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Transforming Traditional Agricuiture

Perhaps it is the vast scale of the
African continent itself chat inspired in
the past such grand-scale prescriptions
for its development — prescriptions
whose inefficacy figures so prominently
and unhappily in today’s development
literacure.

Tragically for the long run, African
leaderships adopted the western model
for growth at the expense of the most
successful sector of their own econo-
mies: agriculture. In the 1960s agricul-
ture was the key sector of most sub-
Saharan countrices, producing the major
share of gross domestic product and an
even larger share of exports.

The neglect of agriculture was detri-
mental to the vase majority of Africa’s
the more than 70 percent

people
who worked the land, not only feeding
themselves and their urban fellows, but
producing agriculcural surpluses for
export. Decades of relacive neglect of
the rural sector — of low domestic
farm prices, of cheap food from abroad
— drained the countryside of labor as
men and women sought higher wages
in the cities. When as a consequence
agricultural production declined, even
as urban-centered, western-seyle
development failed to materialize,
Africa changed: a net exporter of
agriculeural produces became increas-
ingly dependent on imporeed grains
and cereals.

Small wonder that today the old
concept of development, as the process
of transferring to one country what has
worked in another, is derided as an idea
whose time has passed.

What is taking its place is a new
conviction, less grandiose, less simplis-
tic, less dramacic. Ie is the conviction

that tor the forseeable future the
prosperity of sub-Saharan Africa is
inextricably linked to agriculture; and
that the prosperity of the agricultural

sector consists of the prosperity of the
millions of small-scale farmers -— the
men who conerol most of the benefits
and the women who do much of the
work.

The greac scrength of traditional
agriculture has been thar it does not
exhaust the land. The farmer’s own
labor, amplified by simple technology,
has sufficed in the past to produce
enough food — year after year, for
ceneuries — to sustain highly devel-
oped societies, even empires. Slash-
and-burn agriculture, or shifting
cultivation, traditional in West and
Central Africa, has worked because it
restores the fertility of the land by
allowing natural vegetation, bushes
and trees, to replace crops during
fallow periods lasting from five to
twenty years.

These successful craditional systems
survive even today in Wese and Ceneral
Africa, but they are chreatened by
rapidly expanding populations. In
many areas, increasing densicy of
populacion and intensity of land use
have reduced fallow periods. Shorter
fallows resule in sharp declines in
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eastern Nigeria, historically stable
farming systems have become unstable:
as declining soil fertility and new
disease problems result in lower yields,
farmers shift from yam to the more re-
silient but less nutritious cassava.

But even cassava, tropical Africa’s most
basic crop, is suffering: yields have
fallen from about four to less than one
ton per acre as fallows have shrunk
from five to one-und-a-half years.

Contrary to @ common notion, bring-
ing surplus land into cultivation is not
the solution for declining agricultural
productivity in West and Central
Africa. In most arcas, soils are fragile
and poor; the economic potential for
large-scale irrigation is not promising;
and much of sub-Saharan Africa is
already denscly populaced in relation to
che carrying capacity of the land.

Despite population growth, labor for
farming is scarce in some rural areas
because of urban migration. Frequent
droughts and epidemics of pests and
pathogens make even meager produc-
tion impossible to sustain. The ines-
capable consequences of such condi-
tions are cconomic stagnation, rural
poverty, malnutrition, and environ-
mental degradacion: deforestacion, soil
crosion, and desertification,

Because this is noc an acceptable
fucure, Africa’s leaders have begun to
move cheir countries into the main-
stream of one of the most remarkable
changes of the twentieth century: the
transformation of traditional agricul-
ture into science-based agriculture,
which permits more intensive cultiva-
tion of land already in use.

The future of Africa lies in this crans-

productivity. In many villages of formation. Duriny o



this century and the firse decade of the
nexe, it will be this agriculeural
transformation — developing new
technologies to improve existing
farming practices, sometimes to replace
them — chac offers Africans che hope
of producing more food while conserv-
ing and enhancing the productive
capacity of cheir fand for the fucure.

The crucial preconditions for che trans-
formacion are chat chese new technolo-
gies be appropriate for Africa, chac chey
come primarily from research con-
ducted in Africa, and chae chey ulc-
mately meet the test on African farms.
They cannot be imported from other
continents and environments. We have
learned thac African problems require
African solutions.

Of chese three preconditions the key, |
believe, is rescarch conduceed in Africa
for the benefit of the small-scale
farmer.

At IITA we believe that the strategy
fur feeding hungry people today while
developing sustainable systems for the
future must begin with the small-scale
tarmer.

Fortunately, in chis instance economic
rationalicty is not at odds with social
imperacives: there is much evidence
chat in sub-Saharan Africa small-scale
farmers are more productive per unic of
land than large-scale farmers. The vasc
majority of farmers in West and
Cenrral africa culdivate small farms,
using traditional manual cechniques to
grow often complex mixcures of crops
in well-proven farming systems. Men
and women, these farmers are shrewd,

and responsive to incentives. Wich che
right kind of support from their gov-
ernments, including effective market,
sales, and discribucion services, they
will adopt new technologies and

‘produce the food surpluses needed to

feed the cicies.

These farmers are poor not because
they are small, bur because cheir
farming systems have low and declin-
ing productivity. Raising farmers’
productivity is the fastesc and cheapest
means to increase food production and
to increase farmers’ incomes; which in
curn will stimulate employment and
rais¢ incomes chroughout the economy.

There may be a limiced place for
mechanized food production in the
most favored parts of West Africa. We
know much more about mechanization
in the lowland tropics now than we did
twenty years ago. The next cwenty
years are likely to see significant
advances in this area, and in our
understanding of soil and land man-
agemenc. Given general economic
development, in some places ~vich
favorable conditions and good manage-
meng, a limited amount of large-scale
agriculture can succeed, and is highly
desirable. Nevercheless, as far ahead as
we can see, most of Wese and Central
Africa’s home-produced food will come

policymakers and research scientists
must address themselves.

A development strategy that empha-
sizes the leading role of agriculture and
focuses on the small farmer leads not
only to economic growth, but to
groweh wich equity. We know thac
food surpluses and rural poverty can
exist side by side; it is therefore
important to empower the poor to gain
access to food.

Raising che produccivity of the small-
scale farmer directly benefics a large
portion of the poor and malnourished,
reduces inequality by minimizing the
atcraction of urban migration, and
increases employment of che landless.
Increasing productivity particularly
benefics rural women, who are believed
to produce at least half che food in sub-
Saharan Africa. Malnucricion appears to
be most severe among pregnane and
lactacing women and among preschool
children. According to a recent
UNICEF report, 50 percenc of Nige-
rian children suffer from malnutricion
and undernucrition, and these rank
after malaria as major causes of death.
Rising farm prosperity based on
improving technologies will thus
contribuce co becter rural nutricion,
improved social services, and a more
cquitable society.
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Bold measures have been caken by a
number of Wese and Central African
governments to restore the agriculrural
foundations for national prosperity.
Macrocconomic reforms in many
countries have improved agriculcural
policies; decermined effores are under-
way to improve the infraseruceure of

. Lo \ from smallholders. It is to thern that markets, roads, and rural services. In



this progressive context, the availabil-
ity of appropriate and productive
technology developed through research
becomes che limiting factor for agricul-
tural growth.

A lively controversy has flourished as
to whether or not the necessary tech-
nologies already exist, waiting on the
shelf to be extended to the African
farmer. The colonial premise was thae
the farmer was culture-bound, lazy,

and ignorant. He needed to be edu-
cated by the extension agent. There is
growing recognition, however, that
extension is premature and wasceful
unless it can ofter technologies chat are
appropriate tor small-scale farmers.

The Gender Perspective in
AI'TA Research

African farn wonmen work and live nuder
cdifficnlt conditions: while they vun ther
homes cond vaise their childven. they also do
“much of the farm work, producing most of
Africa’s fund. Despite their leading role in
cagriculture, bowerer, in most Afvican

Jarming systems women ave accorded inferior

Cstatns, Cortain tasks are veserved to men:
cothers are assigned exclusively to women, I
“waeh village, certain ficdy — usually not
the most favored vnes — ave women's fields:

COPLI CIOPS P Women’s oo,

CThe same distinction appears in the design
camd tvansmission of improved agricultural
Stechnology. Men's craps and wwen's tasks get
most of the vesearch and development, Fx-
tension workers. pically men, transfer
technolugy most casily to men farmers:
potential offects on women farmers are
sselddome weighed whew innovations are
ccomsicered, Women farmers in Afvica begin
with inferior cducation to men's, and

: aferior aceess to fand, credit. and other
resonrces. The intvoduction of technolugies
cthat are irvelevant or detrimental to their

cdistinet needs can only nake the situwation of

Lacomen farmers more difficnll,

LITTA is committed to inmproving the
Leondition of ruval women in Africa for two

1
'

|reasons: to increase food production, and to
;/)rull/u/(‘ soctal (‘l/l//'/.)‘. l/./l‘f//)/('(l/ /\ﬁ'i('d m
Lo develop o more productive, sustainable
|
i

smtctll-ferm agriculture. it comiot afford to
neglect balf of its farming population. 1f

improved agricultural techuologies are
biased against women, inbibiting their
potential productivity, the entive soctety

will suffer.

Equity considlerations are equally conpel-
ling. Women and children represent a
disproportionate shave of Africa’s poor and
malnonrished: malnutvition, for example, is
nost serere among; pregiant and /u(/dfillg
wanen and among pre-school children,
Raising the productivity of female farmers
will veduce income inequality, improve
rival bealth, and contribute to a more
cquitable sucicty.

In HTA's research programs, questions
selevant to women farmers are raised
primavily in the multidisciplinary working
groups that coovdinate work on maize-,
cassatta-. and vice-based cropping systems.
These groups are responsible for making sure
that new technologics [it the needs of their
inmtended heneficiaries,

In the niaize-based systems group. for
example, scientists bave established that
women farners tend to plant later in the
secason than men Jarmers, to weed less, and
to cultivate shadier farms. Investication of
these differences may suggest modifications
to ke technologies more useful to women,
Resuerce management vesearchers hare
established that women farmers use hush

Jallowes mainly as sonrces of fiveaood, for

instance. and this insight will influence the
design of new systems for fallow manage-
ment, Lconomists in the maize-based systems
group ave comparing the valne of women's

Jaror work and off~farm activities, such as
trading. processing farm products, or caring

Sor childven.

The inferior status of women farmers in
Africa is mirroved by the representation of
wonten among African agricaltural
professionals.,

According to an FAO study, only 3.4
percent of wational agricultural personnel in
Africa arve women. 1ITA secks to increase
the numbers of women in the national
agricultural vesearch and development
agencies with which it collaborates.

HTA recently adopted an affirmative
action policy to increase the nunber of
women participants in HTA training at all
levels. Women now represent only 16 percent
of the gradnate students conducting research
at HTA: a Ford Foundation erant to
support women sciemtists is helping s to
correct this imbalance. \Vomen represented
13 percent of the participants in the 13
ronfy training conrses condncted in 1988,
We ure wot satisficd with this record, amd
wwe are committed to vigerons recruitment to
increase the number of trained women in
Afvican agriculture.

Through onr active efforts worldide, 1TA
bats hadd some moderate suecess over the last
several years in recruiting ontstanding
wonten scientists to its researeh staff.

Women amaong the staff scientists at 1I'TA
include three agricultural ecconomists, a
grain legume pathologist. and a number of

post=doctoral researchers,
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The rapid spread of improved rice and
wheat in Asia — heralded by journal-

ises as che Green Revolution — created

the false expectation chat agriculeural
technology could be casily transferred
from one region to another. But
conditions in Asia in the 1960s were
very different from those we now find
in Africa. Long before agricultural
scientisis developed improved varicties

of rice and wheat, Asia had vast areas of

irrigated land and a long cradition of
ctficient wacer management and
control. This irrigaced agriculeure was
alrcady sutficiently developed to be
receptive to simple new technology —
rice and wheae varieties that were
highly responsive to good management

and the use of nitrogen fertilizer.

An example illustraces the difficulty of
importing technology into Africa.
Over ten years, one of the internacional
agriculrural rescarch centers tested
more than 2000 varicties of high-
yielding Asian rice in West Africa.
Only two of the Asian rices performed
as well as the tradicional African
varicties; the rest were defeated by che
discases, pests, and soil conditions of
the African environment.

In concrase to Asia, Africa is characeer-
ized by the diversity of its agricultural
cenvironments. Even wichin environ-

stable and uniform conditions chat
charac.crize irrigaced agriculture in
Asiu — conditions thac were essential
to the suceess of the Green Revolution
in Asia. For African farmers, technolo-
gies must be tailored to the many
specific climaces, soils, pests, and
farming systems of the continent’s
major ecological zones, Hence the
importance of research.

A Continuum of Research
Among the smallholders whom 11TA
recognizes as the benelficiaries of ics
research, there s a range of abilicies o
provide even che low levels of external
inputs, such as fercilizer, thac are
necessary for sustained production
without long nacural fallows. At one
extreme, resource-poor farmers cannot
atford to purchase any inputs; and they
are largely ignored by conventional
rescarch. At the other extreme, small-
holders already buy inputs to produce a
murketable surplus; with further
increases in their productivity, they can
become driving forces for change in
Africa.

IITA sees the African smallholder or
family tarmer as having the potential
to drive change by progressing through
three continuous phases.

In the first phase, the lite of the
resource-poor subsistence farmer is
cransformed by technologies chat
stabilize yiclds, reducing unpredicrable
variations. Reasonably confident of
predictable returns, the farmer is
encouraged to invest in scarce inputs,
including labor, fercilizer, and im-
proved sced, in the expectacion of
increasing production. Stable yields
depend on crop varieties resistant to

of adverse environmental factors such
as drought. Stable yieids also require
effective approaches to weed, pest, and
disease management thac reduce
dependence on chemicals and chat
work with nature to solve farmers’
problems.

In the second phase, continued prog-
ress requires Management praceices
that optimize the productiviry of the
small farmer’s inputs, increasing yields
while sustaining the natural resource
base. The search for practical ways for
resource-poor farmers to increase
productivity substancially without
degrading their land is a ceneral theme
of IITA’s niission, and it is crucial to
the future of food production in Africa.

The third phase of technology develop-
ment for smallholders will allow
farmers to avail themselves of an
increasing volume of external inputs,
continuing to increase output while
sustaining the resource base.

Our objective at [ITA is to create
technologies that serve small-scale
farmers in all three phases of this
continuum. We work in partnership
with the national research organiza-
tions of West and Central African
nations, which test and adape technolo-
gies to the agroecological zones and
farming systems in cheir councries
before extending chem to farmers. Cur
sharcd goals are to develop sustainable
agricultural systems chat can replace
shifting culcivacion, und to increase che
producrion of key food crops in these
systems.

To illustrate the role of research in
African agriculcure, I would like to
describe four cases thac involve appro-

ments, few African farmers enjoy the diseases and insect peses, and tolerant i raccs el el offer it 1 er e




ship between IITA and national
research organizations.

[ERAREE B TR SRR

As maize cultivation expanded into the
moist savanna of West Africa, it
encountered a virulent disease, streak
virus, that devastated crops in recur-
rene epidemics. In 1975, 1ITA
launched a ten-year rescarch program
to identify sources of genetic resistance

to streak virus in che maize gene pool,
and to breed this resistance into

African maize variecies. Through
sustained, multidisciplinary research,
IITA scientists achieved both of these
goals, and we now share streak-
resistant materials wich national
program scientists, who are incorporat-
ing screak resistance into cheir own
local maize varieties. In Nigeria alone,
two million hectares will be seeded to
streak-resistant m-ize by 1990,

More recently, with che vigorous
support of the Nigerian government,
IITA has developed streak-resistant
hybrid maize varieties adapted to West
African environments. This develop-
menc in turn has inspired che establish-
ment of commercial seed compuanies
that began with maize, then expanded
to other crops, such as cowpea, soy-
bean, and sorghum.

The Promise of Alley Farmiog
Alley farming, the most promising
new farming system to emerge from
HTA’s research, is a form of agro-
forestry that offers a sustainable
alternative to traditional shifting
cultivation.

In shifting cultivation, one or more
seasons of cropping rotate with several
years of bush or tree fallow. The system
is land-extensive and, during land-
clearing, labor-intensive. In alley
farming, food crops and bushes or crees
grow simultancously. In the most
successful alley farming pactern, food
crops are grown between hedgerows of
leguminous bushes or trees, whose
roots =re colonized by bacteria thac can
fix acmospheric nitrogen. The nitrogen
is available to the crops planted in the
alleys, relieving the need for purchased
fercilizers.

Under many conditions, alley farming
permits sustained, continuous cultiva-
tion of food crops, while providing
other benefits. The trees are pruned
before and during the cropping period
to keep them from shading and
competing with the food crops. The
prunings are used as mulch to improve
soil structure, increase soil fercilicy,
conserve water, and suppress weuds,

Prunings from leguminous species
provide additional nitrogen. Hedge-
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rows also provide fodder for cattle and
small ruminants, stakes for other crops,
and fuel wood. Planted on the contours
of sloping land, hedgerows help
prevent erosion.

With the participation of scientists
from many nations, the Alley Farming
Network for Tropical Africa (AF-
NETA) has been established to intro-
duce, test, and adapt this new technol-
ogy in diverse environments, We
believe that the term alley farming will
become increasingly familiar during
the coming decades.

IR NN
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The chird example of appropriate
research leading to useful innovation
concerns cassava, the single greatest
source of food energy in the humid
regions of Africa. A few years ago it
was reported that “a small bug is
eating the heart out of Africa and its
long-termy impact could be far worse
than the much publicized droughts
causing starvation in many countries.”
The small bug was the cassava mealy-

bug.

Competition evolves in natural systems
to keep species in sustainable equilib-
rium. Cassava was brought to Africa
from South America about 300 years
ago without one of its competitors, the
mealybug. When the cassava mealybug
was accidentally introduced into Africa
about 15 years ago, it too arrived from
South Amwerica without nacural
encmies to keep its population in
check, below levels chat cause eco-
nomic damage. Unopposed, che
mealybug rapidly extended its range
across tropical Africa, devastaiing
cassava production,



The cassava mealybug could conceiva-
bly have been controlled by frequent
applications of highly toxic pesticides
over the pest’s entire range in Africa.
That approach, however, would have
seen both ecologically and socially

unsound, and too expensive for the
African farmer.

Instead, IITA launched a search for che
natural enemies of the mealybug in
Latin America in 1980. Explorations
over thousands of square kilometers led
to the identification of a tiny parasitic
wasp that lays its eggs in the mealy-
bug, and whose larvae kill che pest.
We have since r.-ounted a major
program to mass-produce these nacural
enemies and, in collaboratcion with
scientists in national research insticu-
tions, to release chem in mealybug-
infested areas, both from the ground
and from aircraft over remote sites. The
wasps multiply rapidly, descroying the
mealybugs in vast numbers. Villages
step back from hunger. wichout even
underscanding why the deseructive
mealybugs have disappeared.

Thus we are using inscces to kill
inseces in che world’s largest biological
control progrars. Internarional econo-
mists have variously estimated the
benefic of this program to Africa
beyond the year 2000 at roughly $3
billion. If IITA were selling this

product of its research, we would
already have covered our operating
budget for the next 150 years.

LS I R AN I DT R

My fourteh and final case for the reed
for productive rescarch concerns
plancain, a staple tood for millions of
Africans that is endangered by a
devastating disease, black Sigatoka.

Plantain is ideal for small farmers in
the very humid tropics: it fits easily
into existing farming systems, its
cultivation docs not degrade the
environment, and it produces high
yields.

Black Sigatoka disease is the most
important constraint on plantain
production worldwide. Its fungal
spores, dispersed by wind and water,
are chus beyond the control of plant
quarantine measures. Black Sigatoka
causes plantain feaves to with<,,
resuleing in sharply reduced yields.
Losses are sumetimes so high that che
crop is uneconomical to grow.

The disease, first reported in Fiji, was
accidentally incroduced into Africa
only recently; from Gabon it has spread
rapidly norchward, first to Cameroon,
and chen within a year to Nigeria. The
discase can be controlled by fungicides,
but only at a high cost, beyond the
means of small farmers who giow
plantain. There are no resistant plan-
tain varieties in Africa.

ITTA has been encouraged by several
African governments to launch an
urgent research campaign to control
black Sigetoka. Our agricultural
scientists are impelled by the need o
save plantains for the millions of
smallhoiders who depend on chem for
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subsistence and livelihood. Using
advanced laboratory techniques to cross
and multiply both bananas and

plantains, we are racing to develop
resistant varieties before black Sigatoka

completely eliminates plantain in
tropical Africa.

We are aware, however, that the
development of resistance to streak
virus in maize, which is a much
simpler plant to cross, took ten years.
Against the possibility that time may
run out fer plantain before resistant
varicties are available, researchers at
IITA’s Onne substation are screening
for Sigatoka-resistant African cooking
bunanas as a possible substitute crop.

These four examples stand for many
that illuscrace the vital role of agricul-
tural research in developing new
technologies for small-scale farmers.
They demonstrate chac technologies
must be generated specifically for
African farming systems; and that cheir
value depends on IITA's nacional
partners to test and adapt them for
specific local conditions. We work
together to redeem Africa’s promise to
improve the well-being of its people
and to meet the challenges of the
twenty-first century.

Lanrence D. Stifel

Thilam Aciiciens 1NON



Infroduction to IiTA '

The International Institute of Tropical
Agriculture (HTA) was established in
1967 to increase the productivity of
key food crops and to develop sustain-
able agriculeural systems chae could
replace bush fallow, or slash-and-burn,
cultivation in the humid and subhu-
mid tropics. 1I'TA was che firse major
African link in a world-wide network
of internacional agriculeural rescarch
centers known as the Consuleative
Group on International Agricultural
Rescarch (CGIAR). The Federal
Republic of Nigeria provided 1,000
hectares of land for che Instituce's
headquareers and experimental farm at
Ibadan, Nigeria, while the Ford and
Rocketeller foundacions provided the
inittal financial supporr.

II'TA has tour objectives:

l. To develop systems for the man-
agement and conservation of
natural resources for sustainable
agriculture in the humid and sub-
humid tropical zones.

There is global concern that Africa’s
growing population is placing increas-
ing pressure on basic nacural resources
and threatening the viabiliey of
craditional farming syscems.

2. To improve the performance of
sclected food crops that can be inte-
grated into improved and sustain-
able production systems.

This is che shared goal of all the
international inscitutes in che CGIAR
system. HTA conduces varieeal im-
provement rscarch on seven crops:
cassavit, maize, rice, cowped, yam,
plantain, and soybean. Rice research is
being scaled down at ITTA and trans-
ferred to asister rescarch center.

3. To strengthen national agricul-

tural-research capabilities in order
to accelerate the generation and
utilization of improved technologies
by means of training, information,
and other outreach activities.

The objective is to enable che Insti-
ruce’s pareners in navional research
systems increasingly to meet their own
technology requirements.

4. To improve food quality and
food storage, processing, and mar-
keting, in order to encourage more
efficient use of available food
supplies.

For a number of HITA commodities,
particularly roots and tubers, che lack
of efficient technology for storage,
processing, and conversion to commer-
cial products is a serious barrier to
their increased use for both food and
feed.

Research and raining are conducted at
HTA headquarters and in other areas of
Africa in cooperation with regional and
national programs. Alchough the
geographical mandace of HITA includes
the humid and subhumid tropical
regions of the world, che Institute now
places primary emphasis on improving
the farming systems in che lowland
humid and subhumid zones of West
and Central Africa. Four of the Insti-
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tute’s principal rescarch programs focus
on crops: Grain Legumes, which
focuses on cowpea and soybean; Maize;
Rice; and Roots, Tubers, and Plantain,
which includes cassava and yam. A
fifth program, Resource and Crop
Munagement, is concerned with soil
resources and farming systems. Ocher

‘programs concentrate on Biological

Concrol, International Cooperation,
and Informartion Services.

Research ar IITA's headquarters and
substations, and in agro-ccological
zones throughout tropical Africa, is
relevant to tropical zones on other
continents. 1ITA shares ics findings
through germplasm exchange, publica-
tion, and craining,

The Institute maincains vital links
with national agriculcural rescarch
programs. By testing [ITA's innova-
tions, adapting them o local condi-
tions, and carrying them o farmers,
national programs cranslate research
into increased food p.oduction.

Principal funding for II'TA is arranged
through the CGIAR. Sources of
tinancial suppore for IITA during 1988
are listed in the table on page 16.

The Institute employs over 180
scientists and professional seaff mem-
bers from more than 40 countries, and
about 1100 suppore seaff, most of
whom are from Nigeria. The majoricy
of the Insticuce’s scientises are located
at headquareers, while others are
assigned to HTA substations at Onne,
in Nigeria, and Cotonou, in che
People’s Republic of Benin, as well as
to projects in colluboration wich
regional and national programs in
Africa.



The Consultative Group on Interna-
tional Agricultural Research (CGIAR)
is an informal association of countries,
internacional organizations, and private
institutions. formed in 1971 to provide
sustained support for a well-defined
and closely monitored program of
incernarional research on food com-
modities of vital importance to the
developing countries of the world.

Cosponsored by che World Bank, the
Food and Agriculture Organization of
the Uniced Nations (FAQ), and the
Uniced Nations Development Pro-
gramme (UNDP), the CGIAR operates
without a tormal charter, relying on a
consensus deriving from a sense of
common purpose. The CGIAR started
with a nucleus cf four existing interna-
tional agriculeural rescarch centers,
including HTA. The number of centers
has now increased co 13, supported by

39 donor members and other contribu-
tors, who provided between US §240-
250 million in funding in 1987.

Each CGIAR-affiliated center is inde-
pendent and autonomous, with its own
structure, mandarte, and objectives, and
overseen by its own board of trustecs.
Some centers focus on one or two
commodities for which they have
global mandates, while others have
regional or ecological mandates for one
or more commodities. Still others
perform specialized functions in the
ficlds of food policy research, genetic
resources conservation, and the
strengthening of national agriculeural
research in developing countries,

The CGIAR is serviced by an executive
secretariat, located in Washington and
provided by the World Bank. A Tech-
nical Advisory Commirttee (TAC),
comprising a chairman and fourtcen

scientists, is drawn equally from
developed and developing countries.
The TAC makes recomrendations on
research programs and priorities, and
monitors performance through annual
program and budget reviews and
neriodic external reviews by independ-
ent scientists invited to serve on
specially constituted panels. The TAC
is supported by a sceretariat provided
by the three co-sponsors of CGIAR and
located at FAO headquarters in Rome.

The CGIAR meets twice a year, once
in Washington in October/November
and once elsewhere in May. The
meetings hear and discuss recommen-
dations about overall strategy, budget-
ary needs, and management issues.
Reports from individual cencers, as
well as independent excernal evalu-
ations, are presented periodically ac
these meetings.

CIAT (Centro Internacional de Agricultura Tropical):

CtP (Centro Internacional de Ta Papa);

CIMMYT (Cenero Internacional de Mejoramiento de Maiz y Trigo):
IBPGR (Incernational Board for Plane Generie Resources);
ICARDA (Inccrnational Ceneer for Agriculeural Research in the

Dry Arcas),

ICRISAT (Internacional Crops Rescarch Insticuee for the Semi-Arid

IFPRI (lncernacional Food Policy Rescarch Institute);

HTA (Iacernacional Instituee of Tropical Agriculture);

ILRAD (Incernational Laboratory for Rescarch on Animal Discases);
ILCA (International Livestock Center for Africa);

IRRI (Incernational Rice Rescarch Institute);

ISNAR (International Service for National Agricultural Research):
WARDA (West Africa Rice Development Association).
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IITA is governed by a Board of Trus-
tees that includes scientists and
representatives from African countries
and other regions of the world.

Lawrence A. Wilson
(Chairperson)

Dean, Faculty of Agriculture
University of West Indies

St. Augustine, Trinidad
Republic of Trinidad and Tobago

Sheriff A. Adetunji

Director, Agricultural Sciences Depart-
ment

Federal Ministry of Science and
Technology

Lagos, Nigeria

;’,_y/)() P

VoW
CNcateds G Polen
TP DR S SR /\)f.‘.'"/l/l"y'.

i Moy B o il

v NG orben o L pord d
f l/l‘-""’ ’4 l’\‘.l’v"Y'Il“/,’/"" l)‘;( ’ “’.’ " I ' \' . \ “ / Vl(/”/nl'»'/
al 1 id il e Ralorr K

/

Randolph Barker
Professor, Department of
Agriculcural Economics
Cornell University
Ithaca, New York, USA

Mayra Buvinic

Director

International Center for Research
on Women

Washington, DC, USA

Luis B. Crouch

Businessman
Santo Domingo, Dominican Republic

Robert K. Cunningham
Agriculcural research consultant
Harpenden, Hertfordshire, England
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Leopold K. Fakambi

Executive Secretary

International Federation of Agricul-
tural Research Systems for Develop-
ment/Africa (IFARD)

Cotonou, People’s Republic of Benin

A. G. Gobir*

Director-General

Federal Ministry of Agriculture, Water
Resource and Rural Development

Lagos, Nigeria

Chimere Ikoku
Vice-Chancellor, University of Nigeria
Nsukka, Anambra State, Nigeria

Freeman L. McEwen

Dean, Ontario Agricultural College
University of Guelph

Guelph, Ontario, Canada

Nicholas E. Mumba
Permanent Secretary
Ministry of Decentralization
Chipata, Zambia

Dauda Mustapha

Director-General

Federal Ministry of Agriculture, Water
Resources and Rural Development

Abuja, Nigeria

Gerardo Perlasca
Agricultural consultant
Como, Italy

Laurence D. Stifel

Director-General, 11TA
Ibadan, Nigeria

Kunio Toriyama

National Federation of Agricultural
Co-operative Associations

Tokyo, Japan

Theo M. Wormer
Professor of Tropical Botany (Red)
University of Amsterdam

Netherlands ===



Special Advisers to IITA

Luigi Monti

Cytogeneticist

University of Naples

Naples, Italy

General Olusegun Obasanjo
(Red.)

Former Head of State
Federal Republic of Nigeria

Since 1979, when as Head of State of
the Federal Republic of Nigeria he
turned over the reins of government to
his successor, Olusegun Obasanjo has
devoted himself to two great causes:
the advancement of Africa’s — indeed
of all humanity’s — political and social
aspirations, and personal demonstra-
tions chat agriculture is the key to
prosperity for Africa. He has been
remarkably successful in both
endeavors.

In global forums, General Obasanjo has
a strong profile as a statesman who
addresses the critical issues of his time.
A staunch supporter of the United
Nations, he serves on its Panel of
Eminent Personalities in the Field of
Disarmament and Development, where
he boldly advocates a concept of

security based on cooperation and
reciprocity. He also served as co-
chairman of the Commonwealth
Eminent Persons Group on Southern
Africa.

In the field of private voluntary action,
General Obasanjo is the founder of the
African Leadership Forum, a founda-
tion whose seminars and communica-
tions programs give form and sub-
stance to his ideals for the next genera-
tion of political, industrial, and
culeural leaders. He is also a member of
the InterAction Council of Former
Heads of Government, and a trustee of
the Ford Foundation. Agriculture has
always been unpermost in General
Obasanjo's thinking. He put his belief
into action upon his retirement from
political and military life in 1979. He
established Obasanjo Farms at Ota, in
tropical southern Nigeria, to increase
public awareness of the potenriai of
farming and to encourage progressive
farmers in food production. Poultry
and livestock raising and processing are
the farms’ chief business, together with
production of staple food crops and
seed, livestock feed and freshwater fish,
and the recycling of farm wastes. The
farms have a small-farmer improve-
ment scheme, and offer advice on land
preparation and management, infra-
structure development, and storage and
processing problems.

General Obasanjo is setting a highly
visible example that farming can be a
respectable and dignified occupation
-— at a time when many African
countries are turning back to the land
with the failure of so many urbaniza-
tion/industrialization projects. In a
recenc visit ro IITA, General Obasanjo
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praised the Institute’s efforts te harness
“international scientists and African
scientists and farmers to work together
to bring about a new dawn of self-
reliance in agriculture.”
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Dorors for the year 1988 in USS1000

Special
Core Projects
Donor Funding Funding Total
African Development Bank 200 200
Australia 38 38
Austria 90 90
Belgium 635 520 1,155
Canada 1,703 944 2,647
Canadian International Development Agency 130 130
China 15 15
Denmark 97 280 377
Ford Foundation 100 146 246
IFrance 238 238
Gaesby Charitable Foundation 146 146
Germany, Federal Republic of 1,317 601 1,918
India 25 25
Internacional Developmene Research Centre 458 458
International Fund for Agricultural Development 275 275
Ttaly 577 322 899
Japan 2,516 2,516
Netherlands , 749 592 1,341
Nigeria 67 22 89
Norway 559 533 1,092
Rockefeller Foundation 197 197
Sweden 177 270 447
Switzerland 1,019 1,019
United Kingdom 790 790
United Nations Development Programme 141 80 221
United Nacions University 60 60
United States Agency for International Development 5,435 4,841 10,276
University of Hohenheim 136 136
World Bank 5,800 119 5,919
Others (including training programs contributions) 617 617

TOTAL CONTRIBUTIONS 21,069 12,508 33,577
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January 4 — Feb. 5
January 11 - 15
January 21 - 22
February 1 — 19
February 15 — 26

February 22 — Mar. 4

February 29 — Mar. 18

March 14 - 25

April 14 -19

April 26 - 29
May 1

May 2 -6
May 2 - June 3

May 9 - 10

May 9 — July 15
June 6 -7

June 6 - July 1
July 18 — August 5
July 29

August |
August 2 -5
August 8 — 9
August 8 -9
August 22 - 24

August 26 — 31

August 29 — Sept. 23

Soil and planc analysis training course

Cowpea and soybean training course for agricultural development projects in Nigeria
Meeting of senior officials responsible for agricultural research in West and Central Africa
Improved weed management training course

Gene bank management training course

Soil and site characterization training course (with IBSRAM)

Seed technology training course

Alley farming training course

Interregional expert group meeting on exchange of technology for cassava processing and food
products (with UNICEF)

Second meeting of root crop research collaborators in Africa

First Young African Scientist awards ceremony: A.O. Latunde-Dada (Nigeria), natural sciences
(first prize); N. Sanginga (Zaire), natural sciences (second prize); Samuel Asuming-Brempong
(Ghana), social sciences (first prize)

IITA Board of Trustees meeting
Biological control of cassava pests, training course |

Planning meeting on collaborative programs in virus disease identification (with International
Development Research Centre [IDRC] and national program virologists)

Tropical root crops research and production training course

Meeting of directors of Nigerian agricultural research institutes with IITA
Food crops utilization and nutrition training course

Rapid multiplication of root erops training course

Donor’s Day at IITA (visit to research facilities and experimental farm by heads of donor missions
in Nigeria and the region)

IITA Day (ceremonices honoring staff having served ten and twenty years)

Internal review of the Root, Tuber and Plantain Improvement Program

Meeting on use of biotechnology for the improvement of cassava, yams and plaatain in Africa
Biological control of cassava pests, training course [1

Workshop on combating Strige in Africa: opportunities for research collaboration (with Interna-
tional Crop Researeh Institute for the Semi-Arid Tropics and IDRC)

Internal review of the Grain Legume Improvement Program

Rice research and production training course



September 5 - 9
September 12 - 13

September 26 - 28

September 26 - 30

October 3 — Nov. 4

October 17 = 21

October 17 — Dec. 9
November 7 - 10
November 14 - 18
November 14 - 25
November 28 — Dec. 2

December 5 = 9
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Third planning meeting of the Collaborative Study on Cassava in Africa (with Centro Inter-
nacional de Agricultura Tropical)

Meeting of the CG Task Force on Sub-Saharan Africa on research needs for maize and cassava in
eleven coastal countries of West and Central Africa

Founding meeting of Alley Farming Network for Tropical Africa (with IDRC, Canadian Interna-
tional Development Agency, International Council for Research in Agroforestry and International
Livestock Center for Africa)

Workshop on plant genetic resources in African development (with TBPGR, United Nations
Environment Programme [UNEP] und the Italian Government)

Biological control of cassava pests, training course 11

Workshop on genetic resources of selected crops in Africa (with IBPGR, UNEP and the Italian

Government)

Cowpea and soybean research and production training course

Meeting of the collaborative group in cassava-based systems research

Workshop on potential of cassava as a livestock feed (with ILCA and IDRC)
Training workshop for scientists of the cowpea network for West and Central Africa
IITA Board of Trustees meeting

Inauguration of biological control program center at IITA, Benin Station, Cotonou (held with a
conference on the search for sustainable solutions to crop pest problems in Africa, and a workshop
on the application of biological control in Africa)

FO8Y
February 8 = 9

February 9 - 10
February 27 — Mar, 3
March 20 - 23

April 24 - 27

April 30 — May 1

Seminar on Italian contributions to cowpea germplasm collection and evaluation (with the Italian
government)

Workshop on the use of biotechnology for the improvement of cowpea
Workshop on the design and analysis of on-farm trials (with Ford Foundation)
Internacional rice testing program for Africa workshop

IITA Board of Trustees meeting

Special Program for African Agriculeural Research (SPAAR) visit to IITA research programs,
Cotonou and Ibadan
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Alley Farming

For millennia, farmers in the tropics
have rotated primary crops wich bush
fallows of trees and shrubs in shifeing
cultivation systems. Oil palm, African
pear, African breadfruit, and ocher
trees and shrubs are widely appreciated
by farmers as secondary sources of
human food and livestock feed. Some
crees and shrubs, such as locust bean,
restore soil fertilicy as well as provide
food and fodder.

As long as cradicional farmers have
enough land co suppore the slow
alternation of trees and crops, and
cnough labor to clear the land after the
fallow periods, the bush fallow system
can sustain a modest productiviey. In
many parts of Africa and elsewhere in
the tropics, however, increasing
demand for land to suppore burgeon-
ing populacions has shortened fallow
periods. Wichout adequace rest periods
of slow tree and shrub groweh to
recover from the exhaustion of crop
cultivacion, soil fertilicy declines,
Declining soil fertility translates inco
declining crop yields. Caught in chis
unhappy chain of cause and effece,
tropical African farmers nced more
productive, land-efticient, and suscain-
able agricultural systems.

Alley cropping, the most promising
product of 1ITA’s continuing rescarch
IN resource management, is a sustain-
able alternative to traditional bush
fallow systems. Instead of alternacing
brief periods of crop production wich
long periods of bush fallow, the alley-
cropping farmer grows plants and trees
simuleancously in alternating rows.
Alley cropping became alley farming
when che Internacional Livestock
Center for Africa (ILCA), wich which

o - -

ping research since 1981, added
livestock to che system. The animals
— small ruminants, such as goats and
sheep — make use of supplemental

browse produced in the hedgerows.

As far back as the early 1920s, Nalaad
farmers in the Philippines were already
practicing a basic form of alley crop-
ping, using cthe leguminous tree
Lencaena lencocephuala to terrace steep
slopes and provide green manure for
crops. In the 1930s the Dutch colonial
government introduced che same
technology on contour terraces on the
island of Timor in castern Indonesia,
plancing Lencaena hedgerows three
meters apart to control erosion and
improve soil fertilicy. The first pub-
lished research on alley cropping, by
Hernandez in 1961, reporeed on four
years of continuous intercropping of
maize wicth Lewcaena in che Philippi
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The trees were planted on sloping land
in hedgerows one meter apart and
pruned bimonchly. Hernandez reportec
thac erosion was reduced and maize
yields substancially increased.

Ac lITA, alley-system research and
development grew out of research in
the eurly 19705 on sustained intercrop-
ping of tree species with food crops, as
a potencial replacement for shifting
culcivation in the humid and subhu-
mid tropics of Africa. Alley-system
research has been conducted mainly on
the Insticute’s headquarters farm ac
Ibadan, Nigeria, in cthe subhumid/
humid cransicion zone, wich a tocal
annual rainfall of about 1100 millime-
ters in two rainy seasons. Research on a
smaller scale is conduceed on acid soils
at the Onne substation, which has an
annual rainfal! of about 2400 millime-
ters in a single rainy season.

In some 135 experiments, involving
more than 30 hedgerow species, 1ITA
scientists have focused mainly on two
issues: the enhancement of soil ferril-
ity, and the escablishmene and manage-
ment of hedgerow species. Which
hedgerow species grow best with
which intercrops or cropping syscems?
Should hedgerows be planted as seeds
or as scedlings? How deeply and how
far apart should plants be set, and whaz
are che most favorable agronomic
practices? Whae kinds of care work
best to escablish hedgerows wich
different companion crops? How
should plancs be weeded and pruned
and fercilized? Are prunings best used
for green manure or for livestock feed?

AHev Famrne: Ferad Resules

HTA’s researciv shows that the success
of the entire alley farming system




hinges on the hedgerow species. The
most important hedgerow characteris-
tics are ease of establishment, deep
roots, rapid groweh, tolerance of
pruning, vigorous regrowth after

pruning, and high foliage production.

To maintain soil fertility, the hedge-
row species should have che ability to
fix atmospheric nitrogen. In addition,
it should have high nitrogen content in
the leaves, combined wich a rapid rate
of leat’ decomposition. On the other
hand, slow decomposition of foliage is
advantageous when soil conservation
and weed control are major considera-
tions. In systems thar include live-
stock, hedgerows should produce year-
round fodder.

In IITA’s prototype alley farming
system, hedgerows are pruned both
before and during the cropping period
to reduce shading and competition
with food crops growing in the alleys.
As in carlier experiments in the
Philippines and Indonesia, prunings
are used as a mulch to increase soil
fertility, conserve moiscure, and
suppress weeds. Prunings can also yield
fodder for animals, stakes for crop
plants, or firewood. Planted along the
contours of sloping land, hedgerows

For the soils of the moist savanna and
the cransition zones of West and
Central Africa, IITA scientists have
identified the most suitable hedgerow
species: Lencaena lewcocepbala, Gliricidia
sepium, Calliandra callathyrsus, and
Cassia siamva. Of these, Lencaena, the
most promising, has been che most
extensively studied.

Inoculated with appropriate strains of
nitrogen-fixing bacteria, Lewcaena fixes
70 to 135 kilograms of nitrogen per
hectare in six months. Lewcaena prun-
ings have the same effect on maize
crops as 30 to 50 kilograms per hectare
of fertilizer. With the application of
Lencaena pranings in lieu of nitrogen
fertilizer, maize yields of 2 tons per
hectare were obtained by continuous
cropping in a long-term trial on sandy-
loamy soil at IITA. Continuous
application of Lewcaena prunings also
maintains the levels of organic matter
and nucrients in the soil. Wich
Lencaena leaves and prunings providing
large amounts of biomass and nutrients
for the crops between the hedgerows,
food-crop yields can be maintained
over a long period even as the nutri-
tional status of the soil is improved.

Other Institute research shows the
advantages of establishing hedgerows
from seeds, which are easier and
cheaper to handle than seedlings.
Direct seeding, however, requires strict
attention to planting depth and seed
treacment, and to the species and the
stage of growth of the crop plants
growing between the hedgerows. In
non-acid soils, cereal crops profit from
two to four meters of growing room
between the hedgerows, and frorm low
hedgerows, maintained by frequent

M e el Lo
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Technology Transter o
Farmers

IITA's purpose is to develop improved
technologies that can be transferred to
small farmers in Africa by cheir
national programs. Alley farming can
be successfully and profitably adopted
by both resource-poor farmers who
have been largely ignored by past
research, and small farmers with
enough resources to produce modest
surpluses for the market. IITA scien-
tists have been working with farmers
since 1980 to test the potential of alley
farming under actual farm conditions.

During the past two crop years, 1987-
1989, collaborating farmers have
planted more than 80 alley experi-
ments on their farms in the subhumid
and transitional zones of Nigeria. IITA
collaborating researchers in orher
countries in West and Central Africa
have established similar trials on
farmers’ fields. IITA’s on-farm crials
have emphasized the development and
evaluation of techniques suitable for
use by small alley farmers in these
subhumid zones of West Africa. Other
on-farm experiments are adapting and
evaluating alley farming for other farm
environments typical of tropical Africa.

While the emphasis of their research
has been on alley farming, IITA
scientists also assess the traditional
methods that alley farming is designed
to supplant. In many traditional-
farming areas, fallow species provide
important macerials for farm and
domestic use: timber for construction;
fuel; animal feed; fruits and vegetables;
medicinals; mulch and stakes for crops.
Recognition of the crue productiviey of
bush fallows is essencial for a realistic



assessment of atley farming as an
alternacive.

In almost four years of extensive on-
farm crials, IITA has collected informa-
tion on farmers’ behavior during the
establishment phase of alley farming,.
African small farmers have often
proved to be sufficiently intrigued by
the idea of using shrubs to improve soil
fertility and yields to try the alley
system. Their inicial interest, however,
has not always translated inro the
extended effort needed to protece and
maintain the young hedgerows. Nor
are the farmers always motivated to
abandon familiar cropping patterns.
Some busy farmers, for example, put
oft establishing hedgerows until they
have planted their crop. Late planting
increases the probability that young
hedgerow plants will be damaged
during weeding.

Properly managed in trials by trained
personnel, IITA’s model alley-cropping
system of maize followed by cowpeas
berween the hedgerows begins to
improve yields significantly in the
second year. Under less favorable

nditions on actual farms, however,
the improvement usually doesn’t show
until the chird year after the hedgerows
have been planeed.

To keep farmers from getting discour-
aged, IITA researchers have devised
alley systems in which the hedgerows
provide carly, dircct, and significant
economic benefits; and in which future
cconomic benefits are large and certain
enough to justify the farmers’ patience,
For example, agronomists are testing
systems in which perennial cash and
food crops, such as oil palm and
plantain, are planted in the same

Assurance of an early yield of perennial
crops has encouraged farmers to plant
annual crops in their alleys and to
maintain the alleys during the first two
to four years, until the system etfects a
visible improvement in yields of
annual crops.
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Disparities in climates, soils, and
cropping practices within and berween
tropical African countries require alley
farming systems tailor-made for each
region or subregion. To launch this
effort, more than 100 representatives
from 19 countries attended a 1986
workshop ac IITA. The workshop
culminated in the establishment of the
Alley Farming Network for Tropical
Africa (AFNETA) to promote discus-
sion and research on alley farming, to
test technologies, and to encourage
cooperation among regions and
ceuntries incerested in alley farming.
The network is sponsored by 1ITA,
ILCA, and the International Couneil
for Research on Agroforesery (ICRAF);
with financial support from che
Canadian International Development
Agency (CIDA), cthe Danish Incerna-
tional Development Auchority
(DANIDA), the International Fund for
Agricultural Development (IFAD),
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and the United States Agency for
International Development (USAID).

A full-time network coordinator,
headquartered at IITA, began work in
February 1989. The steering commit-
tee, including che represencatives of the
international centers, the coordinator,
and eight scientists from participating
national programs, is chaired by Dr.
E.O. Asare of the Institute of Renew-
able Natural Resources at the Univer-
sity of Science and Technology,
Kumasi, Ghana. The committee has
already received more than 40 research
proposals for alley farming trials in
various countrics of East, West, and
Central Africa. Most of the adaptive
experiments sponsored by the AF-
NETA will be carried out by scientists
in African national agricultural
rescarch systems,

The sponsors expect the network to
builc a solid research foundation for
sustainable alley farming systems that
include the important crops and
cropping systems, livestock, and tree
products of tropical nfrica. By the
mid-1990s, according to this schedule,
the network will be engaged in on-
farm research in all che diverse agrocli-

o matic regimes of this vast region.
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Biotechnology

Biotechnology — the array of advanced
laboratory techniques for manipulating
the genetic characteristics of crops and
animals — offers agriculcural research-
ers powerful new tools for addressing
the food problems of Africa. 1ITA, like
the other internacional agriculcural
research centers, is adapeing the new
techniques to current research, while
planning new research to take advan-
tage of biotechnology’s unique possi-
bilities.

With financial support from the
government of lealy, IITA has estab-
lished a biotechnology unit to consoli-
date and strengthen its increasing work
in this arca. The new unit, which went
into full operation at [badan in mid-
1989, will apply biotechnology to all
crop improvement programs at the
Insticute, and will collaborate with
laboratories and institutions specializ-
ing in advanced and basic biotechnol-
ogy research elsewhere in the world. In
biotechnology, as in all its research
activities, IITA adapts new approaches
and methods for transfer to its parener
programs in tropical African countries.

Among the research efforts in which
biotechnology promises to figure
significantly, even decisively, are some
of special relevance <o developing-
country agriculture:

The ability to regenerate complete,
viable planes from plant fragments,
even from single cells, is basic to
biotechnology.

ITA scientists have developed and
adapted media in which they can

culture meristem tissue
uninfected tissue from the very tips of

new,

growing shoots — into virus-free
plants. Using meristem culcure, the
biotechnology unit has regenerated
some 100 clones of cassava and related
species, 500 clones of sweet potatoes,
600 clones of yams, and 100 clones of
cocoyams.

Callus tissue — a mass of undifferenti-
ated cells — can also be regenerated
into viable plants. Callus culture
promises to be instrumental in the
improvement of yam, which is a
polyploid and does not flower under
natural conditions. These characteris-
tics do not trouble the farmer, who
propagates yam vegetatively; but they
{rustrate scientists atctempting to
improve the crop. Regeneration of
plants from small fractions of tuber or
from callus tissue may result in the
expression of useful variability in the
clones.

In the case of cassava, however, scien-
tists have been unable to regenerate
more than roots from ordinary callus
cultures. By culturing young cassava
leaf tissue in a special liquid medium,
scientists have been able to get somatic
embryos directly. Somatic embryo-
genesis on the culcured leaf tissues
occurred six weeks after incubation.
Somatic embryos at different stages of
development were then separated from
the leaf tissue and transferred to the
medium,

The ability to regenerate plants from
single protoplasts, eells that have been
stripped of their cellulose walls, is
essential to realizing biotechnology's
potential. Rescarch on protoplast
regeneration of plancains and bananas
has not so far involved African species,
but in collaboration with the Catholic
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University of Leuven, in Belgium,
IITA scientists are actempting to
regenerate African bananas and plan-
tains by somatic embryogenesis. Work
on cell-suspension and protoplast-
culture techniques are next on their
agenda. This line of research will
eventually lead to practical, reliable
methods for regenerating plantain
plants from somatic cells.

Multiphviag and Distributing
Grermiplasm

Cultured germplasm is ideal for

distribution to national programs: it is
considerably lighter and less bulky
than conventionally propagated plants.
Also, tissue-culture techniques can be

used for rapid mulciplication of
planting materials. A test-rube tech-
nique for propagating plantain and
cooking banana by culturing shoot
tips, developed in the 1980s, is now
routinely used to obtain large numbers
of plants in a fraction of the time
required for conventional muleiplica-
tion in the field. Shoot tip culcure has
been used successfully to propagate
more than 200 Musa germplasm
accessions.

Most important, cultured germplasm
is certifiablv free of pathogens. Tests of



meristem-cultured sweet potatoes
confirm that the two pathogens of the
sweet-potato virus complex have been
climinated from IITA’s germplasm
collection. Heating the mother plane
prior to meristem culeure, scientists
have discovered, improves the elimina-
tion of mosaic viruses from regenerated
cassava plants and white yams. For
white yam, which does not tolerate
hear well, scientists are investigating
the effectiveness of treating meristem
culeures with a chemical chae reduces
viral infections. Virus-free plantlets,
sealed in sterile containers, meet plant
quarantine standards for international
distribution. ‘
Fnsect and Discase Resistance
The development of crop species with
inherent resistance to insect pests and
discase pachogens may require transfers
of genes from wild relatives, even from
unrelated species or genera, into
cultivated planes. In cowpea and
cassava, and to a lesser extent in maize,
natural fertility barriers beeweern
cultivaced varieties and wild relatives
have so far frustrated actempts to
cransfer genes. Such gene cransfers from
wild species to cultivars, almost
impaossible by conventional plant
breeding, can be achieved through
biotechnology.

Among the most destructive insect
pests of cowpea are the Maruca pod
borer and three pod-sucking bugs.
After screening over 8000 cowpea
genotypes, ITA rescarchers have been
unable to identify resistance to these
peses in the cultivated species. They
have found excellent sources in wild
species, bue accemipts to cransfer the
wild genes into che cultivars by

crosses do not produce progeny. IITA
scientists, with university collaborators
in Nigeria as well as in Italy and the
United States, are developing and
assessing a variety of advanced mechods
for securing viable progeny from wide
crosses between pest-resistant wild
species and their cultivated cowpea
cousins.

In rices of African origin in IITA’s rice
germplasm collection, scientists have

found genes that confer immunity to

the rice yellow mottle virus and
resistance to the Diopsis stem borer.
Yer attempes to transfer chese impor-
tant traits from the native species to
high-yiclding improved rices have been
frustrated by the reluctance of the
crucial genes to recombine in conven-
tional crossing. In collaboration with
advanced laboratories, 1ITA scientists
will assess biotechnical alternatives for
overcoming this obstacle to rice
improvement.

Black Sigatoka, a fungal disease, has
recently emerged as the major chreat o
plantain and banana production in
Africa. Attcempts at conventional
breeding for resistance to chis discase
have been hindered by lack of genetic

24

cross-fercilization, but tissue culture
and embryo culture techniques may
enable researchers to surmount these
obstacles.

With laboratories in the United States
and Europe, IITA's biotechnology unit
is assessing the value of advanced
techniques for the improvement of
maize for tropical Africa. Of particular
interest o IITA is che potential for
using viral-coat-protein gene-transfer
techniques to incorporate resistance to
important African maize viruses into
improved maize varieties,
Diagnosing Viruses

Using monoclonal antibodies and
complementary DNA, advanced
testing methods can detect and
identify plant viruses in less than one
day of routine lab work, instead of the
months of skilled effort required by
eonventional. methods. With these
methods, HITA scientists have identi-
fied the various viral scrains prevalent
among the Institute’s mandated crops
in Nigeria,

In collaboration with the United States
Department of Agriculture laboratory
at Belesville, Maryland, 1ITA's virology
unit is producing monoclonal antibod-
ies and complementary DNA of the
prevalent viruses infecting root and
tuber crops in tropical Africa. These
materials will be available to national
systems, many of which are unable to
use the difficult conventional mechods
for diagnosing the viral discases
afflicting their countries’ crops.

The International Development
Research Center (IDRC) of Canada is
supporting an HITA project to help

national programs use monoclonal
' N . 1 . 1 1 .y ¥ ad



locally prevalent viral strains. With the
Canada Agriculture research station at
Vancouver, IITA is planning a special
workshop to train African researchers
in this technique.

With monoclonal antibody methods
available in African national programs,
rapid, accurate diagnosis of viral
diseases will no longer be hampered by
quarantine regulations, which prohibit
shipment of infected planes or plant
parts across international borders for
analysis at HTA. Timely reports from
countries throughout tropical Africa
about the diseribution and virulence of
crop viruses will be inscrumental to
scientises, in nacional systems and at
IITA in devising prompt, appropriate
Fesponses.

Consers g Goermphsm
Well-preserved germplasm collections
— seed banks — hold the genetic
capital for all crop improvement
cftorts. In seed banks, che unique

genetic traits of nearly extinet wild

species and ancient races awaic identifi-
cation and use by planc breeders. Wich
low-temperature preservation and
tissue culture techniques, 11TA
scientists can conserve, multiply, and
transfer discase-free germplasm from

asexually and cannot readily be main-
tained in seed form. Low-temperature
storage will enable researchers to
prescive rare genotypes, control genetic
erosion over generations, and increase
the genetic variability available to
breeders.

A method for reducing plant growth
allows 1ITA to maintain extensive test-
tube collections of root crop and
plantain germplasm. The collections
currently include 1000 clones of sweet
potatoes, 900 clones of yams, 100
clones of cassava and related species,
150 clones of cocoyams, and 150 clones
of plantain and banana. Lowering the
incubacion cemperacure, researchers
have found, produces diminurive bue
otherwise unaffeceed cassava, yam,
cocoyam, and swect potato planes chat
can live in vitro on an ordinary culture
medium for more than a year. Increas-
ing the sucrose concentracion in tuber
culture media can produce hardy
miniature tubers chac colerate long
storage much becrer rhan normal
tubers, and also sprout readily.
Increasing Geoeoe Vartabiliey
Somaclonal variation — genetic
variation appearing among supposedly
identical clones regeneraced from cissue
cultures — is a problem for gene
banks, which strive for perfect conser-
vation of genorypes. Bur in plants like
plantain and banana thar do not readily
cross sexually to create new genotypes,
somaclonal variation is an invaluable
source — somecimes the only practical
source —- of new characteristics for
crop improvement.

In an experiment at IITA, more than

4000 clones of seven plantain cultivars,
represencing the major plancain types,
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were mulciplied in the laboratory and
transplanted to the field, where they
displayed somaclonal variations at a
rate similar to rates of natural genetic
variability in other genera.

Biotechnology will also accelerate the
improvement of such vegetatively
propagated crops as plantain, cooking
banana, and yam, which do not cross
during sexual reproduction. Even
among cultivated cassava species,
reluctant flowering limits the choice of
parents for breeding. Investigacion of
the chromosomes of cassava and its
wild relatives, and culeturing of their
hybrid embryos and ovules, may lead
to significant advances for cassava
breeding and improvement.

New medhods for etficient
pland breeding

Electrophoresis — a method of sorting
DNA fragments by using an electric
field to move them chrough a medium
at races that vary according to their
molecular weighes and electric charges,
permits rapid, positive identification of
plant tissue. The technique enables
rescarchers to match unknown plant
materials wich documented plancs in
the collections and to differentiate or
classify regenerated plants in vicro.
These capabilicies will coneribuee to
the efficient selection of promising
germplasm for crop improvement.

Breeders generace genetic variation by
crossing unlike types and then actempe
to isolate individuals with parcicular,
desirable combinations of the parental
genes. This process can now be made
more cfficieat by employing “genetic
markers™ as tags for genes of interest
and thereby directing the selection



process. Advanced laboracories, using
new techniques, are building decailed
genetic maps of a wide variety of crops.
IITA scientises plan o map particular
eraics of interest, permiccing breeders
to make accurate seleccions of useful
genes for incorporation into improved

viarieties.

HTA's new biotechnology unic links

advanced biotechnology laboratories in
Europe and the United States with
national agriculeural institutions in
Africa. Wich direct access o the lacest
developments in biotechnology, 1ITA
functions as a training center for
African scientises and for master’s and
doctoral degree students. Since 1981,
the Instituce has held training courses
for scientists from African national
programs on the efficient use of tissue
culeure techniques,

To strengthen and broaden its contacts
‘vith the national programs, and to
identify the mose likely arcas for
biotechnology research, IITA hosted a
meeting in August 1988 of African
scientists working on cassava, yam,
plantain, and cooking banana. The 25
participants, representing 14 insticu-
tions in seven African councries, agreed
on recommendacions for che fucure of

HITA’s biotechnology research. A
similar meeting, devoted to applica-
tions of biotechnology to cowpea
research, was held in February 1989.
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Post-harvest Technology

Improving the nutrition oi hundreds of
millions of peoplc in tropical Africa is
not only a matter of developing high-
yiclding crop varicties and farming
_stems. Under the rubric of post-
harvest technology, scientists and
technologises in IITA's crop-improve-
ment and crop-management programs
encourage people to cat beeter by
making good foods more availabl,
easier to process and prepare, and more
accractive and nutricious.

ITEM: Throughout tropical Africa, a
singic species of Callusobyuchus. the
cowpea weevil, cats as much as 50 to
90 percent of the harvested grain while
it is in storage, before it ever ges to
market. Another weevil, Sitophilus,
ateacks maize in the field and in
storage. The larger grain borer,
Prostephanas truncatus, accidencly
introduced into Africa from Central
America, attacks many stored food
grains and products, including cassava
chips and maize. Ic can destroy 30
percent or more of stered maize in six
months.

IITA scizntists, in collaboration with
universities and research institutions in
Nigeria and other countrics, have so far
identified three cowpea varieties with
enough inherent resistance to weevils
to survive six monrhs of storage with
only 15 percent grain damage. The
resistance genes, incorporated into
improved cowpea varieties for a wide
range of growing conditions, are now
available chrough national programs to
farmers in many countries of tropical
Africa. Meanwhile, scientists continue
to screen wnore than 15,000 cowpea
accessions in the Institute’s germplasm
bank for genes that will confer stronger

resistance.

With collaborators from Purdue
University in the United States and a
bilateral program in Cameroon. IITA
scientists are continuing a search that
began in 1972 for useful genevic traits
amony the cultivated cowpea's wild
relatives. Using a new screening
technique developed ar Purdue, the
researchers have found evidence of
strong resistance to cowpea weevil in
some wild cowpeaz. The advanced
techniques available in IITA’s biotech-
nology unit (see article, p.23) may
succeed in overcoming the natural
barriers to transferring genes from wild
cowpeas to cultivars. A similar search
is getring under way in the maize
germplasm collection for sources of
resistance to the Sitophilus weevil.

The larger grain borer is cradicionally
conicrolled by fumigating or dusting
the stored maize with chemical
insecticides. which are dangerous,
expensive, and often unavailable when
and where they are needed in tropical
Africa. Scientists in che Biological
Control Program (see article, 1p.50) are
looking for a safer, more appropriate
alternative: a nacural enemy of the
borer that can be introduced into
Africa from Central America, the
borer's home ground. One predatory
insect with a rapacious appetice for
borers is already known; the search is
on for other likely candidates in
Central America and Mexico.

ITEM: While cassava is the most
important food in many areas of
tropical Africa, providing a staple for
some 200 million people, from one
place to another it is produced in
different shapes, sizes, and texcures; it
is processed into different forms; and it
is prepared in different wavs. The
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prospects for crop and farming-system
innovations depend on their respon-
siveness to the diverse local preferences
of farmers, processers, and consumers.
For making smooth fufu, a popular
casssava product in Ghana, only cassava
that becomes mealy after boiling and
pounding will do. In West Africa,
consumers judge gari, a flour made
from fermented and dry-roasted
cassava, on the basis of how much it

swells in water. In some areas of West
Africa, consumers prefer yellow gari,
made by adding palm oil to white gari
at the roasting stage.
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With support from the Rockefeller
Foundation, IITA is collaborating with
the Cencro International de Agricul-
tura Tropical (CIAT) in the Coopera-
tive Seudy of Cassava in Africa
(COSCA). The study involves gacher-
ing detailed information on the myriad



local cassava preferences, as a guide

for future crop improvement and crop
utilization programs. IITA researchers
have already developed cassava varieties
that are rich in carotene, a yellow
pigment that is the chemical precursor
of vitamin A. The yellow tubers of
these variceties produce yellow gari
without expensive palm oil, and with a
nutritional bonus,

ITEM: The tubers of some West African
cassava varieties contain dangerous
concentrations of hydrocyanic gluco-
sides, which must be removed by a
laborious three-day fermentartion
process. IITA’s crop management
researchers (with colleagues from the
Nigerian National Koot Crops Re-
scarch Inscicute at Umudike, and che
Agricultural Developmene Program ac
Owerri) are screening various cassava
varieties and processing methods for
the best combination for producing
gari with hydrocyanic glucoside levels
below the 10 parts per million speci-
ficd by the Nigerian Food and Drug
Administration.

Among IITA-improved cassava types
with low hydrocyanic glucoside
concentrations in the raw tubers, che
rescarchers have identified a variety
that produces acceptable gari after only
one day of fermentation, The search has
also turned up a local low-hydrocyanic-
glucoside culuivar thae produces
acceptable gari with no fermentacion at
all. Another indigenous variety, oko-
iyawo, has proved to be the mose
acceptable low-hydrocyanic-glucoside
cassava for milling into flour to make
bread and other baked goods.

IITA food technologists are also
investigating alternacive methods of

cassava processing for making gari. The
traditional African process, which is
done by women, is tedious and inefti-
cient. The tubers must be peeled by
hand, even in commercial, semi-
mechanized gari mills. Grated into
chips or finer particles, the cassava is
fermented, dried, broken, sifted, and
finally roasted in a hot pan withour oil.
The researchers are testing simple hand
implements that can peel tubers of
varying sizes and shapes without
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wasting edible flesh or pulp, which
makes up at least 40 percent of peels
removed with knives. For roasting
cassava, the researchers are also investi-
gating fuel-efficient stoves chat burn
corn stalks or other agricultural wastes
instead of scarce firewood; and that
produce an even heat, resulting in
uniform gari particles.

ITEM: Consumers are increasingly
rejecting cheap, home-grown cassava
products in favor of costlier imported
wheat products. At a local market in
Ibadan, IITA researchers found che
prices of baked goods made with
cassava flour 30 percent lower than the
prices of the same nroducts made with
wheat. In taste-tests, however, consum-
ers rated the products equally accent-
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able, and some couldn’t even tell the
difference.

To encourage cassava consumprtion,
food technologists are developing and
modifying recipes based on suitable
varieties selected from the Instituce's
cassava germplasm collection. In 1988,
a joint IITA-UNICEF program on
household food security and nutrition
developed and tested 44 cassava-based
recipes during a training course for
1,778 research and extension personnel
in 12 Nigerian states,

ITEM: Cassava is seriously deficient in
protein. The protein content of gari,
which is breakfase, lunch, and supper
for many people in the region, is 1
percent or Jess. Soybean, rich in high-
quality protein, is an ideal fortifier for
cassava and othier protein-deficient
foods; but soybean has yet to gain
widespread recognition, much less
acceprance, among producers, proces-
SOrs, Or consumers.

Some processors and consumers resist
soybeans because chey are difficult and
time-consuming to prepare. With
funding from the International Devel-
opment Research Centre (IDRC) in
Canada, rescarchers from IITA and the
Institute for Agriculeural Research and
Training (IAR&T) at Obafemi
Awolowo University, Nigeria, are
developing simpler, less tedious
methods for preparing soybeans to
enhance the nutritional quality of
eraditional recipes.

In a small-scale test, an 1ITA food
technologist has confirmed the feasibil-
ity of using commercial screw presses
to extract part of the oil from soybeans.
Without further processing, the



extracted oil can be used in a variety of
foods. Consumers surveyed in three
villages in Oyo State, Nigeria, judged
foods developed by an IAR&T home
economist using partially defaceed
soybean cake to be “very acceptable.”

Other tests show dramatic improve-
ments in nutritional quality resulting
from partial substitution of soybean for
conventional ingredients in a variety of
recipes. Wheat bread with a 30 percent
admixture of partially defatted soybean
flour is more than twice as rich in
protein as bread made with pure wheat
flour. Soybean flour produced and
processed i.: Africa is also much
cheaper cthan wheat, which must be
imported. A large commercial bakery
in Lagos, Nigeria, is now making bread
with 25 percent soybean flour.
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Garti, less than 1 percent protein when
made with pure cassava, becomes 11
percent protein when fortified with
whole soybean flour before it is roasted,;
and 9 percent protein when fortified
with residue from soybean milk. In
taste-tests, consumers were unable to
distinguish craditional 100 percent
cassava gari from the soybean-fortified
version.

These tests are the basis for a variety of
iniciatives by the IITA-IAR&T joint
project to increase consumer awareness
of soybean’s nutritional value and good
cooking characteristics. The project’s
home economists have taught classes of
women to make soy milk; soy moi-
moi, a steamed patty made from
soybean paste; soy akara, a deep-fried
food made from a paste of cowpeas and
soybeans; and the most popular dish,
egusi stew with soybeans substituting
for egusi melon seeds in a mixture with
pounded yam or eba, a porridge made
from gari. Of the women who attended
the classes, fewer cthan 10 percent failed
subseqently to introduce soybeans into
their own food preparation. Conversely,
of 229 women who adopted soybeans,
only 4 had not attended the program’s
classes.

From the beginning to the end of
1988, the number of stores carrying
soybeans in Ibadan, in Oyo State,
Nigeria, increased from only 10 to
201. In a survey at the beginning of
the joint project, none of the house-
holds in two sites in Oyo State knew
anything about soybeans. A year later,
in the same sites, more chan half cthe
respondents had served soybeans to
their families, and 35 percent of local
farmers were producing soybeans to
meet the new demand. By 1988, fewer
than 5 percent of respondents did »or
know about soybeans.

In its research, IITA chus clearly
recognizes the importance of post-
harvest issues to the African small-
holder or family farmer, ranging from
processing methods and losses to
product quality, nurritional value, and
market demand.
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The Insticute has just concluded a
strategic study on post-harvest technol-
ogy research. It plans to adopt a food
systems approach to post-harvest
research, so that research priorities are
more clearly based on factors that
would provide African consumers
becter access to nutritionally improved
food products.



Sweet potato, originally cransplanted
from its native South America, is now
grown — often for its leaves as well as
its root — in most farming areas of
Africa. It is a staple food in Rwanda,
Uganda, and Burundi; and ic ranks
second or third among che most
important crops in several other
councries. On HTA's original rescarch
agenda, drafted some 20 years ago,
sweet potato was prominent among the
crops slaced for scientific attencion. In
two decades of rescarch, HTA scientists
and their colleagues in nacional
programs have made substantial
progress toward unlocking the poten-
tial of this crop as a staple food for
Africa. Their achievemencs include
improved varicties; tissue-culeure
techniques for crossing sweet potatoes;
tests for diagnosing viral infections in
germplasm; and improvements in
storing, documenting, analyzing, and
multiplying germplasm.

Beginning in 1988, responsibility for
sweet potato improvement in che
international agriculeural research
system was transferred to the Incerna-
tional Potato Center (CIP), headquar-
tered in Lima, Peru: the change is
consonant with the conclusions of
IITA's recent serategic planning
exercise that the Insticute was working
on too many commodities and should
adoprt a narrower focus. In carrying
forward HITA’s research on the African
sweet potato, CIP will have the
advantages of its strategic location ac
the center of origin and of primary
genetic diversity of the genus; and of
its mandated single focus on tuber
crops. CIP's future progress will build
on the foundations laid in Africa.

Sweet Potato Research

Beginning work in 1971, IITA
scientiscs found a dearth of previous
research on sweet porato production in
the tropics, particularly in Africa. They
also found no central collection of
tropical sweet potato germplasm
anywhere on the continent. Their firse
task, before they could even begin to
decide what research to concentrate on,
was to identify existing sweet potato
cropping practices and to understand
the constraints faced by smallholders or
family farmers with limited resources.

The constraints, it was quickly appar-
ent, were many: low soil fertility and a
chronic lack of fertilizers; lack of
improved varieties and of planting
materials; poor culeural practices; low
yields; crop damage from pests and
discases; storage losses; and a product
that was too sweet for the taste of many

consumers, especially in West Africa.

HTA’s scientists set cheir goals accord-
ingly, aiming to meet the needs of the
small-scale, poor, family farmer who
applies limited management inpucs to
one to ten hectares; a deseription that
fits more than three quarters of the
farmers in Africa and mose tropical and
subtropical regions.

The research goals included identifying

oeneric conrese nf rocicrancs ro rha
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important pests and diseases of sweet
potato; incorporating these genes into
high-yielding sweet potato varieties;
adapting the improved varieties to the
different ecological zones of tropical
and subcropical Africa; and maintain-
ing nutritional quality and consumer
appeal. To complement the improved
culcivar, the scientists also cimed to
develop improved culeural practices
that would rely as lictle as possible on
purchased inputs; as well as methods
for reducing postharvest losses. Finally,
the objectives included training
scientists and technicians in national
programs and institucions, and dis-
seminating research findings.

Buildine a Gene Bank
hal

IITA plant breeders began close to
home, collecting the few local sweet
potato varieties they could find in
Nigeria. Because of Nigerian regula-
tions against importing plant materi-
als, intended to exclude exotic pests
and diseases, the firse foreign accessions
from the Americas and Asia arrived as
seeds. For the same reasons, improved
breeding macerials discribuced by 11TA
to collaborating national programs
were also in seed form. The need o use
seed hindered the work, since some
sweet potato varieties do not naturally
flower or produce adequate seed. The
difficulties of growing plants from
seeds madc international sweet potato
improvement a tedious, fruscrating
proposition.

In their efforts to produce vegetative
material thac was completely free of
discases, especially viruses, [ITA
scientists discovered that the sweet-
potato-virus discase is actually caused
by two distinct viruses, one transmit-



ted by aphids, the other by whiteflies.
Either virus may remain latent and
undetectable in the planc until it is
joined by the second, when che disease
is expressed. This discovery made it
necessary for the scientists to develop a
new test for infection, using suscep-
tible clones to confirm the presence of
the virus.

ON  DRAPIDE
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Production of disease-free materials
became possible in 1977 with the
establishment of IITA’s tissue culture
laboratory. Now experimental sweet
potato lines could be cloned in test
tubes from living plane tissue. IITA
clones were readily passed by Nigeria's
Federal Quarancine Office and distrib-
uted to scientists in nacional programs
and ocher institutions chroughout
Africa.

In 1981, the cissue culcure laboracory
responded to requests from 17 African
countries and several others in Asia,
South America, and the Pacific region
for disease-free sweet potato lines from
IITA’s collection of clones, which chen
numbered some 400. By 1988, the
Instituce’s sweet potato germplasm
collection had grown ro include some
1500 clones in test tubes. Tissue
cultures were distributed to 37 coun-

tries in Africa and 26 other countries
aroun-! the world, while 44 countries
received germplasm in seed form.

Improved High-Yielding
ASEIRTEIRTON

Unimproved sweet potato varieties in
Africa produce average yields of only 4
to 14 tons per hectare when harvested
180 vo 240 days after planting. IITA’s
improved lines, even without fertiliz-
ers, yield 21 co 41 tons per hectare in
just 140 days. The best varieties
achieve high yields without sacrificing
the baking, roasting or boiling
qualities, or the combination of dryness
and reduced sweetness, that make them
actractive to consumers.

Many of IITA's new lines are resistant
to sweet-potato-virus disease; some are
also moderately resistant to weevils,
the most destructive field and storage
pests of sweet potatoes in Africa. The
most effective weevil control depends
on a combination of inherent resiscance
in the plant, early planting and
harvesting, and re-ridging che soil 30
days after planting. IITA has tested a
variety of postharvest measures thac
help prevent weevil damage during
storage.

Root-knot nematodes — which actack
the sweet potato’s feeder roots and the
storage root, leaving the plant vulner-
able to other infections — are common
problems where farmers practice
concinuous cropping. II'TA scientists,
screening 414 sweet potato lines in the
germplasm collection, were able to
identify 55 with high resistance to
nematodes. The use of these cultivars
in rotation with other crops has proved
effective in controlling nematode
populations.
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Fostering National Programs
When IITA began sweet potato
research in 1971 chere were no national
sweet potato research programs in
Africa. With the Institute’s encourage-
ment and support, by 1988 Africa had
27 national root-crop programs, several
of which included sweet potato. At
first, the national programs relied on
[ITA seed hand-carried by trainees
returning from Ibadan, but the advent
of tissue culcure technology increased
the flow of improved materials from
IITA to plant-breeders in national
programs, for selection under local
conditions.

In time, many national programs were
able to go beyond screening and
selection of IITA-improved germplasm
to establish their own varietal improve-
ment programs. Wich support from
[ITA, national prcgrams became
centers for planc breeding, selection,
on-farm testing, mulciplication, and
dissemination of locally adapeed,
improved varieties to farmers.

Cameroon initiated its National Root
Crops Improvement Program, its first
national food-crop program, in the
Institute of Agriculeural Research in
1978. IITA provided research and
training support, posting scientists to
the new program to work with
Cameroon scientists on improving
cassava, yam, and cocoyam, as well as
sweer potato.

From hundreds of trials on farmers’
fields, the program’s researchers
identified several sweet potaco cultivars
that enjoyed widespread acceptance by
Cameroon growers. An improved
variety, originally selected at 1ITA,
vielded two to four times as much ag



the best local varieties in three differ-
ent agroecological zones. Ic also showed
superior resistance to pests and dis-
cases, and was highly rated by
consumers.

Wich the availability of improved
varieties chat were ateractive ro both
farmers and consumers, sweet potato
productcion in che Adamaous Western
Highland and Coastal Lowland regions
of Cameroon increased rapidly, raising
farmers’ incomes. Encouraged by che
success of the new sweet potatoes —
cheir first experience with improved
food-crop technology — loca! farmers
became more receptive to subsequent
innovations.

In Rwanda, onc of Africa’s smallest
and most densely populated countries
with one of the continent’s most
intensive agriculeures, local varieties of
sweet potato have been widely culti-
vated since the crop was introduced in
che cighreenth cencury. Rwanda’s
small farmers — che average furm size
is less than one hectare — were
impatient for carly-maturing new
varicties that would respond to low
levels of purchased inputs. “Lace-
maturing varicties arc for che rich,”
farmers commonly complained,
“because only they can afford to waid.”

Working with Rwandan sciencists,
IITA scientises identified and incorpo-
rated genes for early macuricy inco
sweet potaco lines wich higher yields,
better discase and inscct resistance, and
appealing taste. The best of the high-
yielding, carly lines, seleceed and
multiplied in Rwanda for distribution
to farmers, were ready for harveseing
three to four months after planting,
compared wirh five to eight monchs for

Scientists in Burundi adapted many
feacures of Rwanda's sweet potato
program to their countr, 's needs. The
improved lines developed and incro-
duced in Burundi, using germplasm
from the HTA collection, have approxi-
mately doubled the yieids of local
varietics.

Fnternacional Cooperation
During che past 17 years, many
countries in Africa and beyond have
collaboraced with HTA in sweet potato
improvement. Some 80 percent of
Sierra Leone’s sweet potato hectarage
is now planted to improved varieties,
and the demand for new plancing
materials serains the capacity of the
government's extensive new muleipli-
cation and distribution network. The
Government of Ethiopia, convinced of
the sweet potato’s potencial as an emer-
gency food reserve, is establishing a
root-crops rescarch seacion. 1ITA-
improved varietics have been made
available to farmers in drought areas.

In Uganda, where sweet potato ranks
second to cassava among root crops as
staple food, the government's breeding
program draws on an extensive
germplasm bank that includes several
IITA introductions. Scientistes in
Mozambique lose no time muleiply-
ing and disseminating improved
culcivars received from 1ITA. Of che
ten varieties released to farmers so far,
three are the councry’s highest-yielding
sweee potatoes. Kenya's researchers
have tested several HTA-improved
lines. The best, released to farmers in
the country’s main sweet potato-
producing region, has yielded up to 30
tons per hectare in on-farm crials.

After chree years of government-
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new varieties have been adopted and
are being grown by more than 1500
farmers. Higher sweet potato yields
and improved consumer acceptance —
the fruies of joint breeding and selec-
tion effores by scientists from IITA and
collaboracing countries — are reported
from countrics as diverse and far-flung
as Ghana, Gabon, Liberia, Madagas-
car, Sudan, che Seychelles, Kiribati,
Puerto Rico, Jamaica, Fiji, Samoa,
Thailand, and the Solomon Islands.

The cransfer of responsibility for sweet
potato in the international agriculcural

research syscem from 1ITA o CIP does

s dertocd o HEEA one minde
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not spell che end of sweet potato
research and improvement in Africa. A
significant portion of II'TA’s unique
and comprehensive collection of sweet
potato germplasm will remain in
Africa, under CIP's acgis. As [ITA
works with CIP in outreach activicies,
the resultes of past and future sweet
potato research will continue to flow to
African national programs through the
networks established during almost
two decades of fruitful collaboracion.






Resource & Crop Management

Program

The double challenge for agriculture in
the humid and subhumid cropics of
Africa is to grow enough crops to feed
a rapidly growing population wichoue
degrading the region’s resources,
principally the soil. HITA's Resource
and Crop Management Program is
concerned with both tactors in the
tood-production equation — crops and
resources — 1n developing improved
farming systems chat are cconomically
and ccologically viable, sustainable,
and productive for smallholders and
family farmers.

The program’s crop-management
scienises, organized inro muleidiscipli-
nary working groups with colleagues
trom IITA’s crop improvement pro-
grams and ocher relevane specialties,
evaluate craditional and innovative
cropping syseems hased on che Insti-
tuee’s principal mandaced crops:
cassava, maize, and rice.

Resource-management research focuses
on soil, a major limiting factor in many
agriculeural syscems of tropical Africa,
as well as on other significant
resources: water; solar radiation; labor
and mechanical energy sources; soil
fauna; and fertilizers and other
chemicals.

Because crop production rapidly
exhausts cheir soil's fertilicy, African
farmers have craditionally allowed
farmland to revert to natural vegeta-
tion after only a few years of cultiva-
tion. The duration of the fallow resting
period, typically five to twenty or more
years, has depended mainly on the time
required for natural processes to restore
soil ferdility,

In recent years, however, increasing
demand for food and other agricultural
products, and increasing competition

for land, have forced farmers to cur
short or eliminate the fallow periods. If
soil fertility is to be maintained under
the pressure of more intensive cultiva-
tion, rescarchers muse develop sustain-
able cropping systems to improve or
supplanc tradicional African systems,
such as bush fallow, that are based on
shifting cultivation.

From their point of view, meanwhile,
the program’s resource-management
scientists investigate the relationships
between soil management and produc-
tivity. What are che physical, chemical,
and biological characteristics of the
soils used by farmers in cropical Africa?
How do these characteristics regulate
the transport and storage of water and
plant nutrients in the soil? How do
they affece erosion?

How do the various characteristics
interact to produce and maintain soil
fertilicy? And what are the mechanisms
of soil degradation? What are the
individual roles and che interactions of
these soil characteristics in producing
plants? What are the social and
cconomic contexts of farming in cthese
environments?

And, finally, the scientists ask, what
new farming techniques, or modifica-
tions of existing techniques, will
permit sustained crop production at
stable or increased levels without

degrading the soil's tertility?

The program’s resource management
unic includes specialises in agroclima-
tology, soil fertility and soil microbiol-
agy, weeds, soil physics and soil
chemisery, and resource economics.
Their rescarch focuses on the soils and
soil-related problems typical of the
major agricultural ecosystems of the
African humid and subhumid cropics.
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In measuring the relative advancages
and disadvantages of various farming
systems, and designing appropriate
improvements for tropical African
conditions, the programs’s rescarch
begins on experiment stations: on the
Ibadan campus and on the HITA farms,
located in cthe major ecological zones in
which the Institute’s mandated crops
are grown; and on many other sites
operated by collaborating national

insticutions and agencies chroughout
West and Ceneral Africa,

Potentially useful innovations evolve
through a three-stage process that
begins with testing on the experiment
stations. Researchers transfer promis-
ing technologies to actual fields in
their intended areas of cropical Africa,
to be adjusted and adapeed under
realistic agronomic, ecological, and
social conditions. Information from
these farm crials returns to scientists at
the experiment stations, to become the
basis for turther rounds of improve-
ment and testing before the cechnology
is ready for release to farmers chrough
national agriculcural research systems,

On the basis of almost two decades of
rescarch on African soils and che
ecological and social contexts in which
African farmers cultivate cheir crops,



IITA scientists and their collaborators
in national systems have established
general principles for economic and
sustainable agriculture. Their research
has affirmed che value of fundamental
soil-conserving and soit-enhancing
practices: maintaining soil cover,
limiting the use of heavy equipment,
loosening compacted soils, avoiding
monocultures in favor of mixtures of
shallow- and deep-rooted crops; and
using fertilizers, bue avoiding overuse.

These general principles are embodied
in improved farming systems and
methods deveioped through research
by program scientises with their
collaborators in national systeins. Some

examples follew,

Alley cropping, a form of agro-
forestry in which crops are grown
berween hedgerows of woody shrubs
and trees, is the most promising new
system developed at HTA. The use of
leguminous hedgerow species, which
harbor nitrogen-fixing bacteria in their
roots, can make the system vircually
self-fertilizing. With periodic pruning
to keep them from shading the com-
panion crop, the hedgerows also
furnish mulch and feed for livestock.
(See article, p.20)

In 1988, the cighth year of trials on
IITA’s Ibadan farm, yiclds of alley-
farmed muize were 100 percent higher
when planted between hedgerows of
one species, and 69 percent higher
when planted between hedgerows of
another, than were the yields of con-
ventionally planted maize. In other
1988 alley-farming trials on sloping
fields, hedgerows demonstrated their
superiority to conventional plantings
in controlling soil erosion and water
runoft.

Experiments with collaborating

‘national systems in the subhumid zone

of Zaire and in the People's Republic
of Benin have confirmed the effective-
ness of leguminous hedgerows in
maintaining soil fertility: maize yields
in alley-farmed plots were significantly
higher chan yields in conventionally
planted plots.

The resource management program has
evaluated mulches and cover crops
— including fast-growing, leguminous

species that can be planted as live
mulches — for various ecological
conditions in tropical Africa. Used
nefore, during, and after cropping,
mutlches prevent or retard soil degrada-
tion and suppress weeds. 1ITA re-
searchers have improved some simple,
hand-operated equipment for planting
crop sceds through mulch cover.

For extensive land clearing and de-
velopment, HITA's rescarch suggests
specialized equipment chat causes a
minimum of soil disturbance and
subsequent erosion. The shear blade,
for example, cuts trees ac ground level,
making it unnecessary to pull the
stumps out of the ground. In the
humid-forest zone of Nigeria, studies
in 1988 by 11TA and the United

Narinneg [ Intvercirvy fonned rhar even
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after five years, the soil was less able to
absorb water in fields that had been
compacted by heavy machines than in
fields chac had been cleared by hand.

IITA resource management researchers
have evaluated a variety of minimum-
tillage farming systerns, in which
crops are planted through a permanent
ground cover with little or no soil
preparation. These systems have proved
effective in conserving soil moisture
and organic content, preventing
erosion, and maintaining cooler soil
temperatures. IITA’s experiments have
demonstrated the utility of minimum-
tillage or no-tillage systems in alley
farming, and the importance of
mulches and herbicides for suppressing
weeds on untilled soils.

The program’s crop-management
working groups, emphasizing interdis-
ciplinary collaboration under actual
farm conditions, synthesize resource-
management and crop-improvement
research into sustainable, productive
cropping systems that are appropriate
for smallholders. During 1988, the
three working groups continued the
development of improved mixed-crop
farming systems, based on maize,
cassava, and rice, for the major ecologi-
cal zones of tropical Africa.

In the Shaba province of Zaire, a new
streak-resistant maize variety, selected
by rescarchers in the national program
from HTA breeding materials, yielded
up to two and one half times as much
as the local variety. In crials under
actual farm conditions, resistant maize
pobulations from HTA outyielded
other varieties by 600 to 700 kilo-
grams per hectare.

On farms in Mono province in Benin,

anarher ITTA varierv renamed Selan



in the national system, outperformed
the best local varieties in its firse
scason. In a maize-based cropping
system in the forest/savanna transition
zone, an [ITA-improved cassava
cultivar, interplanted with the maize,
yielded half again as well as the local

variety.

In five villages in Nigeria, by 1988
farmers had adopted improved cassava
varieties from [ITA and the National
Root Crops Research Insticute of
Nigeria on more than 30 percent of
their fields. The improved varieties
yielded approximately 50 percent
berter than local cassava.

Local farmers and 1ITA researchers
tested cassava-based intercropping
sysrems in 1988 in Nigeria's forest
zone. Economic analysis by che crop-
management working group revealed
that intercrops of maize or soybean
with cassava were highly profitable for
local farmers, while added costs for
insecticides made cowpea a marginal
proposition. After three years of crials
to compare che effeces of various

cropping systems on soils, the rescarch-

ers identified a significant improve-
ment in important soil characteristics
associated with increasingly complex
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Fallow and F wl///ly

; Ret'enl studies by vesearchers from the

Resonrce and Crop Management Program
illustrate vividly the vicious civcle that
tvaps traditional agricultuve in much of
tropical Africa. Farmers, under pressure to
increase food production for growing
populations, shorten their fallow periods.
Redduced fallows result in veduced soil
Sertility, which translates in turn into less

Sood production, not more, increasing the

pressure on the farmer to cultivate ever-
move-marginal lands or to shorten his
Sallows even more drastically.

In collaboration with the Imo State
Agricultural Development Project, HTA
vesearchers in 1988 surveyed farmers in
villages in the bumid forest zone of
southeastern Nigevia, which includes some
of the most densely populated areas in sub-
Sabaran Africa. Historically, traditional
Jarmers cropped their soil for a single season,

then allowed it to revert to foresi for four te

seven years to vegain its fertility. With this

Aong vest period, the fragile soil was able to
sustain a modest production almost

; indefinitely.

Asked to compare their curvent practices
“with these of twenty years ago, farmers in
~all villages veported reducing their fallow

periods by an average of about 40 percent,
Srom an average of 4.5 years to only 2.5. In
general, the most densely populated regions
reported the shortest fallow periods and the
Lreatest average reduction,

Farmers now report fallow peviods of tuo
years or less in about 25 percent of the
surveyed villages, compared with 4 percent
of the villages twenty years ago. Fallows of
Jour years or more ave veported in only 30
percent of the villages today, compared with
40 percent previously. Agronomists consicer

H l/)l.‘ /1/)/))'#]}1./1!#/[ /;IIII)IIM‘ nat) romon s the

more z/eme/) po/z///aled areas 1o be mas gnm/
Sor this ecological regime — too short to
assure sustained agricultural production.

In virtually all of the villages, favmers were|

able to identify shorter fallow periods as the E
primary cause of their reduced yields. i one |
survey region, farmers’ estimates of the
decline in fallow peviod over twenty years E
averaged 22 percent: while their estimates of|
yield decline averaged 75 percent. In
another region, according to farmers’ current
estimates, a 02 percent decline in fallow
period was associated with a decline in
yields of move than 90 percent.

In addition to diminished yiclds, the 11TA
vesearchers found, abbreviated fallows also
coincided with diminished crop diversity,
Farmers also vecognized that shorter fallow
peviods weve the reason for the declining
quality and quantity of various products
— fuelwood, planting stakes, construction
materials, wild foods, and others — that
they traditionally harvest from the bushes
and trees that alternate with cultivated
crops,

In Center Province, Cameroon, less densely
populated than southeastern Nigeria,
another survey revealed even move dvastic
curtailment of fallows. In bumid-forest
villages generally, the survey found 64
percent of households using fallows of three
years or less. In those villages connected to
cities by road, 11 percent of households
reported fallows of one year or less. Only 6
percent of surveyed households — a
somethat higher percentage of them in
roadside villages — reported nsing
fertilizers in place of fallows to restore soil
Jertility, In villages of the transition zone, |
where favmers crop their fields for more
years between fallows than they do in the |
Jorest zone, 96 percent of households repor Ia/
fallows of three vears or lest. i




Roi, be and Plantain

Improvement Program

Cassava, plantain, and yam, widely
grown by subsistence farmers, are the
staple foods of hundreds of millions of
people in the humid and subhumid
regions of tropical Africa. Of the three
crops, cassava, a tuber, is by far che
most important, providing more than
half the calories consumed by more
than 200 million people.

Cassava

Cassava is uniquely important in Africa
as a reserve against famine. In the
nucrienc-poor, often acid soils of the
lowland humid forest zone of Central
and West Africa, where it is tradition-
ally grown, cassava produces more food
for less labor chan any other crop. In
recent years, cassava's tolerance for
drought has encouraged its rapid
adoption by farmers in areas wich
unreliable rainfall.

Because of its special value as insurance
against hunger in these famine-prone
areas, cassava is accorded the highest
priority in I'TA’s Root, Tuber, and
Plantain Improvement Program. The
recent exeension of cassava culeure into
areas of low and unreliable rainfall adds
urgency to the IITA scientists’ search
for varieties suited to semi-arid
conditions. At the same time, the
importance of cassava in the highlands
of castern and southern Africa is the
impetus for HTA's work with the
Eastern and Southern African Root
Crops Rescarch Network (ESARRN)
on varieties for mid-alticude
conditions.

In general, che major constraints on
increased cassava production include
discases, insect pests, nematodes, and
weeds. For each major agro-ccological
zong, IITA’s cassava program aims to

develop and disseminate improved
cassava cultivars that combine high
yield, resistance to major diseases and
insect pests, and adaptation to a wide
range of ecological conditions and
farming systems. To appeal to consum-
ers, the improved varieties must also
have appealing taste and other qualities
suitable for making popular dishes.
Additional research will lead to
reduction of post-harvest losses and
improvements in the labor-intensive
processing that cassava requires.
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By 1989, many national programs in
Africa had adopted improved, high-
yielding cassava varieties developed at
IITA, and locally named varieties
selected from the Institute’s breeding
material. These improved varieties had
been multiplied and distribuced widely
to thousands of farmers in countries
throughout Africa, including
Cameroon, Gabon, Liberia, Nigeria,
Rwanda, Seychelles, Sierra Leone,
Tanzania, and Zaire.

Early research succeeded in developing
lines with resistance to the two most
destructive cassava pathogens in Africa,
cassava mosaic virus and cassava
bacterial blight; as well as reduced
cyanide content and more appealing
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skin texture, flesh color, and other
characteristics. Dissemination of the
improved lines was initially delayed,
however, by the slow process of
multiplying cassava planting material;
and delayed further by national plant
quarantine regulations.

Both obstacles were at least partially
overcome by the introduction of tissue
culeure techniques, which eliminate
viral and other diseases. Clongs in
tissue culture form have now been
shipped to more than 30 countries.
More recently, the development of
techniques for multiplying plancs
rapidly, and for distributing small
cassava stem cuttings in sealed poly-
echelene bags, has further eased the
process of cassava improvement.

In 1988, screening cassava hybrids and
clones in the germplasm collection,
II'TA scientists for the first time
identified nacturally occurring, partly
fertile tetraploids and triploids.
Subsequent screening revealed that a
substantial proportion of hybrids
produced “giant”, or diploid, pollen
cells. To cassava breeders, these
discoveries offer increased genetic
variability and novel gene combina-
tions, suggesting new breeding
strategies for cassava improvement.

Also in 1988, IITA cassava breeders
developed improved varieties with
yellow root flesh, for use in the prepa-
ration of the traditional West and
Central African roasted cassava dish,
yellow gari. Normally white, gari turns
yellow if palm oil is added to the
cassava during roasting. The palm oil,
rich in carotene, a plant pigment that
converts to vitamin A in animals,
makes yellow gari more nutritious than



white gari, and as much as one third
more expensive. The yellow-flesh
cassava developed at 1ITA combines
high carotene content with good
agronomic characteristics, resistance to
pests and discases, and high yicld; and
its tubers make yellow gari without
palm oil.

Biological control of the cassava
mealybug, a major pest of cassava, by
the tiny wasp Epidinncarsis lopesi has
been successtul since the carliest
releases of this natural parasite in
1981-1982 in Nigeria by IITA’s Root,
Tuber, and Plancain Improvement
Program. The Insticute’s Biological
Control Program has since released the
parasite, by air and on the ground, in
18 countries across Africa’s cassava
belt, substantially reducing mealybug
damage. Biological control of cassava
pests has recently been augmented by
ITTA’s cassava breeders, who have
developed two varieties wich demon-
strable levels of genetic resistance both
to mealybug and to green mite.

As the Instituee’s collecrion of geno-
iypes has continued to grow, increasing
the variety of genetic characteristics
available to breeding programs,
rescarchers have been able o identify
suitable improved varieties for the
major African intercropping systems.
Other lines of research have led 1ITA
scientists to the genes controlling
varictal differences in drought toler-
ance, and to the identity of the micro-
organism chat causes root and tuber rot
in cassava, On a more mundane level,
teses in HTA's laboratories have
demonstrated chat flour made from
certain varieties of cassava and yam can
be used as a partial substituce for

PR | 1 . n t

growing African demand for bread.
Piantain

Plantain is a particularly useful crop for
small farmers in cthe humid forest zone.
As a backyard crop, it coexists easily
with established farming systems; it
reduces degradation of the ecosystem;
and it provides a reliable source of food
for the "hungry season™ before other
crops are harvested. The most impor-
tant threat to plantain production is
black Sigatoka, an especially virulent
fungal disease that attacks plantain and
cooking banana in many parts of
Africa. Many areas where black Siga-
toka is not prevalent are also experienc-
ing rapid, mysterious declines in yields
of plantain and cooking banana,
probably due to a combination of
stresses. The Institute’s scientises press
the search for boch che causes and the

cures of chese yield declines.

IITA scientists trying to breed plantain
varicties with genetic resistance to
black Sigatoka discase face three
challenges: firse, to find fertile, sced-
vroducing female plants; second, to
find diploid male plants with inherent
resistance to Sigatoka; third, to mate
the two successfully. Screening plan-
tain cultivars in che HHTA collecrion.
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the researchers found four females that
produced seeds, and several males wich
significanc degrees of disease resistance.
Seeds from che inicial crosses, grown ac
IITA’s substation atc Onne, Nigeria,
were cultured by the Instituee’s
biotechnology unit {sec article, p. 23]
to overcome their nacural reluctance to
germinate.

In another approach to black Sigatoka
disease, Institute breeders in 1988
crossed susceptible plantains with
resistant diploid bananas. Some of the
hybrids yiclded as many as 169 seeds
per bunch, producing almose 100
plants. Using new biotechnological
techniques, IITA is now mulciplying
four resistant cooking banana hybrids
from these crosses for distribution,

Yam

West and Central Africa produce and
consume over 90 percent of the world’s
yams, a primary staple for tens of
millions of people. The importance of
the crop, and the promise of significant
improvements in vield, more than
justify concinuing yam rescarch. The
goals of IITA’s yam breeders are to
produce planes that require less
laborious staking; to improve the yam
tuber’s shape; to build in genetic
resistance to major diseases and
nematodes; and to make yams look and
taste better to consumers.

Even before 1988, despite the frustrac-
ing complexity of yam's reproductive
biology, IITA breeders were able to
make as many as 10,000 crosses
annually to select for promising
characteristics. During the past five
years, scientists have made significane
improvements in methods for produc-

ing hirh-cimaliry low-eener and



abundant yam planting material,
relieving farmers of their eraditional

( i /l‘l;'/“ { 1{ )1' . v‘/'

Transferring an inproved techuology from
the experiment station to farmers” fields is
often a frustratinedy slow and problematic
business. But Glorica Duab, an enterprising
Ghanatan farmer, saw the chanee for fast
vesults [yome a new method for producing
seeed yams that she observed duving o visit to
HTA i 1984 Daalh's ase of an tmproved
micthad to bicrease production of this
African staple bas won ber a wational
award in Ghan as “Most Scientific
Farmer™ cod the title *Best Orerall
Farmer”™ fn the Nolta River region,

The new method. devcloped by 11'TA
scientists with colleaguey from the Nigerian
vescrch systent, addresses tweo perennial
problems i grocing the small tubers,
weighing from 100ty 1000 grams, that
are planted ax seedy for commercial-size
s, One problent v the shortness of the

optimum period for transplanting seed yans
it the field. "The farmer bas about tuwo

manthy, [vone Maveh to May. from the start
of the vainy season to just before its peak. to

et the seed yams into the gromnd, Late
Planting results in por establishment and
ot yieldh.

The sccond problemt for seed-yam farmers is
. ! . N
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need to set aside one quarter of each
crop to use as seed for the nexe.

barvesting, especially in beary, dry soils
that are difficult to dig. Becanuse they rot
quickly, byoken tubers ccomiot be stored from
the barvest period, which ends in Mareh,
wntil the next traditional planting season,
which beging in May.

At HTA, vescarchers tricd extending the
planting season by a full three monthy,
Planting yam minisetts — picces of tuber
weighing 25 to 30 grams — dirvectly in
nnrsery beds as carly as February, the
hottest, driest part of the yeor in tropical
Africa. With beavy mulching to lower soil
temperatires and conserve amisture. the
carly planting yiclded as well as tradi-
tional plantings, while obviating the need
to transplant. The result was an carly
havvest of seed tubers for commercial yam
production. The flexible planting time
means that sced tubers broken duving
hartest can be veplanted as minisetts
immeciately, before they rot. to produce

another crofr r{/ “seed Yanis.,

A glimpse of the new cropping systent at
Thadlan in 1984 was ecoough to persuade
Glorice Duab tu sign up for an 11TA
training course. After producing GOO0
minisetts of seed yams that first year, Duab
Teased 10 hectares in Nigeria to produce
SO0.000 seed tubers in 1985, By 1988,
back bome at ber Cristly Farms in Ghana,
she was gearing up for large-scale procdic-
tion, barvesting 15.000 yams for local
niatrkets as well as 100,000 seed yams, to
be multiplicd into 1.5 million in 1989 and
2.5 million per year theveafter. The
govermment of Ghana has given Cristly
Eavms a three-year contract for a total of 5
million seed yams for distribution to

Jarmers, who will produce yamy for market

Moo sh rmhii s Rianiiis Dvcavicaloias 00002
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In 1988, yam breeders broughe to
fruition their five-year effort to pro-
duce varieties with resistance to foliar
necrosis, a Jisease that causes yam
plants under African conditions to lose

all their leaves before flowering.
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Hybrid seeds, produced from necrosis-
resistant cultivars in [ITA’s germplasm
collection, were planted in isolation in
1983; the resulting seedlings were
raised in 1984 and cloned in 1986. The
best selections from these clones,
advancing in 1988 to uniform trials at
four ccologically diverse locations in
Nigeria, yielded dramatically better
than the bese local cultivars.

Sweer Potaro

Primary responsibility for sweet potato
in the international agricultural
rescarch system was cransferred in
1988 to CIP, the Internacional Potaco
Center in Peru. {See article, p. 301
During 17 years of work on the crop,
HTA scientists had made significant
improvements, developing clones
resistant to weevils, sweet-potato virus
complex, and root-knot nematodes;
selecting more chan 50 non-sweet
varicties, preferred by consumers in
West and Ceneral Africa, from 1I'TA's
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distributing improved varicties to
more than 50 countries. Tissue culrure
methods, developed in the Institute’s
biotechnology unit {see article, p. 231,
produced discase-free elice plancing
macerials that could cross international
borders without quarantine. Tissue
culture was also instrumental in
achieving rapid and sure multiplication
of scarce breeding materials and secure
conservation of germplasm.
Brotechnoloa

Biotechnology played a key role in
root, tuber, and plantain improvement
at IITA in 1988, cnabling breeders to
overcome previously intractable
problems in reproductive biology. The
Institute thus was able to produce and
multiply discase-free planting maceri-
als that it can freely share across
national borders with its rescarch
partners throughout Africa and
beyond.

For the first time, five white yam
varictics, obtained by meristem
culture, were certified disease-free by
Nigeria's Plant Quarantine Authority,
in effect giving them passports to
travel anywhere. IITA is now multiply-
ing these potentially valuable materials
for international distribution.

Plantlets of 12 selected varieties of
cassava, regenerated by meristem
culture, were transplanted for testing
to detect virus infection. The Institute
sent almost 2000 plantlets from other
meristem-cultured cassava macerials to
25 countries in Africa; and more than
1600 plandlers from meristem-culeured
sweet potatoes to 23 countries around
the world. 1ITA’s collection of
germplasm, the raw material for
biotechnology, continued to grow.

The yam germplasm collection was
converted in 1988 from the field to in
vitro form and augmented by 600 new
accessions, 1ITA's in vitro collections
now include 1000 clones of sweet
potatoes, 900 of yams, 100 of cassava
and related species, and 150 of
cocoyams.
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Grain Legume Improvement

Program

Protein-rich grain legumes — princi-
pally cowpea and, in recent years,
soybean — are especially important in
many parts of Africa where diets are
otherwise protein-poor.

Coonvipeu

Because of ics tolerance of drought and
heae, cowpea is a major component of
typical farming systems in che dry
savanna zone of che norchern cropics. In
the moist savanna to the south, cowpea
is a relacively less importane compo-
nent of more complex and diverse
farming systems. Even beyond its
growing range, in the humid forest
zone farther souch, cowpea is marketed
very successfully as a high-protein
food, returning a cash income to
farmers in the savannas. Cowpea
haulms, or pods, are widely used as an
animal feed.

In Wese Africa, where cowpea is
second only to groundnut among
legumes in the diet, at least 80 percenr
of cowpea is grown in mixed cropping
systems, interplanced wich pearl millet
in the Sahelian desere zone, and wich
sorghum or pearl millec in che dry
savanna. The cowpea is usually inter-
planted randomly with the cereal in a
stvle of association to which both have
evidently adapted through cencuries of
co-evolution. More recently, cowpea
has also been grown in association with
maize in the moist savanna; and with
cassava and yam in forest/savanna
transicion zones,

The cropping systems in which cowpea
is cultivated vary mainly wich lacicude,
which determines the duracion of che
growing season: from two to three
months in the noreh, to five monchs or
more in the souchern savanna, 1ITA's

cowpea breeders have shifted cheir
actencion from varieties suitable for
grain production as a sole crop to
varieties adapted to che cereal-inter-
cropping systems of the West African
savanna.

The major goal for IITA's scientists in
the savanna is developing cowpeas that
combine adapration to the region's
millet-, sorghum-, and maize-based
mixed-cropping systems wich resis-
tance to major pests and diseases.
Cowpeas in the savanna are challenged
by such pests as parasitic weeds,
aphids, bruchids, and thrips; and a
catalogue of diseases, including
bacterial blighe, ashy stem blight,
Septoria, scab, and brown blotch.

In collaboration with che Internacional
Crop Research Instituce for the Semi-
Arid Tropics (ICRISAT) and the
Instituce for Agriculeural Research at
Ahmadu Bello University, in northern
Nigerta, IITA is basing a cowpea
research team — plant breeder,
pathologist, and physiologist/agrono-
mist — iu rthe savanna. The new
substation is at Kuno, in norchern
Nigeria, in che major cowpea-growing
zone thae exeends across several
countries of West and Cencral Africa,
ICRISAT's existing sorghum-research
facility at Kano will afford IITA's team
the opportunity for collaborative
research on cowpea in sorghum-based
cropping systems.

For the Sahel zone, a prime objective of
IITA breeders is to develop dual-
purpose cowpeas, equally useful as food
or as fodder. These types will be well
adapred to the low levels of fertilizers
and other inputs typical of the millet-
based cropping system chat predomi-
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nates in the region. They will be
tolerant of the region’s characteristic
drought and heat, and they will be
resiscant to the region’s endemic para-
sites, diseases, and pests. An [ITA cow-
pea scientist is presently stationed ac
ICRISAT's Sahelian Center in Niger.
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For the transition/forest zone, IITA's
research team — a breeder, an ento-
mologist, and a pathologist — is
developing cowpeas with resistance to
the zone's important insect pests: pod
borers, pod bugs, thrips, and bruchids.
The search for genetic resistance
reaches beyond cultivated cowpeas to
their wild relatives. Together with
other IITA programs, cthe Grain
Legume Improvement Program is
adapting improved cowpea varieties
specifically for che cassava-, yam-, and
rice-based cropping systems character-
istic of transition/forest agriculture.

The Insticuce’s cowpea breeders, past
and futuce, draw cheir genetic capital
trom the world germplasm collection,
maincained by IITA’s Genetic Re-
sources Unit. In this pool of genetic
diversity, now exceeding 15,000
accessions, the grain legume program'’s
scientists have found significant levels
of resistance to che storage weevil,



leathoppers, ana aphids; and partial
resistance to other peses and discases.
The genes for resistance have been
incorporated into elite variceties,
conferring mulciple resiscance.

Using techniques developed in the
Biotechnology Unic and advanced
laboratories elsewhere, [ITA's cowpea
breeders are preparing to breed incer-
specific hybrids, pyramiding genes
from diverse parents, including wild
cowpeas, to create cultivars with
multiple resistance o imporeane pests
and discasces.

In collaboracion with the University of
Naples, in laaly, and Purdue Univer-
sity, in the Uniced Staces, the Institute
has initiated an incerspecific-crossing
program that will draw on che diverse
genetic capital in che world cowpea
collection. Also wich the University of
Naples, and with other [talian inscitu-
tions, HITA is pursuing basic research
in cowpeas under a special grane from
the fralian government,

The focus of the breeding program
until recently has been on developing
erect or semi-erece cowpeas chat
mature carly and are insensicive to
variations in day lengeh, The most
successful of IITA's erect varieties,
which macure as carly as 60 days after
planting, arce being used in rice-based
mixed cropping syscems in the Philip-
pines, other pares of Southeast Asia,
and a few arcas in Nigeria. Farmers sow
these cowpeas in their rice fields
immediacely after they have harvested
their rice, when the fields would
normally lic fallow. Using only the
residual moiscure in the soil, rhe
legumes mature quickly, yielding a
valuable harvest where noching grew

before. 1ITA's rice-based systems
working group is evaluating the
potential of this rice-cowpea farming
system for Africa’s inland valley
ecosystem. Farmers in northern
Nigeria, meanwhile, have adopeed
some of IITA's semi-erect breeding
lines.

In 1988, pest and disease resistance
were the major themes of HTA's
cowpea research. With colleagues ac
Purdue Universicy, HITA researchers
continued their studies on improved
methods for screening cowpeas for
bruchid resistance, developing a
technique for identifying resistance in
less chan one day, instead of che 45
Jays required by the conventional
screening mechod.

The search for additional sources of
genetic resistance led in 1988 to two
wild cowpea species that have shown
significant resistance to three major
pests. IITA scientists have successfully
crossed these wild cowpeas with
cultivated species. The resulting fertile
hybrids are currendly being screened o
determine if resistance has been
inherited from che wild parent.

HTA rescarchers also developed a
screening technique for pod bugs chae
uses dry seed in the laboratory and is
both fascer and casier to use than che
carlier method. Techniques for screen-
ing ftor resistance to Maraca pod borer
were also improved, enabling research-
ers to identify significancly different
levels of resistance among various lines
of Vigna vexillata, a wild species.
Collaborating wich rescarchers ac che
Incernacional Center for Insect Physiol-
ogy and Lcology (ICIPE) and Wye
College of London University, the
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IITA group then went on to investi-
gate the mechanism involved in the
wild cowpea’s resistance to pod borer
and pod bugs.

IITA breeders made extensive use in
1988 of a cowpea line from Botswana
that showed resistance to the different
strains of the parasitic weed Striga.
Several lines combining resistance to
Striga with superior agronomic charac-
teristics are now being evaluated for
the Sahel and savanna zones, An [ITA
breeder, working in Ghana with the
national program in cowpea and
soybean improvement, has identified a
bruchid-resistant line with white seed
color and high-yield potential as
superior for on-farm tescing. 11TA
brecders have incorporated resistance to
aphids and bruchids, as well as mul-
tiple resistances to several diseases and
viruses, into a large number of cowpea
lines, including local farmer’s varieties.

During 1988 1ITA responded to
requests for improved cowpea lines
from 55 countrics. Four 1ITA-im-
proved varicties progressed from
international crials chrough excensive
testing by national programs to official
release in Ghana, Tanzania, Democratic
Yemen, and Bolivia.

Sovhean

Despite its agronomic and nutritional
virtues, soybean has not yet become
widely popular in Africa, because high-
yielding soybeans from the United
States and elsewhere have not been able
to be grown successfully. The major
obstacle has been the inability of native
rhizobia — rhe same nitrogen-fixing
bacteria chat readily colonize the roots
of cowpeas, groundnues, and other
African legumes — to form symbiotic



relationships with exotic soybeans. The
alternative, innoculation of African
soils with imported rhizobia, was too
expensive and complex for most
African smallholders. Recently, in
collaboration wich scientists from
Nigeria, Cameroon, Ghana, and Zaire,
IITA scientists transterred the abilicy
to nodulate with African rhizobia from
an unimproved Nigerian soybean to
high-yielding, imported varicties.

IITA’s breeding program has also
overcome the second major obstacle to
soybean cultivation in Africa: che
tendency of soybean seeds in warm,
humid climates to lose viability soon
after chey are harvested, long before
they can be planted. After years of
cffore, researchers were able to transfer
genes for seed longevity into elice
soybean lines chat are readily symbiciic
with indigenous rhizobia. As a resulc,
African smaltholders can now grow
this high-protein crop without pur-

chased fertilizer.

By 1986, a single improved variety,
relatively high-yielding and resistant
to Cercospora leaf spot, had become
popular in the savanna and mid-
altitude zones of Nigeria, In 1987,
when this variety proved susceptible to

another strain of leaf spot, aggressive
screening by IITA sciencists quickly
identified a few varieties with multiple
resistance. The best of chese also
proved to have higher yield, greater
resistance to shattering, and betcer seed
color than the previously popular
variety.

Since rescarch by IITA scientists and
their colleagues has overcome the main
barriers to cultivation in tropical
climartes, soybean production has
ateracted significant interest in many
arcas of West and Central Africa. In
the moist savanna and transition zones,
improved soybean cultivars have
proved less suscepeible than cowpeas
and other food legumes to pests and
diseases.

Against the day when soybean achieves
its deserved popularity as a source of
high-protein food and oil for tropical
Africa, IITA maincains a soybean
germplasm collection, continues an
active breeding program, and investi-
gates postharvest and utilization issues.

Wich Nigerian colleagues from the
Institute for Agriculwural Research and
Training at Obafemi Awolowo Univer-
sity, the Institute's scientists experi-
mented in 1988 wich different bread
recipes, mixing in various percentages
of soybean flour as a high-proeein,
cheaper substicuce for wheat flour.
Acceprable bread, wich almose twice
the protein value of bread made solely
from wheat, resulted from a mixcure of
25 percenc partially-defatted soybean
flour. In another collaborative project,
IITA and TAR&T scientists in 1988
fortified gari — a West African staple
with

made from fermented cassava
whole sovbeans or the residue from
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soybean milk production. The result-
ing gari had ten times che protein
content of traditional gari.



Maize Research Program

The popularity of maize in West and
Central Africa continues to rise, as
population growth and increasing
urbanization create demand for a crop
that repays the farmer's labor with
generous yields of food and feed, and
that produces nutritious grain that can
be easily transported and stored.

Most African maize farmers, however,
lack the resources to respond to che
growing demand. Relying on tradi-
tional farming systems, cultivating
their small fields with few, if any,
purchased inputs, they face formidable
problems: endemic pests and diseases,
and a variety of unfavorable agronomic
and ccological conditions. As a resulr,
African maize yields are commonly
about | ton per hectare, well below
their potential.

The main objective of HITA's Maize
Research Program is to give the small
farmer, with limited resources, varie-
ties that diminish the risks of produc-
tion. These varieties must have che
potential for high yields, they must be
resistant to the major pests and
pathogens, and they must be better
adapted than present cultivars to the
farmer's environmental and agronomic
circumstances. With the perception of
reduced risk will come the farmer's
increased investment in other improve-
ments to increase maize production,

The Maize Research Program cailors its
rescarch to four principal ecological
zones in West and Central Africa. The
lowland moist savanna has the greatest
potential for maize production in West
Africa: already, during che past d-cade,
maize has increasingly replaced
sorghum in this region. Wichout
modest applications of fertilizer, or

nitrogen-fixing intercrops, however,
low soil fertility constrains continuous
maize cultivation.

The lowland humid forest zone,
characterized by high rainfall and
humidity at elevations up to 800
meters above sea level, presents the
maize farmer with one discouragement
after another: disease and insect
attacks, low light intensity during the
growing scason, acid soils, low soil
fercility, and high humidity that makes
grain drying and storage difficult,
Rapid urbanization in some coastal
areas of this zone has nevertheless
stimulated the demand for fresh maize
as well as for dried grain.

Vo oo oear ol o,

)y
fobichi /H'm//u( y

cam e e s Lapl fund ot

In many tropical regions, the mid-
alcicude zone — from 800 to 1500
meters above sea level — is ideally
suited to maize. With good manage-
ment, farmers can achieve and sustain
high yields. In Africa, however, maize
at these altitudes is subject to periodic
epidemics of maize screak virus, maize
mottle virus, blight, and rust.

In the lowland dry savanna, or Sudan
savanna, zone, low rainfall — 500 to
800 millimeters per year — makes
rainfed maize production risky wichout
appropriate soil- and warer-manage-
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ment practices and early-macuring
varieties. With irrigation, however,
maize has great potential in the
lowland dry savanna. Especially on
good soils in the wetter parts of the
zone, maize production is already
expanding into traditional sorghum/
millet systems,

At IITA headquarters in Ibadan, the
program’s scientists are responsible for
research in maize agronomy, plant
pathology, entomology, and breeding
and genetics. These scientists also
develop and test improved germplasm
and discribute it to researchers in
national systems and others for turcher
testing and adaptation. The effort also
enlists scientists from other IITA
programs. As part of the Instituce’s
international cooperation effore, for
example, scientists are posted to col-
laborating national research systems to
assist in developing appropriate
germplasm. An agronomist and an
economist in the Resource and Crop
Management Program concentrate on
maize-based farming systems, and
scientists in the virology unic investi-
gate maize viruses.

In 1988 IITA’s most active maize
partnerships were wich Cameroon and
Zaire. IITA also participates with other
national maize programs in the Semi-
Arid Food Grains Research and
Development (SAFGRAD) maize
network, and posts a coordinator to
SAFGRAD project headquarters in
Burkina Faso. Within the international
research system, IITA’s maize research
program shares research findings and
genetic macerials with the Interna-
tional Maize and Wheat Improvement
Center (CIMMYT) in Mexico, and
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distributed 242 international maize
yield trials in response to requests from
collaborating research institutions in
26 countries throughout Africa and
beyond.
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The major insect enemies of maize in
Africa are maize stem borers, which
attack the growing maize plant itself;
lcathoppers, which are vectors of major
maize viruses; and the various stored-
maize pests, including Sitophilns and
Prostephanus species, which attack the
grain after harvest. To defeat chese
pests, the scientists work at under-
standing their biology, their popula-
tion dynamics, and their complex
interactions with the plant. In the
search for maize plants with built-in
pest resistance, the researchers devise
methods for multiplying and raising
the pests, for infesting maize plots
under controlled conditions, and for
selecting superior plants.

Maize scientists and virologists at IITA
have conquered maize streak virus,
once the foremost pest of maize in
Africa. Beginning in 1975, IITA re-
searchers have devised improved
screening techniques to identify streak-
resistant germplasm, and organized an

incorporate the resistance genes into
improved varieties. By 1985, high-
yielding, streak-resistane varieties —
both open-pollinated and hybrid —
wirh different maturities and grain
types, had been developed for farmers
in all the maize-producing zones of
Africa, in active collaboration with
scientists from CIMMYT and African
nacional programs. The value of this
ten-year effore was recognized by the
1986 King Baudouin Award for Inter-
national Agricultural Research.

In 1988, as a stimulus to emerging
government and private seed-produc-
tion programs in Africa, IITA pro-
duced 14 tons of streak-resistant maize
seed for multiplication by national
programs in seven West African
countries: Benin, Burkina Faso,
Cameroon, Cote d'Ivoire, Ghana,
Niger, and Togo. A streak-resistant
IITA variety that has proved popular
in Nigeria is being multiplied by the
Nigerian Seed Service for use in the
savanna, where it has demonstrated its
superiority to other varieties.

Research continues on maize mottle
and other viruses, and on the patho-
gens that cause downy mildew, ear and
stalk rot, and blight. The parasitic
Striga, or witchweed, has emerged as a
major threat, as maize production has
expanded into the savanna, where
witchweed is at home and rampant,
IITA scientists are investigating
Striga’s biology and ecology, its
economic importance, and its reactions
to agronomic factors, looking for a
strategy to defeat the parasite by
producing a Striga-resistant or -tolerant
plant.

With the creation of the maize-based
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commitment to on-farm research in
maize agronomy has increased. From
1979 to 1987, IITA scientists collabo-
rated on agronomic research with
national programs through participa-
tion in the SAFGRAD maize network
in Burkina Faso. Similar joint efforts
continue in the Institute’s bilaceral
maize programs in Cameroon and
Zaire. A maize agronomist, as well as a
breeder, will be based at IITA's
planned savanna substacion in Cote
d'Ivoire for research on that increas-
ingly important maize environment.

IITA's maize breeders develop im-
proved cultivars — borh open-polli-
nated populations and varieties, and
stable inbreds and hybrids — for the
three major maize-producing ecologi-
cal zones: lowland forest, lowland
savanna, and mid-altitude cropics. The
major concern in developing improved
cultivars is the incorporation of
resistance to the insects, diseases, and
plant parasites peculiar to each zone.
The breeders are also aware of the
importance of maintaining and im-
proving consumer appeal — taste,
texture, and other characteristics — as
maize becomes an increasingly popular
staple.

The focus of the program’s early
breeding efforts was on combining the
potential for high yield with signifi-
cant resistance to rust and blight, the
two most important maize diseases in
lowland Africa. IITA breeders
promptly developed two open-polli-
nated varieties that were not only
resistant to these foliar diseases, but
that also grew vigorously and re-
sponded well to intensified manage-
ment in African environments. As the



acceptance throughout Nigerta and in
several other African councries, in 1977
the maize breeders added a chird fungal
discase, downy mildew, to their
agenda, beginning anew the patient
process of identifying resistance genes
for incorporation into improved
genotypes. Afeer more than a decade of
progress, the effort continues.

Also in 1977, the program undertook
to tailor varicties for the mid-altitude
zone, the most promising environment
for maize production in Africa. Re-
scarch began on the Jos Placcau in
Nigeria, later extending chrough
collaborative projeces to Cameroon and
Zaire, with the specific objectives of
combining resistances to sereak and to
the blight and rust fungi thae are
major factors in the mid-aleicude zone.
In 1988, in Nigeria, Cameroon, and
Zaire maize lines were identified wich
supcrior yield and disease resiscance for
mid-altitude conditions. These lines,
derived from a single variety developed
ac IITA, are che only sereak-resistant,
open-pollinated varieties adapeed to
this ccological zone. Nacional agencies
in all three countries are now releasing
these varicties to farmers.

At the same time, the maize program’s
hybrid project developed discase-
resistant inbred lines for combining
with other materials adapeed to che
mid-altitude zone. In 1988, hybrids
were seleceed in the mid-aleicude zones
which combine good  discase resistance
with high yicld potencial. These
rescarch achievements led to the firse
internacional hybrid trials for the mid-
aleicude zones, conduceed in 1989,

The maize program’s initial focus on

lines for use by national programs.
Inbreds provide plant breeders with
uniform, homozygous sources of
discase resistance and other characeeris-
tics for combination in improved
varicties. Drawing on promising
sclections from all over the world, as
well as from African nacional programs
and private companies, the Insticuee’s
scientists have been able to develop
inbred lines that grow vigorously in
African environments; resist the major
African discases; and combine rzadily
with other breeding materials, These
lines are now available to nacional
programs and ocher institutions
incereseed in breeding locally adapeed,
improved maize varicties and hybrids.

The success of the inbred-line project
encouraged the Nigerian Government
in 1982 to support IITA in an ex-
panded project to develop hybrids for
commercial seed production and
diseribution in the country's privace
sector. By 1984, hybrids produced by
IITA had helped to escablish two
successful Nigerian privace seed
companies.

IITA scientists continue to press the
development of hybrids wich combined
resistance to sereak and downy mildew,

for the lowland zone; and to streak and
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car and stalk rocs, for che mid-alticude
zones. In 1988, chree new hybrids
performed very well in Nigeria; several
advanced hybrids were selected for
specific adaptation to che second
growing scason in che forest zone; and
rescarchers measured genetic variation
in the efficiency with which hybrids
usc nitrogen at five ccologically diverse

stees i Nigeria.

In 1988, the program’s entomologistes
concentrated on screening {or resistance
to stem borers. New sources of stem-
borer resistance, unadapted to African
environments, were crossed with
adapeed lines that include resistance to
streak and the major fungal diseases.

With @ scientist from the People’s
Republic of Benin, HTA scientists
continued to investigace methods of
screening for resistance co Sitophilus
weevil and mechanisms of resistance to
mitize storage peses. Recognizing the
preference of some Wese African
consumers, in 1988 [I'TA breeders
purificd some streak-resistane maize
lines for soft (floury) grain. The result-
ing lines were tested, in cooperation
with nacional maize programs, during
1989,

Mecasuring the damage Striea does to
maize, HI'TA researchers in 1988 found
that Strige infestation caused a 60
pereent yield loss in a susceptible
variety. Using a simple and reliable
ficld-infestation technique to screen
germplasm, scientises identified
previously unknown sources of Striga
tolerance, while confirming the suscep-
tibilicy of most maize varieties. Using
resistance genes from temperate-zone
varieties, the sciencists initiated the
development of Striga-tolerant maizes
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Rice Research Program

Rice in Africa is not generally grown
on leveled fields with conerolled
irrigation, like the paddy rice of Asia.
Without controlled flooding, African
rice plants must compete wich weeds
tor available soil nutrients. Weakened
by nutrient deficiency, rice planes
become increasingly vulnerable to a
variety of diseases.

The rice plants may be damaged by too
little water, which encourages certain
discases, or by too much wacer.
Groundwater often carries toxic
concentrations of iron. Grassy weeds
around che eypical African rice field are
hosts to important insect peses. In the
African environment, therefore,
increased rice production depends on
improvements both to the rice plane
itself, to incorporate resistance to major
peses and discases, and to rice agron-
omy, including water management,

ACIITA, a working group for rice-
based systems enlists both crop-
management specialists from the
Resource and Crop Management
Program and breeders from che Rice
Rescarch Program. Through chis
coordinated cftore, 1ITA scientists have
developed more chan fifty clice varie-
ties specifically adapted o appropriace
farming systems for most of the diverse
rice environments in tropical and
subcropical Africa. Improved varieties,
developed at IITA in collaboration
with national research programs and
other institutions, have been adopeed
in nearly every rice-growing country
on the continent.

The Rice Frogram's achievements form
a solid basis for continued progress ac
the West African Rice Development
Association (WARDA), which will

assume full responsibility for West
African rice improvement in the
CGIAR system by the end of 1991.
II'TA scientists are making every cffore
to assure che smooth transfer of
responsibility to their WARDA
colleagues, including making IITA's
facilities, especially its research support
services and irrigaced rice fields,
available for their use. The ewo inter-
nacional cencers will collaborate on
resource and crop management research
in cthe inland valley ccosystem. For the
time being, HITA will pursue pre-
breeding rescarch on African rice, it
will continue to collece and conserve
the gerotypes of African rice, and it
will duplicate the collections main-
tained by the Internacional Rice
Research Institute.

The focus of HTA's rice improvement
rescarch, which will be maintained by
WARDA, has been on three agro-
ecological regimes in which rice is
grown in Africa. Upland rice is
planted on well-drained soils in the
humid-forest zone. Far from the major
urban markets where rice is imported
to feed burgeoning populations,
upland rice farmers practice craditional
shifting cultivation to produce subsis-
tence crops. Local upland rice cultivars
have evolved independently from
lowland types in response to stresses
from acid, infercile soils, and from a
variety of weeds and diseases.

For the upland-rice farmers, 11TA
breeders have concentrated on increas-
ing the yield potential of che tall
craditional lines, which have a ten-
dency to lodge, or fall down. Ac the
same cime, the breeders want to reeain
the excellent tolerance of stress and
resistance to discase thar rhese enlrivare
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have evolved. The breeding effort has
produced higher yields by incorporat-
ing genes for shoreer straw and in-
creased cillering into existing upland
varieties. The mose successful HTA
innovacions in upland rice have been
several carly-maturing varieties,
resistant to blase disease and tolerane of
drought. These varieties have been
widely adopted in drought-prone
inland valleys in the savanna, and in
upland areas with moderate rainfall in
Nigeria and Cameroon.

Since 1987, in accordance with the
Insticute’s strategic review, the greatest
part of IITA’s rice-improvement effort
has been aimed at the more fecund
floodplain and inland-valley swamp
ecosystems. Described as rainfed
lowlands in conformity wich the
terminology adopted for Asian rice, in
fact these soils are mainly watered not
by direct rainfall, bue by drainage and
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scepage from the surrounding upland
regions. More fertile and less drought-
prone than the uplands, che rainfed
lowlands represent a vase potential for
rice production in Africa. For these
arcas the program has produced
varieties that have been widely ac-
cepted by Nigerian farmers.



Irrigated paddy, the common rice-
growing syscem in Asia, is the most
favorable environment for rice cultiva-
tion. Wirh appropriate management,
irrigared paddy produces the highese
yiclds tfrom well-adapeed varieties; and,
with sufficient water and warm
weather, it permits two or more crops
cach year. Wich all its advantages,
however, paddy rice’s potencial in
Africa is limited mainly by che high
cost of irrigation.

Several of TITA's paddy-rice varicties
combine high-yield potentcial and
moderate blast resiscance wich good
grain quality. Tbese varieties are
becoming increasingly populas among
farmers in Cameroon, where paddy
culture 18 already established, as well as
in parts of Nigeria. In ten years of
work to overcome genetic obstacles to
interspecitic crossing, plant breeders
have also made substantial progress
toward transferring important discase
resistance from upland rice into semi-
dwarf paddy varictics.

With sciencists from [I'TA, breeders in
Cameroon’s national rice program have
concentrated on screening international
nurseries for well-adapted paddy
varieties. The search has so far idenci-
fied a moderacely cold-tolerant, high-
yielding varicty for the Ndop plain; a
blast-resistant variety for the Mbo
region; and two carly-maturing lines
for the Mbo und Babungo arcas. The
program’s agronomists, meanwhile,
have designed and tested appropriace
rice-production systems to overcome
the most important constraints to
paddy culture in Cameroon. The
systems include prescriptions for
optimum ferrilizer doses and mechaods,

and suevestions for well-adanred vreen
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the Instituce collaborates wich che
national research program of Niger,
where the disease is endemic.

manures that can rotate wich rice to
reduce farmers’ need for purchased
tercilizer.

The Cameroon program is only one
example of the connections between
HTA and national rescarch programs
and other institutions in mose of the
rice-producing countries of sub-
Saharan Africa. In 1988, for example,
the HITA rice program produced and
distributed a record 11.2 tons of
improved seed tor multiplication and
turcher testing and improvement by
collaborating national programs and
agencies, most of them in Nigeria,
II'TA also submiceed seed for 165
entries in che Incernacional Rice
Testing Program for Africa, a joint
cfore with the Internacional Rice
Research Instituee to test and diserib-
ute improved varieties and breeding
macerials to national programs

throughour the continent,

A screening program to identify
genetic sources of tolerance to iron
links IITA to the Ceneral Agriculeural
Research Inscicute, in Liberia, and to
Nigeria's National Cereals Research
Insticute. Inan cffore to breed resis-
tance to the rice yellow moctle virus,
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Biological Control Program

The Biological Control Program
originated at 1ITA in 1979 as an
urgene experiment to combat the
cassava mealybug and the cassava green
mite, two recent and decidedly unwel-
come immigranes from Soucth America.
Uncontrolled, the ewo peses were
spreading rapidly in Africa’s cassava
bele — an arca larger than the Uniced
States — chreatening yield losses as
high as 80 percene to the sub-Saharan
region’s most imporeant crop, rhe
staple food for some 200 million
people.

The conventional, chemical response
— frequenc dosings with potent
insecticides — would have been
ccologically brucal, socially unaccept-
able, cconomically expensive, and
praceically impossible. A biological
alternative, enliscing nature's own
agents and mechanisms to keep pest
populations in tolerable balance, was
indicated. IITA’s sciencists already
knew that, on cheir home ground in
South America, mealybug and mice
populations are naturally controlled by
biological antagonists, including
parasitic wasps and ladybugs. Arduous
field research in South America, all che
more difficule because the pest is
virtually invisible to the naked eye,
had identified che cassava mealybug's
primary nacural ancagonisc: Epidinocar-
sty lopezi, a predacious wasp. The
successful establishmenc of chis wasp in
Africa, therefore, promised prompt,
self-perpetu ang, and self-regulacing
mealybug control.

The biological scracegy was also
reccommended by its logistical effi-
ciency. To succeed, E. Jopezi required
no cffore from thousands of extension
agens, preaching the gospel of biologi-

cal control to millions of individual
farmers. All 1ITA’s biological control-
lers needed was tens of millions of
laboratory-bred wasps to broadcase
from airplanes or release on the
ground.

Biological control has worked from the
starc: cthe introduced wasps, muleiplied
at IITA and released in cassava-
growing regions, readily established
themselves in che African environment
and promptly sec about reducing
mealybug depredation by half or
better, in many areas co vircually
subeconomic levels. The early success
of this textbook application quickly
established biological conerol as a key
clement in IITA's integrated pest-
management serategy, a varied arsenal
of techniques to combat pests chat

threaten food supplies in tropical
Africa (Sce article, p. 52).

By 1988, the Biological Concrol
Program had 13 professional staff
members. To the original pair of
enemy targets che program has added
the complex of cowpea peses, the
banana weevil, the larger grain borer,
the mango mealybug, and grasshop-
pers. The potential for biological

control of the parasitic Striga, Inperata,
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Recently, che program has begun co
transfer its activities from IITA
headquarters in Ibadan to new offices
and laboracories at che Inscituce's
research station in Cotonou, People's
Republic of Benin. The first phase of
the facilicy, occupied in 1988, contains
laboratories and offices for scientises,
cheir students and cechnicians, and
visicing scientists; six air-conditioned
greenhouses with a tocal area of 1200
square meters; an insectary chat meets
international quarantine requirements;
and a wing devoted to the mechanized
mass-rearing of insects,

A unique feature of the insect-rearing
wing is che arcificial cassava cree, an
armature on which cassava plants grow
in a nutrient water solution, The
device was developed by che program’s
sciencists to simulace ideal natural
conditions for the mass-production of
mealybug and mite ancagonists. Its
invencors refined the system in 1988
by eliminating all mechanical and
clecerical components, substituting a
drip-irrigation system that increases
plant growth while reducing the need
for labor and the chance for error. The
program distributed several such
“cassava trees” to nacional programs in
1988, enabling cassava-growing
countrics to begin arming chemselves
for biological concrol of the mealybuyg,
the cassava green mite, and other peses.

Against cach pest, che program
organizes a group of appropriace
specralists for a three-pronged aceack
that includes research, training, and
support of national biological-control
programs. Rescarchers study the
plant’s physiology and growth
patterns, the better to underseand che
plant’s vulnerabilicy to che pesc. They



study the biology and ecology of the
pest, both in the field and in che
laboratory; and of the pest’s natural
enemies, both exotic and indigenous.
Developing appropriate sampling
methods and computer simulacion
models, the rescarchers analvze the
agricultural and ccological contexts in
which plant and pest coexist, and assess
the economic costs ateributable to the
pests and che net benetits to be derived
from biological control.

The program also trains biological
control professionals at three levels of
competence. At the mose basic level,
laboratory and field technicians are
taughe the basic methods of biological
control, entomology, and general crop-
protection. Their training emphasizes
techniques for surveying pest damage,
and for sampling pest populations
before and after release of their nacural
enemies. Promising candidaces for
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Master's degrees in biological control
or pest management, recruited from
the technical eraining courses or
directly, are sent to appropriate
universities in Africa or overscas. And
finally, doctoral candidates, including
top-ranking students from the Master's
program and other well-qualified

applicants, cap their university scudies
with thesis research in Africa.

By 1988, more than 250 biological-
control specialists from 35 African
countries had received IITA training.
In 1988, a total of 108 trainees took
courses at II'TA and also in Zaire,
Tanzania, and Mozambique; 38 fellows
pursued MSc or PhD programs.

IITA’s Biological Control Program
participates in a network of 35 nacional
programs in the African cassava belt.
An objective of 1ITA’s program is to
help establish an appropriate national
biological control program in each
African country requesting assistance.

Since its initial success, the program
has maintained its biological offensive
against the cassava mealybug. By carly
1988, the mealybug's waspish antago-
nist, E. lopezi, had been released ac
more than a hundred sites in 21
countries of western, central, castern,
and southern Africa, and has made
itself at home on more than 1.8 million
square kilometers of the continent's:
cassava bele. 11TA scientists have
identificd other natural enemies of the
mealybug in South America, and have
successfully incroduced some of them
to the African environment.

In 1988, the program made large-scale
releases of mealybug enemies from the
air and the ground at numerous sites in
the Cenceral African Republic, Tanza-
nia, and Mozambique. Small-scale
releases continued in Sierra Leone,
Togo, Burundi, Zaire, Malawi, and
Zambia,

The success of E. lopezi against the
cassava mealybug continues. Five years
after the first limited releases of cthe
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well established in 70 percent of all
fields, over an area of more than
200,000 square kilometers. Mealybug
damage, which had affected 88 percent
of cassava plants soon after the wasp
was first released, was found on only 23
percent of cassava plants just one year
later. Today, eight ycars after these
first releases, less than 6 percent of
plants have mealybug populations
large enough to cause injury.

The program achieved similar early
resules in most locations. A 1988 study
under controlled field conditions
dramatically confirmed the efficiency
of L. lopezi in controlling the mealybug
in the rainforest zone of Ghana, and
surveys during 1988 of mealybug
populations in Nigeria, Benin, Zam-
bia, and Malawi revealed an encourag-
ing level of biological control achieved
by the wasp in ecological zones beyond
southwestern Nigeria.

In addition, an Indian parasite of
another important pest, the mango
mealybug, which damages plantains as
well as mangoes, has been released at
many sites in Ghana and Benin; the
parasite very promptly made dramatic
inroads on the mango mealybug
population,

The program also continued its efforts
in 1988 toward biological control of
the cassava green mite, which has
proved more resistant to biological
control. Prograr: technicians produced
as many as 6 million mite eggs daily to
feed as many as 50,000 larval predators
per week for release in pest-infested
Nigerian areas and smaller areas in
Ghana, Benin, Zaire, Kenya, Uganda,
and Burundi. Surveys during the 1989
dry scason should reveal whether che



green mice's predators, seven preda-
cious mites of a different family, have

become permanently established in
Africa.

IITA’s experience testifies chat biologi-
cal control strategies, well conceived,
well planned, and well executed, can
work against major pests of important
crops in Airica’s diverse environments
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Classical biological contyol — fiehting u
pest by enlisting st natuval enemies — is
part of an ovevall strateey of integrated pest
menncagement that FTA is developing
against the multitude of Afvicas crop pests,
Integrated pest management offers the
Jearmer « choice of strategies and weapons
that can veduce pest demeage to tolerable
levels withont degrading the agricultural
envivomment. 1ty arsenal includes sereval
hivlogical methods — for example, the use
of improved cropping systems and crop plants
that defeat pests — as well a the judicions
use of chemicats,

Until guite vecently. especially in develuped
cconomies, chemical insecticides and
berbicides bave beld the attention of
vesearchers and farmers. Growing aware-
ness of the bidden ecological and agricul-

— and can repay their costs many
times over. Assuming the rapid spread
of both the cassava mealybug and E.
lopezi throughout the entire cassava
bele, an independent review team
recently estimaced the annual gain in
cassava yield from conterol of the
mealybug at 10.2 million tons.

“Reasoning that the benefits will
continue for years, decades, and even
centuries, as scems likely,” the review-
ers concluded, “the benefic-cose ratio of
the HTA project will become very
large” — and is estimated to exceed
US$3 billion over the next 25 years,

tural costs of over-reliauce on chemical
contyol has sparked renewed worldwide
interest in biological methods,

For Africa, where chemical poisons are often
unarailable and alieays too expensive for
small farmers, HTA's research bas
emphasized specific, effective biological
strategies against economically important
wsect pests. 1UTA's plant breeders bare
scored wotable successes in identifying genes
that confer built-in resistance to attacks,
and in transferring these genes to improved
caltivars. A parallel breeding strateey arims
crop pluts with inberent defenses against
such plant diseases as maize streak virns.,
cassava bactevial blight, rice blast, and
corpea mosaic vivns, Crop-management
vesearchers evaliate cropping practices and
patterns, both teaditional and innorative,
Jor their effectiveness in deterving pests and
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Available options for integrated pest
management are assessed in HTA's several
crop-based systems working groups. in the
working groups, scientists from all velevant
disciplines come together to coordinate their
efforts tmeard the development of improved
varieties and favaing systems. The best
experimental test of integrated pest manage-
went involves controlled field trials, in
which scientists can measure the impacts of
pests and their watural enemics on yesistant
and susceptible crop varieties, in varions
sole and mixed-cropping systems, under
varions management vegimes. i certain
situations, the techniques of systems analysis
and predictive modeling belp researchers to
idemtify likely interventions among the
components of integrated pest management,
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The special role of International Coop-
cration at 1ITA is to strengthen the ca-
pacities of African nacional rescarch
systems to select and adapt — and
ultimately, to generate — improved
technologies tor their own agriculeural
and social environmenes. Even the best
cultivars and technologies developed ac
HTA cannot be cransplanted o farmers’
ficlds throughout tropical Africa
without the participation of national
programs at every stage, from che carly
definition of problems to the fine-
tuning of solutions for local use.

IITAs new Medium-Term Plan, in
effece in from 1989 to 1993, reaffirms
the crucial role of national systems in
mediating and generating agriculeural
change in Africa. The Insticute's
International Cooperation efforr con-
ceives and carries out a variety of
training programs and cooperative
projects in which responsibilities are

Nelworks

Collaborative resear - netieorks connect
HETA 1o national and regional agricultuval
austitutions in Africa and beyond, 1o
daddress specific ivsuex of common interest.
Networks plan, implensent, and disseminate
sescarch: share information and technical
porations: and comduct training exercises.
Not incidentally, netiworks also afford
smaller conntries, many of which are unable
to minnt comprehensive vesearch and
develupment programy, forins for participa-
tion b agriciltiral progres.,

A technical working group of the Special
Progran on African Agricultnval Rese.orch
(SPAAR). a donor group that supports
I/L'/l('l/rffl'llg activities, n'z'cl///.)' /(/(’l//[/;t‘(/ the
characteristics that a vesearch netieork
should bave, including:

shared betv »n international research-

ers and colleagues in national systems.

Since its firse formally organized
collaborations with Liberia and Tanza-
nia in 1973, 1ITA has joined in  re-
scarch and training parenerships with
31 macional programs in Africa. The
carly eftort in Tanzania, the Maize and
Food Legumes Rescarch Project,
trained 80 Tanzanians in a short-term,
in-scervice program, and supported 33
more in studies coward degrees in
agriculeure, The project’s rescarchers,
both IITA staft and Tanzanian, devel-
oped a cowpea variety that macures in
60 days, and two high-yielding,
discase-resistane varicties.

The High Yielding Varieties Technol-
ogy Project, which began in 1981,
uleimacely linked HTA wich no fewer
than 24 national programs. The project
trained researchers in national pro-
grams to test high-yielding varieties of

o A important research objective,

o A souvee of improved technology or ideas.

o A barmonizing or coovdinating
institition,

o An information-exchange system.

* Free exchange of results and methods,
including plant and animal materials,

® A steering committee of participating
member countries,

o Lducation and training opportunities,

IFTA acts as a catalyse in promoting and
RAndging appropriate networks for the
trapical and subtvopical regions of Africa.
Becanse it is a major source of technological
smmoration and scientific vesearch in the
region, HTA often assiones the coordinating
vole during « uetwork's carly stages. 11 is
ITTA s objective, bowever, to cede the coordi-
nating role to participating national
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maize, rice, cowpea, and soybean for
adapration to the various ecological
zones of tropical Africa.

In Cameroon, 1ITA has a team of 17
scientists working wich pareners in
the National Cereals Rescarch and
Extension Project to develop high-
yielding types of maize, rice, sor-
ghum, and millet. The project has
provided graduate training at all
levels for NCRE staff. In 1988, two
HTA scientists continued working
with the Cameroon Root Crops
Improvement Progiam on testing,
rapid multiplication, and discribution
of cassava, sweet potato, and yam.,

Collaborative research in the Hybrid
Maize Project, beginning in 1982,
has made vigorous, tropically
adapted, inbred lines available to
national  maize-breeding programs.
HTA specialists have cooperated with
researchers from 26 African programs

mstitutions as soon as they ave able and
willing to assume i,

HITA is presently coordinating five collabo-
vative research wetworks:

o Lastern and Southern African Root Crops
Research Network.

o Central und Western African Root Crops
Research Network.,

® Coupea Research Network of the Sems-
Arid Food Grains Rescarch and Develop- :
ment (SAFGRAD) Project. :

® Maize Research Network of the
SAFGRAD Project.

® Aley Farming Network for Tropical
Africa (AFNETA).



since 1978 in the Semi-Arid Food
Grains Research and Development
project, headquartered in Burkina Faso,
The project has developed improved
vareties and agricultural practices for
maize and cowpea cultivation in
tropical Africa.

An IITA scientist worked wich che
Rwanda Farming Systems Research
Project, which ended in 1988, to select
crop varicties and develop farming
systems suitable for the Bugesera-
Gisaka-Migongo area. The project
introduced improved fallow-manage-
ment practices and an appropriate
alley-farming system, and identified
four varicties of cassava and two of

sweet potaco for multiplication and
wide distribution.

Since its inception, IITA’s Biological
Control Program has depended on
close teamwork with national systems
to manage precise releases of crop-pest
antagonists and timely surveys of pest
populations over large areas in partici-
pating countries. (See article, p.50.)

IITA’s newest parcnership witch
nacional systems, initiated in 1988, is
the Collaborative Scudy of Cassava in
Africa. Covering six tropical councries,

tion for international research centers,
national systems, and others interested
in the region’s most important food
crop.

In all, during 1988 International
Cooperation was active in 11 continu-
ing special projeces, linking 46 1ITA
scientists with nacicnal programs in
ten African countries. For the fucure,
the Insticute plans to reduce its
commitments of scientists in a few
countries, in favor of assigning experi-
enced teams of two or chree appropriate
specialists to national systems in more
countries.

In 1988, International Cooperation
appointed two research liaison scien-

Rescarch faarsomn Seicintists

The function of the research liaison scientist
is to be an honest broker between HTA and
its pavtneri, the national agricultural
sesearch systems of tropical Africa. The
HTA Strategic Plan, which dedicates the
Institute to strengthening national systems,
recognizes "that it is essential to distinguish
national system requivements at different
stages of institutional development, from an
carly, ‘embryonic', stage through medinm
strength to maturity,”

Each rescarch liaison scientist, a permanent
menber of HITA's scientific staff, is
assigned to cover seven or eight countries
related by geography, eology, language, or
other common factors. In each conntry, the
scientist develops a thorough understanding
of the institutions, the scientists and other
personnel, the research agenda, and the
requirements of the national agricnltural
vesearch system. The scientist’s insights help
HTA to make its own research progra:
Laore velevant, and to develop effective
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tists to coordinate the increasingly
complex collaborations between che

Institute and che national programs of
tropical Africa. Actentive to the
national programs in his or her as-
signed region, che research liaison

The vesearch liaison scientist's functions
include identifying the research and
development needs of the national research
system in each country; assessing the systent's
capacities for collaborating in its own
development; linking the system with
appropriate I'TA programs or other
resonsces; coordinating HHTA activities in
each country; and belping other HTA
scientists to focus their efforts on the most
imiportant problems.

The first vesearch liaison scientist is
assessing the needs of English-speaking
countries in West Afvica as a first step
toward improving research linkages.
Another scientist is working with Central
African conntries, Beginning in 1990, a
third will cover the French-speaking West
African countries. In addition, a lizison
scientist has heen assigned to IITA by the
United States Agency for Lnternational
Development (USAID) to connect its
programs with the improved technologies
developed at 1ITA and other international

|




scientist evaluates their needs for
specific assistance, as well as their
readiness for cooperative projects. The
scientist is then in a position to link
national programs with the appropriate
resources at 1ITA or clsewhcre. (See
article, p. 55).

To conduct agricultural research and
development, all national systems need
capable and committed professional
staffs and direction. When HTA began
operating in 1967, the deficit of
scientists and professionals trained in
African agriculture — especially of
African scientists and professionals —
was enormous and growing. Training
for African agriculrural professionals at
all levels, cherefore, was pare of the
Instituee’s original mandate; and
training remains an increasingly
important aspect of IITA’s mission
today. No proposal to develop or
transfer technology from HTA fails to
consider the training requirements of
the participating countries. In Interna-
tional Cooperation’s varied partner-
ships with national systems, training is
the constant cheme,

To realize the potentials of their own
programs, or to participate effectively
in cooperative projects, virtually all
national agricultural rescarch systems
in tropical Africa share a need for
trained professionals. Since 1971, more
than 6,000 trainees, most of them
Africans, have come to IITA. 1ITA
scientists and occasional guest inscruc-
tors have taughe a total of 74 courses
devoted to a single crop, and 84
specialized courses in various research
arcas, including 9 in weed manage-
ment and 11 in biological pest concrol.

Fifteen group courses, totaling 56
weeks of training, were offered in 1988
at Ibadan by IITA’s five major research
programs. Most of the 315 trainees
came from sub-Saharan Africa; 65
percent came from West and Central
Aftica.

As the growing capability of national
Systems permits, group training
courses will be increasingly relocated
from Ibadan to collaborating countries.
In-country courses can reach more
trainees, at lower cost, with instruction
more appropriate to their conditions.
IITA continues to support the in-
country courses, assisting the national
systems to plan curricula, prepare
training materials, and crain the
trainers, turning their own profession-
als into effective teack :rs. In addition,
IITA scientists often participate in in-
country training as advisers and guest
nstructors,

To date, HTA scientists and Interna-
tional Cooperation's training officers
have helped to establish and teach 44
in-country courses. In 1988, che
program posted a training officer to the
University of Nsukka, in Nigeria, to
help organize a training course in the
uses of food crops in nutrition. The
course ateraceed 27 crainees, 20 of
them women. For a course in on-farm
rescarch in rice-based cropping sys-
rems, held in Bida, Nigeria, an 1ITA
sentor scientist served as a resource
person. Funds were provided by the
International Development Research
Center (IDRC).

More cthan 400 trainces have come to
Ibadan for study, rescarch, and field
experience leading to the MSc and
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PhD degrees. In 1988 the Insticute
inaugurated the IITA Graduate
Research Fellowship Program. The
program is open to outstanding
African men and women graduate
students in agriculture and related
sciences who are commiteed to thesis
research in tropical Africa. Fellows
work under the supervision of II'TA
scientists at Ibadan or elsewhere in
Africa.

The program was announced in May;
by the end of June, 60 applications had
been returned to Ibadan, where an
ITTA committee selected the first five
fellows: three from Nigeria, one from
Ghana, and one from Sierra Leone. In
future years cthe program will support
up to twenty students.

Also in 1988, supported by external
funding, 70 other graduate scudents —
25 MSc and 45 PhD candidates —
worked with 22 IITA senior sciencists
in various research programs. The
Biological Control Program, mean-
while, in addition to its group training
course at Cotonou, sent four students
— from Zaire, Burundi, and Cote
d'Ivoire — for MSc studies at overseas
universities. The Institute also re-
sponded to requests from governments,
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development agencies, and universities
in Africa to provide non-degree-relaced

training to 22 visitors on various
missions.

Bilateral aid Mudtilateral Collaborative Projects (1988)

Many graduates of IITA training have
gone on to become leaders in African

national research institutes, universi-

ties, and government programs. They
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have become directors of research,
heads of departments, and program co-

ordinators, as well as senior scientists

and technicians.

Cassava in Africa

*Project terminated March 1988

Cate d'lvoire

**Resident research terminated March 1988, leaving 2 scientists for network coordination.

Total Life Budget

Project Name Location Staff ($ X 1000) Donor
National Ceveals Research Cameroon 17 14,871.8 USAID
and Extension (NCRE)

Cameraon National Root Cameroon 2 725.0 Gatsby
Crops Improvement Program Charitable
(CNRCIP) Foundation
Semi-Arid Food Grains Research and Burkina Faso S¥* 3,472.0 USAID
Detelopment Project (SAFGRAD)

Food Legumes Burkina Faso 1* 416.0 IDRC
Zaire Applied Agricultural Zaire 14 81174 USAID
Research Project (RAV)

Rewanda BGM 11 Farming Rwanda 1 269.0 World
Systems Research Bank
Ghana Grain Legumes Inprovement Ghana 1 809.0 CIDA
- Ghana Smallbolder Rehabilitation Ghana 1 837.9 IFAD
Program

East and Southern Africa Root Craps Malawi 1 289.0 IDRC/
Research Network (ESARRN) 943.0 USAID
Congo Kindamba Food Crops Congo — 374.9 IFAD
Development Project

Collaborative Study of Nigerial Tanzanial 3 1,900.0 Rockefeller

Foundation




Research Fellows and

Rescarch Fellows (PhD)

Biological Control Program

(BCP)

G. Akpokodje (Nigeria),
University of lhadan

G. Goergen (Fed. Rep. of Germany),
University of Giessen

H. Rogg (Fed. Rep. of Germany),
University of Giessen

E. ]J. Senkondo (Tanzania),
University of London

Grain Legume Improvement
Program (GLip)
S. A. Adebitan (Nigeria),
University of Thadan
H. Adu-Dapaah (Ghana),
University of lbadan
B. Asafo-Adjei (Ghana),
University of Minnesota
S. Blade (Canada), McGill University
F. A. Myaka (Tanzania),
University of London
R. A. Noameshi (Togo),
University of lVbadan
C. P. Paul (Sri Lanka),
University of lbadan

Maize Research Program (MRp)
Y. A. Akintunde (Nigeria),

University of Dadan
M. Asanzi (Zaire), Obio State University
0. J. Osanyintola (Nigeria),

University of lhadan

Resource and Crop
Management Program (rRcmp)
A. L. Babalola (Nigeria),
University of lbadan
R. Ernst (Fed. Rep. of Germany),
University of Hobenbeim
T. Guanglong (China),
Lnstitute of Soil Science, Chengdu

S.M. Liya (U.K.), University of lhadan
H. Luczeryer (Fed. Rep. of Germany),
University of Hobenbeim
M. Mohammed (Bangladesh),
University of Dbadan
M. A. Olagoke (Nigeria),
University of Nigeria, Nsukka
O. Onafeko (Nigeria),
University of Lbadan
G. O. Oyediran (Nigeria),
Obafemi Auolowo University, le-Ife
B. A. Ruhigwa (Zaire), ustitut
Facultaire d'Agronomie, Yapambi
D. E. Siaw (Ghana), Unirersity of lbadan
M. K. Smich (Ghana),
University of Thadan

Rice Research Program (rrp)
M. Mgonja (Tanzania),
University of lbadan

Root, Tuber and Plantain
Improvement Program (TRIPP)
A. Agueguia (Cameroon),

University of lbadan
M. H. Makame (Tanzania),

University of lbadan
R. Ndibaza (Tanzania),

University of lbadan
O. Salau (Nigeria), University of lhadan

Rescarch Schiolars (MS¢)

Biological Control Program
(rcp)
A. M. Animashaun (Nigeria),
University of London
H. Braimzh (Ghana),
University of Reading
K. Konan (Céte d'Ivoire),
Simon Frazer University, Vancouver
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S. J. Mugalu (Uganda),
University of London

P. Ndairagije (Burundi),
University of Ottawa

G. Oduor (Kenya),
Imperial College, London

A. J. Sumani (Zambia),
University College, Cardiff

K. Tata-Hangy (Zaire),
University College, Cardiff

L. Traoré (Guinée),
University of Montreal

Grain Legume Improvement
Program (GLip)
D. K. Ojo (Nigeria),
University of Thadan
L. Okosun (Nigeria),
University of lhadan
N. Ssemakula (Uganda),
University of lbadan

Resource and Crop
Management Program (rRcmp)
C. Anoka (Nigeria),

University of Nigeria, Nsukka
P. Karinge (Kenyz),

University of Nairobi

Root, Tuber and Plantain
Improvement Program (TripP)
C. M. Githungurei (Kenya),
University of lhasan
M. Ntimpirangeza (Burundi),
University of Nairobi
S. N. G. Phiri (Malawi),
University of lhadan
N. W. Wanyera (Uganda),
University of lhadan



Research Fellows (PhD) who
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completed their research as of Dec. 1988.

Ambe-Tumanteh, J. Mr., Cameroon

Asadu, Charles A. Mr., Nigeria

Diop, A. Mr., Senegal

Durojaiye, J.A. Mr., Nigeria

Mebraheu, S.B. Ms., Ethiopia

Ngeve, J.M. Mr., Cameroon

Ogundipe, H. Mr., Nigeria

Oke, D.B. Mr., Nigeria

Okorji, C.E. Mr., Nigeria

Olatunde, G.O. Mr., Nigeria

Vander Kruijs, A, Mr., Netherlands

Walangululu, M. Mr., Zaire

University of Ibadan

University of Nigeria, Nsukka

Oregon State Univ.

University of Ibadan

South Dakota Univ.

Univ. of Maryland U.S.A.

University of Ibadan

University of Ibadan

Univ. of Nigeria, Nsukka

University of Ibadan

Wageningen Agric. University

Inst. Facul. des Sciences
Agronomique, Yangambi.

Studies of some agronomic practices in cassava
based cropping system in the Southwest province
of Cameroon.

Comparative study and evaluation of yam — zone
soils and performance of six cultivars of white yam
(D. rotundata) in Southeastern Nigeria.

An evaluation of weed interference in rice grown
on hydromorphic soils in West Africa.

Studies on the inheritance of resistance to stalk
rot disease of maize (Zea mays L.) caused by
Botryodiplodia theobromae pat. and fusariura
moniliforme sheld.

Cropping patterns, household time use, and child
nucrition: A multidisciplinary approach.

Factors affecting yield stability among potato
genotype.

The use of vegetable protein to make processed
meat products using soybeans and cowpeas.

Biochemistry basis of pest and disease resistance
of cowpea.

Demand elasticities for food crops in major yam
producing areas of Southeastern Nigeria.

Studies on host plant resistance in cowpea to pod-
sucking Clavigralla tomentosicollis.

Management of nitrogen in acid low-activity
clay soils in the humid tropics for food crop
production.

Evaluation of cassava clones for resistance to the
green mite and cassava mealybug.



Research Scholars (MSc/MPhil) who 60

completed their research as of Dec. 1988.

Adeyemi, O. Mr., Nigeria

Afun, J. Mr., Ghana

Agwaranze, F.N. Ms., Nigeria

Gautam, D. Mr., India
Kunda, M.N. Mr., Zaire

Maobe, S.N. Mr., Kenya

Mclvor, A. Mr., Britain
Mugalu, S.J. Mr., Uganda

Myaka, F.A. Mr., Tanzania

Oduor, G. Mr., Kenya
Onabolu, A.O. Ms., Nigeria
Smet, Kris Mr., Belgium

Sneyers, S.T.J. Mr., Belgium

Valanzuolo, S., ltaly

Verstappen, B. Mr., Belpinm

Willaumez, S. Ms., Belginm

0.A.U. Ife

Wye College, London

University of 1badan

University of 1badan
Catholic Univ. of Leuven
University of Nairobi
Silsoe Coll. of Agric,
Wye College, London

Wye College, London

Imperial College, London
University of 1badan

Catholic Univ. of Leuven

Catholic Univ. of Leuven

Universiea Degli Seudi

di Napoli

Catholic Univ. of Leuven

Catholic Univ. of Leuven

Effect of pruning on nodulation, nitrogen fixation
and nutrient released by Leuceana.

A comparative study of “calendar” and “guided”
insecticide applications for control of cowpea
pests.

Micropropagation of male sterile cowpea Vigna
unguiculata (L.) Walp and its application in
hybrid seed production programme.

Evaluacion of harvesting methods of cowpea.

Influence of cropping and fallow systems on soil
organic matter in Southern Nigeria.

Effect of nitrogen app! cation and seedling ages on
yield of rice.

Research station management,

Biocontrol of the green cassava mite and false
codling moth — important pests of cassava and
citrus respectively.

Responses of soybean (Glycine max (L) Merrill)
selections to drought during seedling and pod
filling stages in Nigeria.

Biology and behaviour of cassava green mite.
The utilization of soybean in Nigeria.

A physiological study of the growth promotion
and growth inhibition of suckers of plantain
(Musa c.v. aab).

Microbial biomass measurements in cropical soils;
calibration of different methods.

Cytogenctic of cowpea and related species: Two
genotypes of Vigna unguiculata (TVu 91 and TVu
1977 and two of Vigna vexillata (TVnu 226 and
TVnu 226)

Yield losses in improved resistant and susceprible
cowpeas due to cowpea storage weevil, Calloso-
bruchus maculatus

Mycorrhizal infection of trees and population size
of their rhizobia in farmers’ field.



Support Units

IITA's research support units provide
essential services to the scientific
programs. The program presently
includes six unies: Genetic Resources,
Virology, Biometrics, Analytical
Services, Farm Management, and
Biotechnology. The functions and early
activities of the new Biotechnology
Unit, established in 1988 and sched-
uled for full operation in 1989, are
described in a separace article, p. 23.

Crcric e Resonrees

The Genetic Resources Unit is respon-
sible for the Institute’s germplasm
collections of cowpeas, rice, and root
and tuber crops. For cowpea and yam,
and for the African races of two
cultivated rice species, Oryza glabervin
and 0. satita, the unic has a mandate
from the International Board for Planc
Genetic Resources to preserve and
document world germplasm collec-
tions. To provide even greater gencetic
diversity to plant breeders, the unit's
scientists also explore Africa to collect
the wild relatives of cultivated species.

Under the aegis of the International
Board, and in collaboration wich
scientists from national programs and
national authorities, the unit fielded
five plant-exploration expeditions in
1988, in Congo, Lesotho, Nigeria,
Somalia, and Sweziland. These brought
to 53 the total number of IITA plant-
exploration missions, to a total of 29
African countries, The 1988 missions
returned to Tbadan with a total of 963
samples: 370 cowpeas and 154 wild
cowpea relatives; 111 cereals; 86 yams;
175 cassava; 39 plantains and bananas;
and 21 other plants. Duplicate samples
from each mission were provided to the
host government. The unie received

another 874 samples of various crops in
1988 from collaborators in national
programs and from the International
Board.

By 1988, the unit's germplasm
colleceions counted more than 30,000
accessions: 15,100 of cowpea and 810
of wild cowpea relatives, 12,000 of
rice, 2,000 of bambara groundnut,
1,500 of soybean, and 500 of maize,
plus samples of several hundred other
species. The collections are preserved
under safe, controlled conditions at
IITA’s new seed-storage facility,
completely renovated and expanded in
1986/87 with funds from the govern-
ment of Italy.

During 1988, approximately 7,000
different germplasm samples from the
seed bank were grown out for multipli-
cation or rejuvenation. Some 10,000
samples were withdrawn for research
use, three quarters of them by IITA
scientists, the rest by collaborators in
36 countries around the world,

The Genetie Resources Unit's 1988
rescarch agenda included: the seed-
storage capabilities of cowpea, soybean,
groundnut, and African rice; the
distribution of cowpea and rice subspe-
cies in Africa; interspecific crosses
between cultivated cowpeas and their
wild relacives; interspecific and
intraspecific crosses between and
within sclected subspecies of African
and Asian rice; the genetic diversity
and yield potential of groundnue; and
the genetic inheritance of certain
characteristics in crop species.

In its research on che potential of wild
cowpea germplasrn for improvement of
culcivated cowpeas, and its research on
cytology and chemical characterization
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of cowpeas, the Genetic Resources Unit
is collaborating with Italian universi-
ties and research institutions to explore
the uses of biotechnology. The most
promising applications of these
advanced techniques will be in over-
coming the natural inability of wild
species to hybridize with cultivated
species. By overcoming this barrier,
scientists hope to cransfer desirable
genetic traits, including the wild
species’ inherent resistance to many
pests and diseases, into high-yielding
culcivars.

The unit’s future projects. include
using its existing computer equipment
to establish a database for the yam,
cassava, and plantain collections. A
new phytosanitary, or sced health,
laboratory will improve the unit's
ability to distribute disease-free
germplasm materials. The unit will
assess the value of electrophoretic
techniques for identifying genetic
materials, for eliminating duplicacion
in the germplasm collections, and for
establishing the relationships of
species.

Virology Unit

The Virology Unit works closely wich
the crop improvement programs to
develop cultivars chac can resise the
viral diseases of crops in Africa. The
unit’s virologists investigate che viruses
— their ctiology, geographical distri-
bution, ecology, and pathogenic
variation — as well as their associa-
tions with the plants they infect. The
unit also produces the purified viral
material chat breeders use to test plants
for resistance. The constant improve-
ment of techniques for purifying viral
material is a major preoccupation,



The unit also develops and refines
techniques for detecting viruses and
viral infections. When they find an
unknown virus, or a well-known virus
that has assumed an unfamiliar form or
a new virulence, the virologises identify
and describe the pathogen, develop
antisera, and isolate typical specimens
for reference and comparison. Because
viral discases often inflice devastating
costs on African agriculture, virologists
are major contributors to all IITA
training programs in crop production.

In 1988, the unic tested the resistance
of advanced cowpea and maize geno-
types to newly recognized viruses or
viral strains. A survey in six West
African countries gathered information
about the geographical discribution of
viruses infecting cowpeas in various
agro-ccological zones. Among the
survey's findings were previously
unrecognized types of the aphid-borne
mosaic virus that infect cowpeas in the
dry savanna zone.

HTA virologists also made significant
progress during 1988 in purifying
important viruses and characterizing
others; and in applying monoclonal
antibodies and other advanced methods
to the detection and diagnosis of viral
discases in African agriculeure. The
unie will transter che new technologies
to scientific colleagues in nacional
programs.

Biometries Uni

The Biometrics Unit advises all HTA
scientists and graduate studencs doing
thesis research ae che Institute on the
applications of mathematics and
statistics to agriculeural research.
Scientists and studenes come to the
unit for assistance in designing surveys

and experiments, analyzing and
interpreting data, using statistical
information in publications and
presentations, and applying appropri-
ate mathematical and stacistical
techniques in their particular research.
The unit is also responsible for design-
ing and teaching the statistics compo-
nents that are important features of
most IITA training courses, and for
conducting occasional, more special-
ized Institute courses in statistics and
statistical computing. As resources
permit, the unit's biometrician pro-
vides assistance to other rescarch
insticutions and to Nigerian
universities,

The unit depends on continuous
improvements in its computer software
to keep up with the volume and
complexity of IITA's mathematical and
statistical workload. In 1988, the unit
acquired and installed an improved
version of its basic statistical package
and its adaptation of the Farm Survey
Analysis Program of the International
Maize and Wheat Improvement
Center. The new programs were
promptly used to analyze several
complex surveys, including two on
nutrition in rural Nigeria; and to cest
the accuracy of survey daca on farm
work, especially on farmers’ estimates
of plot sizes and time devoted to
various farming operations.

Also in 1988, the interest of 1ITA
plant breeders in analyzing entire series
of cooperative trials ac multiple sites
was sparked by a visiting scientist from
Queensland University, where the
necessary analytical tools have been
developed. The Australian software,
obtained by the Biometrics Unit and
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microcomputer, enabled the 1ITA
scientists to perform a sophisticated
cluster analysis of data from a set of
international cowpea trials. Other
programs acquired by the unit in 1988
were useful to IITA rescarchers in
specialized genetic analyses, in bivari-
ate analysis of intercropping trials, and
in randomizations for experiment
design.

Analyvocal Services Unit

The unit’s laboratory assays soil, plant,
and water samples submitted by IITA
rescarchers and cheir collaborators. The
lab analyzes soil samples for various
physical and chemical properties. Plant
samples are analyzed for primary and
secondary nutrients and for micronutri-
ents. Water samples are analyzed for
nitrate, phosphate, and ammonium
content; cations; plH; and elecerical
conductivity.

The unit performed over 225,000
assays in 1988, more than double the
previous year's total. Analytical
Services researchers developed new
methods or improved existing methods
for measuring available potassium and
assaying silica and minhydrin-reactive
uitrogen in soils.

Farm Management Unit

The Farm Management Unit is
responsible for the development,
management, and maintenance of
IITA’s three experimental farms in
Nigeria: at the Instituce’s Ibadan
headquarters, in the forest/savanna
transicion zone; at Ikenne, 65 kilome-
ters south of Ibadan; and at Onne, in
southeastern Nigeria, on acid soils in
the humid-forest zone. On these farms,
the management unit supports field

1 [ S NN |



The unit’s mobile team supports
research projects in many parts of
Nigeria, traveling 16,000 kilometers
in 1988.

The farm-management scaff collabo-
rates with resource-management
scientists on studies of soil-conserving
tillage methods. For che purposes of
these studies, mose trials on [ITA
farms are planted wich no-till methods
thar reduce soil erosion and degrada-
tion. The unit also mulciplies im-
proved crop varieties developed by
HTA scientists and cheir collaboracors,
distributing up to 100 tons of seed
annually to government sced services,
seed companies, and farmers, in
Nigeria and ocher African countries. At
Ibadan, the Farm Management Unit
maintains a demonstration area, where
the latest crop varieties and farming
technologies are demonstrated to more
than 2,000 visitors each year,

In collaboration wich the crop im-
provement programs, the farm man-
agement staff is currently planning
three new research seations, to be
established in northern Nigeria, Cote
d'Ivoire, and Cameroon.
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Information Services

During 1988, Information Services —
the new name for the Documentacion,
Information, and Library program —
was partially reorganized. Publications,
graphics and printing, and audiovisual
and photography functions were
merged into a single publications unit
to encourage coordination and
ctficiency.

The public affairs unit, monitoring the
coverage of IITA in the press during
1988, counted a total of 117 articles in
15 Nigerian newspapers, 10 articles in
7 forcign newspapers, and 31 features
in 17 magazines. The Institute’s work
was also featured from time to time on
Nigerian television and radio, as well
as on BBC and VOA broadcasts. More
than SO0 visitors, many of them
prompeed by articles in the press, came
to Ibadan for a firsthand look.

The unit also received visiting farmers,
journalists, diplomats, officers of
commercial and farming organizations,
and other professionals, with a variety
of interests. The unit guided 43 groups
of high-school and university students,
averaging 50 students each, on tours of
HTA's experimental ficlds.

The library service extended its hours
in response to steadily increasing use of
the library by staff members, trainees,
and visitors. Library staff continued to
offer training in the use of the on-line
public access catalog, and completed
drafts of a new procedures manual and
a users’ guide to the library.

The service supplied scientific informa-
tion in response to 236 requests by
mail from 37 countries, including 16
in Africa. The staff developed an
effective procedure for detecting and
correceing errors in the library data-

base, to which 6,380 records were
added in 1988. The library acquired
compact disk (CD-ROM) information-
retrieval hardware and a CD-ROM
agriculture database.

The interpretation/translation unit
translated more than 4,000 pages of
texts from English into French; and
provided simultaneous interpretation
for 16 training courses and 13 meet-
ings and conferences, both inside and
outside of Nigeria. The Conference
Center provided support for 25
mecetings and conferences of IITA and
outside organizations.

During 1988 the publications unit
acquired improved equipment for word
processing, computer typesetting, and
desktop publishing. In collaboration
with the EEC donor agency, the
Technical Center for Agricultural and
Rural Cooperation (CTA), the unic
hosted a two-week workshop on
editing and publishing for 24 trainees
from Cameroon, Ghana, Liberia,
Nigeria, and Sierra Leone,

Information Services published 34
titles in 1988, including five transla-
tions from English into French. 1ITA
Strategic Plan 1989-2000 and 1ITA
Medinm-Term Plan 1989-1993 were
produced for discussion by the Techni-
cal Advisory Committee and CGIAR
donors during Centers’ Week.
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Genetic Resources Unit
N. Q. Ng, PhD, head and plant

Leneticist

A. E. Goli, PhD), plant scientist*
S. Padulosi, PhD, plant explorer

Virology Unit
H. W. Rossel, Ir, bead and virologist
G. Thoteappilly, PhD, virologist

International Cooperation and

Training

H. Gasser, PhD, director, training

E. Arubayi, MBA, coordinator,
monitoring and evaluation

E. F. Deganus, BSc, project development
coordinator

J. C. Sentz, PUD, vsaw liaison scientist

D. W. Sirinayake, training officer

J. B. Suh, PhD, research liceison scientist

A. P. Uriyo, PhD, project developnrent

coordinator

cipA/ciMmyT/1ITA Ghana Grains
Development Project, Ghana
A. M. Hossain, PhD, breeder

Gatsby Charitable Foundation/
iiTA Cameroonian National
Root Crops Improvement
Program (cnrcip), Cameroon
J. B. Abaka-Whyte, PhD, breeder and
project leader

M. O. Akoroda, PhD, agronomist/breeder

1¥FAD/ITA Ghana Smallholder
Rehabilitation and
Development Program

0. O. Ckoli, PhD, brecder and root crops

coordinator

Semi-Arid Food Grains

Development (SAFGRAD)

Project, Burkina Faso

J. M. Fajemisin, PhD, pathologist/
breeder, project leader and maize network
coovdinator

V. D. Aggarwal, PhD, hrecder*

A. O. Diallo, PhD, breeder*

N. Muleba, PhD, agronomist and cowpea
network coordinator

USAID/IDRC/1ITA East and

Southern African Root Crops

Research Network (ESARRN),

Malawi

M. N. Alvarez, PhD, breeder and netiwork
coordinator

usAaID/lITA National Cereals
Research and Extension (NCRE)
Project, Cameroon

E. A. Acayi, PhD, chief of party and

agricultural econoniist

S. W. Almy, PhD, socicl economist

D. C. Baker, PhD, agricultural economist
V. Balasubramaniam, PhD, agronontist
O. P. Dangi, PhDD, breeder

L. Everete, PhD, brecder

D. Janakiram, PhD, breeder*
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M. P. Jones, PhD, breeder

M. Kamuanga, PhD, agriciltural
econoniist

J. Kikafunda-Twine, PhD, agronomist

D. McHugh, MSc, extension agronomist

J. A. Poku, PhD, extension agronontist

M. R. Rao, PhD, agronomist*

T. L. Romocki, MBA, administrative
officer

A. C. Roy, PhD, agronomist

J. T. Russell, PhD, extension agronomist

L. Singh, PhD, breeder

H. Talleyrand, PhD, agronomist

T. Woldetatios, PhD, extension
agronontist

usAiD/uTA Applied
Agricultural Research (rav)
Project, Zaire

E E. Brockman, PhD, chief of party and

agronomist

M. S. Alam, PhD, entomologist

C. D. S. Bardlete, PhD, agricultural
economist

T. Berhe, PhD, agronomist

L. H. Camacho, PhD, breeder

B. Chici-Babu, farm manager

A. D. Florini, PhD, regional outreach
specialist

R. D. Hennessey, PhD, entomologist*

K. M. Johnson, PhD, brecder

G. F. Montalban, plant superintendent

A. O. Osiname, PhD, agronomist

G. L. Servant, 1..BA, administrative
officer*

M. Seye, MA, administrative officer

D. A. Shannon, PhD, agronomist

W. O. Vogel, PhD, agricultural
cconomist



IITA Benin Station
J. N AL Quaye, MA, leader, management
unit and officer-in-charge

E. R. L. Théberge, PhD, divector®

Biological Control Program
(Bcp)
H. R. Herren, PhD, divector

D. T. Akibo-Betrs, PhD, entomologist
and EastiSouthern Africa regional
convdinator

W. N. O. Hammond, PhD, entomologist
and West/Central Africa regional
coordinator

A. Klay, PhD, acaralugise®

P. Neuenschwander, PhD, entomologist
and vesearch coordinator

. Schulthess, PhD, aolugist

A. Waodageneh, PhD, eao training
officer

J. 5. Yaninek, PhD, acarologist

J. B. Akinwumi, MSc, engineer

T. M. Flaug, MSc, mass rearing specialist

B. Mégevand, MSc, wite rearing
She delist

O. L. Sidi, Ing, engineer and operations
manager®

Associcate experts
C. Boavida, MSc, ecologist
M. Tamo, MSc, enlogist

Technology Transfer Unit
M. N. Versceeg, PhD, agronomist and

leaaer
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Consultants

Dr V.A. Adeyeye, technology adoption
sirvey

Dr V. Vivaya Bai, cyrogenetics

Dr Keith M. Byergo, NCRE baseline
surrey

Prof M. Devreux, bintechnology

Prof J.K. Egunjobi, plant exploration
Prof T.U. Ferguson, rescarch evaluation
Dr Louise Fresco, agriceltuval economics
Mr P. Ghosh, electronics services

Dr Tunde Ikotun, plant patholugy
Dr Timothy Koehnen, training

Dr Richard H. Markham, bivlogical
control

Dr Alan W. Moore, writinglediting
Dr Frank Moormann, soi/ surrey

Dr L. Robertson, biotechnology

Dr Christian Valentin, soil survey
Prof. W.B. Ward, writinglediting
Mr Anchony Wolt, writinglediting
Prof. A. Youdcowei, writinglediting
Mr Samuel Zziwa, economics

Collaborative projects on food and
technology

Dr William Aalberserg, food technology
Dr J.O. Akingbala, food utilization

Ms Ann Burgess, food utilization

Dr L. Dencon, food utilization

Dr Sunday 1. Ecce, food utilization

Mrs L.A. Hughes, food utilization

Ms Janet Kwatia, foodd ntilization

Dr G.B. Oguntimein, food utilization
Ms Chinwe Okeke, food ntilization

Dr Emelike Okoro, food utilization

Mr A.S.O. Oyakhilome, fuud utilization
Ms S.S. Smich, foed utilization

Dr O. Taylor, fued utilization

Dr Carol Williams, foud ntilization



Agro-Ecological Zones
West and Central Africa

Humid Forest

Forest-Savanna Mosaic
(Transition Zone)

Moist (Guinea)
Savanna

Dry (Suda.)

Savanna

Sahel and Desert
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