agricultu-
ral research in Africa for more than 10 year,,,
is one of 13 nonprofit research centers sup-
ported by the internationally funded Consul-
tative Group on Inlernational Agricultural 
Research (CGIAR). ICRISAT's main center 
is at Patincheru. near Hyderabad. India, 
where it holds a world mandilate for research 
on five crops: sorghum, pearl millet, ground-
nut, pigeonpea, and chickpea A regional 
center to serve the Sahelian region of West 
Africa is being developed at Sadore. near 
Niamey, Niger 

Sorghum and rlnlet are staple foods 
tIhoughout much of semi-arid Africa, ground-
nut is widely grown as a food anid cash crop, 
and pigeonpea is being introduced in west-
ern Africa as a source of protein for people 
and a means of enriching soils through nitro-
gen fixation. 

An ICRISAT hybrid sorghum developed in 
the Sudan with funding from the United 
Nations De,,elopment Programme (UNDP) 
was hailed by M.Petei McPherson, Adminis-

trator of the United States Agency for Inter
national Development (USAID), is "one of 
the first steps in the long and cumplex jour
ney toward the goal of food self-reliance in 
Africa." 

In addition, ICRISAT pearl millet varieties 
have been released or recommended for 
release in Senegal and Niger. Seeds from 
these varieties are being reproduced, and 
there will be large-scale demonstrations in 
farmers' fields in Chad, Mali, and Cameroon. 
Several varieties are in regional trials con
ducted by the Institut du Sahel (CILSS) in 
seven West African countries. 

Two ICRISAT sorghum varieties are in use 
in Burkina Faso, sorghum introductions from 
ICRISAT Center have been released in Ethi
opia, Zambia, and Zimbabwe, and Sudanese 
farmers are cultivating an ICRISAT-developed 
Dearl millet. Two ICRISAT sorghum varieties 
have shown great promise in Zimbabwe and 
have been released there. 

Initial Strategies 

Such successful adaptations, however, have 

Farmers such as these (below, facing page)are the ultimate target of ICRISA Ts research. They useprimitive tools (seedaba at rg/ht below, used in sowing millet seeds), depend on the farm produce forsustenance, and are traditionally poor. ICRISA Ts research aims to improve their lot. 
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been rare inthe history of attempts to boost 
food supplies on the African continent, 

ICRISAT's experience in Africa, particu-
lary with pearl millet, has shown that culti-
vars must be developed in the African envi-
ronment to be well-adapted to it, and tech-
nologies must offer the likelihood of success 
in dry as well as wet years. Research must 
also aim at more efficient use nf human and 
natural resources. 

The Institute has found that research 
innovations currently available do not result 
in large enough improvements to persuade 
the farmers to make significant changes in 
their traditional farming practices. Much more 
than small changes at the margin are required. 

Initial strategies cannot afford to be too 
complicated. They must be based more on 
yield stability and sustainability than on high-
est yields per hectare and must emphasize 
farmer-adapted means of improving and 
conserving soil water and soil fertility. The 
limited resources available should be ap
plied only to input/crop/livestock combina-
tions showing the greatest promise for the 
different climatic zones, 

Africa's Priceless 
Resou rce-eerm plasm 

Africa has useful raw material (germplasm) 
for increasing food crop production. Imagi-
native use of this priceless resource for 
selection and hybridization of suitable varie-
ties is a central part of ICRISAT's agricultural 
research. 


African farmers cultivate traditional land-

races (locally selected varieties) that have 
the genetic traits that help them survive in a 
harsh biologicql and physical environment, 
but these landraces do not usually produce
grain abundantly. Scientists' increasing knowl-
edge and understanding of germplasrn diver-
sity makes it possible for them to select and 
combine genetic traits from these African 
cultivars with those from other parts of the 

world to develop varieties that are both high
yielding and adapted to external conditions. 

As farmers have accepted developed var
ieties, however, primitive local strains with 
their valuable genetic properties have become 
increasingly rare and in some cases have 
virtually disappeared. ICRISAT Center's Gene
tic Resources Unit in India, the world reposi
tory for germplasm of its five mandate crops, 
has collected and stored seed (which car
ries the genetic material) of these endan
gered varieties. 

Ithas been able to supply African research
ers with thousands of selections from Africa 
and other areas in a continuing scientific 
exchange. This has been a beneficial tool, 
both for lCRISAT and for the national research 
programs that it works with throughout 
the semi-arid tropics. 

No Quick Solution 

ICRISAT scientists recognize that using this 
genetic wealth, introducing new material, 
and developing cultivars adapted to the 
demanding African environment call for years
of testing in the laboratory and in the field 

Improved cultivars are only one piece in 
the puzzle, and it is clear there will be noquick solution to Africa's food supply prob
lems; infact, the solution may be as -nuch as 
20 years down the road. New lands available 
for cultivation, for example, are only margi
nally suited to agriculture. But moderate 
increases in cropping intensity or land pro
ductivity are possible under existing condi
tions, particularly through adoption of more 
efficient cropping systems. 

Conditions that made for the Green Revo
lution in Asia and Latin America cannot be 
found in Africa today, though fragments of 
the necessary technology are available. It 
took at least 20 years of painstaking scien
tific endeavor to develop "miracle" rice and 
wheat, with technologies that used plenty of 
fertilizer, irrigation, and herbicide and were 
financed with vast amounts of foreign aid. 
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National agricultural programs must be 
supported, strengthened, and expanded so 
that African scientists can become more 
active participants in solving their own devel-
opment problems if there are to be any real 
breakthroughs, 

Policies Must Change 

Most observers agree that government poli-
cies must change radically-and there are 
signs that they are changing-giving agriculture an increasing rola in development strate-
gies, coordinating research with farmers' 
needs, transferring domestic resources to 
modernization of small-holder agriculture,
and focusing on a smaller number of impor-
tant areas. 

Ifthe devastating events of recent droughts 
are not to be repeated again and again, an 
effective strategy must be developed and 
carried r,.,t. Soils must be rehabilitated arid 
the advance of the desert halteo and even 
reversed. 

Some inputs must be obtained and made 
available to farmers, perhaps through grants
in aid. It might be cheaper to import fertilizers 
than to import food grains, though eventually
rations of Africa must exploit potential local 

sources of phosphorus and nitrogen. 
Agricultural research achievements must 

be accompanied by extension activities,
attractive and consistent prices, and improved
road and rail links to remote villages so 
farmers can got seed, lertilizer, and other 
supplies, if food production is to increase 
significantly. 

Sharing Research
Responsibilities 

Though African governments arc graduaily
making necessary changes in policy that will 
improve their agricultural research systems,
the problems are too massive for them to
tackle alone. Research responsibilities must 
be shared among national, regional, and 
international agencies. 

ICRISAT's research is moving to the fore
front in helping the nations of a hungry conti
nent discover how they can provide food for 
the future and end the seemingly endless 
cycle of poverty and starvation that has 
haunted generations of African farmers. 

The following pages describe some high
lights of ICRISAT's many-faceted research 
in semi-arid Africa. Each program is differ
ent, and each seeks to meet a specific need. 
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ICRISAT Sahelian Center
 

The Sahel has been the subject of countless 
newspaper and television reports, yet we 
know very little about it. Has weather really 
changed radically? Can food production be 
increased? Can the depleted soil be re-
claimed? 

The new ICRISAT Sahelian Center (!SC) 
at Sadore, Niger, focuses on this wide "hunger 
belt' that includes Mauritania, Senegal, Mali, 
Burkina Faso, Niger, Chad, Gambia, Cape 
Verde, and parts of the Ivory Coast, Ghana, 
Togo, Benin, Nigeria, Cameroon, and the 
Central African Republic. 

It will also be an important in-service train-
ing center for West African scientists and 

technicians, specializing in research and 
production methodologies and statistical 
techniques. Several advanced students from 
the University of Niamey are currently gain
ing valuable research experience as they 
carry out thesis work under the guidance of 
ISC scientists. 

ISC's research programs have a single 
aim: stable arid ample yields of food crops for 
the millions of subsistence farmers who live 
in the arid and semi-arid regions just south of 
the Sahara, where continuing droughts, -<e
pleted soils, and extremely high tempera
tures have caused much human misery in 
recent years. 

In tesearch efforts to reduce the effects ofstrung winds and sand blasts on crops, barriers or fences (as 
at extreme left) are created. Sophisticatcd instruments are used to measure windspeed and soil 
moistur levels.
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Heavy rainstorms in the Sahel are signaled by huge cloud formations, such as the one above. Below, 
preparatory work at the ICRISA T Sahelan Center. near Niamey, Niger, as the storm approaches. 
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Experimental Crops Thriving 
Tie foundat;on stone for the Center was laid 
in August 1983 and construction is in the 
early stages, but research is already in full 
swing, with experimental crops thriving in the 
fields. Though 1984 was the driest growing 
season in memory, on-stai'on work with 
pearl millet and cowpea resulted in yields up 
to four or five times those of nearby farmers 
who used traditional methods. 

The governments of Finland, France, West 
Germany, Italy, Nigeria, Norway, and Swit-
zerland and the Arab Bank for Economic 
Development in Africa are assisting in financ-
ing the laboratories, cffices, library, and con-
ference facilities being built at Sadore, 45 
kilometers southeast of Niamey. Other major 
donors of the CGIAR-including Canada 
and USA-have promised assistance Con-
struction will cost about $6.5 million and will 
take more than 18 months to complete. 

The 500-heclare sile was donated by the 
Government of Niger, which has expressed 
strong support for the venture, 

Interinstitutional Cooperation 

ICRISAT recognizes that the complex food 
problems of Africa will be solved only by 
mobilizing [he talents of experts from many 
fields and research institutes. In addition to 
ICRISAT scientists, the team at ISC includes 
researchers from the International Livestock 
Center for Africa (ILCA). the Irternational 
Institute for Tropical Agriculture (IITA), the 
International Fertilizer Development Center 
(IFDC), Institut Francais de Recherche Sci-
entifiqUe pour le D6veloppment en Coopera-
tion (ORSTOM), and the Universities of Ho-
henheim (Germany) and Texas A&M (USA). 

Though they represent many institutions, 
the scientists are all working in a coordi-
nated, cooperative effort to solve the difficult 
problems of the Sahel. They are doing base-
line studies that will enable them to develop 

seed varieties and farming technologies that 
assure reliable yields--enough food for rural 
families in bad years and an abundance in 
good years. 

Pearl Millet: A Hardy Crop 

Peari millet is a miracie crop. It survives in 
areas so dry that few other food crops can 
produce grains, growing in hot, sandy soils in 
spite of extremely high surface temperatures 
and fierce sandstorms. With properly distrib
uted rainfall it can grow with as little as 250 
rnr of rainfall a year. 

"The development of a new and reliable 
high-yielding millet can contribute as much 
to raising the living standards of millions of 
poor people as the ( langes in structure and 
policies that are also necessary," the World 
Bank reported in 19'.78. 

Fifty percent of thc world's pearl millet hec
tarage is in Africa, and it is most important in 
the Sahelian regions of Niger, Mali, Burkina 
Faso, Senegal, Chad, Mauritania, and Nige
ria. Millet grain is usually pounded in a deep 
mortar, made into flour, boiled, and eaten in 
the form of aporridge-like gel. 

Substantial improvements in pearl millet 
yields have generally eluded past research
ers in the region. Varieties from eastern 
Africa and India are poorly adapted to the 
conditions of sub-Saharan Africa, where as 
seedlings they are destroyed by sandblast
ing and high soil surface temperatures. 

Breeding efforts at ISC concentrate on 
developing early-maturing varieties (80 to 
100 days) resistant to downy mildew, smut, 
ergot, and Slriga. Germplasm from ICRISAT 
Center in India is being introduced into local 
stock, taking advantage of the environmen
tal strengths of African native species and 
adding high-yielding qualities of exotics. In 
addition, an ORSTOM researcher at ISC is 
studying local genetic diversity in the vigor
ous wild millets of Niger, Mali, and Burkina 
Faso. 
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A small germplasm bank at ISC will be 
used for on-site evaluation of local varieties 
and to provide genetic material for national 
programs in West Africa. 

Cowpea: Good to Eat,
Good for the Soil 


Cowpea is popular where rainfall measures 
from 300 to 700 mm. Cowpea research at the 
Sahelian Center isconducted by IITA, which 
has the mandate for this hot-weather crop
that grows well in poor soils. Cowpea is rich 
in protein and is ground, boiled, or eaten in 
sauces served with carbohydrate diets. Its 
leaves can be eaten like spinach; the young 

pods resemble snap beans, and the hay arid 
haulms are useful for animal forage. 

Its major drawback is its susceptibility to 
insect damage in the field and in storage. 
Because of this, cowpea production is sel
dom a priority, either for farmers or policy
makers. 

Poor farmers have little access to pesti
cides, so IITA has developed cowpea varieties with individual resistance to some of the 
most important insect pests, such as thrips,
aphids, and bruchids. itis also developing
cultivars with multiple resistances to these 
pests. 

In the Sahel, farmers are often faced with 
shortage of water for their insecticide spray
ing operations. Because of this, an electro
static insecticide application method that does 
not require water is being used. 

ICRISA T scientist examines pearl millet in a wetter region ofNiger, where the crop growth is luxurious 
and yields arc high. 
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Over 90% of cowpea in the Sahel is inter
cropped with cereals, particularly millet and 
sorghum. Traditional varieties take 100 to 
150 days to mature. Researchers are eva 
luating short-cycle varieties (55 to 70 days) 
that can be planted in late June and produce 
pods by August, giving consumers some
thing to eat before the millet harvest in 
October. One variety being evaluated has 
given on-station yields of seed as high as 1 
tonne/ha in 60 days, compared with 200 
kg/ha from a local, longer-duration variety. 

Cowpea has two additional advantages. It 
cooks quickly (in 20 minutes to one hour), 
saving scarce fuel, and as a legume, it pro
vides its own nitrogen by fixing it directly from 
the atmosphere through the plant root zone, 
leaving residual nitrogen to enrich the soil for 
the crop that follows. 

Looking for "Hot Spots" 

ISC's entomology program searches out 
"hot spots" of infestation of pearl millet by 
two major pests, earhead caterpillar and 

Rainstorms result i, heavyrunoffand erosion, even on the sandy 

soils of the Sahel (left). Valua
ble top soil and organic matter 
(displayed above by a farmer 
in Kolbila village, Burkina Faso) 
are washed away, accentu
ating the problems of crop
production in an environment 
already poor in resources. 

-,, 
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stem borer. All of the millet fields east of Managing the Natural 
Niamey in West Africa are severely infested 
with the caterpillar and nearly 90% with stem Environment 
borer. These are useful sites for identifying 
resistant cultivars, including promising early- Sahelian soils are poor in nutrients, about 
yielding varieties ISC is developing that 90% sand and, once denuded, are easily 
escape pest damage by maturing before eroded. Barren creeping dunes near Sadore 
infestation becomes serious, are vivid evidence of the desertification that 

Use of resistant varieties makes itpossible is taking place ;n this dry area, 
to control pests with little or no insecticide-- The IFDC scientist working at Sador6 
a safer practice ecologically and an advan- believes these poor soils are probably a 
tage for farmers who cannot afford chemi- greater limitation to increased productivity
cals and frequently are illiterate, than !he lack of water. He is convinced, how-

ICRISAT's entomologist is also studying ever, that soil fertility can be improved.
effective natural enemies (parasites, preda- For generations, slash-and-burn and bush
tors, or pathogens) that could reduce the fallow systems gave the land a chance to 
level of pest populations without destroying rest and revive between crops, but as popu
the balance of natural forces. lation pressure has increasea, periods of 

idleness have been shorter and shorter, and 
the land has become progressively exhausted 
and unproductive. An official of the World 
Bank recently called the complex interac-

Sowing inilt the traditional way on a clayey soil tions among soil, rainfall, climate, and tempera
near Gaya, Niger. ture "a neglected area where not enough 

work has been done." 

Enriching Soils 
."- .,, , , , IFDC, with ICRISAT's assistance, is investi

.'' ._ gating effective use of nitrogen and sulfur 
fertilizers and searching for efficient and 

:L .- cheaper sources of phosphorus. IFDC's re
searcher believes that the lack of phospho
rus is a more serious problem in Sahelian 

-i si soils than the shortage of nitrogen. His field 
experiments show phosphorus is extremely 

. - effective in increasing yields of cowpea and 
v- pearl millet. 

One of the largest deposits of phosphorus 
rock in West Africa is in Parc W, near Nia
mey. IFDC found that grinding this rock and 

.. treating it with sulfuric acid to increase the 
availability of its phosphorus for crops is a 

,potential alternative to commercial phosphorus and fertilizer. The Government of 

ji ~oping Niger is considering the feasibility of devela pilot plant for manufacturing this par
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tially acidulated rock phosphate, using read- First rains in the Sahel generally come in
ily available local resources, early June at the end of a long, hot, dry sea

son when little vegetation is on the ground.Crop Residues The rains are preceded by winds that reachvelocities as high as 100 km/h. Seedlings 

Another means of enriching soil is by using 
crop residues left after harvest. Pearl millet 
yields increased sijnificantly on experimen-
tal plots when residue was left on t'e field, 
and use of fertilizer plus crop residue yielded 
1.8 tonnes/ha, compared with the typical 
local yield of about 300 kg/ha. 

Farmers customarily use crop residues for 
roofing, fences, fuel, and ginimal food, so this 
technology cannot be effective without some 
change in traditional practices. 

Taming the Winds 


ICRISAT staff, aided by scientists from the 
Universities of Wageningen and Texas A&M 
are developing soil management technolo
gies at ISC to improve plant establishment 
and stabilize sandy soil surfaces 

are blasted by sandstorms and are subse
quently buried, leading to low plant popula
tions. 

To limit wind damage and reduce erosion, 
scientists experimented with roughening the 
soil surface by fo.ming ridges, incorporating 
crop residues, and using an implement called 
a sandfighter. Ridging not only reduced wind 
erosion, but also helped control weeds. Crop
residues trapped blowing sand and lowered 
surface soil temperatures, which sometimes 
reach 55°C. 

A Hohenheim University collaborative 
agronomy study at ISC is evaluating whether 
rapidly growing shrubs or trees, planted atstrategic locations on continually blowing 
sand, can protect seedlings during their
early development. The scientists aie eva
luating various trees and shrubs as well as 

7',oscenes neat Gaya Illace. /iger.below, harvested 
pearl mI/let is stacked to (iy the sun,at right, a happy
farmer with his nflet harvest 
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agronomic practices such as ridging to deter-
mine how they affect crop performance,

Another approach to reducing wind dam-
age and conserving water is being studied 

, . 

- .. 

_ _ . .,major 
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".nately 

by the ICRISAT agroclimatologist, who is 
experimenting with an adapted version of the 
traditional fence used to stop snow drifting in
winter on the open plains of North America. 

Effects of Tillage 

ISC studies have shown that tillage, even on
sandy Sahelian soils, reduces water runoff, 
increases infiltration rates, and helps pearl
millet roots develop more rapidly.

Ridging and other tillage, however, are difficult for most Sahelian farmers, who prepare 
their fields Manually, don t use animals for 
draft power, and cannot afford tractors. Labor 
shortages, especially at weeding time, are a

limitat:on to increased production in 

Frt,r1100 fC())IshtJulos the maiwn souc?of energyInthe Sahel Consequently toos are cut Indiscrm
and the wood carried away for trading. 
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the Sahel. Animal draft power could make up 
for the shortage of labor, improve the quality 
of traditional farming, and enable farmers to 
use new methods to increase productivity, 

Showing What Can be Done 

The contrast between a typical farmer's field 
near the Sador6 site and an ICRISAT exper-
imental plot on the station that used improved 
management techniques was striking. Both 
were planted the same day. In late July, the 
farmer's field had only a few scraggly, scat
tered millet plants, but on the ridged experi
mental plot at Sador6, with improved seed 
sowed at planned densities, timely ciltural 
operations, and judicious use c, tertilizer, ii;e 
vegetation was deep green, thick, healthy, 
and almost a meter hioh. 

The Sahelian larmnrwon'tdothatwellwith 
improved lechnology, the ISC agronomist 
cautioned On-station work must be verified 
at several locations and over three or four 
seasons to account for soil variability. But 
ISC researchers are finding alternatives that 
can reduce the gap hetween on-station and 
farmers yields and help farmers get the best 
possible results from the inputs they can 
afford 

the Weather
Studying 

A sophisticated, computerized weather sta-
tion, the first of its kind in West Africa, records 
hourly data on wind speed and direction, 
solar radiation, air temperature, and humidity 
at Sador6 . In cooperation with nafional pro
grams, the ISC agroclirnatologist has ana
lyzed long-term rainfall data for a number of 
locations in Niger, Mali, and Burkina Faso 
and provided information on rainfall amounts, 
probabilities, and soil-water balance. 

This information is published by ICRISAT 
to help national scientists in fhe three coun-
tries. With it they can predict the best rates 

for sowing and the conditions under which 
diseases and pests will be a serious threat, 
and design ways to use the scarce rainfall 
efficiently. 

The Center, which will add its first ground
nut specialist to the staff in 1986, was host 
recently to an international symposium on 
Agrometeorology of Groundnut sponsored 
by ICRISAT and the World Meteorological 
Organization. It brought together 80 experts 
to discuss weather factors that limit ground
nut production in seasonally dry, rainfed 
areas. 

In the Villages 

Crop management and livestock nutrition 
are being analyzed by the ISC economist 
and the ILCA animal scientist in four Nige
rien villages with average annual rainfall 
between 400 and 600 mm per year. 

Trained survey researchers fluent in the 
local language are posted in each of the 
vilages, where they have established friendly 
relationships with about 120 sample house
holds. They monitor on-farm results of fertil
izer use, variations in planting dates and 
densities, pest and insect damage in the 
field, and analyze buying and selling habits. 

The data they collect help researchers 
understand villagers' practices better, so 
that ICRISAT's research can be developed 

in a manner appropriate for the culture of the 
Sah&? In the end, however, teaching new 
methods to the farm community is in the 
hands of national governments and exten
sion agents. 

On-Farm Tests
 

On-farm trials of ICRISAT-improved varie
ties and technologies have been both re
searcher-managed, with work supervised by 
a trained technician to maintain scientific 
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IVith hea vy dependence on firewood, trees get scarce, speeding up erosion and irnpoverishingthe soil(above).A tree nursery has been establishedat ICRISA 7 'sSadoreresearch station(below). Agroforestry systems, incorporatingtreesand shrubs witl food crops, ate being studied. Trees can setve also as 
wind or sand breaks. 
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ljnrj,)a trctijon is usedI only rarely in Saholian agriculture, Most farm operations ate m~anual. 
3t low. weedirng of a Millet cro,, is dooe using a fraddtionalhoe that also fills the soil lightly at the 
sa~lm.? time. 
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standards for valid comparisons, andfarmer-
managed. 

Early results showed that use of available 
improved varieties gives no yie!d advrintage 
over localcultivarsunlessphosphorusfertil-
izer is used, but with phosphorus, yields
increase substantially. Though 3 years ago
only about 10% of farmers in the villages
studied used any kind of fertilizer, today
about 80% of them use some supplement. 

Animal Nutrition and 
Draft Power 

ILCA's studies of animal nutrition in the four 
villages consider the economic role of pas-
toral practices. More than 90% of the house-
holds surveyed had some livestock-donkeys, 
sheep, goats, cattle, poultry, and in the 

northern villages, camels and horses used 
for transportation. 

Animals tend to be looked on as an asset,
'money inthe bank" that can be liquidated to 

pay for weddings, funerals, or taxes. Of 
animals slaughtered, the vast majority are 
killed for the Muslim feasts of Ramadan and 
Tabaski. Others are used in religious sacrifi
ces, for baptisms, arid to honor visitors 
Animals are rarely used for cultivation. 

Feed, especially in the dry season, is a 
serious problem. When it is time for planting,
animals are weak and unable to work in the 
fields. One solution being considered is to 
encourage cultivation of a crop such as cowpea that is useful for both human food 
and animal forage. 

The ILCA program is also analyzing, in 
cooperation with soil chemists, how fertilizer 
used on millet crops influences nutritive 
values of residues the animals eat. 

Livestock graze nearthe Nigerrive,'bed. OIting 1984. the Niger river slopped flowing through Niamey forthe first time, and a dam was built to help the city s water supply. 
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In addition, ILCA is evaluating the profita
bility, in terms of both time saved and increased 
yield, of using animal traction (donkeys or 
cattle) in pearl millet cultivation. 

Farmers with hand tools can cultivate only 
a limited area. With animal draft power, the 
time needed for soil preparation can be 
reduced by 14% with one donkey, or as 
much as 50% with a pair of bullocks. Farmers 
could cultivate and weed more efficiently. 
possibly expand the area they crop, and 
increase their efficiency and lood production 
measurably if they used animal traction. 

Working Together 

ilk; No single research effort at ISC will solve the 
complex problems of how poor farmers in 
the Sahel can produce enough to eat. By 
working together and cooperating with national 

I, programs to develop stable, resistant, higher
yielding cultivars and show how farmers can 
enrich the soil, conserve water, and cultivate 
crops efficiently, the scientists based at ISCPearl millet stalks used as fencing material hope to cone up with a workabla strategy for 

Nigeria. Sorghum stalks are also used in other increasing productivity that will also improvepartsof Africa for fencing or rooing,.nraigpoutvtyta ilas m rv the quality of life for millions of people. 
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Burkina Faso: A West African
 
Transitional Zone
 

ICRISAT's team in Burkina Faso operates 
from a small national research station at 
Kainboinse, just outside Ouagadougou, where 
its research is directed at increasing and 
slabilizing yields of both pearl millet and 
sorghum in a broad region with considerable 
variation in soiis and rainfall 

Support !or ICRISAT's work there is pro-
vided by regular core funds from the CGIAR. 
and by the Canadian International Develop-
nment Research Centre (IDRC), the United 
Nations Development Programme (UNDP), 
thu Leverhulme Trust, and the Organization 
of African Unity Semi-Arid Food Grain Re-
search and Development (OAU-SAFGRAD) 

project, a U.S. AID-funded operation that 
covers 25 member countries in dry areas 
across Africa from the Atlantic to the Red 
Sea and the Indian Ocean. 

The oldest ot ICRISAT's West African 
regional programs, the Kamboinse operation 
has done landmark work on control of the 
parasitic weed Stnrla (witchweed), a prob
lem throughout the serni-arid tropics. Its 
breeders have also developed two promis
ing early-maturing pearl millet varieties that 
are in advanced testing stages and three 
sorghum varieties that offer higher and more 
stable yields than local cultivars. 

In Burkina Faso, ICRISAT is dealing with 

.FptxlnmtnLPlsote/htin variotlos being grown at the Kamboinso Research Stahion in[ FdrAialso. 
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ISofr luin, scwo:ntists examino a ptomisilg varioty qrown in on-farm trial in Kamboinso village, Burkina 

two onvrrnments nillet areas, with low rain-
fall, dry, sandy soils, poor water retention, 
and extremely difficult growing conditions: 
and sorghum-cultivating areas, where rain-
fall
us higher, soils are better, with more clay 
and silt, greater water-holding capacity, and 
less extrene atmospheric conditions. The 
transition between extreme environments 
from north to soLth is gradual, so both millet 
and sorghum1 are grown in most areas and 
their relative importance is a function of dif-
ferences in both rainfall and soil 

Burkina Faso itself isthe, second largest 
producer of sorghum and fourth largest pro 
cducer of pearl millet in West Africa The two 
crops combincd make up more than 80% of 
its total agricultura production. 

Allhough agricutlura scientists are con-
cerned with all aspects of research, empha-
sis on pathology, entomology, plant physiol-

ogy, farming systems, and weed control 
becomes increasingly important in wetter 
areas, whewe more crop diversification and 
flex.Ulity are possible. 

Establishing a Research 

Network 

Service to national scientists throughout the 
area is a major effort of the Burkina Faso 
program. Smal! countries with young and 
relalively unsophisticated agricultural pro
grams gain a great deal from the expertise 
and support that ICRISAT offers. 

Farmers have been invited to visit ICRI-
SAT's fields on the station to inspect improved 
sorghum varieties, and workshops and sym
posia are offered for scientists. 
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Another activity designed to strengthen
West African research was a regional sorghum
workshop at Ouagadougou late in 1984. Its 
aim was to give sorghum researchers a 
chance to discuss problems and establish 
an effective information network inthe region.

Representatives from 16 countries-big 
producers of food crops such as Nigeria,
Burkina Faso, Ghana, and Mali, and small 
ones such as Cameroon, Guinea, Gambia,
the Central African Republic, and Mauritania-
attended, along with representatives fromregional and internaticnal organizations and 
ICRISAT Center. 

After ICRISAT described its training and 
research activities and the role of the research 
network, national and international program
scientists presented papers and toured sor-
ghum fields to see on-farm activities. ICRI-
SAT, which is contemplating expanding its 
sorghum research in West Africa, will coor-
dinate activities of the proposed research 
network. A second annual sorghum work-
shop was held in Bamako, Mali in 1985.
These annual workshops are a key element 

in the proposed network, 


Some training for technicians isoffered by

the Burkina Faso program, bui most training

is done at ICRISAT Center in India, where a

large contingent of West Africans partici-

pates in both lon!g-term and short-term 

courses. 


Intermediate Varieties 
Needed 

The sensational results of the Green Revolu-
tion have never been available to the resource-
poor farmers of Africa. The immediate goal
of research there is based on low-input, low-
technology agriculture, 

For farmer acceptance, new crop varieties 
must demonstrate yields equal to or slightly
better than local cultivars when managed in 
the traditional manner. And for acceptance 
of improved, affordable management tech-

nologies, such as use of fertilizer and tied
ridging, the gains must be more significant.

Scientists in Burkina Faso aim at develop
ing "intermediate" varieties and simple prac
tices that can benefit the farmer now, before 
more spectacular, high-yielding varieties are 
developed for semi-arid zones of Africa. 

Improving Pearl Millet 
The pearl millet improvement program in 
Burkina Faso deals with farmers who can't 
afford risks and who must cope with extremely
unpredictable rainfall. Often they delay sow
ing because first rains are late, or they
replant when drought sets in after seeds 
germinate. 

The greater the delay in planting photo
period-sensitive millet varieties, the greater
the yield reduction. If drought comes at the 
end of the season, it can mean total crop 
failure. 

The Burkina Faso program is seeking to 
develop two types of millet to deal with this 
situation: photoperiod-sensitive, full-season 
varieties (about 140 days to maturity) suited 
to sowing with early rains (late May to 21
June): and varieties that are less sensitive or 
insensitive to photoperiod, are of shorter 
duration (80-110 days) and can be sown late 
or as a short-cycle relay or intercrop.


An early-maturing ICRISAT variety, IKMV
 
8201, is now in advanced trials in farmers'
 
fields and seed has been sent to nationalprograms and FAO for testing. It has given
nearly double the yields of local millets andshown vigorous growth, has satisfactory
food quality, isresistant to Striga, and isable 
to escape drought during its early stages.

Breeding improved, late-maturing varie
ties isprov;ng to be much more difficult, and 
progress isexpected to be slow. Neverthe
less, some promising populations developed
through recurrent selection, such as IKMP 2,
!KMP 3, and IKMP 4, are now ready for on
farm testing. 
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Food Quality 
Food quality in pearl millet is important for 
making t6, a traditional porridge, beignets 
(fried puffs made with a batter of millet and 
cowpea flour), and beer. Consumers have 
strong preferences -yellowgrainispieferred 
in the north, gray in the south. In sorghum 
white grain is generally preferred over brown 
or red, although both are consumed. 

When 8 or 10 ICRISAT varieties are ready 
for food-quality judging, village women cc-
operate with scientists; they prepare the toor 
beignets, then taste the food whiie blind-
folded so as not to be influenced by color 
The tests allow scientists to determine which 
varieties are acceptable, and this informa-
tion is used by breeders in developing im-
proved varieties, 

Improving an Improved 
Cultivar 
Several years ago ICRISAT proposed E35-1, 
an introduced sorghum cultivar from Ethio
pia, for cultivation on the comparatively rich 
soil near houses in Burkina Faso villages. It 
produced well with plowing and fertilizer 
application, but experience showed it would 
b3 more acceptable if it gave good grain 
yield under iraditional management and if 
improved seedling establishment and Striga 
resistance were bred into the line. 

The varietythatbreedersdeveloped, based 
on E 35-1, was called ICSV 1002 HV. It has 
been tested in Burkina Faso, Cameroon, 
Sudan, and Nigeria, and has outproduced 
both E 35-1 and the local variety by 9% over 
a 3-year period. In two areas of Burkina 

ICRISA Teconomist discusses sorghum crop with a farmer in Koho, Burkina F 3o, who is alsothe village 
chief. 
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Faso, it was comparable or superior to local 
varieties under traditional management and 
responded to fertilizers better than local var-
ieties, making the use of fertilizer economical, 

Anotherpromisingcultivar, introducedfrom 
South Africa, is ICSV 1001 -IV,called F am-
ida, which since 1977 has been tested in 
Mali, Ghana, Nigeria, Cameroon, Togo, Sudan,
Ethiopia, and Kenya as well as Burkina Faso. 
Tests in Burkina Faso farmers'fields showed 
increases in grain yields from 3 to 40% with 
traditional management, and 15 to 45% with 
improved managenient. Seedling establish-
ment was superior and Frarnida was found 
resistant to Strlga. In Sudan, Ethiopia, Mali, 
and Burkina Faso it produced appreciable
yields in very dry years between 1978 and 
1982. 

Struggling against Striga 

Striga: Some people think of it as a mere 
nuisance, but farmers know that the devas-
tating parasitic weed can wipe out an entire 
crop and knock fields out of production for 
years. 

This parasitic weed attacks all cereals and 
is extremely serious for sorghum and pead
millet in West Africa. It attaches itself to the 
roots of the host, robbing the plant of water 
and nutrients, 

Each St/rgaplanl produces from 400,. o 
1 million minute s -eds, which are carried on 
the wind, rain, cattle, or man. Seeds germi
nate only if they find a host crop, but they

remain viable in the 
 soil for many years.

Strqa thrives even in poor soil and is particu-

larly damaging when rmoislure is insufficient.
 

ICRISAT began intensive research on 

Stria in India in 1977 and has stationed a 

scientist for Striga research with the Burkina 
Faso program since 1979. ICRISAT's pock-
elsize illustrated Striga Identification and 
Control Handbook is an invaluable help to 
researchers and extension agent, in Africa,
Asia, lhe Arabian Peninsula, and parts of 
USA. 

The prime strategies against Striga are a 
combination of host resistance and improved
agronomic management. Trials of the inter
national Sorghum Siriga Nursery are carried 
out at several locations in Burkina Faso, 
including Farako-Ba, which is also the site of 
ICRISAT's pest management work in Bur
kina Faso. 

Striga-resistant ICSV 1001 HV and ICSV 
1002 HV are being multiplied in Burl'ina 
Faso, as is ICSV 1001 HV in Togo. During the 
drought in Burkina Faso, ICVS 1002 HV con
tinued to demonstrate yield stability. It pro
duced 3600 kg/ha on the Farako-Ba station 
when cultivated with animal traction, and 
2500 kg/ha with manual cultivation. The 
local variety gave 1600 kg/ha and 1360 
kg/ha under the two systems. Farmers also 
like this cultivar because of its desirable 
grain arid fodder qualities.

Millet varieties that combine high levels of 
Striga resistance, good yield, and satisfac
tory food quality are yet to be found, though 
some promising lines have been identified, 
and ICRISAT's selection testing, arid genetic 
analysis will continue. 

Management techniques ICRISAT recom
mends include rotation with trap crops (crops

that germinate Striga seed 
 ,u do not serve
 
as a suitable host), 
 such as cotton and
 
groundnt. By planting trap crops in adjacent
 
rows and rotating the sorghum from row to
 
row each year, farmers can reduce Striga

buildup considerably.
 

On the Farm 

On- farm studies by ICRISAT economists go
hand-in-hand with crop improvement work. 
In the six villages studied in Burkina Faso,
farmers used 40 different varieties of white 
sorghum, 19 of red sorghum, and 27 of pearl 
millet, choosing specific varieties for differ
ent periods in the planting sequence. 

Breeders can identify well-adapted local 
materials from studying these farmer practi
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Wom7en set out to sell their processed food. 

ces and make sure that they test new varie-
ties against appropriate local cultivars. 

Another study considered the puzzling 
question of yield gap--the difference between 
what happens to an elite variety on the 
research station and on the farm. Yield 
reductions of 40 to 60% are common, even 
when crops are cultivated at similar levels of 
fertilizer application. The ICRISAT econo-
mist looked at five management factors: fer-
tilizer timing, deep plowing, tied ridges, plant-
ing arrangement, and timing of weeding. 

The most signiticant management factors, 
this study found, were the use of tied ridges 
and deep plowing. Neither tied ridging (build-
ing up a slight ridge arid furrow and closing 
the furrow at intervals to retain water) nor 
deep plowing is generally practiced by sor-

ghurn farmers in Burkina Faso, although they 
have been tound useful in some other Afri
can countries. The reasons are primarily the 
shortage of labor, poor health of animals for 
traction at planting time (when food supplies 
are at their lowest), and the fact that tradi
tional sorghum varieties show marginal re
sponses to these techniques. 

The study called for systematic screening 
of varieties under low-tillage conditions. It 
noted that continued selection and devel
opment of new varieties solely under condi
tions of deep plowing and tied ridges makes 
it impossible to screen for varieties realisti
cally suited to the needs of the farmer, who 
does not have the money or manpower to 
introduce tie soil management technologies 
available on research stations. 
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Mali: Integrating National
 
and International Research
 

ICRISAI"s Mali program, a bilateral venture 
with USAID funding, is closely integrated 
with the young Malia' agricultural research 
system and has been described as "extremely 
cost effective" 

Its sorghum and millet breeding work 
show "substantial promise of making a sig-
nificant contribution to the development of 
improved varieties for a wide belt in West 
Africa,' and its agronomy project "has made 
a major contribution to the development of 
Malian agronomic research capabilities," 

These quotationis are from an outside eva-
luation of the program, prepared for USAID, 
that suggested the Mali model may prove to 
be "one of the most viable approaches CRI-

SAT could follow in the development of its 
African research and training program." 

The program tests breeding lines of its 
major crops for food qualities and consumer 
preferences and is encouraging production 
of pigeonpea and finger millet, two crops that 
can add variety and protein to the Malian 
diet, enrich the soil, and give farmers greater 
flexiblity in contending with erratic rainfall. 

Assisting and Sharing
Stations 

The program operales at Sotuba, near Ba
make, where it shares fields on a 30-hectare 

A fortncr ICRISA T traine, in?Val oxamines a good sorghum panicle 

// 
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station with the national program, and at Cin-
zana, a new Malian research facility that 
ICRISAT helped develop. ICRISAT continues 
to provide logistic support to the Cinzana 
station, which also receives substantial Sup-
port from the Swiss Ciba-Geigy Foundation. 
The ICRISAT-USAID operation has been 
completely integrated with the Malian pro-
gram "There is no them-us' feeling," the 
1CRISAT team leader emphasies. 

For more than 7 years, i","iSAT Mali staff 
have supervised thesis work of university 
students from the Rural Polytchnic Institute 
at Katibougou, where ICRISAT breeding lines 
and technologies are often tested as part of 
academic work. Other stations representing 
contrasting climates, with different insect 
and disease complexes. are also frequently 
used for yield testing 

Upgrading the national program increases 
Mali's ability to carry out worthwhile research 
and to absorb germplasm and trained talent 
now coming from universities and scientific 
institutions In addition to sending Malian 
scientists for advanced-degree wck in the 

United States and France, the USAID-ICRISAT 
program has financed 6- to 8-month in
service training at ICRISAT Center, in India, 
for more than 40 Malian scientists and tech
nicians since 1977. 

On-the-Job Training 

Day-to-day work in the fields with the ICRI-
SAT staff is a source of valuable on-the-job 
training for Malian assistants. Instead of pre
paring fields with rakes, they have learned to 
farm on furrows. They have gained expe
rience on the station with animal traction and 
the wheeled tool carrier modified by ICRI. 
SAT trom an earlier model developed in 
Africa by a French engineer. The 10 tool 
carriers used in the Mali research program 
have been so successful that the possibility 
of having them fabricated locally is unoer 
investigation. 

The Cinzana research station, 275 km 
northeast of Bamako, is directed fulltime by 
a Malian scientist. ICRISAT's team leader 
from Bamako visits twice monthly to con
sult on work there, which is devoted to stu
dies of animal traction, pearl millet breeding 

African women traditionallyplay a key role in foodprocessing. 
At left, millet grain being pounded: below baking cakes from 
the millet flour. 
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and agronomy, and diseases of millet and 
sorghum. 

In 1985 a pathologist from ICRISAT Con-
ter on a short-term consultancy at Cinzana 
was SLCCeSSful in establishing, for the first 
time in West Africa, a pearl millef downy mil-
dew screening facility. Sirmnilar short-term vis-
its by scienists from ICRISAT s headquar 
ters in Inrdia and the ISC are envisioned lor 
the future as part of the program of building 
on the strong but 'imitd Malian research 
base 

Small things can bi extremely impol tan it 
enccuragi(n! and sLipport rig agriulolural re-
search in a poor county like Mali. Without 
adequate seed storage facliies, the Sotuba 
station was losing valuable material each 
year during hot. humid wealher An expend:-
ture of S9000 by the ICRISAT-USAID pro. 
gram made it possible to equip a building for 
storing experiroental seed at a consistent
15% modily ad 15'C temperaLure Provid 
ing scfrening and off-season nurseries for 
(disease, studies at Cin/ana is another exam 
pi'e of of a modest but imporlant n riltiCOlfl 

Sorghum to Suit the Climate 

Sorghum is an important crop in Mali, but 
impre:iog it is nVt easy, and the breeder is 
confronted with some unique problems. The 

cultvar must fit the highly variable, wet-dry 

raifall pattern it must be 
 early enough to 

escane end-efl-season drought, it rmust resist 

the heabug and mold effec's of lale-season 

raris:,its 
 stern must be tolerant to tuJnneling 
by stem borers, the head must be loose and 
open to dry qUickl' and resist ins clinfesta-
hoti: the plant must he resistant to or tolerant 
of foiar dseascs, it must be easy to thresh, 
with hard seeds anti flinly extLure 

We.sl African Guireernsc sorghums are 
well ad-,,pted to local conditions, but are low 
yielding, frequenlly giving less tlat 600 kg/ha 
I hough they are hit by diseases, the Malian 
sorghums are damaged on the lower leaves 

only. and upper leaves slay green. Under 
drought at the end of the season, the lower 
leaves of local sorghums quickly senesce 
and the plant is able to produce small but 
sound grain High-yielding exotic varieties 
either die or produce chaffy grain In times of 
severe drought Long glumes (tiny leaves 
'hat surround the seed) of landrace Malian 
varieties keep insects fron, earing the grains,
and thick hulls ar, easier for Malian house
wives to process 

As a result of detailed studies of local 
sorghums ICRISATs breeding effort in Mali 
has emphasized sturdy local West African 
sources for basic germplasm, trying to incor
porate the high-yielding traits of varieties 
from India and North America into improved 
cultivars 

Sources of Breeding Material 

ICRISA1 Center in India is a world repository 
for Ithe genetic resc.jrces of its mandale 
crops Its sorghum gene bank with more than 
27 000 accessions. 66% of African origin, is 
aresource from which breeders can draw for 
characteristics such as plant type, maturity,
grain size, and resistance to physical and 
biological stresses that reduce yields. The 
stability of new varieties must be evaluated 
at many locations and under different condi
tions. especially in hot spots in Africa where 
the intensity and variety of diseases and 
pests is more severe than elsewhere. 

1!lakes many years to develop new varie
ties. The ICRISAT breeder in Mali spent 
more than 6 years trying to breed a sorghum 
cullivar suitable for the area Now seven 
promising lines (Malisor 84, 1-7) with con
firnied grain quality and good agronomic per
formance are being yield-tested on a large 
scale preparatory to release. 

Breeders concentrate on identifying desir
able local pearl millet stock, ;solating and 
recornbining genetic material to develop 
specific traits, and finding resistance to downy 
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Fetching ivalor from the comnfun,/y well. another task left to women and children. 

mildew, smut. and lodging (falling over). Cin- mini to test they developed, they can accu
zana isa leading West African millet research rately predict to keeping quality of 20-g grain 
station, and five vaiieties are currently being samples. 
tested for their agronomic performance, in- Keeping quality is particularly important in 
cluding IBMV 8001, released in Senegal, and Mali, since village women prepare porridge 
ITMV 8304, from Maradi, Niger, two varieties for the evening meal and keep it until the next 
bred by ICRISAT scientists in collaboration day Sorghum or millet varieties that make 
with national scientists in those countries. 'weepy" toare quite unsatisfactory.The pre

ferred qualities for toin Mali are not the same 
as those desired by housewives in Burkina 

Test ing To Faso, who use adifferent method of prepara
tion. 

';ie ICRISAT Mali program was the first in While preference for toor couscous made 
West Africa to coordinate food quality research from millet, sorghum, or maize varies from 
with breeding, and it has trained two Malian area to area, the decision often comes down 
women technologists on its staff to lest to the question of availability and ease of 
sorghum and millet varieties for niuritional processing. Maize is harder to grind, though 
value and food quality. They prepare to, the many like its flavor, and couscous taks 
traditional porridge of Mali, couscous, and three separate operations to prepare. Sorghum 
gruel, to determine whether new cultivafs tocan be ready in about 30 minutes once tho 
make satisfactory food products. Using a grains are hulled. 
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Pigeonpea's Potential leave as much as 40 kg/ha of nitrogen in the 

Recently the ICRISAT food technology staff 
turned its attention to finding a simple method 
of hulling pigeonpea, a rich source of protein,
which is sometimes grown as a hedge 
around fields. Though it is grown and eaten 
in some parts of eastern Africa, ithas never 
been a popular food in Mali because people 
did not know how to prepare it.The technol-
ogists visited villages and demonstrated how 
to dry, hull, and cook pigeonpea. Taste pan-
els liked the peas served as a sauce with 
COusCOLIS or in ragout with mutton or chicken 

Pigeonpea has good potential for the area
The plants can be used for fodder or green 
manure, and the woody stems are useful for 
fue; and for making wickerware. baskets, 
and fences. Because pigeonpea is a leguine, 
it can fix most of itsown nitrogen and may 

soil for the crop that follows. It is an ioeal 
intercrop with cereals because it grows 
slowly and is drought resistant. 

After several years of testing, the Mali pro
gram has confirmed the excellent perfor
mance of ICRISAT pigeonpea variety ICP 
148 and the Mali seed source is being dis-
Iributed to national programs in Cameroon, 
Guinea, Togo, and Ivory Coast. 

Intercropping 

Millet and Maize 

A maize/pearl millet intercrop is an optimal 
cereal combination for efficient use of land in 
souLthern Mali, and the ICRISAT agronomy 
program has carried out tests to develop a 
package of technologies for this improved 

poh 'nhalolf 
t/f1:lanls can be usedas fodder or gieen manure,and the woodv stems serve as luel. 

7-1, pigqonpeasIsbuttig exploted in West Aflrica. 7he seeds are a valuable source of ptotein, 
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cropping system. On-farm testing of the sys-
tem in different locations of southern Mali 
has shown its superiority. Early maize can be 
harvested as a cash crop or for food during 
the "hungry season," while millet is a pre-
ferred staple food that will be ready later, 

The system offers some built-in security 
for the farmer who has only a hectare or two 
of land. If the maize fails because of drought 
or disease, the hardy millet can still provide a 
substantial yield. Other intercrops that are 
being tested are millet/cowpea, suited to the 
north, and sorghum/cowpea in regions of 
more moderate rainfall. The cowpea inter-
crop is a "bonus' after the main crop. and 
ICRISAT's agronomist is analyzing different 
planting dates and densities to find which 
give the best yields from the paired crops. 
intercropping sorghum or millet with groundnut 

has also shown promise, and tests are now 
under way to develop improved technolo
gies for cereal/groundnut systems. 

Weeds are a major problem, but manual 
labor is in short supply during the crucial 
period, and timely weeding is often impossi
ble. Farmers are generaliy dependent on 
their families for all field work: wives arid 
children spend long hours in the fields, plant
ing, weeding, and harvesting. Using donkeys 
or oxen to pull equipment as is done on the 
research station, would help, but few farmers 
cari afford draft animals. Some herbicide is 
localiy produced, but it has not been found 
economical for use on sorghum and millet. 
Assisting the Malian research program in 
finding labor-saving techniques for weed 
control is therefore part of the ICRISAT 
agenda. 

Other West Africa Activities
 

Senegal 

The complexity of breeding suitable millet 
cultivars is clear from ICRISAT's millet stu-
dies in Senegal, which tested synthetic varie-
ties from several countries in regional trials 
at different locations. Material bred in Niger 
performed well in Senegal, but that bred in 
Sudan adapted poorly. 

Extension agencies in Senegal have mul
tiplied seed of two ICRISAT pearl millet varie
ties, IBMV 8001 and IBMV 8004. During 5 
years of testing, IBMV 8001 averaged 24% 
and IBMV 8004 21 % more grain yield than 
the improved local variety. Both showed 
superior resistance to dowr mildew, had 
higher seed weight, and ,ured 7 to 10 
days earlier than other varieties, 

Another ICRISAT variety, IBMV 8401, was 
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Nomads form a sizeable section of the rural population in m1any parts of Africa, affecting both crop
production and animal husbandry. 

recommended for release along with H7-66, 
bred by the national program. The improved
varieties not only produced moi e couscous-
the steamed grain served with a vegetable-
meat sauce in North and West Africa-but 
won praise for their superior taste. All four 
varieties have been recommended for release 
by the Instilut Senegalais de Recherche 
Agricole (ISRA). 

Cameroon 

ICRISAT's gene bank thewas source of 
sorghuin germplasm used in Cameroon, 
where the IITA broeder cooperated in a 

SAFGRAD/ICRISATtesting project. Sorghum 
is the main cereal crop in northern Came
roon, and varieties S 34 and S 35-two lines 
from ICRISAT Center, selected by an ICRI-
SAT breeder in Nigeria-were grown in 
Cameroon in 1983 and 1984. Yields from 
S 35 were 85% more than local control vari
eties-1330 kg/ha compared with 720 kg/ha
for the local control; S 34 yielded 70% more 
grain at three locations. 

Based on multilocational trials, on-farm 
tests over a2-year period, and agronomic
data, the Government of Cameroon has 
asked for seed from each of these two high
quality, white-grained varieties, which are 
resistant to most foliar diseases and tolerant 
of stem borer. 
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Sudan and Ethiopia: Successes
 
in Sorghum and Pearl Millet
 

Translated from the Aablc, Hageen Durra 1 
means Hybrid Sorghum 1. It may also mean 
survival for the people of the Sudan, who 
have in the last few years suffered from dev-
astating droughts and subsequent famine. 

Brea by ICRISAT and fh e Sudan Agricultu-
ral Research Corporation with financial sup-
port from UNDP, Hageen Durra 1 yielded 
more than 5100 kg/ha under irrigatio. in 
1984, compared with about 1100 kg/ha pro-
duced by the local variety. Under normal 
rainfed conditions, it gave double the yield ol 
local varieties. 

Hageen Durra 1 was made from a parnnt 
that ICRISAT brought to Sudan from Texas 
A&M University in the USA and mated with a 
lino of Nigerian parentage. It was one of 
three elite hybrids synthesized and evalu
ated from more than 3000 experimental 
hybrias grown in thc Sudan between 1979 
and 1982. 

After 4 year, of field trials and experimen
tal seed production testing, this hybrid was 
officiallyreleasedbytheSudanPlantPropa
gation and Variety Release Committee in 
January 1983. 

Seed production held at Wad Medani, Sudan. Hageen Durra 1, a hybrid developed there, has done 
exceedingly well undera general drought in Sudan and large-scale nultiplication of its seed is now 
under way. 
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A sorchuM nursery in Elhiopia.A1lkamash 79, a variety developed in Ethiopia, has been released totarni vs, and is now being tested i7 10 other countries in tr/a/s over four ecologicalzones. 

Expanding Seed Production 

Because of Hageen Durra 1's superior yields, 
the government of Sudan hoped farmers 
would be able to plant it on a large scale in1985, but not enough seed was available to 
meet the need; attempts to have seed produced outside the country were not successful. 

Enough seed was produced to plant more 
than 50 000 hectares, but authorites had 
planned to plant it on 6 to 10 times that much 
land. The government and a private corn-
pany have joined forces to produce an ade-
quate supply of Hageen Durra 1 for future 
cropping. 

Ever, if the drought in the Sudan ends, the 
need for this improved seed will continue, 

Hageen Durra 1 is the hybrid acclaimed by
the head of USAID as a breakthrough in sorghum 

research: its ability to produce under drought
conditions is a tremendous advantage. 

Advancing Pearl Millet 

Another ICRISAT-developed food grain pro
duced well under drought conditions in Sudan 
and the National Seeds Corporation there 
plans to grow about 4 hectares of seed to 
meet the demand from farmers and exten
sion workers. 

It is a pearl millet named Ugandi that has 
been released by the Sudanese government 
for general cultivation. On a research plot 
near El Obeid in western Sudan, it was 
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reportedly the only millet to survive the 
extreme drought because of its earliness. 

Ugandi was an East African pearl millet 
variety called Serere Composite 2 that was 
sent from Serere, Uganda, to ICRISAT Cen-
ter's gerrnplasm collections in India for breed-
ing work. An ICRISAT scientist stationed in 
the Sudan selected it for its early maturity, 

It was not known as a drought-resistant 
pearl millet and in good years the record 
showed that other millets outproduced it. In 
extremeiy dry weather, however, it produced 
grain befoie the heat and lack of water could 
cause it to shrivel and die, as late maturing 
varieties did. Serere Composite 2 was renamed 
Ugandi when the government released it for 
general use. 

And Sorghum 

One of ICRISAT's ear!ielt successes was a 
sorghum variety distributed internationally in 
1979 that was released to farmers in Ethio
pia. A long-headed variety with large white 
seeds, it was called Melkamash 79 by the 
government of Ethiopia. It is now in the East
ern Africa Cooperative Sorghum Regional 
Trials, being tested in four ecological zones 
in the 10 participating countries. 

Two southern African sorghum germplasms 
(IS 9302 and IS 9323) transferred from the 
ICRISAT gene bank have proved superior in 
Ethiopian National Variety Trials and are now 
recommended for release there. 
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SADCC-ICRISAT: Strengthening

National Research inSouthern Africa
 

ICRISAT's youngest regional program is 
dedicated to building up national capabilities 
in sorghum and pearl millet research in the 
nine countries of the Southern African Devel-
opment Coordination Conference (SADCC). 

The SADCC-ICRISAT program will pro-
vide research support arid training for scion-
fists of Angola, Botswana, Lesotho, Malawi, 
Mozambique, Swaziland, Tanzania, Zambia, 
and Zimbabwe so they can develop sorghum
and millet varieties arid hybrids suited to 
national needs. 

1 he emphasis differs somewhaf from that 
at the ICRISAT Sahelian Center in Niamey, 

which is carrying out more traditional, basic 
research in food production in the Sahelian 
environment. 

SADCC-ICRISAT will concentrate on intro
duction and development of as much genet
ically diverse breeding material as possible,
assisting each country's research program 
in solving its own problems of producing food 
for the future. More than 2800 germplasm 
lines from ICRISAT Center's collection have 
been supplied to the program; these offer a 
firm foundation for sorghum improvement in 
the region. Parallel to lhis, elite breeders' 
malerial has also been assembled for testing 

EL/'luaTnig soh(7/ulm geunolasln at tho SAIOCC ICRIS1A I(?lloqnal sonnIMii1 and 1n1Il/el imp'ovoment
p)rogiani 'snost'.alfch farmt of? Ma/o/)s Rtos S/allO/i,f1a*0/ Bulawayo.ZI bill)
we. 
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17his .s ih/n vairel. SP'1386, developed at/CRIS4T Cont, has been releasedtfarmers in Zambia 

Getting Started 

In 1980, Heads of Stato of the nine SADCC 
coLint1os asked ICRISAT to set up a research 
enler to serve their region A ccreals pro-

gram was later proposed by ICRISAT as an 
alternative to the center, and the United 
States agreed to finance a rlnugor portion of it 
through AID. In February 1984 the Govern-
ment of Zimbabwe made 45 hectares of land 
available to ICRISAT lot this work on a 
government research station ai Matopos, 
near Bulawavo. 

The first ICRISAT scientist arrived a few 
montfis later: six staff members are now in 
place By mid- 1985 a farm service unit arid 
crop-processing building had been completed, 
and construction ot a main office building, 
with laboralories and conference facilities, 
as well as 65 housing units for Zimbabwean 
staff, was moving forward rapidly 

The first regional sorghum introduction 
nursery. with 5500 entres from ICRISAT 
Center and 25 countries around the world, 

was sown at five locations in Botswana, 
Malawi, Zambia, and Zimbabwe late in 1983, 

before the project was formally started Off
season crossing blocks were planted in April 
1984 and again in 1985 at Mv'zarabanr, a low
elevation location in norther n Zimbabwe 
warm enough for year-round plant growth 

Porridge and Beer 

Sorghum, pearl millet, and finger millet follow 
maize in importance as cereal crops in the 
SADCC countries Farmers grow both red 
and white sorghum, but white predominates, 
1lhick poiridge, called by various names 
(o(7ali in Tanzania, nshima in Zambia, bogobi 
in Botswana, papai in Lesotho, sudza in Zin
tiahwe), is made from both sorghum and 
millet, and both are also used for a nutritious 
opaque beer 

Someliinies people chew sorghum stalks 
like sugarcane. Dried leaves are used as 
cattle fodder, and stalks are good for weav
ing walls of houses or for roofing material. 
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In Botswana, where sorghum is the number 
one crop, sorghum flour is sold in plastic 
packets in grocery stores, and in some 
SADCC countries sorghum beer is also sold 
commercially. Sorghum beer is produced 
mostly from red and brown sorghum. Chi-
buku, an opaque beer popular in many 
southern African countries, uses most of the 
red and brown sorghum produced. It is un-
pasteurizd and has a shell life of only 4 to 5 
days. 

Pearl millet is more common than finger 
millet, ranging from 90% of the millet crop in 
Botswana and Mozambique to 60% in Tanza-
nia. In recent drought years, when food short-
ages were severe, many countries in the 
region had to import both millet and sorghum. 

-nree of the SADCC countries-Zambia, 
Zimbabwe, and Malawi-produce sorghum 
seed on a commercial basis and want to 
develop hybrid sorghums to increase total 
national production. Commercial farmers get 
5 to 6 tonnes/ ha; smal! farmers' yields are in 
the 1 - to 2-tonne range. There is potential for 
increasing yields on the farms of both com-
mercial and small-holder farms. 

Drought is a continuing problem in SADCC 
countries, where maize has been extended 
into marginal areas thatcould bebetter used 
for crops that require less rainfall. A more 
rational mix of improved maize, sorghum, 
pearl millet, and finger millet could better 
satisfy long-term cereal needs and could 
also be useful to the area's growing livestock 
industry. 

A Region of Great Diversity 

In addition to planting trial nurseries the first 
year, the SADCC-ICRISAT program launched 
a series of workshops and tours for breeders. 
By getting to know their fellow researchers in 
nearby countries, the scientists of SADCC 
are forming a regional network for testing, 
setting priorities, and exchanging promising 

breeding stock and technologies. 
The ICRISAT team leader has visited the 

SADCC countries and identified program 
neeos and responsibilities. He has made it 
clear that the regional program is neither 
competing with national programs nor taking 
over local responsibilities. 

Lesotho is rolling and in places mountain
ous, with intensive cultivation and terracing. 
Sorghum breeding material for high eleva
tions from ICRISAT's collaborative work in 
Mexico may be well suited to Lesotho. Staf
fing breeding programs is a severe problem, 
since no sorghum breeding work has been 
done there. Two researchers have been 
identified for advanced study in the USA, and 
one of them is expected to become the coun
try's first sorghum breeder. 

Guineense sorghums-open, droopy
headed varieties--are grown from the coast 
through the center of Tanzania. Seeds from 
the ICRISAT work on Guineense in Mali will 
be evaluated for improving Tanzanian culti
vars. 

An agronomist who spent ayear in Mozam
bique introduced sorghum and millet varie
ties from a number of places, including ICRI-
SAT, in 1982. High-yielding, pearly white 
sorghum varieties from ICRISAT were less 
susceptible to grain mold and though seed 
from that introduction is no longer available, 
the pedigree is known and genetic material 
has been requested from ICRISAT Center 
for planting. 

In Malawi, a large population in the Shire 
Valley depends on sorghum and millet for 
survival. In research on increasing food pro
duction, scientists are incorporating desir
able traits from E 35-1 (the cultivar used in 
ICRISAT's research in Burkina Faso) into a 
locally adapted cultivar. 

Research Capabilities
 

Some of the SADCC countries have more 
advanced agricultural research programs 
then others. 
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Zambia, for example, has a long history of
growing sorghum and pearl millet, though in 
recent years maize has become more impor-
tant. ICRISAT's SPV 386 was released in
1983 as ZSV 1 and is being grown by anumber of commercial and small-scale farm-
ers. The national research program can 
manage crossing blocks, nurseries, andyield
trials with little assistance in anything but
introduction and preliminary evaluation, 

Swaziland, on the other hand, has almost 
no research staff and will need assistance at
nearly every stage as itestablishes aresearch 
program. 

Within the region, problems vary radically.
Cold-tolerant cultivars are important for farm-ers inLesotho, but not inZambia, where acid 
soils are a serious problem. Shoot fly is a
nalor pest in Tanzania but is not serious in
Botswana. 

The SADCC-ICRISAT staff is identifying 

locations where insect infestation or dis
eases are unusually heavy and will concen-
Irate regional research efforts on these hot 
spots. Zimbabwe, for example, has a prob
lem with stem borers but the best place for a
screening program is at the Golden Valley
Research Station in Zambia. Technicians 
from Zimbabwe will be sent there as in
service trainees to participate in screening
work. Leaf diseases will be studied incentral 
Zimbabwe, acid soil in northern Zambia, and
work on drought stress will be carried out 
near Gaborone, Botswana. The regional ap
proach gives SADCC-ICRISAT flexibility in
coordinating research for the benefit of sev
eral countries at the same time.

Programs in the SADCC region need sup
port of many kinds. Donor financing for the
project now includes contributions from the
Canadian International Development Agency
(CIDA) and the West German Ministry of 

Sci nhists from the SADCC region evaluate promising sorghum lines in Dodoma. Tanzania. 
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Economic Cooperation (BMZ), in addition to 
USAID. While supporting research and train-
ing activities, it also provides funds for sup-
plying national programs with useful, low-cost 
items, such as pollinating bags, scissors, 
pruning shears, tweezers for breeding work, 
metal seed trays, field books, plastic bottles, 
and bird netting. ICRISAT provides instruc-
tion in use and maintenance of these supplies. 

Facilities for postharvest msidgernent of 
crops are extremely poor in much of the 
area. Seed is lost from season to season, 
nullifying 1he value of previous research The 
ICRISAT team is developing a basic tech-
nologv package, including building design, 
storage, threshing, and cleaning facilities, to 
guide SADCC national scientists in setting 
Up or improving their a1bility to store and 
maintain valuable material 

Advanced Training 
Training national scientists and lechnicians 
is one of the most important parts of the 
SADCC-ICRISAI program. Preliminary stu-
(lies have identified requirements and out-
lined a I0-year phased program for each of 
the nine countries. The plan calls for 37 PhD 
and 26 MS degree programs in nine different 
disciplines: sorghum and millet breeding, 
agronomy, soil science and nutrition, physi-

ology, pathology, entomology, food quality, 
and wecd science. 

The first trainee, a woman from Malawi, 
went to Texas A&M University tor a PhD in 
entomology in July1985, and sorghum breed
ers from Zambia and Zimbabwe left for the 
USA a few months later to study for MS and 
PhD degrees. INTSORMIL, a USAID colla
borative program with American land-grant 
universities, handles arrangements for the 
educational program. 

Scientists will begin training at different 
times so that all of them wiil not be away at 
the same time. In addition to university-level 
studies, plans call for training technicians at 
ICRISAr Center in India and at various sta
fions in the SADCC contries Technicians 
will be trined during theyearthat advanced
degree students are comp!eting their work 
so that they will be ready to form an effeciivc 
research team when the scientists r(eturn 

Project headquarters at Matopos will offer 
in-service training for periods of 2 weeks to 3 
months, covering techniques such as study
ing disease and pest problenis 

Looked at as a whole, the many parts of 
the SADCC-ICRISAT program offer a unified 
approach to agricultural research that can 
help) meet the SADCC Heads of States' long
terma goal of achieving food security in their 
region. 
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Groundnut in Southern Africa:

A One-Crop, Regional Program
 

Thor igh it has been operating only sinc late 
1982, ICRISAT's southern Africa rgional
groundnut program has established a vigor-
ous cooperative research network amongscientists in seven countries. 

The primary aim is to broaden and enhance
the genetic resources of groundnut in south-
ern Africa by evaluating lines developed
from ICRISATs world collection in India,
germplasi introduced from elsewhere in theworld, and USeful breeding lines from local 
national programs. 

The regional program is also generating
material from its own hybridization program 

W itt oj,, /7lal, ;l:ow'Jat 

by crossing high-yielding, exotic germplasrn
lines and locally adapted varieties and making specific crosses in response to special
requests from national breeders. 

From this introduced and generated genetic
wealth, outstanding lines are identified on
the basis or yield, quality, and resistance or
tolerance to diseases. These are tested inregional trials (in close cooperation with
national programs) to identify groundnut linessuited to the climates and agricultural condi
lions of the region.

Because the program's target group is thesmall-holder with limited fina;cial resources 

ICRISA T bogionalgroundnutprogral
017 the, /of 

based It Malaw/ focusedthe SADCC countneQ 

46 



who cannot afford pesticides, herbicides, or 
irrigation, most research is on nonirrigated
experimental fields with no crop protection.
To insure reasonable plant growth, minimal 
amounts of phosphorus arid gypsUm arc 
used. 

I he Canadian International D.velopmeni 
Research Cer Ire (IDRC) is providing more 
than $t milon over a 4-year period to 
firance the projecl, which has a two-mran 
internatronal staff 

Thle reg;onaigrotlldliut program is anolhe 
ICRISAl response to a request for assist-
a-r'ce in st erglhenig research Irum heads 
of Stalte of the Soulhern Africa Developi nel 
C corfiniio Cconference((SADCC), arid cov 
ers lie sain;, gonral ar(a as the sorghum
and iillot program at Malopos. Zimbabwe 

1h' Coverirnlurit of Malawi originally pro-
vil(- facilities fo fh ICRISA -IDRC pro
grail ala Is statin Mt C lht J/,'.ear Lirrro we 
lhsf, have been i(: cll~f by exparril(d 

11w ,ma hiwi wl Ih) s idel loll visits h) 
flatorinl pr(gMl,; Of li/%il)lhrr Col'.vana
Ziri ajliv,,i M /;irtl)hiri SWqi.''la;ii and 
I ii ;,.'an 

(*)f thw o riamiiirrn( SAI)(;C u miritris L ,S(i 

i i too(iNu for ..r)tiidrilit ;Irl(j llr' has 


hf 1, I1th! cncritact with Al(ola nil rece-1ntly

wf li itl flirst s s if ICRISA- r(gional trials 

os;el htlht Air(gi lr capital, Luarnda, al 

thn: r(og-Lnst (f I AO 


Cooperative Research 
with National Scientists 

This fprograrr relie.s on scientists Ironi i-o n l 
programs to carry out regional trials arid to 
select varieties 

In le 3 years it has been operating,
regional frials have shown that several selec 
tions made by ICRISATs breeder in Malawi 
sign icanlly oulyield the standard local var-
ietes These lines are of inediate value to 

national breeding programs and can also be 
used c ;varieties inl their own right 

1he program fosters close collaboration 
among groundnut researchers in the region,
eslablishing a network of cooperating research 
programs, disseminating and sharing infor
maiion through regional workshops and spe
ciilisl group meetings, and by a regional
newsletter. A specialist group lour for the 
region's breeders in 1985 included visits to 
breeding programs in lh( field in Zinibabwe, 
Za rrbia, and Malawi 

Although regional coopetative rcsearch is 
an important aspect of their work the two 
ICRISAl scientists also carry Out research 
on major probleems at their base in Malawi, 
in(clJd11ing aspects of resistance to, arid epi
deriuology oif,osetle disease, resistance to 
e'.rly leaf spot, and gerneralion of flew mate
rial by hybTridi 'atlon 

Potential for Increase 

(r(uirldrmiil iS both a cash and food crop in 
southllen Afr ca, an area Of about 4 9 million 
sqiure kin that ralins inaltitude fror) sea 
h,.l to iniror 
than 35,00 in Yields on small 
farrns. wh( iriost )roLndnut is grown, are 
qer'neally iow, ofen r cmuchless than I ton
rie;/ha Largtce-scalhu amis with irrigation arid
 
plant protecton getl .1 lo nes/ha, and the
 
record of 9 6 tonnes/ ha was reporled from a
 
comernrrcial fa n inZirmbaLwe.
 

The possibilities for increasing groundnut
 
production In southern 
 Africa are great, but 
progress has been slowed by ashor!agr ofsuilable varieties in some of the countries, 
hmited seed availability, damage from dis
eases and insects, arid uneven rainfall. 

Rairs in the major groundnut area begin in 
mid-November, are heavy in December, 
erratic in January, with breaks of 10 to 15 
days, and heaviest in February. They dwin
dile ii March, arid in many areas there is no 
rain at all from April until November. In 
Malawi, nothing is in the ground during this 
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therose/te virus disease is a malorproblem for groundnutsin Africa. ICRISA T's regional program in 
I it,ir/ wotA," on tnsO t0educe damaqel5 / 

dry period except for a few vegetable crops
in moist, silted valleys 

Groundnut follows maize and tobacco in a 
rotation that serves to improve the soil after 
the tobacco because groundnut is not sub
.'t
J I.
to inl.stat on by the tobacco nematodes
As a re!sult of lagging official prices, farmers 

have shifted away from groundnut to maize,
and groundnlut production insouthern Africa 
has fallen sharply Once the lhird-largest 
export of Malawi. gromicdnut isnow only a 
small percentage of its exports Several 
countries in southern Africa have been force, 
to Import groundnut oil in drought years 

Groundlut is eaten with maize or In Sau 
ces It is sold boiled or roasted in the market, 
and the leaves 'ire sometimes used in cook-
ing InMozambique, farm families cook ground-
nat with cereals to increase the nutritional 
value (especially for children) of the cereal 
carbohydrate 

Groundnut is not native to Africa, and vir-
tually all improvements in production have 
been based on introduced germplasm. ICRI-

SAT holds a world mandate for research in 
groundnut, and its gene bank in India con
tains more than 13 000 accessions from all 
over the world. 

Diverse Area 

Because the area covered by the southern 
African ICRISAT groundnut program is so 
diverse, it might be well to look briefly at 
programs in each country. 

Malawi has doj e breeding work for wel! 
over three decades. Approximately 75% of 
its groundnut producion is on the Lilongwe 
plain. The country is relatively strong in 
trained research personnel, but nearly all 
suitable land is cultivated during the growing 
season, so increasing yields per hectare is a 
major goal. 

Malawis Chalimbana is a large-seeded 
confectionery variety much in demand in the 
Netherlands arid United Kingdom, but it is 
highly susceptible to disease. 'reasing the 

48 



yield of Chalimbana is a problem because if 
has proved difficult to select higher-yielding 
strains that retain the tan color, good flavor, 
and the extra-large size consumers prefer.
Recently. however, Malawi breeders have 
met with some success and they will shortly 
release an improved Chalimbana. 

Botswana was traditionally caltle-raising 
country, but as lhe people have become 
more sedentary, groundnut cultivation has 
increased. The current prodLicion of 1200 
lonnes provides only one-third of its needs. 
With rainfall at about 300 ~m annually, 
drought tolerance is the prime requirement 
for groundouL here. so ICRISAT's drought-
resistant material is being tested for yield. 

Zimbabwe has tour commercial centers 
for groundout cultivation on high-potential 
land with irrigation, but developi ig suitable 
vari tices for larniers on comunaiioil lands-
where (urundnm if isa low-,.,, ,ing sole cop-
has been neglected. Both long- and short-
duration variekies, stable over a wide range
of environnic.nl, -, r,' being developd, with 
emphasis on tlinin ig suitable oirsecd. 

Zaimbia is developing a strong groundnul 
improvement program aimed at helping small 
farmers increase yields Under Iradilional 
management and is using ICRISAT ground-
nut lines. It hopes to achieve self-sufficiency 
in oilseed production and develop an export 
trade in confectionery nuts. High-yielding 

varieties resistant to leaf spot, rust, 
 and 

rosette virus are needed 


Tanzania. where groundnut is widely grown 

in central areas, is desperately short of funds 

for running trials. Tests of Robu 
 33-1, intro-
ducod from ICRISAT Center's collection, 
were very encouraging. with significant yield 
increases th,- make it an ideal variety for 
peasant farmers. 

Mozambique has no trained breeders, and 
ICRISAT is helping it organize research arid 
is providing some supplies, including fungi-
cidesforresearchattheUniverstyofMaputo. 
Farmers generally grow landrace varieties, 
and in some areas groundnut is second only 
to cereals in importance. 

Swaziland's program is very small. Some 
groundnut is grown in the east, but ithas not 
yet become an important crop. 

Disease and Insect 

Problems 

Disease and insect problems of groundnut in 
the region vary in degree of severity from 
country to country and withiii countries, and 
g'oundnut pathologists and entomologists 
are in very short supply. Diseases of out
standing importance in most countries are 
early leaf spot and rosette virus disease. 

Rust disease is serious in the hotter, more 
humid, lower lying areas in southern Mozam
bique and parts of Tanzania arid Malawi. 
Another foliar disease, Phoma is found in 
Zimbabwe ICRISAT breeders will cooperate 
with Zimbabwe scientists to incorporate 
Phoma resistance of lines trom the USA and 
7r babwe ito agronomically acceptable 
Cultivars. 

Host resistance is particularly important in 
a region where many farmers are not used to 
knapsack sprayers, arid ,.,,here sources of 
water supply may be far frori the fields. 
Breeding and selecting for resisiance to 
early leaf spot and incorporating known 
resistance to rosette disease into high-quality 
varieties are therefore critical research areas
 
for the ICRISAT program and for several
 
national programs in the SADCC region.
 

Termites are a major pest throughout the
 
region, especially in dry years. They destroy
 
pods and sometimes the entire groundnut

plant. Control is too expensive for most pea
sant farmers.
 

Hi/apatruis, a sucking bug is devastat
ing to groundnut crops insome locations in 
Africa It thrives in association with colonies 
of small black ants. Attacks are sporadic, 
and damage can range from one or two 
plants in a field to 90% loss. Adding an inex
pensive insecticide to the soil before sowing 
to control the ants or treating early plant 
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infestations with aspray seem to be the best 
strategy to deal with this problem. 

The Mystery of Rosette Virus 

The rosette virus study that ICRISAT recently 
started is a good example of the tremendous 
value of a regional aoproarh to disease 
probhc is 

The virus is found oiily in Afica and is 
second to leaf spot as a major threat to 
groundnut production. Epidemics of devas-
tating proportions are sporadic, but when 
they occur can cause almost 100% loss of 
crops planted late and at vlidte spac:r~q The 
virus has not been a problem during d1ougrn 
years, but now that rains seem to be return
ing, it is expected fo become serious again, 
causLing fields of groundnut to turn bright yel-
low with great loss of yield. 

Rosette virus is spread among plants by 
aphids, and it appears that two viruses are 
invol,.,, 0 No one knows where the infected 
aphids come from each season 

Itisessential to learn more about the ecol-
ogy of the aphids so scientists can develop 
strategies for control. This complex multidis-
ciplinary puzzle brings together the fields of 
botany, meteorology, virology, and entonol-
ogy and crosses all national boundaries 

Rosette virus is a serious problem in West 
Africa as well, so when ICRISATs southern 
African program sheds light on rosette ecol-
ogy, its work should be of value to such coun-
tries as Senegal Nigeria, and Gambia ICRI-
SAT Center has been instrumental inenlisting 
agroup of scientists from the Federal Repub-
lic of Germany, the United Kingdom. the 
USA, and Nigeria to collaborate on finding 
the solution to various aspects of the menace 
of rosette. 

Training Opportunities 

ICRISAT's regional greundnut proaram does 
no lormal on-station training. It helps as 
many technicians as possible from southern 
Africa study at ICRISAT Center, with the aim 
that a number of technicians from each 
country will benefit from training there. The 
program also acts as a clearing house for 
other training opportunities both in and out
side the region. 

Bui!ding a good support staff for national 
programs depends on this training, which fits 
in well with the off-season insouthern Africa, 
since technicians leave for ICRISAT Center 
after the harvest in May and are back in time 
tor planting 6 months later. 

Signal of Commitment 

As a signal of ICRISAT's increasing com
mitments to research inthe southern African 
region, in :ooperation with countries of the 
SADCC, the ICRISAT Governing Board met 
in Harare, Zimbabwe, during March 1986. 
Several scientists and science administra
tors from the region took active part in the 
deliberations. 

The Board members were quite nipressed 
by what they saw and heard during visits to 
research farms in Malawi, Zambia, and Zin
babwe and fell that the work initiated there 
has agood potential to address the problems 
of the entire region. They suggested that 
ICRISAT researchers pay greater attention 
to alternative uses of sorghum and millet, 
including the possibility of mixing flour from 
these grains with wheat flour in breadmak
ing Training in research-station manage
ment was alsc emphasized, to speed up 
transfer of technology. 
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Eastern Africa:
 
A SAFGRAD-ICRISAT Initiative
 

Sorghum is one of the most important crops have a miracle variety, but as long as things
in eastern Africa. In many places if sorghum are not going well at the national program
fails, people starve. Sorghum is generally level, nothing will happen," he says. He 
raised on farms of less thar,2 hectares by emphasizes the necessity of motivating na
the poorest farmers. tional scientists to develop improved culti-

ICRISAT's Eastern Africa Regional Sorghum vars and carry new technologies to the 
and Millet Project is dedicated to helping farmer. 
national scientists generate technologies The program headquarters are in Nairobi,
that will increase yields and stabilize produc- Kenya. It is part ot the Semi-Arid Food Grains 
lion of these cereals, which have the best Research and Development (SAFGRAD)Pro
chances of survival intimes of drought. jecl of the Organization of African Unity

The only way to improve the lot of each (OAU), and is largely financed by USAID. No 
country is through national programs, the independent research is now carried out by
leader of this program believes. 'You can the project, which works directly with scieiit-

S ,vo drought spolls l ave the farms patchy and atnimals hungry, forcing farmers to let the animals 
Tllo, ?t hat is loft of f uit crop. 

,
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Et t n duotln good years, crop ind v .stock rearimng activitiesare closely r(elated in nost of Africa. 

ists in nation,,!agricullural programs and has 
a coordinating role, buit eventually there will 
also be a research-based program. 

Participating countries are Sudan, Ethio-
pia, Somalia, Kenya. Uganda, Rwanda, Bu-
rundi, aid Tanzania Allhough nut part of the 
African conlinent. the Peoples Democratic 
Republic of Yemen and the Yemen Arab 
Republic are also included because their 
agricultural conditions and practices are 
similar to those in eastern Africa. 

East-West Contrast 

Why two SAFGRAD-ICRISAT initiatives in 
Africa, one in the East and one in the West? 
Isn't an Africa-wide strategy possible? Sev-
eral major contrasts sland out. 

Soils in West Africa are sandy and rainfall 
is poor: soils in eastern Africa are better, with 

more organic matter, clay, and better water
holding capacity. As a result, the potential for 
increasing yields per hectare and increasing 
the area under cultivation is probably greater 
in eastern Africa, lhough it has suffered from 
disastrous drought and famines in recent 
years. 

Altitude, however, is the major Modifying 
factor. In eastern Africa, sorghum is grown 
from sea level to more than 2300 m. High aiid 
intermediate elevations generally hav good 
rains, lowlands may be either wet or dry. 
Moisture is not ordinarily as much a limiting 
factor as itis insemi-arid West Africa, andcultivars must be developed for growing 
seasons of varying lengths. The ICRISAT 
program has identified four adaptation zones: 
high, intermediate, and low elevations, and 
very dry lowlands. Varieties are tested in 
each of the four zones. 

Sorghum has been grown in Africa for 
thousands of years, and species native to 
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the east have differently shaped panicles 
(flower clusters) and kernels from those ofWest Africa, though over time there has been 
some intermixture. West African farmers 
grow pearl millet: in easter Africa, finger 
n illelis preferred. Because the ratio of land 
in soRghun to that in millel is about 9:1, the 
ICHISAT program currently concentrales on 
sorghum. 

Improved varieties developed at ICRISAT 
Center lhat grow well on I!he indian subcon-
linent have Iransferred well to Elhioya and 
contibuled to food produlon there, 

Regional Trials 

A regional sorghum workshop in Ethiopia in
1982 developed plans for Eastern Africa 
Cooperative Sorghum Regional Trials, arid 
lihOse continhO, using uniform guidelines
from ICRISAT for recording dala Milets 
were added to the pnigrami in 1983, and 
results of millel naional trials are discussed 
in the aninual workshops 
The sorghtum trials hf we proved to be a 

good avenue for inlercountry cooperalion
leading to rapid movement of germplasm
technical iniormalion, ar( research lech-
njquns Th,; Nairohi-based SAFGRAD-ICRI-
SAT coordinator visits each countlry every 
year to evaluate the trials with national 
cooperators. 

For the first trials in 1983, seven countries 

sent 43 varieties for the four sets of regional

trials. Each country sent 2 to 3 kg of seed for 

the trials to the coordinalor in Nairobi 
 who 
distributed seed packets to 50 locations for 
testing. 

Entries give a picture of the variations in 
the region: material from Uganda and Tan-
zania was only for elevations under 1500 m;
Burundi and Rwanda, which had varieties for 
high and intermediate areas, had no entries
for dry lowlands. 

The Yemen Arab Republic, Ethiopia, and 
Kenya offered varieties suited to all four 

adaptation zones. Two of lhe entries for low 
elevations wer, CRISAT-bred and released:Elhiopia's Melkamash 79 and the Yemen 
Arab Republic's Sepon 80-1. The 1985 regional
trials included 47 entries from 10countriesto 
be tested on national research stations in 40
locations in the different ecological zones. 

Oulstanding varielies fron the tests can 
be idenlified by nalional programs and used 
for further tesling and production or as pa'
ents in breeding work Afler rhe inilial trials,
several countries indicated they planned to 
work with tested varieties (including Melka
mash 79 and Sepon 80-11 from other countries. 

Results of sor0hL11rh(;h trials have shown
that varilies can be transferred within the 
same ecological zone and that a regional
broeding program can develop varetties Suit-Lhe for a number of couinl;es. 

SAFGRAD.ICRISA Fha:s also assnsfed na
lional scientists in esfablishing an Eastern 
Africa Cooperafive Screening Nursery. It 
started with more lhaii 1000 seed sources 
from Ethiopia, Tan,:ania, Uganda, ICRISAT/
SAiFGRAD Kenya. and ICRISAT Center, and 
will evenilaIly he narrowed down to about 
200 seleclions for lesting in all tle countries 
of the region. 

National scientists discuss the results of 
regional trials and nrseries at the annual 
workshops, wnich have been held since
 
198? in Elhiopia, Rwanda, Tanzania, and
 
Uganda. Work(shops focus on research efforls
 
In the host country, wilh brief reports fr0m
 
each nalional program and invited papers on
 
problems cf special interes.
 

These events offer researchers a chance 
for peer review and foster a sense of frater
nily among the scientists, who formerly worked 
in relative isolation. Each country benefits 
from the work of its neighbor; researchers 
from countries that do not speak to one 
another on the political level cooperate in
searching for strategies to increase food 
production. 

Inaddition to regional trials, several national 
programs in eastern Africa have taken part in 
multilocational tests and insect and disease 
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itujrseris sponsored by ICRISAT. Uganda 
participated in the International Sorghum 
Shoot Fly Nursery. Uganda arid Ethiopia in 
the International Sorghum Downy Mildew 
Nurseryl and a leaf disease nursery was 
tested at two locations iniSudan. 

Desired Qualities 

Desired qualties in sorghum ineastern Africa 
vary from cour itry to coutry Drought toler 
arnce is always at the top of the list and high 
yield is onry oie ot many considerations 

In imes i)f plenty, when people have some 
choice, each soc:ely has specific preferen-
ces. In times of starvation, as in recent years, 
people will eat almost any variety of sorghum, 
whelhor they like it or not 

In Ftiiopia, where sorghui is used alone 
or in conjunction with tef a local cereal, to 
make traditional fermented bread called mijra, 
the demand is for pearly white sorghum. In 
Uganda, Burundi, arid Rwanda, brown-seeded 

They aflcA h oaioato umas 

sorghum with a high tarnin content is most 
common and is considered acceptable ior 
making uga/i(a thick porridge), opaque beer, 
arid a nonalcoholic. high-calorie drink for 
children. 

In eastern Kenya, sorghum with pearly 
white grains that look like maize is preterred, 
in the west, a brown, high-tannin variety is 
acceptable for making ugall.Grain with hard 
endosperni is preferred i-,much of Tanzania. 
National programs m..ist develop lines that 
meet local deriand, and since ICRISAT Cet
ter has the world collection of sorghum 
gerriplasm at its gene bank in India, it is the 
richest possible source for breeding material. 

The different climates incastern Atrica 
call for different types of sorghui . A quick 
look at the findings of the regional trials 
points up some differences, 
Inhigh aititudes, farmers prefer varieties 

that are late blooming and tall. But the tall, 
late-blooning, large-seeded Yemeni varie
ties that reported highest yields (around 
3000 kg/ ha) were considered agronomically 
undesirable ina test location in Kenya, while 
high-altitude Rwanda sorghums with deep 
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brown seeds were not well adapted to the 
Yemen sorghum environment, 

Trials ir. very dry lowlands had a "high
probability of failure," a summary eport
showed, and yields were very low, with most 
varieties showing undesirable agronomic 
traits. Varieties for this most difficult sorghum
production area wil require a great deal of 
improvement, 

Pests and Weeds 

While high-tannin, brown-seeded varieties 
are not generally preferred, they have one 

quality that is highly desired-they are not 

altractive to lhe tiny, red-beaked Quelea 
birds that descend by the hundreds of thou-
sands on growing fields and demolish the 
crop. As a result, brown-seeded sorghum is 
being grown increasingly despite the fact 

Headbugs on a pearl millet head at Kano, Nigeria. 

that people often don't care for its slightly 
bitter flavor. 

How farmers can deal with the Quelea 
problem wasontheagenda fortheSAFGRAD-
ICRISAT regional workshop in Uganda in 
1985 and is also a major concern of the 
SADCC-ICRISAT program in Zimbabwe. 

Armyworm, like Quelea,is migratory and 
appears in vast numbers when environmen
tal conditions are right, wiping out sorghum 
crops and almost any other plants in the field.
Host resistance is unknown, and research 
on this pest is urgently needed.
 

Stnrga, a serious hazard sorghum
to in 
West Africa, is also common throughout 
eastern Africa. InTanzania, for example, two 
types of Strla cause serious crop losses 
and limit expansion of sorghum cultivation. 

Ethiopia and Sudan are carrying out long
term studies of the parasitic weed, and 
Kenya at one time achieved some reduction 
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Insect damage isquite common on crops inall of 
Africa. ICRISA T scientists adopt an integrated 
approach to try and reduce cop loss from 
insects. 

in Striga levels by demanding that farmers 
pull it up. Host-plant resistance is the best 
prevention, and eastern African national pro-
grams are following results from ICRISAT 
work in West Africa and India on developing 
resistant strains. 

Cropping Systems 

Where there are two rainy seasons, farmers 
generally do not plant the same c.up twice; 
they are more likely to plant a legume, fol-

lowed by a cereal, which may be maize one 
season, sorghum the next. 

One practice some farmers use is to 
broadcast a mixture of seed at random
sorghum, beans, maize, for example. If rains 
are good, there will be food for the family over 
an extended time. If rains do not hold up, the 
sorghum ismost drought resistant and is the 
last to be harvested. The beans fix nitrogen 
in the soil and add to its fertility, and the 
scheme minimizes insect damage because 
the same pests don't attack all of the crops. 

Providing Literature 

Current scientific literature ishard for sorghum 
and millet researchers in eastern Africa to 
get, and they have increasingly turned to 
ICRISAT for literature searches and reprints. 
Proceedings of the annual workshops, spon
sored jointly by IDRC and SAFGRAD-ICRISAT 
from 1982 to 1984, have been distributed 
throughout the region, as has the Sorghum 
and Millet Information Center (SMIC) news
letter, published three times a year from 
ICRISAT Center. 

Experts from ICR ISAT are frequently called 
upon for advice or for short-term consultan
cies inareas of concern to national scientists. 

Building Up National 
Research 

To improve the future of eastern African 
agriculture, one of ICRISAT's greatest con
tributions will be through training national 
program scientists and technicians. The 
SAFGRAD-ICRISAT office in Nairobi helps
national programs identify promising candi
dates for training. During 1985, 25 persons
from eastern African countries participated 
in in-service training at ICRISAT Center in 
India, and three Somalis and one Ethiopian 
continued there as research scholars in 
1986. 
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Looking Ahead
 

This, then, is the story of ICRISAT in Africa in 
the mid-1980s. It is only the beginning of a 
long-term effort to make that continent, so 
rich in other resources, more self-sufficient 
in food. 

ICRISAT scientists are aware that no mat-
ter how effective and productive the crop
lines and farming systems they develop, 
there probably won't be a Green Revolution 
in the conventional sense in Africa. The 
harsh environmental conditions and the lack 
of resources available to struggling new 
governments to build a strong research base 
militate against that. 

But they also know, from 10 years' expe

rience in Africa and 13 in India, that the tech
nology ICRISAT is developing can avert dis
aster - -. eliminate food shortages only if itis 
implemented by farmers and strongly sup
ported by national governments and the 
world community. 

ICRISATcancatalyzetechnologicalchange 
throughnationa;scientistsandorganizations, 
but it is they who must bring about the agri
cultural transformation that will eventually 
take place in Africa. The process has begun.
With the active participation of national and 
regional programs, it will be effectively car
ried forward. 

A well-man age d feld of the hijh-yieldingpearl nillet, CIVT, at the ICRISA T Sahel/an Center, Niger,shows the potential of research to boost crop production in the region. 
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Two grain market scenes in Niger. In many parts 
of Africa, with its large share of subsistence 
farmers. not much -rain gets to the market 
Market studies are part of ICR!SA Ts socioeco
nomic research. 
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ICRISAT Staff inAfrica- Murly,Sorghum BreederDS 
K V Ramaiah, Cereal Breeder, Slnga 

MD Tnomas, Sorghu n PathologistWest Africa 

ICRISAT Sahelian Center 	 Mali 
Niamey, Niger SVH Shelly,Agronomist 

R W Gibbons.[Ex(,uliwe Di eulor. Vhlst Ari(ca Prograis,
 
ad irector.ISC


C GIr,)uJ:, 	 Southern and Eastern AfricaIrric(h Wirte~r/Edito r 

f) C Goodri:-i Jr . RegionaliAdmiiiilrative Ofic;r
 
B D Marvaldi, Pr(ot Doveloprinl Oficer SADCC Regional Sorghum and
 
PCC Srfahni. Research farm Manageter Millet Improvement Project,
 
.( Anand Kuruoa Millet llree.dier and I eam Leader. Bulawayo, Zimbabwe
 

Mullet lriprovri.iril Prey:gram
 
L K loss ll, Millet Agr oo mit
 
K f Nwan'e. Millet [inloiuolglt4 L Houset Ex rcutve ) reclr, Southern Atrca, ard
 
SO Okiror. Millet Brteder/PoIinmal rats tOfhcer Proect Manager
 
J W rder. Mlle(t Pathologist D S Bishl. Iarn Development Specialist
 
L Marchals. G (eiicist SC Gupta, Millet Breeder
(ORS I()M 
A Tukete. Agjruaonoiit (U of lluulmnluuu WJ A a- Mhlliano. Cereals Pallologist
 
S 1o"Islan, (ORS-fOiV)I A B Obilana, Sorglhumn Breeder
(o'nlitll:s 


C Rni[atr. Crolupin) Syslurrs A(ruiom:st arid 
1eam Leadf!r IHsiiiurce tuanagrlerilt l1rgram) Regional Groundnut Improvement
 

A BliariO. Soil Ulci it DC)"
 
M,S Diko Anirrial Nulorit;isl (1-CA)' Program, Lilongwe, Malawi
 
M C Klail Soil anud Water Mscienruu: lt Ili(iitist
, 

B B Ntare, Cuwpea Breeder/Agr(nomist IIll A)" K 4 Bock. Grourdnot Pathologist and learn Leader
 
M V K Sivakuinu. Agro hnliatiluist S N Nugari Groundnut Breeder
 

Burkina Faso 	 SAFGRAD Sorghum and Millet
 
Improvement, Nairobi, Kenya
 

C M Patanayak, Sor (h1r i Breeder and SAFGRAD/ 
I(;1^WAIJ Coordinator VY Guiragossian Coordinator torEastern Africa 

S N Lohani. Millet Breeder 
P . Mallon, Production Economisl 

Sudan 
d,'!S c{o(op-r;litlmg'ln,';f s;Clell[Ils¢lnfrlo)lhrm€lr{r)zillions,
 

iitic hyby a r 	 R P Jain Millet Breeder 

ICRISAT Addresses in Africa 

ICRISAT 	 ICRISA] 
B.P. 4881 C/o OAU/STRC 
Ouagadougou (via Paris) J P. 31 SAFGRAD 
Burkina Faso P.O Box 30786,Nairobi 
Cable UNDEVPRO, Ouagadougou Kenya 
Telex: 5381 SAFGRAD BF Cable IBAR, Nairobi 
Telephone: 335995, 334274 (Kamboinse) Telex 22893 NAiROBI 

Focus of work: Sorghum, Millet, Resource Telephone: 338544 
Management Focus of work: Sorghum. Millet 
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ICRISAT 

Chilhdze Research Station 

Private Bag 63. Linngwe 

Malawi 

Cable UNDEVPRO, Lilnngwe 

Telex 4466 UNDEVPRO MALAWI 

lelplhone /6/226,'/67249,//22855
 

Focus of work: (rolundnut 


ICRISA , Mali Prograrri 
C/o Aiin.r';in Eibassy 

[ P 314.Bamiako lw; Paris) 

Mali 


1el;., -459 I CA 1AV!AKO or .-148 At/EMB .-. MAKe 
3elepl r -1'!:1,336 -261 166 Sotuba) 

Focus of work: Surqhim. Millet. Resource 
Mara.:genit'r 

ICRISAI Sihe'a Chnter 
B P 1,11l)-li
 
Nt\i ir y (vji , 

Niger 
C;101h ICHISAT N',iely 

Ii>l.x5.106 NI 
lI'lhl;hor /22 /;25'12.,123691 

/2" /98) (>ly Of,( Annex)
 
Focus of work: VdIi I (rLilnut. lusiuri
 
ti,(iigll(( ii )ri 

Cooperating Institutions-
Centre R6gional de Formation et d' Application en 
Agrom6t~orologie el Hydrologie Opdrationnelle 
(AGRHYMET), Niger 

Section for Research and Appropriate Technology. 
Ministry of Foreign Affairs (DGIS). The Netherlands 

Institute de Recherches Agronomiques Tropicales 
et des Cultures Vivribres (IRAT), France 

L'Institut du Sahel ( NSAH), Mali 

Institute of Hydrology, UK 

Intsrnational Development Research Centre 
(IDRC), Canhda 

International Fertilizer Development Center (IFDC), 
USA 

Includes institutions sponsoring special projects, those 
deputaig scientists to work on collaborative projects, and 
those ottering use of theirresearch facilities. The national 
research systems of many African countries are also 
involved, and they are not being listed separately. 

UNDP/ICRISAT
 
P O Box 913, Khartoum
 
Sudan
 
Cable RESEARCH ELOB 
Ielex 22214 UNDII KHARIOUM
 

Focus of work: Sorghum. Millet
 

SADCC/ICRISAiT Soightum and Millet 
Irmprovwmen t Prograi
 

P 0 Box / /6. Bulavwayo
 
Zimbabwe
 

Cable MATGRIC, Bulawayo
 
Telex 3570 ZIMBABWE
 
telephone /9563
 

Focus of work: Sorghum, Millels 

International Institute of Tropical Agriculture
 
(IITA), Nigeria
 

International Livestock Center for Africa (ILCA),
 
Ethiopia
 

Institut Frangais de Recherche Scientifique pour le 
Dveloppement en Cooperation (ORSTOM), France 

Organization of African Unity. Scientific and 
Technical Research Commission: Semi-Arid Food 
Grains Rebearch and Development (OAU/STRC/ 
SAFORAD), Burkina 'aso 

Texas A&M Univesity, USA 

United Nations Development Programme (UNDP) 

United States Agency for International 
Development (USAID) 

University of Hoherheim, West Germany' 

University of Wisconsin, USA 
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