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Director General’s Report



Director General's

1989/90 Report

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

to announce that the ITA Board of Trustees recently

elected a strong new leadership team for the Institute. Dr.
Nicholas Mumba, Permanent Secretary, the Ministry of Agncul-
ture of Zambia, was elected the new Board Chairperson to
succeed Mr. Luis Crouch. Dr. Lukas Brader, a distinguished
science marager and currently Director of the FAQ Plant
Production and Protection Division, was elected the new
Drrector General, effective December 1990.

In this last report | will attempt to assess the cun ent state of
the Institute and s capacity to deal with the interrelated
problems of malnutrition, poverty and sustainable agniculture in
Adrica.

l'wenty-three years ago, long before sustamability became a
burning issue, the founders of ITAhad a vision of a new institute
0 tropical Africa explicitly dedicated to this specific 1ssue. They
charged IITA to develop sustainable agricultural systems that
could replace the region’s traditional bush-fallow, or slash-and-
burn. cuitivation; while increasing the productivity of the key
focd crops in these <ystems. IITA's mandate reflects both the
essential difference and the cntical ink between the goals of
feeding hungry people today and developing sustamable 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
tor the resource-poor famers of tropical Afnica. To serve these
people, ITA scientsis had to recognize the dwersity of their
farming cenditions and to understand the crop production
sestems that the, had developed over centuries or even
millenia,

A has recerced increasing recognition for the quality of its
ceentfic achievernent dunng the past five years. Scientilic
researchis along-term process, and ! have been fortunate to be
Diector General dunn a period when research started well
before iy tenure s produang benefits for African farmers. One
of the hallmark s of successful nternationa! agricultural research
s the King Baudoun Award presented every two years by the
Consultatvze: Group on International Agricultural Research
(CGIARY. Within this year T A will have recewved two of the last
three King Baudown Awards the 1986 Award for the
deelopment of maize vaneties resitant to the streak virus and
the 1990 Award, wath Centro Internacional de Agricultura
Tropical (CIAT). for the dramatically successful research on the
brological control of the cassava mealybug,

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

Sharpened Program Focus

The four strategic elements of ITA'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
Afnca, a vast area including more than 20 countres and over 40
percent of the population of sub-Saharan Africa. With the
termination of lITA field projects in Asia, Latin America and the
Canbbean - while our co'laboration 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 HTA's status as an intermational center.

IITA’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 ITA research
were scafe neutral. While some of the technology generated at

A Nigerian former harvests improved cassava tubers,




IITAss 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 smallholders. Later
| pive examples of how this decision 15 affecting our research
objectives.

Most African farmers are small-scale farmers, using manual
methods to grow complex nuxtuces of crops n traditional
farming systems. Men and women. they are efficient in the use
of avalable resources and responsive to incentives. These
farmers are paor not because ther holdings are small but
because ther farminy systems frequently have low and declining
productivity. Mith the night kind f support, they will adopt
Approprate new technologes, preduce the surpluses needec
tn feed Airica’s growing population, and provide the foundation
for broad-tased cconomic growtn

The third eicment of focus irvubyed a fundamental strategic
decisier. to integrate ITA'S reserrch on the basis of famming
systems. Farming systems research s not new 1t IITA, but the
ITA Strategx “lan defines a fresih approach. The philosophy
behind this ¢ ms from the need to address the difficult issue of
the desigr <t appropriate techrology.

Farmers senerally adopt technological change in a scepwise
manner - ¢rie component ata time. Change in any comporant
of the crop ang system has, however, much wider imphcations
than its iromediate target. For instance, introduction of a pest-

resistant, high-yielding variety ray accelerate soil fertility decline
and increase inter-crop competition; or changes in planting
dates may affect the availability of labor for other tasks such as
weeding, The farrneris, of course, concemed with managing his
whole cropping system and judges the value of new technology
by its contnibutions 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
Gone by truly interdisciphinary research - the inculcation of a
systematic, irteractive approach to research issues ight through
from planring to implementation. For many researchers, trained
in the classical reductionist disciplines of science, this involves a
new way of approaching thewr work. A commentator once
likened ITA’s organization to a series of independent columns
that had evolved over |5 years without connecting links. We are
now workirig to forge those hris. The organizational changes to
acnieve this are described later in this report.

The fourth and last element of focus was or. 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 vaned significantly by agroecological
zone — problems of specific pests and diseases and of adapta-
tion to the, cropping systems of the region. International re-
searchwas required because the environments cut across many
countries. some of which are too small and poor to mount
cffective research on their range of prionty problems.
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Accordingly, the decision was made to decentralize research
to small stations in the key zones of West and Central Africa, In
addition to lITA's headquarters station at Ibadan, in the transi-
tion zone between the forest and savanna, a research station
was established in 1990 in the dry savanna of Nigeia for work
on cowpeas In sorghum- and millet-based farming systems.
Another station is nearing completion in the humid forest zone
of Cameroon, primarily for research on cassava and resource
management 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 recogniee the distinet inland valley ecosystem
which occurs in all ecological zones.

Decentralization of ITA's research was a logical stage in the
evolutionofthe Institute. Inthe first stage of ITA's history, it was
apparent that commodity research could make the greatest
contrbution to sustainability by developing germplasm resistant
o 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 successfu! in breeding resist-
ance to major pathogens - - cassava bactenal bhght and African
mosaic disease, diseases of maize such as lowland rust and blight
and the streak virus, iice blast, and numerous cowpea pests and
diseases. These successes were adopted over a large range of
ccosystems in Afnca. They provide stability of yield to these
commodities, enabling present research to focus more on adap-
laton 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 integraled
through their focus on the major agroecological zones of West
and Central Afiica. 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 smal-scale farmer.
* Commodity improvement research - - breeding ofimproved
crop varieties to stabilize and increase smallholder 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 conceming the establishment of a
fourth thrust, pest management research, that would draw
upon NITA’s resources in pest management, including the
Biological Control Program, to form a new integrated pest
management program.

The long-standing challenge at ITA to inculcate a farming
systems orientation throughout the Institute has been noted.
After considering various organizational alteatives to pro-

Resource
Management
Research Unit

Commaodity
Improvement
Research Programs

Systems-Based
Working Groups

[}
!
'

Farming Systems Research

Small-Scale Farmer

Diagram I. Integration of lITA Research Progroms

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-ime member scientists from the commodity improve-
ment programs. This was a crucial new mechanism because, as
shown in Diagram 1, itintegrated the work of [[TA’s commodity
improvement and resource management scientists at the farm-
ing systems level,

The working groups are providing a validation function
involving 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 varieties. Through this process, IITA scientists are
brought together in a common effort to understand major
farming systems and to produce new vaneties and technologies
for their improvement.

A start has been made in institutionalizing the environment
in which scientists will change their behavior and acceptnew and
unconvertional objectives in their work. If successful, this
reorientation will amount 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 nsky because its productivity is still uncertain, but they urged
IITA to persevere in this new direction because of the disap-
pointing impact wiich the conventioral commadity-improve-
ment research paradigm has had in Africa.

In planning this integration, ITA had to determine the
appropriate 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 conceptudlly correct or



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

Moreover, there are significant dfferences between research
on resource management and research on commodity :im-
provement: differences n research complexity, tme horizon,
extension potential, and relative importance amerg different
agroecological zones. Research breakthroughs that have the
maost immediate mpact generally result from improved com-
modity vaneties, but commodity research alone will not solve
the sustainability problem. Recognizing thr need for balance in
the research progrant, a decision was made in the strategic
planning process to double the relative levet of staffing for
resource management research over five years, as shown in
Fable |. To provide a critical mass of scientists for commodity
while assuring that new technologies
are appropriate for farming systems  a concurrent decision
was made to reduce the scope of commodity improvement
research from nine to six commodities. Research on sweet
potatoes, nce and cocoyams is being phased out.

improvement research

Table 1. Distribution of Core Scientists Among lITA Research
Programs

Toper oot Research Actual  Actual  Plan
1989 1990 1993
Resource Maragement 168 205 3%
Cemmodity lmprovement 5% 8% %
Crop Mangpenent s 8% 21%
100% 100% 100%

Enhanced Collaboration with National

Agricultural Research Systems

The third theme of the Strategic Plan was cooperation with
national agricultural research systems. In 1987, the ITA Board
of Trustees upgraded the status of the Intemational Coopera-
ton Program by establishing the new position of Deputy
Nirector General for International Cooperation. This was fol-
lowed by evtensve consultations with the leaders of African
national systems to develop a strategic plan for international
cooperation, with the objectve of bullding partnerships with
national systems to assist them to strengthen ther capability to
use and generate technology to satisfy ther own needs.

Because ITA technoiog s s of little use m countries which lack
the capaoty for effective collaboration, we have been encour-
aged by donois and by Aftican governments to accept the
responsibility to assist i bulding sich capacity, to the extent
that we have a comparative advantage and that such activity
doss not weaken our sitality as a research institute. Over a
transiion perod of five to ten years, we are operating more
doanstream toward adaptive sesearch than would be custorn-
ary for an nternational center, We distimguish the requirements
of ratonal systems at different stages of their institutional

de relopment according to a conceptual framework that em-
phasizes the dynanuc relationship required for IITA to meet
their strategic needs.

IV A'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 fiaison
scientists, resident scientist teams and training,

First, collaborative research networks connect ITA with
national and regional agncultural institutions in- Africa and
bayond, 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 agncultural progress. [ITA acts
as a catalyst in promoting and managing appropriate networks
for the tropical and subtropical regions of Africa. Because itis a
major source of scientific research n the region. lITA often
assumes the coordinating role during a network’s early stages.

IITA 15 presently coordinating four collaborative research
networks: the Eastem and Southern Africa Root Crops Re-
search Network (ESARRN), the Cowpea and Maize Research
Networks of the Semi-Arid Food Grains Research and Devel-
opment (SAFGRAD) Project, and the Alley Farming Network
for Tropical Africa (AFNETA). In additien, ITA has actively
encouraged the rationalization of research networks in the
region, particilarly acress the francophone and anglophone
zones.

The second mechamsm 1s research haison scientists. We
place high prionty on deepening our understanding of the tughly
diverse national systems of West and Central Aftica. Research
haison scientists have been appointed, each to serve a group of
countries by studying ther requirements and linking them to
IITA and other sources of technology and assistance. In the
conduct of thew research, ITA scientists continue their direct
association with national scientists. The haison scientists are
responsible for coordinating such activities in each country and
managing special cooperative projects within them. The goalis
to ensure that IITA partnerships with national systems are
responsive to their own strategic needs and genuine concerns,

The third mechamisnyis m-country resident scientist teams,
Overthe last decade, 11T A has invested over 300 scientist-years
working within national programs of the region, thus giving us
unique experience with these institutions and a comparative
advantage n such collaborative actviies. The objectives of
resident scientists are to conduct adaptive research, thus
feeding back information to lITA and othe.: international cen-
ters, and to strengthen the capabiity of national programs to
sustain such research without external assistance. Thisemphasis
onbulding capacity for adaptive researcycomplements ISNAR's
role inimproving the management of research systems. Recent
studies confirm that national research leaders have very strong
demand for this form of assistance.
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The fourth mecharism s traning. Since 1971, IITA has
traned almost 6,000 Africans. Although most of them have
been technicians in group courses, more than 400 have been
students conducung research for postgraduate degrees. We
work with ITA alumniwho are rapidly mowing into key positions
of responsibility in African national systems. In the long run,
tranng may be HTA's most endurng contribution to the
solution of Africa’s food problems, and 1t 15 being accorded
higher prionty thanin the past ITA has made significant changes
by devoting more of its "core” or permanent resources to
traning, by ncreasingly decentrahzing group traimng to national
nstitutes, by shifting emphasis from group training to supporting
graduate research, espeaially of Africans at the M.Sc. and the
PhD. levels. and by increasing the proportion of women
participants in training at all tevels.

Model for Sustainable Development

With a mandate for research on sustainable agricultural
systems tor the lowland tropics of Africa, we feel a responsibility
to attempt to conceptuahze the role of research in realizing this
objective: A smple model identifying the tecknology require-
ments at different stages of develepment has been a useful
heuristic device for stmulating saientific discussion at ITA about
how research can contribute to the efforts of smallholders to
move from subsistence agneulture onto a path leading toward
more productive and sustainable agriculture. In the following
pagestdescnbe this preliminary model as it applies in the humid
forest agroecology of south-eastem Nigeria, the most densely
populated region in sub-Saharan Africa.

The indigenous farmming systems which have evolved in the
forest zone have remained productve because of cropping
strategies which mantain 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 imponantly, by the regrowth of natural
vegetation during 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 dechning soil productivity and increased
pressure from weeds and pests. The regression Iine in Dragram
2 shows the verse relationship between population density
and the years of fallow in south-castern Nigera,

Behind the statistics 15 the reality that tracitional farming
systems are being destabilized, forang farmers to cultivate
marginallands or to destroy the forest reserves in a vicious circle
of human and environmental impovenshment. The secondary
forest. previously sustained by long fallows, 1s being transformed
into bush that 15 less able to regenerate soil and previde
traditonal secondary benefits. Farmers in densely populated
villages must for the first time purchase fuelwood, others are
intensifying their intercropping, adult males without land are
becoming inzreasingly common, and communal land ownership
Is giving way to a commercialized system of individual rights to
land tenure. A Nigenan geographer has concluded that “the

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

Tuming to the conceptual model of sustanahle agricultural
development, Diagram 3 portrays three phases of development
of the farming system, from traditional to intermediate to
market-oriented Like many models, this 15 a highly stylized
smplification that raises as many questions as 1t answers. This is
particularly true of the vertical axis showing that the output of
the system provides benefits in the form of increased short-run
production, and/or greater sustamability.

IITA’s goal 1s to develop agricultural systems that are both
productive and sustainable. By representing these benefits as
alternatives in the diagram, we acknowledge that there may
inevitably be trade-offs between shori-run productivity on the
one hand and tie conservation demands of sustainability on the
other. In the tigh-ponulation-density region of south-eastemn
Nigeria, we can assume that the productive benefits can by
measured in tenns of ncreased yield per area of desirable crops.
The measure of sustainability i1s more complex, but the simplest
approachis to equate it with stability of yield. Increased predic-
tability of output from year 1o year represents a lowering of nisk
for the farmer. It also creates a situation in which resource con-
servation, although not guaranteed at least becomes possit'e.

Sustanable development involves stabilization of both the
environmentat ar the soc.oecononic factors which influence
farming systems. These operate at a variety of scales - - rangira
from the soil fertility stresses within a farmer’s field to the foord
andinput pricing policies imposed externally. ITA scientists are
working to develop operational strategies for the measurement
and management of sustainability. The issue 15 complex but
depends in the first instance on a rigorous 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 Villages of South-Eastern Nigerio

Fallow Length
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of the burgeoning literature on the topic.

The honzontal axis of Diagram 3 shows examples of tech-
nologies that become relevant as the farmer moves from a
traditional to a market-onented system. Given the urgent need
for marketable surpluses to feed urban populations, lITA'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 natonal and ntemational researchers in Africa have
been working to produce Phase il technology charactenzed by
high-input, sole-crop packages that produce high yields on
experiment stations. But the dramatic success of this “green-
revolution” strategy in Asia has not been duplicated in the forest
zone of Africa because most farmers are in Phase 1, the inputs
are not avallable and, most importantly, the packages do not fit
in farmers’ complex, bush-fallow cropping systems.

The bush-fallow rotation system charactenstic of the forest
zone has traditionally been a sustainable system compatible with
the land-abundant situation. There 15 mounting concem In
Africa, however, that sustamability 1s threatened by nsing popu-
lation densities. iromically, part of the stress comes from use of
improved crop vanetes that increase nutrient removal without
compensating soll amendments.

ITA has been very successful in developing technologies that
pemit 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 avard 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 addivon
of fertilhizer to the system might be thought sufficient to sustan
production, thus permitung the smaltholder to jump over Phase
Il and enter Phase lll. While that would be a short-term
possibility to increase production, numerous examples from the
hurmid tropics have shown that it 1s not a long-term solution.
Diagram “Hillustrates this point with experimental data gathered
over seven years of annual cropping without fallow at Ibadan, in
the forest-savanna transition zone. The addition of fertiizer
raises marze yields initially, but that is not sustainable. The soil is
rapidly degraded as organic matter is mineralized and nutnents
are leached to depths beyond the reach of crops. The solf
becomes increasingly acid, 1t loses structure, becomes com-
pacted, and in the worst case is itself eroded.

Thus it 15 apparent that there can be no easy progress from
Phase I to Phase Ill, even were the farmer able to purchase and
use extermal mputs. The key to the transition from what 1s
essentially subsistence farming to market-oriented farming,
using purchased inputs, lies in anunderstanding of the traditional
cystem of shifting cultivation, and the iwstorative roie of the
natural fallow which sustained low levels of production in these
fragle environrnents for centuries.

Productivity and/or Sustainability
of Farming System

Prose
Use of External Inputs

Phase it
Increased Internal Inputs

Physe |
Decreased Risk
Phase | Phase il
Traditional Intermediate
ITA Pest Agroforestry
Research Resistance
Inputs
Biological Vanetes for
Control Intercropping
Postharvest Crop

Technologies Management

Diagram 3. lITA Research
Inputs at Different Phases of
Smallholder 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 prediction of food crops are now better understood.
They nclude:

* Vegetative cover to minmize soll surdace eros on

* Recpding of nutrients from lower soil layers to the crop
I‘U()IIH‘L" zone:

* Increased input of nitrogen by fixation by leguninous trees
orherbaceous speaes n the fallow or cropping system

* Organic matter accumulaton at the sol surface and the
consequent improvement of biological activity, water infiltra-
tonand mosture and nutrent retention

ITA research in Phase Il seeks technologies which integrate
these intermnal biological processes nto improved intercropping
systems that enhance stability and increase productivity.

Diagram 5 shows e«permental results of maize production
m-alley faming systenys at A Alley farming has all of the
elerrvents just desarbed: t minimizes the trade-off setween
production and sustanability inherent in trachtional bush fallow,
because tmerges the fallow and cropping cycles n tme but
sepdrates therminspace. Although alley farming has not yet been
adapted to the acid soils of the humid forest zone, it serves here
d.amodelto demonstrate how it rright be possible to increase
aropping ntensity and sustanathty.

The tower carve of Diagram 5 shows that resource-poor
8

farmers can sustan intermediate levels of production in an
mproved management system such as alley farring using
internal nputs. But these systems face biological limits that can
be overcome only vath modern external nputs. This is shown
by the upper curve of the dagram. The addition of fertibizer to
the dlley cropping system increased production without the
destabilizing effects seen in the monocrops of Diagram 4.

Alley cropping 1s only one solution to the problems of the

Diagram 5. Sustainability of Maize Production in Alley Farming
Systems at lITA, 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. IITA 15 developing a suite of altermative multi-species
systems involving trees and/or herbaceous legumes.

In Phase Il of the model, 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
technologes will be those who are increasingly able to commier-
aahze their operations by selling surplus output and purchasing
inputs. They will benefit from research, some of which 1s 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.

T'echnology, of course, 15 only one of the inputs into agricul-
turat development, and the partial nature of this model must be
emphasized. It s meant to show how technology inputs and the
properties of the system change as the farmer moves from the
closed, nternally controlled traditional system to an open and
tnore externally directed, market-oriented system. The stages
should not be considered mutually exclusive nor the trajectory
Iinear. Stage lihs most subject to destabilization because of its
dependence on market forces, thus requiring continuing itera-
tion in land use management to optimize the efficiency of
external infuts.

Research for Sustainable Agriculture in the

Forest Zone

NTA has 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 llustrated by ITA’s research on
cassava and plantains as | describe in the following paragraphs,
ITA screntists realized major research breakthroughs on these
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two staple crops duning 1989-1990,

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

A5 able to decentraize the cassava improvement pro-
srambecause the mayor pestconstrants  viruses, bactena and
el have been overcome by past work at the Ibadan
and Cotonon facilities. Despite the notoriously poor statstics
0N Cassvaamproved stable vaneties are known to be spreading
throughout Nigeria - improved cassava planting maternal was
avalable mabout 90 percent of the Nigeran villages surveyed
N 1990 by A% Collaborative Study of Cassava in Africa

(COSCA)

Breeding objectives for cassava in some countries must take
accountof themportance of cassavi leaves iy human diets. And
everywhere there 1 economicdlly sypnficant varation i the
fength of ume in which tubers are left n the ground before
harvest The range extends from less than |2 to more than 18
months, wath mportant anphcations for breeders because
Quabty declines as the fiber content of tubers ncreases with age.

Improved cassava with bushy branches helps to reduce weed
growth.
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Among the breeding concems which relate to production, it
15 necessary to take account of varations i plant architecture
appropriate for cassava in different cropping systems. ITA's
priority 1s to develop vareties for smallholders who are inter-
cropping cassava in mixed systems. They prefer cassava with an
erect growth habit and few branches because it mimimizes
competition for light with interplanted crops such as maize.

Commiercial 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 attrbute,
valued because it decreases labor requirements, 1s expressed
most obviouslty in IITA 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, dverse utilization requirements
call for cooperation between HTA's cassava breeders and
postharvest technologists. For example, there is variation within
the African cassava beltin the cyanide content of cassava tubers,
In many regions the so-called sweet cassava 15 preferred
because 1t is low in cyanide, and can be easily processed for
consumption: m other regions the preference is for products
that are prepared by fermentation and heating which drive
cyamide out of the grated or ground tubers of bitter cassava.

Biological control research s appropriate for Phase | farmers
and there can be no better example than the biological control
of cassavamealybug in Africa referred to earlier. The storyiswell
known  the collaboration with CIAT, the International Insti-
tute for Bological Control (IIBC) and with many other organi-
zations; the evploration in Central and South Amenca: the
discovery of the tiny Etudinocarss fopezi wasp and its introduc-
tion into Africa after quarantine by IIBC in England; and release
of the wasp over the 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 n
savings of food craps valued in billions of U S. dollars. (See story
“ITAJCIAT Research in Biological Control..” in Research
Fhighlights section.)

Alrican cassava growers will benefit from important research
breakthroughs by ITA scientists this year — the establishment
of a predaceous nute, Neoseilus idaeus, that 1s a natural enemy
of the destructive cassava green spider mite; and the discovery
of apomixis and polyploidy among products of crosses between
cassava and ts wild relatives that expands the breeding potential
of Africa’s most important crop.

Plantains. As a result of the Strategic Planning Study, ITA has
expanded research on plantains, an important component cf
farming systems in the humic forest zone. According to FAO
statistics, bananas and plantains are the second most economi-



cally important crop category n Africa, surpassed only by
cassava. Plantains are an ideal crop for small-scale farmers inthe
humid forest zone because they fit easily into their farming
systems and produce high yields throughout the year.

HTA has worked on the major constrants to plantan
production for many years, with emiphasis on the agronormy 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 Sipatoka
disease.

Black Sigatoka disease 1s the overniding constrant & plantan
production worldwide. Its fungal spores, dispersed by wind and
water, are beyond the control of plant quarantine measures. It
causes plantan leaves to wither, resutting in losses so high that
the crop may become uneconomical to grow. The disease,
accdentally ntroduced into Central Aftica recently, spread
rapidly to the north, reaching Nigeria i 1986. It can be
controlled by fungiaides, but at a high cost beyond the means
of Affican farmers.

HTA's strategy for resear- h on black S+ratoka 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 hikely to be acceptable to consumers are
beng multplied and distnbuted in Nigena. Although West
Africans are unfamilar with cookimng bananas and much prefer
plartans, these resistant clones are potential alternatives if
plantains dechine in West Africa, and they are being tested in the
remon i collaboration with the Intemational Network for the
Improvement of Bananas and Plantans (INIBAP)

Second, 1A established the first plantain breeding program
in Africa with the chief objective of breeding plantains resistant
1o black Sizatora. Recalling the disastrous impact of the rosette:
disease on groundnut production m northern Nigena, officials
from the Federal Ministry of Agriculture supported IITAs plans
to launch an urgent research campaign to control black
Sipdtoke at ourstaton at Onne, eastern Nigera. It took IITA 10
Sedrs to develop resistance to streak vinus in maize, whichiis a
much simpler crop for breeding purposes. There was tremen-
dous pressure on ITA agncultural saentists Lo save plantans
for the millions of smaliholders who depend on them for their
subsictence and hvelhood.

I am very pleased to be able to report that IITA had an
iraportant bredk through m this work n 1989, much eariier than
could have been espected. ITA's plantain breeder has suc-
ceeded i making artifical Grosses between Sigatoka-suscepti-
bile plantains and resistant diploid bananas, and he has obtained
vable seed. From about 100 seedhings rased from the hybnd
seeds, three plants appedar 1o be resistant to black Sigatoka and
have the charactenstics of plantans. If Sigatoka-resistant plan-
tans can be extended wadely to smatlhotders in the hurmd

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

The research described above on cassava and plantains 1s
increasing the short-rur productivity of smallholder systems in
the forest zone, but it does not enhance their sustainability. At
the present tme, under conditions of shortening fallow in the
humid forest zone, there 1s no viable proven technology for the
farmer that ‘aill sustain fertility under annual cropping, Cultiva-
tion can not be intensified from the addition of fertiizer alone
because ts apphcation rapidly leads to greater acidification and
toxicity of the soll 1t would not be economucally feasible to
apply the amount of lme and other soil additives necessary to
sustan fertiity of these sols.

Resource-Management Research, New technologies are re-
quired (1) that draw upon farmers” knowledge and are consist-
entwith fumers’ systems, (2) that build upon knowledge of the
resource base and the biological processes that enable vegeta-
tive fallow to sustam food production, and (3) that invol e new
intercropping systems that enhance stabiity and productiaty.

IITA s increasing research on the deterrninants of sustamabl-
ity and degradation of the resource base. Much of the conven-
tional wisdom about what 1s happening to bush-fallow systems
rests on hmited scientific evidence. Since the proneening studies
by Nye and Greenland n the late 1950s, for example, little
rescarch has been conducted in this region to quantify the
factors responsible for *he rapid dechne in soll productivity
following land clearing. Using a stable bush-fallow system as the
standard, field experments are needed to produce empirical
dataonthe relation of fertility dechine to farirers’ strategies, such
as faliow management, crop mixtures, fertil zer use and weeding,

The utility of empirical data resulting from field research is
limited, however, by the high vanability of the micro-environ-
ments in the region and the many y2ars that are required to test
the sustainability of technologies. Shortcuts are necessary in
approaching the extrapolation and testing of research results.
IITA 15 tackling this by a two-pronged attack. The first strategy
15 to develop a detalled database of the environmental and
socioeconomic charactenstics of our mandate area. This infor-
mation can be summarized in the form of maps - forinstance,
of cimatic zones, distribution of soll constraints, population
densities or market access indicators. More importantly, the
data will be organized in a geographic information system which
can be accessed by researchers of any disopline to determine
the biophysical and socioecononic potentials and constraints of
their own technological interventions.

The second thrust 1s to nvestigate the underlying determi-
nants of sustunability in the farming systems under study at ITA,
This involves interdisciphinary rescarch on all natural resources

chmate, the storage and transportation of water, soil fertility,
pests, weeds and diseases, the physiology of plant growth



HITA staff study firsthand
with farmers the problems
of alley farming with
soybeans between rows of
leguminous shrubs.

and of the interactions between them. It also embraces studying
the interaction between these biophysical feterminants and
soaioecononiic regulators of the system such as the patteims of
labor avalability and capacity for utilization of inp.uts. The owput
of this research will be ecological-economic mordels which,
whenlinked with the geographic infc: mation system databases,
should give us sensitive insights into the “portability” of our
technological mnovations

Agroforestry will be an essental component of improved
spotemstoachieve sustainable food production n this zone, The
tradiional bush-fallow system s itselfl a form of agroforestry
which ander population pressure must be modified to make it
sustanable. The basic elerments of agroforestry must be studied
n order to develop a ringe of inproved land-use options.

Amonyg the possible agroforestry interventions, research on
alley farming 15 the most advanced at 1T/\, While on-station
research in the transition zone at Madan has produced proto-
type technologies for wadespread on-farm testing, there are stili
unarswered problems assocated with the acid sorls of the
forest zone that require on-station research. For example,
germplasm collection and evaluation are necessary to identity
trees or shrubs vath the required attributes of “alley species”
and which thrive onacid soils, We are often asked whether, after
50 many years of research, farmers are using alley faming and,
fnot, why they are not. In trying to find answers, ITA and the
Intermational Livestock Center for Africa (ILCA) have planted
over 100 alley farmung plots n indwvidual farmers' fields, Studies
are underway on the economic value of the hedgerow species,
or“carmier cash crops” to make hedgerow establishment more
altractive, and on hedgerow manageiment techniques for weed
control. Scientists are now examining resalts through the filters
of the farmers’ objectives, economic profitability and adoption
potential. In all cases we are exploring how to minimize the
conflict between famers’ short-term needs for production and
the longer-term benefits of sustainability.
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Agroforestry is sometimes said to combine the art of
traditional farming with the knowledge of moder science. But
some consider the science base to be limited, with an unhealthy
imbalance between vast development projectsand low levels of
research. Over the last decade IITA scientists have attempted
to correct this defciency, 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 ni..chanisms whereby hedgerow trees
influence the fertility of soll, including the responses of the most
commenly used trees to management practices and competi-
tive interactions with associated crops.

IITA's new station in Camerocn is intended to be a center of
excellence for agroforestry researcii in the humid forest zone,
Research will be an interactive process there, involving charac-
tenzation 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
systems 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; an improved fallow with a multi-canopy
of commercially useful trees and Intercropping of such high-
value, labor-intensive food crops as vegetables; and a third field
of cash-crop perenniais, possibly oil palm or rubber. Such
research requires creative thinking to define new scenarios for
sustainable development.

ITAIsrelying ncreasingly onresource and crop management
research concepts such as agroforestry that will facifitate the
farmer's transition from traditional farming systems to the
intensified higher-input, partially commercialized systems re-
quired for Africa to feer itself again. The research models and
issues vary significantly Ly agroecological zone. My discussion
has concemed the humid forest zone, the most difficult environ-
ment within IITA's mandate for developing productive and



sustainable systems to supjort expanding populations. The
environment within our area of primary focus aith the greatest
potential for producing marketable surpluses in the short run s
the moist savanna of West and Central Afnica. ITA 15 also
ntensifying its research for this zone, where rerarkable changes
in cropping systems are occurming and where scientific break-
throughs will have ther greatest immediate impact.

Conclusions

Control of the quality of research and management of the
nternational research centers belenging to the CGIAR i<
implemented by a quinguenmal process of external program
and management reviews. The review panels consist of expe-
nenced and tough-minded sctentists and science managers,
who n the course of ther lengtny and in-depth reviews become
thoroughly familr with the work of the particular center.

HTA's quinaquennial review was conducted earty in 1990 by
! Y Y
panels led by two distingushed scence managers: Dr. fim
McWilliam chawed the External Program Review and Sir Ralph
Riley chaired the External Management Review. They reviewed
y B 4
and evaluated progress over the past five years.

The years 1986-198/7 saw enormous change at IITA. The
stratec planning exercise led to new priorities and strategies
for an integrated program of research and international coop
eration. Management changes included major staff retrench-
ment caused by the 1985 financial crisis, arestructured personnel
system, and a rew financial mformation and controls systen.

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

The year 1989 was an excting year in which we streng-
thened the scientific team andlaunched the new initiatives in the
Medhum-Term Plan. In my last semi-annual letter to staffin 1989,

I expressed the view that "much remains to be done, but ITA
1510 excellent condition to move forward boldly on its challeng-
g wssion to make it the world's premiere scientfic institution
for the agnculture of the humid tropics of Africa™

The extermnal review panels were penetrating and compre-
hensive in their assessment of ITA. They made numerous
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 lITA 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 n importance in Afnica during the last decade of the
twentieth century and beyond. Popuation pressure on re-
sources will remain severe in Africa 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
agncultural systems.

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

Laurence D. Stifel
Director General
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IITA/CIAT Research in

Biological Control Wins the
990 King Baudouin Award

ITA and Ceriro Internacional de Agricultura Tropical (CIAT)

were selected to recewe the 1990 King Baudouin Award for

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

Sponsored by the Belgian Government, the King Baudouin
International Agr.cultural Research Award s made biennially by
the Consultatr e Group on Intemational Agricultural Research
(CGIAR) for cutstanding research achievements. In 1986, IITA
recenved the same award for ts achievement in developing
mproved maize vaneties resistant to maize streak virus,

The cassava meal,bup research and control program has
cove.ed all the interactions of the pest in the different agroeco-
fopical zones of Afnca which it inhabits: crop. pest, natural
enemies, hyperparasitonds, alternative hosts, economic factors
and other aspects. The program was designed to address
development needs for buman and matenal resources in
nstitutionahzing the biologicdl control approach in- tropical
Aftica. This holistic approach has made it a large project  the
largest dassical biological control effort i the world.

from its inception the program has entaled extensive
collaboration among 25 uriversities, researchinstitutes, intermna-
tonal and ntergovernmentat agencies in Africa, Europe, North
and South Amenca. The funding of the project has involved
many donor agencies that formed a sponsoring group with a
consultative reviews procedure, Fhe size and scale of the
campaign led to the relocation of the ITA Biological Control
Program to new facilities n Cotonou, Republic of Benin, the only
program research center of its kind in the CGIAR system.

Classical approach

The classical approach of biological control, whereby the natural
enemy of an introduced pest is ikewise ntroduced in order to
control the pest population in the new environment, proved to
be well suited to meet the problem i sub-Saharan Africa.
Commurnications and e<tension services i the region dare weak
and farmers are penerally poor. A solution involving no invest-
ment, mantenance or other action by farmers was called for.
Since the ntroduced enemy populations reproduce and dis-
perse themselves, 22 distribution systermn beyond the research
project was necessdry.

The goal of biological control, in this case, was to create a
stable equilibrium between the mealybug and its natural en-
emies, through introductions of those enemies selected for
therr effectiver ess and specifiaty. The basic strategy was to
search for the predators and parasitoids of the cassava mealy-
bug in the native habitats of the pest in South America. The aim
was to establish acomplex of enemy species that would provide
lasting and economic control of the mealybug across the diverse
environments of the cassava belt.

Predators or parasitoids were sent to the Intemational
Institute of Brological Control (IIBC) in London for rigorous
screening to ascertain their specificity for the mealybug and to
assess any posable problem that could arise of they were
introduced into Africa. After such certification, and with the
approval of the Nigeran Piant Quarantine Service and the Inter-
Africa Phytosanitary Council, the enemy species were sent from
England to IITA «. tbadan, Nigena.

ALITA, scientists developed systems for mass reproduction
ofthe enemy species. They devised new techniques and facilitics
to rear natural enemies in large numbers. Extensive laboratory
and field experniments were conducted to determine the
sutability as predator and parasitoid of each introduced species.
Successful predators and parasitoids were released from the
ground, or aenally utilizng 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 regulatior.s are, and no matter how efficient the
enforcement agencies, unwanted introductions of pests cannot
be completely stopped. This biological control reseaich project
offers one potentially important mechanism for combating
future accidental mtroductions into sub-Saharan Africa.

The Mealybug Problem

The cassava mealybug was accidentally introduced into Central
Africa at an indeterminate time and described as Phenacoccus
manhoti (Homoptera: Pseudococcidae). In 1973 it was re-
ported to be causing serous damage to cassava in Zare by two
IITA scientists and in the Congo by the Institut de Recherche
Agrononique Tropicale et de Cultures Vivriéres. By 1976, there
were widespread mealybug outbreaks in the Bas-Zaire, Bandundu
and Shaba regions of Zare. The pest spread across the cassava-
growing areas of Africa at about 300 kilometers per year.



Currently it occurs in 32 countries in Africa’s cassava belt. as
identified on the above map. While it was found to have come
from a restricted area in South America, the mealybug proved
to be very versatile when 't mvaded Africa by spreading to
cassava in all agroecological zones.

In 1977, 11TA held a workshop on the cassava mealybug n
Zare which brought together agronomists and breeders working
on cassava, mealybug specialists and biological control scientists
from Africa, Europe, North Amenca and Latin Amenca, hey
concluded that both biological control of and resistance breed-
ing against the cassava tnealybug were feasible, and urged IITA
to begin a research program. ITA intiated a program in 1980
10 breed cassava variel es resistant to the pest. This effort has
recorded some successes and itis still continuing,

A endest project in biole cal control commenced at ITA
n 1979 Today, after a decade of support from donor agencies
of developed countries (Austria, Belgium, Canada, Denmark,
Germany, ltaly. Netherlands, Norway, Sweden, Switzerand and
the Furopean Economic Community), African Development
Bank Food and Agriculture Organization of the United! Nations
(FAO) and International Fund for Agricultural Development
(FAD). that il effort has grown into what 1s protably the
~orkd's largest biological control program. and it has begun to
target other major pests as the orginal am has been fulfilled,

Dureyg this perod, CIAT was already acquinng expertise m
the biologie al controlof the cassavamealybug, In 1975, mealybugs
were foand attacking cassava on the CIAT farm at Palmura,
Colomta They were identfied as P gossypn. Studies of the
biofogy. ecology and natural enemies of the species began in
1976, Aware of CIAT's mealybug resecarch, ITA recuested
QAT 1o search for P namihot. the pest species n Africa. The
request subsequently eapanded into collaboration between
HTA and CIAT i the Learch for the natural enemies of P
rmanihotin South America

The tTA/CIAT wearch for enenies of P manihot followed on
the efforts of BC which had initated > ploration for P. maniot;
and 1ts enenies an 1977 0 the Canbbean, Venezuela, the
Guyanas, and northeastern Brazil, After various explorations in
severdl countries of tropical Amenca, Pmamihot was finally
discoveredin South Amenicalate n 1980 by a CIAT entomolo-
st On g mussien 10 Paraguay, he found mealybugs attacking
cassava in Cacupe Research Center. In 1981, an IBC screntist
visited CIAT where ajoint e«ploration to Paraguay for natural
enenues of P rmanhote was pli nned. The joint mission collected
anumber of species. actuding the parasitord wasp E prcinocarsis
(=Aponanagyrus) lopesr (Hymenoptera), that has subsequently
proved exceptionally effective n Afnca. Further explorations
from Mexico to Colombia, Brazd and Paraguay by an ITA team
brought back other “pecies of natural enemies, which were sent
10 IIBC for quarantine and later shipped to ITA.

50 far 10 species have been brought to Africa; most have

been released at least n some localities. Three parasitoids
(Epidinocarss lopez, £ dwersicois and Allotopa sp.) and four
predators (Hyperaspis juctnda, H. notcta, Diomus sp. and
Sympherobius maculipenis) have been recovered after the
releases. Some could be established only in restricted areas with
particutar chmate or plant-growth charactenstics. £. lopezi, Hi.
nutata and Diomus sp. are widely established. These natural
enemies are considered to constitute the effective complex
which keeps in check populations of P mamhoti i its ongnal
South American habitats,

Scientific accomplishments

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

A computer simulation model of the cassava crop system has
been developed. The model includer the effects of tempera-
ture, solar radation, mitrogen and water on plant growth. A
simulation model of the cassava mealybug has also been
established and linked with the crop model. Yet another model
concerming the highly successful parasitoid £. lopez has been
developed and supenmposed on the mealybug model. The
evolutionary ecology related to the host-finding behavior of £.
lopezi has been studied to explain under what circumstances
and why it 1s an efficient parasitoid.

Establishmen®  nd dispersal of the released natural enemies
have been extensively studied. The map on page 19 illustrates
release sttes, establishment and spread of £. lopezi in Africa. E.
lopezi was first expermentally released at ITA n November
1981, at the beginning of the dry season, and one year later in
nearby Abeokuta. At the end of 1984, 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
northemn mit of regular mealybug distribution. This dispersal
rate 1s among the fastest recorded for microhymenoptera.

Mass-rearing. Hydroponic culture techniques for cassava pro-
duction have been developed as a necessary first step in the
mass rearing of cassava mealybug,. Efficient and reliable mass
reaning technologies for the cassava mealybug and its natural
enemies have been achieved and costed. These technologies
include 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.

Acrial Release. IITA had to develop an aerial release and
automatic packaging system for natural enemies, since the
Alrican cassava belt covers an area one and a half times the size
of the United States of America. The system has been tested in
Cdte dvoire, Ghana, Nigeria, and Zambia. Successful establish-
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ments of L fopezi and Diomus sp. in tne release sites have
demionstrated the potential of this method for large-scale and
remote-area releases. This arplane, for example, permitted
natural enemies to be ar-released successfully over remote
cassava fields n Zambia less than 24 hours after they had been
packaged at ITA in Ibadan, Nigena.

New indigenous capacity. A major effort to tran biological
control experts at different levels (extension, M.Sc. and Ph.D.)
has beer an important component of the biological control
program. As of December 1989, 108 trainees, mostly staff
members of national plant protect:on services, had received
short-training at HITA. Degree-related traming 1s carried out at
IITA and at the International Centre of Insect Physiology and
Fcology (ICIPE), i collaboration with universities in Africa,
Furope. and the United States. To date, 24 M.Sc. and |2 PhD.
fellowships have been awarded for research supervised by
scientists of HTA's Biologucal Control Program.

Following governmental requests, 14 .4frican countries have
receved finanoal and technical assistance channeled by donors
through ITA for the imtiation of thew own brological control
programs, while seven other countries have received technical
assistance aone. In seven countries, lITA was instrumental in
identtying bitateral funding for the future consolidation of
national biological control programs which conduct pre-release
surveys and post-release monitoring surveys. These surveys are
usually indertaken intually 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.

lmpact

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.

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

The expected common phenomenon in biological control is
that th2 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.

Abenefit-cost analysis of the project has been canied out by
an economist at the University of Califomnia, Berkeley (R. B.
Norgaard. Amencan Journal of Agricultural Econunucs, vol. 70, pp.
366-71, May 1988). The analysis was based on a reasonable,
least-favorable case over a 25-yearperiod that incorporated the
features which the experts felt might threaten the success of the
project. The result was a benefit-cost ratio of 149:1 over 25
years, which ranks the program among the most successful
agricultural research projects ever evaluated.
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Inland Valley

Farming Systems

20

n the upper reaches of major and minor watersheds

throughout Central and West Africa, small inland vatleys

collect surface and subsurface mowsture from adjacent,
heavly farmed uplands. indinidually, these shaflow. narrow
declvities  as long as 25 kilometers, but as httle as 10 meters
across where they begin, widening to several hundred meters
o thew fower reaches  are agncalturally inssgnificant. Taken
together, however, totaling tens of milions of hectares of
relatively fertde and well-watered soils i West Africa alone,
nland valleys represent @ major potentid for producing the
addiional food — especatly nce  that tropical Afnca needs,

Full responsibility for West African rice improvement in the
CGIAR system will be transferred from IHTA to the West Africa
Rice Development Aczouation (WARDA) by the end of 1990
l'a focus specifically on the clear opportunity for increased crop
productionin the inland valleys throughout tropical Africa, IHTA,
« t WARDA's partapation. has set up the Inland Valle,
Systems Research Group, which includes speciahists in resource
and crop management, in econonics, and m crop improvement
The group’s mandate: to identfy and develop improved crop-
D systems that will perrmit sustanable, ncreased food pro-
ducticen by small-scale farmers in those comple < and difficult, but
rehly promisng, environments

Despire thew apneultural po-
tental mnland valleys traditionalty
hiase been neglected, by agricul-
tacat researchers and policy mak-
ersaswellas by farmers, in favor of
the more readily esploitable up-
lands and vast lowlard areas of
rver floodplans and mangrowes
In recent years. however, ag
populations have sroan relent-
lessly, uptanc farmers have been
forced to di deep into thew wpri-
cultural capital  thew sol's fertil-
ity to produce more food. The
fertihty of wvast areas of upland has
beensubstanvally decreased n the
attermpt to increase food produc-
ton faster than populition by
decreasingthe soi-restonng fallo
perods between ceops The strat-
ey has defeated its own purpose.
contnbuting nstead to a recent
dechne in per capita food produc-

tion n West and Central Africa. Increased, sustainable cultiva-
ton ofinfand valieys, which generally have better soils and more
avarable water than adjacent uplands, promises to relieve the
pressure on overexploited upland soils while adding significantly
to Centrat and West African food production.

The avalability of water makes nland valleys especually well
suted for praducng nce: in Southeast Asia, similar wetlands,
carefully farmed, have sustaned continuous rice production for
centuries. Agncultural scientists estmate that rice yields under
land valley conditions contd reach 2.3 tons per hectare, as
opposed to potential upland yields of 1.5 tons. The demand for
nce n West Afnca has increased duning recent decades at an
annudl rate of more than $ percent; while production has
nereased atan annual rate of only 3 percent. To keep up with
demand. as domestic production has dropped from 80 percent
of consumption catly nthe 1960s to about half of consumption
20 years later, nce imports by West African countnes have
nereased at an annual rate greater than 10 percent, adding to
the region’s alteady substantial foreign trade deficit.

Despite ther agncultural advantages, and despite the clear
necdfor greatly ncareased African food praduction, the produc-
tvity of inland valleys remains
largely potential. Only 10 to 25
percent of inland valleys are cult-
vated at all, according 1o recent
estimates; and on some of those in
Nigera, IITA researchers have
monitored rice yields of only 1.2
tons per hectare  about half the
potential yield. In many of the
cultivated valleys. morcover, the
researchers have found erosion,
decreased soil fertlity, and other
signs that current aropping prac-
tices in these environments can-
not be sustaned

The challenge for IITA's inter-
disciphinary Inland Valiey Systerms,
Research Group s to dentify or
d2sipn farming systems that are at
once appropriate to inland vatley

Ecologically sustainable agriculture
in infand valleys depends on
successful water control,



ecologies and consonant with the preferences and practices of
farmers. Itis not a smple assignment: while mland valleys occur
n dll 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
common to virtually altinland valleys in West Africa are soils that
are hydromorphic, or waterlogged, at Jeast some of the time,
and conditions that are hospitable to the vectors of debilitating
orfatal diseases of humans and animals, including schistosomiasis;
onchoceraasis, or rver blindness; dracunculiasis, or guinea
worm; and malana. Water management and the control of
disease vectors are therefore basic, and often at Jeast partually
knked, elements n any plan to exploit the agricultural potential
of nland valleys.

In most other ways, nland valleys are not alike. Some infand
valley s stope gently, dlmostmperceptibly, one foot in ahundred;
others are five tmes steeper. The formation of the undertyng
rock. determines whether av alley dechnes smoothly orin steps;
and ahether g valley's profile, or cross-section. is narrow-
bottomed with steep, conve < stopes, or vade-bottoimed, with
sentle, concave slopes. Watershed arcas vary, according to a
walley's sizeand shape, from 100 hectares to 2.000.

Joth among and wathin inland valleys throughout West
Africa, sods aary instructure and depth, generally resembling the
ol of the surroundng uplands from which they derve
Sedentary sols form the upper stopes, while soils washed from
the upper slopes make up the parent matenal of sols farther
doan Differences in valley shape, water regme, and parent
tock produce valley-bottom soit testures that range from sand
o ay, and mherent fertility levels that range frommoderate to

oy low

[he hydrologe charactenstics of aninland valley are deter-
mined by amount of ranfall, depth and te<ture of sol, area of
seatershed, and shape of valley. Some valleys hold standing
sater gl year round; others are never flooded. A valley aith
plenty of water for agnculture may e ne st to a drought-prone
Calle, smidar inevery respect escepting the area of its water-
hed O, the same valley may support flooded nce one year but
rottne nedtbecduse ranfallin the regon s vanable. Within any
Sl the massture levelincreases continuoush from the upper
dope, to the bottom In most valle ;s the water table wall vise
Abhoe the surface of the valley floor dunng part of the year

Socal and econemic factors mchuam, systeros of land
tenre, aater-control and soil-management practices, and na-
tonaland repond agncultural and economic pohoes operate
sth ecological conditions to shape the ncaftural vses of
mland valle /s Insome regons, mband- catle, fields do not belong
1o thee mdadual farmers who calticate therm bat to gbaentee
Indiords, 0r to an entire village coliectivel, Afamen’s soiland
soAter mandgement practices, as st as bis or her readiness to
change or improve them, may depend to alarge e« tent on the
form of aind ownership And afarmeer’s estimate of the poteatual

profit from a new high-yielding nce variety — and therefore his
or her decision to adopt or reject it s conditioned by the
avalability, sometimes at almost any price, of fertilzer and other
inputs in the local martet.

All these factors inpinge on the farmer, who is the ultimate
arbiter of improved practices. The typical infand-valley cultivator
15 @ smali-scale farmer who also cuttivates three to Lx tmes as
much upland area. He or she s ikely to be produang enough
food for the farmily, phus at bestamodestsurplus for the regional
or nationd market. Inland-valley farming both complements and
competeswith upland activities. A cash crop of nice inthe valle,
for example, may compete forlabor and all other nputs with the
family’s subsistence: crop i the upland fields

The compettion becomes more complicated when, as 1s
often the case, nice in the valley field rotates with dry-season
crops, stch as cassava and sweet potato; vegetables such as obra
and tomato; and cowpea. Farmers grow these crops either
singly orin mi-tures, with each ceop requiring differens manage-
ment, although synerpees exst in some cases. Famers who
follow nce with cassava, for e <ample, plant thew cassava inlarge
mounds, which are flattenedbefore the ne<tnce s planted. #TA
researchers hypothesize that this sold preparaton helps to
control weeds durny the nce sedson

Muach earhier research and development on nce in Africa,
begnningnthe [930s onlowlind eovironments andmuch later
extended to nland valleys, has been beguled by the possibility
of rephcating the ancient Asian system of intensive, sustaned
paddy-rice cropping i apparently sunilar Afnican setungs, The
falure of this effort to recognize the cnitical physical, ecolopical,
and socoeconomic differences between Asian and African
infand-valley farming systems, and the consequent ineffective-
ness of Asian systems in raising food producion in West Africa,
has been instructive.

Fhe first chalenge for ITA researchers s to understand
infand valley farming systems in the interacting socal, economic,
and agncultural conte<ts in which small-scale farmers actually
operate m West and Central Africa. With this understanding,
researchers will be able 1o identify the factors that imt use of
mland valleys for food production. This process will pernit the
deselopment and dssessment of improved components and
Cropping systems that prormise 1o work i the real world.

Within this larper conte <1, the second challenge for (ITA's
resedrchers s to quantfy and analyze, and finally to understand,
actuab nhind-valley agricultural and ecological systemsin all their
mgeniaus comple«ity. The Inland Vaitey Systems Research
Group sl enbist researchers from the relevant A programe
malong-term collaboration to develop accarate econormic and
ecolopical models of this dweraity. With these maodels, and
dramng on the actudl e«penence of nland valley farmers, the
researchers will design practical technologes for reaching real-
stic, sustanable production goals
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ITA announced n July 19891t was moving part of its cowpea

program  seeds, scientists and lfab fachities  from Ibadan,

in the humid lowlands, to Kano, nearly 900 klometers away
0 the dry savanna of northem Migena. Barely one year later, in
tme for field experments 1o be planted after the first rams of
the season. the ne w Kano research station has become areaity.
The transfer s the fistin a process of decentrahization that will
see parts of HTAY crop improvement programs miving from
badan headquarters to recearch stations i the different
apreecological zones of tropical West and Central Ainca, More
than changes in chimate and scenery, decentralization nvolves
siandicant changes n IITA's research philosophy and objectives.

“Decentralization of researchis alogical stage in the evolution
of HTA the Institute’s Strateyre Plan 1989-2000 observed n
1988. The planners cited the scientific achievements of the first
tvo decades of research at Ibadan, especally n developing
broadly adapted vanicties of important crops vath resistence to
major pathogens and pests. These successes, the plan con-
cluded, "now permit a sipnificant decerralization of research
from Ibadan headquanters to the zones where the commodities
studied are important food crops.”

Decentrabzation s a calculated strategy for promoting sci-
et rosearch thatwall have pracucabimpact  that will lead to

redl reprovements in nationdl research systems and, ultimately,

in farmers’ fields. The strategy is based on an axiom bormn of
experience: science that is grounded in the real word of the
famer  his soils and chmate, his traditonal, locally adapted
technolcgy and cropping practices  will be more responsive to
the farmer’s needs, more ikely therefore to yield improvements
that *he farmer will adopt and that will ulumately increase his
productivity, than will science based i far-off [badan.

Inthe case of cowpea, forwhich T A has global responsitlity
in the ntemational agriculturai research system, two decades of
science ativadan have produced a paradox. On the one hand,
HTA researchers have developed cowpeas that, even without
fertiizer, can double the jields of traditional vmeties; that com-
bine multiple resistance to important diseases ncluding viruses
and other pests: and that have the medium or short growing
duration, seed color and 2rect plant stature favored by some
farmers. But these «mproved varietes stll requie chenvcal
nsecticides, especially the erect types with uniform growing
duration (that s, determmate) which are planted as a sole crop,

Allof those improvements weere geared for two possibilitics:
A0 mntensive cropping system of cowpea grown immeduately
followany maize i the humid-forest/moist-savanna transition
zone around Ibadan, and a pure crop in northern savannas in
rotation with millet and sorghum. The major goals were the
dentficavon and ncorporation of disease and insect resstance

Moving to the dry
savanna, where
cowpeas are
traditionally
intercropped viith
a cereal, ITA's
cowpea research
should be better
able to respond to
farmers' needs.
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into short-season, erect, determinate cowpeas for gran pro-
ductioninmaonocrops with two to three insecticide sprays. The
main beneficares were commercuat growers, who can afford
chemicalinsectiaides to support the improved vaneties inlarge-
scale monocultures.

ITA s shufung the emphasis to mprove cowpea productivity
in traditonal cropping systerns, wich involve cowpea-cereal
mictures and are waidely practiced in the Sahel and dry savanaas
of West Afnica. For this, Kanoas the deal sitenin the dry savanna
zone of Migena, the heart of the world's pnime cowpea-
producng environment. Here, small-scale Nigeran farmers
grow cowped on several mithon hectares to provide essential
food and fodder, and a surplus of gran for sale. Beyond its
importance as food and fodder, cowpeais alegume which fixes
atmasphenc mitrogen . the sod through the medum  of
symbiotic bactena onits roots. it can produce the equivalent of
30 to 70 klograms of mitrogen per hectare per year, making it
an armportant contnbutor i sustanable apnculture for the
SN

Resource-poor farmers around Kano contend with a very

different, much more hostile azriculturdl environment than that

of the transition zone. Most cowpras here grow prostrate, not
erect; are sensitive to photopenod or daylength and therefore
are Late-flowerny; and, beng indeterminate, thea prowing,
duration is not fixed, but depends on exposure to sunfipht and
ranfall The farmers prow them because they are well adapted
tointercropping inthis environment the predominant farning
system s some bind of cereal lepnme intercrop.

I the moist savannd, coaped s commonly proan with
sorghum, midletand groundnut. Indrer savant.a, cowpea-mullet
i the myor ntercrop. In both cases crops are sown n relays,
the millet cegally first, the legumes List. Three or four aops are
usually n the proond at the same time for at least part of the

QX0 AN SEASLN.

For these comrples trad.tional cropping systems, the erect.
ealy. determunate coapeas developed at badan are less
stables Savanna farmers need cowpeas that spread out dose
to the pround and fower late in the season, so they do not
compete with the earher ceredls for sunlipht or soif moisture.
Becanse they espeaally value the cowpea’s steins andleaves for
cattle feed, farmers favor indeterminate types, which continue
10 produce vegetation after they hae filled ther gram, as tong
as the soil hu sufficent mosture

[hese cereal-cowpeamtercrops are typically prown on soi
of very low fortity and poor structure The organic-matter
content s urtudlly zero. The fields of the new station’s research
facrm at Phopbur, 45 Blometers from Fano, take on a desiccated
look durmg the dry season. The nitrogen added to the sod by
coapeda s sufficent 1o support the cowped’s growth and to
contribute some mitrogen for the ntercropped cereals in the

follovang season

Afer the gram harvest, all leaves and stems of both cereals
andlegumes, which mightimprove the sod, are instead removed
from the fields for use as hvestock feed or as building materals.
Commercial fertlizers are as unaffordable as chermcal insecti-
aides and herbiaides. Aside from the manure produced by his
fews ammals, the resource-poor farmer has nothing to restore
his soil. Because of the infertile soll — as well as pests such as
thrips, which prevent frut set, and low residual sold mossture late
in the growing season  the farmers' locally selected. prostrate
cowpeas generally produce very httle gram. Average grainyields
of traditional varieties in Nigeria are estimated at about 100 to
300 kiloprams per hectare, about 60 percent of the Latin
Amencan average and less than 40 percent of the US. average.

For lITA's cowpea saientssts, the move to Kano s part of an
attempt to understand by looking at what the farmer actually
does, then asking what can be done within the furmer’'s
constrants to ma«neze the productivity of both cowpea and
the cropping system as a whaole.

The emphasis is now on developing prostrate, indeterminate
plant types adapted to mtercropping. Cowpeas will be bred for
both fodder and gran, for resistance to the insects and diseases
of the savanna; and for ncreased yields without insecticides or
other purchased mputs. And at Kano, pathologists and breeders
will carry the battle apainst striga and alectra to the parasitic
weeds home pround.

The Kano station 1s stratepuically located to encourage col-
laboration between A researchers and ther counterparts in
both nationdl and mtermational research systems. The new IITA
station 1s housed withun the Kano branch of the Institute for
Agriculturdl Research (IAR), which has its headquarters at
Ahmadu Belto University in Zana. ITA's scientific staff at Kano,
nstially mcluding a cowpea breeder and twa plant physiologysts,
will work: closely with agrononsts, socioecononists, patholo-
gists and entomologrists from 1AR.

The International Crops Research Institute for the Ser-Arid
Tropics (ICRISAT), which has global responsibility in the CGIAR
system for sorphum and millet, also has a Kano facility with1AR,
Because cowpea 15 only part of the millet-sorghum-cowpea
system, the success of the effort depends on close cooperation
wath alt involved, While improvements in cowpea might be
possible just by incorporating disease and pest resistance, the
20al 5 to mprove productivity of the whole system: cereals and
lepume.

ITA S also estabbshing a station in the humid forest zone of
Cameroon south of Yaounde, pnmanly for research on re-
source management and cassava, For its other principal crops.
HTA vl establish two additional research stations in appropri-
ate agroecological zones of tropical Aftic: a moist savanna
station, forwork on maize; and a cowpea station, in collaboration
with the Southern African Development Coordination Con-
ference (SADCC), for the southem African region.
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rofessor Olaolu Babalola, a soil physicist, 1s head of the

Department of Agronomy at the Unersity of Ibadan in

Nigeria. Nematologist Barbara Hemeng is a senior lecturer
at the University of Science and Technology in Kumasi, Ghana.
Dr Mobamed Tejan Dahniya s an agrononust and the diector
of the Institute of Agnicultural Research of the Ministry of
Agncultire, Natural Resources and Forestry, at Njala in Sierra
Leone.

Fhe common bond between these three African agricutturl
feaders s the crucal role that ITA traming has played in
determuning the direction and success of thew careers

ITA's founders recognized early on that agricultural progress
n vopical Africa depends on greatly ncreased numbers of
Afncan research scientists and other agricultural professionadls,
45 uch as it desends on improved crop varieties and famung
ssstems. Among, the national agnculteral research services and
other African national institutions vath which NTA collaborates,
and which bearthe uttimate responsibil ty for selecting, adapting
andtransfernngimproved technologies. virtually all are severely
harmpered by the lack of tramed agrcultural professionals.
Framing in Africa for African agrculturalists at all fevels, from
ertension agents and lab techniciins to pohicy-makers and
officials nnatnnal programs, therefore, nas been a central tenet
ol HTA's mandate from the very beginning,

I almost 25 years 17A scientists and professional staff have
traned more than 6000 African agriculturalists. Of these, most
have partiapated m a varety of group traming courses and
programs, both at Ibadan and in collaborating African countries
More than 400 tranees have come to Ibadan for research and
field experience leading to ther MSc. and Ph.D, degrees.

— For Margaret Hemeng, a fel-

lowship at IITA for a Ph.D. in
nematology from November
1985 to March 1988 was the
opportunity of a hfetime. Bomn
in Kumasi, Ghana, Hemeng fin-
ished secondary schoolin Ghana,
then continued her studies in
England, earming a BSc degree
with honors in zoology and
botany, followed by an MSc. in
plant pathology. With these
credentials she returned to
Ghanain 1971 as a research officer at the government’s Crops
Research Institute.

“While Fwas doing miy master’s project in plant pathology, !
had dlready become interested in nematology,” she recalls, “but
CRIneeded a plant pathologist.” Her first professional opportu-
Mty 1o pursue her abiding interest in nematodes — the phylum
of roundworms or threadwornms, abundant in water and soils
and i many plants and amimals, including man— came in 1976,
soonaftershe hadbecome alecturerat the Jniversity of Science
and Technology in Kumast. UST receved notice of a senies of
research planning conferences, part of a long-term mternational
nematode project sponsored by USAID, to be held at IITA.
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 dunng 1978 and 1981
further whetted her appetite for nematology, but back home
she was frustrated by her lack of advanced education or any way
to getit. "Ididn’t even know enough faxonomy to identify which
nematodes were attacking which crops,” she says. "We don't
have aresearch library here in the whole country.” Although she
was already past 40, and marmed with two young children as well
as nvolved in teaching full-time, she resolved that «f she couldn't
become a nematologist n Ghana, she would go somewhere
else.

“lwent to the Iibrary and got a directory of universities.” she
says. "l wrote all the universities in the world” without finching
what she needed. Tmally she wrote to F. £. Caveness, a
renowned nematologist at IITA, whom she had known from “'so
many years” of partiipation in nematods: conferences at Ibadan,
Caveness offercd Barbara Hemeng a deal: he would sponsorher
for advanced traming at ITA and seive as the acaderic advisor



for her graduate degree studies: Hemeng would work on

“Deforestation and cropping effects onsod and root nematodes”,
4

part of an ITA/United Nations University study on deforesta-

von.

it 2as an offer Hemeny could not refuse, even though it
meant being away from her home and family for months at a
urne. Hemeng set up alab and hving quarters in Benin City, in
south-western Nigena. With two colleapues, she spent most of
her time for mare han two years “in the bush™, collecting data
in o forest preserve and making bannual reports to Ibadan.

In March 1988 Hemeng returned to Ghana, her home and
farmily, and her teaching position at UST in Kumast. She brougit
with her 28 months worth of data and the conviction that she
had the caw matenal for a significant contrbution in nematology.
“Dr. Caveness knew,” she says. “that no one else n the world
had dune this wort”

Two years later Hemeng s still analyzing and wiiting up her
data. The analysis has to be done whenever she canborrow tme
an a computer at the government's Crops Research Institute.
The lack of an adequate research ibrary at UST, or anywhere
in Ghana, de.tays the literature search that will be the foundation
of her thess, Having persisted so long and come this far, how-
ever Barbara Flemeng is not about to pive up; she fully expects
befo-e long to submit her completed dissertation to UST.

in comparison with the obstacles she faces in Kumas,
Hemeny's c=penience at ITA was ke the best of ail possible
worlds. “For research, ITA has the equipment, and the people
to aduise you. They've got a very good research hbrary where
you can do your terature review; you can get whatever
references you reed within two days.

“There are so many scentists there all the saences are
niterrelated. Everyone s very busy but also very friendly; they are
ailling to give you any information you want on any aspect of
your research. The scientists come from different countres,
~ithdifferent charactersait's aimost like you've been through the
whole world. The contacts and interaction | had there didn't
stop when I finished my work. 'ny st communicating wath them:
that's been the rost important aspect of my ITA traning”

ier long-standing ITA connection 1s a matter of consicer-
able pride and practical value. A Hemeng lecture on agroforestry
to <tudents at the UST School of Agriculture quickly turns into
annspa ational deaription of the opportunities for research and
ramng at ITA Fven Hemeng's undergraduates get an early
dose of ITA traming: Lhe has sent some of herbest UST students
10 Ibadan with modest research projects under the guidance of
A scentists. Hemeng hopes that this brief experience at
Ibadan, swhich counts toward the: bachelor of science degree in
agricutture, will gve her stadents an nsatable taste for topflight
soentfic research and the ambition to become Ghana's future
researchers,

M ohamed Dahniya had al-
ready left Sierra Leone to
getanMSc degreeinagronomy
atthe University of linas when
the opportunity to pursue bis
doctoral iItTA
broughthmback to Afrca. Born
i Freetown, Dahniya was one
of 10 children. Ther father, a
avil servant, sent six (three
brothers and three sisters) to

resedrch gt

university.

One ofthe first students at Njala University College, a branch
of the University of Sierra Leone founded n 1961 with USAID
funds, Dahmiya got his B.Sc in agnculture in 1968, A USAID
fellowship took bim to the University of llinots, where he
recewed an MSc in agronomy i 1971,

"My research mv the US. was v maize,” says Dahniya. His
thesis title: “Incorporated maze orgamic matenal effects on
subsequent crops”. I became interested inroot and tuber
crops cassava and sweet potato. The best place to study them
was nAfrica” From INTA publications that had found their way
to llinors, Dahniya heard of the new international institute in
Ibadan, Nigena, which had a research program in roots and
tubers getting under way.

Dahniya came back to Sierra Leone as an assistant lecturer
in the agronomy department at Njala, with tme outin 1972 to
aeta postgraduate diploma in agricultural meteorology in lsrael.
After attending annual root-crops meetings at ITAIn 1975 and
1976, heregisteredin October 1976 as adoctoral studentin the
agronomy department at the University of Ibadan and signed on
at IITA to do his thesis research on “Defoliation and grafting
studies of cassava and sweet potatoes.”

The subject has speaal relevance for Dahniya and for West
Africa. “In Sierva Leone we eat quite a lot of leaves from both
cassava and sweet potato,” he explans. "l wanted to bnow the
result of continual leaf removal on tuber production.”

With his PhD. degree, awarded n 1980, Dahriya 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, n 1988, he became director of the Insttute of
Agniculturat Research in Sierra Leone's Ministry of Agniculture,
Natural Resources and Forestry.

As his career i Sierra Leone has progressed, Dabhriya has
maintaned close ties with ITA. e comes back to Ibadan at
feast once 4 year, for ITA's annual root crops collaborators’
meeting, winch 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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About [ITA

IITA Trustees and
Senior Staff, Apnil
1990.

n 1967 IITA was established as an internationat
research nstitute with headquarters on a 1,000-
hectare farn at Ibadan, Nigerny and with hnks waith
national programs in many countries of sub-Sabaran
Africa It became the fiest African Ink m i world aade
network of nternational agricuttural resedrch conters,
known as the Consultateve Group on Intersationa
Agricultural Re<earch (CGIAR). The Federal Reprblic
of Nigera provided 1000 hectares of lind for the
nstitute’s headquarters and espermental farmy at
Ibadan, while the Ford and Rock efeller foundations
provided the il plannng and financial suppor

Objectives. HTA has four objectines
}
I To develop s, stems for the manggement and con
servation of natudl resources for sustanable agn
cutture n the burid and subhurmid tropical zones
There s global concern that Africa’s proang
& I j
popuiation 15 p|.l(mg INCreasing pressure On basic
natural resources and threatening the viabihty of
tradiiond! farming systems

2 Toumprose the pedormance of selected food

crops that can be integrated into improved and
sustainable production systems,
This 16 the shared yoal of many of the nstitutes in
the CGIAR system BITA conducts vanetal an-
DV()'.'('H)L'H[ tesedrch on s CHOPST Cassavd, ydarm,
plantan, maese, cowpea and so-bean

3 To strengther:
Capubilities wr order 1o accelerate the peneration and

national agercaitural research

uthzation of anproed technologies, by means of

traming information and other Gutreach activities
The obective here s to enable ITAS partners i
national research g stenmy, nereasngly to meet

thewr aan tedhnoiogy reqgaiements
5y

4 to mprove fond quaity and food storage,
processing and marteting, n order 1o CNCOU e
rore efficent wse of avalable food supphes
Fora number of BTA commadities, particalaedy
rootsand tubees, thelack of efficient technology for
SLorage, processing and conversion to conrercial
products s asennus barmer to ther ncreased use
as both food and feed




With a geographical mandate covering tropical
regions worldwide, 'TAfocuses on the lowland tropics
of West and Centrzl Africa. ITA conducts research
and training activities at 1ts headquarters and at
substations in West and Centra! Africa, and n
conjunction with regional and national programs i
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 iocations in the
various agroecological zones where its mandated
crops are grown. (See "Decentralization to the
Savanna™ in the Re w2arch Highlights section of this
volums=2.)

ITA programs comprise:
+ Resource and Crop Management
(emphasizing farming systems with majar ITA

crops and soil resources)

+ Root, Tuber and Plantain Improvement
(focusing on cassava, yam and plantain)

* Grain Legume Improvement
(focusing on cowpea and soybean)

« Maize Research
* Rice Research

(actvities being transferred to WARDA during
1990)

« Biologica!l Control
(emphasizing environmentally sound integrated
pest management)

* International Cooperation and Training
(emphasizing the strengthening of national
agricultural research systems)

+ Information Services
Library
Publications
Public Affairs

¢ Research Support Units
Genetic Resources
Virology
Biometncs
Analytical Services
Farm Management

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

Training. The training programis one of ITA's pnncipal
means of achieving “transfer of technology” in
agnculture frominternational to national levels. Training
can help in building African capabilities for agncultural
research and food preduction 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 traning activities, ncluding
group courses, doctoral or master’s degree progranis
and short-term study projects.

Germplasm. The genetic resources unit is mvolved 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 100 countnes and 11,500 accessions of rice,
chiefly from Afica. Seed samples and information on
them or the characteristics of the species are made
freely avaitable on request. During the first 12 years of
itsexistence (1978-1962), ITA distributed over+11,000
samples to non-ITA users in over 80 countries.

Information. Information services together with the
research programs provide nformation in many forms
to scientists nuser countries. Publications are distribu-
ted on a regular basis with a mailing database of over
8,000 addresses. Results of collaborative and other
researchare disseminated through network newsletters
and monographs. ITA's ibrary faciities include a col-
lection of over 35,000 books and periodicals, a com-
puterized bibliographic and database service, microfilm
and CD-ROM facilities and ascientific Iiterature service
for selective dissermination. Interpretation and transla-
tion services support meetings and traming activities,

Through these means IITA maintains vital links with
national agncultural research programs. By testing
IITA’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 }80 scientists and
professional staff members from over 40 countries
and about 1,300 support staff mostly from Nigena.
Half the staff are located at headquarters, where 300
hectares of the 1.000-hectare campus have been
developed for expermental fields. An 80-hectare
research station hies in the hunitd coastal zone at
Onne, in southem Nigeria. A 30-hectare station was
opened mn 1990 n the dry savanna zone at Kano,
northern Nigena, in collaboration with Ahmadu Bello
University's Institute of Agncultural Research. A station
at coastal Cotonou, Republic of Benin, houses the
Biological Contrel Prograny. A 1,000-hectare, high-
ranfall, hunwd forest station is being established at
Mbalmayo in Cameroon in collaboration with Institut
delaRecherche Agronomique (IRA). A moist savanna
stationis being plannedfor Céte d'voire in collaboration
with Institut des Savannes (IDESSA). Fight major
collaborative projects were under way in western,
centraland southermn African countries at the beginning
of 1990, while other projects were being conducted
on a more limited scale throughout tropical Africa.

IITA s anonprofit, nternational agricultural research
andtraninginstitute supported pnmanly by the Consul-
tative Group on International Agricultural Research
(CGIAR). Founded in 1971, CGIAR 1s an association
of about 50 countries, intemational and regional or-
ganizations and prvate foundations. The purpose of
theresearch effortis to improve the quantity and qual-
ity of food production in developing countries. The
World Bank, the Food and Agriculture Organization
ofthe United Nations (I AO) and the United Nations
Development Programme (UNDP) are €O-5pONsors
of this effort. (See note on page 99 of annexes.)



Resource and Crop
Management

he twin challenge for agricultural research in  the next quarter century. In order to meet rising

tropical Africa 1s t enable farmers to produce  demand for food and other agncultural commodities,

enough food for a growing population, while  the land under cultivation has had to increase
sustaming the natural resource base so that future  substantially, often at the expense of restorative
food production will not be curtated. ITA'sResource  fallows.  Many new areas have been opened for
and Crop Management Program concerms itself with  cultivation using techniques which can lead to senous
both sides of the food production equation crop  degradation of the productive capacity. As a resull,
productiity and resource sustanabiity  intsresearch  the sustanabifity of the system is being threatened.
to mprove smallholder farming systems in the three  There 15 an urgent nced for new or improved
main agroecoloical zones: the forest (humid tropics), — techniques o systems of land development and
morst savanna (subhumd tropics) and mland valleys  management that will enable production to be
wetlands. or lowland areas which are flooded during — increased, prevent degradation and yet be compatible
the rainy season). with prevailing fanming systems so that farmers will

readily adopt them.

Traditonally, farmers in the African tropics have
solved the sustamabiity problem Ly permitting IITA’s Resource and Crop Managemen. Program is
farmland. which toses its productivity rapidly under  thus organized (see duagram below) to conduct
cultivation, to revert to natural vegetation and regan research winch addresses these issues in two major
fertty during fallow penods lasting from & to 20 or  actvities, in partnership with scientists in- African
more years. The farmerswould turn to earlier fallows  national research systems:
ready to be exploted again or to virgin arcas, na  + Resource management research to study the natural
pattern of shifang cultivation that would avoid  resource base anddevelop existing ornew technologies
permanently degrading the resource base whiekeeping — for smallholder farming systems.
foodproduction atashighalevetas possible. Agneulture ¢ Crop management research to synthesize the
was thus “sustainable’ in the long term over a broad  products of resource management research and crop
cropping area improvement research (conducted by crop-focused

programs atITA)into sustainable and more productive

However, the rapid growth of population and  cropping systems, which are compatble with the
demand for cropland i recent decades has upset this— resources and objectives of the smallholder.  This
balance. Poputation in sub-Saharan Africa has more  synthesisisin essence the goal of the concerted efforts
than doubled since 1960, and will double agan before  of all IITA programs,

Resource Flanggement Research Agroecological Zone Cropping Systems Research
‘ {
Crop Lcology Hurmid Forest Systems Savanna Systems : Inland Valieys Systems |
Research Group Research Group . Research Group !

Soilt Chemistry

Sol Physics

Ayronomy © Agronomy ’ 1 Agronomy
! Ferulity b
Sol Feruity Agncaitural Economics © 1 Agnaultural Econones 1 Agncultural Economics
[
| 1 L
Soil Microbiotoyy ! Hydrology

Agroclunatology
Agncultural Economics

Weed Science
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Labor required to
clear land for
cropping is
becoming harder to
mobilize in many
areas.

Agroecological background

Within the general framework of the mam cimatic/
vegetational zones of forest, morst savanna and infand
valleys, the two most important varables are soll type
(chiefly acid and nonacd) and population density
(high, medium and low)

Soils. A smple categorization of tropical African soils
would irclude four general groupings:

* Highly weathered acid soils,

¢ Highly weathered nonacd soils.

* Nonacad soils from basic and volcanic matenals.

* Nonaad hydromorphic and alluvial soils.

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

The hunwd 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 highly
weathered solls that are strongly leached and acidic.
They degrade rapidly when cleared of natural
vegetation. The central problem for agnculture here
1< to maintan soil fertity.

The moust savanna (subhumid) zone also has highly
weathered soils. which are generally less leached and
aadic. They are, however, susceptible to compaction
and erosion. In some areas, originally nonacid soils
have acidified, often asthe result of use ofacid-forming
fertizers. In the highlands of western Cameroon and
East Africa less-weathered soils derved from volcanic
ash and ferromagnesium rocks are productive.

Throughout both humid and subhumid areas of
West and Central Afiica, hydromorphic and alluvial
sotls are associated with swamps, lakes and rivers in

the distinctive agroecological zone of inland valleys.

Population pressure. Serous degradation of the
resource base appears to be occuring under different
tradiional far ing systems n many places where
population densities are either high or low.

In densely populated areas, fallow periods have
often become significantly shoiter, resulting in
accelerated leaching of nutrients, rapid oxidation of
organic matter, increased weed populations, erosion
and decreased mosture retention.  The farmers'
options for coping with these problems may be
ovcrwhelmedbylhcmpndllyandcxtcnloflhcchanges,
and, in extreme cases, ureversible degradation of the
land and soil may result.

Paradoxically, there are other rurai areas in which
1o few rather than too many people make it difficult
to maintain productivity. Substantial labor is required
to clear land, to keep weeds under control, and in
sloping areas, to construct ridges or tenaces to prevent
soll erosion.  In many cases, the migration of large
numbers of young males to urban areas, togetherwith
increased pnimary education for children, has removed
asignificant portion of the agricultural labor force. As
aresult itis increasingly difficult to mobilize sufficient
labor to clear trees from land that has been under
fallow for long periods, to carvy out essential tasks such
as weeding and planting at the optimal times, and to
maintain ridges or other soil conservation measures.
Thus, productivity may dechine as lack oflaborcompels
the repeated use of the same land, elimination of
restorative fallows, and the neglect of tasks needed to
maintain the resource base.

Potentials and limitations. Each of the main
agroecclogical zones has different crop production
potentials and constraints.  In the humid forest,
production potential is greatest for root crops, tree
crops and plantains, and in general multistory cropping
systems are most appropriate. The acidic soils in these
regrons contain few nutrients. Toxic elements that can
inhibit crop growth are found in much of the subsoll.
Many of the important nutrients of the system are
present more in the biomass than in the soil, and thus
maaipulation of the biomass is important in preserving
productivity and making the best use of the productive
potential.

In the moist savanna zone, the productive potential
for cereal and gran legume crops is greater than in the
forest, and soil constraints are generally not as serious.
However, poor soll structure and other physical soil
problems remain important. There is also significant
risk of erosion in many areas. Some of the main soil



types i the savanna and transition zones may be
subject to acddicavon when intensively cultivated.
Erratic and unpredictable ramfall, and resutting penods
of drought stress, are sipnificant problems for crop
production, andintegrates; soland water management
15 often needed 1o achieve increased yields

The wetandsinclude coastal plans, ntand basins cf
many of the niver systems, river floodplains, and infand
willeys and swamps. They formyan estimated 10 to 20
percent of the hunud and subhumid towlands of West
and Central Africa, the region of pnmary focus for
T A Inmany instances, their production potential has
not been developed. The inland valleys are often
especally suitable for smaliholder development and
for production of nice and associated crops. Ingereral,
sustanability of production is much less a problem in
these wetland areas than in most upland regions.
However, scil toxicity and the threat of pests for both
crops and people can be seqous obstacdles to
development, as ¢an the socioeconomic factnrs that
reduce the avalabiity of resources needed in
developing nland valleys.

Resource Management Research

Research to guide management and conservation of
the natural resource base involves the search for
custamable crop production systems.  This task s
fundamental in African agnicultural development and
15 enormously complex.

Resource management research entails three
conceptual © ges of activity.
» Measurement and analysis of the comronents of
the resource base (physical, chemical, biological,
SOCIOECONOMIC).
*  Analysis of the determinants of stability/degradation
of the resource base through study of the dynamic
interactions amony those components (for example,
transport and storage of water and soil nutnents).
e Design of resource management systems through
use of principles idenufied in the analysis of stability
and degradation (that s, modification of existing
practices or design of new ones which can stabiize or
increase crop output while avording degradation of
the resource base.

IITA research activities in resource management
are conceived under five headings, and are developed
and linked with modelling, as illustrated in the dizgram
in the righthand column;

I. Rescurce characterization: descnption and mapping
of the biophysical and socioeconomic characteristics
of the ITA mandate area.

* Intensive studies: curveys of fallow management

svstems (crops, fatlow vegetation, soil characteristics,
field size and household charactenistics of fallow-
based farms).

¢ Extensive studies: chimatic-elevational map of
mandate area (chmatic data from available stations in
West and Central Afiica; elevation map; construction
of chmatic surface).

7 rocess studies of the resource management
cemponents contributing to sustanability, often in
collaboration with advanced laboratories and
nstitutions in developed countries.

¢ Bological regulaton of nutrent cycling in alley
farming as compared with monocrop systems (rates
of nput and decomposition of crop residues and
hedgerow prunings rate of nitrogen fixation; among
otnars),

* Interplant competition under different types and
intensities of management (weed seedbank changes
through cleanng and cropping sequence; weed growth
and response to management; among others).

¢ Crop growth modelling in collaboration with the
cormodity improvement programs.

3. Design of technologies for managing natural
resources and overconung constraints in production
and sustainability.

* Cropping systems incorporating trees
(improvements n the physical and chemical
characteristics of soil; increased stability of vield; multiple
outputs).

e Cropping systems incorporating herbaceous
lepumes (improved weed management; control of
erosion; ncreased sodl fertility).

4. Comparative studies of whole cropping systems to

On-Farm
“ov o Testing and
Validation

Resource
Charactenzation

Modeling  :
/!* e,

Process Studies | I Comparative

System Studies 7
R
\ ) /'
\A/ w’
"' Technology
i Design
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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,

* Companson of traa-ac.al, tree-based and
herbaceous legume-based fallow ranagement systems
(interaction between weed management and sol
fertiity, competition between fallow species and crops;
labor requirements).

* Companson of whole cropping systems.

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

* On-farm experments in collaboration with the
rop management research groups and national
agricultural research agencies (e.g. with alley cropping
technologies).

* Use of modelling to determne environmental
adaptability of technologies (.. alley cropping, tillage
Practices) i relation with long term sustainability.

Resource Management Achievements
Fromthe results of about two decades on African soils
and the ecologicat and socul setting n which African
farmers cultivate their crops, IITA has learmed that the
essential principle for preventing or retarding soll
degradation is to:

e Mantain a cover of organic matter on the topsoil.
This mulch minics and replaces the effects of the
forest ecosystem in protecting and regenerating the
productive capacity of the sol. The mulch protects
the soil from structural damage fromrain and excessive
temperatures, supphes organic matter to replace that

lostinmicrobiological processes, encourages benefioal
actvity by earthworms and other sod fauna and
reduces nutrient leaching and acidification.

Otherunpoxmnlpnncnplcsdnslng fromtheresearch
include:
¢ Limituse of eavy equipment, in order to avoid soil
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 thew structure.
* Propagate mimed cropping with shallow- and deep-
rooting species, for efficient use of soil nutrents, a4
opposed to continuous monocropping,
* Use fertilizer judiciously in order to balance <ol
nutnents and replace losses but avord overuse with
concomitant problenmys of soill acidification and
toxfication.

The major research products are considered to be
prototype technologies which are ntended to be
developed or funished through adaptation by national
agrecultural research systems in Africa, which will in
tum extend them to famers. They include:

* Alley farming. A means of sustaning sol fertity
and an dltemative to fallows, alley farming 15 an
agroforestry system . wheh multipurpose  trees
(usually legurnes) are planted inrows vhile food crops
are planted in the “alleys” between the trees. Soil
nutritions improved through mitrogen fixation by the
tree species and application of tree prunings for their
organic matter.

* Mulches and cover crop systems. Fast-prowing
legurrinous cover crops are planted to provide a
constant soil coverbefore, dunng and after the aopping
phase, in order to retard soll degradation and, n many
cases, to suppress weeds.

* Land clearing and development. When land must
be cleared by machine, soil disturbance and subsequent
crosion canbe keptto aminmuniwith such implements
asthe shearblade,which cuts the vegetation at ground
level. Minimum or zero tltage with the use of cover
crops, muches and herbicides 15 required when land
15 cleared n this way.

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

* Fertilizer and soil additives. Appropnate fertihzer
regimes have been developed which should enhance
crop growth and not cause soill acidification or toxicity
problems.

* Improved fallows. Some research has been done
to improve fallow management practices that would
be more efficent in restoring soll fertiity than are
unmanaged bush fallows.
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regenerate when the biomass above ground s
destroyed such as durng div-season fires, A common
feature of imperata-infested are s s aregular fire cycle
which assists in the mantenance of the Spearprass,

During 1989 HTA tests showed successful control
of imperata chermically, withy 4 number of herbicides
and biolagically, with hedyerow trees or herbaceous
fegumes. Mast promising for control are the
herbaceious species: the shading effect of Puorana
reduced the Imperata rizome biomass by 80 percent
within a year. The herbuceous species are refatively
resistant to fire, can casdy be established in Speargrass
areas where the fire ¢ cle s frequent, and require less
labor to mantan than do tree species. ITA will
therefore concentrate research on ths promisng
means of Imperat control with the prospect of
rehabiitating large areas of cumently uncultivatable
land

Crop Management Research

Research to puide management of different cropping
systems concerns itself wath adaptation of new or
mproved farming practices which are mtended to
merease productivity in those systems,

Research of this kind requires the cooperation ancd
interaction of scientists in many disciphines, who werk
together from the stages of imtially defining the
cbjectives and problems, to wng new tech-
nologies. testing them under nditions, com-
biming ndradual technolngies ntu v ble systems, and
validating then sutability under varying condhtiuns,
HTA contact and cooperation with scientists and
eatension workers from national programs as well as
with firmers are an essential part of this effort. In
additon, IITA needs to study and understand the
agroecological setting, the farming Systems ana
constraints i production, alt of which vary across the
areas of research concern, 1A also necds to know
what changes are occurring over tme. This s critical
nsettingrescarch prionties, selecting suitable research
sites, and targeting technological innovations to the
appropriate places and farmers.

Crop management research entatls three inked
activities:
* Diagnosis: characterization of mandated cropping,
systems areas, description and analysis of constraints
and impact of new technology
* Validation and adaptation: on-farm screening,
testingand evaluation of technologres generated during
expeniment-station rescarch. Adjustment or
adaptation of existing technoiogy to a particular set of
environmental conditions, aither agroecological or
sucioeconomic, through on-farm research.

* Feedback: relevant informaton from fam-level
characterization, diagnesis and adaptive research
reported back to scientists who are developing
resouice managentent technologies or breeding
improved varieties at IITA's research stations,

Different scientists representing varied disciphines
have been teamed to develop and implement the
research agenda for speciiic types of farmung systems,
assouiated with particular crops and agroecological
zones. Atfirst known os crop-based systems wor king
groups, these groups have been renamed for ther
agroecological zone. They will focus on the mam crop
systemn each zone as follows:

* Humid Torest Systems Research Group (cassava-
Lased crop systems).

* Savanna Systems Research Group (maize-based
crop systems).

* Inland Valley Systems Research Group (rice-based
Crop systems),

HTA research activities in Crop management are
orgamzed in a farmung systems perspective according
tothree agroecological zones, with three correspond-
i multichsciplinary groups of scientists,

Humid Forest Systems Research Group

* Charactenzation of cassava systems in Africa,

* Adoption and impact of IITA cassava in West
Africa.

¢ On-station study of resource use and productivity
in cassava-based intercropping and rotation systems.
* Collaborative adaptive trals with national insttutions
in Nigeria, Ghana, Cameroon, Zare and Sierra Leone
(e.g. effect of lime and improved cassava varieties on
cassava and groundnut intercropping systerns in Bas-
Zare and use of improved vareties and alterrative
spacing on rice and cassava intercropping systenis in
Sierra Leone and Libena).

Savanna Systems Research Group

* Charactenzation of maize-based farming systems
in the savanna of Nigeria and Cote d'ivorre.

« [agnostic study of the impact on striga infestation
of intensifying maize-based cropping in the northern
savanna of Ngena.

* Development of cultural control methods forstnga.

Inland Valley Systems Reseaich Group

« Charactenzation and classification of infand valleys
n West and Central Africa,

* Quantification of yield losses from weeds,

* Development and testing of methodology for
selecting upland crop varieties for the infand valleys.



Crop Management Achievements

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

e Cassava vaneties with durable disease resistance
and well adapted to the cassav/maice system

¢ Soybeans adapted for growingin the second season
and 1n assocation wath cassava.

o Mae vaneties vath durable disease resistance and
appropriate for green maize, but not where maze
requires storgge for an estended penod of tme.

Feedback onfarmelevel problems fromithe systems
research groups s helping to set the night emphasis in
the research agenda of resource management resear
chers and breeders

Eeamples mclude problems inestablishing
legum nous treesinalley cropping systems: the relative
contnbution of trees and herbaceous legumes in
mproved fallow management systems, besides
CONLNUOUS Cultivalioon s stemssaced control problems
nno-tillage, cassava-based systems nwhich herbiodes
are not used.

During 1989, the: Hurmid Ferest Systems Research
Group launched the first major actinty of the
Collaboratrve Study of Cassava n Africa (COSCA)
[ ed by ITA and funded by the Rock efelfer b oundation,
the study involves scentists from the Cote dlvore,
Ghana, Migena, Tanzana, Uganda and Jare ina
survey of cassava produc tonin ther countries Saentists
from Centro Internaconal de Agrcuitura Tropcal
(CIAT), the UK Natural Resources Institute and the
Aternational Child Health Uit of Upsala, Sweden are
also collaborating in the survey

COSCA's broad objective s to amprose the
relevance and mpact of cassava research by the
international agnicuituraireses chcenters andnatond
asewcultural research systems in Afiica The study
entals collection of data on Cassava cropping sy stems
n Africa, type and e «tent of use of various processing
techniques, mrarketing s, stems, present and future
demand i rurdl and wban areas, and relationships
betacen consumption and consumer nutrtion. The
particpating countries produce about /0 percent of
the Cassava of sub-Saharan Africa,

COSCA pathered general, mosthy qualitative
information from group ntenviews in selected villages.
Information specfic to households, farms or processing
units el be collected from indmidual households
Pretimimary analyws of villige-level datareveals, contrary
to peneral expectation, that virtually all small farmers
n the hish-density population areas of the hurmid
forest zone harvest then cassava 12 months or less

after planting. In low-density population areas, about
95 percent of the farmers harvest thew cassava at 12
months or less. In comparison with past practice,
farmers thus appear to be using varieties whichrequire

shorter prowing penods and 1o be harvestng their
crop sooner, without keeping it stored in the ground.
Furthermore, where access to the market is good, up
to - percentof farmers harvest thew cassava after less
than 12 months

As market access improves, the fallow period
seens 1o be declining substantially, from about 6 to 3
seare, while farmers are increasing ther weedings
from 2 to 3 times. All the villages surveyed in Cote
d'lvore and Chana, and 97 percent of those surveyed
in Jaire, are pot using any improved cassava varieties.
In Nigend, by contrast, where HTA vaneties have been
wicdely disserminated, about 90 percent of the villages
Lt G, G are weing improved vanetics.

The suney also reveals that small-scale cassava
srowers actrnely experiment with new varieties,
abandoning old vareties when they prove unsuttable
and adopting new ones, When bitter varieties are
abandoned. it s usuelly because of thew susceptibility
to weed competition, thew late matunty or their low
yiclds, With sweet vaneties, it s thew low yield, their
Jate maturity or thewr poor storage quahties.

Duaning 1989 the Savanna Systems Research Group,
topether with the Institute of Agricultural Research at
Zana, Nigeria, completed ther charactenization of the
agroecological and socioeconomic factors mn maize
cropping systems in the northem Guinea savanna, or
moist savanna, of Nigena. The recent dramatic
expansion of maize in the area was the stimulus for this

Cassava
intercrobped with
the soybeans being
harvested ensures
food security for
this family when
other food crops
are not available.
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Expansion of
maize farming has
brougt 1 un
increase in ox-
driven plowing

in the moist
savanna.

focus. Inthe mid- 1970s maize wasa MINOY Crop grown
mainly iIn backyards. At that time it was significant as
acashcropinonly one of the villages in the survey, and
amajorfoodcrop in only one-third of them. Currently,
maize 15 one of the three most important food crops
and one of the three biggest cash crops in nearty nine
out of ten of the sampled villages. Almost all of this
new maize is reported to denve from improved IITA
varteties,

The savanna group also discovered that agncultural
production in the area had intensified. Fallow periods
have been ehminated in 6 out of 10 villages and
declined in another quarter of them. Fertilizer 1s
commonly used in alt villages. Ox-drwen plows are
frequently used in land preparation and, in about half
of the villages. o« plowing has often been adopted n
conunction with the elimination of fallows and the
increase inmaize cultivation. Concurrently, inresponse
to the increased profitability of farming, farmers have
also expanded the size of ther farms and diversified
their crops. In addition to marze, rice has becorme 4
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
sustamability of the system; that 1s, what will be the
mpact on maize production of the expected removal
of the government's subsidy on fertilizer, and the
impact of devaluation of the Migenan currency on
incentives for such cash crops as cotton and groundnut,
which compete with maize. ITA scientists will also
i0ok at the long-term sustainability of soil productivity;

0 particular, the effects of replacing wraditional soll
mamtenance practices with increased use of inorganic
fertihzers, and therr implications for research on soil
fertiity maintenance.

Inananalogous survey in the forest zone of Nigeria,
fammers dentified ther preferred characterstics of
marze. Their top prionty is increased yield, combined
with bigger cob size. Eating quality appears to be
important mostly for green maize. Improvement in
storage quahity does not have as high a prionity as yield.
Early matunty of the crop 1s not an important
charactenstic. It 1s unlikely that fanmers in the forest
zone, where land 15 freely available, would want to
adopt high-yielding vaneties which require fertilizers
and other inputs to a high degree. Other ways of
increasing yields would seem to be the alteratives for
ITA research: durable resistance characteristics to
drought and pests.

During 1989 the Inland Valleys Systems Research
Group made an exhaustive review of agronomic and
socioeconomic research on infand valleys in Africa.
The group formulated several hypotheses about land
use for future rescarch. For example, the lower the
ranfallin agiven area, the more likely thatinland valleys
are used for agricultural production. Also, changes in
land use ininland valleys are principally determined by
ncreases 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,
productvity and farmer welfare. For example,
ecologically sustainable agncultural production i inland
valleys depends primarily on water control. Also, in
some categories of mland valleys, the productivity of
labor 15 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 ITA 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 tecanologies
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
withthe results of commodity improvement programs
through the zone-based systems research groups.

The program’s research prionities are described in
the inset panel “Research Directions” on the opposite
page.






lITA agroclimat-
ologist S. S. Jagtap
shows how
computer-assisted
models contribute
in resistance
breeding.
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Developed-country institutions. Long-term collab-
orative research with the Unversiay of Hawan at
Manoa focuses on making the most effective use of
alley farming systems. The objectives include research
and traning to ensure efective nitrogen fixation in
legume-based alley aropping systems, to reahze
maxmum benefits from myconhizae for enhancing
tree-legume effectiveness in these systems, and to
develop computer-based mformation systems as a
resource for national research/extension activities on
alley cropping systems. The target s the acid, infertle
and highly weathered sols of tropical Africa.

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

A collaborative project with the Institute for Soll
Fertiity in the Netherlands seeks to quantify the role
of soll organisms in sol management for food
production in the humid tropics. A long-term project
with the Katholic Uruversity of Leuven, Belgium, will
study the dynamics of sol organic matter and its

relationship with foc.d crop yields and soll productivity.

Collaboration with other international organizations.
A co-sponsors the Alley Farmming Network for
Tropical Agneulture (AFNETA) with ICRAF and the
Intermational Livestock Center for Afnca (ILCA), which
involves scientists of most African countries.  Its
general objectives are to promote and support alley
farming rescarch, including on-farm testing, use and
eatension of the concept across diverse environments,

Collaboration with ICRAT in a jont project with
Oregon State University involves the stationing of an
ICRAF scientist at IITA to evaluate multipurpose tree
species for agroforestry systerns in the hunvd lowland
zone of West Africa.

Collaborative research actmties are planned wath
IFDC n soll fertiity management for sustainable
agricultural production in the hunud forest and inland
valley ecosystems. An IFDC scientist will be stationed
at the lITA station in Mbalmayo, Cameroon,

ITApartcipates inthe West Afnca Farming Systems
Research Metwork, which sponsors the farming systems
researchcourse at the University of Dshang, Cameroon,

ITA s collaborating with the West Africa Rice
Development Association (WARDA) in rice-based
farming systems research in:

* Characterization and classification of land resources
for cropping in general and on rice cropping in inland
valleys in particular.

* Resource and crop management research on rice-
based cropping systems in inland valley bottoms and
uplands in West Africa.

Cooperation with national programs. The Resource
and Crop Management Program'’s networking activi-
tes withnationalresearch programs are based pnmanly
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
November 1989. Lach group holds an annual work-
shop where ongoing coliaborative projects are re-
viewedand plans made for nevsones. The collaboration
mainly concerns on-farm adaptive research, focusing
on soil fertility r~anagement and weed control.



Root, Tuber and Plantain

Improvement

assava, yam and plantain, widely grown by smalt

farmers, are the staple foods of hundreds of

milkions of people n the humid and subhumid
regrons of tropical Africa. - Gf the tree crops
cassava, atuberous root s by farthe mostimportant,
proading maore than half the food enerpy consumed
b, more than 200 mithon people. Plantain s eaten as
a staple food by about 60 milion people.

The IITA Root, Tuber and Plantam Improvement
Program s orpanized (see dagram below) to conduct
researcn manky on Cessavd, yaims and plantains which
addresses problems ot crop improvement, including
breeding for pest resistance and qualty factors, and
nostharvest processing, [t works vathnationdl programs
to adapt technological advances to ther specific

needs

Cassava

HTA cassava scientists have developed bigh-yrelding,
pest-resistant Cassava vareties with yjood eating quality
charactenstics that are beng adapted to the nunud
forest, forest-savanna transition, moist: savanna and
mud-altitude agroecologicdl zones. They have setup
30 test sitesin those different zones in Migeria with the
help of national colleagues. By 1990, IITAvaneties had
teen reledsed to national programs in nine countnes
torfurther testing andrelease to farmers: n Cameroon
Gabon. Libena, Nigena, Ravanda. Seychelles, Sierra
eone, Tanzamia and Zare

Saentists from those countries have confirmed
that the new vaneties are resistant 1o the two most
destnictive disease pests: cassday s mosaic virus disease
and cassava bacterial blight. The Cetholic University

of Leuven in Belgium has also conducted tests of ITA
cassava clones, or plant matenal which 1s one stage
short of being produced as a vanety. Involving the use
< bacteral stramns from many countries all over the
wotld, those tests have confirmed stable resistance of
ITA clones 1o cassava bactenal blight.

While the maor disease problems have been
overcome through breeding for host-plant resistance,
the spread of the cassava mealybug (Phenacoccus
marhot) and the cassava green spider mite
(Menonycheths, tanagoa) throughout Aftica’s cassava
belt has posed a major challerge in recent years.
Siprificant success has been achieved iy biological
control of the mealybug n many cassava-growing
areas of Africa and a sunilar approach s being
nvestigated for the mite. (See Biological Control
Program articte) But the ulumate goal is integrated
pest management involving host-plant resistance.

The mechanisms for msect resistance/toierance
that are observed in such IITA cassava clones as TMS
91934 are being investigated.  The presence of
tichomes, or minute hars, on the young cassava
shoot seems to discourage attack by the cassava green
spidermite. The tnchomes appear to physically inbubit
feeding by the pest. Several hiph-yielding varieties with
such pubescence or hary development have been
dentified. Hybnds between cassava and its wild
relatives, in particular Manihot tustis and M. anomala,
are attracting interest as improved clones with the
resistance character of pubescence.

Although cassava as a crop 1s adapted to many
different environments, the evidence suggests that

Breeding Pest Management
Cassava Pathology
Yam Entomology
Plantan

Postharvest Research Speaal Urits
Engineenng Physiotogy
Biochermstry Cytogenetics
Food Technotogy Tissue Culture

International
Collaborative
Testing
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ndividual cassava aneties often have a narrow
2cological adaptation. Multilocational trials conducte .
over a wide range of agroecological conditions in
NMigena have shown differential responses of cassava
dones (genotypes) to the vanous edaphic, cimatic
and tsotic factors encountered in those environments.
Suchinteractions between senotype and environment
(G+F) often comphicate the selection of desirable
genotypes and thus hinder progress in varietal
development. In order to avoid this hinderance, the
selection process 15 being conducted from eardy
aenerations directly nthe specific target environments,

Reproductive biology. New discoveries atiT A about
the reproductive biology of cassava may offer abey to
rapid dissemination of improved vaneties and,
eventually, to the agronomy of cassava through true
seeds. Some cassava vaneties can develop viable
seeds even when the normat fertihization process 1s
prevented, ina form of vegetative reproduction called
apominis,  IITA Lreeders have observed that first-
generation hybrids between an improved clore and
wild Manihot relatives (known as interspecinic hybrids)
all resembled the cassava parent.

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

UTA anns to breed high-yielding cassava vareties
which consistently produce true seeds by this process
(oblipate apomixis) such that ther progenes are
identical with the mother plant. Such true seeds could
serve as o cheaper and more convenient means of
disseminating and propagating improved cassava

varetiRs,

Another e<citing and promising finding among the
interspecific hybnds produced atiTA has been cassava
polyploids  plants with a multiple of the normal
number of chromosomes. (See inset story on “Cassava
Polyploidy™.) Itis still 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 vannties. Apomixis and polyploidy
offer plant breeders new opportunities for developing
improved varicties.

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
intersnecific hybrids. The natura! polyploids, which are
characterized by enormous vigor and vanation in form
and structure, offerhope for furtherincreases in 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
tha.: 200 million people in sub-Saharan Africa—40
percent of the population, including many of the
poorest—cassava is the staff oflife. Farmersappreciate
cassava because ittolerates 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 matunity.

For reliable harvests, farmers propagate cassava
vegetatively: by planting sections of last 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
charactenistics 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 bactenial blight into
African cassava varieties.

Seeking furtherimprovements, IITA scientists during
the 1980s crossed several vaneties 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 waterin photosynthesis. Closer
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examination of single cells and pollen spores confirmed
that the anomalous plants were pclyploids: either
tetraploids, having twice the normal diploid number,
2n, of chromosomes in each somatic: cell; or triploids,
with 3n chromosomes.

Natural polyploids oniginate rmost commonly as
acadents during sexual reproduction, when one or
both parents contribute gametes with the unreduced
(2n) number of chromosomes. The IITA tetraploids
were attnbuted to matings between cultivated cassava
and related wild parents---both diploids, with the nor-
ma! (2n) chromosome number---that had both pro-
duced unrediiced (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
failure of mitosis, resulting In a replication of the
chromosomesinasomatic cell without the subsequent,

Sexual Polyploldization in Cassava

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

chromosomes (36).

Following pollination, fertilization
marks the event in which the female
and male nuclei (gametes) in the sex
cells join to form a zygote. If a nor-
mal male gamete (having 18
chromosomes) fertilizes a normal
female gamete (18 chromosomes),
the resulting zygote is diplcid (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 chromosomes) results from the
union of two dipioid 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 experimental fields, polyploid progeny,
with genes from both cassava and its wild relatives,
grow up to be cassava types, able to hybndize freely
with cultiveted cassavas to produce improved varieties.
But some polyploids, which have the vigor associated
with hybrids in addition to their other qualities, may
achieve variety status without further improvement. In
uniformyield trials in a variety of Nigerian environments,
from the high-rainfall, acid-soil area to the dry savanna,
an IITA tetraploid yielded an average of |9 tons per
hectare, rivaling one of the country's leading improved
cassavas. The same tetraploid displayed resistance to
mosaic virus and bacterial blight, and produced tubers
of acceptable food quality.

As parent material for furtherimprovement, natural
polyploids, with their multiplied genetic complement,
offer breeders greater variety of form and structure
than the Jiploids, suggesting the possibility of breeding
radicall, new cassava varieties adapted to diverse
environm.ents.

Despite their complete complement of genes from
their wild parents, the polyploid progeny of cultivated
and wild Menihct parents turn out to be all cassava
types. Thus tiey require relatively few backcrosses to
recover and stabilize desirable traits, alic'sing breeders
to accelerate the transfer of useful genes from wild
Manihot species to cultivated cassava.
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Cassava prantlets are also being produced through
somatic embryogenesis. whereby embryos are
generated from non-reproductive cells of the plant.
Somatic embryos have been obtaned in vitro from
young leaves of several ITA cassava clones in a hquid
culture medim. Atleast 10 to 5 somatic embryords
have been obtained perleaf. Different procedures are
being investigated in an effort 1o generate plantlets
from the embryos.

Embryo rescue. Making use of exotic gene sources to
IMprove cassava 1s an important task of IITA research
n biotechnology. Immature embryos resulting from
interspectfic 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 IITA's
improved cassava varieues. Mrs, Raufu, assisted by her
mother and several children, has been doing business
at her jerry-buitt roadside stand, just across the main
highway from lITA's Ibadan headquarters, for four
years. She knows what farmers want: her inventory—
bundles of cassava stems, called sticks, 40 to 50 sticks
to a bundle, that farmers cut into shorter pieces to
plant—is all guaranteed “liITA cassava”.

And how's business? “Look,” she says, leafing
through her invoice book and displaying a recent sale:
600 bundles at 5 naira, for a total of 3,000 naira (about
US$375). In 1990, between the first rains in March
and the ond of June, halfway through the planting
season, Mrs. Raufu estimates that she sold about 3,500
bundles. Many competitors offer the same product,
up and down the highway and along virtually every
back road in the region.

The informal trade in IITA cassava sticks began
sponianeously severa! years ago, when lITA enlisted
some local farmers in on-farm trials of improved
cassava varieties that had performed especially well on
NTA's research plots. Asthe crop grew, the farmers—
and their friends and neighbors—could hardly fail to
notice the marked superiority of the lITA cassava to
the local varieties. The resulting demand for planting
sticks of ITA cassava was far greater than the Institute,
which is not set up to distribute varieties directly to
farmers, could begin to satisfy.

Entrepreneurial Nigerians like Mrs. Raufu have

owing to incompatibility between the embryos and
matenal tissues. ITA scientists have already estabhished
procedures for the culture of fairly mature embryos of
cassava and witd Manihot species on artificial growth
media. These techniques are being adapted forrescue
of very young embryos resulting from important
interspecific crosses.

Multiplication. IITA scientists recently developed a
technique for rapid multiphication of cassava varieties
to cut down on growing tme and help speed up
adaptive research. The technique entails treatment of
ministem cuttings with a fungicide suspension and
sprouting in perforated polyethylene bags before

been quick to seize the opportunity for profitable
public service. Since she could produce clones of
IITA’s improved cassava in infinite multiples, all she had
to do was get hold of a single stick and she was in
business. Four years later she is able to produce most
of the sticks she needs on her own farm, buying from
other farmersif she runs short. Indeed, she's beginning
to worry that some of her customers are stealing aleaf
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
improvem #nts in
production of yam
planting material,
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transplanting. No costly and bulky soll 1s 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 nutrtional quahities have been
a focus of ITA research in recent years. ITA has
improved clones with reduced cyanide content, a
more mealy texture when cooked and other appealing
charactenistics. Meatiness results frommarked changes
in texture after boing, as a result of a process which
is beiny investigated.

Cassava clones have also been mproved for
production of flour for breadmaking.  The goal 15
cassava varieties and processing technologies that can
produce an acceptable bread from composite flours
with a large proportion of cassava.  Suttability of
cassava flour in bread-making depends on certain
properties of cassava starch. Detailed studies at the
molecular level nto differences of starch from IITA
cassava clones are being conducted with the Food
Saence 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
incomposite-flourbreads. Rapid and effective methods
for screening of additonal clones have been perfected.

In 1988, 1ITA cassava breeders developed improved
varieties with yellow root flesh, for use n traditional
foods. The West and Central Afiican 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, gari
tumns yellow if red palm oil 1s added to the cassava
dunng roasting. Ol from the red ol palm s nch in

carotene, . plant pigment that changes to vitamin A
inthe body. It makes yellow part more nutntious 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
ahigh yield; and it makes yellow par without palm ofl.

Asurvey of traditional cassava postharvest systems
tn Nigera has revealed tremendous losses (about
one-half of the potenual product) and very high labor
input. particularly by famung women. The results
pont to an urgent need for research into and
development of processing facilities, especially frying
stoves and drying areas. Postharvest equipment was
subsequently developed and field-tested and has
contributedto a | 2-percent reduction in production
losses and 70-percent reduction in labor input.
Contnbuting 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
distrbuted In 16 countries in West and Central
Africa. Furtherimprovements are under way, including
standardization of designs and operating procedures.

Yam

The six West and Central African couniries from
Cote d'lvoire to Cameroon produce over 90 percent
of the world's yams, a staple /nod for tens of millions
of their people. This highly labor-intensive crop is
gradually expandinginto 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 crop, and the promise of 5 gnificant
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 to harvest
and handle; to in-build genetic resistance to major
diseases and nematodes; and to make yams look and
taste better to consumers and keep longer before
spolling. The growing acceptance by urban consumers
of smaller but uniform tubers (1 to 2 kg) should serve
to lighten the burden of the yam farmer in future, as
cultivation of such tubers does not entail use of tall
stakes and large mounds.

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



In 1988, yam breeders succeeded m thew quest for
high-yielding sater vam: elones resstant to folar
necrosss, & disease that caases yam plants to lose their
leaves prematurely. Beld tests in four different
agrovcalogcaliocatons produced yields of about 30
tony, per hectare, vhich oatperormed Jocal cultivars
by far Many other promusing white yam clones have
been produced dand are beng evaluated for  ather

adapti e research

During the 1980s ITA saentists made significant
mprovements in methods for producing vgh-quaty,
‘owe-costand abundant yam planting matenal, reheving
farmers of ther traditional need to set aside one-
quirter of each crop to use as seed for the next.

Minisett technology bas been developed as a cheap
ind rehable method of producing seed yam. With this
technology, farmers can produce 410.000 to 100,000
seed yams perhectare. Furtherimprovements clude
the use of poly ethylene mulch which eliminates staking,
conserves soil moisture and nutrients epulates soll
maonsture and checks aeed growth rhe minisett
techrique has created a big opportunity not only for
farmers but for researchers, n makhing the job of
LEplasm preservation easier

Fiie vinus-free white yam cultezars were sent to 21
countnes, « milestone reached because of n-vitro
microtuber formaton. s new techrique from IITA
has resolved obstacles of quarantine pohcy in the
international distribution of germplasm. 1t also has
permitted germplas accessions Lo be preserved n

Atro n IITAS genetic resources collection

Plantain

West and Central Afrca produce about 60 percent of
the world'< plantans - Because of ity long history of
sode cultisation and distobution of plantan. the region
s Become awecondarsy center of plantan dverst,
So far 16 different cultecars hawe been dentified

Piantan s a particularty useful crop for farmers in
the hond forest zone of Westand Central Africa. As
Abackvard crop, plantam coessts easily amth established
farene spstems U can praside a continuous source
of foc-d over the cropping Sear 1t also connteracts
dearadation of the enaronment through the probfic

leaf roalch coverat produces

Pl tams have long been considered to be disease-
fre be use of thew recstance to panama disease
Cusanum oysporun { cubense) and yellow Sigatoka
(Mjcosphacrela musicolay. This picture changed
drarmatically about 15 years ago wath the acadental
introduction into Africa of black Sigatoka (Mycosphaer -

Plantain's Reprieve from a
Black Plague

When scientists at IITA’s substation at Onne, Nigena,
began in 1987 to breed plantains with resistance to
black Sigatoka, they expected the effort to consume
at least 10 years——the best part of a scientist's career.
Even then, the outcome was far from assured. No
source =f reciciance was known in plantains; only in
some ¢ it Musa cousins, which include common
table bananas, starchy cooking bananas and wild types.

In any case, cross-breeding resistance genes into
edible plantains would be a formidable challenge:
plantains are triploids, with three sets of chromosomes
instead of the two carried by most organisms. In
theory, breeding is complicated by the fact that each
of plantain’s three sets of chromosomes denves from
adifferent ancestor. Inpractice,however, that problem
is moot, because triploid plantains are norrnally seedless,
and therefore infertile. They are easy to eat but
virtally impossible to breed.

Preparing for the worst—the virtual loss of plantain
as a major food source for tropical Africa—the ITA
scientists pursued a fallback strategy: adapting black-
Sigatoka-resistant starchy cooking bananas, they
prepared to offer them to lowland farmers as plantain
substitutes. Warmned an ITA statement early in 1989:
"Time mr.ay be running out for plantains.”

Just nine months after this gloomy forecast, by the
end of 1989, plantain's future was looking much
bnighter. Years before they had expected any significant
success, the scientists at HTA's Onne station were in
sight of their goal. Growingin their experimental fields
were a few hybnd plants that looked—and, more
importantly, tasted—like plantain, and that had inherent
resistance to black Sigatoka.

el fipensis), a disease which ultimately leads to leaf
necrosis. 1tis so virulent that plants are often severely
defolated at harvest, thereby reducing yields drastically.
(See inset story on “Plantain’s Reprieve from a Black
Plague™)

Plantains are exceptionally susceptible to black
Sigatoka. Noresistance or tolerance to the disease has
been found among all the plantain cultivars in IITA's
collection, which 1s maintaned at the Onne High
Rainfall Station. Since plantains are maly grown by
family farmers, black Sigatoka is endangering the food
secunty of resource-poor farmers.

47



A plantain plantiet
~ an improved
variety which is a
product of in-vitro
tissue culture,
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Pollination 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 marriage,
the IITA scientists needed a tnploid female plantain
that would set viable seed when fertilized by their
diploid male wild bananawith genes for black-Sigatoka
resistance. Amongthe | 6 different plantain cultivars
maintained in IITA's germplasm collection, the scientists
at first found several—by mid-1990 they had 28—
seed-praducing females of the preferred type. Some
so-called French plantains that are reported to set
seeds very rarely elsewhere tumed out to set 50to 60
seecs per stem when fertilized with viable pollen

o starting 4 plantan breeding program at IITA,
germplasm was collected from Agia, the primary
center of plantan diversity, and West and Central
Afnca. Wildbanana species resistant to black Sigatoka
were collected from many parts of the world

In the process of breeding plantain vath bananas in
ordertoobtan seeds, ) TA scentists made discoveries
which changed scientific thinking about plantains The
team has dentified 20 French plantain cultivars and 8
False Hom cuttivars all wath vanable levets of fertlity,
overtuming the prevalent ideas that French plantains
had very los level of fertility (1| to 2 seeds per bunch)
and that False Homs were stenle. Up to 219 hybnd

under Onne’s conditions. False Hom plantans, which
never set any seed anywhere else, managed as many
as |5 per stem at Onne. In 1988, crossing these
plantains with resistant wild bananas---disparate
members of the genus Musa—the scientists were
rewarded with viable hybrid seeds.

Using embryo-culture techniques to overcome the
seeds'reluctance to germinate, the scientists produced
some 100 hybrid seedlings, which were transferred
from petn dishes to the fields at Onne. Late in 1989
they announced that four of the resulting hybrid
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; it also
slows the progress of the disease, allowing even
infected plants to mature and bear fruit nommally. By
July 1990, several hundred plantain hybrids were
growing at Onne, awaiting evaluation for black Sigatoka
resistance.

The battle against black Sigatoka is not over yet.
The scientists may need at least one more round of
breeding to reduce their hybrids' chromosome counts
to the triploid 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 is
overcome, the resistant triploid hybrids will be rapidly
multiplied by cultunng shoot-tips in a medium that
induces a proliferation of clones. Finally, ITA and the
International Network for the Imprevement 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
1s focused on the genetic improvement of plantain for
black Sigatoka resistance.  This should ultimately
benefit the family farmers of West and Central Africa
who produce the bulk of the plantain crop for ther
own consumption in thewr backyards and small fields
close to villages

Genetic improvement nvolves the use of
conventional breeding techmques, ntegrated with the
use of n-witro culture techniques 1o surmount specific
problems.
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root and tuber improvement programs and atracting
donor support for those programs in collaboration
with ITA. IITA scientists have been assigned to
cooperative root crop programs in Chana, Cameroon,
Rwanda and Zare

The Eastemn and Southern Afncan Regional Root
Crops Network (ESARRN) has coordinated among
the countries of the region and ITA the planrung and
execution of regional research of common interest.
HTA. also participates in the Central and West African
Regional Root Crops Network (CEWARRN).

ITA participates in the Afacan Plant Biotechnology
Network (APBNet) and the International Plant
Biotechnology Network (IPBMet) which Iink the
countries of Afrca with advanced biotechnology
laboratories

In 1989 ITA handed over the responsibility for the
improvement of sweet potato to a sister institute,
Centro Internacional 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 f yam and cassava, and
somatic embryogenesis in yarn, are being investigated
in collaboration with the International Atomic Energy
Agency, /ienna. Collaborative agreements forresearch
on various aspects of cyanogenesis and cassava
detoxification and utihzation are cunrently being planned
with universities in Australia, Denmark, Netherlands,
UK. and US.A. Somatic embryogenesss in cassava is
being pursued with the University of Bath, UK, as well
as research on the processing quality of plantains.

Plantain. To strengthen plantan 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 I TA in different agroecological
environments in Africaand Central and South Amenca.

Phylogenetic studies in plantain are being given a
boost with analysis of restriction fragment length
polymorhisms (RFLP), in collaboration with the .S,
Department of Agriculture in Georgia, USA. The
research aims to evaluate genetic diversity in plantain
and improve understanding of the organization of the
plantain genorne. Studies of postharvest processing
quality and starch quality of plantains are being
conducted with the Overseas Development Natural
Resources Institute, UK.



Grain Legume

rotein-rich grain legumes- -mainly cowpea and,

inrecent years, soybean  are especially important

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

The Gran Legume improverment Program s
organized (see diagram below) to conduct research
manly on cowpea and soybean which addresses
problems of crop improvement and utiization in the
target areas of farmer use.

Cowpea

Cowpea in Afnca is traditionally considered to be a
foodlegume of the poorest farmer's diet and 1s mostly
cultivated as a subsistence crop. In the mixed farming
systems of the Sahehan regions. cowpea s the
predominant legume and a major source of human
food and fudder for cattle. It s a secondary crop
mainly in semi-and zones, i association wath millet,
sorghum, maize, cassava and cotton. 1t s drought-
toterant and car be grown in poor soids. Cowpea 1s
able to fix mitrogen in the soil effioently at around 30
to 70 klograms per hectare per year.

Unlke many other legumes, cowpea may be
consumed at different stages i its development: as
leaves green or dried, green pods. green peas and
gran, of which the last 15 the most popular. Dried
cowpea 1s tughly nutntious: 2-4-percent protemn, 20-

Improvement

percent oil and the rest carbohydrates with minerals
and other nutnents. Dried cowpea seeds take
comparatively less time to cook then many other food
legumes, animportant consideration inmost developing
countries where cooking fuelis scarce and expensive.

Research conducted on cowpea by national
programs of Afncan 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 matunties, and resistance to
some diseases and insect pests are being grown in
larger areas and different agroecologicatl zones than
before.  IITA has the global responsibility among
intermational centers to conduct research on cowpea.

Ecologies of cowpea. In the different agroecological
zonesinwhich they are grown in Africa, the appearance
and growing habits of cowpea differ according to
diversity among genotypes, chmatic conditions,
cropping systems and production problems.

In the Sahel, traditional farm varieties are an
indeterminate, viny, spreading type with a growing
penod of up to 120 days. Theyare fast-growing, cover
the soil sutface and produce large quantities of biomass.
Millet 1s the main cereal here; cowpea is cultivated in
mixtures with millet. Cowpea 1s consumed as green
leaves, dned leaves, green peas, dry grain and fodder.
After harvest, the dried plants are bundled and stored
for use as fodder for cattle during the harsh dry-
weather period.
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In the dry and mosst savannas, cowpea 1s mostly
intercropped with millet, sorghum and maize as a
secondary crop after the cereal crop 1s established.
Cowpea 1s grown mostly for dry gran ond fodder.
With the first ramns, farmers often plant an early-
matunng cowpea along wath a cereal. After the cereal
15 established, the main cowpea crop 15 planted for
both grain and fodder.

In the lowland hunud tropics (humid forest and
transition zones) which have a bimodal rainfall
distnbution of two seasons, cowpea 1s planted in the
second (short ranfall) season, in fields previously
established with a cereal or root crop. Cowpea in this
regionis cultivated mostly for dry grain and is also used
to a hmited extent as a green leafy vegetable. Early-
to-medum-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 trellis for green pods for household
subsistence needs.  The continuous rain and high
humidity which prevails for 9 to 10 months of the year
prevent famers from growing cowpea for dry gram.

However, in all these zones, cowpea faces severe
yield loss from ndigenous insect pests. Fven after
screening almost all of the existing germplasm (15,000
accessions), the resistance to some nsects 15 low,
resulting in the need for new (unconventional)
approaches to stabilize yields under farm conditions
without the use of chemical pesticides.

Achiever .ents. | laving globulresponsibility for cowpea
germplasny collection, ITA has collected more than
15,000 accessions and maintains them at its
headquarters at Ibadan. IITA 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 1986 special efforts have been
made to collect wild Vigna germplasm which 15
expected to play a key role in breeding for insect
resistance and other characteristics in future.

ITA’s early work in cowpea improvement was
mainly devoted to basic research in crop physiology
and to the Wdentification of sources of resistance to
insects and diseases. Sources of resistance to most of
the important diseases have been identified and
incorporated in breeding ines. Many of the elite ines
distributed v international trals since the mid-1970s
have highlevels of combined resistance to the principal
bactenal, fungal and virus diseases.

Late in the 1970s, the orentation of the program

evolved toinclude nsect resistance, with the emphasis
oninsects encountered in Africa. The strategy was to
achieve yield stability through resistance to both insect
and disease pests. Several ines with multiple resistance
to diseases and resistance to one or more insect pests
have been developed. Many of those vaneties have
been released by national programs.

In the Sahel, the Semi-And Food Grains Research
and Development (SATGRAD) project tean based at
Burkina Faso began research on drought tclerance
and resistance to strigain 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 Sem-
And Tropics (ICRISAT) Sahelan Centre at Niamey.
Severallines with resistance to aphid, bruchid, bacterial
blight and Macrophanna ashy stem blight are being
developed. Crosses have been made for combining
stnga resistance and drought tolerance. Several lines
combining striga resistance and multiple insect and
disease resistance were selected in 1989 for further
tnals after screening in Niamey and northern Nigena.

From research conducted through the SAFGRAD
projectand from lines developed at ITA headquarters,
severallineshave been selectedinthe Sahelian countnes
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 Sahelan countries. In 1989, mixed cropping on-
station tnals without insecticide application showed
higher gramn and fodder yields than did local varieties.
Lines IT87D-549 and ITB7D- 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.) IITA is working closely
with the Institute of Agriculture Research (IAR) at
Ahmadu Bello University, Zana and ICRISAT screntists
based at Kano. lITA scientists at the station include a
cowpeabreeder and two physiologists {=ne supported
by the Tropical Agricultural Research Center of japan).

Several segregating lines combining apkh.id, striga
and alectra resistance appear promusing.  Several
cowpea lines tested through internationdl trals by
natronal programs in the region have been relsased for
cultivation by farmers. In 1989 on-farm tnals with
minimal insecticide applications, TVx 3236 showed a
moderate level of resistance to thrips and diseases
with a consequently improved yield potential. This
vaniety has performed well in both the Sahel and
savanna zones. Other lines ikewise tested in 1989 in



the savanna with minwnal insecticide applications bave:
vielded consistently hagher than local varieties: 11845
22464 KV 165-14-1 and IT845-2231-15. VITA-3,
which 15 resistant o leafhioppers. was released n
several Latin American countries where leafhoppers
are 4 Mmajor cowped pest

In the humid forest and transition zones, 1TA has
succeeded n deseloping severat ines with high yield
potential {2,000 kilugrams per hectare) with multiple
witus resistance and with multple disease and insect
resistance. Cowped lines have also been developed
with medium (70 1o 79 days) and earty matunty (60
10 65 days) with adversity in seed color and plant type
sutable for humid tropecs, for ciltivatior during the
short rainy season or the dry season in paddy e
falcws  These vareties ere fur grar. production as
sole crops using insecticides 1o cantror pests. Fhew
yield, with improved management but no fertiizer, s
more than 100 percent preater than that of traditional
vareties. The mproved vaneties require fess spraying
with nsectiades because of ther short duration and
partial resistance. Tne cash cost of spraging s only a
smail fraction of the value of the mcreased output n
many countries. Some of the best performers
nternational trials have been released to national
programe | T82E- 1810 Zwre and Mozamtrque, IT820-
889 nd 11830-442 to Bolvia.

I the mud-altitudes, an ITA coapea breeder was
Lased mEenysawith the Intemational Centre for Insect
Physiolog, and Ecology (ICIPE) from 1985 to 1987,
During that time several local cowpea vareties and
ATA ines were dentified with supenor agrononte
character. Among the IITA ines tested in the region,
[1820)-889,1T820)-885,1T82[3-78% appearto perfornm
uetter than others. A cowpea project vas approved
by the Southern African Development Coordination
Conference (SADCC) durng 1989, with funding from
the [uropean Econormic Community. Through this
project, the needs of <outhern Aftican countres wil
be served and vaneties sutable for eastern Afnca are
c«pected to be developed

Amoryg the ntemationdl tuls conducted in 1989
over 4 range of locations., the foliowing cowpea hines
consistently performed better than others e stra early
matunty 11820320 1845:2246-11184D- 666 medum
matunt,y 1T85F-2020.1T835-872.11830)-219%: bruchid-
resstanthnes 181D 1007, 11845-22:16-4.1185F-2205;
aphid-resiszant hnes [1845-22-16-1, 1 T85F-867, 1T835-
728-5.

Percentage bruchid mfestation and yietd losses due
to bruchids were studied during 1989 Compansons
were made ~mong standard local variety Ife Brown,

resistant check TVu 2027 and two bruchid-resistant
cowped hnes, 1T8113-994 and 11845-2246-4, which
are derved from crosses made with TVU 2027 The
results ndicated that tao months after infestation Ife
Brown was 100-percent infested, as opposed to 7.3
to 1-1.7-percentinfestationin the two bruchid-resistant
Iines. TVu 2027 was |81 -percent nfested. Similardy,
percentage [oss in weight at 60 days after infestation
in Ife Brown was 18.6 percent. compared with the
other three resistant ines which vaned between 1.7
and 1.8 percent.

Impact. Fifty-one countnies worldwide in different
agroecological zones have beneflited from the
numerous cowpea fines developed through IITA.

hese cowpeavarieties have beenreleased to farmers
tor cultivation by the national programs. Several ines
are also utihized by national programs forincorporation
of useful traits into the local varieties.

The thrp resistant cowpea vanety TVx 3236 15
popular wth fartners in the northern parts of Nigena,
Cameroon (savanna), Senegdl (Sahel) and Botswana.
Along with TV 3236, the vanety ER-7 s frequently
cultivated in southern Afrca, particularty in Botswana.

Several ines with multiple resistance to diseases
have been developd, incuding Vita-1 and Vita-3
which have Wready been released. Vita-3, with
tolerance to drought and resistance to leathoppers.is
popular n Latn America where leathoppers are a
major pest of cowpea. [tis extensively cultivated by

The savanna area
of Kano, Nigeria,
where the two
farmers shown
here are preparing
to plant cowpea,
provides a good
environment for
HITA to adapt
improved varieties
to the traditional
mixed cropping
systems,
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farmers in Brazil, jamarca and Guatemala,

Cowpea strategies. The aim of cowpea research at
ITA is to reduce the risks in cultivation for the famier,
thereby increasing the farmer’s productivity andincome.

ALITA cowpea research focuses on the crop in its
agroecological context, as part of a cropping system
with particular requirements for resistance to msect
pests and diseases. From 1988 the man breeding
objectives have emphasized:

* Morphological and physiological adaptation for
intercropping with cereals.

* Multiple pest and disease resistance for
incorporation into locally adapted vareties.

* Improved drought tolerance in cowpeas, especially
for the nullet cropping system of the semi-and zones.
* Resistance to post-flowering pests.

* Pestresistance characters from wild Vigna species.

Because conventional breeding and sources of
genes from cowpea collections have not been
successful against msect pests in some cases, the
program s relying increasingly on biotechnology
research on the wide crosses. In 1989 wild Vigna
species were screened for resistance to major pests of
cowpeas. Several species appear to have high level of
resistance: V. vexifiata, V luteolu and others to cowpea
aphid and bruchick: V. veadllata and V. oblongifoha to the
Maruca pod borer, Some V. oblingifoha appear
resistant to pod sucking bugs.

International collaboration. IITA works closely with
many nattonal agricultural research systems i sub-
Saharan Afiica and other tropical regions of the world,
inthe development and adaptation of new technology
for cowpea production. IITA collaborates with
advanced laboratories in specific problem areas for
basic research and has imitited contract research for
solving some of the difficult crop protection problems.
These include resistance to post-flowering pests of
cowpeasthrough interspecific hybridization; resistance
tostrigaandalectra; resistance to root knot nematode
and cowpea aphid biotypes in the tropics.

InNigeria, IITA has contracted reseach on resistance
to Stnga gesnenoides and Alectra vogefl to AR and
resistance to root knot nematodes to the University
of Ibadan. ITA collaborates on resistance to bruchids,
Callosobruchus maculatus and Bruchidus atiolincatus
with the Federal University of Technology, Akure and
School of Biological Sciences, Imo State University,
respectively. In Niger, ITA works with Institut National
de Recherches Agronomiques du Niger on Macio-
phoming ashy stem blight resistance; and in Zambia,
with Msekera Regional Research Station, Chipata, on

cowpea aphid-bome mosaic virus, among others.

With advanced laboratones in taly (Universita
degh Studr 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
biuchid resistance. The Italian government has sup-
ported this basic research. IITA has contract research
amangements for the biotechnology research with
Purdue University. IITA also collaborates with the
University of Durham, where the mechanism of bruchid
resistance in TVu 202/ and cowpea trypsin inhibitor
gene (CpTl) were onginally identified. TV4 2027 was
identified as resistant to bruchid by ITA n 1974

ICIPE in Kenya has worked with IITA 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). NTA
has also collaborated with ICIPE i the identification of
a mechanism of resistance to Maruca pod borer in
VU946, andresearch on integrated pest management
In cowpea mixed cropping with other cereals. In the
UK. IITA 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, IITA collaborates for
striga research which has resulted in the identification
of B30I stnga and alectra resistant cowpea by the
Long Ashton group. B30! is the only line which
appears to be resistant to virtually all the strains of
strigaand alectrain West Africa. ITA has collaborated
in the past with the Plant Environment Laburatory,
Department of Agriculture, Unwversity 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
techniques, giving a novel approach for the control of
several strains of the virus. This work could possibly
provide for control 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, bacterial and virus pathogens involved
in control of cowpea pests.

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



cowpea production prob ' xms and make the crop less
risky and more profitable to farmers 1 the tropics.

Soybean

Fromthe beginming ITAhas attached greaamportance
toimprovement of soybeans for the tropics, and more
recently to research on soybean processing and its
athzation i human diets. As anitrogen-fiang legume
and cash crop in substantial demand, soybean has
redt potential as an o mportant component of
substamnable farming systems in the moist savannas of
Africa And although the crop s not et widely grown
b, small-scale faroers there and his traditionally been
btle used n Afnca for food, 1t also bas very great
potential ds 4 source Ghine <pensive proteinin hurnan
diets, of valuable cooking ol and of arimal feed

Improved so,bean varieties muast resist the major
disease and insect pests and have growth oy cles which
fit aroecolecal conditons and the man features of
local farming systems The second research am s to
develop approprate technologies for convenienthome:
and village utlization. If people Fnow what foods
s0;bean can be used inand how to make them, this
nutritous legume (10-percent proten and 20-percent
i) can generate a struing demand n the marketplace
50 that farmers will continue to produce soybean for
the benefit of all

Ecologies of soybean. The test agroecological
emaronments for soybean production are _milar to
those for maize and sorghum. In all environments,
however, sogbean has faced the two paramount
problems, of poor nodulation with soll bacteria and
noor seed longeaty, These problens are described
in the "Achiesements” section below.

The most and mid-alttude savannas are the most
f..orable zones for soybedan production n West and
Central Afoica Because of the relatively short rany
eason, crop management and seed storage face
fer sceor problerms thanin the wetter zones. Improved
sneties need to have a matunty range from 75 to 130
daysn order to stay within the normal range of rainfali
artribution. In these agroecological systems, maize
and sorghurm are the man crops and soybean s
planted wath thern in rotation or s intercropped.
Serpbsean production m these zoneshasbeen expanding
rapicdly in Bligeria, Ghana, Cote dlvore and Zarmbia
oer the past five years.

The transition zone between hunid forest and
mist savannd 15 also suitable for soybean production.
Recent investipations sho a that soybean yields in this
zone are hugher than those of cowpeaand groundnuts
However, the bimodal rainfall pattem with two seasons

makes matunty range an mportant factor.  Some
farrners plant within one or each rany season, while

some plant one crop across both seasons.

The hurmid forest agroecological zone s the most
challenging for soybean improvement, because of aad
soils and weathering of the bean on the plant before
harvest. Harvests from an intercroppng system with
cassava have shown encouraging resuits, however.

Inland valleys can also be promusing for soybean
production, as shown in intercropping trals with rice.
Early matunty (751090 days) s a particularly important
characteristic in this zone.

In all zores, apart from the immeduate goals for
rescarch already described. the long-ierm issues for
research concen ¢rop 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 concem. together with the
socioeconomic effects of soybean cultivation on the
farm famities. In the savanna and transition zones it 1s
not yet known whether soybean has any effect on
striga populationsin associated cereal cropping systems.
In the humid forest and infand valleys, tolerance of acd
soils 15 an important character for study.

Achievements. When [1TA began to collaborate with
Nigerian scientists in the 1970s in soybean research,
the two most critical weaknesses in the exotic high-
yielding varieties which they were testing were: (1)
the mability of the plant to utiize nitrogen from the air,
and (2) the low rate uf germination of the seed after
it had been stored between cropping seasons. Both
were subsequently overcome by breeding and a
“tropicalized” soybean was created.

Cowbea and
soybecn are
screened for
resistance to insect
pests and insect-
borne diseases in
this screenhouse
designed by lITA.
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Soybean is
beginning tu fulfil
its promise ns more
farmers grov,

the crop and
consumers learn
how to process
and use it
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Trefirst problem concerned the way soybeans, ke
other legurnes, use nitrogen from the air. The roots
offegumes are normally invaded by rtuizobia, harmless
bactera from the soll which capture atmospheric
nitrogen and conve. 11t into a form which is useful for
the nutrition of their nost plant. Hence, legurnes need
little or none of the nitrogenous fertiizer which s so
important for cereal crops, for nstance, to the obvious
advantage of the farmer. Compatibility between host
plant and colorizing bactera determines whether the
plant roots form nodules where the bactera can
reside. Nodulation with rhizobia in the roots s crucial
for the soybean to acqurre the nitrogen it needs.

The second problem concemed the rapud loss of
the seed's genminatng ability in the warm. moist
storage conditions so comn, sn on Africar farms. Very
few seeds remained viable, or alive and able to £row,
between harvest in one year and planting in the next.

An IITA team consisting of a breeder, physiologist
and microbiologist began to work on those problems
dunng the 1970s. Genotypeswith traits forovercoming
both nodulatron and seed storability were found, but
other characteristics had to be improved before they
could be combined in successful vaneties for Africa.

Pods and leaves were vulnerable to insect and disease
attack. Pods tended to “shatter” before harvest,
scattering their seeds. Under storms or strong winds,
stems fell over or lodged. Sends were not uniformly
cream-colored.

By 1983 lITA had developed several vaneties with
improved nodulation and seed longevity and other
agrononic characters. Subsequent research concen-
trated onresistance to shattering, foliar pathogens and
pod sucking bugs, and on a uniform cream seed color-
By 1989 significant progress had been made it improving
genetichackgrounds of vaneties for Africa with multiple
resistance characteristics.  Soybean yields of up to
2,500 kilograms are now obtainable with ITA varieties
which have been released in Nigerta and other West
Alrcan countries. In 1989, 23 Afircan countries
requested improved seeds from (ITA to test for
adaptability to ther local environments.

Improved cultivars with a short Matunty period of
90 days, which are suitable for intercropping with
sorghumin the dry savanna, began trials with ICRISAT
atKano in 1989. Several lines were identified with 3
high level of resistance to the diseases of frogeye leaf
spotandbactenal 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 leaf suotin trials,
while the improved resistant vanety TGx 996-26F
maintainedits high yields underheavy disease pressure.

Consumer aspects came under IITA's purview in
1985, when a food technologist joned the soybean
team.  The importance of improving the protein
content of African diets has been the guiding principle
of thisresez. th. Soybean utilization work has focused
on improvement of technology for household and
small-scale uses, as well as the food products made
with such technology.

New methods of processing soy milkk to eliminate
buming hazards and reduce the labor requirement
have been successfully introduced, leading to
commercial adoption of the technology. Soy flourhas
been used to improve the protein content of low-
protein traditional foods without increasing the cost
or the cookiig time and without changing the
appearance ¢ - 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 10-percent protein content as against less
than |-percent protein in the traditional gan. Several
recipes utiiizing soy milk residue were developed, and
work continues on developing other uses for the
home and small-scale industry. Tofu was produced
using local plants as a coagulating agent. “Soyamusa”,
anew extruded, inexpensive soy-plantain baby food
has been developed. Screw presses constructed in
Afnca that can process soybean are now available and
their performance is being evaluated,



Research Directions

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

Cowpea

» Development oflocaliy adapted cowpea
genotypes will continue, formixed cropping
systems in the savanna with millet and
sorghum, with emphasis on stable
resistance to insect pests and diseases.

* Improvement of cowpea grain types
and a range of matunties will continue,
whichmeet the diverse needs of producers
and consumers of cowpeas n the tropics
of Afrca.

+ Strengthening of national programs and
regional networks for cowpean Westand
Central Afiicy continues to have 1 high

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

¢ Collaboration with the Semi-And Food
Grains Research and Development
(SAFGRAD) covwpea network will
strengthen understanding of small-scale
farmers’ systems and will result in
approaches relevant to their needs. 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, promiscuous nodulation,
resisiance to the major diseases and insects,
g ud seed storability, ana resistance to
lodging and shattering, with a range in
matunities from 80 to 130 days.

* Identification of the different strains of

Cercospora sojina, the causal organism of
Cercospora leaf spot on soybean, and of
sources of resistance will centinue and the
mode of inheritance of resistance will be
determined.

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

¢ Collaborationwith the Institute for Agn-
cultural Research (IAR; Zaria, Nigeria) and
the international Crop Research Institute
for the Semi-Arid Tropics (ICRISAT) will
emphasize sorghum/soybeanintercropping
and crop rotation systems.

* Studies of the production, utllization
and marketing systems used by soybean
farmers in Nigeria will give direction for
setting goals and objectives for lITA soybean
research.

Research strategy. A multidiscphinary team at iITA
sorkstogether wath sgentists innational programs 1o
deelopamproved vaneties and production and utih-
atontechnologies. Theinteraction with eachinstitute
arunraersity s unigue and diverse, according to need.

In s penetic improvement work, the team
concentrates on incorporating resistance 1o pod
shatterng, lodging and pod-sucking tugs into elite
Larieties which can nodulate freely and whose seeds
retain their vidbiity in fa stores.

Improved cultivars have been sent to liTA from
strong breeding programs in Cote d'hvore, Zimbabyeve,
Brazl and Thaland. Sorie national programs are
evaluating IITA breeding hnes for trats that are
important to them and for which they have a
comparative advantage in conducting the research
some programsrequest alarge sample (100 kilograms)
of one or two vaneties for on-farm testing. Often they
wish to promote soybean production and utihzation
but do not hive an active cultvar testing program.
Some request seed of all ITA breeding Iines, white
others would like to recerve 10 to 15 varieties for a
replicated yield tnal.

ITA mantans a soybean breeding capability,
ncluding a germplasm collection. When soybean
becomes widely grown and consumed by African
farmers, or f significant production problems appear,
this capabiity 15 ready to be nsed in conjunction with
national program efforts.

Processing and utiization have ganed priority as
research topics At TA N the 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 T A held workshops
woth Nigenan and American scientists and producers
on tropical soybean production and utiization.  Ihe
participants established that the need to disseninate
new home-level and small-scale processing techmigees
wdas urgent.  Insupsequent years 4 project was
launched topether with the Institute for Agnicuttural
Researchand Traming (IAR& 1), MNigeria, and asoybean
utihzation specialist was provided to ITA from Japan,

Other soy-based foodsonthe llT Aresearch apenda
are weaning foods; meat, fish and dany substitutes; bis-
cuits and breads mazie from composite flours including
soy flour; and va.ous uses for soy milk. The soybean
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research team is also developing methods and equip-
ment tc improve processing of soy oil, flour and milk.

International collaboration. In breeding, collaborative
projects are concentrated in Nigena, taking advantage
of the favorable range of soybean-growing
environments and ready consumer acceptance. With
the National Cereals Research Institute, ITA s
evaluating effects of acid solls on its breeding lines, and
seed storability in the savanna. Resistance 1o insect
and disease pests is being nvestigated by University of
Ibadan students, while sociceconomic studies of
soybean production have been undertaken at the
University of Agriculture, Makurdi.

In other countries, the Institut des Savannes
(IDESSA) 1 Cote d'lvoire 1s evaluating breeding ines
underhigh-input production, utilizing cultivars received
from Brazil. Long Ashton Research Station of the UK.
and IAR, Nigerta have collaborated in studying striga
oncowpea forthe past seven years, and have succeeded
inidentifying B30I as a cowpea cultivar highly resistant
to striga strains in West Afiica.

Similary, much of ITA's soybean utilization research

1s conducted inNigena. IAR&T 1s developing traditional
foods with a soybean component in a collaborative
project with IITA, funded by the International
Development Research Centre (IDRC). Baby foods
are heing developed with the National Horticultural
Research Institute (NIHORT) and Unwversity College
Hospitalat Ibadan, and the Federal Institute for Industnal
Research, Oshodi (FIIRO). A Japanese postharvest
technologist has been provided by the Japan
International Ceoperation Agency (JICA) to adapt soy
food produzts to the requirements of Africa. Two
companes, n Ghana and Nigena, have teamed up
with IITA to design and bulld screw presses for
soybean ollextraction. Two other Nigerian companies
are evaluating those screw presses,

Soybean has become an attractive crop In tropical
Alrican 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 relati '+ high-yielding and easy to
grow in comparison with .her legurnes, Consumers
are beginning to find uses for soy products at home as
a food and at a commercial level as vegetable oil,
livestock feed, baby food and other food products,



Maize Research

ITA conducts:. full-scale improvement program for

maize because of itsimportance as a source of food

and feed, because 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 Africa. Maize 15 expected to
become increasingly important as population growth
and urbanizationintensify demand for easily transported
and storable food grains, and as demand fcr hivestock
products increases.

IITA's research strategy for maize focuses pnmarily
on the lowland morst savanna and humid forest zones
of West and Central Africa. ITA collaborates with
CIMMYT in a germplasm development program for
those zones, which includes work on both open-
pollinated and hybnd vanieties and efforts to maintain
stable resistance to streak virus, downy mildew nd
lowland rust and blight. A maize research statior 1s
being established in the West African morst savanna
for the development of germplasm with emphasis on
resistance to the parasitic weed striga. At Ibadan
headquarters, methods to screen germplasm for
resistance to pests and pathogens and tolerance of
other stresses 1s being refined. (See diagram below.)
In addition, maize scientists are actively involved in the
savanna systems research group. Collaboration with
and support to West and Central African national
maize improvement programs continues, as does
active participation inregional maize research networks.

Dunng 1989, ITA maize scientists studied key
aspects of the diseases downy midew and maize
streak virus, including host-plant/pathogen interactions,
survival mechamisms and surveys on incidence and
distribution in Nigeria. Research on the parasitic weed

striga was aimed at improvement of resistance/toler-
ance levels in both open-pollinated and hybnd maize
vaneties. Significant improvement in resistance to the
stem borer Eldana sacchaning was demonstrated in
selected lines. Nitrogen-use efficiency of key IITA
vaneties was studied, and work began on characterizing
some of the physical and chemical properties of maize
gram in relation to consumer preferences.

Ecologies of maize

The moist savanna, where maize nas spread since the
1970s, has the greatest potential for maize production
of all agroecological zones in West and Central Africa.
Maize has increasingly replaced sorghum in this region.
Improved maize varieties have spread in several states
of Nigerna's moist savanna through active promotion
by Agricultural Development Projects, which have
used IITA vaneties 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 stga also looms as the
foremost pest threat to stable yelds in the savanna.
This zone holds ITA's highest ,. n 1ty for development
in the region, with the emphasis on yieldimprovement
by farmers who can use improved varieties, good hus-
bandry and a few purchased inputs.

The humid forest, where maize was first introduced
in Africa, is charactenized by high rainfall and humidity
at elevations below 800 meters above sea level. It
incluaes the coastal rainforests of West Africaand the
equatorial rainforest of Central Africa. The complex
ecosystem of this zone presents the maize farmer with
a series of challenges: disease and insect attacks, low
hght intensity during the growing season, acid soils and

Breeding Entomology
Open
pofinated
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Hittopen Use
Ftficiency
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Stnga Seed
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Maize has
expanded rapidly in
the moist savanna
of Nigeria, as
farmers have
adopted improved
IITA varieties.

high humidity that makes gran diying and storage
difficutt. Rapid urbarization in this zone has nevertheless
stmulated the demand for “green” or fresh marze
("com-on-the-cob”) as well as for dned grain.

The rmid-altitude zone - from 800 to 1,500 meters
above sea level- - in some parts of West and Central
Africa 1s 1deally suited to maize. With good
management, farmers 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 Afncan farmers who grow maize cultivate therr
land with minimal resources which, combined with
vanous stresses, produce yields of less than one-
quarter of ther potential.  IITA's maize research
program has sought to breed maize vanieties for these
farmers which are (a) resistant to the main disease and
insect pests affecting the crop and (b) better adapted
than therr present cultivars to the growing conditions
and which thus will produce higher yields. The pro-
gram’s end product of improved germplasm must be
useful for national researchers, who adapt it into varie-
ties surtable for local conditions in each agroecological
zone, ultmately 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 1970s
IITA has focused research with national programs on
five major diseases: maize streak virus, downy mildew,
stem/ear rot fung, 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 Ly Nigeran research and
CIMMYT. ITA breeders developed two open-
polinated varieties. Because of their resistance to
those foliar diseases, the two varieties were quickly
and widely adopted throughout Nigera. As a result
lowland rust and blight are no longer an immediate
danger to improved maize crops.

As the doubly resistant vaneties were winning ac-
ceptance throughout Nigema and in several other
Afnican countries, in the mid- [ 970s the maize scientists
added maize streak virus to their agenda, then downy
mildew, and striga a few years later. In 1977, the
program also began to tallor varieties for the mid-
altitude zone.

IITA maize scientists have received accolades for
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10years of effort in conquenng maize streak virus, one
of the main pests of maize in Afca. They devised
novel screening techniques and a breeding strategy
winch wdentified a highly stable type of resistance,
innovations which led to success and eamed ITA the
King Baudoun Award for Intemational Agncultural
Research in 1986, IITA organized an accelerated
breeding campaign wath CIMMYT and Afncan nationa
scientists to incorporate the resistance genes into
improved varieties. By early in the 1980s, high-yielding,
streak-resistant varieties  both open-pellinated and
hyorid ~ with different matunng rates and gran types.
were ready for farmers in all the maize-producing
zones of Afnca

Maize pathologists are gatherng fundamental
knowledge on downy mildew. a devastating fungal
disease. Limited to o few areas at present, downy
mildew appears to have apotential to spread together
with c<panding maize cultvation which must be
assessed. Besides undertaking studies on the causal
organism and the disease cydle, the pathalogists have
begun 1o investigate the interactions between host
plant and pathogen. ITA pathologists are also working
~th Nigeran saentists 1o anprove screening
techmiques for identf,ing resistant germplasm

Scentists from T A and the Institute for Agricultural
Research and Traming (IAR&T) at Ibadan. jontly
conduced a survey on the inaidence and distribution
of downy mildew disease in 1989. They investigated
survival mecharmsms of this fungal disease and potential
sources of noculum, as a step in bulding an
understanding of s epidemiology and its potential to
spread into new maize areas or to develop more
wrulent strains. HTA scientsts, with colleagues from
the University of California at Davis, plan to apply the
biotechnology technique of restriction fragment length
polymorphism (RFLP) analysis, anew tool for examining
such genetic vanability.

Striga. The parasitic plant striga, or “witchweed", 15
beconving a serious pext as maize production expands
from the humid forest into savanna areas, the home of
stria. The stnga 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 ittle natural resistance since it was introduced
into Afica 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 fields.

Overthe past decade ITA scientists have screened
thousands of maize varieties or ines for stngaresistance,
and have identified some moderately resistant types.

They have succeeded in artificially infesting large test
piots where different maize lines are screened for
resistance. They have begun to develop moderately
striga-resistant vanetes for tropical Africa using genes
from temperate-zone maize. In 1988 lITA scientists
began studhes with colleagues from University College,
{.ondon 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
ttself; leathoppers, which are vectors of viruses that
attack the plant; and the vanous enemies of stored
maize, chiefly the grain weewvils. To combat these pest
problems, maize entomologists work at understanding
thewr biology, ther population dynamics and thewr
complex interactions with the plant. In quest of maize
plants wath buit-in pest resistance, the researchers
devise methods for multplying and raising large
populations of the pests. for infesting maize plots
under controlled conditions, and for keeping accurate
scores on 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 ines for resistance and could demon-
strate significant improvement in resistance levels,

Maize, as a crop
new to the savanna
which is the home
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 a
food for urban
populations, a trend
which influences
farmer acceptance
of different varieties
and, hence,
breeding research
objectives.

On-farm tnals with Beninois scientists have
confimed that resstance 10 weewils needs to be
improved for the humid forest zone. The scientists’
strategy defines three lines of defense: a better husk
coverand physical and chenvcal charactenstics of the
kemels. The Natural Resources institute, UK. will help
IITAto test for resistance and to elucidate the possible
chencaland physical factors associated with resistance.

ITA entomologists conducted a survey on the
insect vectors of maize streak virus, Cicaduhng
leathoppers, in different Nigenan agroccological zones.
They studied the grass hosts of the wirus and the
capaaty of the virus to be transmdtted from these
grassesto maize. They need such inforrnation in arder
to understand how the virus survives the dry season,
when there is ittle or no maize, and where reinfection
comes from, at the begining of each new rainy
season. These studies should also be able to show
whether new strains of the virus are appeanng in wild
grasses which could jeopardize currently resistant
maize vareties. So far none has been found.

Entomologists also began to study the feeding
behavior of the leathopper. n order to improve
understanding of host-plant/vector/vinus interrelations.

Fertilizer. Maze farmers in Affica are aware of the
benefits of fertihzer and use 1t when they can find and
afford . The recent spread of maize i the savanna

was faciitated by availability of subsidized chemical
fertlizers, especially nitrogen. iHowever, fertiizer pnces
are increasing and distnbution systems often favor
large-scale farmers. Furthermore, maize root systems
tend to develop poorly in tropical solls, so that their
recovery of nitrogen from fertilizer is often nefficient,
sometimes as low as 20 percent of total nitrogen
appled.

NITA scientists have begun to look at the possibilities
for breeding Afiican maize for improved efficiency in
nitrogen uptake and use. They have evaluated the
yield performance of certan improved maize vaneties
under varying conditions of soil nitrogen fertility. It is
clear, however, that high yields from any maize variety
cannot be sustained without some form of nitrogen
ennchment of the soil. Economical ways to improve
soil fertiity and soil nutrent retention are being
researched by the IITA Resource and Crop
Management Program. These methods need to be
combined with maize varieties that are designed to
increase the efficency of nitrogen use.

In 1989, scientists measured dry matter production
and nitrogen uptake and distribution in the plant, in
several maize varieties, in order to identify mechanisms
associated with efficient ntrogen use. Gran yield of
different varicties declined as the nitrogen level
decreased; however, varieties which yielded well with
high mitrogen levels also tended to be the better
yelders under low nitrogen. Different results had,
however. been found earlier among varieties tested in
ITA's outreach program in mid-altitude Zarre and n
savanna tnals in Burkina faso.

Eating quality. Little work on quality charactenstics for
human consumption has been done in developed
countries because maize is used there mainly as an
animal feed. However, looking toward the future
when maize will be a major food source for the urban
population in Afnica, urban preferences will influence
quality charactenstics in the maize supply. Already,
consumer taste and texture charactenstics greatly
influence differential market prices for maize. IITA
saentists in the Republic of Benin have found that
farmers like the high yields and disease resistance of
IITA vareties, but are used to different gram textures,
Hence, theresearchisimportant for farmeracceptabitity
of the new improved vaneties.

IITA scientists began to characterize some physical
and chemical properties of maize grain and to study
therr relationship with consumer preferences. The
ratio of sugar to starch, and the hardness of the kemel,
are important eating charactenstics of green maize. In
the dry grain of mature maize, soft floury kermnels are
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Maize plants in the
foreground show
symptoms of downy
mildew, which has a
high priority in
humid forest
research at lITA in
the hands of Dr. O.
M. Olanya and
others.

For the humid forest, ITA scientists will continue
thew research at the Ibadan campus headquarters.
The first priorities are resistance to msect pests (stem
borers and storage weevils), downy mildew, and ear
and stalk rots. The possibibities of improving green
maze will be further exanined. Also, mantenance
breeding agunst streak virus and lowland rust and
blight must continue.

The highestresearch prionities for the naud-altitudes
are development of higher-yiclding varieties with re-
sistance to mid-altitude rust and blight and streak virus

ITA scientists arm at developing “duratle” resistance
that won't break down after a few sears. Durable
resistance « often based on the nteraciion of many
genes in comples forms which pests have difficulty in
overcoming, even with ther own natural mechanisms
for adapting to ne w situations. A durable resistance to
4 pest can give stability to the farmer's maize yield,
sehichas cruciat for the small farmer whose resources
leave hittle margn for sk -taking in selecting a crop to
plant

With the deeper understanding gained frem those
efforts comes the ability to breed improved maize
sermeplismand to he!, saentists 0 national maize
programs n smproving vaneties to meet their own
particular needs. NTA scientists develop and test
improved germplasm and distribute 1t to researchers

n Afncannational systems and to others foradaptation
toiocal cultivation needs. They also tap the resources
of advanced laboratories for primary research
technologies needed n the adaptive process.

The effort also enlists scientists .rom other ITA
programs. Colleagues nthe Intemnational Cooperation
Program, for example, work with national research
systems n traning scentific manpower. Scientrsts in
the Virology Unit investigate maize viruses, Maize
saennists contnbute mproved germplasm and their
disciphnary research to the Savanna Systems Research
Group n IITA’s Resource and Crop Management
Program. In tum, the group feeds back the results of
s trals under actual farming conditions. This
information gurdes the maize scientists in returning full
arcle to defining their future research objectives.

ITA and CIMMYT are addressing the major germ-
plasmissues of Africa as awhole. Il TA concentrates on
West and Central African problems while CIMMYT
takes the lead in Bast and Southern Afica. They ex-
change and test germplasm and information between
the two regions to ensure that all African countnes
have acc *ss to the best avalable materals,

International collaboration

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

The devastating Sahelian drought early in the 1980s
galvanized the 26 national programs bordering the
West African Sahel desert and dry savanna areas, with
donor agencies and technical support institutions, to
hnk their research systems in the struggle to keep
agneulture alive in those areas, Countries take on
research responsibiities according to their capacity, in
such areas as resistance to drought, streak virus, striga
and stem borers, and improved gran quafity and
storabiity. For these dry savanna areas where maize is
intercropped with cowpea, IIT A has contributed maize
and cowpea germplasm, training and technical advice
and support. Many member countries have seen their
capacity to utihize and generate new germplasm grow
as a result of SAFGRAD activities.

In Cameroon, the National Cereals Research and
Extension (NCRE) project houses an IITA maize
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Research Directions

¢ Pnontysbeing givento 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 estabhished.

« Understanding of the biology of strga
and its control are major objectives of a
new IITA project with a twofold approach:

¢ Strengthening of national programs and
regional maize nctworks In West and
Central Afnica continues to have a high
prionty. Transfer of technologies for
screening for resistance to maize streak
virus will continue to recewve special
emphasss.

¢ Close collaboration of the maize

understanding of small-scale farmers’
systems,

e Development of locally adapted
populations, inbred fines 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

toreduce the stnga population and improve
host plant resistance

program
Research

with [ITA's Savanna Systems
Group s strengthening IITA's

and mid-altitude tropics.

vrveder shode,elops ne s canetes withlocatscientists
o the aestern mad-altitude plains, a mor maee-
producng and -consuming part of the country. NCRY
by developed high-yreldng open-polinated varieties
for the ared resistant to highland blight and rust.
Hybed maze s also e«pected to make dan impact
there, since NCRE has produced inbred hnes with
excellent combining abibity

Since HTA vareties resistant to maize streak virus
have not yet been widely ntroduced in Zawe. the
disedse continues to damage the maize crop there. An
ITA breeder and entomologist in a bilateral aid
program hawe helped scientists in the national maize
programto select and test streak-resistant vaneties on
farms Those vaneties have begun to enter the national
seedmultphcation process. HTA and Zarean scientists
have also constructed a leathopper reanng facility,
needed n continuing the selection of future resistant

canetes for Zare

Substantat fachities at IITA headquarters are an
156110 national program scientists who use them on
Loits or research attachments 1o enhance ther own
sork. The process flows two ways: visiting scentists
ind coltaborators n twm add nsights from thew own
eaperience to ongong 1A wort, providing an e«tra
dinrension o research accomplishments at IITA.

[Dunng 1989/90, a Ghanan breeder took the
apportanity, As dvsitng saentist atiITA toutihize INTA
maternls and fachties to strengthen maize work in
Crana D, Bafforr Badu-Aprabu, who recersed b
doctorate from Corneli in 1986, has since that ,ear
headed Ghana's maze program based at the Crops,
Research Institute, Fumase. He s happy that bis ear-
g stae st A has produced substantial results

Within txo espenmentdl penerations, Ghanaan
e Laneties have been mproved aath resastance

fenes 1o maize ctreak virus Also, inbred lines from
A and Ghana bave been matched to produce
better Ghanaan hybrids.

On tis retun to Fumas, Dr. Badu-Apraku will
w~orkin transfernng the maize streak. resistance
technology to the Ghanaun program, aith the use of
leathopper-reanng facdities that ITA s helping to set
up. He s also been to combine eating quality
characteristics of local "dent” vaneties (soft-textured
kemelswhich are preferedin Ghanaun-style cooking)
with high-elding improved vaneties

The value of the mutual support among ITA and
its collaborators 1s reflected in a letter received from
the recently retired head of Nigeria's maize research
program, Dr. C. E. Ago:

| took over leadershipy of maize at the National
Cereals Research Institute n 1981, The eight years
which followed were the most dramatic for any cropy in
Nigeria. National production rose from about | million
tonnies to about .0 muthon tonnes  National average
production rose from about 500 kp/ha to about 2.0
tha. The hybnd maize program was executed to an
admuable pont. Seed companies were functioning. A
national seed law was in place. A national vanetal
release mechamsm was in place. The natonally
coordinated research program designed along the Iines
of the natonal maize breeders mecting was
functiorung. In all these. we cooperated closely with
others in order to make these happen. ke to feel |
made a small contnbution. And [ urge you to keep up
the good work. Please express my personal thanks to
the program at 1A for all is help when T was in
maze. | wish you success in your future endeavours.

Yours sincerely,
C E Ago
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fnca produces only half as much rice as it consumes,

a shortfall which must be made up with Imports.

Yet the potential for expansion and ntensification
of nce cultvation s great. With an estimated 203
mifion hectares of land sutable for nce, African
farmers cultvate only some 4.9 miflion hectares, or 3
percent of the total

Demand, primardy from urban consumers,
mcreasing faster for rice than for other staple arops
Africans concane about 5 percent more rice each
year than during the previous year. With improved
nee vaneties mproved cultivation methods and greater
explotation of avalable fand. Africa should be able 1o
make up this rce defiatand more, and provide for the
expected groath in consumption needs

Tohamess the potential of Afcan rice, IHTA begpan
n 1970 to develop technologes for effiaent and
sustamable production i different prowing
environments. With the <trengthening of the research
program of the West Afnca Ree Development
Assocation (WARDA), 1TA has since 1987 been
gradually transfernng nce research activity 1ot sister:
nstitute, wath the goal of completing the handover by
the end o 1990 11TA decided to phase out of rice
mprovement as « wdy to rationdhze resources in the
Consultatr e Grous on International Agnculturat Re-
search (CCARY syatem and to permmt a sharper focus
onits othe  ~indate (rops

WARDA scientists are bemp thoroughly familianzed
with the ITA nice penmplasm collection, production
technologies and benefits of research expenence
paned over the past 20 years. 1A scientists have
continued germplase collection, breedng trals and
aropping systerm resedrch durng the cumrent intenm
period so that momrentum s not lost during the
transiion. Scientists from both nstitutes have jointly
visted each other's trls and work ed outd cooperative
fong-term plan, contnbuting to a smooth transition.

Strategies. Rice breeding 2otk since 198/ has been
tuloredtathenceds ofthe tramsfer of ITA germplasm
and research results to WARDA Farlier strategy had
beenbased onbreeding of pest- and disease-resistant
vaneties that would respond to smprovementsincrop
management with higher grain yields than possible

with traditional vanieties. The target ecosystem for rice
had been the inland valleys of West and Central Africa,
Since the International Rice Research Institute (IRR1)
works on global rnice problems, ITA 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
partiapatedinthe mterdisaphnary Rice-based Systems
Worting Group (renamed the Intand Valley Systems
Working Group in 1989; see Resource and Crop
Management Program article).

I A has continued to collaborate with scientists in
national programs i West and Central Africa in
strengthening and broadening research into different
environments. These inkages, built up over the past
two decades, are an invaluable part of the corpus of
work being piven to WARDA, and must be sustaned
dunng this interim perod. Examples of past
collaboration are given i lare: paragraphs.

Central to IITA strategy in working with national
programs has been the facilitation of umely and
purposefut exchanges of germplasm. The rice program
has supported the Intemational Network for Genetic
Evaluation of Rice (INGER-Africa), an IRR project
which distributes advanced germplasm for testing i

Africa

The programhas also responded to speaalrequests
for genmplasm at different “unfinished” stages in the
breeding process. Some examples are: crosses to
combine particular traits; eatly-stage expenmental
materials, such as segregating populations; and larger
volumes of sced for pre-release multilocational testing
and seed multiphcation. These activities provide national
program breeders with access to the world's best rice
gennplasm, in the forms most useful for ther needs.

Achievements. The HTA Rice Research Program waill
close at the end of 1990, as all rice improvernent work
is transferred to WARDA. So it is timely that sorme of
the achievements of 20 years of rnice research at ITA
be summanzed n these pages.

With its first expenments in breeding upland nice
during the mid-1970s, ITA found that Asian varieties
adapted poorly to the acid, nutrient-poor African soils,



and they succumbed 1o diseases. So the nice program
assembled and began building on a base of traditional
African fand race germplasin, as well as excellent ines
fromthe Insttut de Recherches Agronomigues Tropical
(IRAT) and some valuable Brazdian materals which
had evolvec inorbeenselected forsmilarecosystems,
HTA breeders selected for a shorter, hegher ttlering
plant type n order to mprove the yield potential, and
for fonger grans of higher mart et value, wivle at the
satre time preseeany the escellent stress and disease
resstance of the source matenal A scaied downts
apland ok after the strategic resiew recommended,
w1987, thatit concentrate s resourt es on the infand

valieys

Perhaps the greatest impact of the upland nce
~orkhas been the spread of the vaneties ITA 150 and
ITA 257 across the forest and mosst savanna bedt, of

Igena Through agaressive seed production programs
by the Federal Government and State: Agncultural
Development Projects, seed has reiched the farmers
and the wareties have met wath ar enthusiactic
reception. HTA 257 has taben on such calorful toca!
ard

SWankeran” {rmeeaning “antelope” n the Ty language,

names 4y CCanada”, Cthree-month oice”
for s rapid maturation and brown buask color
reseimblngantelopeshny ITA 25 /s abo wellaccepted
n Sierra Leone, one of West Afnca’s most nice-
dependentcountries The short-aaration gro sth cycle
of A 50 and HTA 257 1esults inqpnck retus on
mestment for farmers and improved total mcomnme,
Hecdause the two vaneties are ready for harvest when
prices are at ther annual peakoin July/ August, well
before thetowland rice crop reaches the martetplace.

Ther excelient eating quality also cams pace premiums,

T2 presvious prionty environment for nce, the
nland o eys which streteh from the bumid forest
northward to the savanna

not all of which can be solved wath better breeding,

yresentmany challenges,
3

Infard valleys are sbiguitous in West and Central
Africa, and are under-utifized at present. With good
water supply yet sufficent drana e, these valleys are
weally suitedtonce Tetthey are alse charactenzed by
lack of water control, rough tillage. uneven stand
establishment and heavy weed infestations. For this
ervaronment i1 Aselected fora plant type that would
help the plant to compete wth weeds anc tolerate
physicl stresses. Such vaneties have pood seeding
and vegeative vigor, maderate to hiph tillering and
moderately long, erect leaves, and medum to tall
heht yet they have soff erect stems that resst
buckhng or blowng over. Breeding efforts aimed to
combane re astances to three major constraints
blast fungus, yellow mottle virus and won toxicity
wath high yield and good plant type.

ITA'S breeding program for the anland valleys
began earty 0 the 1980s, and was proposed for
prionty by ITAY strategic review i 1987, Excellent
varieties are Just now reaching the final testing stages
i national research programs. They are poised to
make 4 sgrficant impact in this agroecological zone
over the nest decade, and also vall enable WARIDA
tobeginits work inthe area with superb elite matenals.

Despite ats tugh productivty, the imited extent of
mpatednce cultivationintheregionlediTA'. -ategic
review of 1987 to recommend reduction i that area
of research, Finafly, tolerance of nce yeilow mottle
virus and gall mudge has been incorporated into
varieties of the “green revolution”™ high-yielding type,
fon= .o 1o be appropriate for this form of
cultivation.

Work on imigated paddy vanieties began before its
upland work, early in the 1970s, and has achieved an
exceptional record of success. The best of them have
world-class yield potential. For example, in 1983, 1TA
212 was among the top few vaneties in global yield
trals conducted at 30 locations all over the world by
IMGER. In addition to their high yield, farmers prefer
them for their better blast resistance and slender grain
snape, which brings higher prices. Five of the imigated
vaneties have been released by the Government of
Nigeria and are widely grown in irrigation projects.
They are also rapidly spreading into other West and
Central African countries. 1ITA 222 and ITA 306 are
spreading m Cameroon.  ITA 306 15 commeraially
grown in Ghana ITA 21215 important in the Republic
of Benin. Also notable in wrigated paddy nice breeding
was the 1977 release of "Suakoko 8" in Libena, the
fst African improved vanety to show resistance to
iron toxiaty. An ITA collaborative project with the
Central Agnicultural Research Institute (CARI) of Liberna
developed it. Several vaneties with wron toxicity resis-
tance but better plant type than Suakoko 8 have since
emerged. mostnotably ITA 247,1TA249 and ITA 328,

The rice in this
Nigerian market
place is evidence
that a beginning
has been made in
filling the region's
rice deficit
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from collaborative research with CARI, WARDA and
Nigeria's National Cereal Research Institute (NCRI).

To exploit the research results to the fullest, lITA
has collaborated with INGER-Africa since 1985,
supplying logistical needs for the program. INGER-
Afnca helps to systematize the flow of advanced
germplasm, as well as to foster awareness and
communicatron among the small and scattered national
nce breeding projects of sub-Saharan Africa,

1989/90 Highlights

Breeding. In upland rice breeding, final-stage
multdocational yield testing of the most advanced
matenal ensures that the best ines have been identified
and adequate amounts of seed secured for efficient
transfer to WARDA. Data gathered from interational
tnals over the past three yearsconfirms the outstanding
performance of five Ines in particular: ITA 301, ITA
3051TA IS ITA 317 and ITA 321. These varieties
arenow beng considered forrelease in many countries.

Final-stage testing of advanced germplasm for the
nland valieyshas also identified several highly promising
hnes. Five new lines were given ITA numbers in 1989/
90. namely, ITA 340, 1TA 342, ITA 344, ITA 346 and
ITA 348. The designation of an ITA number indicates
“elte” status based on outstanding performance over
years and in many testing locations. In addition, about
150 advanced tines were distnbuted to national
programs for thew own testing, through INGER-Africa
and also by special request of collaborating scientists,
Lues were also submitted for worldwide testing
through the global INGER network. This year
represents the fisst widespread distribution of ITA's
ranfed lowtand matenal, wnich 1s indicative of the
curent maturation of this relatively new breeding
project. The payoffis just beginning, and WARDA will
benefit in uthizing these new materials.

Breeding for the wnigated paddy zone focused on
nce yellow mottle virus resistance, a growing threat.
Progenies of eight new crosses combrning resistance
to 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-Afnca fer repional testing under virus pres-
sure. Five particularly promising lines will be considered
for ITA status after another season'’s testing. These
ines will help WARDA in starting work on the virus,

African gall midge. A severe outbreak of African gall

nidge, atiny, mosquito-like insect, destroyed thousands
ofhectares of rice in Nigeria during 1988, driving many
farmers out of the nce-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 ¢ycle, its biological control and
identification of resistant lines for WARDA's future
breeding use, in collaboration with scientists from
NCRI, several Nigeran universities and local agneultural
cevelopment project staffin affected areas. The project
has confimed that several wasp-like speci2s are
extremely effective in parasitizing the gall midge and
look promusing as biocontrol agents. Through traming
of local extension agents, farmers have leamed how
best to avoid the pest, as well as to help ITAand NCRI
staff to collect detailed survey data and to run multilo-
cational trials. This project helped maintain contacts
with the Nrgenan program so that WARDA will have
a strong ongoing linkage to take over from 1991,

INGER-Africa. Ten types of nursenes were composed
and distrbuted in 1989/90, tailored to upland, rainfed
lowland,imgated, and mangrove swamprice ecologies,
as well as special sets for blast and yellow mottle virus
diseases. In 1989, INGER-Afnca organized a monttoring
tour to East Africa, which vistea Madagascar and
Kenya, followed by a workshop inNarrobi. in 1990 the
tourvisited the mid-altitude, cold-affected environment
of Rwanda and planned to visit Burkina Faso, Cote
d'lvoire and Mati. IRRI 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 to a bilateral pro-
Ject.National Cereals Research and Extensio 1 (NCRE),
between the U.S. 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 technologres for the country’s
imgatedrice development projects, and in the process
to train Cameroonian researchers to high scientific
standards. Cold tolerance is a major objective in the
mid-altitude projects in the southwest, while blast and
bactenal leaf blight are the primary concerns in the
northern lowland areas. Several superior vericties
have been identified and are being disseminated 1o
farmers, The costs and benefits of green manures-as
ntemnal sources of nitrogenous fertilizer - and different
Crop rotations have been assessed. Some improved
machines 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 Control Program onginated at IITA

in 1979 as an urgent expenment 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 Afiica’s cassava belt - an area
larger than the United States of America - threatening
sield losses as high as B0 percent to the sub-Saharan
region’s most mportant crop, the staple food of some
200 milion people.

The conventional, chemical resporise  frequent
dousings wath potent insecticides  would have been
ecologically brutal. socialty unacceptable, economically
expensive and practically impossibie.

Abological altermative. enhisting nature’s own agents
and mechanisms to keep pest populations in tolerable
balance. appealed as an effective solution. HTA’s
scientists already knew that, on thew home ground in
South America, mealybug and mite populations are
naturdlly controlied by biological antagonists, including
parasitic wasps and fadybugs.

Arduous field research in South Amenica, alt the
more difficuit because the mealybug s present at low
levels in the coevolved ecosystem of that region, had
identified that pest's primary natural antagonist:
Epichnocarss 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. £, lopezirequired
no effort fromnetworks of extension agents, nor from
individual farmers. ITA's biological controllers needed
many thousands of laboratory-bred wasps, to broadcast
from awplanes or releise on the ground with
governmental cooperation in the affected countnes.

Foranatural eneimy of the cassava green mite, ITA
and cooperating governments appear to have
established the exotic phytoseid Neoscudus idaeus
from Brazil. in the Republic of Benin in West Afnica and
in Kenya in East Africa.

Program achievements

Biological control of the cassava mealybug worked
from the start: the introduced wasps, multiplied at
IITA and release 1 in cassava-growing regions, readly
established theiaselves in the African environment
and promptly set about reducing mealybug depredation
by halfor better,inmany areas to virtually subeconomic
levels. (See story on 1990 King Baudouin Award in the
Research Highlights section.)

The early success of the campaign established bicl-
ogical control as a key elementin ITA's research. The
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HIITA 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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apphication 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 bio-
control project became a full ITA program in August
1988 and moved to new quarters m the ITA stauon
at Cotonou, Republic of Bemin in November 1988.

To the ongnal par o enemy targets, the program
1s now, through such ecosystem analysis, exploring
opportunitics 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
inset story “Practice Makes Perfect”) and polyphagous
grasshoppers, which are a pest of a number of crops
n the savannas. The potential for control of the
parasitic weeds stnga ard imperata is being explored.

In all cases, trological control will be used as one
among other components  host-plant resistance,
cultural practices  to develop an environmerntaly
sound, integrated pest management approach.

New research facilities on a 50-hectare site at the
HTA Benin station include laboratones and offices for
scientists, their students and technicians, and visiting
saentists: a hibiary, an insect/mite museum and a
communication center; and six ar-conditioned “teflon
greenhouses”, an insectary and mechanized units for
mass reaning of insects. Meeting and tranng faciities

adjoin the new complex, which have been piarned for
shared use with kindred organizations for research on
pests of crops outside ITA's mandate (including
plantation crops, cash crops). Afnca now has an
environmentally safe facility to conduct biological
control research for all of its major pests.

A umique technology of the IITA nsect-reanng
system s tne artificial cassava tree, an armature on
which up to 180 cassava plants grow n a nutrient
water solution. The device was developed by the
program’s scientists to simulate ideal natural conditions
for the mass reanng of the mealybug and mite pests
and their antagonists. Its inventors -efined the system
in 1988 by ehmmating all mechanical and electncal
components, substituting a drip-imigation system that
ncreases plant growth while it reduces the need for
labor and the chance for error. This rearing technology
can be adapted to different environmental conditions,
including chmatzed greenhouses or plastic sheiters.
The program had distributed several such “cassava
trees” to 14 national programs by 1990, enabling
cassava-growing countnes to begin amming themselves
for biological control of the mealybug, the cassava
green mite and other pests.

Since sts initial success, the program has maintained
its biological offensive against the cassava mealybug,
By 1989, natural enemies of the cassava mealybug had



been released in about 150 sites In 19 countries of
western, central, eastem and southern Afnca. The
pnnapal one of them, the wasp E. fopezi, has made
iteell at home over more than 2.7 million square
kiflometers in 24 countries of the continent’s cassava
belt. The distribution of this parasitoid greatly exceeds
that of any other ever introduced into Africa for
biolopical control purposes. ITA saentists have
identified other natural enemies of the mealybug in
South Amenica, and have successfully introduced
some of thern into the Afncan environment. One of
the program’s mostimpartant contnbutionsto research
strategy 15 that 1t has maae evaluation of cavipaign
effectiveness into a feature of its regular activity. Some
ecological pockets “emamn, where control has not
teensatisfactory. which a e beng studied and subjected
to alternative colutions. In other area., scientists are
becoming farmibar with the prinoples of biological
control. They differ from chenwcal controbin that the
a1 to reduce (not eliminate) pest numbers to an
vauiibrum such that econonic damage s kept rimimat,

[he results from the work of the biocontrol team
for cassava green spider mite (Monornychellus tanajon)
ares promiseg, This exotic pest was first seen attacking
cassava in Fast Africa 2arly 0 the 1970s, from where
it quickly sprea 1 to 27 cassava-belt countries where it
has been causng losses of up to 80 percent of yield.
Snce 198+ the team has made experimental : eleases
of nne predator species and vanous strans inten
countries of the Afncan cassava belt, covering different
agroecological zones. Since early n 1989, populations
of two phytosend species simported from Brazil have
teen released and recovered throughout the wet
season for some, but not all release sites. This patten
has persisted i Benin since April 1989, Subsequent
wet and dry season recoveres have 50 been made
of the phytosends from Brazit released during the wet
season in 1989 0 Kenva.,

Training. The program has also traned br. control
professionals at three levels of competence. At the
most basic level, 1aboratory and field techrizians are
taught the basic methods of biological control,
entomology and eneralcrop protection. Thertraning
cmphasizes techiques for surveang pest damage,
and for sarephing pest populations before and after
release of ther naturat enemies. Promising candidates
for master’s degrees in bological control or pest
management, recruted from the technical training
courses or directly, are sent to selected universities in
Afnica or overseas. And doctoral candidates, including
top-ranking students from the master’s program and
other well qualified applicants, cap ther university
studies with thesis research in Africa.

By 1988, more than 250 biological controlspeciatists
from 35 Afican countries had recewed IITA traming,
During 1989, a total of 128 tranees took courses at
ITA and also in Zawre, Tanzama and Mozambique; 16
fellows pursued M.Sc. or Ph.D. programs.

Benefit:cost ratio. IITA's expenence testifies that
biological control strategies, well conceived, well
planned and well executed, can work against major
pests of nnpurtant crops in Africa’s diverse
environments  and can repay their costs many times
over. Assuming the rapid spread of both the cassava
mealybug and L. lopezi throughout the entire cassava
belt, an independent review tearn rece. iy estimated
the annual gan in cassava yield from control of the
meaybug at 10.2 million tons.

“Reasoning that the benefits will e~ w2 for years,
decades and even centunies, as seems likely,” the
reviewers concluded, "the benefitcost ratio of the
ITA projectwaltbecomeverylarge’  and i estmated
at 149:1 over 25 years for the mealybug project.

Operational strategies

The objectives of biological contro! research are being
expanded to include the pests of other crops N ' TA's
mandate, and weeds, as biological control scierice
becomesacomponent ofintegreted pest management

Trainees at a
recent biological
control course at
Cotonou examine
host-plant cassava
leaves as part of
their curriculum in
control methods.
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in the lITA research agenda. Biocontro! 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
management as contributions to reduction of the risks
for family farms.

ThelITAMedium-TermPlan (1989- | 993) enwisages
a gradual decrease of research and controf 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 ITA's involvement will
gradually change. The implementation of biocontrol
campaigns will be transferred to national tiological
control programs andITA 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,

INA’s biocontrol scientists take a phytosanitary
approach to pest control! problems-—their assumption
is that a vigore s 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 ecosystem. The objective is to
produce a holistic solution to the pest problem and
apply control measures that accord with the greater
envircnmental and economic objectives of the
concemed government.

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

A New Mealybuig Threat Is Contained

A new mealybug was accidentally introduced into
West Africa during 1981-1982. It quickly spread
through Ghana, 'ogo and—since 1986—the Republic
of Benin. It has recently invaded also Céte d'lvoire,
Nigeria, Gabon, Congo and Zaire. Reported from 45
species of crop plants, omamentals and wild plants, its
main target is the mango tree. Where populations of
this mealybug have been high, the heavy accumulation
of honeydew arid the resulting black cover of sooty
mold has stopped further plant growth, flowenng 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, Pseudococcidaa) with a south-east Asian
origin. Intensive search by the CAB Intematic nal
Institute of Biological Control (IBC) in India led to the
discovery of a promising parasite wasp, Gyranusoidea
tebygi Noyes (Hymenoptera, Encyrtidae).

Studies on the bicecology of R invadens in Africa
began with a Food and Agriculture Organization
(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 Geselischaft fur Technische Zusammenarbeit
(GTZ). At an FAQ-sponsored workshop in Lomé in
October 1987, the groundwork laid earlier by ITA's
Biologicai 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 enemies was recommended by the workshop
participants, Close collaboration between IITA's
hiocontrol prograrnand IIBC intraining, the introduction
of natural enemies and research was also
recommended. In all the countries concemed, the
expertiseto camy 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 proveto establish on R invadens wherever
it was released. By the end of {988 it had penetrated
into the border area of Benin's Mono Province, and
pest populations soon collapsed in Togo.

At lITA, a special proje:t on biological contre ' ¢
mango mealybug, separately funded by the S .
government, hz dbeen added in the biocontrol 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 soll and plant
nutntion, different cassava vaneties (local
and lITA improved) in different cropping
systems (monocrop and intercropping),
the mealybug and its natural enemies, and
hyperparasitoids. The model will
consolidate all our knowledge on the
cassava mealybug system in Africa.

¢ Evaluation ofthe impact of two Brazilian
strains of phytosends which are showing
some successinthe 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 1991).

*» Development of a demographic
simulation mode! of the insect pest of
cowpea, the bean flower thrip
{(Megalurothrips sjostedtr) 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 series of pest-plant field ecological
studies and pest population studies.

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

* Development of a survey of the banana
and plantain weevil and 1its interactions
with its host species.

* Collaboration with IIBC in the
assessment of altermatives to chemical
controlforlocustand grasshopper in Africa.

* InNigeria, 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. tebygr were sent to the National
Horticultural Research institute for release in all infested
areas covening the southem 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 Zarre, G. tebyg: was released dunng
1989 in collaboration with the national biological
control programs.

* InBenin, G. tebygr was reared from January 1988 in
newly constructed biocontrol facilities. In May 1988
the parasttoid was released for the first time at Calavi.
In November-December 1988, the Plant Protection
Services at Porto Novo made more releases covening
all infested areas of the country with wasps, which
came partly from the lITA biocontro! program and
partly from a newly established insectary at Porto
Novo. G. tebygr has become established throughout
Benin even in remote fields. Dunng 1989 it drastically

reduced mealybug populations in the south, so that
mangos could be harvested abundanily 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.

Asirthe biological control of the cassava mealybug,
the mango mealybug project is characterized by highly
coordinated intemational 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 leaf.
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Locusts have been
targeted for IITA
research into
biological
alternatives to
chemical pest
control.
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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 of the 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 attributable to the
pestsand the net benefits to be derwed from biologcal
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 systeras
involved, which leads to development of pest
management/control strategies and, eventually, to
assessment of tiie 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
biocontrol program trains future leaders and technicians
of national crop protection programs. Training goes
hand in hard with a two-phased approach to control
programs: preliminary research actwvities and program
operations. The ITA program works with national
staff toward the eventual transfer of all operations to
a national or regional program responsibility.

A “pioneer” staffis traned to take on different tasks
as descnbed 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
enemies are investigated. Exotic predators are selected
and are released in the field in an experimental effort
to assess the likelihood of success for a large-scale
program. Afteratnal penod of varyinglength, according
to ecological conditions, the NTA-assisted national
tearn follows up the releases with another survey, to
determine whether the introduced predator species
has established itself and how much of a dent it has
made in the pest population.

The operations phase of the pioneering campaign
begins with trial 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 staff with the production process
and the problems they are likely to face in sustaining
a full-sized production effort.

The ITA biocontrol program provides the mother
stock of natural enemies and new cultures neriodically
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 is ready to provide
regular assistance. The ITA program has thus assisted
national programs across the African cassava belt. The
next countnes slated to receive assistance in starting
up reanng activities are Burundi, Gabon, Ghana,
Tanzania and Zaire.



International Cooperation

he speciat role of intemational cooperationat ITA

15 to strengthen the capacities of African national

research systems to select, adapt and generate
mproved technologies for their own agricultural
development. The best cultivars or techrzlogies from
1T A cannot be delivered to farmers' fielc's without the
participation of the national programs a. every stage,
from the earty definit.ion 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, nformation dissemination, germplasm
exchange and other collaborative project activities
which convey HITA technologies.

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

* Newworking. Collaborative networks ink ITA with
national and regional research institutions in Africa and
elsewhere, to address comrnon problems and issues.

* Researchliaison scientists. The Medium-Term Plan
provides for three research haison scientists. One is
working with the anglophone countnes of West Africa,
while another will work with all Central African
countries. A third (to jon IITA during 1990) will work
with the francophone West African countries,

* Resident scientist teams in speafic countnes col-
laborate with national colleagues in adapting lITA tech-
nologies to meet crop research problems and needs.

* Training. The training program withininternational
cooperation provides training opportunities to national
scientists in the form of graduate research fellowships,
short-termn courses and short-term attachments to
acquire specific skills inlITA research programs. Short-
term fellowships are arranged for visiting scientists
from national programs to do collaborative research
for periods of up to |2 months, whereby they acquire
new mnsights and skills at ITA which can be applied in
solving specific problems in therr home countries

Training achievements are described in the last part of
this article.

The intemational cooperation program manages
special projects which involve the national programs
with lITA as the executing agency. During 1989, IITA
operated |8 such projects in various sub-Saharaun
countries with 46 scientists, whose technical suppoit
was designed to strengthen national capacities to
conduct adaptive research. Examples of on-going
collaborative projects are describedin the next section
on achievements. Salient funding features are given in
table | on the next page.

... and achievements

Networks. Through network activity, IITA has
encouraged complementarity among research
programs of varicus countnes and their interaction

Dr. D. K. Kossou,
a visiting
collaboroting
scientist at lITA,
is engaged in
entomological

research with the

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

Project Donor(s) Total Life budget 1989 budget
staff US$ millon US$ milion

Institution-Building

NCRE Il/Cameroon USAID 19 14.31 335
(terminates December 1990)
RAV/Zare USAID ] 8.12 1.96

(terminates September 1990)

Resident Scientist Teams

Ghna Grans Development CIDA | 112 013

Ghana Smailholder IFAD [ 08 007

Cameroon Root Crops France 2 0.7 007

(terminates June 1990)

Congo Kindamba IFAD - 0.4 0.07

SADCC Cowpeu Project EEC 3 1.78

{to begnin 1990)

Networks

SAFGRAD USAID 2 4.08 1.00

ESARRN USAID | 1.94 042
IDRC 0.76 006

AFNETA CIDA/IDRC 2 347 0.73
USAID 1.00 -
DANIDA 007 0.57
IFAD 1.20 -

Other Research Projects

On-Farm/Adaptive Research EEC - 279 -
(to begin in 1990)

Improved Agricultural Research Systems FF - 0.15 0.11
Soybean Utilization IDRC - 0.16 005
Legume Viruses IDRC - 046 -
(to begn in 1950)

Utihzation of Ceszava Flour AGCD - 0.64 0.24
Dynamics of $21 Organic Matter AGCD - 0.16 016

Training Projects
Human Resources Development IUNDP - 0.78 0.34

Traning of Women Agncultural Professionals FF - 0.28 0.17
(Bast/Southern Afrca, to begin in 1990)

Traning of Women Agricultural Professionals FF - 042 -
(West/Central Afnca: to begin in 1990)

Touals 42 45.30 9.51
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+ith other international agncultural reseqerch centers
Through networks, IITA backstops research efforts
with improved germplasm and technical information.
IITA has helped networks inidentifying funding sources
and providing techmical support until the member
mnsututions can sustan the effort on thewr own. Such
networking projects include the secord phase of
SAFGRAD, ESARRN and AFNETA. These networks
have eclected steenng comnmuttees which guide therr
ccordinators in implementing activities.

AFNETA came into being dunng 1989 and held an
maugural conference and a training course n August
on alley farrming research technologies. The first two
issues of its newsletter, The Afnetan, were published in
that year AFNETAhas receved collaborative research
proposals from 28 institutions in 17 countnes, which
were funded and launched from early in 1990.

ESARRN activities dunng 1989 included germplasm
exchange, workshops and scientific exchange visits
among member institutions. In Malawi, introduced
IITA cassava lines were hybndized with the best local
selections, producing some 146,000 seeds through
open polination. Prolific local parents produced four-
fifths of all seeds. Two seedling nurseries were

stablished for cassava and one fr sweet potato, and
improved lITA cassava lines were imported m tissue
culture form and muluplied for distnbution in arnous
projects. Three graduate students completed therr
MSc degrees with ESARRN support. Altogether 24
technic.ans were traned n-country and at IITA.

The SAFGRAD maize networtk supported several
of 1ts member countries in testing of improved
germplasm and crop managernent techniques. It
sponsared vartous technical traning and exchange
visits, including a five-month course for technicians
from three countres i tnal management, varetal
mamntenance and related areas

The SAFGRAD cowpeanetwork received feedback
on 42 of its 53 regional trals. National programs will
repeat the tnals dunng 1990 and pronuising lines will
be taken to the next stages of multifocation trals and
on-farm testing, before release to farmers. National
scientssts benefited from formal group training,
e «change visits and mteraction with ITA scientists in
research plannming Some new cultivars have gained
wide acceptance n West African countres after being
developed in the network, ncluding SUVITA-2 which
was developed in Burkina Faso and 1s being widely
cultivated in Seno province, Mali

Research liaison scientists. The scheme was
introduced dunng 988 as aninitiative intended to Iink

Acronyms cited in the text

AFMNETA Alley Farming Networy for Tropcal Afnca

AGCD Belgan Agency for Cooperation and Development

CIAT Centro Internacional de Agneuitura Tropical

CIDA Canadian intemational Development Agency

CIp Centro Intermacionat de 1a Papa

[cliginiat Centro Internacionat de “Jejoranvento de Maizy Tngo

CIa Technical Centre for Apncultural and Rural Cooperation, Netherlands
DANIDA Danish Intermational Development Agency

EEC European Econonuc Community

ESARRN Last and Southermn Afnca Roots and Tubers Research Network
13 Ford Foundation

GCF Gatsby Chantable Foundation

G112 German Agency for Techmcat Cooperation

IBSRAM International Board for Sod Research and Managernent

ICRAF Intermational Council for Research in Agro-Forestry

ICRISAT International Crops Research Institute for the Sermi-And Tropics
IDRC International Development Research Centre, Canada

IFAD Intermational Fund for Agricuitural Development

itCA International Livestock Center for Afnca

INIBAP International Netaork for insprovement of Bananas and Plantains
NCRE Natio val Cereals Research and E«tension Project, Cameroon
RAV Apphea Agncuttural Research and Outreach Project. Zare
SADCC Souther African Development Coordination Conference
SAFGRAD Ser snd Food Grains Research and Development Project, Burkina Faso
UH University of Hohenheim, Federal Repubiic of Germany

UNDP United Mations Develepment Programme

UsaID US Agency for International Development

identified needs in research and training In national
institutions with the relevant ITA programs. The 22
national agncultural research systemsin IITA’s particular
area of concern, West and Central Afnca, are diverse
in terms of research infrastructure, technical expertise
and manpower, matenal resources, capacity to set
and pursue research prionties that are in line with
national development goals, and capaaty to transfer
researchresults to the farm through effective extension
linkages. It 1s 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
program with
Nigerian farmers,
to gain a practical
perspective on
research concerns.
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liaison scientist role has been concewved and
information-gathering beun ina five-year action plan.

ITA research haisor scientists made introductory
visits during 1989 and early in 1990 to research
institutions in four francophone countries of Central
Afica (Cameroon, Conge, Gabon. Zarre) and four
anglophone countnes of West Afinca (Gambia, Ghana,
Libera, Siema Leone) to discuss new mitiatives n
collaborative research 'n the ITA Medium-Term Plan,

In Gabon, HTA scientists participated i a joint
assessment of collaborative maize and cassava tmals
Plans were made for training course and study tours
to ITA by two Gabonese researchers,

In Gambia, ITA scientists joned consultations of
the government's task forces on rice, cropping systems
and resource management; and contributed to
preparations for Gambia's medwum-term research
plan. Seeds of elite IITA rice and cowpea varieties as
wellas farmtools (rolling mjector planter, rice weeder)
were made avalable for evaluation and adaptation.

A visit with IITA research and traming programs
was anvanged for a Ghanaan researcher from the
University of Science and Technology, Kumas, for
exchange of «deas and familarzation with current
research on processing/eating qualities of improved
Cassava clones. soybean seed longewity and
pronuscuous nodulation, and e:valuation of leguninous
tree species, e.g. leucaena, for alley cropping.

AnIITA scientist visited Liberia in connection with
the setting up of a plant and soils laboratory at the
Central Agncultural Research Institute, Suakoko. For
Sierra Leone, ITA detvered half a ton of streak-
resistant maize seed at the request of the Instrute of
Agricultural Research, Njala, and improved rice seed
for on-farm assessment and multiphcation.

Resident sciantist teams. Teams of two or three lITA
scientists workin specific country projects on adaptive
research problems: principally, in the Cameroon
National Root Crops Improvement Program, the
Ghana Grans Development Project, Ghana
Smallholder Rehabilitation and Development Program,
Nigerian Soybean Utlhzation Program, SADCC
Cowpea Reséarch Project and, before it was
completed, the Rwanda farming systems research
project. The teams work with national institutions on
food crop production problems for which IITA has
developcdtechnologresthatrequnreadaptnve 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 Cameroonan National
Root Crops Improvement Program, to disseminate
new cultivars to farmers, completed its final actvity in
1989 with the release of three sweet potato vaneties
andthree cassava clones. A 1989 evaluation concluded
that the program had succeeded in widely disseminating
new sweet potato vaneties in lowland and mid-
alitude zones of Cameroon. Researchers and
technicians recewved in-service training, and 360
extenston agents attended training courses,

In the gram legume component of Ghana Grains
Development Project, ITA germplasm was screened
for selection of early-matunng, high-yielding, disease-
resistant cowpea vaneties which combine erect or
semi-erect plant type, acceptable seed colour and
cooking quality sutable for the marze-cowpea rotation
system in Ghana. ITA and local germplasm was
screened for the development of bugh-yielding, bruchid-
resistant varieties. Exotic soybean varieties were
screened for the selection of high-yielding, early-to-
medwni-maturing  varieties which combine
promuscuousnodulation, seedlongevity, 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 Ly the Crop Services/Extension
Department. The clones selected were TMS 91934,
TMS 30572, TMS 4(2) 1425, TMS 50395 and TMS
30001. Eghty-five clones of "poundable” cassava
were selected from seedlings for further evaluation,
The Soronko vanety of cowpea was found to intercrop
well with the TMS 91934 cassava vanety. Three lines
of sweet potato - two from ITA and one local
vanety - were selected for high yields and cooking
qualty. They have been multiphied for distnbution to
farmers in the 1990 planting season.

The Soybean Utilization Project aims to develop
and introduce improved soybean utilization technology
for use in households and in small-scale processing
enterpnses in rural Nigeria. Dunng 1989, a monitoring
survey measured the impact of soybean production
andutihzation in Oyo State, revealing that the project’s
traning sessions had reached an aggregate audience
exceeding 11,000 people. Extruded soybean products
were introduced for home use in selected areas and
development of small-scale processing technology
continued.

Preparations began in 1989 for the SADCC Cowpea
Research Project, whichwill develop cowpeagenotypes
withsuitable resistance and eating quality characteristics,



Institution-building. The prime e<amples are the
NCRE project in Cameroon (see inset story) and the
RAV project of Zawe. Such projects bring [ITA scien-
usts to work aith national colleagues m strengthening
specific aspects of thew research programs

The year 1989 marked 16 years of continuous
assoction of A with Jare, and the end of RAV's
first phase. Inibaily the gosernment had invited NTA to
eek 50lHONS Lo Cassava pest problems and CIMMY |
to undertace maize soprosement, shich et to the
Creation of tao national programs for those crops.
At USAID sapport The cassana Program’s successes
N tarm led to creation of BAV in 1985 to oversee the
Cassaed and maize programs and a third bod, for
woures Al three RAY programs have chatbed op
rotable successes n developrrent of ne & cropvaneties,
resOurce and Cron management, human resourees

and ok s bete een research and e stension services

During 1989 RAY continued on-farm testing of
promising disease-resistant and high-yelding cassava
clones, and transferted streab virus and downy moildew
FesIstANCe 1o Lo muze vaneties. wo new varieties
each of coapea sozbean and maize aere released.
Research contmued on methods for improving soil
fertty, and aronomee practices which contriute to
neredsed peld potential

Training achievements

o conduct pncultir at research and devetopment, all
naticnal svetems need capable and commutted
professional statts. When IITA began operating in
196/, the lack of sentists and professionals in African
arncuiture  espeaatly Africans was enormous and
grovang. Trainng i research for African agncultural
professionals at all levels, therefore, was part of the
Insttute’s ongnal mandate: and trammg remans an
essential aspect of NEA's minsion today. Mo proposal
to develop ¢ transfer technoloy, from NTA fals to
consider the traning reguirerments of the participating
countries  In international couperation’s vaned
partnerships sth national systerms, tranmg s the
constant theme

To realize the potentidls n ther o0 programs or
to contabute effectively toregional projects, nearly all
national agrcaitural research institutions in tropical
Afnca need to mprose professional skills on a regular
Bass through traming 0 vanous formns. The IITA
training, progran seeks to strengtnen ther capaciies
i bath research and traming, Since 1971 BTA has
organzed traning courses for more than 6,000
particpants, most of whom have come from Afncan

countries

HTA Strategic Plan (1989-2000) set the following
guidelines for development of s training program:
o Shifting emphasis at ITA from group to individual

training,

o Decentrahzing group training to national programs.
o Increasing the proportion of core IITA resources
for traning.

o Strengthening traning materials.

o Increasing women's particopation i training,

Individual training seeks to improve research abilities
through doctoral, master’s and non-degree levels of
traini g tatored to speaific needs in national programs.
o promote the increase of graduate researchers in
Africa, n 1988 IITA initiated the Graduate Resecarch
Fellowship Program, that eventually will support 30
graduate students in conducting their research with
ITA scientists. Between Apnl 1988 and December
1989, IITA accepted |5 graduate tranees out of 244
applications for the fellowship program, thus achieving
the Medium-Term Plan target.

In 1989 IITA scientists supervised 48 Ph.D., 30
M.Sc., and 29 non-degree tranees. (See annex to this
article for a summary table.) As part of ITA's speaial
relationship with the University of Ibadan, 12 of the
Ph.D. and MSc. trainees benefited from IITA research
factties while being registered with the University.

Group training. The aim in group traiming 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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Douule Impact In Cameroon

For country and continent--a cooperative project in
agncultural research in Cameroon, funded by the
US.A. and drawing on IITA 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 technologies for
the farmer. The project was based at the Institut de la
Recherche Agronomique (IRA) at Yaounde, with
financial support from the United States Agency for
Intemational Developiment (USAID). ITA fielded up
to 19 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, nce, sorghum and millet
withnational staffat stations in Cameroon’s six different
agrochmatic 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 agenda wasa programto
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 (198-1 985) saw
development of disease- and pest-resistant maize
varieties and crop management techniques, with on-
farm trials conducted by the TLU. Rice, sorghum and
millet vaneties were also selected and improved, the
-dtter two with help from the Intemational Crops
Research Institute for the Semi-Arid lropics (ICRISAT).
New high-yielding sorghum varieties were released to
farmers. Apart from fielding the trials, the TLU trained
extension workers and tested new fanmingtechniques
and technologies. Cameroonian researchers also began
to network with their peers in other African institutes
and intemational centers,

A secord phase was launched in 1986 to continue
the development of the IRA research programs for
crops in all six agroclimatic zones, and to establish
TLUs in all zones. The same goal was reaffirmed: the
transnussion 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 knowlec'ge and knowhow to
them through training programs andworking together.

Already by 1989, seven vaneties of lowland maize
and four of highland maize were being or about to be
released, as were four rice vanieties and five sorghum
varieties. New agronomic techniques had been
introduced with significant irpact: use of minimum or
n2 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 expenmentation 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-
atesand eight their master'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 agricultural economist
had already retumed to 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 African countries. IRA has become one of the
strongest of its kind in the region. Camercan has
developed its research manpower and facilities to a
stage of maturity that can demonstrate successful
impact from ITA's work with a national research
institution.

Because of these favorable factors for agricultural
research, liTAhas 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 also decided to continue to provide
support to IRA for a third project phase, from 1991
through 1994, The ITA team will continue to focus on
cereals research, TLUs and human resources
development, together with two new components:
sustainable production systems and economic policy
research. During this final phase, Cameroonian
counterpart staff will gradually replace IITA scientists,



The second and closely related aim s to mpart skills
and foster attitudes that prepare the researcher-
trainees tobecome, intum, traners who vall.ass their
knowludge and skifls on to others: research colleagues.
extension speciabists, farmers and other agniculiral
professionals.

During 1989, 304 technicians and scientists
particpated n 15 group traming courses atIlITA which
collectively amounted to 61 weeks of training. Some
110 persons partiapated in regional or n-country
courses in Benin, Burkina Fas o, Guinea Bissau, Kenya
and Mozambigque. Another 128 participated in
ndwidualtraming programs. (See table 2 for asummary
of courses and trainees) Two courses contnbuted to
the desselopment of new IITA-supported research
netaorks, on alley farming and soil and plant analysis.
With regard to the partapaton of women during
1989, 56 women took part in IITA courses (18
percentof alt participants), while 9 women particapated
nregonal orin-country courses (8 percent). Some 16
women made ap 20 perce 't of graduate tranees at
ITAAbadan and elsewhere dunng 1989.

Group tra ning receved nea stimulus during 1989
for future ievelopment. A new group traming
coordinator wrved, and ey plins bepan to be
impiamented: decentralizaton of group raning
actiiities to national programs, and a shift in emphasis
from group to mdividual traming

Training materials. Decentralization and shanng of
traning responsibifites svith national programs depend
on well-traned researchers and easily accessible
scientific and technical nformation. Trainmg matenals
offer a means to make nformation avalable.

Framing muterials apply na broad range of activity
throughout the traning process: assessing needs,
speaifyng objectives, developing curnicula and
programs, mstruction, evaluation and follow-up
procedures. The cortents should be easily adaptable
forthe purposes of national programs, and the formats

shoutd encourage repradaction and use

Iy 1989, a4 reforerce manaal on cassava n tropicat
Africa was prepared wath UNICEE sepport and used
mitilly 1 Lo tanmg courses. The HTA food crops
atlization and nuteton tranmg manua’ was recast for

se e the fourth traming course on the subject.

A ned teaming materas specalist arrved dunng,
1989 and put the producton of tramng materials on
A ney foctng, concentrating on traning curmcula,
research guides, production gudes, shde collections,
posters and charts, and evaluation instruments.

Women in training. Agricultural researchers generally
underestmate the contnbution of women, who
produce by far the grea'. r share of Africa’s home-
grown food supply. They are often unaware of the
impdct of new technologies on farm women’s lives.

HTA 15 committed to improving the condition of
African women farmers through promoting research
results which remnforce or supplement their
contribution. In lITA's programs,
muttdisaphnary working groups that coordinate
cropping systems research are responsible for making
sure that new technologies fit the needs of women
farmers. And whenever training opportunities are
announced, the ITA traming program encourages
nomindation of women participants.

research

in 1989 IITA developed and obtained funds for a
projectto tran Afncanwomen for leaderstp roles: 10
agncultural professionals from West Africa will receive
grants to study for M.Sc. or PhID. degrees.

Besides the efforts to include women participants
intraning, 1T A5 aware that simply increasing numbers
s not enough. Gender perspective and  gender
sensitivity must become part of traiming curricula. IITA
15 studying wdys to program its traiming activities and

materials which will promote its objectives for women
v agricaltural research.

Collaboration with international centers. For several
years, ITA has worked with CIAT and CIP i a joint
raning project on human resource development for
generation and transfer of root and tuber crop
technologies, funded by UNDP.IITA also collaborates

IITA research
fellow Mary
Mgonja from
Tanzania expects
to complete the
requirements for
her Ph.D. at the
Univeristy of
Ibadan in 1990.

HTA's
multidisciplinary
research groups
must ensure that
new technologies fit
the needs of
women farmers.
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with ICRAF, ILCA, IBSRAM, INIBAP, ICRISAT, CTA,
University of Arkansas and other institutions in course
p!rnning, development of traning matenals, course
presentation and follow-up, including evaluation.

Future directions in training. ITA's traning program
aims to help national programs and research networks
eventudlly to do for themselves all the field-level
training that 1s needed to support their own research
eflorts. Decentralization is a strategy which promotes
thisam of ITA's long-term planning, National programs
and IITA together offer traning that s increasingly
organized, conducted and sustained by those programs

ITA’'s approach to the “training of tramners” in
national programs 1s evolving and vaned according to

Table 2. HTA group training ccurses in 1989

the needs and opportunities in those programs. Training
ofresearchers to train others is a central part of ITA's
decentralization strategy. For full-time training officers
n national programs, IITA arranges twc-to-three-
month attachments to enable them to work alongside
IITA training staff to acquire on-the-job expenence.

Wherever possible, ITA offers training in national
training institutions and invites natiorial scientists to
Jjoinn traiming 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 countries
with which IITA already has collaborative ties.
Involvement in training activities reinforces collaborative
ties between IITA and the recipient country.

Weeks Tranees Countries
total women

IITA Ibadan
Editing and publication 2 24 4 5
Village and institution-kevel cassava survey 2 20 3 7
(Collaborative Study on Cassava in Afnca)
Advanced soil and plant analysis 4 17 4 14
Root crops research and technology transfer 10 24 6 18
Sustainable food production systems 3 33 3 18
Food crops utihization and nutntion 5 32 22 10
Alley farming 2 34 2 18
Plantain research and technology transfer 3 13 2 8
On-farm expenmentation 2 21 ! 9
Cowpea and soybean research and technology transfer 8 19 3 10
Maize research and technology transfer 10 16 | 10
Total IITA Ibadan 51 253 51 -
IITA Cotonou
Biological control 5 19 2 12
Biological control 5 32 3 15
Total IITA Cotonou 10 Sl 5 -
Regional/in-country
Cassava production, processing and utihzation (Guinea Bissau) 2 22 5 !
Maize and cowpea production (Burkina Faso) 2 23 0 !
Vegetative seed precduction (Kenya) 2 17 | 9
Root and tuber crop production, processing and utiization {Mozambique) 2 19 | 2
Rapid multiphication of root crops {Benin) | 29 2 [
Total regonat/in-country 9 10 9 -
Grand total 70 414 65 -



Annex to Intemational Cooperation: Graduate Research Fellows and Scholars 1989

Research Fellows (Doctoral Degree Studies)

Program Country University Sponsor Thesis'

Biological Control Program

Ms A. Akpokodje Nigena Unwversity of lbadan ITA

Mr. S. Bruce-Olwer Gambia University of California, Berkeley ITA

Mr, A. Chalabesa Zambia Wye College, London ITA

Mr. A.R Cujoe Ghana Wye Caiiege, London ITA -

Mr. G. Goergen Germary, Fed. Rep.  Unwversity of Giessen ITA

Mr. H. Rogg Germany, Fed. Rep.  University of Giessen G1Z -

Grain Legume Improvement Program

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

Mr. H. Adu-Dapaah Ghana University of Ibadan USAIDAITA  Studies on phenotype stability
and male stenlity in cowpea.

Ms N. F. U. Agwaranze Nigena University of Ibadan IITA?

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

Mr. 1. D. Atokple Ghana Ahmadu Bello University IITA?

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

Ms K. K Mogots Botswana University of Botswana FF -

Ms A. Noameshie Togo University of Ibadan ITA

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

Mr. T. Omobuwajo Nigena Obafemi Awolowo University IITA -

Ms C. P. Paul Sn Lanka University of ibadan Itaty -

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

Maize Research Program

Mr. Y. A. Akintunde Nigena University of Ibadan IITA? -

Mr. M. Asanzi Zare Ohio State University USAID -

Mr. O. }. Osanyintola Nigena University of tbadan ITA -

Resource and Crop Management Program

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

Mr. A |, Babalola Nigena University of Ibadan Self -

Mr. M. Baten Bangladesh Unwversity of Ibadan FF/SelflITA -

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

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

Mr. B. D. Kadiata Zaire Institut Facultaire des Sciences IITA? -

Agronomique

" Applies to graduate students who completed thewr research at IITA dunng 1989. No entry in this column if thesis not yet completed.

! Funded Ly the lITA Graduate Research Fellowship Program.
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Rescarch Fellows (Doctoral Degree Studies) - continued

Program

Country

University

Sponsor

Thesis'

Resource and Crop Management Program - continued

A
I

25 La
HreH ) batzeer

e A G Mat

i B tNowu

M

=

M. A Olagore

e O Onafero
e G O O,ndiran

“ir B A Ruhigwa

M DOE Sae

MM A K Smith

Mr G Tian

Mr. B Ugwu

Mo A Weber

Rice Research Program

e IS Mancaray

e M Moy

Urated ¥ingdom
Gernany, ted. Rep
Germari,. Fed Rep

Nigera

Nigena

Nigena
Nigena

Zarre

Ghana

Nigena
China

Nigena

Germany. Fed. Rep

Sierra Leone

Tanzania

Root, Tuber and Planain Improvement Program

A PR

M M Mabarre
Ty Masaza
M T F Phac
M5 O Sl

Mol W Wanyera

Cameroon
Tarzana
Tanzania
Cameroon
Migeng
Uganda

Urrversity of Ibadan
Universitat rohenheim

Universitat Hohenheim

Urwversity of Migena

Jniversity of Nigena

University of Ibadan

Obaferni Anolowo University

Institut Facultare des Scier. -2
Agronomiques

University of Ibadan

Unwersity of Ibadan

Agncultural Univerity,
Wageningen

Unizersity of Nigena

Unversitat Hohenheim

Njala University College

University of Ibadan

University of Ibadan
University of Ibadan
University of Ibadan
University of Ibadan
University of Ibadan

Unesersity of Ibadan

Self
UH
UH

Self

AGCD

ITA
Self

ITAJAGCD

SelfiITA

Self

A/
Netherlands

Self

UH

ITA?
FF

UNDP/GCF
UNDP
UNDP
UNDP

Self

UNDP

Weed rnanagernent,

S0CIOeCONOmMIC surveys in
some vllages in the Repubiic of
Benin.

Demand elasticities for food n
the minor food-producing areas
of southem Nigena,

Relative efficency of resource

allocation i yam and rice pro-
duction in south-c.ast Nigena.

Wetland soils of different
agroecosystems:
charactenzation and
productivity evaluations.

Alley cropping tnal using
Leucdena leucocephala and
Acioa bartery mixtures.

Eificiency of resource use in
food crop production in
south-eastern Nigena,
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Research Scholars (Master's Degree Studies)

Program Country University Sponsor Thesis'

Biological Control Program

Mr. A J-M. Anga Cote d'ivarre University of Wales ITA -

Mr. AM. Animashaun Nigena Wye College, London ITA -

Mr. H. Bramah Ghana Unwersity of Reading ITA Biology of +iieai,Lugs und
natural enemies.

Mr. K. Konan Cote d'Ivoire Simon Fraser University ITA -

Mr. P. Ndayragije Burunds University of Ottawa ITA -

Mr. G. Oduor Kenya tmpenal College HTA -

Mr. F. Senkondo Tanzana Wye Cotlege, London ITA -

Mr. A . Sumani Zambia Unwersity College, Cardiff IITA .

Mr. K Tata Hangy Zarre University College, Cardiff ITA -

Mr. L Traore Guinea Université de Montréal ITA -

Grain Legume Improvement Program

Mr. ). Afun Ghana Wye College, London CIDA A comparative study of
“calendar” and "guided”
insecticide applications for
control of cowpea pests.

Mr. L. A. Okosun Nigeria University of ibadan Self Screenirg of cowpea lines for
drought tolerance.

Ms N. Ssemakula Uganda University of Ibadan FF -

Resovic2 ar.d Crop Management Program

Ms J. A Anoka Nigena University of Nigena Self Effect of carly season on
Imperata cyhndrica.

Mr. M. ) Atayese Nigena University of Ibadan Self -

Mr. O. Q. Awatoye Nigeria University of Ibadan Self -

M: ! Bae Belgium Université Laval AGCD Nitrogen mineralization
potential of sails (a'fisols and
ultisols) collected under fallows
of different ages and
relationship with size of
populations of nitnfying micro-
organisms.

Mr. A. Dikko Nigena Agricultural University, Norway nra? -

Mr. L. R A. Hermans Belgium Katholieke Universiteit, Leuven AGLD Dynamics in maize plot treated
with fertilizer N and leaves of
different woody species.

Mr. P. Idisi Nigena Ahmadu Bello Uni ersity ITA -

Mr. P. Keringe Kenya University of Nairoin FF Effect of alley cropping

Callandra calothyrsus and
nitrogen rates or. maize and
covipeas.

" Applies to graduate students who completed their research at IiTA dunng 1989. No entry in this column if thesis not yet completed.

! Funded by the HITA Graduate Research 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 ASCD Effect of cassava-based

Rice Research Program

Mr. R Rodnigus Belgium Université Libre de Bruxelles
Root, Tuber and Plantain Improvement Program

Mr. C. E. Felir Nigera University of Ibadan

Mr. C. M. Githungun Kenya University of Ibadan

Mr. M. Numpirangeza Burund University of Nairobi

Ms A. Peters Belgium Katholieke Universiteit, Leuven
Mr. G. S. N. Phin Malawi University of Ibadan

Mr. R N, Sauts Malawi Uni=Crsity of Ibadan

Mr. M. Walangululu Zaire Institut Farultaire des Sciences

Agrononiiques

86

cropping systems on soil
physical and chemical
properties of an alfisol in
western Nigena.

AGCD -

UNDP -

IDRC Cassava vanetai response to
droug;.t 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 Nigena

of ITA's goals and accomplishments. At ameeting
of the main Nigenan prnt and electronic media
houses with ITA in November 1989, the Media
Forum for Agriculture was established. The Forum
was inauguratedin Apnl 1990 and held a workshop on
*Communtcation fc - sustainable agriculture” at which
participated the representatives of the major
newspapers, magazines, radio and television agencies,
research institutes, farmers' organizations, the Central
Bank of Nigeria, the Nigerian Agricultural and
Cooperatives Bank and FAO of the United Nat:ions.

The Director General, Dr. Laurence D. Stifel, gave
a public lecture on the work of ITA at the Nigerian
Institute of International Affairs in March 1989 and a
presentation at the National Workshop on the
Economic Recovery Program, which was organized by
the Office of the President of the Federal Republic of
Nigera in February 1990. Both events were reported
extensively in national newspapers, which published
the texts of his presentations in part or whole.

Many journalists visited ITA and reported on the
research here. Selections of lITA's press coverage
during 1989 have been produced in two volumes
entitled IITA in the News.

Library Services. Th- lbrary offeredtraining inthe use
of the online public access catalogue to 205 people,
who included scientists from {ITA and national
agnicultural research institutions.  Training was also
provided tor staff of other libraries in Nigena and the
hibrarian of the Central Agncultural Research Institute
(CARY) of Libena.

Assistance to national research institutions
continued in the form of literature searches, intedibrary
loans, preparation and supply of bibhographies,
donatrons of duplicate or redundant publications and
provision of general information.

Asapart oftsselective 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 providedinresponse to 312 requests
by mail from 42 countries, 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 1989. 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 editonial output for jobs
completedduring [989 exceeded 5,000 printed pages.

A management review broughtinnovations to lITA
publications. The content and style of ITA Annual
Report 1988/89 show modifications intended to
enhance communication to the non-scientific as well
as scientific readership. Research Briefs published its
last issue during 1989. A new semiannual periodical
for scientists which presents current information on
research results was launched in 1990, entitled /ITA
Research.

IITA hosted the Fourth Conference and General
Assembly of the African Association of Science Luiers
from 5 to 9 March 1990. Participants came from ali
regions of Africa as well as other parts of the world.
The conference provided lITA editional staff with an
opportunity to interact with African professional
colleagues and to contribute towards strengthening of
scientific editing capabilities in Africa.

Interpretation and Translation. Interpretation
services were provided to |3 training courses and
several meetings. Many thousands of pages of scientific
and information documents were translated,
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Scientific Support Services

Genetic Resources

Since the establishment of its crop improvement
programs in 1970, ITA has devoted considerable
resources to assembling and evaluating germplasm of
cowpea (Vignaunguiculata), African nee species (Oryza
satwa, . glabernma), yams (Discorea spp.), cassava
(Manihot escufenta), maize (Zea mays), bananas and
plantains (Musa spp.). soybean (Glyane max), sweet
potato (Ipomoca batatas) and bambara groundnut
(Vigna subterranca). IITA established its genetic
resourcesunitin 1975 to collect, characterize, evaluate
and preserve germplasm species of its mandated
crops.

The garmplasm collection, which includes the world
collections of cowpea and African land races of rice,
supports breeding and related research activities by
IITA, national programs in tropical Africa and
organizations with kindred objectives elsewhere. lITA's
plant geneticists seek to promote the usefulness of this
germplasm and to enlarge knowledge about its
taxonony, genetics, interspecific relationships and its
potential contnbution asa genetic resource forbreeding
progran-s.

Achievements. lITA plant explorers had, by early in
1990. condurted 58 explorationand colfection missions
in 31 African countries. The unit maintains a collection
of 15,000 accessions of cowpea, 1,400 of wild Vigna,
12,000 of rice, 2,000 of bambara groundnut, 1,400 of
soybean, 1,800 of yams, 1,200 of maize and some
hundreds of samples each of 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°C#1° and 30-35%RH:;
anda"base collection” seed store of |32 cubic meters
conditioned at -20°C. In addition, 2,000 lines of
cassava and wild Manhot, 1,000 clones of sweet
potatoes and 300 clones of plantain and bananas are
maintained by IITA's root, tuber and plantain
improvement program,

Current germplasm research includes:
* Germplasm characterization and evaluation of
cewpea, rice, yam and therr related species.
* Surveys of Vigna and Oryza distitbution in Africa.,
* Interspecific hybridization between cowpea and
wild Vigna,in order to study the genetic affinity between
species and to identify potential bridging species
which can help effect crosses in breeding for resistance
aganst flowering pests.
* Agrobotanical vanability of Vigna species within the
Catang group closely related to cowpea.
* Genetic inheritance studies of particular traits.
* Seedlongewity in cowpea and bambara groundnut.
* Genetic dversity and differentiation of the African

rice and land races of Asian rice collected in Aftica.
* Seedviability and tuber quality of the yam germplasm
collection,

Operational Strategies. Exploration and collection
activities seek to fill gaps in the collections of African
Oryza, Vigna and Dioscorea. Germplasm samples will
be acquired from other parts of the world. Germplasm
of other mandated crops will be collected within the
region, particularly of cassava and maize.

A sound system of germplasm storage and periodic
regeneration, combined with duplicate/triplicate
storage 1 aflied collections elsewhere for secunty
against loss, has been developed. Duplicate germplasm
accessions w'l be eliminated by morphological
companson and chemicaltechniques. A core collection
of each species will be selected for full evaluation.

The unit continues to service dernands for seed
materials which average around 200 requests per
year.

Charactenzation and evaluation are systematically
conducted for cowpea, wild Vigr..+, nce and yam. Many
accessions are grown out in experimental fields each
year for these activities. The unit has already
ciaracterized and evaluated more than haif of the
existing collection of bambara groundnut. The
collection of soybean has been characterized for six
agronomic characters. A computer file i1s kept on each
accession with information on descriptive and
agrobotanical charactenstics, and on resistance to
selected diseases, pests and physiological stresses,

Improvementsare planned for yam tubertreatment
and storage facilities, in order to increase shelf life and
reduce tuber loss.

Training coursesare conducted for national scientists
or technicians in germplasm exploration, collection
and conservation, seed technology and gene bank
management, among other related areas.

Collaborative linkages. Research projects have
commenced with the Universita degli Studi di Napoli,
the Istituto del Germoplasma, Bari, and the Istituto
Nazionale della Nutrizione, Rome. The areas of
common interest are cytology of cowpea and wild
Vigna; wide crosses between cowpea and wild Vigna;
cell and protoplast culture of cowpea; vanability of
Vigna germplasm with respect to seed-protein
electrephoretic band pattems, nutnitior.al values and
antinutrtional factors; and chemical studies related to
nsect pest resistance. These activities will utihize
biotechnology techniques in explo+ing the gene pool



of wild Vigna for cowpea improvement.

ITA plant geneticists often work closely with IBPGR,
other intemational organizations and genebanks 1n
collecting and supplying permplasm samples and
disseminating germplasm information to researchers
all over the world. They collaborate with ITA crop
improvement scientists and wirologists and  with
scientists from national programs to evaluate
germplasm for resistance to insect pests, diseases and
physiological stresses. The unitalso helpsto strengthen
national programs in West and Central Afnca in
exploration, collection, conservation, evaluation and
documentation.

Seed health and plant quarantine are shared
concems with virologists and others at ITA. /A major
seed health problem of legume crops 1s seed-bome
viruses. In conunction with the ITA seed health
commit.ee, accesstonis ~f Vigna and Glycane which may
be viratly contanunated are grown under screenhouse
cenditions to produce virus-free matenials. The unit
lses with the Nigernan Plant Quarentine Service for
both the import of plant rnatenals an-1 certification of
matenadls for export.

A sced health unit s being set up to ensure proper
transfer of germplasm matenals in coordination with
the national plant quarantine authorities.

Germplasm security. Duplicate germplasm storage
ensures secunty of holdings. IRRIand lIT A are companng
therrespective holdings and intend to make complete
set of duphicates of all Afiican collections for storage
at each center. In addition, fTA recently sent 2,000
accessions of nce germplasm to the natonal seed
storage laboratory for duplicate storage and research
purposes.

About one-third of IITA’s cowpea collection has
been duplicated at the U.S. national seed storage
faboratory. Part of that collect:on 1s to be duplicated
for the Istituto del Germoplasma, Ban.

During 1989 CIP and IITA produced a set of
duplicates of all ITA's sweet potato germplasm for
conservation and research purposes at CIP. Duplicate
samples of bambara groundnut will be sent > Fal,
Federal Republic of Germany for storage. Other
duplicate storage arvangements are made for Musa
specimens through the International Network for the
Improvement of Bananas and Plantains (INIEAP) and
at the Katolic Universitet. Leuven; and for soybean
germplasm wath the International Soybean Program
(INTSQY), USA. and Asian Vegetable Research and
Development Center (AVRDC).

Virology

The virology unit conducts research on virus diseases
occumnng inITA's mandated crops in Africa. The unit's
activities are closely linked vath the work of breeders,
pathologists and entormologists in each of ITA's crop
improvement programs.

Virology at ITA characteristically focuses on two
different but .omplementary fields of interest. The
firstincludes studies on the etiology and epidemiology
of virus diseases as well as research which supports the
development of new discase-resistant varieties.
Quarantine aspects of crop improvement and
international transfer of improved germplasm also fall
within this field.

The second concerns virus purification,
characterzation and detection techniques. The unit
maintains pure and characterized virus isolates that
are used in testing breeding lines for resistance. When
an unknown virus is found or a known virus has
assumed an unfamiliar form, the lITA virologists try to
identify and purify it, develop antisera, and describe
the pathogen in terms of isolate characteristics for
reference and comparison.

Recent, rapid developments in molecular biology
have opened up highly effective means for detection
of viruses. Nlew biotechnological procedures permit
detection with, for example, serological techniques
which utiize monoclonal antibodies (MAB) and
complementary DNA (cDNA) fragments. Because of
its specific binding or hybridization properties, cONA
can be used nthe 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.
epidemiology 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 Nigenia.

Achievements. During 1989, 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 phytosanitary safety.

Epidemiological studies as well as long-term
evaluations ofthe ecology and geographical distnbution
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have allowed the virologists to obtain areliable picture
of the economic importance of virus diseases n lITA's
mandated crops.

Field surveys in Nigeria durng 1989 unexpectedly
tumed up an instance of rice yellow mottle virus
infection of Oryzu longistanunata, near Numan, in the
Benue Rver valley of Gongola State. This exciting
discovery 15 the fust such occurrence of that virus
reported in a perenniat wild nce varety in Nigeria;
although 1t has been reported in this species from
other West African countries. In order to obtan a
better insight into pathogenic vanation in the virus,
collections of wild nce, as well as O. sativa germplasm
tolerant of the wirus. are being tested using the
standard lITAisolate and the newly obtained isolate of
the was from O, longistaninata.

The results of such studies to date have shown that
pathogenic properties of this new “wild reservoir”
isolate of the arus do not differ significantly from those
of the standard rsolate that has been used at ITA in
resstance screening since the virus was first found in
Nigenain 1978. Likewise, comparison of a wide range
of isolates of cowpea aphid-borne mosaic virus and
otherviruses found in cowpean Afca for pathogenic
varation 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 IITA.

ITA virologists have made significant progress in
characterizing viruses. Several newly discovered viruses
and new strains of viruses occurring in IITA's mandated
crops and related or associated weed species have
been punfied for the production of antisera, which are
being used for diagnostic purposes and virus indexing
at lITA. Such antisera have been provided to several
national program scientists at therr request.

Maize mottle wirus was purfied for MAB production
required for large-scale, reliable diagnosis of similar or
identical diseases in this crop in other parts of Africa.
Maize mottle virus is the secand most important virus
of maize in Nigeria and possibly has a continent-wide
distnibution,

Collaborative research. IITA is acquiring expenence
and capability in MAB and ¢DNA techniques through
cooperative research with scientists at the U.S.
Department of Agnculture laboratory at Beltsville,
Maryland. The objective 15 to produce MBAs and
¢DNA probes for the detection of viruses affecting
root and tuber crops.

A project with the Intermational Development

Research Center. Canada, is assisting national programs
n Afincain identifying viruses in thew major food crops.
National program scientists will be trained in the use
of MABs, which are being produced by the Canadian
Department of Agnculture at Vancouver. MABs will
open a shortcut to crop virologsts at ITA as well as
national programs which do not have the equipment
and other facilities to dentify viruses with conventional
methods. Once they have been tramed in the use of
MABs. they should be in a better position to conduct
rehable virus identification speoific to ther own areas.
Alterlocally prevalent virus strains have been identified,
IITA and national program breeders can adopt
strategies to incorporate appropriate virus resistance
inimproved crop varieties.

Biometrics

The biometrics unit advises all IITA's scientists and
postgraduate students on mathematical and statistical
aspects ofagneultural research. The unit assists scienticts
and trainees in designing surveys and experiments,
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 IITA training
courses, and conducts occasional, more specialized
courses in statistics and statistical computing,

During 1989 student: 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 contributed to the on-farm
research workshop in April and the training course
which followed from it in September. Subsequently he
presented the analytical methods component of that
course at a workshop in Camercon. Together with a
visiting specialist, the biometrician analyzed sets of
cowpea international variety trials from 1983 to date.
These data were used with further assistance from the
unit in a course on analysis of ganotype x environment
interactions. A visiting specialist from the Food and
Agnculture Organization of the United Nations spent
one month with the unit in training in expenmental
design.



Analytical Services

The analytical services laboratory assays soil, plant and
water samples submitted by HTA researchers and
ther collaborators. The lab anatyses soil and water
samples for vanous physical and chemicat properties.
Plant samples are analyzed for primary and secondary
nutnents and for nucronutrents

The Liboratory contnbuted daning 1939 to the
development of HTA resew ch stations, For the burmid
forest staton being estabhshed  at Mbalmayo,
Cameroon, the b designed a new soit and plant
analysis laboratory, selected methods and procedur es
for soil, plant and water analysis; and prepared orders
for equipment, chermicals and supphes The fab also
analyzed samples for site characterizatvon. For the
Moist savannad station at Yoo in northern Nigera, the
laboratery performed soill analyses for site
charactenzation and water analysis for nmgation. Lab
suppert for the stations at Onne and Cotonou included
analysis of soul, plant and water samples from research
projects, analysis of drnking water and supply of
deionized watar for their laboratories

The untt ala analyzed soif and plant samples from
on-farm trials and from national resedarch centers
within and outside Nipena. Laboratonies from Libena
and Sierra Leone were assisted with procuremert of
spares and supphes or wath assessment and advice for
mprovements, On-the-job and formal traming of
laboratory staff from developing countries continued
as regutar activities of the umit,

The decentralization of IITA research activity from
headquarters to different agroecological zones affects
the laboraiory in verous wavs Samples recewved from
each zone have diunct p aperties and reguire
development o new analytical methods and
procedures. Because of the distances involved from
sample ongin to fiT A, problems can anse concerning
contamination duneg shipment and time lapse between
sample collection and 1ts analysis.

Networking. The first advanced traming workshop on
soil and plant analysis for laboratory directors and
supervisors from tropical regions was organized n
1989 and repeated early in 1990.

A propocal 1o estabhish a soil and plant analytical
laboratories network for Africa (SPALNA) was
developed during the two workshops. Formal
inauguration of the network is scheduled early n 199 1.
The goudl of the networt. 1s to improve soil and plant
analytiral services to support research at natronal
programs through collaboration amony laboratones
in Afnca. The network will concentrate on such

pronty areas as maintenance of laboratory equipment,
traming, infrastructure, communication of new
developmentsin analytical methods, quahty centrol of
analytcal data, standardization of methods and
improverments in supply of equiprment and matenals

In future, the range of analytical services at IFFA will
be extended significantly with the introduction of a
high-pressure hauid chromatograph. To process the
mcreasing number of soil, plant and water samples
from NTA researchers and collaborators, further
autormnation of the analysis and of data processing will
be required. Development of new methods of soll and
plant analyss will also continue.

Farm Management

The farm management unit 1s responsible for the
management, maintenance and development of
experimental farms at ITA's headquarters and at four
research stations in Nigena and Cameroon. Inaddition,
the unit's mobile team supports research testingin the
different agroecological zones of Nigeria.

The new most savanna research station at Minjbir
near Kano, northern Nigeria, 1s being developed in
collaboration with the Institute for Agncultural Research
of Ahmadu Bello University, Zaira. The Kano station
covers 105 hectares of which 30 hectares are assigned
forlITAuse. Accessroads, soil conservationinstallations
and rudmentary imigation facilities have already been
provided. During 1989 and early n 1990 a small
bulding complex was erected which houses field
laboratones, crop threshing and drying areas, a farm
workshop, implement storage sheds and field offices.
Fenang of the expenmental fields is well advanced and
land develcpment to improve soill uniformity is under
way.

The new high ranfall station at Mbalmayo,
Cameroon s being e~tablished ona 1,000-hectare site
in a forest reserve, involving much basic fand
development work, 3oundary demarcation, road
development and land cleanng (by hand. in order to
minimize soil disturbance) commenced during 1989.

The farm management <taff assists resource-
management scientists in studies of soil-conserving
tilage methods. For the pumposes of these studies,
most tnals on ITA farms are planted with no-till
matenals that reduce soil erosion anu degradation.
The umit also multiplies improved crop varieties
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developed by IITA scientists and therr collaborators,
distributing up to 100 tons of seed annually to
government seed services, seed companies, and
farmers, in Nigena and other African countres. At
lbadan, the umit mantains a demonstration area,
where IITA crop vaneties and faming technologies
are shown to more than 2,000 visitors each year.

On a collaborative basis. the unit assisted other
ntemationatagriculturalresearch centers duning 1989.
Kano-based staff of the International Crop Research
Institute for the Semi-And Tropics (ICRISAT) recerved
supportin planting tnals on 22 hectares. Dry-season
imgated sorghum isolatior sites were also provided
for ICRISAT at the IITA headquarters farm at Ibadan.
The unit also worked with Ibadan-based scientists of
thelnternational Livestock Center for Africa (ILCA) to
determine optimal methods of shrub establishment in
pastures for alley cropping.

West African training course. Earlyin 1990 the unit
conducted the first research farm management group
training course to be held at ITA. Seventeen research
farm managers from five countres of West Africa
reviewed the following topics duning the three-week
course: surveying for soil conservation, mantenance
and calbration of field machinery, and farm workshop
planning and management. Joint organized by IITA,
ICRISAT and the University of Arkansas, the course
will be repeated in 1991 and 1992 as a contnbution
toward improved experimental farm support for
national research programs in the region.
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Financial Statements 989

Extracts from Financial Statements for the Year Ended 31 December 1989
The full Financial Report and the Report of the Auditors Arthur Andersen and Company are available from i TA on request.

Statement of Financial Position

Statement of Activity

Statement of Changes in Financial Position
Donors 1989
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IITA

STATEMENT OF FINANCIAL POSITION

31 DECEMBER 1989

Expressed in US $ Thousands

ASSETS 1989 1988
Cash and Short- Term L=posits 6936 5,293
Accounts Receivable:
Donors 8.058 8,490
Others 503 563
Inventones 3,627 4461
Other Assets 178 238
Property, Plant and Equipment 55,768 51,677
L 75070 70722
LIABILITIES AND FUND BALANCES
UABILITIES
Accounts Payable and Other Labikities 8,094 6,998
Accried Salaries and Benefits 3.053 3,641
Payments in Advance  Donors 3,465 3,116
I 14612 13.755
FUND B~LANCES
Capuital 55.768 51,677
Capital Development 976 1,576
Operating 3714 3.714
£0.458 56967
75.070 70,722
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ITA
STATEMENT OF ACTIVITY
FOR THE YEAR ENDED 3| DECEMBER 1989

Expressed n US $ Thousands

REVENUE 1989 1986
Grants 31,218 33,577
Other Income 619 6l6
31,837 34,193
EXPENSES
Research Programs 18,342 17,398
Conferences and Traning 1,883 2,083
Information Services 1,432 1441
General Administration 3522 3979
General Operations 2,886 2,754
Property. Plant and Equipment 3.634 4,453
Exchange (Gains) / Losses (263) (547)
ol Expenses 31,436 31,571
Allocation to Capitat Development Fund 401 1.349
Allocation to Operating Fund - 1,273
31837 34,193
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IITA
STATEMENT OF CHANGES IN FINANCIAL POSITION
FOR THE YEAR ENDED 3| DECEMBER 1989

Expressed in US $ Thousands

SOURCES OF FUNDS 1989 1988
Excess of Revenue over Non-Capital Expenses 4,035 7075
Decrease in Accounts Recevable  Donors 432 -
Decrease in Accounts Recevable  Other 60 -
Decrease in Inventones 834 143
Decrease n Other Assets 59 24
Increase in Accounts Payable and Other Liabihties 1,096 2036
Increase in Payments in Advance  Donors 349 -
B 6,865 9278

APPLICATION OF FUNDS

Purchase of Property, Plant and Equipment N 4,634 6,237
Increase n Accounts Recewable  Donors - 4,234
Increase in Accounts Recewable  Other - 247
Decrease in Accrued Salanes and Benefits 588 243
Decrease in Payment in Advance  Donors - 23]

5222 11,192
INCREASE/(DECREASE) IN FUNDS 1,643 (1914)
CASH, BEGINNING OF YEAR 5293 7,207
CASH, END OF YEAR 6936 5293

97



DONMORS 1989

Expressed in US § Thousands

Donors Core Funding Special Project Funding
African Development Bank 225 -
Australia 94 -
Austna 90 -
Belgium 510 264
Canada 1,637 202
China 10 -
Commussion of the European Communities in Migeria - 9
Denmark 106 70
Finland 237 -
Food and Agncutture Organization - 260
ford Noundation 100 74
france 273 -
Gatsby Chantable Foundation - 262
Germany. Federal Republic of 1,379 40
India 24 -
Intemational Development Research Center - 487
Interational Fund for Agricuttural Development - 650
Italy 641 885
Japan 2,280 -
Netherlands 654 571
Nigena 24 15
Norway 588 -
Rockefeller Foundation 503 -
Sweden 194 121
Switzerland 933 46
United Kingdom 743 -
United Nations Development Program 147 -
United Nations University - 41
United States Agency for Intermational Development 5.435 5,550
Unwversity of Hohenheim - 136
World Bank 4,690 Il
Ciosed and Miscellaneous Projects - 7
Total 21517 9,701
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The CGIAR

The Consultative Group on International Agricultural
Research {(CGIAR} is an informal association of coun-
tnes, intemational organizations and private institutions,
formed in 1971 to provide sustained support for a
well-defined and closely monitored program of
international research on food commodities of vital
importance to the developing countries of the world.,

Cosponsored by the World Bank, the Food and
Agnculture Organization of the United Nations (FAQ)
and the United Nations Development Programme
(UNDP), the CGIAR operates without aformal charter,
relying on a consensus denving from a sense of
comman purpose. The CGIAR started with a nucleus
of four existing intemational agncultural research
centers, including HTA. The number of centers has
increasedto |3, supported by 39 donormembers and
other contnbutors, who provided about US$260
million in funding dunng [988.

Each CGlAR-affiliated center i1s independent and
autonomous, with its own structure, mandate and
objectives, and is overseen by its awn 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 nativnal agriculturai researchin de-eloping countries.

The CGIAR is serviced by an executive secretariat,
which is provided by the World Bank and located in
Washington. A Technical Advisory Comrnittee (TAC),
compnising a chairman and |13 scientists, is drawn
equally from developed and developing countries,
The TAC makes recommendations on research
programs and pnorities, and monitors performance
through annual program and budget reviews and
penodic extzmal reviews by independent scientists
invited to serve on specially constituted panels. The
TAC is supported by a secretariat provided by the
three cosponscrs of CGIAR and located at FAO
headquarters in Rome.

The CGIAR meets twice ayear: once in Washington
during October/MNovemberand once elsewhere during
May. The meetings hear and discuss recommendations
about over-all strategy, budgetary needs and
management issues. Reports from individual ceners,
as well as independent extemal evaluations, are
presented perodically at those meetings.

R o SNAR (CARDA IICRISAT AR CIAT Centro Interacional de Agricuftura Tropical
A ISA ) . .
Mexico USA  Netherands Syria " Incdra Philippines CIMMYT  Centro Intemacional de Mejoramiento de Maiz y Trigo
I, IBPGF. Italy cip Cenvo Intemacional de la Papa
Yo Q '%.\ \ IBPGR Intemctional Board for Plant Genetic Resources
i} G N B ; ' ICARDA  Intemational Center for Agncultural Research in the Dry
\ «1\ : : Areas
',L( bl ’ Y 3 ICRISAT  Intemational Crops Research institute for the Semi-Arid
~u ' § ¢ ) Tropics
Ak
. f l e RO /' IFPRI Internatronal Food Policy Research Institute
/, . "' C’-LA) ITA International Insutute of Tropical Agnculture
oo '\_, ﬂ’b / ILCA Internationai Livestock Center for Afnca
ILCA ) ) ILRAD  Intemationar Laboratory for Research on Animal
: ot Ethiopia , Discases
Colombia ILRAD Kenya IRRI International Rice Research Institute
WARDA ISNAR  International Service for National Agricultural Research
CIP Peru Cote d'ivorre ITA Nigena
WARDA  West Afncr rice Development Association
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Principal Staff

Management and Support Services
Executive Management

L. D. Stfel, Ph.D., drector general

S. A Adetunji, Ph.D.. special assistant to the directe: general

}. Cramer, BA., executive assistant to the director general

J- H. Dawies, B.Sc., dwector, office of the drector general

|- P. Eckebil, Ph.D., deputy dwector general, intermational cooperation
K. 5. Fischer, Ph.D., deputy drector general, research

F. McDonald, M5, assistant to the deputy director general, research
R. Oyekanmi, A CA. intermal auditor ®

W. P Poweil B5c, deputy drector general, management

W. M. Steele, Ph.D, speaial assistant to the director general *

Administrative and Auxiliary Services

KA Aderogba. FCILS. prinopal adrministrative officer *
C. A Enahoro. minager lkeja guest house

A R Middieton, BSc., manager, intemational house

R Otorode, secunty rmanager

D) Savell, manager, arcraft operation.
£ f

Budget and Finance

DA Governey, FCAL drector, budget and finance
B A Adeola, F.CLS, accountant

O L Adepoju, ACA L andlyst, accounting procedures
G A Agbann, CO.CS. techmicar analyst

O. A Ay, MBA senior techmical analyst *

C A Babalola, ACA. analyst, accounting procedures
P O. Balogun, ACA. finance manager

J. Bolannwa, MBA., payroll accountant

PO Bk, MRAL budpet and planning coordinator

£ 0. Greene, MSc matenals manager

G. R Meintosh, CMAC procedures manager., financial information

systerms
O Ogunjemi, FCAA, accountant

S 1 Udoh, AMNIM, chef accountant

D. Wheeler, CI AL sroject manager, financial information systems

Computer Services

L) McDonald. LLB. computer manager

S. Adalumo, M Sc. computer glectromics and operatuns officer *
A A Akinbola, BSc. computer programmer

NN gucoz e, BSc., compuater programmer

1. D. Oiuyernt MSc. computer prograrmimer

Human Resources

J. Thackway, M A drector, human resources

T. A Alintewe, MD., semor medical officer

| O Badak,, MEA, employee relations manager
O. /- Cole, MD., medicul officer

J. B tlegbe, M.Sc., manpower development manager
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Information Services

S. M. A Lawani, Ph.D,, director

J. A. Adedigba. MA. pnnc.pal branan

A. O. Adekunle, MSc., editor

0. R Adeniran, MSc., principal ibranan

A R Astll, MA, editor *

K. Atkinson, MSc., editor and head, publications
S. Auerhan, Lic., intepreter/translator

B. Auvard, BA., nterpreter/translator
ACAAgubuke, MSc, princpal ibranan

S. Badey, Lic., mterpreter/translator

O. Hounvou, D.ASS., nterpreter/translator

E. Molinero, Lic., head, nterpretation/translation
C. Moudachirou. Lic., mterpreter/translator *

E. Nwulu, MSc,, audio-visizal specrabist

J. O. Opurongbe, B.Sc. production manager

L. Quédraogo. Lic., nterpreter/transiator

J. O. Oyekan, B.Sc., head, public affars

D. R M. Ray, Ph.D., senior science writer and editor

E. Tordeur, Lic,, translator *

F. N. Ubogu, M.Sc., pnncipal hbranan

Physical Plant Services

J. G, H. Craig, director

E. O. A. Akintolun, research vehicle services officer

A. Amran, heavy equipment services officor *
A. K. Bhatnagar, 8.Sc., assistant director
A. C, Butler, bulding and site services office -

P. G. Gualinetti, construction site engineering services officer

) Kane, electiical services officer *

E. Opnere, heavy equipment/fabrication services engineer

A. Oyedey, heavy equipment services officer

S. Quader, ciectronic services officer

* Left dunng the year (1 Apnil 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/Southem Afnca
regional coordinator

W. N. O Hammond. Ph.D. entomologist and West/Central Afnca
regional coordinator

P. Neuenschwander, Ph.[)., entomologist and research coordinator
F. Schulthess, Ph.D., ecologist

T. Shanower, Ph.D., entomologist

A, Wodageneh, Ph.D., training officer, FAO

J. S. Yaninek, Ph.D., acarologst

J. B, Akinwumi, MSc., engineer

T. M. Haug, M.Sc., mass reanng specialist

B. Mégevand, MSc. mite reanng specialist

Assocate experts

C. Boiwvida, M.Sc., ecologist

M. Tarno, M.Sc., ecologist

Grain Legume Improvement Program

S. R Sngh, Ph.D., director

K. F. Cardwell, Ph.D., plant pathologst

P. Q. Crawford, Ph.D., crop physiologist

K. £. Dashiell, Ph.D., breeder

L. € N. Jacka, Ph.D., entomolog;st

D. M. Nak, Ph>., agronomust/breeder, Zmbabwe
O. Nakayama, Ph.D., food technologist

B. R Ntare, PhD, breeder and haison scentist to ICRISAT, Niger
B. B. Singh, Ph.D., breeder

| Watanabe, Ph.D., plant physiologst

H. O. Ogundipe, M.Sc.. food technotogist

Postdoctoral feflows

C. N. Akem, Ph.D.. pathologist/breeder
G. O. Myers, PhD., breeder

Maize Research Program

I. W. Buddenhagenr: Ph.D., director ®

M. Winslow, Ph.D., drector

N. A. Bosque-Perez, Ph.D.. entomologist

S. K. Kim, Ph.D., breeder

}. H. Mareck, Ph.D., breeder

T. IMesfin, Ph.D.. vector entomologst

M. Rodnguez, Ph.[)., agronomust *

G. K. Weber, Ph.D., national program coordinator

Postdoctoral fellows

A. E. Awad, PhD., stnga biologist
J. G. King. 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

I. O. Akobundu, Ph.D., weed scientist

A. N. Atta-Krah, Ph.D., coordinator, alley farming network

K. Dvcrak, Ph.D., agncultural economust

H. C. Ezumah, Ph.D., agronomust, cassava-based working group

B. S. Ghuman, Ph.D,, soll scientist *

M. P. Gichuru, Ph.D., agronomist (soil fertility)

G. Gillman, Ph.D., soil chemist

N. R Hulugalle, Ph.D., soit physicist

A, E lkpi, Ph.D., economist

A-M. N. lzac, PhD., agncultural economist

S. S Jagtap, Ph.D., agrochmatologist

B. T. Kang, Ph.D, soil scientist/agronomist

T. L. Lawson, Ph.D., agrochmatologist ®

K. Mulongoy, Ph.D., soil microbiclogist

H. J. W. Mutsaers, Ph.D.. agronomist, maize-based systems working
group

M. C. Palada, Ph.D., agronomust , rice-based systems working group °
N. Sanginga, Ph.D., assistant coordinator, alley farming network

J. Smith, Ph.D., economist, maize-based systems working group

M. Swift, Ph.D., leader, resource management research

Collaborauve Study of Cassava in Afnca

F. L. Nweke, Ph.D., agncultural economist, team leader

G. R Mullins, Ph.D., East/Southem Africa regional coordinztor
Y. C. Prudencio, Ph.D., regional coordinator

Postdoctoral [cllows

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

E. Tucker, Ph.D., weed scientist

Visiting scienusts

P. O. Adetiloye, Ph.D., agronomist *
S. Hauser, Ph.D., agronomist

R Markham, Ph.D., entomologist
Associate experts

}. Foppes, Ir., agricultural 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. Allun, Ph.D,, coordinator, INGER-Africa/IRRI liaison scientist
T. M. Masgjo, Ph.D., breeder

Postdoctoral fellow

R C. Joshi, Ph.D., entomologist

Reot, Tuber and Plantain Improvement Program

S. K Hahn, Ph.D,, duector

A.M. Aimazan, Ph.D. biochemist/food technologist *

R Asiedu, Ph.D., breeder

Y. W. Jeon, Ph.D.,, postharvest technologist

S. Y. C. Ng, MSc, tissue culture specialist

D. S. O. Osiru, Ph.D,, crop physiologist

J. A. Otoo, Ph.D., agronomist/breeder

M. C. M. Porto, Ph.D., CIAT-IITA physiologist/breeder

G. D. Sery, Ph.D., regional coordinator, INIBAP, Onne station
R L. A. Swennen, Ph.D,, agronomistbreeder, officer-in-charge, Onne

Postdoctoral fellows

M. Bokanga, Ph.D., biochemist

A. G, O. Dixon, Ph.D,, breeder

G. Eggleston, Ph.D., biochemist
Visiting scientists

K V. Bay, Ph.D., cytogeneticist

T. lkotun, Ph.D., pathologist

H. Kanno, Ph.D., entomologist, ICA
I. G. Mok, Ph.D., breeder, CIP *
Associate Expert

D. R Vuylsteke, Ir, agronomist, INIBAP, Onne station ®
Analytical Services Laboratory

). L. Pleysier, Ph.D., head

Biometrics

P. Walker, MA., biometncian

Farm Management

D. C. Couper, MSc., farm manager

P.D. Austin, BSc., farm manager, Onne station
S. L. Claassen, M.Sc., assistant farm manager

P. V. Hanley, B.Sc., farm manager/engineer
Genetic Resources Unit

N. Q. Ng, Ph.D., head and plant geneticist
S Padulos), Dott., plant explorer

Virology Unit

H. W. Rossel, Ir., head and virologist
G. Thottappilly, Ph.D., virologist
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International Cooperation

H. Gasser, Ph.D., director, training program

E. Arubayi, MB.A, coordinator, monitoring and evaluation *

E. F. Deganus, B.Sc., project development coordinator

J. L Gulley, Ph.D., group training coordinator

©O. M. Ogunyinka, MSc., coordinator, monitoring and evaluation
J. C. Sentz, Ph.D., USAID liaison scientist

J. B. Suh, Ph.D., research liaison scientist

A. P. Unyo, Ph.D., project development coordinator

R Zachmann, Ph.D, training materials specialist

CIDA/CIMMYT/ITA Ghana Grains Development Project, Ghana
A. M. Hossain, Ph.D., breeder

Gatsby Charitable Foundation/lITA/National Root Crops
Improvement Program, Cameroon

J. B. Abaka-Whyte, Ph.DD., breeder and project leader

M. O. Akoroda, Ph.D., agronomist/breeder

IFAD/IITA Ghana Smallholder Rehabilitation and Development
Program

©O. O. Okali, Ph.D., breeder and root crops cou dinator

Semi-Arid Food Grains Research and Develonment (SAFGRAD)
Project, Burkina Faso

J. M. Fajemisin, Ph.D., pathologist/breeder, project leader and maize
network coordinator
N. Muleba, Ph.D., agronomist and cowpea network coordinator

USAID/IDRC/ITA East and Southern African Root Crops Research
Network (ESARRN), Malawi

M. N. Alvarez, Ph.D., breeder and network coordinator

USAID/IITA/National Cereals Research and Extension (NCRE)
Project, Cameroon

E. A Atayi, Ph.D, chief of party and agricultural economist
S. W, Almy, Ph.D., social economist

D. C Baker, Ph.D., agricultural economist

V. Balasubramaniam, Ph.D., agronomist

O. P, Dangj, Pi.D., breeder

L. Everett, Ph.D., breeder

M. P. Jones, Ph.D,, breeder

M. Kamuanga, Ph.D., agricultural economist

}. Kikafunda-Twine, Ph.D . agronomist

D. McHugh, MSc., extension agronomist

}. A. Poku, Ph.D., extension agronomist

A. C. Roy. Ph.D., agronomist

J. T. Russell, Ph.D., extension agronbmist

L. Singh, Ph.D., breeder

T. Stitwell, Ph.D., deputy chief of party and soil chemist

H. Talleyrand, Ph.D., agronomist

T. Woldetatios, Ph.D., extension agronomist *

* Left during the year (1 Apnil 1989 - 31 March 1990)



USAID/IITA Applied Agricultural Rescarch (RAV) Project, Zaire

F. E. Brockman, Ph.D,, chief of party and agronomist
M. S. Alam, Ph.D., entomoloyist

C. D.S. Bartlett, Ph.D., agncultural economist
T. Berhe, Ph.D., agronomust

L. H. Camacho, Ph.D.. breeder

B. Chiti-Babu, farm manager

A. D. Flonni, Ph.D., regional outreach specialist
K. M. Johnson, Ph.D.,, breeder

D. Keita, M.Sc., outreach specralist

G. F. Montalban, plant supenntendent

A. O. Osiname, Ph.D., agronomist

M. Seye, MA., administrative officer

D. A Shannon, Ph.D, agrcnonust

W. O. Voge!, Ph.D.. agn< - ttural economist

IITA Benin Saation

]. N. A. Quaye, MA, I=ader, management urut and offic-r-in-charge

Technology Transfer Unit

M. N. Versteeg, Ph.L, agronomist and leader

Consultants

S. O. Adeycye, 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
Chirord S. Gold, biological control
L. S. Halos, postharvest technology
Haldore Hanson, wnting

Joseph A. Kwarteng, training materials
D. S. Mikkelsen, research evaluation
Alan W. Moore, wnting/editing
Sagary Nokoe, research evaluation
B. C. Nzotta, editing

Chns Parker, striga biology

Henry Romney, public relations

P. A. Shah, biological control

Enc M. Sicely, biological control
Enc Tollens, economics

Anthony Wolff, wnting

A. Youdeowei, editing

Collaborative Projects on Food and Technology

F. Adesanye, food utilization

J. O. Akingbala, food technology
Tola Atinmo, food utilization

O. C. Aworh, food technology

). Burdon, food utilization

). Delcour, food technology

L. Denton, food utilization

Janet Kwatia, food utitization

K G. Moore, food utilization

P. O. Ngoddy, food technology
G. B. Ogurumenn, food utihzation
S. L. Oke, fuod utiization

). E. Oke "2, food technology

O. Olatuny, food technology

Sidi Osho. food utihzation

A.S. O. Oyakhilome, food utilization
D. Tayler, food utihization

A. C. Uwaegbute, food utilization
Carol Williams, food utilization
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