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Director General's
1989/90 Report

n my fifth and final report as Director General, | am pleased

to announce that the IITA Board of Trustees recently

elected a strong new leadership team for the Institute. Dr.
Nicholas Mumba, Permanent Secretary, the Ministry of Agricul-
ture of Zambia, was elected the new Board Chairperson to
succeed Mr. Luis Crouch. Dr. Lukas Brader, a distinguished
science manager and currently Director of the FAO Plant
Production and Protection Division, was elected the new
Director General, effective December [990.

In this last report | will attempt to assess the current state of
the Institute and its capacity to deal with the interrelated
problems of malnut-tion, poverty and sustainable agriculture in
Alnca.

Twenty-three years ago, long before sustainability became a
burning issue, the founders of ITA had a vision of a new institute
in tropical Afrca explicitly dedicated to this specific issue. They
charged lITA to develop sustainable agricultural systems that
could replace the region's traditional bush-fallow, or slash-and-
bum, cultivation: while increasing the productivity of the key
food crops in these systems. ITA's mandate reflects both the
essential difference and the critical link between the goals of
feeding hungry people today and developing sustainable sys-
tems that will serve future generations.

Our founders recognized that the major advances in agricul-
tural technology for the temperate zones were not well suited
to the resource-poor farmers of tropical Africa. To serve these
people, ITA scientists had to recognize the diversity of their
farming conditions and to understand the crop production
systems that they had developed over centunies or even
millenia.

IITA has received increasing recognition for the quality of its
scientific achievement during the past five years. Scientific
research is along-term process, and | have been fortunate to be
Director General during a penod when research started well
before mytenure is producing benefrts for African farmers. One
of the hallmarks of successful international agricultural research
is the King Baudouin Award presented every two years by the
Consultative Group on Intemational Agncultural Research
(CGIAR), Within this year IIT A will have received two ofthe last
three King Baudouin Awards — the 1986 Award for the
development of maize vaneties resistant to the streak virus and
the 1990 Award. with Centro Internacional de Agncultura
Tropical (CIAT), for the dramatically successful research onthe
biological control of the cassava mealybug.

When | joined lITA five years ago. it seemed clear that the
Institute could not continue this record of creativity unless it
sharpened program focus, set priomties and developed a stra-
tegic framework for its research on sustainable agnculture. An
extensive, participatory Strategic Planning Study was conducted
during 1986-1987 that confimed IITA’s commitment to sus-
tainable agricutture, while recommending major program changes
toward that goal: (1) sharpened program focus, (2) integration
of research into a systems approach, and (3) enhanced ccllabo-
ration with partners in national agncuftural research systems.

Sharpened Program Focus

The four strategic elements of IITA's new program focus are:
» The lowland humid and subhumid tropics of Africa

» The smallholder or family farmer

* Farming systems

» Major agroecological zones

First. we narrowed our geographic concentration to the
lowland humid and subhumid tropics of West and Central
Africa, a vast area including more than 20 countries and over 40
percent of the population of sub-Saharan Africa. With the
terminaticn of ITA field projects in Asia, Latin America and the
Caribbean —while our collaboration with regional and national
research agencies on relevant research in those regions contin-
ues — our work is now clearly targeted on a region of acute
need. This decision reduced diffusion of research effort without
compromising IITA's status as an intermational center.

ITA's second element of program focus was on the small-
holder or family farmer. This policy represented a departure
from the earlier assumption that the products of lITA research
were scale neutral. While some of the technology generated at

A Nigerian farmer harvests improved cassova tubers.
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[ITA s of equal value to large and small farms, we recognized that
research must be designed specifically to enhance the produc-
tivity of the farming systems used by African smaltholders. Later
| give examples of how this decision is affecting our research
objectives.

Most African farmers are small-scale farmers, using manual
methods to grow complex mixtures of crops in traditional
farring systems. Men and women, they are efficient in the use
of available resources and responsive to incentives. These
farmers are poor not because their holdings are small but
because their farming systems frequently have low and declining
productivity. With the nght kind of support, they will adopt
appropnate new technologies, produce the surpluses needed
to feed Africa’s growing population, and provide the foundation
for broad-based economic growth.

The third element of focus invoived a fundamental strategic
deasion to integrate IITA’s research on the basis of farming
systerns. Farming systems research is not new at ITA, but the
IITA Strategic Plan defines a fresh approach. The philosophy
behind this sterns from the need to address the difficult issue of
the design of appropriate technolagy.

Farmers generally adopt technological change in a stepwise
manner—one component at atime. Change in any component
of the cropping system has, however, much wider implications
than its immediate target. For instance, introduction of a pest-

resistant, high-yielding variety may accelerate soil fertility decline
and increase imer-crop competition; or changes in planting
dates may affect the availability of labor for other tasks such as
weeding. The farmer is, of course, concemed with managing his
whole cropping system and judges the value of new technology
by its contributions to the productivity of the system as a whole.

The IITA scientist must therefore address the issue of
technology development at the system level. This can only be
done by truly interdisciplinary research — the inculcation of a
systernatic. interactive approach to research issues right through
from planning to implementation. For many researchers, trained
in the classical reductionist disciplines of science, this involves a
new way of approaching their worke A commentator once
lkened IITA’s orpanization to a series of independent columns
thathad evolved over | 5 years without connecting links. VWe are
now warking to forge those links. The organizational changes to
achieve this are described later in this report

The fourth and last element of focus was on the major
agroecological zones of the region, outlined on the map below.
In the preparation of the Strategic Plan, it was clear that the
major researchable issues vanied significantly by agroecological
zone — problems of specific pests and diseases and of adapta-
tion to the cropping systems of the region. Intermational re-
search was required because the environments cut across many
countries, some of which are too small and poor to mount
effective research on their range of priorty problems.

Liberia

Agroecological Zones Of West And Central Africa

Humid Forest
Forest-Savanna Transition
Moist Savanna

Dry Savanna

Sahel

IiTA Headquarters
IITA Research Stauons

0
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Sudan
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(Angola)




Accordingly, the decision was made to decentralize research
to small stations in the key zones of West and Central Afnca. In
addition to 'TA’s headquarters station at tbadan, in the transi-
tion zone between the forest and savanna, a research station
was established in 1990 in the dry savanna of Nigena for work
on cowpeas in sorghum- and millet-based farming systems.
Ancther station is neanng completion in the humid forest zone
of Cameroon, primarily for research on cassava and resource
managerment involving agroforestry and fallow management
systems. A third station is planned for the moist savanna for
maize-based systems. In research on rice-based farming sys-
tems. we also recognize the distinct inland valley ecosystem
which occurs in all ecological zones.

Decentralization of ITA's research was a logical stage in the
evolution of the Institute. In the first stage of ITA's history. it was
apparent that commodity research could make the greatest
contribution to sustainability by developing germplasm resistant
to major diseases for use by national systems. With access to
genetically diverse germplasm and sophisticated research sup-
port, the commodity scientists could do this work most effec-
tively at ITA headquarters.

Moreover, they were notably successful in breeding resist-
ance to major pathogens — cassava bacterial blight and African
mosaic disease, diseases of maize such aslowland rust and blight
and the streak virus, rice blast, and numerous cowpea pests and
diseases. These successes were adopted over a large range of
ecosystems in Africa. They provide stability of yield to these
commadities, enabling present research to focus more on adap-
tation to diverse cropping systems in the major environments,

Integration of Research into a Systems Approach
The second theme of the strategic planning process was
integration. ITA's organizational structure for research was
revised to form three main thrusts, all of them integrated
through their focus on the major agroecological zones of West
and Central Africa. These thrusts are:

¢ Resource management research — the study of the natural
resource base in order to refine existing resource management
technologies and devise new ones for the small-scate farmer.
¢ Commodity improvement research— breeding of improved
crop varieties to stabilize and increase smallhclder productivity.
+ Crop management research — synthesis of products of re-
source management research and plant breeding into sustain-
able, productive cropping systems for the smallholder.

Discussion is under way concerning the establishment of a
fourth thrust, pest management research, that would draw
upon [ITA's rescurces in pest management, including the
Biological Centrol Program, to form a new integrated pest
management program,

The long-standing challenge at ITA to inculcate a farming
systemns orientation throughout the Institute has been noted.
After considering vanous organizational altematives to pro-

Resource
Managerent
Research Unit

Commodity
Improverment
Research Programs

- F

Systems-Based
Werking Groups

[

'
Farming Systems Research

L]

L

Small-Scale Farmer

Diagram |. Integration of IITA Research Programs

mote multidisciplinary collaboration, we adopted the simple
innovation of inter-program, systems-based working groups,
each responsible for farming systems research in one of the
three major agroecological zones of the region: the humid
forest, the moist savanna, and the inland valleys. Each multidis-
ciplinary group has a full-time economist and agronomist, as well
as part-time member scientists from the commodity improve-
ment programs. This was a crucial new mechanism because, as
shown in Diagram |, it integrated the work of ITA's commodity
improvement and resource management scientists at the farm-
ing systerns level.

The working groups are providing a validation function
invalving on-farm testing of technologies generated by experi-
ment station research, an adaptive research function involving
the adjustment of existing technology to a particular set of
environmental conditions, and a feedback function to scientists
developing resource management technologies or breeding
improved vaneties. Through this process, ITA scientists are
brought together in a common effort to understand major
farming systems and to produce new varieties and technologies
for their improvement.

A start has been made in institutionalizing the environment
inwhich scientists will change their behaviorand accept new and
unconventional objectives in their work. If successful, this
reorientation will ameount to a shift in the research paradigm at
IITA. When discussed by the CGIAR in May, the donors agreed
that the adoption of this research strategy must be recognized
as risky because its productivity is still uncertain, but they urged
HTA to persevere in this new direction because of the disap-
pointing impact which the conventional commodity-improve-
ment research paradigm has had in Africa.

In planning this integration, ITA had to determine the
appropnate balance between research on resource manage-
ment and on breeding, recognizing that they both produce
component technologies integrated through the farming sys-
tems working groups. There is no conceptually comect or



optimal balance between them. Research onresource manage-
ment cannot be conducted in isolation from the crops to be
grown with these resources, and vice versa.

Moreover, there are significant differences between research
on resource management and research on commodity im-
provement: differences in research complexty, time horizon,
extension potertial, and relative importance among different
agroecological zones. Research breakthroughs that have the
most immediate impact generally result from improved com-
madity varieties, but commaodity research alone will not solve
the sustainability problem. Recognizing the need for balance in
the research program, a decision was made in the strategic
planning process to double the relative level of staffing for
resource managerment research over five years, as shown in
Table |. To provide a ¢ritical mass of scientists for commodity
improvement research — while assuring that new technologies
are appropriate for farming systems — a concurrent decision
was made to reduce the scope of commadity improvement
research from nine to six commodities. Research on sweet
potatces, rice and cocoyams is being phased out.

Table 1. Distribution of Core Scientists Among iITA Research
Programs

Type of Research Actual  Actual Slan
3 7 1989 1990 1992

Resource Managemenrt s 2% 3%
Commodity Improvernent 8% 48 4M%
Crop Management o M 2%
100% 100% 100%

Enhanced Collaboration with National

Agricultural Research Systems

The third theme of the Strategic Plan was cooperation with
naticnal agricultural research systems. In 1987, the IITA Beard
of Trustees upgraded the status of the Intemational Coopera-
tion Program by establishing the new position of Deputy
Director General for Intermational Cooperation. This was fol-
lowed by extensive consultations with the leaders of African
national systems to develop a strategic olan for intematioral
cooperation, with the objective of building partnerships with
naticnal systems to assist them to strengthen their capability to
use and generate technology to satisfy their own needs.

Because IITAtechnolagyis of little use in countries which lack
the capacity for effective collaboration, we have been encour-
aged by donors and by African governments to accept the
responsibility to assist in building sucn capacity, to the extent
that we have a comparative advantage and that such activity
does not weaken our vitalty as a research institute. Over a
transition period of five to ten years, we are operating more
downstreamn toward adaptive research than would be custom-
ary for an nternational center. We distinguish the requirements
of national systems at different stages of their institutional

development according to a conceptual framework that em-
phasizes the dynamic relationship required for IITA to meet
their strategic needs,

ITA’s Strategic Plan provided for new and revitalized mecha-
nisms for promoting partnerships with national systems. | refer
here to four of these mechanisms: networking, research liaison
scientists, resident scientist teams and traning.

First, collaborative research networks connect IITA with
natioral and regional agricultural institutions in Africa and
beyond, to address specific 1ssues of common interest. Net-
works provide smaller countries, many of which are unable to
mount comprehensive research and development programs,
with forums for participation in agricultural progress. IITA acts
as a catalyst in promoting and managing appropriate networks
far the tropical and subtropical regions of Africa. Because itisa
major source of scientific research in the region, IITA often
assumes the coordinating role during a network's early stages.

IITA is presently coordinating four collaborative research
networks: the Eastern and Southem Africa Roat Crops Re-
search Network (ESARRN), the Cowpea and Maize Research
Networks of the Semi-Arid Food Grains Research and Devel-
oprment (SAFGRAD) Project, and the Alley Farming Network
for Tropical Africa (AFNETA). In addition, ITA has actively
encouraged the rationalization of research networks in the
region, particularly across the francophone and anglophone
zones,

The second mechanism is research laison scientists, We
place high pnonty on deepening our understanding of the highly
diverse nationa' systems of West and Central Africa. Research
liaison scientists have been appointed, each to serve a group of
countries by stLdying their requirements and linking them to
IITA anc other sources of technology and assistance. In the
conduct of their research, IITA scientists centinue their direct
assoclation with national scientists. The liaison scientists are
respensible for coordinating such activities in each country and
managing special cooperative projects within them. The goal is
10 ensure that ITA partnerships with national systems are
responsive to their own strategic needs and genuine concerns.

The third mechanism is in-country resident scientist teams.
Overthe last decade, ITA has invested over 300 scientist-years
working within national programs of the region. thus giving us
unigue experience with these institutions and a comparative
advantage n such collzborative activities. The objectives of
resident scientists are to conduct adaptive research, thus
feeding back information to IITA and other international cen-
ters, and to strengthen the capability of nationa programs to
sustain such research without external assistance. This ernphasis
onbuilding capacity for adaptive research complementsISNAR's
role in improving the management of research systems. Recent
stucies confirm that national research leaders have very strong
demand for this form of assistance.



The fourth mechanism is training. Since 1971, ITA has
trained a:most 6,000 Alfricans. Although most of them have
been technicians in group courses, more than 400 have been
students conducting research for postgraduate degrees. We
work with IITA alumni who are rapidly moving into key positions
of responsibility in Afnican national systems. In the long run,
training may be IITA's most endunng contribution to the
solution of Afica’s food problems, and it is being accorded
higherpricnity than in the past. IIT A has made significant changes
by devoting more of its “care” or permanent resources to
training, by increasingly decentralizing group training to national
institutes, by shifting emphasis from group training to supporting
graduate research, especially of Africans at the M.Sc. and the
Ph.D. levels, and by increasing the proportion of women
participants in training at all levels.

Model for Sustainable Development

With a mandate for research on sustainable agr-cultural
systems for the iowland tropics of Africa, we feel a responsibility
to attempt to conceptualize the role of research in realizing this
objective. A simple model identifying the technology require-
ments at different stages of development has been a useful
heunstic device for stimulating scientific discussion at [ITA about
how research can contribute to the efforts of smallhelders to
move from subsistence agriculture onto a path leading toward
more productve and sustainable agriculture. In the following
pages | describe this preliminary model as it applies n the humid
forest agroecology of south-eastern Nigeria, the most densely
populated region in sub-Saharan Africa.

The indigenous farming systems which have evalved in the
forest zone have remained productive because of cropping
strategies which maintain and restore the soil's productivity and
reduce pest and weed problems — complex cropping pattems
and sequences, mixtures of tree crops and annuals, home
gardens and, most importantly, by the regrowth of natural
vegetation durnng fallow periods of 5 to 20 years. Growing
population densities and increased intensity of land use have
caused fallows to be shortened to as few as 2 or 3 years,
resulting in sharply declining soil productivity and increased
pressure from weeds and pests. The regression line in Diagram
2 shows the inverse relationship between population density
and the years of fallow in south-eastern Nigenia.

Behind the statistics is the reality that traddional farming
systems are being destabilized, forcing farmers to cultivate
marginal lands orto destroy the forest reserves in avicious circle
of human and envirecnmental impoverishment. The secondary
forest, previousty sustained by long fallows, is being transformed
into bush that is less able to regenerate soil and provide
traditional secondary tenefits. Farmers in densely populated
villages must for the first time purchase fuelwood, others are
intensifying their intercropping, adult males without land are
becoming increasingly common, and communalland ownership
is giving way to a commercialized system of individual rights to
land tenure. A Nigerian geographer has concluded that “the

shortage of food 1s leading to a restructunng of the social
organization on a new economic basis that is replacing tradi-
tional kinship relationships.” South-eastern Nigeria may be a
microcosm of the conditions that will prevail in more extensive
rural areas of Africa in the future,

Tuming to the conceptual mode! of sustainable agricultural
development, Diagram 3 portrays three phases of development
of the farming system, from traditional to intermediate to
market-onented. Like many models, this s a highly stylized
simplification that raises as many questions as it answers. This is
particularty true of the vertical axis showing that the output of
the system provides benefitsin the form of increased short-run
production, and/or greater sustainability.

ITA's goal is to develop agricultural systems that are both
productive and sustainable. By representing these benefits as
a'ternatives in the diagram, we acknowledge that there may
inevitably be trade-offs between short-run produictivity on the
one hand and the conservation demands of sustainability onthe
other. In the high-population-density region of south-eastem
Nigeria, we can assume that the productive benefits can be
measured in terms of increased yield per area of desirable crops.
The measure of sustainability is mcre complex, but the simplest
approach is to equate it with stability of yield. increased predic-
tability of output from year to year represents a lowenng of risk
for the farmer. It also creates a situation in which resource con-
servation, although not guaranteed, at least becomes possitle.

Sustainable development involves stabilization of both the
environmental and the socioeconomic factors which influence
farming systems. These operate at a variety of scales — ranging
from the soll fertility stresses within a farmer's field to the food
and input pricing policies imposed externally. [ITA scientists are
working to develop operational strategies for the measurement
and management of sustainability. The issue is complex but
depends in the first instance on a ngorous definition of the
concepts — an aspect which we feel to be lacking from much

Diagram 2. Relationship Between Population Density and
Length of Fallow (Years) in Yillages of South-Eastern Nigeria
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of the burgeoning literature on the topic.

The horizontal axis of Diagram 3 shows examples of tech-
nclogies that become relevant as the farmer moves from a
traditional to a market-orented system. Given the urgent need
for marketable surpluses to feed urban populations, IITA's
objective must be to advance farmers toward sustainable food
production systems that are increasingly commercialized and
can make optimal use of higher levels of purchased inputs.

Many national and intemational researchers in Africa have
been working to produce Phase [l technology characterized by
high-input, sole-crop packages that produce high yields on
expenment stations, But the dramatic success of this “green-
revolution” strategy in Asia has not been duplicated inthe forest
zone of Africa because most farmers are in Phase |, the inputs
are not available and, most importantly, the packages do nct fit
in farmers” complex, bush-fallow cropping systems.

The bush-fallow rotation system charactenstic of the forest
zonehas traditionally been a sustainable systerm compatible with
the land-abundant situation. There is mounting concem in
Africa, however, that sustainability is threatened by rising popu-
ation densities. lronically, part of the stress comes from use of
improved crop varieties that increase nutrient removal without
compensating soil amendments.

HTA has been very successful in developing technclogies that
permit more intensive cultivation by stabilizing output through

reduced risks. Such stability arises from crop varieties resistant
to pests and tolerant of adverse environmental factors; biologi-
cal approaches that avoid the need for chemicals and work with
nature to solve farmers' problems; and technologies that
protect output from postharvest loss.

Assuming that the farmers could afford it, the simple addition
offertlizer to the systemn might be thought sufficient to sustain
production, thus permitting the smallholder to jump over Phase
I and enter Phase Hl. While that would be a short-term
possibility to increase production, numerous examples from the
humid tropics have shown that it is not a long-term solution.
Diagram 4 illustrates this point with experimental data gathered
over seven years of annual cropping without fallow at Ibadan, in
the forest-savanna transition zore. The addition of fertilizer
raises maize yields initially, but that is not sustainable. The scil is
rapidly degraded as organic matter is mineralized and nutrients
are leached to depths beyond the reach of crops. The soil
becomes increasingly acid, it loses structure, becomes com-
pacted, and in the worst case is itself eroded.

Thus tt is apparent that there can be no easy progress from
Phase | to Phase |ll, even were the farmer able to purchase and
use external inputs. The key to the transition from what is
essentially subsistence farming to market-oriented farming,
using purchased inputs, lies in an understanding of the traditional
system of shifting cultivation, and the restorative role of the
natural fallow which sustained lew levels of production in these
fragile environmenis for centuries.

Productivity andfor Sustainability
of Farming System

Phase #l
Use of External Inputs

Phase if
Increased Internal Inputs

Phase |
Decreased Risk

Diagram 3. IITA Research
Inputs at Different Phases of
Smafiholder Development
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Diagram 4. Relationship Between Length of Continuous
Cultivation and Maize Yields at ITA, Ibadan

The biological processes by which the vegetative fallow
sustains preduction of food crops are now better understood.
They include:;

» Vegetative cover to minimize soil surface erosion

* Recycling of nutrients from lower soil layers to the crop
rooting zone

» Increased input of nitrogen by fixation by leguminous trees
or herbaceous species in the faillow or cropping systern

* Organic matter accumulation at the soll surface and the
consequent improverrent of biclogical activity, water infiltra-
tion, and moisture and nutrient retention

ITA research in Phase Il seeks technologies which integrate
these interna biclogical processes into improved intercropping
systems that enbance stability and increase productivity.

Diagrarm 5 shows experimental results of maize production
in alley farming systems at ITA. Alley farming has al! of the
elements just described; it minimizes the trade-off between
production and sustainability inherent in traditional bush fallow.
becadse it merges the fallow and cropping cycles in time but
separates thern in space. Although zlley farming has not yet been
adapted to the acid soils of the humid forest zone, it serves here
as amaodel to demonstrate how it might be possible to increase
cropping intensity and sustainability.

The lower curve of Diagram 5 shows that resource-poor
farmers can sustair intermediate levels of procuction in an
improved management systern such as alley farming using
intermal inouts. But these systems face biclogical limits that can
be overcome only with modern external inputs. This is shown
by the upper curve of the diagram. The addition of fertilizer to
the alley cropping system increased production without the
destabilizing effects seen in the monocrops of Diagram 4.

Alley cropping is only one solution to the problems of the

Diagram 5. Sustainability of Maize Production in Alley Farming
Systems at HTA, Ibadan

resource-poor farmer, and may indeed only be applicable to a
limited range of environments. Nonetheless the principles it
embraces, as outlined in the previous paragraphs, are of general
utility. ITA s developing a suite of alternative multi-species
systems involving trees and/or herbaceous legumes.

fn Phase IIl of the maodel, we recognize that external inputs
are essential if farmers are to increase their output to the level
shown in the upper curve. Farmers able to benefit from such
technologies willbe those who are increasingly able to commer-
cialize their operaticons by selling surplus output and purchasing
inputs. They will benefit from research, some of which is already
“on the shelf,” on the development of crop varieties that are
more responsive to fertilizer and good management, and to
simple and appropriate mechanization.

Technology, of course, is only one of the inputs into agnicul-
tural development, and the partial nature of this model must be
emphasized. t is rmeant to show how technology inputs and the
properties of the system change as the farmer moves from the
closed, internally controlled traditional system to an open and
more externally directed, market-oriented system. The stages
should not be considered mutually exclusive nor the trajectory
linear. Stage lll is most subject to destabilization because of its
dependence on market forces, thus requiring continuing itera-
tion in fand use management to optimize the efficency of
extemal inputs.

Research for Sustainable Agriculture in the

Forest Zone

IITA bhas been successful in breeding resistance to major
pathogens of food crops of the humid forest zone. Improve-
ments for Phase | that can be integrated relatively easily into
existing farming systems are illustrated by IITA’s research on
cassava and plantains as | describe in the following paragraphs.
ITA scientists realized major research breakthroughs on these



Looking at the Bottom Line
Assessing IITA's Impact

Economists have clearly demonstrated
that public investment in agricultural re-
search in Asia and Latin America has
produced great benefits, evidence that is
important in sustaining the financial sup-
port required for successful research.
With the exception of IITA's success in
biological control of the cassavarmealybug,
however, there is limited quantitative
evidence that research is producing simi-
lar dividends in Africa.

We are frequently asked, “What is the
impact of IITA's research!”— a question
that is inevitably followed by "How do
you know!?" Understandably, people want
to know whether IITA's improved agri-
cultural technology is increasing food
production and irnproving the well-being
particularly of the poor.

The answers to these questions are
complicated by the fact that IITA contrib-
utes intermediate products whose ben-
efits depend on the actions of others for
their impact. We conceive of lITA as a
link in a chain (see diagram below)
stretching from basic research laborato-
ries in the developed world, through the
CGIAR centers to national research insti-
tutes. then extension agencies, and finally
to our ultimate target, the African farmer.

No matter how well conceived, IITA
technologies generally require adapta-
tion by national scientists to specific agro-
ecclogical environments. Impact can be
restricted by weak linkages among na-

tional researchers, extension agenciesand
farmers which are beyond our control.

ITA's program of activities also results
in two indirect benefits whose impact is
even more difficult to measure.
|. Wehelp to strengthen national agricul-
tural research agencies through our pro-
grams of training, networking and resi-
dent scientist teams. We need to devise
methodologies for measuring the impact
from such activities on national institu-
tional development, which is critical to
raising food production.

2. We contribute to the advancement of
basic scientific principles and methods.
Some examples are the first classical biol-
ogical control program on a continental
scale, the refinement of breeding tech-
niques which permit utilization of genetic
diversity, and the conceptual approach to
resource management research for sus-
tainable agriculture in the humid tropics.

The bottom line is, of course, impact
in farmers’ fields, Lack of reliable statistics
on agricultural production in most Afr-
can countries, however, prevents us from
conducting cost/benefit studies which can
ouantify the dimensions of the impact
from research — such as have, in Asia and
Latin America, shown impressive retums.

In the absence of statistics, we have
had to content ourselves with anecdotal
reports from IITA scientists, testimony
from collaborators in national programs
and scattered surveys. However positive
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such reports have been, we need firmer
evidence to satisfy donor concems and to
guide us in planning our research agenda.
Accordingly, we are devating resources
to new studies that will provide data on
the impact of improved technologies in
farmers' fields.

Take the case of cassava, the poor
man's crop of tuberous roots which
farmers can leave in the ground until
needed. IITA has been conducting re-
search on cassava for two decades with-
out reliable data on crop production or
distribution. According to the director of
the Federal Office of Statistics in Nigeria,
statistics on cassava are the worst of any
major crop — there exist “as many ver-
sions of production series as there are
organizations interested in agriculture in
this country”. In 1987 IITA launched the
Collaborative Study on Cassava in Africa
{(COSCA; see description on page 37 of
this volume) in order to collect basic data
on cassava in Nigeria and five other coun-
tries. More narrowly defined studies are
under way about other IITA commodi-
ties.

Knowledge of the field performance of
improved technologies will become in-
creasingly important as ITA shifts emphasis
from commodity research, with its po-
tential for green-revolution type of break-
throughs, to research on the more com-
plex and long-term issues of sustainable
agricultural systems.
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two staple crops duning 1585-1990.

Cassava. Cassava-based cropping systems are the dominant
farming systems in the forest zone. IITA will expand its cassava
breeding in 1991 to its new humid forest station in Cameroon
in order to adapt cassava to the acid solls, to improve labor
productivity of these systems, and to meet diverse local needs.

[ITA is able to decentralize the cassava improvement pro-
gram because the major pest constraints — viruses, bacteria and
mealybug — have been overcome by past work at the Ibadan
and Cotoncu facilities. Despite the notoriously poor statistics
on cassava, improved stable varieties are known to be spreading
throughout Nigeria — improved cassava planting matenal was
available in about 50 percent of the Nigenan villages surveyed
in 1990 by ITA’s Collaborative Study of Cassava in Africa
(COSCA).

Breeding objectives for cassava in some countries must take
account of the importance of cassava leaves in human diets. And
everywhere there is economically significant variation in the
length of time in which tubers are left in the ground before
harvest. The range extends from less than |2 to more than 18
months, with important implications for breeders because
quality declines as the fiber content of tubers increases with age.

Improved cassava with bushy branches helps to reduce weed
growth.

Among the breeding concerns which relate to production, it
is necessary to take account of vanations in plant architecture
appropnate for cassava n different cropping systems. IITA's
priorty is to develop vaneties for smallholders who are inter-
cropping cassava in mixed systems. They prefer cassava with an
erect growth habit and few branches because it minimizes
competition for light with interplanted crops such as maize.

Commercial farmers growing cassava for the market, on the
other hand, prefer profusely branching, bushy cassava because
it smothers weeds when grown as a sole crop, just as it would
smother any crop in an interplanted mixture. This attribute,
valued because it decreases labor requirements, is expressed
most obviously in [ITA varieties which hold their leaves well
because they are resistant to diseases which cause premature
leaf fall

These diverse production requirements call for diverse
breeding strategies. In addition, diverse utilization requirements
call for cocperation between lITA's cassava breeders and
postharvest technologists. Forexample, there is variation within
the African cassava beltin the cyanide content of cassava tubers,
In many regions the so-called sweet cassava is preferred
because it is Jow in cyanide, and can be easily processed for
consumption; in other regions the preference is for products
that are prepared by fermentation and heating which drive
cyanide out of the grated or ground tubers of bitter cassava

Biological control research is appropnate for Phase | farmers
and there can be no better example than the biological control
of cassava mealybug in Africareferred to earlier. The story is well
known — the collaberation with CIAT, the International Insti-
tute for Biological Control (IIBC) and with many other organi-
zations; the exploration in Central and South Amenca; the
discovery of the tiny Epidinocarsis lopezi wasp and its introduc-
tien into Africa after quarantine by IIBC in England; and release
ofthe wasp overthe African cassava belt where it has decreased
mealybug populations below the level of economic damage.
Without inputs of any kind from the African farmer, the appli-
cation of high-quality biological control science has resulted in
savings of food crops valued in bilions of LS. dollars. (See story
“IITA/CIAT Research in Biological Control..” in Research
Highlights section.)

African cassava growers will benefit from important research
breakthroughs by lITA scientists this year — the establishment
of a predacecus mite, Neoseiulus idaeus, that is a natural enemy
of the destructive cassava green spider mite; and the discovery
of apomixis and polyploidy among products of crosses between
cassavaand its wild relatives that expands the breeding potential
of Africa's most important crop.

Plantains. As a result of the Strategic Planning Study, IITA has
expanded research on plantains, an important component of
farming systems in the humid forest zorne. According to FAQ
statistics, bananas and plantains are the second most economi-



cally important crop category in Afnca, surpassed only by
cassava. Plantains are anideal crop for small-scale farmers inthe
humid forest zcne because they fit easily into their farming
systems and produce high yields throughout the year.

IITA has worked on the major constraints to plantain
production for many years, with emphasis on the agronomy of
the so-called “yield decline syndrome”, the low multiplication
rate, and on nematodes which are serious pests of the crop.
The decision to expand this effort was based upon the urgent
need to deal with threatened devastation by black Sigatoka
dissase,

Black Sigatoka disease is the overriding constraint in plantain
production worldwide. fts fungal spores, dispersed by wind and
water, are beyond the control of plant quarantine measures. It
causes plantain leaves to wither, resufting in losses so high that
the crop may become uneconomical to grow. The disease,
actidentally introduced into Central Africa recently. spread
rapidly to the north, reaching Nigeria in 1986, It can be
controfled by fungicides, but at a high cost beyond the means
of Afncan farmers.

[ITA's strategy for research on black Sigatoka has two major
thrusts. First, East African cooking bananas have been screened
for reaction to the disease, and some have been found which
are resistant. Those likely to be acceptable to consumers are
being multiplied and distibuted in Nigeria. Although VWest
Afrcans are unfamiliar with cooking bananas and much prefer
plantains, these resistant clones are potential alternztives if
plartairs decline in West Africa, and they are being tested in the
region in collaboration with the Intermational Network for the
improvermnent of Bananas and Flantains (INIBAP).

Second, IITA established the first plantain breeding program
in Africa with the chief objective of breeding plantains resistant
to black Sigatcka. Recalling the disastrous impact of the rosette
disease on groundnut production in northern Nigeria, officials
from the Federal Ministry of Agriculture supported IITA's plans
t0 launch an urgent research campaign to control black
Sigatoka at our station at Onne, eastern Nigeria. it took [ITA 0
years to develop resistance to streak virus in maize, which is a
much simpler crop for breeding purposes. There was tremen-
dous pressure on IITA agncultural scientists to save plantains
forthe millions of smallholders who depend on them for their
subsistence and livelihood.

| am very pleased to be able tc report that {ITA had an
important breakthrough in this workin {989, much earlier than
could have been expected. lITA's plantain breeder has suc-
ceeded in making artificial crosses between Sigatoka-suscepti-
ble plantains and resistant diplcid bananas, and he has obtained
viable seed. From about 100 seedlings raised from the hybrid
seeds, three plants appear to be resistant to black Sigatcka and
have the characteristics of plantains. If Sigatoka-resistant plan-
tains can be extended widely to smallhclders in the humid

forest zone, this will be ancther example of the impact possible
from biological approaches that remove risks and sustain
production.

The research described above on cassava and plantains is
increasing the short-run productivity of smallholder systerns in
the forest zone, but it does not enhznce their sustainability. At
the present time, under conditions of shortening fallow in the
humid forest zone, there is no viable proven technology forthe
farmner that will sustain fertility urider annual cropping, Cultiva-
tion can not be intensified from the addition of fertilizer alone
because its application rapidly leads to greater acidification and
toxicity of the soil — it would not be economically feasible to
apply the amount of lime and other soil additives necessary to
sustan fertility of these soils,

Resource-Management Research. New technologies are re-
quired (1) that draw upon farmers’ knowledge and are consist-
ent with farmers' systems, (2) that build upon knowledge of the
resource base and the biological processes that enable vegeta-
tive fallow to sustain food production, and (3) that involve new
intercropping systems that enhanice stability and productivity.

IITAisincreasing research on the determinants of sustainabil-
ity and degradation of the resource base. Much of the conven-
tional wisdom about what is happening to bush-fallow systems
rests on lirnited scientific evidence. Since the pioneering studies
by Nye and Greenland in the late 1950s, for example, little
research has been conducted in this region to quantify the
factors responsible for the rapid decline in soil productivity
following land clearing. Using a stable bush-fallow system asthe
standard. field experiments are needed to produce empincal
data ontherelation of fertility decline to farmers’ strategies, such
as fallow management, crop mixtures, fertilizer use and weeding.

The utility of empincal data resulting from field research is
limited, however, by the high variability of the m.cro-environ-
ments inthe region and the many years that are required to test
the sustainability of technologies. Shortcuts are necessary in
approaching the extrapolaticn and testing of research results,
IITA is tackling this by a two-pronged attack. The first strategy
is to develop a detailed database of the environmental and
socioeconomic charactenistics of our mandate area. This infor-
mation can be summanzed in the form of maps — for instance,
of climatic zones, distribution of scil constraints, population
densities or market access indicators. More importantly, the
data wilt be organized in a geographic information system which
can be accessed by researchers of any discipline to determine
the biophysical and socioeconomic potentials and constraints of
their own technological interventions.

The second thrust is to investigate the underfying determi-
nants of sustainability inthe farming systems under study at lITA.
This involves interdisciplinary research on all natural resources
— dlimate, the storage and transportation of water, soil fertility,
pests, weeds and diseases, the physiology of plant growth —
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fITA staff study firsthand
with farmers the problems
of olley farming with
soybeans between rows of
feguminous shrubs.

and of the interactions between them. It also embraces studying
the interaction between these biophysical determinants and
sociveconomic regulators of the systern such as the patterns of
labor availability and capacity for utilization of inputs. The output
of this research will be ecclogical-economic moedels which,
when linked with the geographic information systern databases,
should give us sensitive insights into the “portability” of our
technalogical innovations.

Agroforestry will be an essential component of improved
systemns to achieve sustainable food production i this zane. The
traditional bush-fallow system is itself a form of agroforestry
which under population pressure must be modified to make it
sustainzble. The basic elements of agroforestry must be studied
in order 1o develop a range of improved land-use options.

Among the possible agroforestry interventions, research on
alley farming is the most advanced at ITA. While on-station
research in the transition zone at Ibadan has produced proto-
type technologies for widespread on-farm testing, there are still
unanswered problems associated with the acid solls of the
forest zone that require on-station research. For example,
germplasm collection and evaluation are necessary to identify
trees or shrubs with the required attnbutes of “alley species”
andwhich thrive on acid soils. We are often asked whether, after
50 many years of research, farmers are using alley farming and,
if nat, why they are not. In trying 1o find answers, [ITA and the
Intermnaticnal Livestack Center for Africa (ILCA) have planted
over 100 alley farming plats in individual farmers” fields. Studies
are underway on the econarmic value of the hedgerow species,
or “carmer cash crops” to make hedgerow establishment more
attractive, and an hedgeraw management technigues for weed
control. Scientists are now examining results through the filters
of the farmers’ ohjectives, economic profitability and adoption
potential. In all cases we are explonng how to minimize the
cenflict between farmers’ short-term needs for production and
the longer-term benefits of sustainability.

Agroforestry 15 sometimes said to combine the art of
traditional farming with the knowledge of maodern science. But
some consider the science base to be limited, with an unnealthy
imbalance between vast development projects and low levels of
research. Over the last decade ITA scientists have attempted
to commect this deficiency, and we now have several years of
experience of process-level studies on alley-cropping systems at
the Ibadan station. These investigations have deepened our
understanding of the mechanisms whereby hedgerow trees
nfluence the fertility of sail, including the responses of the most
commonly used trees to management practices and competi-
tive interactions with associated crops.

[ITA's new station in Cameroon is intended to be a center of
excellence for agroforestry research in the humid forest zone.
Research will be an interactive process there, involving charac-
terization of the environment, studies of the processes of tree-
crop interaction, and design of new systems. Progress may
require modifications in the land tenure system, so that farmers
have secure ownership and an incentive to invest in trees. Such
systerms might be quite novel and complex, or refinements of
present systems. We might envision a system for the twenty-
first century with three components: the compound garden
around the household; ar improved fallow with a multi-cancpy
of commerdially useful trees and intercropping of such high-
value, labor-intensive food crops as vegetables, and a third field
of cash-crop perennials, possibly oil palm or rubber. Such
research requires creative thinking 1o define new scenarios for
sustainable development.

ITA. is refying increasingly on resource and crop management
research concepts such as agroforestry that will facilitate the
farmer's transition from traditional farming systems to the
intensified higher-input, partially commercialized systems re-
guired for Africa to feed itself again. The research models and
issues vary significantly by agroecological zone. My discussion
has concerned the humid forest zone, the most difficult environ-
ment within (ITA's mandate for developing productive and



sustainable systerrs to support expanding populations. The
environment within our area of primary focus with the greatest
potential for producing marketzble surpluses in the short run is
the moist savanna of West and Central Africa. IITA is also
intensifying its research for this zone, where remarkable changes
in cropping systems are occurming and where scientific break-
throughs will have their greatest immediate impact.

Conclusions

Control of the quality of research and management of the
international research centers belonging to the CGIAR is
implemented by a quinquennial process of external program
and management reviews. The review panels consist of expe-
nenced and tough-minded scientists and science managers,
who in the course of theirlengthy and in-depth reviews become
thoroughly familiar with the work of the particular center.

[ITA's quinquennial review was conducted early in 1990 by
panels led by two distinguished science managers: Cr. Jim
McWilliam chaired the External Program Review and Sir Ralph
Riley chaired the External Management Review, They reviewed
and evaluated progress over the past five years,

The years 1986-1987 saw enormous change at lITA. The
strategic planning exercise led to new prorities and strategies
for an integrated program of research and international coop-
eration. Management changes included major staff retrench-
ment caused by the | 985 financial crisis, arestructured personnel
systern, and a new financial information and controls system.

The year 1988 was a year of consclidation. The top man-
agement team was rebuilt, and the new program strategies in
ITA’s first Medium-Term Plan became operational.

The year |989 was an exciting year in which we streng-
thened the scientific team and launched the new initiativesin the
Medium-Term Plan. In mylast semi-annual letter to staffin 1989,

[ expressed the view that “much remzins to be dore, out ITA
is in excellent condition to move forward boldly on its challeng-
ing mission to make it the world's premiere scientific institution
for the agnculture of the humid tropics of Africa.”

The external review panels were penetrating and compre-
hensive in their assessment of IITA. They made numeraus
important and useful recommendations on most of which the
Board of Trustees has already taken action.

What was most encouraging was the panels’ strong general
endorsement of the Institute. They congratulated IITA for its
“vision of the future and explicit strategies to achieve its
objectives in the complex setting of current and future African
environments.” They concluded that successful management
changes provide a “powerful base for research” —the stage has
been set for "new levels of productivity and impact.”

Agricultural research to produce improved technology will
grow in importance in Africa dunng the last decade of the
twentieth century and beyond. Population pressure on re-
sources will remain severe in Afnca where there is still little
evidence of a demographic transition from high to lower levels
of fertility. The malnutrition and poverty that must be projected
into the next century will inevitably exacerbate environmental
degradation and enhance the urgency of developing sustainable
agricultural systems.

Fortunately, many African political leaders now recognize
that accelerating food production is both an immense task and
an essentiaé prerequisite for national economic development.
Macroeconomic policy reforms and strengthening of infrastruc-
ture are occuming in numerous countries. mproved agriculturz
technology will increasingly be identified as the constraint in
getting agriculture moving in Africa. This constitutes a stark
chailenge and an opportunity for ITA and all the CGIAR centers
active in Africa.

Laurence D. Stifel
Director Generzal
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IITA/CIAT Research in

Biological Control Wins the
1990 King Baudouin Award

ITA and Centro Internzcional de Agneuitura Tropical (CIAT)

were selected to receive the 1990 King Baudouin Award for

International Agricultural Research, for their research on the
biological control of the cassava mealybug in tropical Africa.
Dating from the 1970s, the joint research effort backed a
biological pest-control program at ITA which has effectively
eliminated the threat of massive crop losses from the mealybug
for Africa’s cassava farmers.

Sponscred by the Belgian Government, the King Baudouin
Intermational Agricultural Research Award is made biennially by
the Consultative Group on International Agricultural Research
{CGIAR) for outstanding research achievements. In 1986, [ITA
received the same award for its achieverment in developing
improved maize varieties resistant to maize streak virus.

The cassava mealybug research and control program has
covered all the interactions of the pest in the different agroeco-
logical zones of Afnca which it inhabits: crop, pest, natural
enemies, hyperparasitoids, alternative hosts, economic factors
and other aspects. The program was designed to address
development needs for human and material resources in
institutionalizing the biological control approach in tropical
Afnca. This holistic approach has made it a large project—the
largest classical biclogical control effort in the werld.

Fromn its inception the program has entailed extensive
collaboration among 25 universities, research institutes, intema-
tional and intergovernmental agencies in Africa. Europe, North
and South Amrerica. The funding of the project has involved
many donor agencies that formed a sponsoring group with a
consulfative review procedure. The size and scale of the
campaign led to the relocation of the IITA Biclogical Control
Programto new facilites in Cotenou, Republic of Benin, the only
program research center of its kind in the CGIAR system.

Classical approach

The classica: approach of biological control, whereby the natural
enemy of an infroduced pest 15 likewise introduced in order to
control the pest population in the new environment, proved to
be well suited to meet the problem in sub-Saharan Africa.
Communications and extension services in the region are weak
and farmers are generally poor. A solution involving no invest-
ment, maintenance or other action by farmers was called for.
Since the introduced enemy populations reproduce ard dis-
perse themselves, no distribut.on system beyond the research
project was necessary.

The goal of biological control, in this case, was to create a
stable equilibrum between the mealybug and its natural en-
emies, through introductions of those enemies selected for
their effectiveness and specdificity. The basic strategy was to
search for the predators and parasitoids of the cassava mealy-
bug in the native habitats of the pestin South America. The am
was to establish a complex of enerny species that would provide
lasting and economic control of the mealybug across the diverse
environmenits of the cassava beit.

Predators or parasitoids were sent to the International
Institute of Biological Control (IIBC) in London for ngorous
screening to ascertzin their specificity for the mealybug and to
assess any possible problem that could arise if they were
introduced into Africa. After such certification, and with the
approval of the Nigerian Plant Quarantine Service and the Inter-
Adfrica Phytosanitary Council, the enermy species were sent from
England to ITA in Ibadan, Nigena.

At ITA, scientists developed systems for mass reproduction
ofthe enemy species. They devised new techniques and facilities
to rear natural enemies in large numbers. Extensive laboratory
and field experiments were conducted to determine the
suitability as predator and parasitoid of each introduced species.
Successful predators and parasitoids were released from the
ground, or aenally utilizing an aircraft specially designed and
equipped for the purpose. Finally, releases were followed by
monitoring surveys to determine whether or not released
natural enemies had established successfully and to document
the effectiveness of their control of the cassava mealybug.

The world has become a global village. No matter how strict
plant quarantine regulations are, and no matter how efficient the
enforcement agencies, unwanted introductions of pests cannot
be completely stopped. This biological control research project
offers one potentially important mechanism for combating
future accidental introductions into sub-Saharan Africa.

The Mealybug Problem

The cassava mealybug was accidentally introduced into Central
Africa at an indeterminate time and described as Phenacoccus
manihoti (Homoptera: Pseudococcidae). In 1973 it was re-
ported to be causing serious damage to cassava in Zaire by two
IITA scientists and in the Congo by the Institut de Recherche
Agronomique Tropicale et de Cultures Vivriéres. By 976, there
were widespread mealybug outbreaks inthe Bas-Zaire, Bandundu
and Shaba regions of Zaire. The pest spread across the cassava-
growing areas of Africa at about 300 kilometers per year.
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Currently it occurs in 32 countnes in Africa’s cassava belt, as
identified on the above map. While it was found to have come
from a restricted area in South Amenca, the mealybug proved
to be very versatile when it invaded Africa by spreading to
cassava in all agroecological zones.

In 1977, ITA held a workshop on the cassava mealybug in
Zaire which brought together agronomists and breeders working
on cassava, mealybug specialists and biological control scientists
from Adrica, Europe, North America and Latin America. They
concluded that both biological control of and resistance breed-
ing against the cassava mealybug were feasible, and urged IITA
1o begin a research program. [[TA initiated a program in 1980
1o breed cassava varieties resistant to the pest. This effort has
recorded some successes and it is still continuing.

A modest project in biological control commenced at IITA
in [979. Today, after a decade of support from donor agencies
of developed countries (Austria, Belgium, Canada, Denmark,
Germany, ftaly. Netherlands, Norway, Sweden, Switzerland and
the European Economic Community), African Development
Bank, Food and AgricLlture Organization of the United Nations
(FAQ) and International Fund for Agricuttural Development
{(IFAD), that initial effort has grown into what is probably the
world's largest biological control program, ano it has begun to
target cther major pests as the original aim has been fulfilled.

During this period, CIAT was already acquinng expertise in
the biolegical control of the cassava mealybug, In 1975, mealybugs
were found aftacking cassava on the CIAT farm at Palmira,
Colombia. They were identified as P. gossypii. Studies of the
biclogy, ecology and natural enemies of the species began in
1976, Aware of CIAT's mealybug research, ITA reguested
CIAT to search for P. manihoti, the pest species in Afnca. The
request subsequently expanded into collaboration between
ITA and CIAT in the search for the natural enemies of P,
manihoti in South America.

The lITAJCIAT search for enemies of P. manihoti followad on
the efforts of IBC wh ch had initiated exploration for P. manihoti
and 15 enemies in 1977 in the Caribbean, Venezuela, the
Guyanas, and northeastern Brazil. After various explorations in
several countries of tropical America, P. manihoti was finally
discovered ir South America late in 1980 by 2 CIAT entomolo-
aist. On a mission to Paraguay, he found mealybugs attacking
cassava in Cacupe Research Center. Ir 1981, an IIBC scientist
visited CIAT where a joint exploration to Paraguay for natural
enemies of P. manihoti was planned. The joint mission collected
anumber of species, including the parasitoid wasp Epidinocarsts
{(=Aponanagyrus) lopezi {Hymenoptera), that has subsequently
proved exceptionally effective in Africa. Further explorations
from Mexico to Colombia, Brazil and Paraguay by an lITA team
brought back other species of natural enemies, which were sent
to IIBC for quarantine and later shipped to I[TA.

So far |0 species have been brought to Africa; most have

been released at least in some localties. Three parasitoids
{Epidinocarsis lopezi, E. diversicormis and Allotropa sp.) and four
predators (Hyperaspis jucunda, H. notata, Diomus sp. and
Sympherebius maculiperinis) have been recovered after the
releases. Some could be established only inrestricted areas with
particular climate or plant-growth characteristics. E. fopezi, H.
notata and Diomus sp. are widely established. These natural
enemies are considered to constitute the effective complex
which keeps in check populations of P. manthoti in its original
South American habrtats.

Scientific accomplishments

The scientific accomplishments of ITA/CIAT research and the
control program include the accumulation of scientific knowl-
edge about the cassava plant and the taxonomy, biology and
ecology ofthe cassava mealybug and its exotic and local natural
enemies. Field ecology and plant pest interactions have been
studied and sampling methods have been developed to provide
a basis for economic and biological impact assessment.

A computer simulation model of the cassava crop system has
been developed. The model includes the effects of tempera-
ture, solar radiation, nitrogen and water on plant growth. A
simulaticn model of the cassava mealybug has also been
established and linked with the crop model. Yet another model
conceming the highly successful parasitoid L. lopezi has been
developed and superimposed on the mealybug model. The
evolutionary ecology related to the host-finding behavicor of £
lopezi has been studied to explain under what circumstances
and why it is an efficient parasitoid.

Establishment and dispersal of the released natural enemies
have been extensively studied. The map on page 19 illustrates
release sites, establishment and spread of E. lopezi in Africa. E
lopezi was first experimentally released at IITA in November
I98 1, at the beginning of the dry season, and one year later in
nearby Abeokurta. At the end of | 984, three years after the first
release, E. lopezi was found in 70 percent of all fields on more
than 200,000 square kilometers in south-western Nigeria, to the
northem limit of regular mealybug distribution. This dispersal
rate is among the fastest recorded for microhymenoptera.

Mass-rearing. Hydroponic culture techniques for cassava pro-
ductton have been developed as a necessary first step in the
mass rearing of cassava mealybug, Efficient and reliable mass
rearing technologies for the cassava mealybug and its natural
enemies have been acheved and costed. These technologies
incluce the mechanized insect production system and the so-
called “cassava tree”, a vertical structure that holds in its
perforated central cylinder a number of cassava cuttings.

Aerial Release. IITA had to develop an aenal release and
automatic packaging system for natural enemies, since the
African cassava belt covers an area one and a haif times the size
of the United States of Amernica. The system has been tested in
Cote d'ivoire, Ghana, Migeria, and Zambia. Successful estabtish-
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ments of E. lopezt and Diomus sp. in the release sites have
demonstrated the potential of this method for large-scale and
remote-area releases. This airplane, for example, permitted
natural enemies to be air-released successfully over remote
cassava fields in Zambia less than 24 hours after they had been
packaged at lITA in Ibadan, Nigena.

New indigenous capacity. A major effort to train biolcgical
control experts at different levels (extension, M.Sc. and Ph.D.)
has been an important cemponent of the biclogical control
program. As of December 1989, 408 trainees. mostly staff
members of national plant protection services, had received
short-training at [ITA. Degree-related training is carried out at
ITA and at the International Centre of Insect Physiology and
Ecology (ICIPE). in collaboration with universities in Afnca,
Europe, and the United States. To date, 24 M.5c. and 12 Ph.D.
fellowships have been awarded for research supervised by
scientists of IITA’s Biological Control Program.

Following governmental requests, |14 African countries have
received financial and technical assistance charneled by donors
through IITA for the initiation of their own biclogical control
programs, while seven other countries have received technical
assistance alone. in seven countries, ITA was instrumental in
identifying bilateral funding for the future censolidation of
national biological control programs which conduct pre-release
surveys and post-release monitoring surveys. These surveys are
usually undertaken initially with the assistance of ITA. As these
scientists gain experience, their national programs will be able
to help develop indigenous capacity to undertake integrated

pest management programs.

Impact

By 1990. one of the mealybug's natural enemies, Epidinocarsis
lopezi, had been established in 25 sub-Saharan African countries
over areas of about 2.7 million square kilometers, effectively in
all zones occupied by the mealybug and the cassava host plant.

Detaled monitoring of releases in Ghana, Malawi, Nigeria
and Zambia have shown that mealybug populations are being
brought under contrcl. Mealybug populations now fluctuate
below damaging levels in many countries as a result of the
contrcl exerted by the introduced natural enermies. Losses due
to the mealybug can be expectedto continue to decrease as the
natural enemies spread further.

The expected common phenomenon in biclogical control is
that the beneficial insect will cover a more limited range of
ecological conditions than its host. This assumption was defied,
however, with the success of the parasitic wasp E. lopezi.

A benefit-cost analysis of the project has been carmied out by
an economist at the University of California, Berkeley (R. B.
Norgaard, American fournal of Agricuitural Economics, vol. 70, pp.
366-71, May 1988). The analysis was based on a reasonable,
least-favorable case over a 25-year period that incorporated the
features which the experts felt might threaten the success ofthe
project. The result was a benefit-cost ratio of 1491 over 25
years, which ranks the program among the most successful
agricuitural research projects ever evaluated.



Inland Valley
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n the upper reaches of major and minor watersheds

throughout Central and West Africa, small inland valleys

collect surface and subsurface moisture from adjacent.
heavily farmed uplands, Indradually, these shallow, narrow
declivities—as long as 25 kilometers, but as httle as 10 meters
across where they begin, widening to several hundred meters
i ther lower reaches—are agneulturally insignificant. Taken
together, however, totaling tens of millions of hectares of
relatively fertile and well-watered soils in West Africa alorie,
inland wvalleys represent a major potential for producing the
addinonal food-—especially rice—that tropical Afnca needs.

Full responsibility for West African nce improvernent in the
CGIAR systerm will be transferred from ITA to the West Africa
Rice Development Association (WARDA) by the end of 1990,
To focus specifically on the clear oppartunity for increased crop
production inthe inland valleys throughout tropical Africa, ITA,
with WARDA's particpation, has set up the inland Valley
Systerns Research Group, which includes specialists in resource
and crop management, in economics, and in crop improvement.
The group’s mandate: to identfy and develop improved crop-
ping systems that will permit sustainable, increased food pro-
duction by small-scale farmers in those complex and difficult, but
nchby promising, emaronments

Despite their agncultural po-
teritial, inland wvalleys tradimionally
have been neglected, by agncul-
tural researchers and policy mak-
ers as well as by farmers, in favor of
the more readily explotable up-
lands and vast lowland areas of
river floodplains and mangroves.
In recent years, however., as
populations have grown relent-
lessly, upland farmers have been
forced to dig deep into their agn-
cultural capital—their soil's fertil-
ity—to produce more food. The
fertility of vast areas of upland has
been substantially decreased inthe
atternpt to increase food produc-
tien faster than pepulation by
decreasing the soil-restonng fallow
periods between crops, The strat-
egy has defeated its own purpose,
contrbuting instead to a recent
decline in per capita food produc-

tion in West and Central Africa. Increased, sustainable cultiva-
tion of inland valleys, which generally have better soils and more
available water than adjacent uplands, promises to relieve the
pressure on overexploited upland soils while adding sigrificantiy
to Central and West African food production.

The availability of water makes inland valleys especially well
suited for producing nce: in Southeast Asia, similar wetlands,
carefully farmed, have sustained continuous nce production for
centunes. Agricultural scientists estimate that nce yields under
inland valley condrtions could reach 2.3 tons per hectare, as
opposed to potential upland yields of 1.5 tons. The demand for
rce in West Africa has increased during recent decades at an
anrual rate of more than 5 percent: while production has
increased at an annual rate of only 3 percent. To keep up with
dermand, as domestic production has dropped from 80 percent
of consumption early in the 1960s to about half of consurmption
20 years later, rice imports by West African countries have
increased at an annual rate greater than 10 percent, adding to
the region’s already substantial foreign trade deficit

Despite their agncuttural advantages, and despite the clear
need for greatly increased African foed production, the produe-
tvity of inland valleys remains
largely potential. Only 10 to 25
percent of inland valleys are culti-
vated at all. according to recent
estimates; and on some cf those In
MNigeria, IITA researchers have
monitored rice yields of anly 1.2
tons per hectare—about half the
potertial yeld. In many of the
cultivated valleys, moreover, the
researchers have found ercsion,
decreased soil fertility, and other
signs that current cropping prac-
fices in these ervironments can-
not be sustained,

The challenge for ITA's inter-
disciplinary Inland Valley Systems
Research Group is to identify or
design farming systems that are at
once appropriate to inland valley

Ecologically sustainable agricutture
in inland valleys depends an
successful water control,



ecologies and consonant with the preferences and practices of
farmers. It is not a simple assignment: while inland valleys cccur
in all the ecological zones of West and Central Africa, they are
very diverse, both physically and in the way they are farmed,
from zone to zone and even within zones. The only traits
commontovirtually all inland vaileys in West Africa are solls that
are hydromorphic. or waterlogged, at least some of the time,
and conditions that are hospitable to the vectors of debilitating
orfatal diseases of humans and animals, including schistosomiasis;
onchocerciasis, or river blindness; dracunculiasis, or guinea
worm; and malaria. Water management and the centrel of
disease vectors are therefore basic, and often at least partially
tinked, elements in any plan tc explort the agncultural potential
of inland valleys.

I mest cther ways, inland valleys are not alike. Some inland
valleys slope gently, almost imperceptibly, one footin ahundred;
others are five times steeper. The formation of the undertying
rock determines whether a valley declines smoaothly or in steps;
and whether a valley's profile, or cross-section, is narmrow-
bottorned with steep, convex slopes, or wide-bottomed, with
gentle, concave slopes. Watershed areas vary, according to a
valley's size and shape, from 100 hectares te 2,000.

Both among and within inland valleys throughout West
Afnca, soils vary in structure and depth, generally resembling the
soils of the surreunding uplands from which they derive.
Sedentary soils form the upper slopes, while soits washed from
the upper slopes make up the parent matenal of soils farther
down. Differences in valley shape, water regime, and parent
rock produce valley-bottom soil textures that range from sand
to day, and inhererit fertility levels that range from moderate to
very low,

The hydrologic characteristics of an inland valley are deter-
mined by amount of rainfall. depth and texture of soil, area of
watershed, and shape of valley. Some valleys hold standing
water all year round; others are never flooded. A valley with
plenty of water for agriculture may lie next to a drought-prone
valley similar in every respect excepting the area of its water-
shed. Or, the same valley may support flooded rice one yearbut
not the next because rainfall in the region s variable. Within any
valley, the moisture level increases continucusly from the upper
dopes to the bottom. In most valleys the water table will rise
above the surface of the valley floor during part of the year.

Social and economic factors—including systems of land
tenure, water-control and soil-management pract.ces, and na-
tional and regional agricultural and economic policies—operate
with ecological conditions 1o shape the agncultural uses of
infand valleys. In some regions, inland-valley fields do not belong
to the individual farmers who cultvate them, but to absentee
landlords, or to an entire village collectively. A farmer's soif and
water management practices, as well as his or her reaciness 10
change or improve them, may depend to a large extent on the
form of land ownership. And a farmer’s estimate ofthe potential

profit from a new high-yielding rice variety—and therefore his
or her decision to adopt or reject it—is conditioned by the
availability, sometimes at almost any price, of fertilizer and cther
inputs in the local market.

All these factors impinge on the farmer, who is the ultimate
arbiter of improved practices. Thetypical inland-valley cultivator
is a small-scale farmer who also cultivates three to six times as
much upland area. He or she is likely to be producing enough
food for the family, plus at best 2 modest surplus for the regional
or national market. Inland-valley farming both complements and
competes with upland activities, A cash crop of rice inthe valley,
for examnple, may compete for labor and all other inputs with the
family's subsistence crep in the upland fields.

The competition becomes more complicated when, as is
often the case, rice in the valley field rotates with dry-season
crops, such as cassava and sweet potato; vegetablessuch as okra
and tomato; and cowpea. Farmers grow these crops either
singly or in mixtures, with each crop requiring different manage-
ment, although synergies exist in some cases. Farmers who
follow rce with cassava, for example, plant their cassava in large
mounds, which are flattened before the next nce is planted. [ITA
researchers hypothesize that this scil preparation helps to
control weeds duning the rice season.

Much earlier research and development on nice in Africa,
beginninginthe 1930sonlowland envirormentsand much later
extended to inland valleys, has been beguiled by ihe possibility
of rephcating the ancient Asan system of intensive, sus:ained
paddy-rice cropping in apparently similar Afrcan settings. The
failure of this effort to recognize the critical physical. ecological,
and sociceconomic differences between Asian and Afncan
inland-valley farming systems, and the consequent ineffective-
ness of Asian systems in raising food production in West Africa,
has been instructive.

The first challenge for ITA researchers is o understand
inland valley farming systems in the interacting social, economic,
and agricultural contexts in which small-scale farmers actually
operate in West and Central Africa. With this understanding,
researchers will be able to identify the factors that limit use of
inland valleys for food production. This process will permit the
development and assessment of improved components and
cropping systems that promise to work in the real worlc.

Within this larger context, the second challerge for ITA's
researchers s to quanufy and analyze. and finally to understand,
actual infand-valley agricultural ad ecological systems in all their
ingenicus complexity. The Inland Valley Systems Research
Group will enlist researchers from the relevant IITA programs
in a long-term collavoration to develop accurate economic and
ecological models of this diversity. Wth these models, and
drawing on the actual experiznce of inland valley farmers, the
researchers will design practical technologies for reaching real-
istic, sustainable production goals.
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Decentralization

to the Savanna
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ITA announced injuly 1989 it was moving part of its cowpea

program—seeds. scientists and lab facilites—from Ibadan,

inthe hurmid fowlands, to Kano. nearly 90C kilometers away
in the dry savanna of northem Nigeria. Barely one year later. in
time for field experments to be planted after the first rains of
the season, the new Kano research station has become a reality.
The transfer is the first in a process of decentralization that waill
see parts of ITA's crop improverment programs maoving from
lcadan headguarters to research stations in the different
agroecological zones of tropical West and Central Africa. More
than changes In climate and scenery, decentralization involves
significant changes in [ITA's research philcsophy and objectives.

"Decentralization of research is alogical stage in the evolution
ol ITA.” the Institute’s Strategic Pian: 1989-2000 observed in
1988. The planners cited the scientific achievements of the first
two decades of research at lbadan, especially in developing
broadly adapted vareties of important crops with resistence to
major pathogens and pests. These successes, the plan con-
cluded, “now permit a sigrificant decentralization of research
from lbadan headguarters to the zones where the commodities
studied are important food crops.”

Decentralization 1s a calculated strategy for promoting sci-
entific research that will have praclical impacl—that will lead to
real improvements in national research systems and, ultimately,

in fammers' fields. The strategy is based on an axiom bom of
experience: science that is grounded in the real world of the
farmer—his soits and climate, his traditional, locally adapted
technology and cropping practices—will be more responsive to
the farmer's needs, more likely therefore to yield improvements
that the farmer will adopt and that will ultimately increase his
productivity, than will science based in far-off Ibadan.

In the case of cowpea, forwhich ITA has global responsibility
in the ntemational agricultural research system, two decades of
science at Ibadan have produced a paradox. Cn the one hand,
ITA researchers have developed cowpeas that, even without
fertilizer. can double the yields of traditional vareties; that com-
bine multiple resistance to important diseases including viruses
and other pests; and that have the medium or short growing
duration. seed color and erect plant stature favored by some
farmers.  But these improved vaneties stll require chermical
insecticides, especially the erect types with uniform growing
duration (that :s, determinate} which are planted as a sole crop.

All of those improvements were geared for two possibilities
an intensive cropping system of cowpea grown immediately
following maize n the humid-forest/moist-savanna transition
zene around [badan. and a pure crop in northern savannas in
rotation with miliet and sorghum. The major goals were the
identification and incomporation of disease and insect resistance

Moving to the dry
savanna, where
cowpeas are
traditionally
intercropped with
a cereal, [ITA's
cowpea research
should be better
able to respond to
farmers' needs.



inta short-season, erect, determinate cowpeas for grain pro-
duction inmonocrops with two to three insecticide sprays. The
main beneficiaries were commercial growers, who can afford
chemical insecticides to support theimproved varieties in large-
scale monocultures.

ITA s shifting the emphasis to improve cowpea praoductivity
Ir tragitional cropping systems, which involve cowpea-cereal
mixwures and are widely practiced inthe Sahel and dry savannas
of West Africa. For this, Kano isthe ideal site: in the dry savanna
zone of Nigera, the heart of the world's prime cowpea-
producing environment. Here, small-scale Nigerian farmers
grow cowpea on several million hectares to provide essential
food and fodder, and a surplus of grain for sale. Beyond its
importance as food and fodder, cowpea is a legume which fixes
atmospheric nitrogen in the soil through the medium of
symbiatic bacteria on its roots. It can produce the equivalent of
30 to 70 kilograms of nitrogen per hectare per year, making it
an important contrbutor in sustainable agriculture for the
savanna.

Resource-poor farmers around Kano contend with a very
different. much more hostile agricultural ervirenment than that
ofthe transition zone. Mostcowpeas here grow prostrate, not
erect; are sensitive to photoperiod or daylength and therefore
are late-flowering and, being indeterminate, their growing
duration is not fixed, but depends on exposure to sunlight and
ranfall. The farmers grow thern because they are well adapted
fointercropping--—inthis environment the precominant farming
system is some kind of cereal-legume intercrop.

In the moist savanna, cowpea is commonly grown with
sorghum, millet and groundnut, In dnersavanna, cowpea-millet
istre majorintercrop. n both cases crops are sown in relays,
-he millet usually first, *he legumnes last. Three or four crops are
usually nthe ground at the same time for at least part of the
2rOWINE 52asON.

For these complex traditional croppirg systems, the erect,
eerly, determ nate cowpeas developed at Ibadan are less
suitable. Savanna farmers need cowpeas that spread out close
to the ground and flower late in the season, so they do not
compete with the earlier cereals for sunlight or soit moisture.
Because they esnec allyvaluethe cowpea's stemsand teaves for
cattle feed, farmers favor indeterminate types, which continue
to procuce vegetation after they have filled their grain, as long
as the soit has sufficient moisture.

“hese cereal-cowpea ntecrops ae typ cally grown on soll
of very low fertlity ano poor structure. The organic-matter
contentis virtually zero. The fields cftne rew station's research
farm at Minjibir, 45 kilometers from Kano, take on a desiccated
iook during the dry season. The nitrogen added to the scil by
cowpea is suffic ent to support the cowpea’s growth and to
contribute some nitrogen for the intercropped cereals in the
following season.

After the grain harvest. all leaves and stemms of both cereals
andlegumes, which might improve the soil, are instead removed
from the fields for use as livestock feed or as buildirg materals.
Cammercizl fertlizers are as unaffordable as chemical insecti-
cides and herbicides, Aside fram the manure produced by his
few animals, the resource-poor farmer has nothing to restore
his soil. Because of the infertile soil-—as well as pests such as
thrips, which prevent fruit set, and low residual soil moisture late
in the growing season—the farmers' [ocally selected, prostrate
cowpeas generally produce very litte grain. Average grain yields
of traditional varieties in Nigeria are estimated at about 100 to
300 kilograms per hectare, about 60 percent of the Latin
American average and less than 40 percent of the U.S. average,

For ITA's cowpea scientists, the move to Kano is part of an
attempt to understand by locking at what the farmer actually
does, then asking what can be done within the farmer's
constraints to maximize the productivity of both cowpea and
the cropping sysiem as a whole.

The emphasis is now on developing prostrate, indeterminate
plant types adapted to intercropping. Cowpeas will be bred for
both fodder and grain, for resistance to the insects and diseases
of the savanna; and for increased vields without insecticides or
other purchased inputs. And a:Kano, pathclogists and breeders
will carry the battle against stnga ano alectra to the parasitic
weeds’ home ground.

The Kano staticn is strategically located to encourage cal-
laboration between [ITA researchers and their counterparts in
both rational and interational research systems. The new |ITA
station is housed wethin the Kano branch of the Institute for
Agricaltural Research (IAR), which has its headquarters at
AhmadL Bello Unwversity in Zaria. ITA's scientific staff at Kang,
initially incluging a cowpea breeder and two plant physiologists,
will work closely with agronomists, sociceconomists, patholo-
gists and entorrologists from IAR,

The International Crops Resezrch Institute for the Semi-Arid
Tropics (ICRISAT), which has global responsibility ir the CGIAR
system for sorghum and millet, also has a Kano facility with 1AR,
Because cowpea is only part of the millet-sorghum-cowoea
system, the success of the effort depends on close cooperation
with all involvec. While improvements in cowpea might be
possible just by ncorporating disease and pest resistance, the
g0a is to improve productivity of the wrcle system: cereals and
legume.

[ITA s also establishing a station in the humid forest zone of
Cameroon south of Yaounde, primarily for research on re-
source management and cassava. For its other prncipal crops,
IITA will establish two additional research stations n appropri-
ate agroecological zores of tropical Africa: a moist savanna
station, for work ormaize; and a cowpea station, in ccllaboration
with the Southern African Deve opment Coordination Con-
ference (SADCC), for the southern Affican region.
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Profiles from lITA's
First Generation

of Doctoral Fellows

rofessor Olaclu Babalola, a soil physicist, is head of the

P Department of Agronomy at the University of Ibadan in

Nigena Nematologist Barbara Hemeng is a senior lecturer

at the University of Science and Technology in Kumasi. Ghana.

Dr. Mohamed Tejan Dahniya is an agronomist and the director

of the Institute of Agricultural Research of the Ministry of

Agriculture, Natural Resources and Forestry, at Njala in Sierra
Leone.

The common bond between these three African agricuttural
leaders is the crucial role that ITA training has played in
deterrnining the direction and success of their careers.

[ITA's founders recognized early on that agncultural progress
in tropical Africa depends on greatly increased numbers of
African research scientists and other agricultural professionals,
as much as it depends on improved crop vaneties and farming
systems. Among the national agnicultural research services and
other African national institutions with which IITA collaborates,
and which bear the ultimate responsibility for selecting, adapting
and transferming improved technologies, virtually all are severely
hampered by the lack of trained agricultural professionals.
Training in Africa for Afrcan agriculturalists at all levels, from
extersion agents and lab technicians to policy-makers and
officials in national programs, therefore, has been a central tenet
of ITA's mandate from the very beginning.

in almost 25 years, lITA scientists and professional staff have
trained more than 6,000 African agriculturalists. Of these, most
have participated in a variety of group training courses and
programs, both at Ibadan and in collaborating African countries.
More than 400 trainees have come to Ibadan for research and
field experience leading to their M.Sc. and Ph.D. degrees,
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———mrr— For Margaret Hemeng, a fel-

lowship at IITA fora Ph.D.in
¥} nematology from November
1985 to March 988 was the
opportunity of a lifetime. Bomn
in Kumasi, Ghana, Hemeng fin-
ished secondary schoolin Ghana,
then continued her studies in
England, eaming a BS5c degree
with honors in zoology and
botany. followed by an M.Sc. in
plant pathology. With these
credentials she returned to
Ghana in 1971 as a research officer at the government's Crops
Research Institute.

"While | was doing my master's project in plant pathology, |
had already become interested in nematology.” she recalls, "but
CRIneeded a plant pathologist.” Her first professional opportu-
nity to pursue her abiding interest in nematodes — the phylum
of roundworms or threadworms, abundant in water and sofls
and in many plants and animals, including man - came in 1976,
soon aftershe had become alecturer at the University of Science
and Technology in Kumasi. UST received notice of a senes of
research planning conferences. part of a long-term intermational
nematode project sponsored by USAID, to be held at lITA.
Hemeng was invited to report to the first conference on
everything that was known at UST about the root-knot nema-
tode in Ghana.

Subsequent conferences at ITA during 1978 and 98I
further whetted her appetite for nematoclogy, but back home
she was frustrated by her lack of advanced education or any way
togetit. "l didn't even know enough taxonomy to identify which
nematodes were attacking which crops,” she says. "We don't
have a research library here in the whole country.” Although she
was already past 40, and married with two young children as well
as involved in teaching full-time, she resoived that if she couldn't
become a nematologist in Ghana, she would go somewhere
else.

"l went to the library and got a directory of universities,” she
says. "l wrote all the universities in the world” without finding
what she needed. Finally she wrote to F. E. Caveness, a
renowned nematologist at ITA, whom she had known from *'so
many years  of participation in nematode conferences at (badan,
Caveness offered Barbara Hemeng a deal: he would sponsorher
for advanced training at ITA and serve as the academic advisor



for her graduate degree studies; Hemeng would work on
“Deforestation and cropping effects on soil and root nematodes”,
part of an IITA/Umted Nations University study on deforesta-
tion.

It was an offer Hemeng could not refuse. even though 1t
meant being away from her home and family for months at a
time. Hemeng set up a lab and living quarters in Benin City, in
south-western Nigena. With two colleagues, she spent most of
her time for more than twe years “in the bush”, collecting data
ina forest preserve and making biannual reports to Ibadan.

in March 1988 Hemeng retumed to Ghana, her home and
family. and her teaching position at UST in Kumasi. She brought
with her 28 months’ worth of data and the conviction that she
had the raw material for a significant contribution in nematology.
“Dr. Caveness knew," she says, “that no one else in the world
had done this work.”

Two years later Hemeng is still analyzing and writing up her
data. The analysis has to be done whenever she can bonrow time
on a computer at the government’s Crops Research Institute.
The lack of an adequate research library at UST, or anywhere
in Ghana, delays the literature search that will be the foundation
of her thesis. Having persisted so long and come this far, how-
ever, Barbara Hemeng is not about to give up; she fully expects
before long to submit her completed dissertation to UST.

In comparison with the obstacles she faces in Kumasi,
Hemeng's expenence at lITA was like the best of all possible
worlds. “For research, ITA has the equipment, and the people
to advise you. They've got a very good research library where
you can do your lterature review; you can get whatever
references you need within two days.

“There are so many scientists there-all the sciences are
interrelated. Everyone is very busy but also very fiendly: they are
willing to give you any information you want on any aspect of
your research. The scientists come from different countries,
with different characters: it's almost like you've been through the
whole world. The contacts and interaction | had there didn't
stopwhen | finished my work. I'm still communicating with them:
that's been the most important aspect of my IITA training.”

Her long-standing IITA connection is a matter of consider-
able pride and practical value. AHemeng lecture on agroforestry
to students at the UST School of Agriculture quickly tums into
aninspirational description of the opportunities for research and
training at lITA. Even Hemeng's undergraduates get an early
dose of IT A training: she has sent some of her best UST students
to Ibadan with modest research projects under the guidance of
ITA scientists. Hemeng hopes that this brief expenence at
Ibadan, which counts toward the bachelor of science degree in
agriculture, will give her students an insatiable taste for topflight
scientific research and the ambition to become Ghana's future
researchers.

ohamed Dahniya had al-

ready left Sierra Leone to
getan M.Sc. degree inagronomy
atthe University oflllinois, when
the opportunity to pursue his
doctoral research at [ITA
brought him back to Africa. Bom
in Freetown, Dahniya was one
of 10 children. Their father, a
civil servant, sent six (three
brothers and three sisters) to
university.

One of the first students at Njala University College, a branch
of the University of Sierra Leone founded in 1964 with USAID
funds, Dahniya got his B.Sc¢. in agriculture in 1968, A USAID
fellowship tock him to the University of llfincis, where he
received an M.5¢. in agronomy in 1971,

"My research in the U.S. was in maize,” says Dahniya. His
thesis title: “Incorporated maize organic material effects on
subsequent crops’. "l became interested in roct and tuber
crops—cassava and sweet potato. The best place to study them
was in Afnca.” From lITA publications that had found their way
to lllinois, Dahniya heard of the new intermational institute in
Ibadan, Nigena, which had a research program in roots and
tubers getting under way.

Dahniya carme back to Sierra Leone as an assistant lecturer
in the agronomy department at Njala, with time cut in 197210
get a postgraduate diploma in agricultural meteorology in Israel.
After attending annual root-crops meetings at ITA in 1975 and
[976, he registeredin October 1976 as a doctoral student in the
agronomy department at the University of Ibadan and signed on
at ITA to do his thesis research on "Defoliation and grafting
studies of cassava and sweet potatoes.”

The subject has special relevance for Dahniya and for West
Afnca. "In Sierra Leone we eat quite a lot of leaves from both
cassava and sweet potato,” he explains. "l wanted to know the
result of continual leaf removal on tuber production.”

With his Ph.D. degree, awarded in 1980, Dahniya became a
senior lecturer, then an associate professor, in the agronomy
department of Njala University College. He has served as head
of the departments of agronomy and crop sciences. Most
recently, in 1988, he became director of the Institute of
Agncuitural Research in Sierra Leone's Ministry of Agriculture,
Natural Resources and Forestry.

As his career in Sierra Leone has progressed, Dahniya has
maintained close ties with IITA. He comes back to Ibadan at
least once a year, for IITA's annual root crops collaborators’
meeting, which draws cassava and sweet potato researchers
from many African countries. He sends a steady stream of
students and researchers from Sierra Leone to Ibadan. “The
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undergraduates go to do projects.” he says. Of three under-
graduates from Njala at Ibadan in 1990, twe are working in the
root and tuber program and a third in sustainable agriculture.

“Staff members get a good bit of research experience at ITA,
not just in their own area of specialization but in quite a few
related areas.” Dahniya says. “Sometimes | ask for a particular
training course. This year | sent the training officer from IAR for
two months.” He has also proposed sending a graduate to
Ibadan to learn the method for evaluating the cyanide content
of cassava.

The cooperation works both ways: at Njala, [ITA supports
two n-country courses that train extension supervisors in
cassava and sweet-potato agronomy and in nutrition. ITA also
cooperates with AR In a root and tuber improvement program
to develop cultivars that are adapted to Sierra Leone’s environ-
ments. resistant to major diseases and pests, high-yielding,
nutritious and attractive to consumers. AR also adapts and
distributes other improved ITA varieties in Sielra Leone. In
1990, I1AR got haif a ton of streak-resistant maize from IITA for
multiplication and distnbution to Siera Leone farmers fighting
a streak outbreak.

or Olaolu Babalola, a lec-
F turer at the University of
[badan early in the [970s, the
opportunity to do research in
soil physics at IITA made all the
difference betweenachievinghis
ambitions in Africa or going
abroad for the second time as a
student. Babalola's mother is il-
hterate. His father, a farmer and
carpenter and an influential per-
son in his village, near Ife town,
can read and write. Thewr seven
sons and one aaughter, Babalola says, were all educated.

Babalola's iniation into agnculture was fortuitous: he was
one of four students from his high school selected for a job as
an assistant technical officer with the Nigerian Department of

Forestry. A Commonwealth scholarship in forestry was his
licket to Vancouver, British Columbia, for a bachelor's degree.
A United Nations fellowship then took him to Oregon State
University in the U.S.A. for a master’s degree in soil physics,

Required to retum to Nigeria and the Department of
Forestry as a condition of his fellowship, Babalola faced five years
in a reforestation program in the remote northem part of the
country. It was too quiet in the north,” he says. """ There were
no suitable partners for me to marry.” Feeling the urge 1o settle
down and start a family. he "bolted away” after one year and
took up a career as a lecturer at the University of Ibadan.

"l realized that to remain in the profession [ had to have a
Ph.D.” he recalls. “The problem was that there was no Ph.D.
program in soil physics in Nigeria—or anywhere in West Africa.”
His only choice. it seemed, was to desert Africa again to study
in England or the United States. Instead, through the interven-
tion of Rattan Lal. a soil physicist at IITA, Babalola was able to
do his research at IITA while continuing to lecture at the
Unwersity of lbadan, where he was aiso registered as a doctoral
student under the supervision of an agronomist. In fact, his real
supervision came from [ITA.

"I found IITA a far better ptace to work than a university,” he
says. "At ITA | was part of an ongoing program, and Lal was as
interested in what | was doing as| was. At Oregon or Vancouver,
a student selects a topic and works alone at his or her own pace,
AtlITA, I was given a certain time to achieve areal research goal.
We shared information: | discussed my work with farming
systems people and collaborated with an agrocimatalogist on
my research design.”

Once he had finished his Ph.D. and had joined his university
faculty full-time, Babalola found that his increasing academic
waork prevented him from continuing research atlITA. But in his
role as teacher and advisor he has been able to steer new
generations of promising students—undergraduates as well as
graduates—toward IITA, carefully matching his university's aca-
demic goals to the practical research objectives of IITA's
programs.

"IITA has a research set-up that the university lacks,” Babalola
says. "l can tell an IITA scientist that we are working on
something and we have student who s interested in a particular
line of research. | can ask the scientist: does this fit in with your
program?”

Like Barbara Hemeng in Ghana and Maohamed Dahniya in Sierra
Leone, Olaclu Babalota in Nigena is part of what has become
a tradition in training in Afncan agricultural research, The
product of that tradition is a growing African network of leading
specialists, trained in their tropical homeland to address its
unigue and urgent agricultural needs.
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About IITA

HITA Trustees and
Senior Staff, April
1990.

n 1967 IITA was established as an international

research institute with headquarters on a 1,000-

hectare farm at Ibadan, Nigeria and with links with
national programs in many countries of sub-Saharan
Africa. It became the first African link in a worldwide
network of international agricultural research centers
known as the Consultative Group on Interational
Agricultural Research (CGIAR). The Federal Republic
of Nigeria provided 1,000 hectares of land for the
Institute’s headquarters and experimental farm at
Ibadan. while the Ford and Rockefeller foundations
provided the initial planning and financial support.

Obijectives. lITA has four objectives:

I. To develop systems for the management and con-

servation of natural resources for sustainable agri-

ulture in the humid and subhumid tropical zones.
There 1s global concern that Afnca's growing
population is placing increasing pressure on basic
natural resources and threatening the viability of
traditional farming systems.

2. To improve the performance of selected food

crops that can be integrated into ymproved and
sustainable production systems.
This is the shared goal of many of the institutes in
the CGIAR system. ITA conducts vanetal im-
provement research on six Crops: cassava, yar,
plantain, maize, cowpea and soybearn.

3. To strengthen national agricultural research

capabilities in order to accelerate the generation and

utilization of improved technologies, by means of

training, Information and other outreach activities.
The objective here is to enable lITA's partners in
national research systems increasingly to meet
their own technology requirements.

4. To improve food quality and food storage,
processing and marketing, In order to encourage
more efficient use of available food supplies.
For a number of ITA commadities, particularly
roots and tubers, the lack of efficient technology for
storage. processing and conversion to commercial
products is a serous barmer to ther increased use
as both food and feed




With a geographical mandate covering tropical
regiors worldwide, ITA focuses on the lowlandtropics
of West and Central Africa. ITA cenducts research
and training activities at its headquarters and at
substations in West and Central Africa, and in
conjunction with regional and national programs in
many parts of Africa. As a means to enhance the
practical relevance of its crop improvement research
to farming conditions, IITA has begun to decentralize
its research from its headquarters to locations in the
vanous agroecological zones where its mandated
crops are grown. {See "Decentralization to the
Savanna” m the Research Highlights section of this
volume.)

IITA programs comprise:
« Resource and Crop Management
{emphasizing farming systems with major ITA

arops and soil resources)

* Root, Tuber and Plantain Improvement
(focusing on cassava. yam and piantain)

» Grain Legume Improvement
(focusing on cowpea and soybean)

« Maize Research
+ Rice Research

{activities being transferred to WARDA during
1950)

» Biological Control
{emphasizing environmentally sound integrated
pest management)

« International Cooperation and Training
(ernphasizing the strengthening of national
agricuftural research systems)

* Information Services
Library
Publications
Public Affairs

« Research Support Units
Genetic Resources
Virolegy
Biometrics
Analytical Services
Farm Management

The main conduits for sharing the results of HTA,
research with national programs are training,
germplasm exchange and publications/information
exchange.

Training. The training program is one of [ITA's principal
means of achieving “transfer of technology' in
agriculture from intemational to national levels, Training
can help in building Afncan capabifities for agricultural
research and food production by increasing the corps
of competent research workers for the humid and
subhumid tropics. To date, over 6,000 trainees have
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participated in the range of training activities, including
group courses, doctoral or master's degree programs
and shart-term study projects.

Germplasm. The genetic resources unit is involved in
collection. documentation. storage and distribution of
germplasm of [ITA-mandated and other important
food and agroforestry crops. Over 40,000 accessions
of germplasm are stored at ITA, including the world
cowpea collection of 15,000 accessions from more
than 108 countries and 11,500 accessions of rice,
chiefly from Africa. Seed samples and information on
thern or the characteristics of the species are made
freely available on request. During the first |2 years of
its existence (1978- 1989}, ITA distnbuted over 41,000
samples to non-IITA users in over B0 countries.

Information. Information services together with the
research programs provide information in many formrs
to scientists in user countnes. Publications are distribu-
ted on a regular basis with a mailing database of over
8,000 addresses. Results of collaborative and other
research are disseminated through network newsletters
and monographs. lITA's library facilities include a col-
lection of over 35,000 books and periadicals, a com-
puterized bibliographic and database service. microfilm
and CD-ROM facilities and a scientific literature service
for selective dissemination. Interpretation and transla-
tion services support meetings and training activities,

Through these means ITA maintains vital links with
national agricultural research programs. By testing
[ITA's innovations, adapting them to local conditions,
and carrying them to farmers. national programs can
translate research into increased food production.

The Institute, [ITA employs about 180 scientists and
professional staff mermbers from over 40 countnes
and about 1,300 suppert staff mostly from MNigena.
Half the staff are located at headquarters, where 300
hectares of the |000-hectare campus have been
developed for experimental fields. An 80-bhectare
research station lies in the humid coastal zone at
Onne. in southem Nigena. A 30-hectare station was
opened in 1990 in the dry savanna zore at Kano,
northem Nigeria, in cellaboration with Ahmadu Bello
University's Institute of Agricultural Research. Astation
at coastal Cotonou, Republic of Benin, houses the
Biclogical Control Program. A | ,000-hectare, high-
rainfall, humid forest station is being established at
Mbalmaye in Cameroon in collaboration with Institut
de laRecherche Agronomique (IRA). Amoist savanna
station s being planned for Cote d'lvoire in collaboration
with Institut des Savannes {IDESSA). Eight major
collaborative projects were under way in westem,
central and southem Alncan countnes at the beginning
of 1950, while other projects were being conducted
on a more limited scale throughout tropical Afrca.

ITA is anonprofit, intemational agricultural research
andtraining institute supported pnmarily by the Consul-
tative Group on Intematicnal Agricultural Research
(CCGIAR). Founded in 1571, CGIAR is an associaticn
of about 50 countries, intermational and regional or-
ganizations and pnvate foundations. The purpose of
the research effort is to improve the quantity and qual-
ity of food production in developing countries. The
World Bank, the Food and Agriculture Qrganization
of the United Nations (FAO) and the United Nations
Development Programme (LNDP) are co-sponsors
of this effort. (See note on page 39 of annexes.)



Resource and Crop

Management

he twin challenge for agricultural research in

tropical Africa is to enable farmers to produce

enough food for a growing population, while
sustaining the natural resource base so that future
food production willnot be curtailed. [ITA's Resource
and Crop Management Program concerms itself with
both sides of the food production equation—crop
productivity and resource sustainability—in its research
to improve smallholder farming systems in the three
main agroecological zones: the forest (humid tropics),
moist savanna (subhumid tropics) and inland valleys
{wetlands, or lowland areas which are flooded during
the rainy season).

Traditionally, farmers in the African tropics have
solved the sustainability problem by permitting
farmland, which loses tts productivity rapidly under
cultivation, to ravert to natural vegetation and regain
fertility during fallow periods lasting from 5 to 20 or
more years. The farmers would turn to earher fallows
ready to be exploited again or to virgin areas, in a
pattern of shifting cultivation that would avoid
permanently degradingthe resource base while keeping
food production atashighalevelas possible. Agncutture
was thus “sustainable” in the long termn over a broad
cropping area.

However, the rapid growth of population and
demand for cropland in recent decades has upset this
balance. Population in sub-Saharan Africa has more
than doubled since 1960, and will double again before

the next quarter century. In order to meet rising
demand for food and other agricuitural commodities,
the land under cultivation bas had to increase
substantially, often at the expense of restorative
fallows. Many new areas have been opened for
cultivation using techniques which can tead to serious
degradation of the productive capacity. As a resuls,
the sustainability of the system is being threatened,
There is an urgent need for new or improved
techniques or systems of land development and
management that will enable production to be
increased, prevent degradation and yet be compatible
with prevailing farming systems so that farmers will
readily adopt themn.

ITA’s Resource and Crop Management Programis
thus organized (see diagram below) to conduct
research which addresses these issues in two major
activities, in partnership with scientists in African
national research systems:

* Resource management researchtostudythe natural
resource baseand develop existingornewtechnologies
for smallholder farming systerns.

« Crop management research to synthesize the
products of resource management research and crop
improvement research (conducted by crop-focused
programsat ITA) into sustainable and mare productive
cropping systems, which are compatible with the
resources and objectives of the smallholder. This
synthesis is in essence the goal of the concertad efforts
of all ITA programs.

[

Resource Managemert Research

Agroecological Zone Cropping Systems Research
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Labor required to
clear land for
crapping is
becoming harder to
mabilize in many
areas,

Agroecological background

Within the general framework of the man chmatic/
vegetational zones of forest, moist savanna and inland
valleys, the two most important variables are soil type
(chiefly acid and nonacid) and population density
(high, medium and low).

Soils. A simple categorization of tropical Afrnican soils
woud include four general groupings:

+ Highly weathered acid scils.

« Highly weathered nonacid soils,

» MNonaoid soils from basic and volcanic materials,

* Nonaad hydromorphic and alluvial soils

They have varying management requirements and
different tolerances for intensified or continual use.

The humid forest zone of West and Central Africa,
which includes over 55 percent of the land area of the
countries of ITA's primary focus. has mostly fighly
weathered soils that are strongly leached and acdic.
They degrade rapidly when cleared of natural
vepetation. The central problem flor agnculture here
i3 to rmaintain soil fertility.

The moist savanna {subhurnid) zone also has highly
weathered sails, which are generally less leached and
acidic. They are. however, susceptible to compaction
and erosion. In some areas, onginally nonacid soils
have acidified, often as the result of use of acid-forming
fertilizers. In the highlands of western Camercon and
East Afnica, less-weathered soils derved from velcanic
ash and ferromagnes:um rocks are productive,

Throughout both humid and subhurmid areas of
Vest and Central Alnca, hydromarphic and alluvial
soils are assocated with swamps, lakes and rivers in

the distinctive agroecological zone of inland valleys.

Population pressure. Senous degradation of the
resource base appears to be accurming under different
traditional farming systems in many places where
population densities are etther high or low.

In densely populated areas, fallow penods have
often become significantly shorter, resulting n
accelerated leaching of nutmients, rapid oxidation of
organic matter, increased weed populations, erosion
and decreased moisture retention.  The farmers’
options for coping with these problems may be
overwhelmed by the rapidity and extent of the changes,
and, in extreme cases, rmeversible degradation of the
land and soil may result.

Paradoxically, there are other rural areas in which
too lew rather than too many people make it difficult
to maintamn productivity. Substantal labor s required
to clear land, to keep weeds under control, and in
sloping areas, to construct ndges orterraces te prevent
soill erosion.  In many cases, the migration of large
numbers of young males to urban areas, 1ogetherwith
increased primary education forchildren, has remaoved
a significant portion of the agricultural labor force. As
a result. it 15 increasingly difficult to mobilize sufficient
labor to clear trees from land that has been under
fallcw for long penods. to carry out essential tasks such
as weeding and planting at the optimal times, and to
maintain ndges or other soil conservation measures.
Thus, productivity may decline as lack of labor compels
the repeated use of the same land, elmination of
restorative fallows, and the neglect of tasks needed 1o
maintain the resource base.

Potentials and limitations. Fach of the main
agroerolomical zones has diflerent rrop production
potentials and constramts.  In the humd forest,
production potential s greatest {or root crops. tree
crops and plantams, and in general multistory cropping
systems are most appropriate. The acidic soils in these
regions contain few nutnents. Toxic elerments that can
inhibit crop growth are found i much of the subsoil.
Many of the important nutnents of the system are
present more in the biomass than in the soil, and thus
manipulation of the biomass 1s Important in preserving
productivity and making the best use of the productive
potential.

Inthe moist savanna zone, the productive potential
for cereal and grain legume crops i greates than in the
forest, and soil constrants are generally not a5 serous.
However, poor soil structure and other physical soil
problems reman important. There s also significant
risk of erosion in many areas, Some of the man soil



types in the savanna and transition zones may be
subject to acidification when intensively cultivated.
Erratic and unpredictable rainfall, and resulting penods
of drought stress, are significant problems for crop
production, and integrated scil and water management
15 often needed to achieve increased yields.

The wetiands indlude coastal plains, inland basins of
many of the nver systems, nver floadplains, and inland
valleys and swamps. They form an estimated [0 to 20
percerit of the humid anc subhumid lowlands of West
and Central Africa, the region of primary focus for
ITA. Inmany instances, their producticn potentizl has
not been developed. The inland valleys are often
espec ally suitable for smallholder development and
forproduction ofrice and associated crops. Ingeneral,
sustainability of production is much less a problem in
these wetland areas than in most upland regions.
However, soil toxicity and the threat of pests for both
crops and people can be serious obstacles to
development, as can the sociceconom ¢ factors that
reduce the availability of resources needed in
developing inland valleys.

Resource Management Research

Research to guide management and conservation of
the natural resource base involves the search for
sustainable crop production systems. This task is
fundamental in African agrcultural develcpment and
is enormo.Jsly complex,

Rescurce management research entals three
conceptual stages of activity.
¢ Measurement and analysis of the components of
the resource base (physical, chemucal, piological.
SOCIGeConoT™ic).
*  Analyss of the determinants of stability/degradation
of the resource base through study of the dynamic
irteractions among tnose components (for example,
transport and storage of water and soil nut-ients).
¢ [Design of resource management systems through
use of principies idertified in the analysis of stability
and degradaton (that is, modification of existing
practices or design of new ones which can stabil ze or
increase croo output while avoiding degradation of
the resource base.

TA researcn activities in resource management
are conceived under five headings, and are developed
and linked with modelling, as lllustrated in the diagram
in the nghthand column:

|. Resource charactenzation: description and mapping
of the biophysical and sociceconomic charactenstics
of the [ITA mandate area.

* Intensive studies: surveys of fallow maragement

systems (crops, fallow vegetation, soil characteristics,
field size and household characteristics of fallow-
based farms}.

* bBxtenswve studies: ¢climatic-elevational map of
mardate area (climatic data from available stations in
West and Central Africa; elevation map; constructicn
of dimatic surface).

2. Process studies of the resource managernent
components contributing to sustanability, often in
collaboration with advanced laboratories and
institutions in developed countries.

» Biological regulaton of nutrient cycling in alley
farming as compared with monacrop systems (rates
of input and deccmposition of crop residues and
hedgerow prunings; rate of nitrogen fixaticn; among
others).

* Interplant competition under different types and
intensities of management (weed seedbank changes
through clearing and crooping sequence; weed growth
and response tc management; among others),

* Crop growth modetling in cotlaboration with the
commodity improvement programs.

3. Design of technologies for managing natural
resources and overcoming constraints in production
and sustanability.

*» Cropping systems incorporating trees
(improvements in the physical and chemical
characteristics of soil; increased stability of yield; muttiple
outputs).

* Cropping systems incorporating herbaceous
legurmes (improved weed management; control of
erosior; increased scil fertifity}.

4, Comparative studies of who'e cropping systems to
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A cover crop of
egusi melon helps
in controlling weeds
in this intercropped
field of maize and
yam.
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investigate interactions among resource management
components.

« Comparison of traditional, tree-based and
herbaceouslegume-based fallow managernent systems
(interaction between weed management and soll
fertility, competition between fallow species and crops;
labor requirements).

* Companson of whole cropping systems.

5. Testing, validation and adaptation of resource
management technologies.

« On-farm experiments in collaboration with the
crop management research groups and national
agricuftural research agencies (e.g. with alley cropping
technclogies).

*+ Use of modelling to determine environmental
adaptability of technologies {e.g. alley cropping, tillage
practices) in relation with long-term sustainability.

Resource Management Achievements
Fromthe results of about two decades on African soils
and the ecological and social setting in which African
farmers cultivate their crops, IITA has leamed that the
essential principle for preventing or retarding soil
degradation is to:

* Maintain a cover of organic matter on the topsail.
This mulch mimics and replaces the effects of the
forest ecosystem in protecting and regenerating the
productive capacity of the scil. The mulch protects
the soll from structural damage from rain and excessive
temperatures, supplies organic matter to replace that

lostinmicrobiological processes, encourages beneficial
activity by earthworms and other soil fauna and
reduces nutnent leaching and acidification.

Otherimpaortant pinciples arsing fromthe research
include:
* Limit use of heavy equipment, in order to avoid soll
compaction, and select or design equipment to use
which will exert a low pressure on the soil.
¢ Loosen compacted soils where they occur and
restore their structure.
* Propagate mixed cropping with shallow- and deep-
rocting species, for efficient use of sail nutrients, as
opposed to continuous monocropping.
¢ Use fertiizer judiciously in order to balance soil
nutrients and replace losses, but avoid overuse with
concomitant problems of soil acidificaton and
toxification.

The major research products are considered to be
prototype technologies which are intended to be
developed or finished through adaptation by national
agricultural research systems in Africa, which will in
turn extend them to farmers. They include:
= Alley farming. A means of sustaining soil fertility
and an alternative to fallows, alley farming is an
agroforestry system in which multipurpose trees
(usually legumes) are planted in rows while food crops
are planted in the “alleys” between the trees. Soll
nutrition is improved through nitrogen fixation by the
tree species and application of tree prunings for their
organic matter.

* Mulches and cover crop systems, Fast-growing
leguminous cover crops are planted 1o provide a
constant soil coverbefore, during and afler the cropping
phase. in orderto retard soil degradation and. in many
cases, to suppress weeds.

* Land clearing and development. When land must
be cleared by machine, soil disturbance and subsequent
erosion canbe kept to a mininum with suchimplements
asthe shear blade which cuts the vegetation at ground
level. Minimum or zero tillage with the use of caver
crops, mulches and herbicides s required when |and
15 cleared in this way.

* Tillage method. Studies at ITA and elsewhere
have shown the advantages of minimum or no-tillage
farming.

* Fertilizer and soil additives. Appropriate fertlizer
regimes have been developed which should enhance
crop growth and not cause soll acidification or toxicity
problems.

» Improved fallows. Some research has been done
to improve fallow management practices that would
be more eflicient in restoring soil fertibty than are
unmanaged bush fallows.



Conducted mainly at its humid forest station at
Onne insouth-eastern Nigenia, ITA's research on acid
soils has followed two different but complementary
approaches to soils managemenit.

The first entails soil amendments, in this case by the
use of lirme and related matenals, to combat acidity
and aluminurm toxicity in the soil. Experiments over a
number of years have shown that evenlow applications
oflime result in reduced acidity and toxicity, permitting
significant yield irmprovements in crops such as maize,
Additions of lime to expenmental fields increased the
effectiveness of rmagnesium fertilizer applications in

989 experiments.

Lime and other refated fertilizers are not, however,
always available within the forest zone of West and
Central Afnca. Although large quantities of nitrogen
fertilizer are produced in Nigeria, it cannot readily be
found even within Nigeria, because of its high price
and transport difficulties. IITA is embarking on a study
with the Intemational Fertilizer Development Center
(IFDC) in Togo to examine availability and potertial of
the raw matenals in the region. Another preblem, in
the case of lime, is that many soil nutnents can be lost
through leaching because they are released as a result
of changes in soil acidity.

Both these problems are addressedin [ITA's second
approach to acid soil management, by ennchment of
the soit with organic matter through use of fallow
species, including trees. The [988/8% IITA annual
report describes IITA's success with alley farming, a
particular application of this approach in the transition
and savanna zone ervironments. Similar experimernts
have been conducted with trees, shrubs and
herbaceous fallows at Onne, in the humid forests of
coastal south-eastern Nigeria.

Herbaceous legumes such as Pueraria seem to
perform equally well in zlley farms in both zones,
whereas the most widely used tree species, Leucaena
leucocephala, does not perform well in the humid
forest at Onne. As a result of recent research on
herbaceous alternatives to Leucaena, IITA has
identified a number of successful species. Among the
most promising are Acio barterii and a shrub, Flemingia
congesta. These species help to increase yields of
interplanted maize and cassava in acid soils by improving
the sols chemically and physically, improving the
microenvironment and reducing weed infestation.
Ancther shrub, Tephrosia candida, shows great
promise as a fallow species for the reclamation of
degradedlard. Tephrosiais beingtested on land where
yields have declined over several years.

Acio baterii, indigenous to West Africa, is valued as
a fuelwood and as a “living stake” for support of yarr
vines. In parts of south-eastern Nigeria, it forms a
component of a managed fallow system which has
evolved out of the mixed-species bush fallow system
more common in the area. In some instances, farmers
of Imo State manage the tree in rows analogous to the
hedgerows used in alley farming.

In collzboration with Nigerian scientists and the
International Council for Research and Agro-Forestry
(ICRAF), ITA is preparing a survey to identify other
indiganous trees for multipurpose use in agroforestry.

The interactive effects of our two approaches to
soil management will be studied during the next four
years. Much ofthis companson between conventional
soil amendment (utllizing lime and fertilizers) and sail
organic matter “manipulation” {utlizing trees and
herbaceous fallow species) will be conducted at the
new IITA humid forest station at Mbalmayo, 40
kilometers south of Yaounde in Cameroon. A soll
chemist and soil physicist have already begun to
prepare for surveys of local farming systems and the
natural resource base of the forest environment.

Weed control is another important focus of
resource management research. A weed is aplant out
of place. Plant species which play & useful role during
fallow periods by helping to enrich the soil may, during
cultivation periods, compete with crops and become
serious pests. Since the small farrmer usually has to
control weeds by hand, weed control is often the
biggest demand on his or her labor.

Weed control practices which reduce labor demand
are high among IITA research priorities. The two main
alternatives are the use of herbicides and cultural
practices for biological control, both of which are
being researched by lITA scientists. Cultural practices
offer the better long-term solution because the cost
of herbicides limits their potential use by small farmers.

Speargrass, Imperato cylindrica, is one formidable
weed which can be controlled by both chemical and
biological means. Found inintensely cultivatedareas in
the forest zone as well as throughout the Afnican
savanna, speargrass is able to take over cultivated
areas and force farmers to abandon their fields
Subsequently it can maintain itself as the sole plant
species in such areas almost indefinitely. In a survey in
Oyo State, Nigeria, such abandoned fields were found
in 31 out of 39 villages. Imperata is able 1o succeed
because it has a rhizome or underground stem which
stores large amounts of carbohydrate. This food fuels
the spread of the grass and helps it to survive and
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regenerate when the biomass above ground is
destroyed, such as ouring dry-season fires. A common
feature of imperata-infested areasis a regular fire cycle
which assists in the maintenance of the speargrass.

During (289 ITA tests showed successful control
of Imperata chemicaly, with a number of herbicides
and biologically, with hedgerow trees or herbacecus
legumes, Most promising for control are the
herbaceicus species: the shadng effect of Puergna
reduced the imperata rhizome biomass by 80 percent
within a year. The herbaceous species are relativey
resistant to fire, can easily be established in speargrass
areas where the fire cycle is frequent. and require fess
fabor 7o maintain than do tree species. IITA will
therefore concentrate research on this promising
means of Imperata control with the prospect of
rehabilitating large areas of currently uncultivatable
land.

Crop Management Research

Research to guide managerent of different cropping
systems concemns tselfl with adaptation of rew or
improved farming practices which are intended to
increase productivity in those systerms.

Research of this kind requires the cooperation and
interaction of scientists in many disciplines, who work
together from the stages of inftially defining the
objectives and problems, to developing new tech-
nologies, testing themn under field conditions, com-
bining individual technologies into viable systemns, and
validating their suitability under varying conditions,
ITA contact and cooperation with scientists and
extension workers from national programs as well as
with farmers are an essential part of this effort. in
addition, ITA needs to study and understand the
agroecological setting, the farming systems and
constraints in production, all of which vary across the
areas of research concem. IITA also needs to know
what changes are occurring over time. This is critical
insetting research priorities, selecting suitable research
sites, and targeting technological innovations to the
aporopriate places and farmers,

Crop management research entals three linked
activities:
= Diagnosis: charactenization of mandated cropping
systems areas, description and analysis of constraints
and impact of new technology.
* Validation and adaptation: crn-fam screening,
testingand evaluation oftechnologies generated dunng
experiment-station research. Adjustment or
adaptation of existing technology to a particular set of
environmental conditions, either agroecological or
sccioeconomic. through on-farm research,

¢ Feedback: relevant information from farm-level
characterization, diagnosis and adaptive research
reported back to scientists who are developing
resource management technologies or breeding
improved varieties at [ITA's research stations,

Different scientists representing varied disaplines
have been teamed to develop and implemert the
research agenda for specific types of farming systerrs,
associated with particular crops and agroecological
zones. At first known as crop-based systems working
groups, these groups have been renamed for their
agroecolcgical zore, They wili focus on the main crop
systemn in each zone as follows:
¢ Humid Forest Systems Research Group (cassava-
based crop systems).

* Savanna Systems Research Group {maize-based
crop systems).
* Inland Valley Systerns Research Group {rice-based
crop systems),

IITA research aclivities in crop management are
organized in a farming systems perspective according
to three agroecological zones, with three corresponad-
ing multidisciplinary grouns of scientists.

Humid Forest Systems Research Group

* Charactenization of cassava systems in Africa

* Adoption and impact of IITA cassava in West
Africa,

¢ On-statcn study of resource use and productivity
in cassava-based intercropping and rotation systems,
* Collaborative adaptive tnals with national institutions
in Nigeria, Ghana, Camercon, Zaire and Sierra Leone
(e.g. effect of Ime and improved cassava varieties on
cassava and groundnut irtercropping systems in Bas-
Zaire and use of improved varieties and alternative
spacing on rice and cassava intercropp ng systems in
Sierra Leone and Liperia).

Savanna Systems Research Group

¢ Charecterization of maize-based farming systems
in the savanna of Nigeria and Céte d'vaire.

* Diagnostic study of the impact on striga infestation
of intensiyirg maize-based cropping in the northem
savanna of Nigeria.

¢ Development of cultural control methods for striga.

Inland Valley Systems Research Group

» Characterization and classification of inland valleys
in West and Central Africa.

* Quantification of yield losses from weeds.

* Development and testing of methodology for
selectirg upland crop varieties for the inland valleys.



Crop Management Achievements

Available technologies that have been identified over
the past five years include:

= (Cassava varieties with durable disease resistance
and well adapted to the cassava/maize system.

* Soybeansadapted for growing inthe second season
and in association with cassava.

* Maize vaneties with durable disease resistance and
appropriate for green maize. but not where maize
reguires storage for an extended period of time.

Feedback on farm-level problems from the systems
research groups is helping to set the right emphasis in
the research agenda of resource management resear-
chers and breeders.

Examples include problems in establishing
leguminoustreesin alley cropping systems: the relative
contribution of trees and herbaceous legumes in
improved fallow management systems, besides
continuous cultivation systems; weed control problems
in no-tillage. cassava-based systems in which herbicides
are not used.

During 1989, the Humid Forest Systems Research
Group launched the first major activity of the
Collaborative Study of Cassava in Africa (COSCA).
Led by ITA and fundedby the Rockefeller Foundation,
the study involves scientists from the Céte d'lvoire,
Ghana, Nigeria, Tanzania, Uganda and Zaire in a
survey of cassava production intheir countries. Scientists
from Centro Internacional de Agncultura Tropical
(CIAT). the UK. Natural Resources Institute and the
International Child Heafth Unit of Upsala, Sweden are
also collaborating in the survey.

COSCA’s broad objective s to improve the
relevance and impact of cassava research by the
international agricultural research centers and national
agricultural research systems in Africa. The study
entails collection of data on cassava cropping systems
in Africa, type and extent of use of various processing
techniques, marketing systems, present and future
demand in rural and urban areas, and relationships
between consumption and consumer nutntion. The
participating countries produce about 70 percent of
the cassava of sub-Saharan Alfrica.

COSCA gathered general. mostly qualitative
information from group interviews in selected viflages.
Information specific to households, farms or processing
units will be collected from individual households.
Preliminary analysis of village-level data reveals, contrary
to general expectation, that virtually all small farmers
in the high-density population areas of the humid
forest zone harvest their cassava |12 months or less

after planting. In low-density population areas, about
95 percent of the farmers harvest their cassava at |2
months or less. In comparison with past practice,
farrnersthus appear to be using varieties which require
shorter growing pericds and to be harvesting their
crop sooner, without keeping it stored in the ground.
Furthermore, where access to the market is good, up
to 44 percent of farmners harvest their cassava afterless
than 12 months.

As market access improves, the fallow peried
seems to be declining substantially, from about 6 to 3
years, while farmers are increasing their weedings
from 2 to 3 times. All the villages surveyed in Céote
d'lvoire and Ghana. and 97 percent of those surveyed
in Zaire, are not using any improved cassava varieties.
In Nigena, by contrast. where IITA vaneties have been
widely disseminated. about 90 percent of the villages
surveyed are using improved varieties.

The survey also reveals that small-scale cassava
growers actively experiment with new varieties,
abandoning old varieties when they prove unsuitable
and adopting new ones. When bitter vaneties are
abandoned. it is usually because of their susceptibility
to weed competition, their late maturity or their low
yields. With sweet varieties, it is their low yield, their
late maturity or their poor storage qualities.

During 1989 the Savanna Systems Research Group,
together with the Institute of Agricultural Research at
Zaria, Nigeria, completed their characterization of the
agroecological and socioeconomic factors in maize
cropping systems in the northern Guinea savanna, or
moist savanna, of Nigeria. The recent dramatic
expansion of maize inthe area was the stimulus forthis

Cassava
intercropped with
the soybeans being
horvested ensures
food security for
this family when
other food crops
are not available,
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Expansion of
maize farming has
brought an
increase in 0x-
driven plowing

in the moist
savanna.
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focus. Inthe mid-1970s maize wasa minor crop grown
mainly in backyards. At that time it was significant as
acash cropinonly one of the villages in the survey, and
amajorfood cropin only one-third of them. Currently,
maize is one of the three most important food crops
and one of the three biggest cash crops in nearly nine
out of ten of the sampled villages. Almost all of this
new maize is reported to denve from improved IITA
varieties,

The savanna group aiso discovered that agricultural
production in the area had intensified. Fallow penods
have been eliminated in 6 out of |0 willages and
declined in another quarter of themn. Fertilizer is
commonly used in all villages. Ox-driven plows are
frequently used in land preparation and, in about half
of the villages, ox plowing has often been adopted in
conjunction with the elimination of fallows and the
increase inmaize cultivation. Concurrently, in response
to the increased profitability of farming, farmers have
also expanded the size of their farms and diversified
their crops. In addition to maize. rice has become a
cash crop, while production of such cash crops as
pepper, cowpea and sugarcane has grown.

Population increases in general, increases in
population density in particular and access to markets
appear to have been the chief causes for the changes.
The savanna group will concentrate on the economic
sustainability of the system; that is, what will be the
impact on maize production of the expected removal
of the government's subsidy on fertilizer, and the
impact of devaluation of the Nigenan currency on
incentives forsuch cash crops as cottonand groundnut,
which compete with maize. IITA scientists will also
look at the long-term sustainability of soil productivity:

in particular, the effects of replacing traditional soil
mantenance practices with increased use ol inorganic
fertilizers, and their implications for research on soil
fertility maintenance.

In an analogous survey inthe forest zone of Nigeria,
farmers identified their preferred characteristics of
maize. Their top priority is increased yield, combined
with bigger cob size. Eating quality appears to be
important mostly for green maize. Improvement in
storage quality does not have as high a priority as yield.
Early matunty of the crop is not an important
charactenstic. it is unlikely that farmers in the forest
zone, where land is freely available, would want to
adopt high-yielding varieties which require fertilizers
and cther inputs to a high degree. Other ways of
increasing yields would seern to be the altematives for
ITA research: durable resistance charactenstics to
drought and pests.

During (989 the Inland Valleys Systems Research
Group made an exhaustive review of agronomic and
socioeconomic research on inland valleys in Africa.
The group formulated several hypotheses about land
use for future research. For example, the lower the
rainfallin a given area, the more likely that inland valleys
are used for agricultural production. Also, changes in
land use in inland valleys are principally determined by
increases in population pressure and improvement in
transport infrastructure. Some of the hypotheses
relate to the quantification of constraints in different
forms of land use, with respect to sustainability,
productivity and farmer welfare. For example,
ecologically sustainable agncultural production in inland
valleys depends primanly on water control. Also, in
some categones of intand valleys, the productivity of
labor is greater in upland fields than in inland valleys.

Research Strategies for Resource and

Crop Management

Building on the principles and accomplishments of
past work, the IITA Resource and Crop Management
Program will continue to focus on prevention of soil
degradation while intensifying use of land and other
resources to increase production. Systems which
have shown promise for the forest/savanna transition
zone will be further developed and new technologies
suitable for the acid soils of the forest zone will receive
increased attention. The results of past resource
management research will be more closely integrated
with the results of commaodity improvement programs
through the zone-based systems research groups.

The program’s research prionties are descnbed in
the inset panel "Research Directions” onthe opposite

page.



Research Directions

Rescurce Management Research

e Description, measurement, classification
and mapping work on the biological, phy-
sical, chemical and sociceconomic
characteristics of the IITA mandate area
will be expanded with adoption of a
geographical information systern (GIS) and
a large capacity for satellite image analysis.
Climate-elevation maps will be constructed
into which will be incorporated the results
of intensive studies such as surveys of
fallow management systems.

» Quantification of fundamental relation-
ships among factors contributing to the
sustainability of food production systems
will be expanded. Such process studies
(e.g biclogical regulation of nutrient cycling,
physical factors affecting soil fertility, factors
regulating interplant competition) will
continue on non-acidic and high-phosphate
acidic soils, The new hurmid forest station at
Mbalmayo, Cameroon, will provide scope
for expansion of mterdisciplinary research
on low-phosphate acid soils.

* Indices will be developed for measuring
the sustainability of small farmer cropping
systems,

* Technology design activities will be inten-
sified. The prototype alley cropping system
will be further adapted for small-scale farm-
ers by adding economic tree crops or using
hedgerow trees which have direct benefits.
* Forthe humid forest zone, development
of multipurpose agroforestry systems which
combine improved soil and weed
management will continue.

» Efforts to develop economically viable
and sustainable fallow management sytems
incorporating herbaceous legumes will be
intensified.

* Long-term comparative studies will assess
capacity for sustainable crop production in
traditional and improved resource
managenient systerns.

» On-farm testing and validation of lITA
technologies will expand, emphasizing
adaptability of alley cropping in different
socioeconomic conditions, in collaboration
with the Alley Farming Network for Tropical
Africa (AFMNETA).

* Development of systems simulation
models will emphasize intercropping,
nutrient cycling in alley farming systems and
economics/ecology of inland valleys. and
will provide a comprehensive description
of agricultural production systems.

Humid Forest Systems Research Group
+ The Collaborative Study of Cassava in
Africa (COSCA) will characterize African
cassava production systems including types
of vaneties, processing. marketing and
consumption, initially in | & agroecological
zones of &6 countres.

* Stratepic on-station studies of resource
use and productivity in cassava-based
intercropping systems will be conducted.
» Studies of the adoption and impact of
IITA cassava varieties in Vvest and Central
Africa will be expanded.

+ On-farm collaborative studies will be
expanded with national institutes, on the
modifications of alley cropping systems to
improve sustainability of intercropping with
cassava.

Savanna Systems Research Group

» Maize-based farming systemns in the maoist
savanna of West Africa willbe charactenzed
and dassified. Constraints affecting their

sustainability will be idertified and quantified.
* The influence of intensification of maize
farming on striga infestation will be studied.
= Cultural methods for control of striga as
well as improverment of soil fertility will be
developed and tested on farm with national
institutes.

Infand Valley Systems Research Group

* Inland valleys in West and Central Africa
will be classified and characterized, involving
estimation of the percentage and location
of those valleys which are used for
agricultural production, identification of
factorswhich discourage utilization ofinland
valleys for agricultural .production, and
classification of the valleys into different
categories.

» Constraints in land use in inland valleys
will be identified and quantified in respect
of sustainability, productivity and farmer
wellbeing. The quantification will include
vield losses owing to weeds, a major
constraint in increasing rice production.
*Models will be developed of biological,
physical, chemical and socioeconomic
processes in the pnncipal categones of
inland valleys. Together with national
institutes, the models will be validated and
tested with a view to applying the results in
other categories of valleys and countries of
West and Central Africa

* |Improvements in land use and
management practices for different
categonies ofinfand valleys will be designed
and tested.

= Selectionmethods of upland crop vaneties
forinland valleys will be developed together
with the commedity improvement
programs.

In summary, the Resource and Crop Management
Program integrates the results of resource management
and commadity improvement research within crop
management  esearch, through the work of the zone-

ultimate clients, the farmers.

based systems research groups for the humid forest,

moist savanna and inland valleys. Those groups ensure
linkages and feedback between resource management
and commodity scientists who work with econormists
in the study and improvement of smallholder

International Collaboration

The program collaborates extensively with developed-
country institutions, international agricultural research
centers and national agncultural research systems.

production systems. The groups’ linkages also extend
to scientists in national agncultural research systems,
through whom IITA responds to the needs of its
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HTA agroclimat-
ologist §. S. Jagtap
shows how
computer-assisted
models contribute
in resistance
breeding.
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Developed-country institutions. Long-term coliab-
orative research with the University of Hawan at
Manca focuses on making the most effective use of
alley farming systems. The objectves include research
and training to ensure effective nitrogen fixation in
legume-based alley cropping systems, to realize
maximurm benefits from mycorrhizae for enhancing
tree-legume effectiveness in these systems, and 1o
develop computer-basad information systems as a
resource for national research/extension activities on
dlley cropping systems, The target is the acid, infertile
and highly weathered soils of tropical Africa.

Cooperative long-term research with Michigan
tate University seeks to quantify root competition for
nutrients and water between associated crops in alley
cropping systems.  The long-term goal is to quantify
the underground processes of both hedgerow and
dley crops grown in alley cropping systems, so that
alley cropping may be adapted to more acid seils and
to the subhumid tropics.

A collaborative project with the Instiiute for Soil
Fertility in the Netheriands seeks to quantify the role
of soil organisms in scil management for food
production in the humid tropics. A long-term project
with the Katholic University of Leuven, Belgium, will
study the dynamics of soil organic matter and s

relationship with food crop yields and soil productivity.

Collaboration with otherinternational organizations.
ITA co-sponsors the Alley Farming MNetwork for
Tropical Agncutture (AFMNETA} with ICRAF and the
Intermational Livestock Center for Afnca (ILCA), which
involves saentists of most Affican countries.  Its
general objectives are to promote and support alley
farming research, including on-farm testing, use and
extension ofthe concept across diverse environmen s,

Collaboration with ICRAF in a joint project with
Oregon State University involves the stationing of an
ICRAF scientist at lITA to evaluate multipurpose tree
species for agroforestry systems in the humid lowland
zone of West Africa.

Collaborative research activities are planned with
IFDC in soil fertility management for sustainable
agricultural production in the hurmid forest and mland
valley ecosystemns. An IFDC saentist will be stationed
at the lITA station in Mbalmayo, Camercaon,

ITA participates in the West Africa Farming Systems
Research Network, which sponsors the farming systems
research course atthe University of Dshang, Camercon

ITA is collaborating with the West Afnca Rice
Dievelopment Association (WARDA) in rice-based
farming systems research in:

» Characterization and classification of land resources
for crepping in general and en nce cropping in infand
valleys in particular,

» Resource and crop management research on rice-
based cropping systerns in inland valley bottomns and
uplands in West Africa

Cooperation with national programs. The Resource
and Crop Management Program’s networking activi-
tieswith national research programs are based primarity
with AFNETA, a group on cassava-based systems re-
search which has existed since 1985, and a group on
maize-based systems research (COMBS) launched in
MNaowvernber 1989, Each group holds an annual work-
shop where ongoing collaborative projects are re-
viewed and plans made fornew ones. The callaboration
mainly concerns an-farm adaptive research, focusing
on soll fertlity management and weed control,



Root, Tuber and Plantain

Improvement

assava, yam and plantain, widely grown by small

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 tuberous roct —is by far the most important,
providing more than half the food energy consumed
by more than 200 millicn people. Plantain is eaten as
a staple food by about 60 million people.

The IITA Root, Tuber and Plantain Improvement
Program is organized (see diagram below) to conduct
research mainly on cassava, yams and plantains which
addresses preblems of crop improvement, including
breeding for pest resistance and quality factors, and
postharvest processing. it workswithnational programs
to adapt technological advances te their specific
needs.

Cassava

ITA cassava scientists have developed high-yielding
pest-resistant cassava vaneties with good eating quality
charactenstics that are being adapted to the humid
forest, forest-savanna transition, moist savanna and
mid-altitude agroecological zones. They have set up
301testsites inthose different zonesin Nigeria with the
help ofnational colleagues. By 1990, ITA varieties had
been released to national programs in nine countries
forfurthertestingand release to farmers: inCameroon,
Gabon, Libena, Nigeria, Rwanda, Seychelles, Sierra
Leone, Tanzania and Zaire.

Scentists from those countnes have confirmed
that the new varieties are resistant to the two most
destructive disease pests: cassava mosaic virus disease
and cassava bacterial blight. The Catholic University

of Leuven in Belgium has also conducted tests of ITA
cassava clones, or plant material which is one stage
short of being produced as a variety. Involving the use
of bactenal strains from many countnes all over the
world, those tests have confirmed stable resistance of
IITA clones to cassava bactenal blight.

While the major disease problems have been
overcome through breeding for host-plant resistance,
the spread of the cassava mealybug {Phenacoccus
manihoti) and the cassava green spider mite
{(Monorychellus tangjoa) throughout Africa’s cassava
belt has posed a major challenge in recent years.
Significant success has been achieved in biclogical
control of the mealybug in many cassava-growing
areas of Africa and a similar approach is being
investipated for the mite. (See Biological Control
Program article) But the ultimate goal is integrated
pest management involving host-plant resistance.

The mechanisms for insect resistance/tolerance
that are cbserved in such ITA cassava clones as TMS
91934 are being investigated. The presence of
trichomes, or minute hairs, on the young cassava
shoct seems to discourage attack by the cassava green
spidermite. The trichomes appearto physically inhibit
feeding by the pest. Severalhigh-yielding varieties with
such pubescence or hairy development have been
identified. Hybrids between cassava and its wild
relatives, in particular Manihot trists and M. ancmala,
are attracting interest as improved clones with the
resistance character of pubescence.

Although cassava as a crop is adzpted to many
different environments, the evidence suggests that
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Cassava in Africa

Cassava is the single largest source of
calories produced throughout tropical
Afnca. West and Central Africa each
account for about one-third of cassava
production in Africa; Zaire and Nigena are
the continent’s leading producers (see
figure). About three-fourths of the cassava
in West Africa is grown in the forest and
moist savanna zones, Data on production
ofroot cropsin Africa are especially suspect,
but production of cassava has undoubtedly
increased in West and Central Africa,
although perhaps not as fast as population.
Almost no export/import trade in cassava
products isrecorded, but some trade does
take place across land borders.

Cassava is more productive under poor
soil conditions than are mast ather crops,
and for this reason it often is planted last in
the cropping sequence, just before the
land reverts to fallow. Production of cassava.
roots requires relatively little labor
compared with that of rice or yams,
maoreaver, the timing of these labor inputs
is very flexible since the root can be left in
the ground for penods of several months
oreven a few years in some cases before
harvesting. The ability of cassava to
withstand drought once the plant is
established has also encouraged its use as
a famine reserve crop in drier parts of
Alfrica. Tolerance of poorsails and low ard
flexible labor requirements help explain
why cassava production has histoncally
increased in areas where the best land and
maost of the available labor are devoted to
cash crops (for example, cocoa) or labor-
intensve food crops (yams). As population
pressure leads toincreased use of marginal
lands, the area planted to cassava is likely
to expand.

The labor required for processing the
roots into gan, one of the maost widely
consumed cassava products in West Africa,
is very high and equals the total labor input
for production of the roots themselves.
This processing is usually done at the
household orvillage level, almost exclusively
by women and children. The end product
is suited for low-income urban consurmers
because of its low cost per calone (slightly
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lower than that of maize) and because it
requires almost no further processing. The
low protein content of gan is augmented
by the soups and meat with which it is
usually eaten.
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individual cassava varieties often have a narrow
ecological adaptation. Multilocational trials conducted
over a wide range of agroecological conditions in
Nigeria have shown differential responses of cassava
clones (genotypes) to the various edaphic, climatic
andbiotic factors encountered in those environments.
Suchinteractions between genotype and environment
(GxE) often complicate the selection of desirable
genotypes and thus hinder progress in varietal
development. In order to avoid this hinderance, the
selection process is being conducted from early
generations directly in the specific target environments.

Reproductive biology. New discoveries at lITA about
the reproductive biology of cassava may offer akey to
rapid dissemination of improved varieties and,
eventually, to the agronomy of cassava through true
seeds. Some cassava varieties can develop viable
seeds even when the normal fertilization process is
prevented, in a form of vegetative reproduction called
apomixis. IITA breeders have observed that first-
generation hybrids between an improved clone and
wild Manihot relatives (known as interspecific hybrids)
all resembled the cassava parent.

In order to investigate this unexpected outcome,
the female flowers of a number of clones were
covered with cloth bags before the opening of the
perianth and kept bagged for some five days, by which
time the stigmas had ceased to be receptive. Despite
the bags, which had effectively prevented the
opportunity for fertilization with pollen from African
honeybees orany other external source, many flowers
set fruits with viable seeds which produced normal
plants.

[ITA aims to breed high-yielding cassava varieties
which consistently produce true seeds by this process
(obligate apomxis) such that their progenies are
identical with the mother plant. Such true seeds could
serve as a cheaper and more convenient means of
disseminating and propagating improved cassava
varieties.

Another exciting and promising finding among the
interspecific hybrids produced at lITA hasbeen cassava
polyploids—plants with a multiple of the normal
number of chromosomes. (See inset story on "Cassava
Polyploidy".) Itisstill early to substantiate the advantages
of polyploidy in cassava, but it is clear that polyploids
grow vigorously, quickly establish a ground cover
which helps control weeds, and yields as well as the
best improved varieties. Apomixis and polyploidy
offer plant breeders new opportunities for developing
improved vaneties.

Polyploidy—
A Cassava Breeder's Bonanza?

During the past two decades of patient plant breeding,
IITA scientists have developed improved cassava
varieties that are winning growing acceptance by
farmers in Africa’s vast cassava belt. Recently, while
crossing cultivated cassava species with wild members
of the same genus, Manihot, the Institute’s breeders
have discovered spontaneous cassava polyploids—
plants with multiples of the normal chromosome
number (2n = 36)—among some of the resulting
interspecific hybrids. The natural polyploids, which are
characterized by enormous vigor and variation in form
and structure, offer hope for furtherincreasesin yields,
broader adaptation and new breeding possibilities, for
the most important food crop of tropical Africa.

Cassava, a starchy root, provides more than one-
third of the total food energy in the region’s diet, more
than twice as much as either maize or yam. For more
than 200 million people in sub-Saharan Africa—40
percent of the population, including many of the
poorest—cassava is the staff oflife. Farmers appreciate
cassava because it tolerates drought, pests and diseases
and poor soils; requires relatively little labor; and can
be left in the ground, ready for use when needed, for
a year or more after maturity.

For reliable harvests, farmers propagate cassava
vegetatively: by planting sections oflast season’s stems,
they can assure themselves of virtually identical clones
of the parent plants. But cassava breeders, who
produce new, improved cassava types by combining
characteristics from genetically disparate parents, must
take a slower, less certain route: they rely on cassava's
readiness to reproduce sexually and to set true seed.
For example, by sexual crossings of cultivated cassava
with a single related species, Manihot glaziovii, a tree
form introduced into Nigeria from South America a
half-century ago as a source of rubber, breeders have
transferred such valuable traits as low cyanide content
and resistance to mosaic virus and bacterial blight into
African cassava varieties.

Seeking furtherimprovements, lITA scientists during
the 1980s crossed several varieties of cultivated cassava
with both M. glaziovii and M. epruinosa, a more recent
acquisition from Brazil. Among the hundreds of
progeny from their crosses, the scientists identified a
few anomalous plants with unusually broad, thick
leaves and large, widely spaced stomata, the respiratory
openings in the leaf surface that permit the exchange
of carbon dioxide and water in photosynthesis. Closer
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examination of single cells and pollen spores confirmed
that the anomalous plants were polyploids: either
tetraploids, having twice the normal diploid number,
In, of chromosomes in each somatic cell; or triploids,
with 3n chromosomes.

Natural polyploids orginate most commanly as
accidents duning sexual reproduction, when one or
both parents contribute gametes with the unreduced
{Zn) number of chromosomes. The IITA tetraploids
were attnbuted to matings between cultivated cassava
and related wild parents—bath diploids, with the nor-
mal (2n) chromosome number—that had both pro-
duced unreduced (2n) gametes. The triploids, by this
reckoning, resulted from matings between n gametes
from one parent and 2n gametes from the other.

Natural polyploids can also arise asexually, from a
falure of mitosis, resulting in a replication of the
chromasomes in asomatic cell without the subsequent,

Sexual Polyploidization in Cassava

The reproductive cells in the flower
buds, known as pollen mother cells
{PMC) in the male bud ond egg
mother cells (EMC) in the femole
bud, undergo the process of meiosis
by which the chromosomes are
separated during the formation of sex
cells ond their numbers are reduced
from the diploid condition (36
chromosomes) to the haploid (18
chromosomes). If the reduction
process foils, the resulting sex cells
retain the original diploid number of

chromosomes (36).

Following pollination, fertilization
morks the event in which the fernale
and mole nuclei (gametes) in the sex
cells join to form a zygote. If a nor-
mol male gamete (having 18
chromosomes) fertilizes o normal
female gamete (18 chromosomes),
the resuliing zygote is diploid (36
chromosomes). If one gamete is a
haploid (18 chromosomes) whereas
the other is diploid (36 chromo-
somes), a triploid zygote (54 chro-
mosomes) is produced. A tetraploid
{72 chromasomes) resuits from the
union of two diploid gametes.

normal division into daughter cells. Such asexual
polyploids are rare: among more than 200,000 plants,
the lITA cassava scientists have found only two asexual
individuals, both tetraploids, arising from adventitious
buds on two different plants. (See accompanying
diagram.)

In ITA's expenmental fields, polyploid progeny,
with genes from both cassava and its wild relatives,
grow up to be cassava types, able to hybndize freely
with cultivated cassavas to produce improved vaneties.
But some polyploids, which have the vigor associated
with hybrids in addition to their other qualities, may
achieve variety status without furtherimprovement. In
uniform yield trials in a variety of Nigerian environments,
from the high-rainfall, acid-soil area to the dry savanna,
an lITA tetraploid yielded an average of 19 tons per
hectare, nvaling one of the country's leading improved
cassavas. |he same tetraploid displayed resistance to
mosaic virus and bacterial blight, and preduced tubers
of acceptable foed quality.

As parent material for furtherimproverment, natural
polyploids, with their multiplied genetic complement,
offer breeders greater variety of form and structure
than the diploids, suggesting the possibility of breeding
radically new cassava varieties adapted to diverse
environments.

Despite their complete complement of genes from
their wild parents, the polyploid progeny of cultivated
and wild Manihot parents turn out to be all cassava
types. Thusthey require relatively few backerosses to
recaver and stabilize desirable traits, allowing breeders
to accelerate the transfer of useful genes from wild
Manihot species to cultivated cassava.
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Cassava plantlets are also beirig produced through
somatic embryogenesis, whereby embryos are
generated from non-reproductive cells of the plant,
Somatic embryos have been obtained in witra from
young leaves of several ITA cassava clones in a liquid
culture medium. Atleast [0to |5 somatic embryoids
have been obtained perleaf. Different procedures are
being investigated in an effort to generate plantlets
from the embryos.

Embryorescue. Making use of exotic gene sources to
improve cassava is an important task of ITA research
i biotechnology. Immature embryos resulting from
interspeafic crosses have atendency to die prematurely

Props for Progress:
A Better Cassava Stick

Mrs. Misitura Raufu, whose business card reads
CASSAVA TREE SUPPLIER, doesn't need statistics to
tell her that small-scale farmers have adopted ITA's
improved cassava varieties. Mrs, Raufu, assisted by her
mather and several children, has been doing business
at her jerry-built roadside stand, just across the main
highway from IITA’s |badan headquarters, for four
years. She knows what farmers want: her inventory—
bundles of cassava stemns, called sticks, 40 to 50 sticks
to a bundle, that farmers cut inte shorter pieces to
plant—is all guaranteed "lITA cassava’.

And how's business! “Look,” she says, leafing
through her mvoice book and displaying a recent sale:
600 bundles at 5 naira, for a total of 3,000 naira (abourt
LISE375). In 1990, between the first rans n March
and the end of June, halfway through the planting
season, Mrs, Raufu estimates that she seld about 3,000
bundles, Many competitars offer the same product,
up and down the highway and along virtually every
back road in the region.

The nformal trade n ITA cassava sticks began
spontaneously several years ago, when lITA enlsted
sorne local farmers in on-farm trials of improved
cassavavanetes that had performed especially well on
IITA's research plots. Asthe crop grew. the farmers:
and their friends and neighbors—could hardly fail to
notice the marked superionty of the IITA cassava to
the local vaneties. The resulting demand for planting
sticks of | TA cassava was far greater than the Institute,
which is not set up to distribute vaneties directly to
farmers, could begin to satisfy.

Entrepreneunial MNigenans like Mrs. Raufu have

owing to incompatibility between the embryos and
rmaterial tissues. HTA scientists have already established
procedures forthe culture of faidy mature embryos of
cassava and wild Marhot species on artificial growth
mecdia. Thesetechniques are being adapted for rescue
of very young embryos resulting from important
interspecific crosses,

Multiplication. ITA scientists recently developed a
technique for rapid multiplication of cassava vaneties
to cut down on growing time and help speed up
adaptive research. The technigue emtails treatrmert of
rrinistern cuttings with a fungicide suspension and
sprouting in perforated polyethylene bags before

been quick to seize the opportunity for profitable
oublic senvice.  Since she could produce clones of
ITA's improved cassavain infinite multiples, all she had
to do was get hold of a single stick and she was in
business. Fouryears later she is able to produce mast
of the sticks she needs on her own farm, buying from
other farmers if she runs short. Indeed, she's beginning
to worry that some of her customers are stealing a leaf
from her book, harvesting enough cassava sticks for
their own needs and a surplus for market.
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More yams for the
marketplace — one
benefit of
improvements in
production of yam
planting material.
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transplanting.  No costly and bulky soif s needed as
a sprouting medium. The sprouted cuttings can be
shipped in sealed polyethylene bags which meet
phytosanitary regulations in inter-country exchanges.

Utilization. Eating and nutritional qualities have been
a focus of ITA research in recent years. IITA has
improved clones with reduced cyanide content, a
more mealy texture when cooked and other appealing
charactenstics, Mealiness results from marked changes
in texture after boiling, as a result of a process which
15 being investigated.

Cassava clones have also been improved for
production of flour for breadmaking. The geal 1s
cassava varieties and processing technalogies that can
produce an acceptable bread from composite flours
with a large proportion of cassava. Suitability of
cassava flour in bread-making depends on certain
properties of cassava starch. Detailed studies at the
molecular level into differences of starch from ITA
cassava clones are being conducted with the Food
Science Department of the University of Manitoba,
Canada. ‘With another collaborator, the Catholic
University of Leuven, IITA has identified new clones
that can substitute for up to 20 percent of wheat flour
in composite-flour breads. Rapid and eflective methods
for screening of additional clones have been perfected.

In 1988, { TA cassava breeders developed improved
vaneties with yellow roat flesh. for use in traditional
foods. The West and Central African roasted cassava
dish "yellow gan" and other popular dishes such as
“fufu” can be prepared more conveniently and less
expensively with yellow cassava. Normally white, gan
tuns yellow if red palm oil is added to the cassava
during roasting. Oil from the red cil palm is nch in

carotene, a plant pigment that changes to vitarmin A
inthe body. It makes yellow gar more nutritious than
white gari, and as much as one-third more expensive,
The yellow-flesh cassava developed at ITA combines
high carotene content with good cultivation
characteristics, resistance to pests and diseases, and
a high yield; and it makes yellow gari without palm il.

Asurvey of traditional cassava postharvest systems
in Nigera has revealed tremendous losses (about
one-half of the potential product) and very high labor
input, particularly by farming women. The results
point to an urgent need for research into and
development of processing facilities, especally frying
stoves and drying areas. Postharvest equipment was
subsequently developed and field-tested and has
contributed to a | 2-percent reduction in preduction
losses and 70-percent reduction in labor input.
Contrbuting to the increase in system efficiency are
improvements in technology and the processing
system, attitudinal improvement among operators
and technical training. Some 362 units of | | types of
postharvest equipment have been fabricated and
distributed in 16 countries in West and Central
Africa Further improvements are underway, including
standardizat:on of designs and operating procedures.

Yam

The six West and Central African countnes from
Cote d'lvoire to Cameroon produce over 90 percent
of the world's yams, a staple food for tens of millions
of their people. This highly labor-intensive crop is
gradually expanding into the transition zone between
humid forest and moist savanna, as arable land
becomes scarcer (because of shortening fallow
periods) in yams' onginal humid-forest home. The
importance of the ¢rop. and the promise of significant
improvements in yield, more than justify continuing
yam research.

The goals of ITA's yam breeders are to produce
plants that require less laborious staking: to improve
the yam tuber’s shape and make it easier t¢ harvest
and handle: to in-build genetic resistance to major
diseases and nematodes; and to make yarms look and
taste betier to consumers and keep longer before
spoiling. The growingacceptance by urban consumers
of smaller but uniferm tubers (1 to 2 kg) should serve
to lighten the burden of the yam farmer in future, as
cultivation of such tubers does not entall use of tall
stakes and large mounds.

Even before 1988, despite the frustrating
complexity of yam's reproductive biology., IITA
breeders were able to make as many as 10,000
crosses annually to select for promising characteristics.



In 1988, yam breeders succeeded in their quest for
tugh-yielding water yam clones resistant to foliar
necrosis, a disease that causes yam plants to lose their
leaves prematurely.  Field tests in four different
agroecological locations produced yields of about 30
tons per hectare. which ocutperformed local cultivars
by far. Many other promising white yarn clones have
been produced and are being evaluated for further
adaptive research.

During the 1980s, IITA scientists made significant
improvements in methods for praducing high-guality,
low-cost and abundant yam planting material. relieving
farmers of their traditional need to set aside one-
quarter of each crop to use as seed for the next.

Minisett technology has been developed as acheap
and reliable method of producing seed yam. With this
technology. farmers can produce 40,000 to 100,000
seedyams perhectare. Furtherimprovementsinclude
the use of polyethylene mulch which eliminates staking,
conserves soil moisture and nutnents, regulates soil
moisture and checks weed growth. The miniseti
technigue has created a big opportunity not only for
farmers but for researchers, in making the job of
germplasm preservation easier.

Five virus-lree white yam cultivars were sent to 2 |
countries, a milestone reached because of in-vitro
microtuber formation. This new technique from (ITA
has resolved obstacles of quararting policy in the
intemational distribution of germplasm. It also has
permitted germplasm accessions to be preserved in
vitro in ITA’s senetic resources collection.

Plantain

Westand Central Alrica produce about 60 percent of
the world's plantains. Because of its long history of
wide cultivation and distribution of plantain, the region
has become a secondary center of plantain diversity.
So far, 116 different cultivars have been identified.

Plantain 1s a particularly useful crop for farmers in
the humid forest zone of West and Central Alrica. As
abackyard crop. plantain coexists easily with established
frring systems. It can provide a continuous source
of food aver the cropping year. It also counteracts
degradation of the environment through the prolific
leaf mulch cover it produces.

Plantains have long been considered to be disease-
free because of their resistance to panama disease
{Fusanurm oxysponr [ cubense) and yeilow Sigatoka
(Mycosphaerelia musicola).  This picture changed
dramatically about |5 years ago with the accidental
introductioninto Africa of black Sigatoka (Mycosphaer-

Plantain’s Reprieve from a
Black Plague

When scientists at ITA's substation at Onne, Migena,
began in | 287 to breed plantains with resistance to
black Sigatoka, they expected the effort to consume
at least |0 years—the best part of a scientist's career,
Even then, the outcome was far from assured. Mo
source of resistance was known in plantains; only in
some of its Musa cousins, which include common
table bananas, starchy cooking bananas and wild types.

In any case, cross-breeding resistance genes into
edible plantaing would be a formidable challenge;
plantains are triploids, with three sets of chromosomes
instead of the two camed by most organisms. In
theory, breeding is complicated by the fact that each
of plantain’s three sets of chremosomes denves from
adifferent ancestor. In practice, howewver, that problem
isrmaot because triploid plantains are normally seedless,
and therefore infertile. They are easy to eat but
virtually impossible to breed.

Preparing for the worst—the virtual loss of plantain
as a major food source for tropical Afrca—the IITA
scientists pursued a fallback strategy: adapting black-
Sigatoka-resistant starchy cooking bananas, they
prepared to offer them to lowland farmers as plantain
substitutes. Wamed an |ITA statement early in | 989:
"Time may be running out for plantains.”

Just nine months after this gleomy forecast, by the
end of 1985, plantain's future was looking rmuch
brighter. Y'ears before they had expected any significant
success, the scientists at ITA's Onne station wers in
sight of their goal. Growing in their experimental fields
were 3 few hybrd plants that locoked—and, mere
importantly, tasted—Ilike plantain, and that had inherent
resistance to black Sigatoka.

ella fyiensts). a disease which ultimately leads to leaf
necrosis. ltis so virulent that plants are often severely
defoliated at harvest. thereby reducing yields drastically.
(See inset story on "Plantain's Reprieve from a Black
Plague™.)

Plantains are exceptionally susceptible to black
Sigatoka. No resistance ortolerance to the disease has
been found among all the plantain cultivars in IITA's
collection, which is mantained at the Onne High
Rainfall Station, Since plantains are mainty grown by
family farmers, black Sigatoka is endangering the food
security of resource-poor farmers.
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A plantain plantiet
— an improved
variety which is a
product of in-vitro
tissue culture.
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Paollination of plantain in breeding resistance to black
Sigatoka.

The breakthrough was the result of crossing black-
Sigatoka-susceptible plantains with resistant diploid
wild bananas. To arrange such an unlikely mamage,
the IITA scientists needed a triploid female plantain
that would set viable seed when fertilized by their
diploid male wild banana with genes for black-Sigatoka
resistance. Among the | | & different plantain cultivars
maintained in ITA's germplasm collection, the scientists
at first found several—by mid-1990 they had 28—
seed-producing females of the preferred type. Some
so-called French plantains that are reported to set
seeds very rarely elsewhere tumed out to set 50 to 60
seeds per stem when fertilized with viable pollen

In starting a plantain breeding program at lITA,
germplasm was collected from Asia, the primary
center of plantain diversity, and West and Central
Africa. Wild banana species resistant to black Sigatoka
were collected from many parts of the world.

In the pracess of breeding plantain with bananas in
order to obtain seeds, IITA scientists made discoveries
which changed scientfic thinking about plantains. The
tearn has identified 20 French plantain cultivars and 8
False Homn cultivars all with vanable levels of fertility,
overtuming the prevalent ideas that French plantains
had very low level of fertlity {1 to 2 seeds per bunch)
and that False Horns were sterile. Up to 219 hybnd

under Onne's conditions. False Hom plantains, which
never set any seed anywhere else, managed as many
as |15 per stem at Onne. In 1988, crossing these
plantains with resistant wild bananas—disparate
members of the genus Muso—the scientists were
rewarded with viable hybrid seeds.

Using ernbryo-cufture technigues to overcome the
seeds' reluctance to germinate, the scientists produced
some 100 hybnd seedlings, which were transferred
from petri dishes to the fields at Onne. Late in 1989
they announced that four of the resulting hybnd
plantain plants combined the physical characteristics
of plantains preferred by African consumers with high
levels of resistance to black Sigatoka. The resistance
not only delays the onset of Sigatoka symptoms; italso
slows the progress of the disease. allowing even
infected plants to mature and bear fruit normally. By
July 1920, several hundred plantain hybrids were
growing at Onne, awarting evaluation for black Sigataka
resistance

The battle against black Sigatoka s not over yet.
The scientists may need at least one mare round of
breeding toreduce theirhybnds’ chromosome counts
to the tnploid number: as the offspring of diploids and
triploids, the resistant plants are tetraploids, with four
pairs of chromosomes. Because they produce pollen,
tetraploids are capable of crossing with other
tetraploids, producing seeds that are hard and
unpleasant in the eating of the fruit.

Once this consumer-acceptance problem s
overcome, the resistant triploid hybnids will be mapidly
multiplied by cultunng shoot-tips in a medium that
induces a proliferation of clones. Finally, IITA and the
International Network forthe Improvernent of Bananas
and Plantains {INIBAP) will further multiply and
distribute the clones to national programs, which will
reproduce them for distribution to smallholders
throughout Africa’s humid-forest zone.

seeds per bunch were obtained.

Operational strategy. The plantain research program
i1s focused on the genetic improvement of plantain for
black Sigatocka resistance. This should ultimately
benefit the family farmers of West and Central Africa
who produce the bulk of the plantain crop for their
own consumption in their backyards and small fields
close to villages.

Genetic improvement involves the use of
conventional breeding techniques, integrated with the
use of in-vitro culture techniques to surmaount specific
problems.



Research Directions

Cassava

¢ (Cassava genoctypes will continue to be
selected for major agroecclogical zones:
humid forest, moist savanna, dry savanna
and mid-altitudes. Quality characteristics
being defined in the Collaborative Study of
Cassava in Africa will be emphasized.

* Cassava germplasm from Centro Inter-
nacional de Agricuitura Tropical (CIAT)
from selected agroecological zones in Scuth
Amencawillbe crossed orto ITA's iImprov-
ed cassava mosaic virus-resistant varieties
and tested for agronomic characteristics in
corresponding African zones. The pro-
mising material thus identified will be sent
out in seed form to national programs for
evaluation and further adaptation and use.
¢ The search for new sources of host-
plant resistance to the cassava green mite
as a component of integrated pest

management wiill be intensified.

» Crosses between cultivated cassava and
its related Manihot species will be
continued for manipulation of ploidy levels
and for exploring possibilities to introgress
new genetic sources from Manihot species
1o cultivated cassava.

* Research will continue to improve
understanding of the physico-chemical
bases for quality oftraditional food products
prepared from cassava, yams and plantains.

Plantain

* Further research will enlarge under-
standing of the epidemiclogy and biology
of the causal organism of black Sigatoka
disease.

*» Breeding of durable host-plant resistance
to black Sigatoka in plantain from different
genetic sources will be attermpted.

* The sources of resistance to banana
weevil will be identified and incorporated
into plantain breeding populations.

= Investigations into the rapid decline in
yield of plantains under farming conditions
in West and Central Africa will continue.

Yam

» Selection of genotypes for resistance to
necrosis will be ermphasized because of its
importance for minimum staking.

* The search for increased flowering and
better synchronization of flowering will be
intensified. Maore locations with different
environmental conditions will be used for
flower induction

* DNA analysis will complement and
extend on-going preliminary work on
isczyme and storage protein electro-
phoretic analyses.

The achievements described in the inset story,
within two years of starting the plantain breeding
program, indicate that other breeding objectives may
also be achievable in the near future: breeding for
banana weevil resistance, nematcde resistance and
dwarfism, and against yield decline.

International Collaboration

Germplasm exchange and dissemination of improved
lines have intensified in recent years and become
prme outreach activities. Dissemination of improved
lineswas at first delayed, however, by the slow process
of multiplying planting matenal; and delayed further by
national plant guarantine regulations. Both obstacles
were at least partially overcome by the introduction of
tissue culture and reliable indexing techniques, which
eliminate viral and other diseases.

Root crops. Several thousand true seed of cassava
and over 10,000 disease-free clones in tissue culture
form have been shipped to 38 African countries,
where those varieties best adapted to local conditions
are selected. Among the new releases derived from
ITA germplasm are the CARICASS series in Libena,
the ROCASS and NUCASS series in Sierra Leone,
CIAM 76-7 in Gabon. Kinuani in Zaire, and NC-
Savanna and NC-Idiose in Nigeria. True seeds frem
local cassava clones outcrossed with IITA improved
crosses have been introduced to IITA for evaluation.

selection and hybridization with IITA clones in order
to combine desirable traits from local germplasm with
the high yields and pest resistance of the latter.

ITA and Centro Internacional de Agricultura
Tropical (CIAT) have expanded their sharing of cassava
germplasm. CIAT has conducted tnals with two ITA
improved clones. Preliminary results indicate that
one, TMS 30572, produces a stabie yield under a wide
range of ecological conditions in Colombia. Another
clone, TMS 30001, was found to be resistant to
superelongation disease. a major Scuth American
disease of cassava. CIAT has introduced 149 cassava
families into ITA, and a CIAT scientist has joined the
ITAresearchteam. This willensurethatthe germplasm
base for the improvement of cassava in Afnca is being
broadened.

In Cameroon, Rwanda and Zaire, lITA has trained
over 20 scentists, 600 technicians and extension
agents and 2,600 farmers cr representatives of fanmers’
associations inusing roct crop technologies. Improved
varieties of cassava and swest potatc have been
produced and released to farmers by those national
programs and by the National Root Crops Research
Institute and National Seed Service of Nigeria, using
IITA germplasm, Sierra Lecne, Libena, Mazambique,
Togo, Malawi, Kenya, Tanzania and Uganda, among
other countries, are actively develcping their national
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root and tuber improvement programs and attracting
donor support for those programs in collaboration
with IITA, |ITA scientists have been assigned to
cooperative roct crop programs in Ghana, Cameroon,
Rwanda and Zaire,

The Eastern and Southem African Regional Root
Crops Network {(ESARRN) has coordinated ameng
the countnes of the region and IITA the planning and
execution of regional research of common interest.
IITA also participates in the Central and West African
Regional Root Crops Network (CEWARRN).

ITA participates in the African Plant Biotechnology
Network (APBNet) and the Intemational Plant
Biotechnology Network (IPBNet) which link the
countres of Africa with advanced biotechnology
laboratories.

In 1989 IITA handed overthe responsibility for the
improvement of sweet potatc to a sister institute,
Centro Intemacional de la Papa (CIP). The links with
CIP remain close as IITA continues the process of
assisting CIP in implementing its responsibility to
Africa for sweet potato germplasm.

IITA has research links with several advanced
laboratories in areas which complement on-going

research. Mutation breeding of yam and cassava. and
somatic embryogenesis in yam, are being investigated
in collaboration with the International Atomic Energy
Agency, Vienna, Collaborative agreementsforresearch
on various aspects of cyanogenesis and cassava
detoxification and utilization are currently being planned
with universities in Australia, Denrmark, Netherlands,
UK and USA. Somatic embryogenesis in cassava is
being pursued with the University of Bath, UK, as well
as research on the processing quality of plantains.

Plantain. To strengthen plantain research, ITA has
established linkages the Intermational Network for the
Improvement of Bananas and Plantains (INIBAP), with
the purpose of testing hybrids of both the Honduras
Foundation {FHIA) and lITA in different agroecological
environmerits in Afncaand Central and South America.

Phylogenetic studies in plantain are being given a
boost with analysis of restriction fragment length
polymorphisms (RFLP), in collaboration with the U.S.
DCepartment of Agriculture in Georgia, US.A. The
research aims to evaluate genetic diversity in plantain
and improve understanding of the organization of the
plantain genome. Studies of postharvest processing
quality and starch  quality of plantains are being
conducted with the Overseas Develocpment Natural
Resources Institute, LK.



Grain Legume Improvement

rotein-rich grain legumes—mainly cowpea and,

inrecent years, soybean—are espedallyimportant

in many parts of Africa where diets are otherwise
scanty in protein sources. These plants. capable of
praducing their own nitrogen requirements from the
nitrogen in the air, are also a basic component of any
sustainable crop system in the savannas of Africa.

The Grain Legume Improvement Program is
organized {see diagram below) to conduct research
mainly on cowpez and soybean which addresses
problems of crop improvement and utilization in the
target areas of farmer use.

Cowpea

Cowpea in Africa is traditionally considered to be a
food legume of the poorest farmer's dietand is mostly
cultivated as a subsistence crop. In the mixed farming
systems of the Sahelian regions, cowpea is the
predominant legume and a major source of human
food and fodder for cattle. H is a secondary crop
mainly in semi-arid zones, in association with millet,
sorghum, maize, cassava and cotton. It is drought-
tolerant and can be grown in poor soils. Cowpea is
able to fix nitrogen in the soil efficiently at around 30
to 70 kitograms per hectare per year.

Unlike many other legumes, cowpea may be
censumed at different stages in its development: as
leaves green or dried. green pods, green peas and
grain, of which the last is the most popular. Dried
cowpea is highly nutritious: 24-percent protein, 20-

percent oil and the rest carbohydrates with minerals
and other nutrients. Dred cowpea seeds take
comparatively less time to cook then many other food
legumes, animportant consideration in most developing
countres where cooking fuel is scarce and expensive.

Research conducted on cowpea by national
programs of African countries and IITA has made
cultivation of the crop more attractive to both small-
and large-scale growers. New vaneties with higher
yield potential, a range of maturtties, and resistance to
some diseases and insect pests are being grown in
larger areas and different agroecologizal zones than
before. [ITA has the global responsibility among
intemational centers to conduct research on cowpea.

Ecologies of cowpea. In the different agroecological
zonesin which they are grownin Afnica, the appearance
and growing habits of cowpea differ according to
diversity among genotypes, climatic conditions,
cropping systems and production problems.

In the Sahel, traditional farm varieties are an
indeterminate, viny, spreading type with a growing
period of up to | 20 days. They are fast-growing, cover
the soil surface and produce large quantities of biomass.
Millet is the main cereal here; cowpea is cultivated in
mixtures with millet. Cowpea is consumed as green
leaves, dried leaves, green peas, dry grain and fodder.
After harvest, the dried plants are bundled and stored
for use as fodder for catte during the harsh dry-
weather period.

-
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In the dry and moist savannas, cowpez 1s mostly
intercropped with millet, sorghum and maize as a
secondary crop after the cereal crop s established.
Cowpea is grown mostly for dry grain and fodder.
With the first rains, farmers often plant an early-
maturing cowpea along with a cereal. Afterthe cereal
is established, the main cowpea crop is planted for
both grain and fodder.

In the lowland humid tropics (humid forest and
transition rones) which have a bimodal rainfall
distrbution of two seasons, cowpea is planted in the
second (short ranfall) season, in fields previously
estabiished with a cereal orroot crop. Cowpeain this
region is cultivated mastly for dry grainand is also used
to a limited extent as a green leafy vegetable. Early-
to-medium-maturing (60 to 70 days) varieties are
preferred. Short, compact and upright varieties are
considered most suitable.

In the forest zone, cowpeas have traditionally been
grown on a trelis for green pods for household
subsistence needs. The cortinucus rain and high
humidity which prevails for 9 to | 0 months of the year
prevent farmers from growing cowpea for dry grain.

However, in all these zones, cowpea faces severe
yield loss from indigenous insect pests. Even after
screening almost all of the existing germplasm (15,000
accessions), the resistance to some insects is low,
restlting in the need for new (unconventiona:)
approaches to stabilize yields under farm conditions
without the use of chemical pesticides.

Achievements. Havingglobal responsbility for cowpea
germplasm collection, IITA has collected more than
15,000 accessions and maintains them at its
headquarters at Ibadan. ITA headquarters lies near
the center of origin and genetic diversity of the crop,
and within the region that produces most of the
world's cowpeas. Since | 986 special efforts have been
made to collect wild Vigna germplasm which is
expected to play a key role in breeding for insect
resistance and other characteristics in future.

IITA's early work in cowpea improvement was
mainly devoted to basic research in crop physiology
and to the identification of sources of resistance to
insects and diseases. Sources of resistance to most of
the important diseases have been identified and
incorporated in breeding lines. Many of the elite lines
distributed in intemational trials since the mid-1970s
have high leveis of combined resistance to the principal
bacterial fungai and virus diseases.

Late in the 1970s, the orientation of the program

evolvedtoinclude insect resistance, wth the emphasis
on insects encountered in Africa. The strategy was to
achieve yield stability through resistance to both insect
and disease pests. Several lineswith multiple resistance
1o diseases and resistance to one or more insect pests
have been developed. Many of those varieties have
been released by national programs.

In the Sahel, the Semi-Arid Food Grains Research
and Development (SAFGRAD) project team based at
Burkina Faso began research on drought tolerance
and resistance to striga in 1980. Through their efforts,

sources of resistance to those two constraints were

identified. A cowpea breeder was based at the
International Crop Research Institute for the Semi-
And Tropics (ICRISAT) Sahelian Centre at Niamey.
Several lines with resistance to aphid, bruchid, bactenal
blight and Macrophomina ashy stem blight are being
developed. Crosses have been made for combining
striga resistance and drought tolerance. Several lines
combining stnga resistance and multiple insect and
disease resistance were selected in 1989 for further
tnals after screening in Niamey and northem Nigena.

From research conducted through the SAFGRAD
project and from Iines developed at ITA headquarters,
several ines have been selectedinthe Sahelian courtries
by national programs for further tests or release to
farmers for cultivation. VITA-7, SUVITA-2 and TVx
3236 are among the more popular lines released in
the Sahelian countnes. In 1989, mixed cropping on-
station trials wthout insecticide application showed
higher grain and fodder yields than did local varieties.
Lines IT870-549 and IT87D-1491 were selected for
on-farm testing by national scientists.

In the savanna, a cowpea research station was
established in July 1990 in Kano. northern Nigeria.
(See story “Decentralization to the Savanna” in the
Research Highlights section.) HTA is working closely
with the Institute of Agriculture Research (IAR) at
Ahmadu Bello University, Zariaand ICRISAT scientists
based at Kano. IITA scientists at the station include a
cowpeabreeder and two physiologists (one supported
by the Tropical Agncultural Research Center of |apan),

Sevezl segregating lines combining aphid, striga
and alectra resistance appezr promising.  Several
cowpea lines tested through intermational trials by
national programs inthe region have been re'eased for
cultivation by farmers. In 1989 on-farm trials with
minimal :nsecticde applications, TVx 3236 showed a
moderate level of resistance to thrips and diseases
with a consequently improved yield potential. This
vanety has performed well in both the Sahel and
savanna zones. Other lines 'kewise tested in 1989 in



the savanna with minimal insecticide applications have
yielded consistently higher than local vaneties: 1T845-
2246-4, KV¥x 165-14-1 and ITB45-2231-15. VITA-3,
which is resistant to leafhoppers, was released in
several Latin American countnes where leafhoppers
are a major cowpea pest.

In the humid forest and transition zones, ITA has
succeeded in developing several lines with high yield
potential (2,000 kilograms per hectare) with multiple
virus resistance and with multiple disease and insect
resistance, Cowpea lines have also been developed
with medium (70 to 75 days} and early maturity (60
10 65 days) with a diversity in seed color and plant type
suitable for humid tropics, for cultivation during the
short rainy season or the dry season in paddy rice
fallows. These varieties are for grain production as
sole crops using insecticides to control pests. Their
yield, with improved management but no fertilizer, is
more than 100 percent greater than that of traditional
varieties. The improved varieties require less spraying
with insecticides because of their short duration and
partial resistance. The cash cost of spraying is only a
small fraction of the value of the increased output in
many countries. Some of the best performers in
intermational trials have been released to national
programs: | T82E- | 8to Zaire and Mozambique, [T82D-
889 and IT83D-442 to Bolivia.

In the mid-altitudes, an [ITA cowpea breeder was
based in Kenyawith the International Centre forInsect
Physiclogy and Ecology (ICIPE) from 1985 te 1987
During that time several local cowpea vaneties and
ITA Ines were identified with superior agronomic
character. Among the lITA lines tested in the region.
IT820-885.1T82D-885.1T82D-78% appeartc perform
better than others. A cowpea project was approved
by the Southemn African Development Coordination
Conference (SADCC) during | 585, with funding from
the Eurcpean Economic Community. Through this
project, the needs of southern African countries will
be served and varieties suitable for eastermn Afirica are
expected to be developed.

Ameng the international triais conducted in 1989
over a range of locations. the following cowpea lines
consistently performed better than others: extra early
maturity IT82E-32,1T845-2246-4,1T84D-666; medium
maturity IT8SF-2020.[T835-872.1T830-2 (S: bruchid-
resistantlines [T810-1007,1T845-2246-4.1T85F-2205;
aphid-resistant ines (T845-2244-4, IT85F-867.1T835-
128-5.

Percentage bruchid infestation and yield losses due
10 bruchids were studied dunng 198%. Compansons
were made among standard local vanety Ife Brown,

resistant check TVu 2027 and two bruchid-resistant
cowpea lines, ITBI1D-994 and ITB45-2246-4, which
are derived from crosses made with TVu 2027, The
results indicated that two months after infesiation Ife
Brown was |00-percent infested. as opposed to 7.3
to 14.7-percentinfestation inthe two bruchid-resistant
lines. TVu 2027 was | 8.4-percent infested. Similarly,
percentage oss in weight at 60 days after infestation
in Ife Brown was 18.6 percent, compared with the
other three resistant lines which varied between 1.7
and !.8 percent.

Impact. Fifty-one countries worldwide in different
agroecological zones have benefited from the
numerous cowpea lines developed through IITA.
These cowpea varieties have beenreleasedto farmers
for cultivation by the national programs. Several lines
arealso utilized by national programs forincorperation
of useful traits into the local varieties.

The thrip-resistant cowpea vanety TVx 3236 is
popular with farmers in the northern parts of Nigena,
Cameroon {savanna). Senegal (Sahel) «nd Botswana.
Along with TVx 3236, the vanety ER-7 = frequently
cultivated in southen Africa. particularly in Botswana.

Several lines with multiple resistance to discases
have been developed, including Vita-1 and Via-3
which have already been released. Vita-3, with
tolerance to drought and resistance to leafhoppers. is
popular in Latin America where leafhoppers are a
major pest of cowpea. It is extensively cultivated by

The savanna area

of Kano, Nigeria,
where the two
farmers shown

here are preparing

1o plant cowpea,
provides a good
environment for
IITA to adapt

improved varieties

to the traditional
mixed cropping
systems.
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farmers in Brazil, Jamaica and Guatemala.

Cowpea strategies. The aim of cowpea research at
ITA is to reduce the nsks in cultivation for the farmer,
thereby increasing the farmer's productivity and income.

At ITA cowpea research focuses on the cropinits
agroecological context, as part of a cropping system
with particular requirements for resistance to insect
pests and diseases. From 1988 the main breeding
objectives have emphasized:

* Morphological and physiological adaptation for
intercropping with cereals.

« Multiple pest and disease resistance for
incorporation into focally adapted varieties.

* Improved drought tolerance in cowpeas, especially
for the millet cropping system of the semi-arid zones.
* Resistance to post-flowenng pests.

» Pest resistance characters from wild Vigna species.

Because conventional breeding and sources of
genes from cowpea collections have not been
successful against insect pests in some cases, the
program is relying increasingly on bictechnology
research on the wide crosses. In 1989 wild Vigna
species were screened for resistance to major pests of
cowpeas, Several species appearto have high level of
resistance: V., vexillata, V. luteola and others to cowpea
aphid and bruchid; V. vexiflata and V. oblongifolia to the
Moruca pod borer. Some V. oblingifolic appear
resistant to pod sucking bugs.

International collaboration. [ITA works closely with
many national agncultural research systems in sub-
Saharan Africa and othertropical regions of the world,
inthe cevelopment and adaptation of newtechnology
for cowpea production. IITA collaborates with
advanced laboratories in specific problem areas for
basic research and nas initiated contract research for
sohving some ofthe difficult crop protection problems.
These include resistance to post-flowering pests of
cowpeasthroughinterspecific hybridization; resistance
tostrigaand alectra; resistanceto rootknot nematode
and cowpea aphid biotypes in the tropics.

InNigena. 1TA hascontracted research on resistance
to Striga gesnerioides and Alectro vogelli to AR and
resistance to root knot nematodes to the University
oflbadan. IITA collaborates onresistance to bruchids,
Callosobruchus maculatus and Bruchidius atrolineatus
with the Federal University of Technology, Akure and
School of Biological Sciences, Imo State Universty,
respectively. In Niger, IITA works with Institut National
de Recherches Agronomiques du Niger on Macro-
phamina ashy stem blight resistance; and in Zamba,
with Msekera Regional Research Station, Chipata, on

cowpea aphid-borme mosaic virus, among others,

With advanced laboratories in Italy (Universita
degli Studi di Napoli and Istituto del Germoplasma,
Ban) and the USA. (Purdue University}, IITA has
recently focused on biotechnology research for
resistance to post-flowering insect pests and cowpea
bruchid resistance. The ltalian government has sup-
ported this basic research. [ITA has contract research
arrangements for the biotechnology research with
Purdue Unwversity. [ITA also collaborates with the
University of Durham, where the mechanism of bruchid
resistance in TVu 2027 and cowpea trypsin inhibitor
gene {CpTly were onginally identified. TVu 2027 was
identified as resistant to bruchid by IITA in [974.

ICIPE in Kenya has worked with [ITA in the
development of diet for Maruca pod borer under a
research contract for a period of three years, funded
by the German Technical Cooperation (GTZ). IITA
has also collaborated with ICIPE in the identification of
a mechanism of resistance to Maruca pod borer in
TVu 946, andresearch onintegrated pest management
in cowpea mixed cropping with other cereals. In the
UK., ITA has contract research arrangements with
Wye College for cowpea aphid biotype resistance
research and identification of geographical races of
this pest in the tropics. With the University of Bristol.
Long Ashton Research Station, ITA collaborates for
striga research which has resulted in the identification
of B30| stnga and alectra resistant cowpea by the
Long Ashton group. B30Il is the only line which
appears to be resistant to virtually all the strains of
striga and alectrain West Africa. HT A has collaborated
in the past with the Plant Environment Laboratory,
Department of Agriculture, University of Reading, in
cowpea physiology research.

Collaborative attempts are being made to transfer
the coat protein gene of cowpea aphid bome-mosaic
virus to cowpeas, by innovative biotechnology
technigues, giving a novel approach for the control of
severzl strains of the virus, This weork could possibly
provide for contrel of other potyviruses affecting
cowpea. (A total of eight potyviruses are reported
from cowpea from all over the world.)

In the near future collaborative studies will
commence with the bean/cowpea collaborative
research support project of Michigan State University
and with the Boyce Thompson Institute, US.A, to
identify fungal, bactenal and virus pathogens irvolved
in contral of cowpea pests.

The results of these cumulative efforts should
ultimately help in solving some of the more difficult



cowpea production problems and make the crop less
nsky and more profitable to farmers in the tropics.

Soybean

Fromthe beginning ITA has attached great importance
toimprovement of soybeans for the tropics, and more
recently to research on soybean processing and its
utilization in hurnan diets. As a nitrogen-fixing legume
and cash crop in substantial demand, soybean has
great potential as an important component of
substainable farming systemns in the moist savannas of
Africa. And although the crop is not yet widely grown
by small-scale farmers there and has traditionally been
iittle used in Adrica for food, it also has very great
potential as a source of inexpensive protein in human
diets, of valuable cooking oil and of animal feed.

Improved soybean vareties must resist the major
disease and insect pests and have growth cycles which
fit agroecological conditions and the main features of
local farming systems. The second research aim is to
develop appropriate technologies for convenient home
and village utilization. if people know what foods
soybean can be used in and how to make them, this
nutntious fegume (40-percent protein and 20-percent
oil) can generate a strong demand in the marketplace
50 that farmers will continue to produce soybean for
the benefit of all.

Ecologies of soybean. The best agroecological
environments for soybean production are similar to
those for maize and sorghum. In all environments,
however, soybean has faced the two paramount
problems of poor nodulation with scil bactera and
poor seed longevity. These problems are described
in the "Achievements” section below,

The moist and mid-altitude savannas are the most
favorable zones for soybean production in West and
Central Africa. Because of the relatively short rainy
season, crop management and seed storage face
fewer problems than in the wetter zones. Improved
varieties needto have a maturity range from 75 to 130
days in order to stay within the normal range of rainfall
distrbution. In these agroecological systems, maize
and sorghum are the main crops and soybean is
planted with them n rotation or is intercropped.
Soybean production inthese zones has been expanding
rapidly in Nigena, Ghana. Cote d'lvoire and Zambia
over the past five years.

The transition zone between humid forest and
moist savanna is also suitable for soybean production.
Recent investigations show that soybean yields in this
zone are higher than those of cowpea and groundnuts.
However, the bimodal rainfall pattermwith two seasons

Some

makes maturity range an important factor,
farmers plant within one or each rainy season, while
some plant one crop across both seasens.

The humid forest agroecological zone is the most
challenging for soybean improvement, because of acid
soils and weathenng of the bean on the plant before
harvest. Harvests from an intercropping system with
cassava have shown encouraging results, however.

Inland valleys can also be promising for soybean
production, as shown in intercropping trials with rice.
Early maturity (75 to 90 days) is a particularly important
characteristic in this zone.

In all zones. apart from the immediate goals for
research already descnbed, the long-term issues for
research concern crop rotation. intercropping and
alley farming systems. The effects of soybean on
maintenance of good soil physical and chemical
properties, and its effect on yields of associated crops.
are at the heart of that concern, together with the
socioeconomic effects of soybean cultivation on the
farm families. In the savanna and transition zones it is
not yet known whether soybean has any effect on
striga populationsin associated cereal cropping systems,
In the humid forest and inland valleys, tolerance of acid
soils 15 an important character for study.

Achievements. When IITA began to collaborate with
Nigerian scientists in the [970s in soybean research,
the two most critical weaknesses in the exotic high-
yielding vaneties which they were testing were: (1)
the inability of the plant to utilize nitrogen from the air,
and (2) the low rate of germination of the seed after
it had been stored between cropping seasons. Both
were subsequently overcome by breeding and a
“tropicalized” soybean was created.

Cowpea and
soybean are
screened for

resistance to insect

pests and insect-
borne diseases in
this screenhouse
designed by HITA.
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Soybean is
beginning to fulfill
its promise as more
farmers grow

the crop and
consumers learn
how to process
and use it
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The first problem concernedthe way soybeans, like
other legumes, use nitrogen from the air. The roots
of legurnes are normally invaded by rhizobia, harmless
bacteria from the soil which capture atmospheric
nitrogen and convert it into a form which is useful for
the nutrition of their host plant. Hence, legumes need
little or none of the nitrogencus fertilizer which is so
important for cereal crops, forinstance, to the obvious
advantage of the farmer. Compatibility between host
plant and colonizing bactena determines whether the
plant rocts form nodules where the bacteria can
reside. Nodulation with rhizobia in the roots is crugial
for the soybean to acquire the nitrogen it needs.

The second problem concemed the rapid loss of
the seed's germinating ability in the warm, moist
storage conditions so commaon on African farms. Very
few seeds remained viable, or alive and able to grow,
between harvest in one year and planting in the next.

An lITA team consisting of a breeder, physiologist
and microbiologist began to work on those problems
duringthe 1970s. Genotypes with traits for overcoming
both nodulation and seed storability were found. but
other characteristics had to be improved before they
could be combined in successiul vaneties for Afica,
Pods and leaves were vulnerable to insect and disease
attack. Pods tended to “shatier” before harvest,

scattering their seeds. Under storms or strong winds,
stems fell over or lodged. Seeds were not uniformly
cream-colored.

By 1983 IITA had developed several varieties with
improved nodulation and seed longevity and other
agronomic characters. Subsequent research concen-
trated on resistance to shattering, foliar pathogens and
pod sucking bugs. and on a uniform cream seed color.
By 198%significant progresshad been made itimproving
genetic backgrounds of vaneties for Africa with multiple
resistance characteristics. Soybean yietds of up to
2.500kilograms are now obtainable with [ITA varieties
which have been released in Nigeria and other West
African countres. In 1989, 23 African countries
requested improved seeds from IITA to test for
adaptability to their local environments.

Improved cultivars with a short maturity period of
90 days. which are suitable for intercropping with
sorghum in the dry savanna, began trials with ICRISAT
at Kano in 1989. Several lines were identified with a
high level of resistance to the diseases of frogeye leaf
spot and bactenial pustules, both of which are spreading
and becoming economically significant in the region.
Over half the potential yield of one susceptible local
cultivar, Samsoy |, was lost to frogeye leafspot in trials,
while the improved resistant varety TGOx 996-26F
maintainedits high yields under heavy disease pressure.

Consumer aspects came under ITA's purview in
985, when a food technologist joined the soybean
team. The importance of improving the protein
content of Alrican diets has been the guiding principle
of this research. Soybean utilization work has focused
on improverment of technclogy for household and
srmall-scale uses, as well as the food products made
with such technology.

New methods of processing soy milk to eliminate
buming hazards and reduce the labor requirement
have been successfully introduced, leading to
commerdcial adoption of the technology. Soy flour has
been used to improve the protein content of low-
protein traditional foods without increasing the cost
or the cooking time and without changing the
appearance or taste of the foods.

For example, work in 1989 with soy milk residue
and flour has given gan (a traditional food made from
cassava) a |0-percent protein content as against less
than |-percent protein in the traditional gari. Several
recipes utilizing soy milk residue were developed, and
work continues on developing other uses for the
home and smail-scale industry. Tofu was produced
using Jocal plants as a coagulating agent. “Soyamusa”,
a new extruded, inexpensive soy-plantain baby food
has been developed. Screw presses constructed in
Africa that can process soybean are now available and
their performance is being evaluated.



Research Directions

s Emphasis is being given to problems of
the savanna zone: the dry savanna for
cowpea and moist savanna for soybean.

* Understanding of the biology of striga
and its contrel are major objectives of a
new IITA cross-program project with a
twofold approach: to reduce the stnga
population and improve host-plant
resistance to striga in maize and cowpea.

Cowpea

* Development oflocally adapted cowpea
genotypes will continue, for mixed cropping
systems in the savanna with millet and
sorghum, with emphasis on stable
resistance to insect pests and diseases.

s |Improvement of cowpea grain types
and a range of maturities will continue,
which meet the diverse needs of producers
and consumers of cowpeas in the tropics
of Africa,

* Strengthening of national programs and
regional networks for cowpea in West and
Central Africa continues to have a high

priority. Technologies for incorporating
resistance to insect pests and diseases into
local cultivars will continue to receive special
emphasis.

¢ Collaboration with the Semi-Arid Food
Grains Research and Development
(SAFGRAD) cowpea network will
strengthen understanding of small-scale
farmers’ systems and will result in
approaches relevantto theirneeds. Strong
support will also be given to the Southem
African Development Coordination
Conference (SADCC}) cowpea project.

Soybean

* Development of varieties that are
suitable for farmers in tropical Africa will
seek to combine the following traits: stable
and high yield, promiscucus nodulation,
resistance to the major diseases and insects,
good seed storability, and resistance to
lodging and shattering, with a range in
maturities from 80 to 130 days.

* |dentification of the different strains of

Cercosporo sgjina, the causal organism of
Cercospora leaf spot on soybean, and of
sources of resistance will continue and the
mode of inheritance of resistance will be
determined.

¢ Development of improved small-scale
and home-use technologies for
incorporatingsoybean into traditional foods
proceeds with the Institute for Agriculture
and Training (JAR&T) at Ibadan, Nigeria.
Simple low-cost processes are also being
developed for soybean products that
simulate meat, fish and Afncan cheese.

* Collaboration with the Institute for Agn-
cultural Research (IAR; Zana, Nigeria) and
the International Crop Research Institute
for the Semi-And Tropics (ICRISAT) will
emphasize sorghum/soybean intercropping
and crop rotation systems.

¢ Studies of the production, utilization
and marketing systems used by soybean
farmers in Nigeria will give direction for
setting goals and objectives for ITAsoybean
research.

Research strategy. A multidisciplinary team at IITA
warks together with scientists in national programs to
develop improved varieties and production and utili-
zationtechnologies. The interactionwith each institute
or university is unique and diverse, according to need.

In its genetic improvement work, the team
concentrates on incorporating resistance to ped
shattering, lodging and pod-sucking bugs inte elite
vaneties which can nodulate freely and whose seeds
retain their viability in farm stores.

Improved cultivars have been sent to ITA from
strong breeding programs in Céte d'ivoire, Zimbabwe,
Brazil and Thailand. Some national programs are
evaluating 'TA breeding lines for traits that are
important to them and for which they have a
comparative advantage in conducting the research.
Some programs request a large sample { { 00 kilograrms)
of one ortwo vaneties for on-farm testing. Oftenthey
wish to promote soybean production and utillization
but do not have an active cultivar testing program.
Some request seed of all ITA breeding lines, while
others would like to receive 10 to |5 vareties for a
replicated yield tnal.

ITA maintains a soybean breeding capability,
including a germplasm collection. When soybean
becomes widely grown and consumed by African
farmers, or if significant production problems appear,
this capability is ready to be used in conjunction with
national program efforts.

Processing and utilization have gained prionty as
researchtopics at HTA. inthe conviction that consumers
will increase demand for soybeans once they know
what foods to prepare with soybean and are able to
process them. Early inthe 1980s IITA held workshops
with Nigerian and Amenican scientists and producers
on tropical soybean production and utilization. The
participants established that the need to disseminate
new home-level and small-scale processing technigues
was urgent In subsequent years a project was
launched together with the Institute for Agricuitural
Researchand Training JAR&T), Nigeria, and a soybean
utilization specialist was provided to lITA from Japan.

Other soy-based foods onthe lITA research agenda
are weaning foods; meat, fish and dairy substitutes; bis-
cuits and breads made from composite flours including
soy flour; and various uses for soy milk. The soybean
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research team is also developing methods and equip-
ment to improve processing of soy oll, flour and milk.

International collaboration. Inbreeding, collaborative
projects are concentrated in Nigenia. taking advantage
of the favorable range of soybean-growing
environments and ready consumer acceptance. With
the National Cereals Research Institute, ITA is
evaluating effects of acid solls on its breeding lines, and
seed storability in the savanna. Resistance to insect
and disease pests is being investigated by University of
Ibadan students, while socioceconomic studies of
soybean production have been undertaken at the
University of Agriculture, Makurdi.

In other countries, the Institut des Savannes
{IDESSA) in Cate d'lvoire is evaluating breeding lines
underhigh-input production, utilizing cultivars received
from Brazil. Long Ashton Research Station of the UK.
and |AR, Nigeria have collaborated in studying striga
on cowpea for the past seven years. andhave succeeded
inidentifying B301 as a cowpea cultivarhighly resistant
1o striga strains in West Africa,

Similarly, much of ITA’s soybean utilization research

isconductedin Nigenia. IAR&T 1sdevelopingtraditional
foods with a soybean component in a collaborative
project with [ITA, funded by the International
Development Research Centre (IDRC). Baby foods
are being developed with the National Horticuttural
Research Institute (NIHORT) and University College
Hospital at Ibadan, and the Federal Institute for Industnal
Research, Oshod (FIRO). A Japanese postharvest
technologist has been provided by the Japan
Interational Cooperation Agency (JICA) to adaptsoy
food products to the requirements of Africa. Two
companies, in Ghana and Nigeria, have teamed up
with [ITA to design and build screw presses for
soybean oil extraction. Two other Nigenancompanies
are evaluating those screw presses.

Soybean has become an attractive crop in tropical
African countries. The main obstacles to successful
cultivation have been overcome with patient research
by IITA and collaborating partners over the past 20
years. Soybean is relatively high-yielding and easy to
grow in comparison with other legumes, Consumers
are beginning to find uses for soy products at home as
a food and at a commercial level as vegetable olil,
livestock feed, baby food and other food products.



Malize Research

ITA conducts a full-scale improvement program fer

maize because of itsimportance asa source of food

and feed, beczuse of its high labor productivity, and
because of its potential for rapid impact. Recent years
have seen a significant expansion of maize production
in West and Central Afnica. Maize is expected to
become increasingly important as population growth
and urbanization irrensify demand foreasily transported
and storable food grains, and as demand for livestock
products increases.

ITA's research strategy for maize focuses pnimanly
on the lowland moist savanna and humid forest zones
of West and Central Africa. lITA collaborates with
CIMMYT in a germplasm development program for
those zenes, which includes work on both open-
pollinated and hybnd varieties and efforts to maintain
stable resistance to streak virus, downy mildew and
lowland rust and blight. A maize research station is
being established in the West African moist savanna
for the development of germplasm with emphasis on
resistance to the parasitic weed stnga. At lbadan
headquarters, methods to screen germplasm for
resistance to pests and pathogens and tolerance of
other stresses is being refined. (See diagram below:.)
In addition. maize scientists are actively involved in the
savannz systerns research group. Collaboration with
and support to West and Central African national
maize improvernent programs continues, as does
active participation inregional maize research networks.

Dunng 1989, IITA maize scientists studied key
aspects of the diseases downy mildew and maize
streak virus, induding host-plant/pathogeninteractions,
survival mecharisms and surveys on incidence and
distribution in Nigena. Research on the parasitic weed

striga was aimed at improvement of resistance/toler-
ance levels in both open-pollinated and hybrid maize
varieties. Significant improvement in resistance to the
stemn borer Eldana saccharing was demonstrated in
selected lines. Nitrogen-use efficiency of key IITA
varieties was studied, and work began on characterizing
some of the physical and chemical properties of maize
gran in relation 1o consumer preferences.

Ecologies of maize

The moeist savanna, where raize has spread since the
|970s, has the greatest potential for maize production
of all agroecological zones in VWest and Central Africa.
Maize has increasingly replaced sorghum in this region.
Improved maize varieties have spread in several states
of Nigeria's moist savanna through active promotion
by Agricultural Development Projects. which have
used [ITA varieties to make improved seed, including
hybrids, available to farmers, together with fertilizer.
Without applications of fertilizer or organic manures,
however low soil fertility limits continuous maize
cultivation. The parasitic plant striga also looms as the
foremost pest threat to stable yields in the savanna.
This zone holds IITA’s highest prionty fordevelopment
in the region, with the emphasis on yield improvement
by farmers who can use improved varieties, good hus-
bandry and a few purchased inputs.

The humidforest, where maize was firstintroduced
in Africa, is characterized by high rainfall and humidity
at elevations below 800 meters above sea level. It
includesthe coastal rainforests of West Afncaand the
equatonal rainforest of Central Africa. The complex
ecosystemofthis zone presents the maize farmer with
a series of challenges: disease and insect attacks, low
light intensity during the growing season, acid soils and
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Maize has
expanded rapidly in
the moist savanna
of Nigeria, as
farmers hove
adopted improved
IITA varieties.

high humidity that makes grain drying and storage
difficutt. Rapid urbanization inthis zone has nevertheless
stimulated the demand for “green” or fresh maize
{"com-on-the-cob™) as well as for dned grain.

The mid-altitude zone—from 800to 1,500 meters
above sea level—in some parts of West and Central
Africa is ideally suited to maize. With good
management, fammers can achieve and sustain even
higher yields in this zone than in others, because of its
rich volcanic soils and intense solar radiation yet cool
nighttime temperatures.

Achievements

Most African farmers who grow maize cultivate their
land with minimal rescurces which, combined with
various stresses, produce yields of less than one-
quarter of their potential. {ITA's maize research
program has sought to breed maize vaneties for these
farmers which are (a) resistant to the maindisease and
insect pests affecting the crop and (b) better adapted
than their present cultivars to the growing conditions
and which thus will produce higher yields. The pro-
gram'’s end preduct of impreved germplasm must be
useful for national researchers, who adapt it into varie-
ties suitable for local conditions in each agroecclogical
zone, ultimately for the farmers themselves. Within
this frame the program has achieved notable successes,

some of which are descnbed in the following pages.

Diseases, Of all pests, diseases pose the most critical
threat to tropical maize development. Since the |970s
NTA has focused research with national programs on
five major diseases: maize streak virus, downy mildew,
stem/ear rot fungi, rusts and blights. The focus of the
maize program's early breeding efforts was on
combining the potential for high yield with significant
resistance to lowland rust and blight. the two most
important maize diseases at that time. Building on
germplasm identified by Nigerian research and
CIMMYT, I'TA breeders developed two open-
pollinated varieties. Because of their resistance to
those foliar diseases. the two varieties were quickly
and widely adopted throughout Nigeria. As a result
lowland rust and blight are nc longer an immediate
danger to impreved maize crops.

As the doubly resistant varieties were winning ac-
ceptance throughout Nigena and in several other
Adrican countries, inthe mid- | 970s the maize scientists
added maize streak virus 1o their agenda, then downy
mildew, and striga a few years later. In 1977, the
pregram also began to tailor varieties for the mid-
altitude zone.

IITA maize scientists have received accolades fer




0 years of effort in conquering maize streak virus, one
of the main pests of maize in Africa. They devised
novel screening technigues and a breeding strategy
which identified a highly stable type of resistance,
innovations which led to success and eamed IITA the
King Baudouin Award for International Agncuitural
Research in 986, IITA organized an accelerated
breeding campaign with CIMMYT and African national
scientists to incorpeorate the resistance genes into
improved vaneties, By early inthe 1980s, high-yielding,
streak-resistant vaneties—both open-pollinated and
hybrid—with different maturing rates and grain types,
were ready for farmers in all the maize-producing
zones of Africa.

Maize pathologists are gathering fundamental
knowledge on downy mildew, a devastating fungal
disease. Limited to a few areas at present, downy
mildew appearsto have a potential to spread together
with expanding maize cultivation which must be
assessed. Besides undertaking studies on the causal
organism and the disease cycle, the pathologists nave
begun to investigate the interactions between host
plant and pathogen. lITA pathologists are also working
with Nigerian scientists to improve screening
techniques for identifying resistant germplasm.

Scientists from il TAand the Institute for Agricultural
Research and Training {IAR&T) at Ibadan, jointly
conducted a survey on the incidence and distribution
of downy mildew disease in 1989. They investigated
survival mechanisms ofthis fungal disease and potential
sources of inoculum, as a step in building an
understanding of its epidemiology and its potential to
spread into new maize areas or to develop more
virulent strains. ITA scientists, with colleagues from
the University of California at Davis. plan to apply the
biotechnology technique of restnction fragment length
polymorphism (RFLP) analysis, a new tool for examining
such genetic vanability.

Striga. The parasitic plant striga, or “witchweed”, is
becoming a serious pest as maize production expands
from the humid forest into savanna areas. the home of
striga. The striga genus co-evolved with the native
African crops of sorghum. millet and cowpea, which
may have thus developed some tolerance of the pest.
Maize has little natural resistance since it was introduced
into Africa less than 500 years ago and was grown
mainly in the forest zone, where striga does not occur.
Up to 90 percent of a maize crop can be lost to striga
in severely infested fieids,

QOwver the past decade lITA scientists have screened
thousands of maize vaneties or lines for striga resistance,
and have identified some moderately resistant types,

They have succeeded in artificially infesting large test
plots where different maize lines are screened for
resistance. They have begun to develop moderately
striga-resistant varieties for tropicat Africa using genes
from temperate-zone maize. In (988 IITA scientists
began studies with colleagues from University College,
London on the physiological basis for resistance.

Insect pests. The main insect pests of maize in Africa
are: stem borers, which attack the growing maize plant
itself; teafhoppers, which are vectors of viruses that
attack the plant; and the various enemies of stored
maize, chiefly the grain weevils. To combat these pest
probiems, maize entomologists work at understanding
their biology. their population dynamics and their
compiex interactions with the plant. In quest of maize
plants with built-in pest resistance. the researchers
devise methods for multiplying and raising large
populations of the pests. for infesting maize plots
under controlled condrtions, and for keeping accurate
scores ont how well the test plants survive,

Stem borer resistance poses an unusually difficult
challenge to maize breeders. In 1989, after improving
the screening method against Eldana, one of several
important stem borer pests, IITA scientists screened
numerous maize lines for resistance and could demon-
strate significant improvermnent in resistance levels,

Maize, as a crop
new to the savanna
which is the hame
of striga, has little
natural resistance
to the pest and
must be bred for
durable resistance.
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Maize is increasing
in popularity as @
food for urban
populotions, o trend
which influences
farmer acceptance
of different varieties
and, hence,
breeding research
objectives.
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On-farm trials with Beninois scientists have
confirmed 1hat resistance to weevils needs to be
improved for the hurmid forest zone. The scientists’
strategy defines three lines of defense: a better husk
cover and physical and chemical charactenistics of the
kemels. The Natural Resources Institute, UK will help
[ITA totest forresistance and to elucidate the possible
chemical and physical factors associated with resistance.

ITA entomologisis conducted a survey on the
insect vectors of maize streak virus. Cicaduling
leafhoppers, in different Nigenan agroecological zones.
They studied the grass hosts of the virus and the
capacity of the virus to be transmitted from these
grasses o maize. They need such information in order
to understand how the wirus survives the dry season,
when there s little or no maize, and where reinfection
comes from, at the beginming of each new rainy
season. These studies should also be able to show
whether new strains of the virus are appeaning in wild
grasses which could jeopardize currently resistant
maize varieties, So far none has been found.

Entomologists also began to study the feeding
behaviar of the leathopper, n order to improve
vnderstanding of host-plant/vectorivirus interrelations.

Fertilizer. Maize farmers in Afnca are aware of the
benefits of fertilizer and use it when they can find and
afford it. The recent spread of maize in the savanna

was facitated by availability of subsidized chermical
fertilizers, especially nitrogen. However fertilizer prices
are increasing and distnbution systems often favor
large-scale farmers. Furthermore, maize root systems
tend to develop poorly in tropical soils. so that their
recovery of nitrogen from fertilizer is often inefficient,
sometimes as low as 20 percent of total nitrogen
applied.

ITA scientists have begun tolook at the possibilities
for breeding African maize for improved efficiency in
nitrogen uptake and use. They have evaluated the
yield performance of certain improved maize varieties
under varying conditions of soil nitrogen fertlity. [t is
clear, however. that high yields from any maize variety
cannot be sustained without some form of nitrogen
enrichment of the soil. Economical ways to improve
soil fertility and soil nutrient retention are being
researched by the IITA Rescurce and Crop
Management Program. These methods need to be
combined with maize varieties that are designed to
increase the efficiency of nitrogen use,

In 1989, scientists measured dry matter production
and nitrogen uptake and distnbution in the plant. n
several maize varieties, in orderto identify mechanisms
associated with efficient nitrogen use. Grain yield of
different varieties declined as the nitrogen level
decreased: however, vaneties which yielded well with
high nitrogen levels also tended to be the better
vielders under low nitrogen. Different results had,
however, been found earlier among vaneties tested in
ITA's outreach program in mid-altitude Zaire and in
savanna trials in Burkina Faso.

Eating quality. Little work on guality charactenstics for
human consumption has been done in developed
countries because maize 15 used there mainly as an
animal feed. However, looking toward the future
when maize will be a major food source for the wrban
population in Afnca, urtzan preferences will influence
guality characteristics in the maize supply. Already,
consumer taste and texture characteristics greatly
influence differential market prices for maize. IITA
scientists in the Republic of Benin have found that
farrniers like the high yields and disease resistance of
IITA vaneties, but are used to different grain textures.
Hence. the researchisimportantfor farmer acceptability
of the new improved vaneties.

ITA scientists began to charactenze some physical
and chemical properties of maize grain and to study
their relationship with consumer preferences. The
ratio of sugar to starch. and the hardness of the kemel,
are important eating characteristics of green maize. In
the dry grain of mature maize, soft floury kemels are



preferredin many areas while hard kemels are preferred
inothers, depending on thetype of dish being prepared.
Research on genetic control of this characteristic, and
its relationship with protein content of maize, has
commenced.

Breeding. The “pay-off’ from the work descnbed
above is the development of new, improved varieties.
ITA breeders must always be engaged in pioneenng
work against new challenges, such as striga, as well as
conduct regular programs of “maintenance” breeding
to keep up the levels of resistance to such disease
pests as streak virus, downy mildew, rusts, blights and
stem/ear rots.

Breeders can develop two types of maize: open-
pollinated vareties, which farmers like because they
can propagate the seed on-farm from yearto year; and
hybrid vaneties, whose advantage is a higher yield but
for which seed must be bought anew each year. [ITA's
maize program works on both types, because both
areimportant in the development of small-scale maize
farming. They also form complementary components
in maize breeding strategies: hybrid varieties can be
developed out of open-pollinated “*base populations.”
From open-pallinated populations come the “inbred”
lines with specific genetic traits which are used in
developing new hybrids as well as in “fixing” desirable
genes into unchanging forms, as a genetic resource.
Inbred lines can in tum be combined to form new
open-pollinated vareties.

The use and commercialization of hybrid maize can
be a milestone in maize development in any country,
because it contributes to the profitability of the local
seed industry. which is so iImportant for sustaining a
source of high-quality hybnd and open-pollinated

seed for farmers. By 1984, hybrids produced at IITA
had helped to establish two successful Nigerian seed
companies.

ITA maize breeders in 1989 reviewed work on
inbred lines and hybrids and corrected deficiencies in
certain traits. They tested 3,000 experimental hybrids
in order to diversify the germplasm base.

Research strategy

Research strategy must respond to changing needs
and possibilities, tallonng its research priorities according
to pestand environmental problems andto consumer
needs in each agroecological zone. For example, the
advantages of easy cultivation and high productivity
could lead to overpreduction and depressed prices
for maize for human consumption. Hence, future
strategies should entail altermative use of maize as
livestock feed or industrial applications. {(See table on
maize breeding objectives on this page.)

In the moist savanna, breeding for resistance to
striga ranks as the highest priority. Basic research is
needed on host-parasite relations, resistance
mechanisms and resistance screening methods. And
looking ahead, the potential for downy mildew to
spread with expanding maize production calls for
preemptive research measures to contan such a
threat.

[ITA is establishing a research staton for maize
research in the moist savanna zone. Cther iITA
research programs with an interest in the zone will
also use the facilities. An adjunct CIMMYT breeder will
work there to adapt susceptible germplasm to resist
African pests.

Breeding objectives for maize in West and Central Africa |
Agroecclogical Cropping System Breeding cbjectives ‘
Zone Biotic Abictic )
i
Hurnid Maizefcassava Dowriy mildew, stem borers, Nitrogen use efficiency,
forest ear and stalk rots, streak virus, intercropping
storage weevils, curvularia, rust charactenstics
and blight
Maist Maize monocrop, Stnga, hybnd vigor, streak virus, Nitrogen use efficiency.
savanna Maize/sorghum, downy mildew, stem borers, drought
Maizefcowpea rust and blight ;
Mid-altitudes Maize intercrop. Blight, rust, streak virus, Acid soll tolerance
Maize/legume hybrid vigor, ear and
stalk rots, stem borers




Maize plants in the
fareground show
symptoms of downy
mildew, which has a
high priority in
humid forest
research at IITA in
the hands of Dr. O.
M. Olanya and
others.

For the humid forest. ITA scientists will continue
their research at the lbadan campus headquarters.
The first priorities are resistance 10 insect pests (stem
borers and storage weevils), downy mildew, and ear
and stalk rots. The possibilities of improving green
maize will be further examined. Also, maintenance
breeding against streak virus and lowland rust and
blight must continue.

The highest research prionties for the mid-altitudes
are development of higher-yielding varieties with re-
sistance to mid-altitude rust and blight and streak virus.

ITA scientists aim at developing “durable’ resistance
that won't break down after a few years. Durable
resistance is often based on the interaction of many
genes in complex forms which pests have difficulty in
overcoming, even with their own natural mechanisms
for adapting to new situations. A durable resistance to
a pest can give stability to the farmer's maize yeld,
which is crucial for the small farmer whose resources
ieave little margin for risk-taking in selecting a crop to
plant.

With the deeper understanding gained from those
efforts comes the ability to breed improved maize
germplasm and to help scientists in national maize
programs in Improving varieties to meet their own
particular needs. [ITA scientists develop and test
improved germplasm and distribute it 10 researchers

in African national systems and to others for adaptation
to local cultivation needs. They also tap the resources
of advanced laboratories for primary research
technologies needed in the adaptive process.

The effort also enlists scientists from other IITA
programs. Colleagues inthe Intermational Cooperation
Program, for example, work with national research
systems in training scientific manpower. Scientists in
the Virology Unit investipate maize viruses. Maize
scientists contribute improved germplasm and therr
disciplinary research to the Savanna Systems Research
Group in IITA’s Resource and Crop Management
Program. In turn, the group feeds back the results of
its trals under actual farming conditions. This
information guides the maize scientists in retumning full
circle to defining their future research objectives.

ITA and CIMMYT are addressing the major germ-
plasm issues of Africa as a whole. [ITA concentrates on
West and Central Afnican problems while CIMMYT
takes the lead in East and Southern Africa. They ex-
change and test germplasm and information between
the two regions to ensure that all African countnes
have access to the best available matenals.

International collaboration

ITA's most active partnerships with national research
systems have been with Cameroon. Nigeria and Zaire.
IITA also participates with 26 national maize programs
through the Semi-Arid Food Grains Research and
Cevelopment (SAFGRAD) maize network, and posts
a coordinator with SAFGRAD project headquarters
in Burkina Faso, Within the intemational research
system. lITA'smaize research program shares research
findings and genetic materials with CIMMYT in Mexico
and other institutions,

The devastating Sahelian drought early inthe 1980s
galvanized the 26 national programs bordering the
West African Sahel desert and dry savanna areas, with
donor agencies and technical support institutions, to
link their research systems in the struggle to keep
agriculture alive in those areas. Countries take on
research responsibilities according to their capacity, in
such areas as resistance to drought, streak virus, stnga
and stem borers, and improved grain quality and
storability. For these dry savanna areas where maize is
intercropped with cowpea, ITA has contributed maize
and cowpea germplasm, training and technical advice
and support. Many member countries have seen their
capacity to utilize and generate new germplasm grow
as a resuit of SAFGRAD activities.

In Cameroon, the National Cereals Research and
Extension {NCRE) project houses an [ITA maize



Research Directions

* Priority is being given to problems of the
moist savanna zone, the most favorable
lowland environment for maize. A station
for maize research in the moist savanna
zone is being established.

» Understanding of the biology of striga
and its control are major objectives of a
new lITA project with a twofold approach:
toreduce the striga population and improve
host plant resistance.

* Strengthening of national programs and
regional maize networks in West and
Central Africa continues to have a high
priority. Transfer of technologies for
screening for resistance to maize streak
virus will continue to receive special
emphasis.

* Close collaboration of the maize
program with I[TA's Savanna Systems
Research Group is strengthening lITA's

understanding of small-scale farmers'
systems.

e Development of locally adapted
populations, inbred lines and hybrids will
continue emphasizing: stable resistance to
foliar and ear diseases and to maize streak
virus; resistance to stem borers and storage
insect pests; grain types and a range of
maturities to meet the needs in the lowland
and mid-altitude tropics.

breederwho develops new varieties with local scientists
for the western mid-altitude plains. a major maize-
producing and -consuming part of the country. NCRE
has developed high-yielding open-pollinated varieties
for the area resistant to highland blight and rust.
Hybrid maize is also expected to make an impact
there, since NCRE has produced inbred lines with
excellent combining ability.

Since lITA vaneties resistant to maize streak virus
have not yet been widely introduced in Zaire, the
disease continues to damage the maize crop there. An
IITA breeder and entomologist in a bilateral aid
program have helped scientists in the national maize
program to select and test streak-resistant varieties on
farms. Those varieties have begun to enterthe national
seedmultiplication process. lITA and Zairean scientists
have also constructed a leafhopper rearing facility,
needed in continuing the selection of future resistant
varieties for Zaire.

Substantial facilities at IITA headquarters are an
asset to national program scientists who use them on
visits or research attachments to enhance their own
work The process flows two ways: visiting scientists
and collaborators in tum add insights from their own
experience to ongoing lITA work, providing an extra
dimension to research accomplishments at [ITA.

During 1989/90. a Ghanaian breeder took the
opportunity, as a visiting scientist at ITA, to utilize IITA
materials and facilities to strengthen maize work in
Ghana. Dr. Baffour Badu-Apraku, who received his
doctorate from Cornell in 1986, has since that year
headed Ghana's maize program based at the Crops
Research Institute, Kumasi. He is happy that his year-
long stay at lITA has produced substantial resufts.

Within two experimental generations, Ghanaian
maize varieties have been improved with resistance

genes to maize streak virus. Also, inbred lines from
IITA and Ghana have been matched to produce
better Ghanaian hybrids.

On his retum to Kumasi, Dr. Badu-Apraku will
work In transferring the maize streak resistance
technology to the Ghanaian program, with the use of
leafhopper-rearing facilities that IITA is helping to set
up. He is also keen to combine eating quality
charactenistics of local "'dent” varieties (soft-textured
kemels which are preferred in Ghanaian-style cooking)
with high-yielding improved varieties.

The value of the mutual support among lITA and
its collaborators is reflected in a letter received from
the recently retired head of Nigena's maize research
program, Dr. C. E. Ago:

| took over leadership of maize at the National
Cereals Research Institute in 1981. The eight years
which followed were the most dramatic for any crop in
Nigeria. National production rose from about | million
tonnes to about 4.0 million tonnes. National average
production rose from about 500 kg/ha to about 2.0
t/ha. The hybrid maize program was executed to an
admirable point. Seed companies were functioning. A
national seed law was in place. A national varietal
release mechanism was in place. The nationally
coordinated research program designed along the lines
of the national maize breeders meeting was
functioning. In all these, we cooperated closely with
others in order to make these happen. | like to feel |
made a small contribution. And ! urge you to keep up
the good work. Please express my personal thanks to
the program at IITA for all its help when | was in
maize. | wish you success in your future endeavours.

Yours sincerely,
C E. Ago
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frica preduces only halfas much rice as it consumes.
a shertfall which must be made up with imports.

Yet the potential for expansion and intensification
of rice cultivation is great. With an estimated 203
million hectares of land suitable for rice, African
farmers cultivate only some 4.9 million hectares. or 3
percent of the total.

Dernand. primarily from urban consumers, is
increasing faster for rice than for other staple crops:
Africans consume about 5 percent more rice each
year than dunng the previous year. With improved
rice varieties, improved cultivation methods and greater
exploitation of available land, Africa should be able to
make up this Aice deficit and more, ard provide “or the
expected growth in consumpt on needs.

To hamess the potential of Afican nce, [ITA began
in 1970 to develop technologies for efficient and
sustainable production in different growing
environments. With the strengthening of the research
progam of the West Africa Rice Development
Association (WARDA), lITA has since |987 been
graduzally transferring rice ~esearch activity to its s ster
institute, with the goal of completing the handover by
the end of 1990. IITA decded to ohase out of rice
imarovement as a way to rationalize resources in the
Consultative Group on Intemational Agncultural Re-
search {CGIAR) system and to permit a sharper focus
on 115 other mandate crops.

WARDA scientists are being tharoughly famil-arized
with the lITA nce germplasm collection, production
tecnnologies and benefits of researcn experience
gained over the past 20 years. ITA scientists have
continued germplasm collection, breeding trials and
cropping system research dunng the current interim
period so that momentum is not lost during the
transition. Scientists from both institutes have jointly
visited ezch other'strals and worked out a cooperative
long-term plan, contributing to & smooth trensitior.

Strategies. Rice breeding work since 1987 has been
talorec tothe needs ofthetransfer of ITA's germiplasm
ard research results to WARDA, Eadier strategy had
been based on breecing of pest- and disease-resistant
varieties that would respend to mprovernents in crep
management with higher grain yields than possibie

with trad tional varieties. Tnetarget ecosystem for nce
had been the inland valleys of West and Central Africa.
Since the International Rice Research Institute (IRRI)
works on global nce problems, IITA had sought to
complement those efforts by focusing on resistances
to constraints that are more important in, or In some
cases wholly restricted to, Africa. ITA rice scientists
participated in the interdisciplinary Rice-based Systems
Working Group (reramed the Iniand Valley Systems
Working Group in 1989 see Resource and Crop
Management Program article).

[ITA has continued to collaborate with scientists in
national programs n West and Central Africa in
strergthening and broadening research into different
environments. These linkages, bullt up over the past
two decades, are an invaluable part of the corpus of
work being given to WARDA, and must be sustained
during this interim period. Examples of past
collaboration are given in later paragraphs.

Central to IITA strategy 1in working with national
programs has been the facilitation of timely and
purposeful exchanges of germplasm. Therice program
has supported the International Network for Genetic
Evaluation of Rice (INGER-Africa), an IRRI project
which distributes advanced germplasm for testing in
Africa,

The program has also responded to special requests
for germplasm at different “unfinishea” stages i1 the
breeding process. Some examples are: crosses to
combire particular traits; early-stage experimental
mzterials, such as segregating populations; and larger
volumes of seed for pre-release multiiocationa. testing
and seed multiplication. These activities provide national
program breeders with access to the world's best rice
germplasm, in the forms most useful for their needs.

Achievements. The [ITA Rice Research Program will
close at the end of 1990, as all rice improvement work
is transferred to WARDA. So it is timely that some of
the achievernents of 20 years of rice research at I TA
be summarized in these pages.

WWith izs first expenments in breeding upland rice
during the mid-1970s, IITA found that Asian vareties
adapted poorly to the acid, nutrient-pocr African soils,



and they succumbed to diseases. S0 the rice program
assembled and began building on a base of traditional
African land race germplasm, as well as excellent lines
fromthe Institut de Recherches Agronomigues Tropical
(IRATY and some valuable Brazilian materials which
had evolvedin or been selected lor similar ecosystems.
ITA breeders selected for a shorter, higher-tillering
plant type in order to improve the yield potential, and
for longer grains of higher market value. while at the
same time preserving the excellent stress and disease
resistance of the source matenal. IITA scaled down its
upland work after the strategic review recommended,
i 1987, that it concentrate its resources on the inland
valleys.

Perhaps the greatest impact of the upland rice
wirk has been the spread of the vaneties [TA 150 and
ITA 257 across the forest and maoist savanna belts of
Migera. Through aggressive seed production programs
by the Federal Government and State Agricultural
Development Projects, seed has reached the farmers
and the varieties have met with an enthusiastic
reception. ITA 257 has taken on such colorful local
names as “Canada’, “three-month rice” and
“Waniliran” {meaning "antelope’ in the Tiv language,
for 15 rapid maturation and brown husk color
resermbling antelope skink. ITA 257 s alsowell accepted
in Siera Leone, one of West Africa’s most nce-
dependent countries. The short-duration growth cycle
of ITA 150 and ITA 257 results in quick returmns on
investment for farmers and improved total income,
because the two varnetes are ready for harvest when
prices are at their annual peak in July/August. well
before the lowland rice crop reaches the marketplace.
Theirexcelent eating quality also eams price premiums.

ITA’s previous priorty envircnment for rice, the
irland valleys - which stretch from the humid forest
northward to the savanna-—present many challenges,
not all of which can be solved with better breeding,
Inland valleys are ubiguitous in West and Central
Afnca, and are under-utilized at present. With good
water supply yet sufficient drainage, these valleys are
ideally suited to rice. Yet they are also characierized by
lack of water control, rough tillage, uneven stand

establishment and heavy weed infestations. For this
ervironment, ITA selected for a plant type that would
help the plant to compete with weeds and tolerate
physical stresses. Such vareties have good seedling

and vegetative vigor, moderate to high

A
tillening and

moderately long, erect leaves, and medium to tall
height; vet they have suff, erect sterms that resist
buckling or blowing over Breeding efforts aimed to
combine resistal
blast fungus,

wvith high yield and good plant type

5 1o three major

consramts

yellow maottle virus and iron foxicity

lITA's breeding program for the inland valleys
began early in the 1980s, and was proposed for
priorty by ITA’'s strategic review in 1987, Excellent
vaneties are just now reaching the final testing stages
N national research programs. They are poised to
make a significant impact in this agroecological zone
over the next decade, and also will enable WARDA.
to beginits workn the area with superb elite materials.

Despite its high productivity, the limited extent of
imgated rice cultivation in the region led ITA's strategic
review of 1987 to recommend reduction in that area
of research. Finally, tolerance of nce vellow mottle
wirus and gall midge has been incorporated into
vaneties of the “green revolution™ high-yielding type,
long proven 1o be appropriate for thiz form of
cultivation.

Work on imgated paddy varietes began before its
upland work, early in the 19705, and has achieved an
exceptional record of success. The best of them have
world-class yield potential. For example, in 1583, 1TA
212 was among the top few varieties in global yield
wials conducted at 30 locations all over the world by
INGER. In addition to their high yield, farmers prefer
them for their better blast resistance and slender grain
shape, which brings higher prices. Frve of the rrigated
varieties have been released by the Government of
Migeria and are widely grown in imrigation projecs,
[hey are also rapidly spreading into other West and
Central African countnes. [TA 222 and [TA 306 are
spreading n Cameroon.  [TA 306 5 commercially
grown in Ghana ITA 21215 mportant in the Republic
of Berin. Also notable in irmgated paddy nce breeding

was the 1977 release of "Suakoko 87 in Libena, the

first African improved vanety to show resistance to
0 toxicity. An ITA collaborative project with the
Central Agncultural Research Institute (CARJ) of Libena

developed it Several vaneties with iran toxicity resis

tance but better plant type than Suakoko B have since

emerged, most notably ITA 247, ITA 2

The rice in this
Nigerian market

place is evidence

that a beginning

has been made in

filling the region’
rice deficit

S

67



68

from collaborative research with CAR|, WARDA and
Nigeria's National Cereal Research Institute (NCRI}.

To exploit the research results to the fultest, IITA
has collaborated with INGER-Africa since 1985,
supplying logistical needs for the program. INGER-
Africa helps to systerratize the flew of advanced
germplasm, as well as to foster awareness and
communication among the small and scattered nationa!
rice breeding projects of sub-Saharan Africa.

1989/90 Highlights

Breeding. In upland rice breeding, final-stage
multilocational yield testing of the rmost advanced
matenial ensures that the best lines have been identified
and adequate amounts of seed secured for efficient
transferto WARDA Data gathered frominternational
trials over the past tnree years confirms the outstanding
performance of five lines in particular: ITA 301, ITA
305, ITA 315 ITA 317 and ITA 321. These varieties
arenowbeingcensidered forrelease inmany countnes.

Final-stage testing of advanced germplasm for the
inland valieys has also identified several highly promising
lines. Five new lines were given ITA numbers in 1989/
S0, namely, ITA 340, ITA 342, ITA 344, ITA 346 and
ITA 348. The designation of an [TA number indicates
“elite” status based on ouzstanding performance over
years and i1 many testing locations. In addition, about
50 advanced lines were distnbuted to national
programs fortheir cwntesting, through INGER-Africa
and also by specia’ reguest of collaborating scientists,
Lines were alsc submitted for wordwide testing
through the global INGER network. This year
represenits the first widespread distribution of IITA’s
rainfed lowland matenal, which is indicative of the
current maturation of this relatively new breeding
project. The payoff is just beginning, and WARDA will
benefit in utilizing these new materials.

Breeding for the irrigated paddy zone focused on
Ace yellow maottle virus resistance. a growing threat.
Progenies of eight new crosses combining resistance
1o rice yellow mottle virus with good plant type were
identified as promising during the 1989/90 crop year.
Resistance comes from the donor parents ITA 235
and CT 19. About 80 advanced lines were submitted
to INGER-Africa for regicnal testing under virus pres-
sure, Five particulady promising lires will be considered
for ITA status after another seasor’s testing. These
lines will help WARDA in starting work on the virus.

African gall midge. A severe outbreak of African gall

midge, atiny. mosquito-like nsect, destroyedthousands
of hectares ofrice in N igena during 1988, driving many
farmers out of the rice-growing business altogether.
The pest continued to spread in 1989, devastating
even larger areas. During 1989/90 IITA conducted
studies on the pest's life cycle, its biological control and
identification of resistant fines for WARDA's future
breeding use, in collaboration with scientists from
NCRI, several Nigenan universities and local agncultural
development project staffin affected areas. The project
has corfirmed that several wasp-like species are
extremely effective in parasitizing the gall midge and
lock promising as biocantrol agents. Through training
of local extension agents, farmers have leamed how
best to avoid the pest, as well asto help I'TA and NCRI
staff to collect detailed survey data and to run mult/lo-
cational trials. This project helped rmaintain contacts
with the Nigerian orogram so that WARDA will have
a strong ongoing linkage to take cver from 1991,

INGER-Africa. Ten types of nurseries were cormnmposed
and distnbuted in 1989/90, tallored to upland, rainfed
lowland, irmigated, and mangrove swamp nce ecologies,
as well as special sets for blast and yellow mettle virus
diseases. In 1989, INGER-Africa organized amonitonng
tour to East Africa, which visited Madagascar and
Kenya, fo'lowed by a workshop inNaircbi. In 1990 the
tourvisited the mid-altitude, cald-affected environment
of Rwanda and planned to visit Burkna Faso, Céte
d'lvoire and Mali. IRRl and WARDA have made plans
for the transfer of INGER-Africa to WARDA.

USAID/IRA collaboration. ITA has contributed the
work of a breeder and agronomist 1o a bilateral pro-
ject, Naticna! Cereals Research and Extension (NCRE),
between the US. Agency for International Develop-
ment (USAID) and the Institut de Recherche
Agronomique {IRA} of Cameroon, Their goal is to
breed high-yielding varieties and more cost-efficient
crop management technologies for the country's
imigated rice development projects, and inthe process
to train Cameroonian researchers to high sdentific
standards. Celd tclerance is a major objective in the
mid-altitude projects in the southwest, whiie blast and
bacterial leaf blight are the primary concems in the
northern lowland areas. Several supenor varieties
have been identified and are being disseminated to
farmrers. The costs and benefits of green manures—as
internal sources of nitrogencus fertilizer—and different
crop rotations have been assessed. Some improved
macnines such as automatic transplanters were tested
and found promising, ITA's involvement in the NCRE
project will finish at the end of 1990.



Biological Control

he Biological Controf Program originated at IITA

in 1979 as an urgent experiment to combat the

cassava mealybug and the cassava green mite, two
recent and decidedly unwelcome immigrants from
South America. Uncontrolled, the two pests were
spreading rapidly in Africa’s cassava belt—an area
larger than the United States of America—threatening
yield losses as high as 80 percent to the sub-Saharan
region’s most important crop, the staple food of some
200 million people.

The conventional, chemical response—frequent
dousings with potent insecticides—would have been
ecologically brutal, socially unacceptable, economically
expensive and practically impossible.

Abiological alternative, enlisting nature's own agents
and mechanisms to keep pest populations in tolerable
balance, appealed as an effective solution. IITA's
scientists already knew that. on their home ground in
South America, mealybug and mite populations are
naturally controlled by biological antagonists, including
parasitic wasps and ladybugs.

Arduous field research in South America. all the
more difficult because the mealybug is present at low
levels in the coevolved ecosystem of that region, had
identified that pest's primary natural antagonist:
Epidinocarsis lopezi, a parasitic wasp. The successful

establishment of this wasp in Africa promised prompt,
self-perpetuating and self-regulating mealybug control.

The biological strategy was also attractive because
of its logistical efficiency. To succeed, E. lopezi required
no effort from networks of extension agents, nor from
individual farmers. lITA’s biological controllers needed
many thousands of laboratory-bred wasps, to broadcast
from airplanes or release on the ground with
governmental cooperation in the affected countries.

For a natural enemy-of the cassava green mite, lITA
and cooperating governments appear to have
established the exotic phytoseiid Neoseiulus idaeus
from Brazil, in the Republic of Benin in West Africa and
in Kenya in East Africa.

Program achievements

Biological control of the cassava mealybug worked
from the start: the introduced wasps, multiplied at
[ITA and released in cassava-growing regions, readily
established themselves in the African environment
and promptly set about reducing mealybug depredation
by half or better, inmany areas to virtually subeconomic
levels. (See story on 1990 King Baudouin Awardin the
Research Highlights section.)

The early success of the campaign established biol-
ogical control as akey element in lITA's research. The
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HTA had to invent
this “cassava tree”
to produce cassava
leaves as part of its
mass-rearing
system for
mealybugs and
their natural
enemies.
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application of biocontrol strategy to other crop/pest
problems rests on a full understanding of the ecology
and life cycle of the pest and its antagonists. The bic-
control project becamne a full ITA program in August
1988 and moved to new quarters in the lITA station
at Cotonou, Republic of Benin in November 1588.

To the onginal pair of enemy targets, the program
is now, through such ecosystem analysis, exploring
opportunities to add the complex of cowpea pests,
the banana and plantain weevil, the larger grain borer
(a storage pest of maize). the mango mealybug (see
insetstory "Practice Makes Perfect”) and polyphagous
grasshoppers, which are a pest of a number of crops
in the savannas. The potential for control of the
parasitic weeds striga and impercta is being explored.

In a!l cases. biological control will be used as one
amoeng other components—host-plant resistance,
cultural practices—tc develop an environmentally
scund, integrated pest management approach.

New research facilities on a 50-hectare site at the
ITA Benin station nclude laboratories and offices for
scientists, their students and technicians, and visiting
scientists; a library, an insect/mite museum and a
communication center; and six ar-conditioned “teflon
greenhouses”, an insectary and mechanized units for
mass rearing of insects. Meeting and training facilities

adjoin the new complex, which have been planned for
shared use with kindred organizations for research on
pests of crops outside IITAs mandate (including
plantation crops, cash crops). Africa now has an
environmentally safe facility to conduct biclogical
control research for all of its major pests.

A unique technology of the IITA insect-rearing
systern is the artificial cassava tree, an armature on
which up to 180 cassava plants grow in a nutnent
water solution. The device was developed by the
program’s scientists to simulate ideal natural conditions
for the mass rearing of the mealybug and mite pests
and their antagonists. Its inventors refined the system
in 1988 by eliminating all mechanical and electrical
components, substituting a drip-irrigation system that
increases plant growth while it reduces the need for
labor and the chance forerror. This rearing technology
canbe adapted to different environmental conditions,
including climatized greenhouses or plastic shelters.
The program had distributed several such “cassava
trees” to |4 naticnal programs by 1990, enabling
cassava-growing countries to beginarming themselves
for biological centrol cf the mealybug, the cassava
green mite and other pests.

Since (s initial success, the program has maintained
its biological offensive against the cassava mealybug.
By 1985, natural enemies of the cassava mealybug had

- 1
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been released in about 150 sites in 19 countries of
western, central, eastemn and southern Africa. The
principal one of them, the wasp £. lopezi, has made
itzelf at home over more than 2.7 million sguare
kilometers in 24 countries of the continent's cassava
belt. The distribution of this parasitoid greatly excesds
that of any other ever introduced into Africa for
biological control purposes, IITA scientists have
dentified other natural eremies of the mealybug N
South America, and have successiully introduced
some of them into the African envirenment. One of
the program’s mast important contributions to research
strategy is that it has made evaluation of campaign
effectiveness into a feature of its regular activity. Some
ecological pockets remain, where control has not
been satisfactory, which are being studied and subjected
to alternative sclutions. In other areas, scientists are
tecoming familiar with the principles of biological
contral, They differ from chemical control in that the
aim is to reduce (not elimmate) pest numbers to an
equilbrium such that economic damage s kept minirmal,

The results from the work of the biocontrol team
for cassava green spider mite (Mononychellus tanagjoa)
are promising. This exotic pest was first seen attacking
cassava in East Africa early in the 1970s, from where
it quickly spread to 27 cassava-belt countries where it
has been causing losses of up to 80 percent of yield
Since 1984 the team has made expermental releases
ot nine predator speces and vanous strams in ten
countries of the Afrcan cassava belt, covering different
agroecological zones. Since early in 1989, populations
of two phytosend species imported from Brazil have
been released and recovered throughout the wet
season forsome, but not all, release sites. This patiermn
has persisted in Benin since Apnl 1989. Subsequent
wet and dry season recoveries have also been made
of the phytosaids from Brazil released during the wet
season in | 989 in Kenya.

Training. The program has also tramed biocontrol
professicnals at three levels of competence. At the
maost basic level, laboratory and field technicians are
iught the basic methods of biological control,

mclogy and general crop protection. Theirtrainmg

emphasizes technigues for surveymng pest damage,

and for samphng pest populations before and after
release of ther natural enermies. Promising candidates
or pest

ement. recruited from the technical traiming

for master's degrees in biological control

eas. And doctoral candidates. including
top-ranking students from the master's program and

sther well-qualified applicants, cap their uni

Afrnca.

studhes with thesis research in

Bv 1988, more than 250 biological control specialists
frem 35 African countries had received IITA training.
Dunng 1969, a total of |28 trainees took courses at
ITA and also in Zaire, Tanzania and Mozambique; 16
fellows pursued M.Sc. or Ph.D. programs

Benefitcost ratio. IITA's experience testifies that
biclogical control strategies. well conceived, well
planned and well executed, can work aganst major
pests of important crops in Africa's diverse
environments—and can repay their costs many times
owver, Assurming the rapid spread of both the cassava
mealybug and £ fopezi throughout the entire cassava
belt, an independent review team recently estimated
the annual gain in cassava vield from control of the
mealybug at 10.2 million tons,

"Reasoning that the benefits will continue for years,
decades and even centunes, as seems likely,” the
tcost ratio of the

and s estimated

reviewers conduded, 'the benef
ITA projectwill

HTE very larpe

at 142:1 over 25 years for the mealybug project.
Operational strategies

The objectives of biological control research are being
expanded o include the pests of other crops in ITA's
mandate, and we

2 i R .
A3 -_'I'CI'"E'JL\.:.: conirol scierse

becomes a component ofintegrated pest management

Trainees at a
recent biological
contral course at
Cotanau examine
host-plant cassava
leaves as part of
their curriculum in
control methods.
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in the [ITA research agenda. Biocontrol work will be
integrated with the search for host-plant resistance in
commodity improvement work, with weed control
strategy and with work on other fronts of pest
rmanagement as contributions to reduction of the risks
for family farms.

The lITAMedium-Term Plan (1989-1993) envisages
a gradual decrease of research and control activity
with mealybugs as the present campaign reaches its
successful conclusion, probably by the end of 1991.
Research and practical action to control green spider
mite are expected to continue throughout this five-
year period, but the nature of lITA's involvement will
gradually change. The implementation of biocontrol
carmpaigns will be transferred to national biological
control programs and I TA will concentrate onresearch
and research training.

The Biological Control Program scales its research

Practice Makes Perfect:

activities and operations according to the character
and dimensions of the problem in its geographical
area. The selection of pests and the problems to be
tackled depends on their economic importance.

ITA's biccontrol scientists take a phytosanitary
approach to pest control problems—theirassumption
is that a vigorous plant in a healthy environment is less
susceptible to damage by the pest. They proceed from
this point of departure to develop a full understanding
of the plant within its ecosystern. The objective is to
produce a holistic solution to the pest problem and
apply control measures that accord with the greater
environmental and economic objectives of the
concerned government

Against each pest, the program crganizes a group
of appropriate specialists for a three-pronged attack
thatincludes research, training and support of national
biocontrol programs. Researchers study the plant's

A New Mealybug Threat Is Contained

A new mealybug was accidentally introduced mnto
West Africa during |981-1982. It quickly spread
through Ghana, Togo and—since | 986—the Republic
of Benin. It has recently invaded also Céte d'lvoire,
Nigeria, Gaben, Cengo and Zaire. Reported from 45
species of crop plants, ormamentals and wild plants, its
main target is the mango tree. Where populations of
this rnealybug have been high, the heavy accumulation
of honeydew and the resulting black cover of sooty
mold has stopped further plant growth, flowering and
fruiting, and has often led farmers to fell their trees.

After an initial misidentification, the species was
newly described as Rastrococcus invadens Williams
(Homoptera, Pseudococcidae) with a south-east Asian
onigin. Intensive search by the CAB International
Institute of Biological Control (IIBC) in India led to the
discovery of a promising parasite wasp, Gyranuseidea
tebygi Noyes (Hymenoptera, Encyrtidae).

Studies on the bicecology of R invadens in Africa
began with a Food and Agriculture Crganization
(FAO)-financed project at the Plant Protection Services
in Cacaveli, Togo and at the Plant Protection Services
in Porto Novo, Benin. Both services are supported by
the Gesellschaft fir Technische Zusammenarbeit
(GTZ). At an FAC-sponsored workshop in Lomé in
October 1987, the groundwork laid earlier by lITA's
Biological Control Program against the cassava

mealybug was recognized as a model for action against
R.invadens. A regional project for the biological control
of this new pest was set up and, with the agreement
of the Inter-Africa Phytosanitary Council of the
Organization of African Unity, the introduction of
natural enermies was recormnmended by the workshop
participants. Close collaboration between [ITA's
biocontrol program and IBC in training, the introduction
of natural enemies and research was also
recommended. In all the countries concemed, the
expertise to carry out research and operational aspects
in the fight against R invadens was already in place in
national biological control programs, which had been
set up and trained during the cassava mealybug
project.

Releases of G. tebygi reared at the Cacaveli
insectary started at the end of 1987 in Togo. The
parasitoid proved to establish on R invadens wherever
it was released. By the end of 1988 it had penetrated
into the border area of Benin's Mono Province, and
pest populations soon collapsed in Togo.

At lITA, a special project on biological control of
mango mealybug, separately funded by the Swiss
govemment, had beenadded inthe biocontrel program
late in 1987. It has extended its activities into several
countries, as described here,



Research Directions

* Expansion of the current cassava
simulation model to include different
ecological zones, effects of soil and plant
nutrition, different cassava vareties (local
and lITA improved) in different cropping
systems (monocrop and intercropping),
the mealybug and its natural enemies, and
hyperparasiteids. The model will
consolidate all our knowledge on the
cassava mealybug system in Africa.

¢ Evaluation ofthe impact of two Brazilian
strains of phytoseiids which are showing
some success in the field against the cassava
green mite, Establishment in the field can
be declared if these exotic populations

survive the next dry season (November
1990 - February [991).

= Development of a demographic
simulation model of the insect pest of
cowpea, the bean flower thrip
(Megalurothnps sjostedti) which will be
incorporated into the cowpea model as a
means of assessing plant-pest interactions.
Other studies of the effects of the pest on
the plant and on the pest's egg-laying
behavior will be undertaken.

¢ Analysis of the mango mealybug's
population dynamics, the results of
biological control expenments on mango
trees and the impact of the released

parasitoid on the mealybug and on the
mango market.

* Development of growth models for
maize and two stemborer pests, together
with a senies of pest-plant field ecological
studies and pest population studies.

* Development ofa biocontrol campaign
for the larger grain borer Prostephonus
truncatus, an important pest of maize.

* Development of a survey of the banana
and plantain weevil and its interactions
with its host species.

» Collaboration with IIBC in the
assessment of altemnatives to chemical
control forlocust and grasshopperin Africa.

* InNigena, the quarantine authonties were informed
of the presence of R invadens in the south-east of the
country and were assisted in a survey to determine the
spread of the mealybug. Throughout 1989, numerous
shipments of G. tebygi were sent to the National
Horticultural Research Institute forrelease in all infested
areas covering the southern half of the country.

* In Ghana, the Quarantine and Plant Protection
Services of Pokoase were supplied with G. tebygi and
assisted in releases over all infested zones. The exotic
parasitoid quickly established itself and spread. A
marked reduction in mealybug population densities
followed.

* In Gabon and Zaire, G. tebygi was released dunng
1989 in collaboration with the national biological
control programs.

* In Benin, G. tebygi was reared from January 1988 in
newly constructed biocontrol facilities. In May 1988
the parasitoid was released for the first time at Calavi.
In Novermnber-December 1988, the Plant Protection
Services at Porto Novo made more releases covering
all infested areas of the country with wasps, which
came partly from the IITA biocentrol program and
partly from a newly established insectary at Porto
Novo. G. tebygi has become established throughout
Benin even in remote fields. During 1989 it drastically

reduced rmealybug populations in the south, so that
mangos could be harvested abundantly again after
several years of almost total crop failure.

In summary, preliminary results show excellent
control. Mango mealybug populations have been
reduced to negligible levels and mango production has
been restored following two years (1987-1988) of
crop failure. Nevertheless, the mango mealybug is still
spreading and releases are continuing in affected
areas.

Asinthebiological control of the cassava mealybug,
the mango mealybug project is characterized by highly
coordinated international collaboration in a clear-cut
and simple approach, leading to ecologically and
economically sound pest control.

Parasitic

Gyranusoidea
tebygi lay their
eggs in mango

mealybug larvae on

a mango leof.
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Locusts have been
targeted for IITA
research into
biological
alternatives to
chemical pest
control.

physiology and growth patterns. the better to
understand the plant’s vulnerability to the pest. They
study the biology and ecology of the pest. in both field
and laboratory, and ofthe pest’s natural enemies, both
exotic and indigenous. Developing appropriate
sampling methods and computer simulation models,
the researchers investigate the agricultural and
ecological contexts in which plant and pest coexist,
and assess the economic costs attnbutable to the
pests and the net benefits to be derived from biological
control, or from other forms of integrated pest
management.

Models of the crop-pest problematique have been
developed for cassava and cowpea. Models for maize
and for the intercropping system of cassava + maize
+ cowpea are being developed. These models open
the way to a scientific understanding of the systems
involved, which leads to development of pest
management/control strategies and. eventually. to
assessment of the effectiveness of the control effort.

International collaboration

The control strategies for cassava mealybug and cassa-
va green spider mite are examples of how the lITA
biccontrel programtrains future leaders and technicians
of national crop protection programs. Training goes
hand in hand with a two-phased approach to control
programs: preliminary research activities and program
operations. The ITA program works with national
stafl toward the eventual transfer of all operations to
a national or regional program responsibility.

A ‘pioneer” staffis trained 1o take on different tasks
as described in preceding paragraphs. The first task in

the research phase is a survey of ecological conditions
in the infested target areas for pest control. The
densities of pest populations and conditions which
promote or inhibit the survival of pests and natural
enernies are investigated. Exotic predators are selected
and are released in the field in an expenimenial effort
to assess the likelihood of success for a large-scale
program. After a trial period of varying length, according
to ecological conditions, the ITA-assisted national
team follows up the refeases with another survey, to
determine whether the introduced predator species
has established itself and how much of a dent it bas
made in the pest population.

The operations phase of the pioneering campaign
begins with tral rearing of natural enemies, after the
national government has confirmed its commitment
to a biocontrol program with budget and manpower
allocations. A small-scale rearing operation serves to
familianze the new stafl with the production process
and the problems they are likely to face in sustaining
a full-sized production effort.

The ITA biocontrof program provides the mother
stock of natural enemies and new cultures periodically
as required in order to maintain fitness of the
populations being reared. For emergency releases
requested by countries, and for compaigns against
cassava green mite for which natural enemy rearing is
problematical, the ITA program i ready to provide
regular assistance. The ITA program has thus assisted
national prograrms across the Africar cassava belt. The
next countries slated to receve assistance in starting
up reanng activities are Burundi, Gabon, Ghana,
Tanzania and Zaire.



International Cooperation

he special role ofintermational cooperation at ITA

15 1o strengthen the capacities of Afncan national

research systemss to select, adapt and generate
improved technologies for their own agricultural
development. The best cultivars ar technologies from
[ITA cannot be delivered to farmers’ fields without the
participation of the national programs at every stage,
from the eary definition of problems to the fine-tuning
of solutions for local use.

Cooperation strategies ...
The principal means by which IITA strengthens
agncultural research inthe 22 countnes of its mandated
area are training, information dissemination, germplasm
exchange and other collaborative project activities
which convey IITA technologies.

Four mechanisms have been designed for the strate-
gies in the IITA Medium-Term Plan (1989-1993) 1o
erhance usefulness of collaborative research and train-
ing activities and enable IITA to respond with greater
sensitivity 1o perceived needs. They are:

« Networking. Collaborative netwarks link ITA with
national and regional research institutions in Africa and
elsewhere, to address commaon problems and issues.

* Researchliaison scientists. The Medium-Term Plan
provides for three research liaison scientists. One is
working with the anglophone countries of West Africa,
while another will work with all Central African
countries. A third (1o join ITA during 1990) will wark
with the francophone West Alrican countries,

« Resident scientist teams it specific countries col-
laborate with national colleagues in adapting IIT A tech-
nologies to meet crop research problems and needs.

* Training. The traming progrant within intermational
cooperation provides traming opportunities 1o naticnal
scientists in the form of graduate research fellowships,
short-term courses and short-term attachrents to
acquire specfic skills in [ITA research programs. Short-
term fellowships are amranged for visiting scientists
fram national programs to do collaborative research
for periods of up to |2 manths, whereby they acquire
new nsights and skills at ITA which can be applied in
solving specific problems in their home countnes

Training achieverments are descnbed inthe last part of
this article.

The international cooperation program manages
special projects which involve the national programs
with IITA as the executing agency. During 1989, IITA
operated |18 such projects in vanous sub-Saharan
countries with 46 scientists, whose technical support
was designed to strengthen national capacities o
conduct adaptive research. Exarmples of on-going
collaborative projects are described in the next section
on achievemerits, Salient funding features are given n
table | on the next page.

. . . and achievements

Networks. Through network actrvity, ITA has
encouraged complementarity among research
programs of various countres and their interaction

Dr. D. K. Kossou,

a visiting
collaborating
scientist at ITA,
is engaged in
entomologicol

research with the

maize program.
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Table 1. Bilateral and multilateral special projects, 1989

Project Donor(s) Total Life budger 989 budget
staff USE milion LUS$ million
Institution-Building
NCRE [l/Camerocn USAID 19 14.31 335
(terminates December [390)
RAV/Zaire USAID I 812 1.96
(terminates September 1990)
Resident Scientist Teams
Ghana Grains Development CIDA I .12 0.13
Ghana 5mal holder IFAD I C.B 0.07
Cameroon Root Crops France 2 07 007
{terminates june 1990}
Congo Kindamba IFAD 0.4 0.07
SADCC Cowpea Project EEC 3 178 -
{to begin in 1990)
Networks
SAFGRAD USAID 2 408 1.00
ESARRN USAID | .94 042
IDRC 0.76 0.06
AFNETA CIDAJIDRC 2 317 0.73
USAID 1.00 -
DANIDA 0.07 057
IFAD 1.20 -
Other Research Projects
On-Farm/ Adaptive Research EEC 279 -
{to begn in 1990)
Improved Agricuttural Research Systems FF - 0.15 Q.11
Soybean Uti ization IDRC - Ole 005
Legume Viruses IDRC 0.46 -
{to begin in 1930)
Ut lization of Cassava Flour AGCD - 0.64 0.24
Dynamics of Soil Organic Matter AGCD - 0.16 0.6
Training Projects
Human Resources Development UNDP - 078 0.34
Training o Women Agricuitural Professionals FF - 028 0.17
(East/Scuthern Afnca; to begin in 1990)
Training of Women Agricuftura Professionals FF 042 -
(West/Central Africa; to begin in 1990)
Totals 42 45.30 9.51
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with other international agncultural research centers.
Through networks, [ITA backstops research efforts
with improved germplasm and technical information.
IIT A has helped networks in identifying funding sources
and providing technical support until the member
institutions can sustain the effort on their own. Such
networking projects include the second phase of
SAFGRAD, ESARRN and AFNETA. These networks
have elected steering committees which guide their
coordinators in implementing activities.

AFNETA came into being duning 989 and held an
inaugural conference and a training course in August
on alley faring research technologies. The first two
issues of its newsletter, The Afnetan, were published in
that year. AFNETA has received collaborative research
proposals from 28 institutions in |7 countries, which
were funded and launched from earty in 1990.

ESARRN activities during t 989 included germplasm
exchange, workshops and scientific exchange wvisits
among member institutions. In Malawi, introduced
[ITA cassava lines were hybridized with the best local
selections, producing some 146,000 seeds through
open pollination. Prolific local parents produced four-
fifths of all seeds. Two seedling nursenes were
established for cassava and one for sweet potato, and
improved [ITA cassava lines were imported in tissue
culture form and multiplied for distnbution in vanous
projects. Three graduate students completed their
M.Sc. degrees with ESARRN support. Altogether 24
technicians were trained in-country and at [ITA.

The SAFGRAD maize network supported several
of its member ccuntries in testing of improved
germplasm and crop management techniques. It
sponscred various technical training and exchange
visits, including a five-month course for technicians
from three countnes in trial management, varietal
maintenance and related areas.

The SAFGRAD cowpea network received feedback
on 42 of its 53 regicnal trials. National programs will
repeat the tnals dunng | 990 and promising lines will
be taken to the next stages of multilocation trals and
on-farm testing, before release to farmers. National
scientists benefited from formal group training,
exchange visits and interaction with ITA scientists in
research planning. Some new cultivars have gained
wide acceptance in West African countries after being
developed in the network, including SUVITA-2 which
was developed in Burkina Faso and is being widely
cultivated in Seno province, Mali.

Research liaison scientists. The scheme was
introduced during | 988 as an initiative intended to link

Acronyms cited in the text

AFNETA Alley Farming Network for Tropical Africa

AGCD Belgian Agency for Cooperation and Development

CIAT Centro Internacicnal de Agricuftura Tropical

CIDA Canadian Intemanional Development Agency

CIp Centro Intemacional de la Papa

CIiMMY T Centro Intemacicnal de Mejorarmiento de Maiz y Trigo

CTA Technical Centre for Agricullural and Rural Cooperation, Netherands
DANIDA Danish International Development Agency

EEC European Ecanamic Cormmurity

ESARRMN East and Southern Africa Roots and Tubers Research Network
FF Ford Foundation

GCF Gatsby Chantable Foundation

GTZ German Agency for Technical Cooperation

IBSRAM Intermational Board for Soil Research and Management

ICRAF international Counal for Research in Agro-Forestry

ICRISAT Intemnational Crops Research Institute for the Seme-And Tropcs
IDRC International Development Research Centre, Canada

IFAD International Fund for Agricultural Development

ILCA International Livestock Certer for Alrica

INIBAP International Network for Improvement of Bananas and Plantains
NCRE National Cereals Research and Extension Project, Cameroion
RAV Applied Agricuftural Research and Outreach Project, Zaire
SADCC Southern African Development Coordination Conference
SAFGRAD Sermni-And Food Grains Research and Development Progect. Burkina Faso
UH University of Hohenheim, Federal Republic of Germany

UNDP United Nations Development Programme

USAID U5, Agency for Intematicnial Development

identified needs in research and training in national
institutions with the retevant ITA programs. The 22
national agncultural researchsystemsin lITA's particular
area of concern, West and Central Africa. are diverse
in terms of research infrastructure. technical expertise
and manpower, matenal resources, capacity to set
and pursue research pronties that are in line with
nationa! deveiopment goals. and capacity to transfer
research resultstothe farm through effective extension
linkages. It is essential that ITA understand all these
aspects of national systems. To that end the research

"Farmers' Day" at
HITA brings together
scientists and
trainees from the
international
cooperation
brogram with
Nigerian farmers,
to gain a practical
perspective on
research concerns.
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liaison scientist role has been conceived and
information-gathering begun in a five-year action plan.

IITA research liaison scientists made introductory
visits during 1989 and early in 1990 to research
institutions in four francophone countries of Central
Africa (Cameroon, Congo, Gabon, Zaire) and four
anglophone countries of West Africa (Gambia, Ghana,
Liberia, Sierra Leone) to discuss new initiatives in
collaborative research in the [ITA Medium-Term Flan.

In Gabon, IITA scientists participated in a joint
assessment of collaborative maize and cassava tnafs.
Plans were made for training course and study tours
to ITA by two Gabonese researchers.

In Gambia, [ITA scientists joined consultations of
the govemment's task forces onrice, cropping systems
and resource management; and contributed to
preparations for Gambia's medium-term research
plan. Seeds of elite ITA rice and cowpea varieties as
wellas farm tools (rollinginjector planter, nce weeder)
were made avallable for evaluation and adaptation.

A visit with IITA research and traintng programs
was arranged for a Ghanaian researcher frem the
University of Science and Technology, Kumas, for
exchange of ideas and familianzation with current
research on processing/eating qualities of improved
cassava clones, scybean seed longevity and
proriscuous nodulation, and evaluation of leguminous
tree speaes, e.g leucaena, for alley cropping.

An ITA scientist visited Liberia in connection with
the setting up of a plant and soils labcratory at the
Central Agricultural Research Institute, Suakoko. For
Sierra Leone, IITA delivered half a ton of streak-
resistant maize seed at the request of the Institute of
Agricultural Research, Njala, and improved rice seed
for on-farm assessment and multiplication.

Resident scientist teams, Teams of two orthree lITA
scientists work in specific country projects on adaptive
research problems: prncipally, in the Camercon
MNational Root Crops Improvement Program, the
Ghana Grains Development Project, Ghana
Smallholder Rehabilitation and Develcpment Frogram,
Nigerian Soybean \Milization Program, SADCC
Cowpea Research Project and, before it was
completed, the Rwanda farming systems research
project. The teams work with naticnal institutions on
food crop producticn problems for which ITA has
developedtechnologies that require adaptive research
to suit local conditions. First fielded in the region in
1984, these teams are preferably based in national
programs at an early stage of development.

ITA’s project with the Cameroonian National
Reot Crops Improvement Program, to disseminate
new cultivars to farmers, completed its final activity in
1989 with the refease cf three sweet potato vaneties
andthree cassava clones. A 1989 evaluation concluded
thatthe program had succeeded in widely disserminating
new sweet potato vaneties in lowland and mid-
altitude zones of Camerocn. Researchers and
technicians received in-service training, and 360
extension agents attended training courses.

In the grain legume component of Ghana Grains
Development Project, [ITA germplasm was screened
for selection of earty-maturing, high-yielding, disease-
resistant cowpea varieties which combine erect or
semi-erect plant type, acceptable seed colour and
cooking quality suitable for the maize-cowpea rotation
system in Chana. IITA and local germplasm was
screened forthe development of high-yielding, bruchid-
resistant vaneties. Exotic soybean varieties were
screened for the selection of high-yielding, early-to-
medium-maturing varieties which combine
promiscuous nedulation, seed longevity, and shattering
and disease resistance. Extension staff received in-
country training,

In the Ghana Smallholder Rehabilitation and
Development Program, highlights of 1989 included
selection of five clones of cassava from IITA for trials
in farmers’ fields by the Crop Services/Extension
Department. The clones selected were TMS 91934,
TMS 30572, TMS 4(2)1425, TMS 50395 and TMS
30001, Eighty-five clones of “poundable” cassava
were selected from seedlings for further evaluation,
The Soronke vanety of cowpeawas foundto intercrop
well with the TMS 91934 cassava variety. Three lines
of sweet potato—two from IITA and one local
variety—were selected for high yields and cooking
quality. They have been multiplied for distnbution to
farmers in the 1990 planting season.

The Soybean Utilization Project aims to develop
andintroduce improved soybean utilization technology
for use in households and in small-scale processing
enterprises in rural Nigeria. During 198%9,a monitoring
survey measured the impact of scybean production
and utilization in Oyo State, revealing that the project’s
training sessions had reached an aggregate audience
exceeding | 1,000 people. Extruded soybean products
were introduced for home use in selected areas and
development of small-scale processing technology
continued.

Preparations beganin | 989 forthe SADCC Cowpea
Research Project, which will develop cowpea genotypes
with surtable resistance and eating quality characteristics.



Institution-building. The prime examples are the
NCRE project in Camerocn (see inset story) and the
RAV project of Zaire. Such projects bnng [ITA scien-
tists to work with national colleagues in strengthening
specific aspects of their research programs.

The year 1989 marked 16 years of continuous
association of ITA with Zaire, and the end of RAV's
first phase. Initially the government had invited ITAto
seek solutions to cassava pest problems and CIMMYT
to undertake maize improvement, which let to the
creation of two national programs for those crops.
with USAID support. The cassava program’s successes
in turn led to creation of RAV in 1985 to oversee the
cassava and maize programs and a third body for
legumes, All three RAV programs have chalked up
notable successes indevelopment of new cropvaneties,
resource and crop management, human resources
and links between research and extensicn services.

During 1989 RAV continued on-farm testing of
promising disease-resistant and high-yielding cassava
clones, andtransferred streak virus and downy mildew
resistance to two maize vaneties. Two new varieties
each of cowpea, soybean and maize were released.
Research continued on methods for improving scil
fertility and agronomic practices which contribute to
increased yield potential,

Training achievements

To conduct agricultural research and development, all
national systems need capable and committed
professional staffe When IITA began operating in
1967, the lack of scientists and professionals in African
agriculture—especially Africans—was enormous and
growing. Training in research for Afncan agricultural
professionals at all levels, therefore, was part of the
Institute’s original mandate; and training remains an
essential aspect of ITA’s mission today. No proposal
to develop or transfer technology from IITA fals to
consider the training requirements of the participating
countries. In international cooperation’s vaned
partnerships with national systems, training is the
constant theme.

To realize the potentials in their own programs or
to contribute effectively to regional projects, nearty all
national agricultural research institutions in tropical
Africa need to improve professional skills on a regular
basis through traning in various forms. The IITA
traning program seeks to strengthen their capacities
in both research and traning. Since 1971 ITA has
organized traiming courses for more than 6,000
participants, most of whom have come from African
countries,

[ITA's Strategic Plan (1989-2000) set the fllowing
suidelines for development of its training program:
« Shifting emphasis at ITA from group to indvidual
training.
* Decentralizing group training to national programs,
¢ Increasing the proportion of core lITA resources
for training,
» Strengthening training materials.
* Increasing women's participation in training,

Individual training seeks to improve research abilities
through doctoral, master’s and non-degree levels of
training tailored to specific needs in national programs.
To promote the increase of graduate researchers in
Afnca, in 1988 IITA initiated the Graduate Research
Fellowship Program, that eventuaily wali support 30
graduate students in conducting their research with
ITA scientists. Between April 1988 and December
[989. ITA accepted 15 graduate trainees out of 244
applications forthe fellowship program, thus achieving
the Medium-Term Plan target.

In 1989 ITA scentists supervised 48 Ph.D, 30
M.Sc., and 29 nori-degree trainees. (See annex to this
article for a summary table.} As part of ITA's special
relationship with the University of Ibadan, |2 of the
Ph.D. and M.5c. trainees benefited from IITA research
facilities while being registered with the University.

Group training. The aim in group training courses is,
foremost. to expand research knowledge and skills

The RAY project
focuses research
attention on
cassava leaves,
an important
vegetable in some
parts of Zaire.
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Double Impact In Cameroon

For country and continent—a cooperative project in
agricultural research in Cameroon, funded by the
US.A. and drawing on ITA knowhow, has had a
double impact, helping Cameroon to benefit from its
own research and to become a producer of
technologies which can benefit other African countries.

The National Cereals Research and Extension
(NCRE) Project was conceived to build up
Cameroonian capability in cereals research and in
translating the results into practical technotogies for
the farmer. The project was based at the Institut de la
Recherche Agronomique (IRA) at Yaounde, with
financiai support from the United States Agency for
International Development (USAID). IITA fielded up
to |9 scientists at a time during the first two project
phases (1981-1990).

The IITA resident scientist team worked on the
four staple crops of maize, rice, sorghum and millet
with national staff at stationsin Cameroon'’s six different
agroclimatic zones. The team'’s brief was to help their
Cameroonian colleagues to develop research
programs, as well as to carry the research through on-
farm trials and produce results useful to small-scale or
subsistence farmers.

Parallel with the research agendawas a program to
transmit research results to extension agencies for
onward transmission to farmers, and to communicate
farmers’ problems to researchers as feedback to
enhance the usefulness of future work. This operation
was handled through a testing and liaison unit (TLU).

The first phase of the project (1981-1985) saw
development of disease- and pest-resistant maize
varieties and crop management techniques, with on-
farm trials conducted by the TLL. Rice, sorghum and
millet varieties were also selected and improved, the
latter two with help from the Intemational Crops
Research Institute forthe Semi-And Tropics (ICRISAT).
New high-yielding sorghum varieties were released to
farmers. Apart from fielding the tnials, the TLU trained
extension workers and tested new farming techriigues
andtechnologies. Cameroonian researchers also began
to network with their peers in other African institutes
and international centers.

A second phase was launched in | 986 to continue
the development of the IRA research programs for
crops in all six agroclimatic zones, and to establish
TLUs in ali zones. The same goal was reaffirmed: the
transmission of research results to the farm and

feedback to researchers on their usefulness. The IITA
team, in working with counterpart Cameroonian
scientists, was to transfer knowledge and knowhow to
them through training programs and working together.

Already by 1989, seven varieties of lowland maize
and four of highland maize were being or about to be
released, as were four rice vaneties and five sorghum
varieties. New agronomic techniques had been
introduced with significant impact: use of minimum or
no tillage in the North Province had begun to reduce
erosion of fragile alfisols. Use of an insecticide as a seed
treatment for maize and sorghum had improved
seedling establishment and led to higher yields than
with earlier seed treatments. TLUs had successfully
worked back up the research pipeline to improve on-
station experimentation by sensitizing researchers to
farmers' problems. The TLUs had characterized the
complex production systems in each zone, identifying
constraints and opportunities for improvements.

By the end of 1991. it is expected that three Came-
roonian researchers will have completed their doctor-
ates and eight theirmaster's degrees in relevant discip-
lines, while additional doctoral and master's degree
candidates will be completing their studies. By 1989,
one sorghum breeder and one agricuttural economist
had already retumedto the project with M.Sc. degrees.

The project donor, USAID, has ranked Cameroon
in the foremost group of African countries that can
research and produce agricultural technologies for
other Afnican countries. IRA has become one of the
strongest of its kind in the region. Cameroon has
developed its research manpower and facilities to a
stage of maturity that can demonstrate successful
impact from IITA's work with a national research
institution.

Because of these favorable factors for agricultural
research, [ITA has selected Cameroon for the location
of the new humid forest station and has begun to set
up research facilities for cassava and resource
management at Mbalmayo, near Yaounde.

IITA has alsc decided to continue to provide
support to [RA for a third project phase, from 1991
through 1 994. The lITA team will continue to focus on
cereals research, TLUs and human resources
development, together with two new components:
sustainable production systemns and economic policy
research. During this final phase, Cameroonian
counterpart staff will gradually replace IITA scientists.



The second and ciosely related aim is to impart skills
and foster attitudes that prepare the researcher-
trainees ta become, intum, trainers who will pass their
knowledge and skills on to others: research colleagues,
extension specialists, farmers and other agnicultural
professionals.

During 1989, 304 technicians and scientists
participatedin | 5 group training courses at ITA, which
collectively amounted to 61 weeks of training. Some
110 persons participated in regional or in-country
caurses in Benin, Burkina Faso, Guinea Bissau, Kerya
and Mozambique. Another |28 participated in
individual training programs, (See table 2 fora summary
of courses and trainees.) Two courses contributed to
the development of new IITA-supported research
networks: on alley farming and soil and plant analysis.
With regard to the participation of women dunng
1589, 56 women tock part in [ITA courses (B
percent of all participants), while 9 women participated
in regional or in-country courses (8 percent). Some [ &
women made up 20 percent of graduate trainees at
ITA/lbadan and elsewhere during 1989,

Group training receved new stimulus during | 989
for future development, A new group training
coordinator amved, and key plans began to be
implemented: decentralization of group traning
activites to national programs, and a shift in emphiasis
from group to individual traimng.

Training materials. Decentralization and shanng of
traiming responsibilities with national programs depend
on welltraned researchers and easily accessible
scientific and technical information
offer a means to make information avaifable.

Training materials

{raining materials apply i a broad range of activity
t the training process; assessing needs,

leveloping curricula and

throughou
specifying objectives,
programs, instruction, evaluation and follow-up
procedures. The contents should be easily adaptable
forthe purposes of national programs. and the formats
should encourage reproduction and use.

In 1989, a reference manual on cassava in tropical
Africa was prepared with UINICEF support and used
nitially in two training courses, The ITA food crops

utilization and nutrition trainng manual was recast for

ise in the fourth traming course on the subject

A new training matenals specialist amved dunng
[9ES and put the production of training materials on
1 new footing, concentrating on training curncula,
research guides, production guides, shde collections,

rs and charts, and evaluation instruments.

Women in training. Agricultural researchers penerally
underestimate the contribution of women, who
produce by far the preater share of Africa’s horme-
grown food supply. They are often unaware of the
irmpact of new technologies on farm women's lives.

ITA is committed to improving the condition of
African women farmers through promoting research
resufts which reinforce or supplement their
contribution. In IITA's research programs,
multidisciplinary working groups that coordinate
cropping systems research are responsible for making
sure that new technclogies fit the needs of women
farmers. And whenever training opportunities are
announced, the IITA training program encourages
nomination of women participants.

In 1989 lITA developed and obtained funds for a
projectto train African women forleadership roles: 10
agricultural professionals from West Afcawill receive
grants to study for M.Sc. or Ph.D. degrees.

Besides the efforts to include women participants
in training, [ITAds aware that simply increasing numiers
is not enough. Gender perspective and gender
sensitivity must become part of training curmcula. [ITA
is studying ways to program its training activities and
matenials which will promote its obyectives for wornen
in agricultural research.

Collaboration with international centers. Forseveral
years, ITA has worked with CIAT and CIF in
training project on human resource development for

a joint

generation and fransfer of root and tuber crop

technologies funded by LINDP.IIT A also collaborates

[ITA research
feliow Mary
Mganjo from
Tanzania expects
to complete the
requirements for
her Ph.D. ot the
Univeristy of
Ibadan in 1990.

HTA's
rmultidisciplinory
research groups
must ensure that
new technologies fit
the needs of
wornen formers.
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with ICRAF, ILCA, IBSRAM. INIBAP, ICRISAT, CTA,
University of Arkansas and other institutions in course
plann:ng, development of training materials, course
presentation and follow-up, including evaluation.

Future directions in training. [ITA's training program
aimsto help national programs and research networks
eventually to do for themselves all the field-level
training that 1s needed to support their own research
efforts. Decentralization is a strategy which promotes
this aimn of ITA's long-term planning. National programs
and ITA together offer training that is increasingly
erganized, conducted and sustained by those programs.

[ITA’s approach to the "training of trainers” in
national programs is evolving and varied according 1o

Table 2. IITA group training courses in 1989

the needsand opportunities in those programs. Training
of researchers to train others is a central part of I TA's
decentralization strategy. For full-time training officers
in national programs, ITA arranges two-to-three-
month attachments to enable them to work alongside
ITA training staff to acquire ori-the-job expenence.

Wherever possible, ITA offers training in national
training institutions and invites national scientists to
join in training as coordinators, teachers and advisers,
ITA in the first instance collaborates in training with
those countries that have well-defined plans and goals
for research and training, especially those countres
with which [ITA already has collaborative ties.
Involvernent in training activities reinforces collaborative
ties between IITA and the recipient country,

VWeeks ~__Trainees Countries
total women

IITA Ibadan
Editing and publication 2 24 4 5
Village and institution-level cassava survey 2 20 3 7
{Collaborative Study on Cassava in Africa)
Advanced soil and plant analysis 4 17 4 |4
Root crops research and technolegy transfer 10 24 6 '8
Sustainacle food production systems 3 33 3 '8
Fooc crops utilization and nutrition 5 32 22 10
Alley farming 2 34 2 '8
Plantain research and technology transfer 3 13 2 8
On-farm expermentation 2 21 I G
Cowpea and soybean research and technology transfer 8 19 3 10
Maize research and technology transfer 10 6 I 10
Total IITA Ibadan 51 253 51 -
IITA Cotoncu
Biclog cal cortrol 5 19 2 12
Biclogical control 5 32 3 15
Total ITA Cotonou 10 51 5 -
Regional/in-country
Cassava production, processing and utilization (Guinea Bissau) 2 22 5 I
Maize and cowpea production (Burkina Faso} 2 23 0 !
Vegetative seed production {Kenya) 2 |7 | El
Root and tuber crop production. processing and utlization (Mozambique) 2 19 I 2
Rapid murtiplication of root crops (Ben.n) I 29 pl I
Total regional/in-country 9 [ +O 3 -
Grand total 70 414 65 -



Annex to Intemationa! Cooperation: Graduate Research Fellows and Scholars 1989

Research Fellows (Doctoral Degree Studies)

Program Country University Sponsor Thesis'

Biclogical Control Program

Ms A. Akpokodje Nigena University of Ibadan HTA,

Mr. 5. Bruce-Oliver Gambia University of California, Berkeley WTA

Mr. A. Chalabesa Zambia Wye College, London A

Mr. A. R. Cujoe Ghana Wye College, London IITA -

Mr. G. Goergen Germany, Fed. Rep.  University of Giessen A -

Mr. H. Rogg Germany, Fed. Rep.  University of Giessen GTZ -

Grain Legume Improvement Program

Mr. S. A Adebitan Nigeria University of Ibadan IITA -

Mr. H. Adu-Dapaah Ghana Universiy of (badan USAIDAITA  Studies on phenotype stability
and male stenlity in cowpea.

Ms N. F. U. Agwaranze Nigera University of Ibadan IITAZ -

Mr. B. Asafo-Adjei Ghana University of Minnesota CIDA, Genetics of soybean breeding.

Mr. I, D. Atokple Ghana Ahmadu Bello University [ITA -

Mr. S, Blade Canada McGill University CIDA Evaluation of improved cowpea
lines under intercropping
systems in various agroclimatic
zones in Nigena,

Ms K. K. Mogotsi Botswana University of Botswana FF -

Ms A, Noameshie Togo University of Ibadan ITA -

Mr. 5. Oghiakhe Nigena University of Lagos Self/lITA Host plant resistance studies on
the legume pod borer, Maruca
testulalis Geyer (Lepidoptera:
Pyralidae).

Mr. T. Omobuwajo Nigeria Otbafemi Awolowo University TA -

Ms C. P. Paul Sn Lanka University of Ibadan Italy -

Mr. M. Touré Mali Université Laval Ste. Foy, Canada [ITA? -

Maize Research Program

Mr. Y. AL Akintunde Nigeria University of Ibadan IITA? -

Mr. M, Asanzi Zaire Chio State University USAID -

Mr. &. . Osanyintola Nigena University of Ibadan ITA -

Resource and Crop Management Program

Mr. P. T. Akonde Republic of Benin Universitit Hohenheim UH -

Mr. A |. Babalola Nigeria University of Ibadan Seif -

Mr. M. Baten Bangladesh University of [badan FRSelflTA -

Ms R Emst Germany, Fed. Rep.  Universitit Hohenheim UH Maize.cassava cropping systems.

Mr. T. L. Gaiser Germany, Fed. Rep.  Universitat Hohenheim UH -

Mr. B. 0. Kadiata Zaire Institut Facultaire des Sciences TA -

Agronomique

" Applies to graduate students who completed their research at (ITA dunng [ 989. No entry in this cofumn if thesis not yet compieted.

2 Funded by the IITA Graduate Research Fellowship Program.
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Research Fellows (Doctoral Degree Studies) - continued

Program Country University Sponsor Thesis'

Resource and Crop Management Program — continued

Ms S. Liya United Kingdom University of [nadan Self -

Mr H. | Lutzeyer Germany, Fed. Rep.  Universitdt Hohenheim UH VWeed management.

Mr, A, G, Maul Germary, Fed. Rep. Universitit Hohenheim UH Socioeconomic surveys in
some villages in the Republic of

Benin.

Mr. .. E. Njoku MN-gena Cemand elasticities for food in
the minor food-prodacng areas

of southem Nigeria.

University of Nigena Self

Mr. M. A. Olagcke Nigeria Unversity of N geria AGCD Relative efficiency of resource

allocation in yam and rice pro-

ductior in south-east Nigena.

Mr. Q. Onafeko Nigeria Uriversity of Ibadan IITA2 -

Mr. G. ©. Ovyediran Nigera Obafemi Awolowo University Self Wetlard soils of dfferent
agroecosystems:
characterizat on and
preductivity evaluations.

Mr. B. A. Ruhigwa Zaire institut Facultaire des Sciences ITA/AGCD -

Agronomiques

Mr. D. E. Siaw Ghana University of Ibadan Self/ITA Alley cropping tna using
Leucaena leucocepnala and
Acioa barteni mixtures.

Mr. M. ALK Smith Nigena University of Ibadan Self -

Mr. G. Tiar Crina Agrcultural University, ITAS -

VVagenirgen Netherlands

Mr. B. Ugwu Nigeria University of Nigena Self Eficiency of resource use in
food crop production in
scuth-eastern Nigeria.

Ms A, Weber Germany, Fed. Rep.  Universitidt Hohenheim UH -

Rice Research Program

Mr. M. 5. Mansaray Sierra Leone N aa University College ITA? -

Ms M. Mgonja Tanzania Universty of [badan FF -

Root, Tuber and Plantain Improvement Program

Mr. Agueguia Carmeroon University of Ibadan UNDP/GCF -

Mr. M. H. Makame Tanzania Uriversity of Ibadan UNDFP -

Ms R Ndibaza Tanzania University of Ibadan UNDP

Mr. T. E. Njocs Camercon University of Ibadan JNDP -

Ms O. Salau MNigeria University of Ibadan Sef

Mr. N, W, Wanyera Uganda University of Ibadan UNDP -
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Research Scholars {(Master’s Degree Studies)

Program Country University Sponsor Thesis'

Biological Control Program

Mr. A, J-M. Anga Cbote d'lvoire University of Wales IITA

Mr. AM. Animashaun Nigeria Wye College, London HTA -

Mr. H. Bramah Ghana University of Reading TA Biclogy of mealybugs and
natural enemies.

Mr. K. Konan Céte dlvoire Simon Fraser University ITA

Mr. P. Ndayragije Burundi University of Ottawa ITA

Mr. G, QOduor Kenya Imperial College T A -

Mr. F. Senkondo Tanzania Wye College, London A

Mr. A, J. Sumani Zambia University Callege, Cardiff T A

Mr. K Tata Hangy Zaire University College, Cardiff ITA

Mr. L. Tracre Guinea Univers té de Mortréal NTA

Grain Legume Improvement Program

Mr. ). Afun Ghana Wye College, London CIDA A comparative study of
“calendar’” and “guided”
insecticide applications for
contro’ of cowpea pests.

Mr L A. Okosun Nigeria Uriversity of Ibadan Self Screening of cowpea lines for
drought tolerance,

Ms N. Ssemakula Uganda Uiniversity of Ibadan FF

Resource and Crop Management Program

Ms L. A Ancka Nigena University of Nigeria Self Effect of early season on
tmperata cylindrica

Mr. M. O. Atayese Nigeria University of Inadan Self -

Mr. O. O. Awotoye Nigeria Unnversity of Ibacan Sel* -

Ms |, Baie Belgium Université Laval AGCD Nitrogen mineralization
potential of sols (alfisols and
uitisols) col'ected under fallows
of different ages and
relationship with size of
populations of nitrifying micro-
Organisms,

Mr. A. Dikko Nigeria Agricultural University, Norway A -

Mr. L. R. A Hermans Belgium Katholeke Universiteit, Leuven AGCD Dyynamics in rmaize plot treated
with fertilizer N and leaves of
different woody species,

Mr. P. idis: Nigena Ahmadu Bello University A -

Mr. P. Karinge Kenya University of Naircbi FF Effect of alley cropping

Calliandra colothyrsus and
nrtrogen rates on maize and
cowpeas.

' Apnies to groduate students who completed their research at IfTA dunng 1989. No entry in this column \f thesis not yet completed.

? Funded by the ITA Graduate Reseorch Fellowship Program.
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Research Scholars (Master’s Degree Studies) - continued

Program Country University Sponsor Thesis'
Resource and Crop Management Program — continued
Mr. T, Leyman Belgium Rijksuniversiteit Gent AGCD Effect of cassava-based

Rice Research Program

Mr. R. Rodrigus Belgium Université Libre de Bruxelles

Root, Tuber and Plantain Improvement Program

Mr. C. E. Felix Nigenia Universiy of lbadan

Mr. C. M. Githunguni Kenya University of lbadan

Mr. M. Ntimpirangeza Burundi University of Nairobi

Ms A. Peters Belgium Kathclieke Universiteit. Leuven
Mr. G. S N, Phin Malawi University of Ibadan

Mr. RN Sauti Malawi University of Ibadan

Mr. M. Walanguulu Zaire Institut Facutare des Sciences

Agronomiques
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cropping systems on soil
physical and chemical
properties of an alfisol in
western Nigena.

AGCD

UNDP -

IDRC Cassava vanetal response to
drought stress.

IDRC/ESARRN -

AGCD Screening plantain and banana
germplasm for resistance to
black Sigatoka disease using
different techniques.

IDRC -

USAID/

ESARRN

UNDP Mechanism of resistance of

cassava to cassava green mite,



Information and

Scientific Support

Services

Information Services

he Information Services Program embarked on a

campaign to promote public awareness in Nigeria

of ITA's goals and accomplishments. At a meeting
of the main Nigerian print and electronic media
houses with IITA in November 19839, the Media
Forum for Agriculture was established. The Forum
was inaugurated in Apnl 1 990 and held a workshop on
*Comrmunication for sustainable agriculture” at which
participated the representatives of the major
newspapers, magazines, radic and television agencies,
research institutes, farmers' organizations, the Central
Bank of Nigeria, the Nigerian Agricultural and
Cooperatives Bank and FAO of the United Nations.

The Director General, Dr. Laurence D. Stifel, gave
a public lecture on the work of ITA at the Nigenan
Institute of International Affairs in March 1989 and a
presentation at the National Workshop on the
Econcmic Recovery Program, which was organized by
the Office of the President of the Federal Republic of
Nigeria in February 1990, Both events were reported
extensively in national newspapers, which published
the texts of his presentations in part or whole.

Many joumalists visited ITA and reported on the
research here. Selections of ITA's press coverage
during 1989 have been produced in two volumes
entitled IITA in the News.

Library Services. The library offered training inthe use
of the online public access catalogue to 205 people,
who sncluded scientists from UTA and national
agricuttural research institutions. Training was also
provided for staff of other libraries in Nigeria and the
librarian of the Central Agncultural Research Institute
(CARJ) cf Liberia.

Assistance to national research institutions
continued inthe form of literature searches, interlibrary
loans, preparation and supply of bibliographies,
donaticns of duplicate or redundant publicaticns and
provision of general information.

As apartofits selective dissemination of information,

the library introduced a weekly current-awareness
series to circulate among scientific staff the tables of
contents of professional journals received at the
library. About 150,000 page copies were circulated
during 1989. For users outside the Institute, scientific
information was provided inresponse to 3 1 2 requests
by mail from 42 countnes, which included 19 in Africa,
A guide to the library and its services was published in
English and French editions.

In-house database management was improved
with implementation of the thesaurus module of
BASIS. About 12,300 records were added to the
library's database during [989. Database error
correction and retrospective data input of selected
joumal articles were increased. Eleven additional
databases on compact disk (CD-ROM) were acquired.

Publications. The total editorial output for jobs
completed during | 989 exceeded 5,000 printed pages.

Amanagement review broughtinncvations to I TA
publications. The content and style of HiTA Annual
Report 1988/89 show modifications intended to
enhance communication to the non-scientific as well
as scientific readership. Research Bnefs published its
last issue during 1989. A new semiannual penodical
for scientists which presents current information on
research results was launched in 1990, entitled iTA
Research.

[ITA hosted the Fourth Conference and General
Assembly of the African Association of Science Editors
from 5 to 9 March 1990. Participants came from all
regions of Africa as well as other parts of the world.
The conference provided lITA editicrial staff with an
opportunity to interact with African professional
colleagues andto contribute towards strengthening of
scientific editing capabilities in Africa,

Interpretation and Translation. Interpretation
services were provided to |13 training courses and
several meetings. Many thousands of pages of scientific
and information decuments were translated.
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Scientific Support Services

Genetic Resources

Since the establshment of ts crop improvement
programs in 1970, ITA has devoted considerable
resources to assembling and evaluating germplasm of
cowpea (Vigna unguiculata), African nce species (Oryza
sativa, Q. glaberrima), yams (Discorea spp.), cassava
{faninot esculenta), maize (Zeg mays), bananas and
plantains {Musa spp.), soybean (Glycine max), sweet
potato (lpomoea batotas) and bambara groundnut
{Vigna subterranea). NTA established i1ts genetic
resources unitin | 975 to collect, charactenze, evaluate
and preserve germplasm species of its mandated
Crops.

Tregermplasm collection, which incdludesthe world
collections of cowpea and African land races of rice,
supports breeding and related research activities by
'TA, national pregrams in trop cal Africa and
o~ganizations with kindred objectives elsewherz. ITA's
plant geneticists seek to promote the usefulness of this
germplasm and to enlarge knowledge about its
taxonomy, genetics, nterspecific relationships and its
potential contribution as a geneticresource for breeding
programs.

Achievements. [ITA plant exploress had, by early in
1990, conducted 58 exploration and collecticn missions
in 31 African countries. The unit mainta:ns a ccllection
of 15,000 accessions of cowpea, | 400 of wild Vigno,
[2,00G of rice, 2,000 of bambara groundnut, | 400 of
soybear, 1,800 of yams, 1.200 of maize and some
hundreds of samples each cf other species. The ITA
seed storage unit comprises two storerooms for an
“active collection”, with a combined capacity of 409
cubic meters that are kept at 5°Cx1° and 30-35%RH;
anda "base collection” seed stoe of |32 cubic meters
conditioned at -20°C. In addition, 2,000 lines of
cassava and wild Manihot, 1,000 clones of sweet
potatoes and 300 clones of plantain and bananas are
maintained by 1ITA’s root, tuper and plantain
improvement program.,

Current germplasm research includes:
» Germplasm characterization and evaluation of
cowpea, rice, yam and their related species.
* Surveys of Vigna and Oryza distnbution in Africa.
* Interspecific hybridization between cowpea and
wild Vigna, in order to study the genetic affinity between
species and to identify potential bndgng species
which can help effect crossesin breeding for resistance
against flowering pests.
*  Agrobotanical variability of Vigna species within the
Catiang group closely related to cowpea.
* Genet ¢ inheritance studies of particular traits.
* Seedlongevityin cowpea and bambara groundnut,
» Genetic diversity and differentiation of the African

rice and land races of Asan rice collected in Africa.
¢ Seedviability and tuber quality ofthe yam germplasm
collection.

Operational Strategies. Exploration and collection
activities seek to fill gaps in the collections of African
Oryza, Vigno and Dioscorea, Germplasm samiples will
be acquired from other parts of the world. Germiplasm
of other mandated crops will be collected within the
region, particulary of cassava and maize.

A sound system of germplasm storage and periodic
regeneration, combined with duplicate/triplicate
storage in allied collections elsewhere for secunty
againstloss, has been developed. Duplicate germplasm
accessions will be eliminated by morphological
companison and chemical techniques. A core collection
of each species will be selected for full evaluation.

The unit continues to service demands for seed
materials which average around 200 requests per
year,

Characterization and evaluation are systematically
conducted for cowpea, wild Vigna. rice and yarn. Many
accessions are grown out in experimental fields each
year for these activities. The urit has already
characterized and evaluated more than half of the
existng collection of bambara groundnut. The
collection of soybean has been characterized for six
agronomic characters. A computerfie is kept on each
accession with information on descriptive and
agrobotanical characteristics, and on resistance to
selected diseases, pests and physiological stresses.

Improverments are planned for yam tuber treatment
and storage faciltties, in order to increase shelf life and
reduce tuber loss.

Training courses are conducted for national scientists
or technicians in germplasm exploration, collection
and conservation, seed technclogy anc gene bank
management, ameng other related areas.

Collaborative linkages. Research projects nave
commenced with the Universita degli Studi di Napali,
the Istituto del Germoplasma, Bari, and the Istituto
Nazionzle della Nutrzione, Rome. The areas of
common interest are cytology of cowpea and witd
Vigna; wide crosses between cowpea and wild Vigna;
cell and protoplast culture of cowpea; variability of
Vigno germplasm with respect to seed-protein
electrophoretic band pattens, nutritional values and
artinutritional factors; and chemical studies related to
insect. pest resistance. These activities will utilize
biotechnology techniques in exploiting the gene pool



of wild Vigna for cowpea improvement.

[ITA plant geneticists often work closely with IBPGR,
other international organizations and genebanks in
collecting and supplying germplasm samples and
disseminating germplasm information to researchers
all over the world. They collaborate with IITA crop
improvement scientists and virologists and with
scientists from national programs to evaluate
germplasm for resistance to insect pests, diseases and
physiclogical stresses. The unit also helps to strengthen
national programs in West and Central Afdca in
exploration, collection, conservation, evaluation and
documentation,

Seed health and plant quarantine are shared
concems with virologists and others at IITA. A major
seed health problem of legume crops is seed-borme
viruses. In conjunction with the IITA seed health
committee, accessions of Vigna and Glycine which may
be virally contaminated are grown under screenhouse
conditions to produce virus-free materials, The unit
lizises with the Nigeran Plarit Quarantine Service for
both the import of plant matenals and certification of
materals for export.

A seed health unit is being set up to ensure proper
transfer of germplasm materals in coordination with
the national plant quarantine authorities,

Germplasm security. Dupiicate germplasm storage
ensures security of holdings. IRRland [ITA are comparing
their respective noldings and intend to make complete
set of duplicates of all African collections for storage
at each center. In addition, IITA recently sent 2,000
accessions of nce germplasm to the national seed
storage laboratory for duplicate storage and research
pUrpOSEs.

About one-third of ITA’s cowpea collection has
been duplicated at the U5 national seed storage
laboratory. Part of that collection is to be duplicated
for the Istituto del Germoplasma, Bani.

Dunng 1989 CIP and W TA produced a set of
duplicates of all IITA's sweet potato germplasm for
conservation and research purposes at CIP. Duplicate
samiples of bambara groundnut will be sent to Fat.
Federal Republic of Germany for storage. Other
duplicate storage arrangements are made for Musc
specimens through the International Network for the
Improvement of Banaras and Plantains (INIBAP) and
at the Katolic Universitet, Leuven; and for soybean
germplasm with the International Soybean Program
{INTSOY), US A and Asian Vegetable Research and
Developrment Center (AVRDC).

Yirology

The virology unit conducts research on virus diseases
occuming in lITA's mandated crops in Afnca. The unit's
activities are closely linked with the work of breeders,
pathologists and entemologists in each of IITA's crop
improvement programs.

Virology at ITA characteristically focuses on two
different but complementary fields of interest. The
first includes studies on the eticlogy and epidemiology
ofvirus diseases as well asresearch which supports the
development of new disease-resistant vareties,
Quarantine aspects of crop improvement and
intermational transfer of improved germplasm also fall
within this field.

The second concerns virus purification,
charactenzation and detection techniques. The unit
maintains pure and characterized virus isolates that
are used in testing breeding lines for resistance. When
an unknown virus 1s found or a known virus has
assumed an unfamihar form, the [ITA virologists try to
identify and purify it, develop antisera, and describe
the pathogen in terms of isolate charactenstics for
reference and cormpanson.

Recent, rapid developments in molecular biclogy
have opened up highly effective means for detection
of viruses. New bictechnological procedures permit
detection with, for example. serological techniques
which utilize monoclonal antibodies (MAB) and
complementary DNA {cDNA) fragments. Because of
its specific binding or hybridization properties, cONA
canbe used inthe development of extremely sensitive
detection methods. IITA virologists have sought the
help of advanced laboratories in applying such
techniques with selected crops.

Agroecological Focus. Studies of the ecology,
epiderniology and agroecological significance of virus
diseases are framed within the agroecological zones of
the specific crop-pest problem. Part of the work in
cowpea virology, for example, will be conducted out
of the new IITA research station at Kano, in the dry
savanna of northern Nigena.

Achievements. During 1587, the unit continued to
test the resistance of elite cowpea and nce genotypes
from the breeding programs to newly recognized
viruses or virus strains. The unit also continued to test
routinely all breeders’ germplasm of cowpea and
soybean for presence of seed-bome virus in order to
ensure its phytosantary safety.

Epidemiological studies as well as long-term
evaluations of the ecology and gecgraphical distnbution
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have allowed the virologists to obtaina reliable picture
of the economic importance of virus diseases in ITA's
mandated crops.

Field surveys in Nigena dunng 1989 unexpectedly
turmed up an instance of rice yellow mottle virus
infection of Oryzo longistaminata, near Numan, in the
Benue River valley of Gongola State. This exciting
discovery is the first such occurrence of that virus
reported in a perennial wild rice variety in Nigeriz;
although 1t has been reported in this species from
other West African countries. In order to obtain a
better insight into pathogenic vanation in the virus,
collections of wild nce, as well as G. sativa germplasm
tolerent of the virus, are being tested using the
standard lITA isolate and the newly obtaned isolate of
the virus from C. longistaminata.

The results of such studies to date have shown that
pathogenic properties of this new "wild reservoir’
isolate of the virus do not differ significantly from those
of the standard isolate that has been used at IITA in
resistance screening since the virus was first found in
Nigeria in 1978. Likewise, companson of a wide range
of 1solates of cowpez aphid-bome maosaic virus and
other viruses found in cowpea in Africa for pathogenic
variation in a wide range of elite germplasm has shown
that types of these viruses which occur in Nigena are
well covered, for resistance screening purposes, by
the standard isolates of the viruses at [ITA,

IITA virotogists have made significant progress in
characterizing viruses. Several newly discovered viruses
and new strains of viruses occurring in ITA's mandated
crops and related or associated weed species have
been purified for the production of antisera, which are
being used for diagnostic purposes and virus indexing
at ITA. Such antisera have been provided to several
national program scientists at their request.

Maize mottle virus was purified for MAB production
required for large-scale, reliable diagnosis of similar or
wdentical diseases in this crop in other parts of Afnica.
Maize mottle virus is the second most important virus
of maize in Nigeria and possibly has a continent-wide
distribution,

Collaborative research. I'TA is acquiring experience
and capability in MAB and cDNA techniques through
cooperative research with scientists at the UJS.
Department of Agncufture laboratory at Beltsville,
Maryland. The objective 15 to produce MBAs and
cDNA probes for the detection of viruses affecting
root and tuber crops.

A project with the Intermational Development

Research Center, Canada, is assisting national programs
in Africa in identifying viruses in their major food crops.
National program scientists will be trained in the use
of MABs, which are being preduced by the Canadian
Department of Agriculture at Vancouver. MABs will
open a shortcut to crop virologists at IITA as well as
national programs which do not have the equipment
and other facilities to identify viruses with coriventional
methods. Once they have been trained in the use of
MABs, they should be in a better position to conduct
reliable virus identification specific to their own areas.
Afterlocally prevalentvirus strairis have been identified,
ITA and national program breeders can adopt
strategies to Incorporate appropriate virus resistance
in mproved crop varieties.

Biometrics

The biometrics unit advises all IITA's scientists and
postgraduate students on mathematicat and statistical
aspects ofagncuftural research. Theunit assists sciertists
and trainees in designing surveys and experments,
analyzing and interpreting data, using statistical
information in publications and presentations, and
applying appropriate mathematical and statistical
techniques in their work. The unit also designs and
teachesthe statistics components of most ITA training
courses, and conducts occasional, more specialized
courses in statistics and statistical computing.

Dunng 1989 students and researchers from the
universities of Ibadan, Ife and Benin and several other
groups from Nigeria came to the unit for assistance.
The IITA biometrician contnbuted to the on-farm
research workshop in April and the training course
which followed from it in Septermber. Subsequently he
presented the analytical metheds component of that
course at a workshop in Cameroon. Together with a
visiting specialist, the biometrician analyzed sets of
cowpea international vanety trials from 1983 to date.
These data were used with furtherassistance from the
unit in a course on analysis of geriotype x environment
interactions. A visiting specialist from the Food and
Agriculture Crganization of the United Nations spent
one month with the unit in training in experimental
design.



Analytical Services

The analytical services laboratory assays soif, plant and
water samples submitted by [ITA researchers and
their collaborators. The lab analyses soil and water
samples for various physical and chemical properties.
Plant samples are analyzed for primary and secondary
nutrients and for micronutrients,

The laboratory contributed dunng 1989 to the
development of ITA research stations. For the humid
forest station being established at Mbalmayo,
Cameroon, the lab designed a new soil and plant
analyss laboratory, selected methods and procedures
for soll, plant and water analysis; and prepared crders
for equipment, chemicals and supplies. The lab also
analyzed samples for site charactenzation. For the
moist savanna station at Kanoin northern Nigena, the
laboratory performed soil analyses for site
charactenzation and water analysis for irrigation, Lab
support forthe stations at Onne and Cotonouincluded
analysis of soil, plant and water samples from research
projects, analysis of drinking water and supply of
deionized water for their laboratones.

The unit also analyzed soll and plant samples from
on-farm trals and from naticnal research centers
within and outside Nigena. Laboratories from Liberia
and Sierra Leone were assisted with procurement of
spares and supplies orwith assessment and advice for
improvements, On-the-job and formal training of
laboratory staff from developing countries continued
as regular activities of the unit.

The decentralization of ITA research activity from
headquarters to different agroecological zones affects
the laboratory in various ways. Samples received from
each zone have distinct properties and require
development of new analytical methods and
procedures. Because of the distances involved from
sample origin tc IIT A, problems can arise conceming
contamination dunngshipment and time lapse between
sample collection and its analysis.

Networking. The first advancedtraining workshop on
soil and plant analysis for laboratory directors and
supervisors from tropical regions was organized in
1989 and repeated early in 1990,

A proposal 1o establish a soil and plant analytical
laboratories network for Africa (SPALNA) was
developed during the two workshops. Formal
inauguration ofthe network is scheduled eartyin 1991
The goal of the network is to improve soil and plant
analytical services to support research at national
programs through collzboration among laboratones
in Africa. The network will concentrate on such

priority areas as maintenance of laboratory equipment,
training, infrastructure, communication of new
developments in analytical methods, quality control of
analytical data, standardization of methods and
improvements in supply of equipment and materials.

In future, the range of analytical services at [ITA will
be extended significantly with the introduction of a
high-pressure liquid chromatograph. To process the
increasing number of soil, plant and water samples
from IITA researchers and collaborators, further
automation of the analysis and of data processing will
be required. Development of new methods of soil and
plant analysis will also continue.

Farm Management

The farm management unit is responsible for the
management, maintenance and developmert of
experimental farms at 'TA’s headquarters and at four
research stations in Nigenaand Cameroon. Inaddition,
the unit's mobile team supports research testing in the
different agroecological zones of Nigeria.

The new moist savanna research station at Minjibir
near Kano, northern Nigena, is pbeing developed in
collaboration with the Institute for Agncuttural Research
of Ahmadu Bello University, Zara The Kano station
covers |05 hectares of which 30 hectares are assigned
forITAuse, Accessroads, soil conservation installations
and rudimentary irrigation facilities have already been
provided. During 1989 and early in 1990 a small
building complex was erected which houses field
laboratories, crop threshing and drying areas, a farm
workshop, implement storage sheds and field offices,
Fencing of the experimental fields is well advanced and
land development tc improve soil unformity is under
way.

The new high rainfall station at Mbalmayo,
Cameroon is being established on a 1,000-hectare site
in a forest reserve, involving much basic land
development work. Boundary demarcation, road
development and land clearing (by hand, in order to
minimize soil disturbance) commenced during 1989,

The farm management staff assists resource-
management scientists in studies of soil-conserving
tillage methods. For the purposes of these studies,
most trials on [ITA farms are planted with no-till
matenals that reduce soil erosion and degradation.
The unit alsc multiplies improved crop varieties
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developed by lITA scientists and their collaborators,
distributing up to [10C tons of seed annually to
government seed services, seed companies, and
farmers, in Nigena and other African countries. At
Ibadan, the unit maintains a demonstration area,
where ITA crop vaneties and farming technologies
are shown to more than 2,000 visitors each year.

On a collaborative basis, the unit assisted other
interrational agricultural research centers during | 989.
Kano-based staff of the Internatonat Crop Research
Institute forthe Semi-Arid Tropics (ICRISAT) received
support in planting trials on 22 hectares, Dry-season
imigated sorghum isolation sites were also provided
for ICRISAT at the lITA headquarters farm at Ibadan,
The unit also worked with Ibadan-based scientists of
the International Livestock Center for Africa (ILCA) to
determine optimal methods of shrub establishment in
pastures for alley cropping.

West African training course. Early in [990 the unit
conducted the first research fanm management group
training course to be held at ITA. Severiteen research
farm managers from five countries of West Africa
reviewed the following topics during the three-week
course: surveying for soil conservation, maintenance
and calibration offield machinery, and farm workshop
planning and management. Joint organized by IITA,
ICRISAT and the University of Arkansas, the course
will be repeated in 199 | and 1992 as a contribution
toward improved experimental farm support for
national research programs in the region.
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Financial Statements 1989

Extracts from Financial Statements for the Year Ended 3|1 December 989
The fuli Financial Report and the Report of the Auditors Arthur Andersen and Company are available frem IITA on request,

Statement of Financial Position

Statement of Activity

Statement of Changes in Financial Position
Donors 1989
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ITA
STATEMENT OF FINANCIAL POSITION
3|1 DECEMBER 1989

Expressed in US $ Thousands

ASSETS 1989 1588
Cash and Short-Term Deposits 6,936 5293

Accounts Receivable:
Donors 8,058 8,490
Cthers 503 563
Inventories 3,627 4,461
Cther Assets 178 238
Property, Piant and Equipment 55768 51,677
75,070 70,722

LIABILITIES AND FUND BALANCES

LIABILITIES

Accounts Payable and Other Liabilities 8,094 6998

Accrued Salaries and Benefits 3,053 3,641

Payments in Advarice — Donors 3,465 3.116
14612 13,755

FUND BALANCES

Capital 55,768 51,677

Capital Devei:opment 976 1,576

Operating 3,714 3.714
60,458 56,967
75,070 70722
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NTA
STATEMENT OF ACTIVITY
FOR THE YEAR ENDED 31 DECEMBER 1989

Expressed ir: US § Thousands

REVENUE 1989 1988
Grants 31,218 33577
Other income 619 616
31,837 34,193

EXPENSES
Research Programs 18,342 7398
Conferences and Training 1,683 2083
Information Services 1,432 [,441
General Administration 3522 3979
General Operations 2886 2,764
Froperty, Plant and Equipment 3.634 4453
Exchange (Gains) / Losses (263) (547)
Total Expenses 31,436 31,571
Allocation to Capital Development Fund 401 1,349
Allocation to Operating Fund - 1,273
31,837 34,193
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NTA

STATEMENT OF CHANGES IN FINANCIAL POSITION

FOR THE YEAR ENDED 31 DECEMBER 1989

Expressed in US § Thousands

SOURCES QF FLINDS 1989 1988
Excess of Revenue over Non-Capita Expenses 4,035 7,075-
Decrease in Accounts Receivable — Donors 4372 -
Decrease in Accounts Receivable - Other 60 -
Decrease in Inventories 834 143
Decrease in Other Assets 59 24
Increase in Accounts Peyable and Other Liabilities 1,096 2,036
Increase in Payments in Advance — Donors 349
- 6,865 9.278
APPLICATION OF FUNDS
Purchase of Property. Plant and Ecuipment 4,634 6,237
Increase 11 Accounts Recewvatle - Donors - 4234
Increase in Accounts Receivable — Other 247
Decrease in Accrued Salanes and Benefits 588 243
Decrease in Payment in Advance — Donors - 231
5.222 11,192
INCREASE/(DECREASE) IN FUNDS [.643 (i.914)
CASH, BEGINNING OF YEAR 5293 7.207
CASH, END OF YEAR 6936 5293
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DOMNORS 1989

Expressed in US § Thousands

Donors Core Funding Special Project Funding
Afncan Development Bank 225 -
Australia 54 -
Austna 90 -
Belgium 510 264
(Canada 1,637 202
Chira o -
Commission of the European Communities in Nigena - 9
Denmark 106 70
Finland 237 -
Food and Agriculture Organization - 260
Ford Foundation GO 74
France 273 -
Gatsby Chantable Foundation - 262
Germany. Federal Republic of [,379 40
India 24 -
Intemational Development Research Center - 487
Intemational Fund for Agncultural Development - 650
ltaly 641 885
Japan 2,280 -
Netherands 654 571
Nigeria 24 15
Norway 588 -
Rockefeller Foundation 503 -
Sweden 194 121
Switzerland 933 46
Unted Kingdom 743 -
Urnited Nations Development Program 147 -
Unted Nations Un versity - 41
Unted States Agency for Intemational Development 5435 5,550
Unversity of Hohenheim - 136
World Bank 4,690 Il
Closed and Miscellaneous Projects - 7
Taotal 20517 9,701
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The CGIAR

The Consultative Group on Intemational Agncuttural
Research (CGIAR) is an informal association of coun-
tries, international organizations and private institutions,
formed in 1971 to provide sustained support for a
well-defined and closely monitored program of
intermational research on food commodities of vital
importance to the developing countries of the world.

Cosponsored by the World Bank, the Food and
Agriculture Organization ofthe United Nations (FAO)
and the United Nations Development Programme
(UNDP},the CGIAR operates without a formal charter,
relying on a consensus deriving from a sense of
commen purpose. The CGIAR started with a nucleus
of four existing internaticnal agncultural research
centers, including ITA The number of centers has
increasedto |3, supported by 32 donor members and
other contributors, who provided about US$260
million in funding dunng | 988.

Each CGlAR-affiliated center is independent and
autonomous, with its own structure, mandate and
objectives, and is overseen by its own board of
trustees. 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 fields of food policy research,
genetic resources conservation, and the strengthening
of national agncultural research indeveloping countries.

The CGIAR is serviced by an executive secretanat,
which is provided by the World Bank and located in
Washington. A Technical Advisory Committee (TAQ),
compnsing a chairman and 13 scientists, is drawn
equally from developed and developing countnes.
The TAC makes recommendations on research
programs and priorities, and monitors performance
through annual program and budget reviews and
periodic external reviews by independent scientists
invited to serve on specially constituted panels. The
TAC is supported by a secretanat provided by the
three cosponsors of CGIAR and located at FAQ
headquarters in Rome.

The CGIAR meets twice ayear: once inWashington
during October/November and once elsewhere during
May. The meetings hearand discuss recommendations
about over-all strategy, budgetary needs and
management issues. Reports from individual centers,
as well as independent external evaluations, are
presented perodically at those meetings.

CIAT Centro Intemadonal de Agricultura Tropicol
CIMMYT IFPRI ISNAR ICARDA | ICRISAT iRRI , ‘ . .
Mexica USA  Netherlands Syria frnckia Philippines CIMMYT  Cenuo Internacionoi de Mejoramiento de Maiz y Trigo
Y g CIP Centro Intemacional de e Papa
\ o 3 : IBPGR Internagonal Board for Plant Genetic Resources
! 3 i ICARDA  Intemational Center for Agriculiurol Research in the Dry
O | j Aregs
LAY P -
e el ICRISAT  Intemational Crops Research Insutute for the Semi-Arid
-:il 7 Tropics
fl = = I_:',_"' \FPRI Internatienat Food Policy Research Institute
i IITA Intemational Institute of Tropical Agriculture
CA ILCA Intemational Livestack Center for Africa
ALca N ILRAD Intemational Laberatory for Research on Animal
S Ethiopia Diseases
Colombia ILRAD Kenya IRRI Intemationai Rice Research Institute
WARDA ISNAR  Intemational Service for Nauonal Agriculiural Resecrch
CIP Peru Céte d'lvoire A Nigeria
WARDA  West Africa Rice Development Association



Principal Staff

Management and Support Services
Executive Management

L D. Stifel, Ph.D,, director general

S. AL Adetunji, Ph.D., special assistant to the director general

| Cramer, B.A., executive assistant to the director general

J. H. Davies, B.5c. director, office of the director general

|- P. Eckebil, Ph.D., deputy director general, international cooperation
K S. Fischer, Ph.D., deputy director general, research

F. McDonald, M5., assistant tc the deputy director general, research
R QOyekanmi, A.C.A., intemal auditor *

W. P. Powell, B.Sc. deputy director general, management

W. M. Steele, Ph.D., special assistant to the director general *

Administrative and Auxiliary Services

K. A. Aderogba, F.C1S. principal administrative officer =
C. A. Enahoro, manager, lkeja guest house

A, R. Middleton, B.5c.. manager, intermational house

R. 1. Olorode, security manager

D. ). Sewell, manager, aircraft operations

Budget and Finance

D. A. Governey, F.CA., director, budget and finance
B. A, Adeola, F.C15. accountant

Q. E. Adepoju, ACA.. analyst, accounting procedures
G. A Agbarin, G.D.CS. technical analyst *

Q. A. Ajayi, MBA., senior technical analyst *

C. A. Babalola, A.C.A. analyst, accounting procedures
P. O. Balogun, ACA, finance manager

1. Bolarinwa. M.B.A_, payroll accountant

P. ©. Etuk. M.BA. budget and planning coordinator
E. D. Greene, M.Sc.. matenals manager

G. R Mclntosk, CMA. procedures manager. financial information
systems
F. Q. Ogunyemi, FCAA. accountant *

S. ) Udoh, AAMNLLM,, chief accountant

b. Wheeler, CP.A, project manager, financial information sysiems

Computer Services

L ). McDonald, LIB., computer manager

S. Adalumo, M.Sc. computer electronics and operations officer *
A A Akinbola, B.Sc., computer programmer

N, N. Eguzozie, B.S¢c.. computer programmer

T. D. Oluyemi, M.S5¢., computer prograrnmer

Human Resources

|. Thackway, M.A., director, human resources

T. A, Akintewe, M.D., senior medical officer

|- ©. Badaki, M.B.A,, employee relations manager
Q. A, Cole. M.D.. medical officer

J. B. Elegbe. M.Sc.. manpower development manager
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Information Services

S. M. A Lawani, Ph.D. director

1 A, Adedigba, M.A. principal librarian

A, O. Adekunle, MSc, editor

Q. R. Adeniran, M.Sc,, principal librarian

AR, Astill, MA, editor *

K Atkinson, M.S¢., editor and head, publications
S. Auerhan, Lic, interpreterftranslator

B. Auvard, BA. interpreter/translator

A. A, Azubuike, M.Sc, principal librarian

S. Bailey, Lic., interpreterftranslater

Q. Hounvou, D.AS., interpreter/translator

E. Moiinero, Lic., head. interpretation/translation
C. Moudachirou, Lic, interpreter/translator *

E. Nwulu, M.5¢c., audio-visual specialist

J. ©. Ojurongbe, B.Sc., producticn manager

L Cuédraogo, Lic., interpreter/transiator *

J. ©. Oyekan, B.Sc., head, public affairs

D. R. M. Raj, Ph.D., senior science wnter and editor
E. Tordeur. Lic., translator *

F. N, Ubogu, M.5c., principal libranan

Physical Plant Services

J. G. H. Craig, direcior

E. O. A Akintokun, research vehicle services officer
A. Amrani, heavy equipment services officer *

A, K Bhatnagar, B.Sc, assistant director

A. C. Butler, building and site services officer

P. G. Gualinetti. construction site engineering services officer

|. Kane, electrical services oflicer *

E. Ojnere, heavy equipment/fabncation services engineer

A. Ovyedeji. heavy equipment services officer

S. Quader. electronic services officer

* Left during the year (1 Apnl 1989 - 31 March 1990)



Research and Support Services
Biological Control Program

H. R. Herren, Ph.D., director

D. T. Akibo-Betts, Ph.D.. entomologist and East/Southern Afnca
regional coordinator

W. N, O. Hammond, Ph.D.. entomologist and West/Central Afrnca
regional coordinator

P. Neuenschwander, Ph.D., entomologist and research coordinator
F. Schulthess, Ph.D.. ecologist

T. Shanower, Ph.D., entomologist

A Wodageneh, Ph.D., training officer, FAC

1. S. Yaninek, Ph.D.,, acarologist

J. B. Akinwumi, MSc., engineer

T. M. Haug, M.S5¢c., mass rearing specialist

B. Mégevand, M.Sc., mite reanng specialist

Associgte experts

C. Boavida, M.Sc., ecologist
M. Tamo, MSc., ecologist

Grain Legume Improvement Program

S. R Singh, Ph.D. director

K F. Cardwell, Ph.D., plant pathologist

P. Q. Crawford, Ph.D., crop physiologist

K E. Dashiell, Ph.D., breeder

L E N. Jackai, Ph.D., entomologist

D. M. Naik, Ph.D. agronomist/breeder. Zimbabwe
O. Nakayama, Ph.D., food technologist

B. R Ntare, Ph.D, breeder and laison scientist to ICRISAT, Niger
B. B. Singh, Ph.D., breeder

I. Watanabe, Ph.D., plant physiclogist

H. O. Ogundipe, MSc. food technologist

Postdoctoral fellaws

C. N. Akem, Ph.D,, pathologist/breeder
G. O. Myers, Ph.D., breeder

Maize Research Program

[. W, Buddenhagen, Ph.D. director *

M. Winslow, Ph.D., director

N. A Bosque-Perez Ph.D., entomologist

S. K Kim, PhD. breeder

). H. Mareck, Ph.D., breeder

T. Mesfin, Ph.D.. vector entomologist

M. Rodriguez, Ph.D., agronomist *

G. K Weber, Ph.D.. national program coordinator

Postdoctora! fefiaws

A. E. Awad, Ph.D., striga biologist
]. G. Kling, Ph.D., breeder
O. M. Olanya, Ph.D., pathologist

Visiting scientists
B. Badu-Apraku, Ph.D., breeder
D. K Kossou, Ph.D.. entomologist

Resource and Crop Management Program

D. S. C. Spencer, Ph.D., director

. O. Akobundu, Ph.D., weed scientist

A. N, Atta-Krah, Ph.D., coordinator, aliey farming network

K. Dvorak, Ph.D., agricultural economist

H. C. Ezumah, Ph.D., agronomist, cassava-based working group

B. 5. Ghuman, Ph.D., soil scientist *

M. P. Gichuru, Ph.D.. agronomist (soil fertility)

G. Gillman. Ph.D., soil chemist

N. R Hulugalfe, Ph.D., soil physicist

A. E. kpi, Ph.D., economist

A-M.N. [zac, Ph.D., agncultural economist

S. S. Jagtap. Ph.D., agroclimatologist

B. T. Kang. Ph.D., soif scientist/agronomist

T. L Lawson, Ph.D,, agroclimatologist

K. Mulongoy. Ph.D., scil microbiologist

H. ]. W. Mutsaers, Ph.D., agronomist, maize-based systems working
group

M. C. Palada, Ph.D., agronomist , rice-based systems working group *
N. Sanginga, Ph.D., assistant coordinator. alley farming network

). Smith, Ph.D., economist, maize-based systems working group

M. Swift, Ph.D., ieader, resource management research

Collaborative Study of Cassava in Africa

F. . Nweke, Ph.D., agricultural economist, teamn (eader
G. R Mullins, Ph.D.. East/Southern Africa regional coordinator
Y. C. Prudencio, Ph.D., regicnal coordinator

Postdoctoral fellows

R |. Carsky, Ph.D., agronomist

S. Ehui, Ph.D., agricultural economist *

G. Fairchild, Ph.D., soil microbiologist

A. C. Goldman, Ph.D., economic geographer *
R A Polson, Ph.D., agricultural economist

£ Tucker, Ph.D., weed scientist

Visiting scientists

P. O. Adetiloye, Ph,D., agronormist *
S. Hauser, Ph.D,, agronomist

R. Maricham, Ph.D., entomologist
Associate experts

). Foppes, Ir,, agricuftural economist, Onne station
M. C. Van der Meersch, Ir., microbiologist
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Rice Research Program

M. Winslow, Ph.D., program leader and breeder
K Alluri, Ph.D., coondinator, INGER-Afrca/lRRI liaison scientist
T. M. Masajo, Ph.D., breeder

Postdoctoral fellow

R C. Joshi, Ph.D., entomologist

Root, Tuber and Plantain Improvement Program

S. K. Hahn, Ph.D., director

A M. Almazan, Ph.D., biochemist/food technologist ®

R. Asiedu, Ph.D., breeder

Y. W, Jeon, Ph.D.. postharvest technologist

S. Y. C. Ng M.Sc, tissue culture specialist

B. 5. O. Gsiry, Ph.D., crop physiotogist

J. A Otoo, Ph.D,, agronomist/breeder

M. C. M. Porto, Ph.D., CIAT-IITA physiologist/breeder

G. D. Sery, Ph.D., regicnal coordinator, INIBAP, Onne station
R. L A Swennen, Ph.D., agronomist/breeder, officer-in-charge, Onne

Pastdoctora! fellows

M. Bokanga, Ph.D., biochemist

A G. Q. Dixon, PhD,, breeder

G. Eggleston, Ph.C., biochemist
Visiting scientists

K. V. Bai, Ph.D., cytogeneticist

T. lkotun, Ph.D. pathologist

H. Kanno, Ph.D., entomologist, |ICA
l. G. Mok, Ph.D., breeder, CIP *
Associote Expert

D. R. Vuylsteke, Ir, agronomist, INIBAP, Onne station *
Analytical Services Laboratory

). L. Pleysier, Ph.DD., head

Biometrics

P. Walker, M.A biometncian

Farm Management

L. C. Couper, MSc, farm manager

P. D. Austin, B.5c., farm manager, Onne station
S. L Claassen, M.Sc,, assistant farm manager

P. V. Hartley, B.Sc., farm managerfengineer
Genetic Resources Unit

N. Q. Ng. Ph.D., head and plant geneticist

S. Padulosi, Dott., plant explorer

Virology Unit

H. W. Rossel, Ir., head and virologist
G. Thottappilly, Ph.D., virclogist
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International Cooperation

H. Gasser, Ph.D., director, training program

E. Arubayi, M.B.A., coordinator, monitoring and evaluation *

E. F. Deganus, BSc, project development coordinator

J. L Gulley, Ph.D.,, group training coordinator

O. M. Ogunyinka, M.5c., coordinator, monitoring and evaluation
. C. Sentz, Ph.D., USAID liaison scientist

). B. Suh, Ph.D., research laison scientist

A P. Unyo, Ph.D, project development coordinator

R. Zachmanp, Ph.D., training materials specialist

CIDA/CIMMYT/IITA Ghana Grains Development Project, Ghana
A M. Hossain, Ph.C., breeder

Gatsby Charitable Foundadon/lITA/National Root Crops
Improvement Program, Cameroon

J- B. Abaka-Whyte, Ph.D., breeder and project leader

M. O. Akoroda, Ph.D., agronomist/breeder

IFAD/ITA Ghana Smallholder Rehabilitation and Development
Program

O. O. Gkoli, Ph.D,, breeder and root crops coordinator

Semi-Arid Food Grains Research and Development (SAFGRAD)
Project, Burkina Faso

f- M. Fajemisin, Ph.D., pathologist/breeder, project teader and maize
network coordinator
N. Muleba, Ph.D., agronomist and cowpea network coordinator

USAID/IDRCAITA East and Southern African Root Crops Research
Network (ESARRN}), Malawi

M. N. Alvarez, Ph.D., breeder and network coordinator

USAID/ITA/National Cereals Research and Extension (NCRE)
Project, Cameroon

E. A Atayi, Ph,D. chief of party and agricuftural economist
S. WL Almy, Ph.C., social economist

D. C. Baker, Ph.D., agricuftural economist

V. Balasubramaniam, Ph.C., agronomist

O. P. Cangi, Ph.C., breeder

L. Everett, Ph.C.. breeder

M. P. Jones, Ph.C., breeder

M. Kamuanga, Ph.D., agricuhiural economist

|. Kikafunda-Twine, Ph.C., agronomist

L. McHugh, M.Sc, extension agronomist

J. A Poku, Ph.D., extension agronomist

A. C. Roy, Ph.D,, agronomist

J. T. Russell, Ph.D., extension agroromist

L. Singh, Ph.D., breeder

T. Stitwell, Ph.C.. deputy chief of party and soil chemist

H. Talleyrand, Ph.D., agronomist

T. Woldetatios, Ph.C.. extension agronomist *

* Left during the yeor (1 April 1989 - 31 March 1990)



USAID/IITA Applied Agricultural Research (RAY) Project, Zaire

F. E. Brockman, Ph.D., chief of party and agrenomist
M. S. Alam, Ph.D., entomologist

C. D. S. Bartlett, Ph.D., agricultural economist
T. Berhe, Ph.D., agronomist

L H. Camacho, Ph.D. breeder

B. Chiti-Babu, farm manager

A D. Florini, Ph.D.. regional outreach specialist
K. M. Johnson, Ph.D., breeder

D. Keita, M.5c., outreach specialist

G. F. Montalban, plant superintendent

A O. Osiname, Ph.D., agronomist

M. Seye, M.A., administrative officer

D. A. Shannon, Ph.D., agronomist

W. O. Vogel, Ph.D., agricuftural economist

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

Technology Transfer Unit

M. N. Versteeg, Ph.D., agronomist and leader

Consultants

S O. Adeyeye, cassava breeding research
S. A, Aman, training

Guy Baird, research evaluation

R A. Boxall. grain storage research
A H. Bunting, research evaluation
Russell Cramer, editing

Direk Ditwiler, cassava research
Clifford S. Gold, biclogical contrel
L 5. Halos, postharvest technology
Haldore Hanson, writing

Joseph A Kwarteng, training materials
D. 5. Mikkelsen, research evaluation
Alan W, Moore, writing/editing
Sagary Nokoe, research evaluation
B. C. Nzotta, editing

Chris Parker, striga biology

Henry Remney, public relations

P. A, Shah, biclogical control

Eric M. Sicely. biotogical control
Eric Tollens, economics

Anthony Wolff, writing

A. Youdeowei, editing

Collaborative Projects on Food and Technology

F. Adesanye, food utilization

J. ©. Akingbala, foed techniology
Tola Atinmo, focd utilization

O. C. Aworh, food technology

J. Burdon, food utilization

|. Delcour, foed technelogy

L. Denton, food utifization

Janet Kwatia, food utilization

K G. Moore, food utilization

P. O. Ngoddy, food technology
G. B. Oguntimein, food utilization
S. L. Oke, food utilization

] E. Okeke, food technology

O. Olatuniji. food technology

Sidi Osho, food utilization

A.S. O. Oyakhilome, food utilization
D. Taylor, food utilization

A. C. Uwaegbute, food utilization
Carol Williams, food utilization
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Publications by IITA Staff 1989

Published Journa! Articles and Monographs
Alam, M.S. 1989. Whitefly (Hemiptera: Aleyrodidae) — a potential

pest of rice in West Africa. Intemational Rice Research Newslerter [4; 3.

Alam, M.S. and ].A. Lowe 1989. Incidence of twa grain suckers in
imigated and upland nce. intemational Rice Research Newsietter 14: 3.

Balasubramanian, V. and A. Egli. 1989. Un aperqu sur les systémes de
production au Bugesera et Gisaka-Migongo (BGM). Bull. Agric. Rwando
2: 86-98.

Boussienguet, ]. and P. Neuenschwander. 1989. Le complexe
entomophage de la cochenille du manioc en Afrique. 3. Clé et
annotée pour la détermination des hymencptéres parasitoides
associés a ce ravageur. Rev. Zool Afr. 103: 395-403.

Brewbaker, L and 5.K. Kim. 1989. The MIR {maize inbred
resistance) trials: performance of tropical-adapted maize inbreds.
Research Series 062. University of Hawai, College of Tropical
Agriculture and Human Resources,

Chen, Y.5., B.T. Kang and F.E. Caveness. 1989, Alley cropping
vegetable crops with leucaena in southern Nigeria. Hort Sdi. 24: 839-
840,

Cobbina, J.. AN. Atta-Krah and B.T. Kang. 1989. Leguminous
browse supplementation effect on the agronomic value of sheep and
goat manure. Biol Agric Hort 6: 115-12).

Cobbina, |., B.T. Kang and A.N. Atta-Krah. 1989. Effect of soif
fertility on early growth of leucaena and gliricidia in alley farms.
Agroforestry Systems 8: 157-164.

Efron. Y., S.K. Kim, J.M. Fajemisin, ].H. Mareck, C.Y. Tang, Z.T.
Dabrowski, HW. Rossel, G. Thottappilly and 1. W. Buddenhagen.
1989. Breeding for resistance to maize streak virus: a multidisciplinary
team approach. Plont Breeding 103: |-36.

Ehui, S.K. and T.W. Hertel. 1989. Computing the socially optimal
forest stock for the Ivory Coast. In: B. Greenshields and M. Bellarny
{eds.). Government intervention in agriculture. Aldershot, Darmouth
Publishing Co. Ltd., UK. 337p.

Ehui, 5.K. and T.W. Hertel. 1989. Deforestation and agricultural
productivity in the Céte d'lvoire. American Joumol of Agricultural
Econormnics 71(3):. 703-71 1.

Ehui, SK., T.W. Hertel and P.V. Preckel. 1990. Forest rescurce
depletion, seil dynamics. and agricultural productivity in the tropics.
J- Enwviron. Econ. 18:136- 154,

Gichuru, M.P. and B.T. Kang. 1989. Calliondra calothyrsus {Meissn) in
alley cropping system with sequentially cropped maize and cowpea in
southwestern Nigena. Agroforestry Systems 9: 191-203.

Hahn, S.K., J.C.G. Isoba and T. lkeotun. 1989. Resistance breeding in

root and tuber crops at the Intemational Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria. Crop Protection 8: 147-68.

104

lkeorgy, JEG.. H.C. Ezumah and T.AT. Wahua. 1989. Productivity
of species in cassava/maize/okra/egusi melon complex mixtures in
Nigena. Field Crops Research 21: 1-7.

Ikeorgy, | EG., TAT. Wahua and H.C. Ezumah. 1989, Effects of
melon (Citrullus lanatus Thunb.) and okra (Abeimoschus esculentus (L]
Moench) on the soil moisture and leafl water status of intercropped
cassava maize in Nigena. Trop. Agric. (Trinidad) 66(1): 78-82.

jackai, LENN. 1989%. A laboratory procedure for reanng the cowpea
coreid, Clavigrallo tomentosicollis Stal., using dry cowpea seeds. Bull ent
Res 79:275-281.

Jackai, LLE.N. and §. Oghiakhe, 1989. Pod wall trichomes and
resistance of two wild cowpea, Vigna vexiflata, accessions to Maruca
testulalis (Geyer) (Lepidoptera: Pyratidae) and Clgvigraila tomentosicoilis
Stal (Hemiptera: Coreidae). Buil. ent. Res. 79 595-605.

Kang, B.T. 1989. Nutrient managemert for sustained crop production
in the humid and subhumid tropics. in: |. van der Heide (ed.). Nutrient
management for food crop production in tropical farming systems,
Institute of Soil Fertility (1B}, Haren, Netheriands. 3-28.

Kang, B.T. and L Reynolds (eds.). 1989. Alley farming in the humid
and subhumid tropics. Proceedings. IDRC, Ottawa.

Kang, B.T., L Reynolds and A.N. Atta-Krah. 1989. Alley farming.
Advanices in Agronomy 43: 315-359.

Kang, B.T.. A.C.B.M. van der Kruijs and D.C. Couper. 1989. Alley
cropping for foed crep production in the humid and subhurmid
tropics. In: B.T. Kang and L Reynolds {eds.). Alley farming in the humid
and subhumid tropics. IDRC, Ottawa. 16-26.

Léhr, B., B. Santes and A_M. Varela. 1989. Larval development and
morphometry of Epidinocarsis fopezi (De Santis) (Hym., Encyrtidae),
parasitoid of the cassava mealybug, Phenaceccus manihoti Mat.-Ferr.
(Hom.. Pseudococcidae). Z. ang. Ent. 107: 334-343,

Lahr, B., A.M. Varela and B. Santos. [989. Life-table studies of
Epidinocarsis lopezi (De Santis) (Hym., Encyrtidae), a parasttoid of the
cassava mealybug, Phenacoccus manihod Mat-Ferr, (Hom.,
Pseudococcidae). Z. ang. Ent 107: 425-434,

Mareck, J.H., N.A. Bosque-Perez and M.5. Alam. 1989. Screening
and breeding for resistance to African maize borers. Annual Plant
Resistance to Insects Newslerer |5: 58-59,

Moraes, GJ. de, ] A. McMurtry and ).S. Yaninek, 1989. Some
phytoseiid mites {Acari: Phytoseiidae) from tropical Africa with
descriptions of one new species. lntemat. | Acarology |5: 95-102.

Moraes, G.|. de, H. van den Berg and ].5. Yaninek. 1989. Phytoseiid
rmites (Acar: Phytoseiidae) of Kenya, with descriptions of eight
species, Intemat. | Acorology |5: 79-93.

Mulongoy, K. and A. Bedoret. 1989. Properties of wormcasts and
surface soils under various plant covers in the hurnid tropics. Soil Biol
Biochemn, 21{2): 197-203.



Mutsaers, H.J.W. 1989. A dynamic equation for plant interaction and
application to yeld-density-time relations. Annals of Botany 64: 521-
531.

Mutsaers, H.].W. 1989. On-farm research: de tropenboer
herontdekt. | andbouwkundig Tijdschrift 101(6/7): 21.

Nangju, D. and B.T. Kang. 1989. Cowpea. In: D.L. Plucknett and H.B.
Sprague (eds.). Detecting mineral deficiencies n tropical and
temperate crops. Boulder. Westview Press. 145-153.

Neuenschwander, P, W.N.C. Hammond, A.R. Gutierrez, A.R.
Cudjoe, R. Adjakloe, J.U. Baumgirtner and U. Regev. 1989. Impact
assessment of the biclogical control of the cassava mealybug,
Phenacoccus manihoti Matile-Ferrerc (Hemiptera: Pseudococcidae), by
the introduced parasitoid Epidinocarsis lopezi (De Santis}
(Hymenoptera: Encyrtidae). Bull ent Res. 79: 579-594.

Neuenschwander, P., T. Haug, O. Ajounu, H. Davis, B. Akinwumi
and E. Madojemu. 1989. Quality requirements in natural enemies
used for inoculative release: practical experience from a successful
biological control program. Jounal of Applied Entomology 108: 409-
420.

Ntare, B.R. 1989. Fvaluation of cowpea cultivars for intercropping
with pearl millet in the Sahelian zone of West Africa. Field Crops
Research 20: 31-40.

Sanginga, N., S.K.A. Danso and G.D. Bowen. 1989. Nedulation and
growth response of Allocasuaring and Casuaring species to
phosphorus fertilization. Plant and Soif 1 18; 125-132.

Sanginga, N., K. Mulongoy and A. Ayanaba. 1989. Eflectivity of
indigenous rhizobia for nodulation and early nitrogen fixation with
Leucaene leucocephale grown in Nigenan soils. Soil Biol Biochem.
21(2). 231-235.

Sanginga, N., K. Mulongoy and A. Ayanaba. 1989. Nitrogen fixation
of field-incculated Leucoena feucecephalo (Lam.) de Wit estimated by
the *N and the difference methods. Plant and Soil | 17: 269-274.

Sanginga, N. and C. van Hove. 1989. Amino acid composition of
azolla as aflected by strains and population density. Piant and Saif 117:
263-267.

Schulthess, F., J.U. Baumgartner and H.R. Herren. 1989. Sampling
Phenacoccus manihoti in cassava fields in Nigena. Tropical Pest
Management 35: 193-200.

Smith, |, G. Umali, M.W, Rosegrant and A.M. Mandac. 1989. Risk
and nitrogen use on rainfed nce: Bicol, Philippines. Fertilizer Research
21 113-123.

Swennen, R. and E De Langhe. 1989. Threats to the highland banana
in eastern Africa. Intermational Network for the Improvement of
Bananas and Plantains (INIBAP), Musarama 2(1): 2-4.

Thottappilly, G. and H.W. Rossel. 1988. Occurence of cowpea
mottle virus and other viruses (cowpea yellow mosaic virus, southem
bean mosaic virus) in cowpea. FAQ Plant Frotection Bull. 36(4): 184-
185,

van Aiphen, ] .M., P. Neuenschwander, M.J. van Dijken, W.N.O.
Hammond and H.R. Herren. |989. Insect invasions: the case of the

cassava mealybug and its natural enemies evaluated. The Entomologist
108: 38-55.

van der Kruijs, A/C.B.M., ]. van der Heide and B.T. Kang. 1989.
Observations on decompesition rates of leaves of several shrub and
tree species applied as mulch under humid tropical conditions. In: ).
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