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1A conducts research, training, and germplasm and information

iA was founded in 1967 as an international exchange activies in parnership with regionol and national programs in
agricultural research institute with @ mandate for many parts of sub-Soharan Africa. The research agenda addresses crop
specific food crops, and with ecological and improvement, plant health, and resource and crop management within o
regional responsibilities fo develop sustainable farming systems framework. Research focuses on smallholder cropping
production systems in Africa. It became the first systems in the humid and subhumid tropics of Africa and on the following
African link in the worldwide network of agricultural research centers major food crops: cassava, maize, plantain and banana, yam, cowpea,
known as the Consultative Group on International Agricultural Research and soybean.
(cotar), formed in 1971. The goal of ima's research and training mission is to improve the
The Ford and Rockefeller foundations provided inifial planning and nutritional stotus and well-being of low-income people of the humid and
financial support for 1. The Nigerian government provided 1,000 subhumid tropics of sub-Saharan Africa.
hectares of land for a headquarters site and reseai ch farm at Ibadan,
Nigeria. Funding for ia comes from the cgiar and bilaterally from Global links. Cosponsored by the Vorld Bank, the Food and
national and private donor agencies. Agriculture Organization of the United Nations (£0), and the United
ITA is governed by an international board of rustees and is staffed by  Nafions Development Programme {uNDF), the CGIAR is an informal
approximately 150 scientists and other professionals from about 40 association of over 40 governments, international organizations, and
countries and 1,400 support staff. Most of the staf are located af the private foundations.  The cGlar provides the main financial support for A
lbadan campus, while others are ot stations and work sites in other parts ~ and 17 ofher international centers around the world, whose collective gool
of Nigeria and in the countries of Benin, Burkina Faso, Cameroon, Congo, s to improve the quantity and quality of food production in developing
Céte d'voire, Ghana, Malawi. Mozambique, and Uganda, counlries,
Director General’s Report ]
Research Perspectives 7
Resource and crop management 10
Macrocharacterization for optimal use of resources 12
Technology generc iion: fallow systems 14
Technology deployment: collaboration in cover crops 17
A plantain crop-management package 20
Crop improvement 21
Plantain hybrids to the public domain 22
Soybean: with success come new research needs 23
Cassava for safer eating, higher profein 25
Cowpea: improvements in farmers’ local varieties 27
Yam's furn for research priority 29
Plant health management 3
Crop virus defection with biotechnology 32
imA’s seed health unit 33
Striking back at Striga 35
Diagnostic surveys help find remedies 37
International cooperation 40
Moist savanna station, Cote d'Ivoire 4]
Forum with NGOs 42
Research gains from farmer and NGO participation 42
For the Record 48



cui Nwuly

Lukas Brader

The year 1993 brought exceptional challenges for
A, calling for hard decisionmaking but bringing
its rewards as well. We largely succeeded in
maintaining the quality and intensity of our re-
search efforts, despite funding cutbacks. We could
accomplish that because of the commitment of our
staft 1o our mission and the sustained encourage-
ment of our partners in national programs.

Nevertheless, the funding shortfalls of 1993
jolted us at a critical time, the end of our first
medium-term plan (1989-1993), which has been
shaken by cuts in donor contributions for three of
its five years, By its very nature, agricultural re-
scarch needs long-term support to succeed, and
collaborative relationships that are nurtured
through confidence in the future. The spate of
funding cuts has affected this rescarch environment
somewhat—but we have drawn on the good news
of some of the year's results to sustain our essential
optimism.

We are happy to report in these pages, here
and in subsequent sections, our most important
successes of 1993, For example, we released 14
disease-resistant plantain-banana hybrids in the
public domain. The agricultural authorities in
Ghana released 3 improved cassava varieties which
we had developed together. Several long-term
multilateral projects came to a successful conclu-
sion. We undertook new responsibilities in linking
our work in sustainable agriculture with “Agenda

217 of the Earth Summit in 1992, We worked out
new perspectives in collaboration in Africa with
sister institutes in the Consultative Group on
International Agricultural Research (coiar). And
with the election of one of our trustees, Dr Jacques
Diouf of Senegal, as Director General of the United
Nations Food and Agriculture Organization (#A0),
we feel encouraged by the thought that cur goals
have been carried to the world's premier organiza-
tion for agricultural development.

Core cuts

Donor cuts do take their physical and psychologi-
cal toll of our activities, nonetheless. Our core
budget for 1993 amounted to US$20.8 million,
which was $2 million short of what the ¢Giar’s
Technical Advisory Committee (Tac) had decided
in principle was the amount we needed to achieve
our medium-term plan objectives. For the previous
year, 1992, we had received $21.3 million, which
was short by $0.9 million of tac’s approved figure
to meet that year's planned requirements.

The trend continues into 1994, when we launch
anew S-year plan but expect to face a gap of
some $4 million between the Tac-approved plan-
ning figure and available funds.

From the first cuts to the core budget, in 1991,
through 1993, we were able to sustain our research
capacity by reducing administrative and opera-
tional spending. With the shortfall in the planned
1993 budget we must, for the first time, sacrifice
part of our long-term capability to produce results.
For the time being, we have reduced our primary
scientific positions from the 39 planned for 1993 to
only 49. At this time of writing, we feel renewed
hope that future funding possibilities are



promising, as the cGlAR takes constructive new
steps and mounts a vigorous campaign among
donors.

The research program will, during 1994, be
reorganized into projects which will be funded
according to their priority in an institutewide
perspective. We will thus be able to respond to
budgetary developments in a systematic way.

On the administrative side, we have contained
expenditure over the years to an extraordinary
extent. A high proportion of our costs is fixed, no
matter the number of our staff; so costs per senior-
scientist-year could be expected to increase as we
reduce staff numbers, How-
ever, we have managed to
reduce our real costs, taking
inflation into account, during
the 5-year plan period.

We also had to take
measures that affect us
personally—international staff
are receiving no increment in
salary for 1994, and some
benefits have been reduced.

We are mindful that our
sister institutes and other
research organizations have
experienced similar jolts. We
are all regrouping under the
forced austerity, while striving
to retain program balance. In
addition, [ITA has its “town-
ship” to support, the commu-
nity living facilities within our
headquarters research station, ,
while maintaining construc- :
tive activities with many sub-
Saharan national programs.

West and East
In continuing to take our research and training
activities to the agroecological zones where our
collaborators will use the results, we reached two
milestones during 1993. We signed agreements
with the governments of Cote d'Ivoire (in March)
and Uganda (in June) which will strengthen our
partnership with the research systems in those
countries.

The initiative in the moist savanna zone at
Ferkessedougou, Cote d'lvoire (which is described
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New hybrid fo fight a black plague

on page 41) will provide a focal point for maize
improvement work in the moist savanna zone of
West Africa.

In Uganda, wra has built a regional research
center for collaborative research on cassava,
banana, and plantain with 15 East and Southern
African countries. The new center is based at
Uganda’s long-established research station at
Namulonge, near Kampala.

New releases

From the results of our research in hybrid plantains
with resistance to black sigatoka, a fungal discase
which is the main constraint
in plantain production
worldwide, we registered
14 improved genotypes in
the public domain for
unrestricted use. (See story
on page 23.) Inanother
development, 7 years of
trials have demonstrated
that sustainable crop and
resource management
practices can enable peren-
nial production of plantain,

In Ghana, the govern-
ment released 3 improved
cassava varieties during
October 1993 with local
names. We had helped
develop them over a 5-year
program of trials in 8
locations in the major
Ghanaian agroecological
zones.

Commercial companies
made seed of several 1ra
grain varieties available dyring 1993: in Nigeria
(maize, soybean, and cowpea) and Mozambique
(maize and cowpea).

In biotechnology, during the year we estab-
lished a monoclonal antibody production lab at
i1, in coliaboration with Agriculture Canada. We
made new collaborative arrangements with the

John Innes Institute in the vk, for 6 biotechnology

projects in banana, cowpea, and yam improve-
ment.

We perceive that modern biotechnological
research is approaching the stage of public impact



in African countries, so governments must prepare
themselves to deal with issues of safety and ac-
ceptability of the results. The Wigerian government
requested us to begin working -vith them, in 1993,
to help develop biosafety guidelines for biotech-
nology in agriculture.

An era ends

Large-scale projects in several countries ended
during 1993 after completion of a variety of tasks.
Long-term, in some cases multicountry, projects
were part of an approach to investment in agricul-
tural research during the 1970s and 1980s, when
the overriding concern was to strengthen national
rescarch infrastructure and equip scientists with
new crop technologies for adaptation to local
conditions.

Allies against downy mildew in Nigeria

The Semi-Arid Food Grains Research
and Development (sarGrab) project
closed in December after i7 years
during which rra gave substantial
technical support in maize and cowpea
improvement, in the Sahelian region.
We will continue to work with the 8
countries that are carrying their collabo-
ration forward in a new network for
maize rescarch: the West and Central Africa Maize
Network (WECAMAN).

Scientific manpower development and maize
research have shown extraordinary impact in
Cameroon as a result of our collaboration with
National Cereals Research and Extension ( NCRE), a
long-term bilateral aid project which has been
scheduled to end in 1994.

The East and Southern Africa Root Crops

Research Network (esarry) ended in September
after 7 years of support to root crops research
among 11 East and Southern African countries. Its
work has devolved to two new subregional net-
works, the East Africa Root and Tubers Rese: rch
Network (EarrNET) and Southern Africa Root Crops
Reseach Network (sarrnet), to which 1ITA will
continue to give technical support. Both com-
menced operations in October: EARRNET among 5
East African countries, from its new base at
Uganda's Namulonge research station; and  SARRNET
among 10 Southern African countries from
Lilongwe, Malawi.

Also in Southern Africa, nra concluded 3 years
of cowpea breeding and production improvement,
as well as strengthening of rescarch cagability, in
Mozambique with the Cowpea Research Project of

- the Southern African Development Commu-

h nity (sanpc). The Mozambique branch of
World Vision, an international nongoveri-
mental organization (NGO), plans to support
adaptive research and multiplication of
selected cowpea varieties.

Moyo Bolan

New partners and partnerships
In other respects we have been setting the
stage for future work with  N6os to flourish.

We organized a meeting with NGos that work in
Africa, to begin building a partnership with them.
(See story on page 42.)  NGOs in several countries
are growing into a strong source of support for
agricultural development, in response to expressed
needs from farmers and urban groups.

As concepts began to develop within the  ¢GIaR,
about how research should be organized in the
world's developing regions on the basis of

Moyo Bolorin



agroecoloical zones (the so-called “ecoregional”
approach), nra was designated the convening
center for sister institutes working in the warm
humid and subhumid tropics of Africa south of the
Sahara—that is, West, Central, and East Africa and
Sorihern Africa,

In tandem with these beginnings in
operationalization of the ecoregional approach, 1ra
has been considering how best to respond to the
environmental imperatives set out at the Earth
Summit (the United Nations Conference on Envi-
ronment and Development—uxcenp), in its "Agenda
21" Our work in resource management in the
humid forest zone (see "Research perspectives”
and highlights on pages 10-11) relates strongly to
those concerns. In addition, our Plant Health
Management Division has been invited to take the
leadt in organizirg an action plan for integrated
pest management for the caiak that responds to the
global priorities.

To encourage wide discussion of 1ncep conclu-
sions and how action could best evolve among
Africa’s community of research and development
organizations, 1rra invited Mostafa Tolba, the
former executive director of the United Nations
Environment Programme, to give the fourth in
rra’s series of Distinguished African Scientist
Lectures. In April, Dr Tolba spoke on *The Earth
summit and Africa’s development™.

We worked closely with the World Bank-
sponsored Special Program for African Agricultural
Research (spaar) during the year to develop a
framework for action in the humid forest and moist
savanna zones of West and Central Africa.

In 1993 we agreed with ¢ on regional
responsibilities for rescarch and training in maize
varictal development and testing. 1rra is resnonsible
for maize improvement and crop management in
West and Central Africa, while ¢y takes re-
sponsibility in East and Southern Africa. Plant
health management is rra’s responsibility
continentwide. Both centers encourage and wil!
jointly coordinate exchuanges in
maize germplasm, information, and
training.

As a result of the <6 review of
rice across the system, warpa and
1T have agreed on common areas
of rescarch interest and collabora-
tion: long-term storage of West

Advanced
Laboratories

Basic
research
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African rice germplasm at nra, integration of
training programs, hosting of research activities
according to location, and joint governance of
specific research programs.

Growing confidence
The environment in sub-Saharan Africa appears
increasingly favorable for research initiatives.

National agricultural research institutions have
developed their capabilities over the 25 years that
mra has been operating. They have been learning
from each others” experience as well, through
networking and exchanges with the international
research centers. The international centers. on their
part, have been refining their respective priorities
and are improving mechanisms for inter-center
collaboration in common areas of interest, In many
countries, as a result of growing research capability
and experience, a base of confidence has been
building up which is essential to the success of
scientific enterprise and which augurs well for the
results of their ongoing work.

Development of scientific manpower and
institutional facilities of national programs has
triggered changes in 1ra’s relations with them,
From the earlicr, simpler conception of our mutual
relationship as a process of “transfer of technol-
ogy”, we are moving at variable speeds—according
to circumstances in cach case—towsrd collabora-
tive development of the research, from idea to
process to adoption stages. We are working
together to identify and then realize the opportuni-
ties for rescarch o tackle a problem or make
headway in improving on-farm food production.

In starting work in Africa as an international
center, 1ra sought to develop technologies for
farmers which the national programs could test
and adapt to conditions in their varied environ-
ments. 1T training programs emphasized crop
production technologies and individual training,
we saw ourselves at one link in a “chain” of
research progress:

Chain of collaboration to produce improved agricultural technology for Africa

Infernational National National African
Agricultural Agricultural Extension Farmers
esearch esearc Services
Centers Institutes

Adaptive
research

Applied

research Adoption

Q

Extension ‘




While national programs have grown stronger,
ira’s understanding of the agricultural setting has
deepened with experience in dealing with specific
environmental and farmer requirements. Our own
research and training role has changed along the
wiy, so that we now work with the national
programs in a conceptually different system which
runs the gamut of the rescearch-to-adoption pro-
CUSS.

Morcover, for the results of this process to be
truly effective and have the desired impact, the
farmer must participate in the research with the
national program and nra. The farmer makes a
vital contribution in identitying research needs and
in determining the requirements of new technolo-
gies.

The new concept can be described more simply
than its predecessor, although it is born of ex-
panded awareness of the real complexity of
agricultural development:

NARS
FARMERS 720

IITA

- Goneratln

Upstream/downstream on the continuum
[n substantive terms, the nature of our joint re-
search ventures can range from “upstream” to
“downstream”,

Upstream rescarch involves generation of
specialized information which countrics require in
development of a technology to alleviate a prob-
lem they have identified. One example is virus
detection work with monoclonal antibodies,
whereby virologists conduct diagnostic studies on
crop viruses for control purposes and exchange
information with wra and interested countries. (See
story on page 38.)

In another example, soil fertility decline and
weed competition are problems common to most
maize-producing countries, which have formed the
Collaborative Group on Maize-Based Systems
Research (comns) to address the basic issues and
possible solutions together. (See story on page 19.)

Downstream research targets information on
end-use requirements. Through on-farm trials,
researchers and farmers deepen their mutual
understanding of the factors which affect the
on-farm use of technologies, including man-
agement practices and environmental and
cconomic exigencies. Farmers' feedback
helps scientists to improve design of new
technologies and to deploy existing technolo-

Ou;m':iedmﬂon Din :sls Sgnaralion..
of the target of the . of daslred’ s field for i nefi ,
e forg poblom " tadmulogs | gies in the field for optimal benefit. (See story

In this conceptualization of ra's role and
relation with national programs, the links of the
carlier “chain™ of research have merged into a
continuum that proceeds from the onset of the
research process to its resolution. Distinctions
among basic, applied, and adaptive research, and
extension and utilization phases, are no longer so
clearcut as before.

At most steps along the way in the development
of the research, all the concerned national as well
as international collaborators may need to be
involved because of the specificity of requirements
for the desired technology. In this continuum,
national and international researchers and farmers
are partriers in ajoint venture, each contributing to
the extent possible, depending on the mix of
circumstantial factors. Ideally, collaboration
achieves a collegial balance with effectively
matched contributions at every stage.

on page 42.)

In summary, for effective rescarch results,
scientists from both national and international
centers need to work together with farmers, along
with others from NGos, private companies, or other
agencies with expertise and an interest in the
outcome of improved farm productivity. Many
aspects of the research process call for the unique
qualities that cach brings to the experience:

e sources of relevant information

e material resources to support the research

e experimental approaches with end-users/farmers
e different modes of interaction in accomplishment
of the task

o different opportunities latent in cach situation to
be exploited—all require a collaborative relation-
ship which succeeds in spotting and combining the
right possibilities within the research setting,

Ecoregional approach
The evolution in collaborative relations corre-



sponds with new developments in international
research strategy: the “ecoregional” approach to
the organization of research and training among all
international centers,

Irra and sister institutes are reorganizing their
activities with reference to the broadly defined
agroecological conditions
which govern agricultural
production. National bound-
aries were, of course, not
necessarily drawn to coincide
with agroecological zones—
our map on page 9 shows
how the forest and savanna
zones cut across many of the
same countries, with the forest
zone falling within 13 differ-
ent countries and the savanna
within 30 countries. To help
focus technical inputs to
research within the zones thai
fall within a country, 1ra will,
during 1994, formulate its
plans and activitics on an
ccoregional basis.

Scientifically, this approach
makes good sense, because it
refocuses everyone's attention on area-specific
resource and crop management needs, which are
the crux of agricultural production. Resource
management must be location specific, in order
that the resources be hushanded cffectively for
maximum benefit in production. Research can
further determine the corresponding needs: im-
proved crops, plant health management, and
farmer practices that will respond optimally with
the given resource base.

As an increasing proportion of 11a’s research
and training takes place in the agroecological
target areas, and involves national rescarchers in
the countries concerned. the activities become
increasingly tailored o needs as they are perecived
by national scientists. Whether collectively in
regional groupings or within their own country.
national scientists increasingly interpret the prob-
lems to be addressed and identify solutions 10 e
sought, in collaboration with internatioial centers
that afford access to external resources, The
collaborative relationship remains dedicated to the
cause of improvement of farmers' productivity;

r
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An ecoregional view in Ghana

however, the international centers increasingly
seek to enable the national institutes to take the
lead in setting and achieving research goals.

At 1ra we see how the involvement of interna-
tional centers in national agricultural research and
training has renewed its purpose, its raison d étre,

Movo Rolnrin

with collaboration on an ecoregional basis. In the
new model, our joint approach in the processes of
characterization of the environmental setting,
diagnosis of problems, identifying and developing
of technologies to address the needs, adds impetus
to the empowerment of the national programs, as
well as promotes the chances for success in solving
particular problems. That takes us as close as we
can be, at present, to the ideal of self-reliance in
agricultural development.

In this perspective, we commence a new plan
period, 1994-1998, with the encouragement of our
convictions and with hopes of replenished funding
from donors who are also convinced about the
importance of our work.



Concern for protectirg biodiversity in Cameroon

IITA and Agenda 21

At nira, research has always sought wise ways and
means to use resources for production, reap
satistying harvests, yet sustain the resource base
through improved management for even better
harvests in coming years.

Environment and sustainability have been at the
center of its concerns since 1A opened in 1967, as
agricultural problems in its mandate area have
stemmed parily from adverse environmental
changes. They are the concerns that the world
community is promoting under the banner of the
Earth Summit—the United Nations Conference on
Environment and Development ( uncep)—of 1992
at Rio de janeiro.

The Earth Summit produced an agenda for
action, to address the challenges of the 21st cen-
tury and beyond. *Agenda 217 sticks to prin-
ciples—it describes current concepts of sustainable
development and environmentally sound manage-
ment of the earth’s natural resource base, which
should guide the development of conservation
policies and activities.

Most environmental issues that affect agriculture
relate to management of natural resources and
conservation of genetic resources. Agenda 21 asks
agricultural research systems to ensure that their
work embodies the aims of resource management
and conservation, so that production goals may be
realized and the resource base maintained for
future use.

During International Centers’ Week at the end
of 1993, the caiar agreed to focus its research on
issues which address Agenda 21 priorities, where
cach center's own research domain relates to them.
Generally for ¢ centers, the related concerns are:
e degraded lands and their marginalized populations
e genetic resources of crops, livestock, tish, and
forests
e integrated pest management
o geographical information systems, with data on
physical, biological, and social environments of the
research domain.

nra’s research activities have focused on those
concerns from the beginning of its first medium-
term plan in 1989.

Soils Soil productivity is jeopardized under
intensified use without restorative measures.
Forests dwindle with overexploitation. Weeds gain
ground and depress crop production; eventually
they can cause farmers to abandon their land. Soil
erosion can occur where sloping land is not
protecied.

To arrest the process before degradation be-
comes irreversible, 1ra has pioneered research in
conservative land clearing practices for tropical
soils and in fallow management with leguminous
species to restore soil nutrients.



Biodiversity 11 secks to conserve genetic
resources, mainly through preservation of crop
genetic resources in long-term storage.

irra collects germplasm of wild and cultivated
species for use in deveiopment of high-yiclding
crop varieties that are adapted to specific environ-
mental conditions. The aim is to stabilize farmers’
production at increased levels that nonetheless are
sustainable because of improved resource and crop
management practices.

Ultimately, with stabilized production, farmers
would not need to clear the remaining forest lands,
as they now do. Through reduced forest destruc-
tion, improved land clearance and faliow manage-
ment, and stabilized crop production, biodiversity
would be protected in natural habitats.

Integrated pest management 111's work
toward integrated pest management in sub-Saharan
Alrica aims to sustain rather than destroy basic
ccological relationships in the environment. Build-
ing on its success in biological control of the
cassava mealybug in the 1980s, 17 is developing
agroecologically sound strategies for habitat man-
agement against pest and disease attacks on crops.
Appropriate combinations of biological control,
pest-resistant crop genotypes, and cultural prac-
tices are employed to conserve the integrity of the
food chain within the agroccosystem,

The guiding concept is manipulation of the
environmental elements which cause the problem,

rather than attempts at direct elimination which

can fail because all the supporting factors in the
problem cannot be controlled. Scientists in related
disciplines help in designing the defence, which
should cecmbine several environmentally consonant
methods in the expectation that they together can
be more effective in the long run than any one
applied alone,

Resource information system In this vision
of how to achieve agroecological sustainability, the
key to effectiveness is the correct deployment of
technologies that are designed to counter problems
in their specific environmental settings. Both a full
understanding of a problem and the design of a
remedial technology require the right kinds of
information on the characteristics of the situation
and the needs to be met.

IrTa is continuously renewing its resource
information system, which contains the key agro-
ecological characteristics of the African continent in
areal units of 10 square miles (16 square kilome-
ters). This system can generate maps such as the
one on these pages thae delineates the principal
agroecological zones in nra’s mandate area. The
system holds the database on which 1ra research
and technological development is founded.

Information technology is beginning to make
sufficient guantities of data on environmental
conditions available to researchers for analysis and
use in solving such large-scale problems as soil

lITA and UNCED: Research on environmental issues

lITA Research Agenda

Development of more productive and sustainable systems

to replace slash-and-burn cultivation in the humid
forest and moist savanna zones

Collection and characterization of plant genefic
resources {crops and multipurpose trees)

Sustainability of different cropping systems in terms of
nutrient cycling, soil structure, erosion control,
reduced weed infestation and other indicators

Development of pest and disease control measures’ that

avoid the use of chemicals

UNCED Program Area

Combating deforestation
Sustainable agricultue and rural development
Protecting the atmosphere

Conservation of biological diversity

Sustainable agriculture and rural development
Managing fragile ecosystems

Sustainable agriculture and rural development



Agroecological zones
of humid and subhumid tropical Africa
Humid forest

Moist sovonna

4 Mid-ultitude savanna ond woodlonds

Arid und semi-orid londs

A stations 1 Ibadan, Nigeria (headquarters)
2 Onne, Nigeria 5 Mbalmayo, Comeroan
3 (otonou, Benin & Ferkéssédougou, Céte d'Ivoire

4 Kono, Nigerio 7 Namulonge, Uganda

degradation. nra is developing analytical ap-
proaches which exploit the volumes of data to
characterize environmental conditions and the
changes occurring through physical and socioeco-
nomic causes. 1ra has selected agroecologically
representative “benchmark™ sites where relevant
observations will be recorded.

As knowledge about eavironmental characteris-
tics and farmers’ needs comes together with ideas

for problem-solving technologies, nra will be able
to fit solutions to problems with improved efficacy.

During its second medium-term plan period,
1994-1998, nra has expanded its commitment to
research on environmental issues. 111A's research
agenda directly relates to several major areas of
concern outlined in Agenda 21, as listed in the
accompanying panel.

9



The organization of the Division was
streamlined to accord with the
ceoregional framework adopted by the
canar. Inland valley rescarch acivities
were incorporited into the humid forest
and moist savanna programs, while the
inland valley program was dissolved.

Resource manage-
ment research and

Moist

SGVGI‘““ lL‘('hl]()l()g}’
development
Progrum included various

legumes as

components of
susttinable cropping svstems, as well as
henefits to the soii from the biocycles of
nitrogen-tixing legumes, soil organic
matter, and soil bacteria. Legume-based,
managed fallow systems have begun o
show significant results in long-term, on-
station research on sustainable ceopping
tseearticle on page 10,

Nutrient praduction capacity under a
wide range of herhaccous and shrub
legumes was studied together with their
weed-suppressing and soil-improving
abilities. for both the moist and derived
savanna zones. Results showed Mucnna
privviens and Controsenia pascruorng 1o
be best in hionass production and
nodultion in sails of the moist savanna.
Nodukation among herhuiceous legumes
varied widely in the moist savanna, and
varied also with time after planting and
soil type.

Studies of quantity and quality of soil
organic matter focused on its source and
associated Crop management practices,
The sail organic fraction ditter fraction)
larger than 0.25 millimeters was identified
as the most dynamic organic matter poot.

Fertilitv-restoring technologics with
improved varicties of cowpea and
groundnut were tested on firms in
Bauchi State, at “benchmark” sites which
are representative of market daccess and
fand and Tabor availability in the zone
and which hold both agropastoral and
crop-hased farming communities. Non-
governmental agencies in the arca were
contacted with @ view o future enlist-
ment in promotion of the most promising
technologics.

Legume-based technologies are being
developed and applicd with farmers’
participation in Benin, Camieroon, and

10

Resource and Crop

Highlights 1993

Ghana with technical support from the
Collahorative Group on Maize-Based
Systems Research (covps), composed of
Westand Central African institutes (see
article on page 17),

Alley cropping studies in the derived
sivanna forest-savanna transition zone)
revealed high nitrogen levels in roots of
Leucaena and Gliricidia species. Half the
roots of Leucaenda were found to have
penetrated below 60 centimeters under
the soil surface, the deepest extent of
maize and cowpea roots in alley cropping
trials. In long-term trials, Lencaend was
the hedgerow species associated with the
highest maize yields, followed by
Gliricidia.

Characterization of agricultural
production in the moist savanna, with a
focus on sociocconomic and agroccologi-
cal features, continued with identification
of 180 distinet cropping systems in 14
West and Central African countries, In
looking at the dynamics of those systems,
8% of the agricultural production in that
region was found to be “population-
driven”. while “market-driven” production
accounted for 16", (Data collection was
completed in 1993, See related article on
characterization of West African systems,
on page 120
HUMid Biophysical _
characterization of

Forest the humid forest
zone continued at
Program the 1.000-hectare

Mbalmavo farm
site, with studies
primarily on soil acidity, weed dynamics
sail nutrient and organic matter dynamics,
sl faunal activity, and impact of burning
ol residual biomass after forest clearing,
which is 1 common furming practice
A multidisciplinan: approach was

used in the study of the impact of various
levels of burning on the soil's chemical
and physical propertics: nutrient flux;
weed seed survival, establishment and
growth: and crop growth and yicld,
Burning can be ar effective management
tool for farmers if’ there is balince
between its beneicial effects (vegetation
control, nutrient supply, weed suppres-
sion) and disruptive consequences
(nutrient loss, destruction of soil
structure, loss of organic matter).

Weed and vegetation management
studties started at the southern Cameroon
benchmark site. T -y include physical
control measures against Chromolaena
advrata, pereeived as the farmers'
priniry weed problem, and the competi-
tive ability of various cassava clones
against weeds,

Existing alley cropping experiments
were utilized in assessing the effects of
pruning qualiny and quantity and
nunagement practice on soil organic
matter, nutrient eveling, soil fauna
activity, and soil physical propertics, The
results indicate that a fallow of even one
yerr can positively impact on soil
biological and physico-chemical factors.

The third and final phase of ihe
Collaborative Study of Cassava in Alrica
tcosea) continued with analyses of
cassavit processing, marketing, and
consumption. cosca organized workshops
in 10 of the cassava-producing study
countries for preparation of reports o7,
carlier work: phases T(physical and social
environmental characterizations) and 1
(production issues). Other reports on
varicties under cultivation, processing,
distribution, production trends, commer-
cialization, and adoption of improved
varicties were completed,

Characterization of the farmers'
resource base and management practices
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in the humid forest zone continued with
analysis of a 20-village diagnostic survey.
Data were analyzed on tree species, plant
associations, plinting schedules, and
fallow periods. Data on traditional and
modern cconomic activities were
analyzed to determine profitability, return
o labor. and use of Tabor and capital.
Scientists at rra’s Humid Forest Station,
Nkolbisson (Yaoundey held a workshop
on methodology, databases, and findings of
the survey for Cameroonian colleagues at
the Institut de recherche agronomigue (ra).

Refated studies on the uses and
marketing of non-timber forest products
began and, initially, found that the net
profit margin for such forest products was
higher than that for food crops in local
mirkets. Groundnut showed the highest
profit margin among food crops. The
study confirms the strategic importance of
such forest products in forest preservation
research,

A 2-year agro-ethnographic study
in -t villages near Mbalmayo was
completed. identitied and character-
ized. for purposes of technological
design, farmers” main uses of thedr fields,
The study also evaluated critical village-
level tactors which shape farmers’
resouree management strategies, focusing
on the availability, use and control of
land and Labor. on investment decisions
and on social organization.

Alley cropping trials in the humid
forest zone continued (o assess how
[easible is continuous cropping with
hedgerows of different tree species and
with different tillage pratices. In the third
vear of cropping. crop productivity
showed no advantage from hedgerow
prunings. Weed pressure was, however,
reduced by the presence of hedgerows
and by tilling of the soil. In farmer-
managed trials, results showed that alley
crapping holds litde attraction for farmers
so long as they have fentile plots of
secondary forest available to them o
clear and cultivate.

Bascline
data
were
collected
and
analyzed
for screening of nra’s mandate crops,
focusing on water requirements, growing
habit, potential productivity, light use,

Agroecologicel
studies

and optimal plant geometry and crop
mixture. The information is used in
selecting technologies which will be most
productive in a given target ar,
Simulation models employ much of the
datain predictive exercises which obviate
the need for extensive agronomic trials.
For example, preliminary findings with
cereal‘legume interactions showed that
intercropping of maize and sovbean does
not significantly alfect maize yield but
does show greater efficiency in nitrogen-
use than with sole-cropping.

The Agroecological Studies Unit
provided nra programs with data and
maps on production potentials and
constriaints, for use in selection of survey
or research sites. The Unit continued
collaboration with 1+ West and Central
African national programs in
macrocharacterization of agricultural
systems, for development of sustainable
technologics, which involves the use of
geographical and resource information
systems. Culminating 2 yeurs of prepara-
tory work, the Unit conducted a work-
shop for national collaberators on the
uses of resource information systems in
support of agricultural research, espe-
cially in setting priorities and implement-
ing plans efficiently.

In the characterization of West
African inland valley arcas, as part of an
investigation of their productive potential,
computer-based “maps” tspatial digital-
data layers) were created with ura's
methodology tor regional mupping,
which uses high-resolution satellite data
from Landsit s and Spot iiny,

The two study areas tor 1993
included Kaduna, Nigeria and Save,
Benin. Each area covered a full Landsat
frame, or about 3.12 million hectares G
litthe farger inarea than Rwanda,
Groundiruthing was conducted 1o verify
satellite imageny in 3 study arcas within 6
West African countries: ++ areas in the
moist savanna and 1in the humid forest
zone. To date, results reveal that intensity
of infand valley caltivation increases
significantly with drvness in climate,
density of populition, density of road
network, and intensity of adjacent upland
cultivation.

All study findings will be shared
among the 1 members of the consortium
for inland valley rescarch in West Africa,
Established in June 1993 for coordination
of methodologies and plans for inland
valley research, the members comprise 2

CG Centers CITA, WARDA), cirab, the
Winand Staring Centre in the Netherlinds,
and 7 African naional programs: of
Benin, Burkina Faso, Cote d'voire,
Ghana, Mali, Nigeria, and Sierra Leone,

Evaluation
of multipur-
pose trees
and shrubs
continued,
with 1crar
collaboration, at Thadan, the High Rainfall
Station at Onne, and the Humid Forest
Station at Mbalmayo, for their potential
role inagroforestry technologies. Project
activities grew to include germplasm
collection and research on propagation
techniques.

Agroforestry
development

Postharvest Fhrec
simple

technology gadgets
were

released for
us¢ in the moist and drv savanna zones:
malticrop thresher, i grain polisher, and a
grinder. During trials the thresher and
polisher reduced postproduction Josses
(fro n deterioriation and inseets) and
labe r requirements by nearly two-thirds,
for cereal and legume crops (variously for
cach machiney: maize, sorghum, cowpea,
millet, rice. and sovbean. The grinder can
accommodite most types of food crops,
The Posthirvest Technology Unit also
maodificd oilpalm: and groundnut oil-
processing packages for semimechanized
operations.

To conserve crop vields and improve
eficiency in processing, the Unit studied
the physical and mechanical properties of
high-yiclding soybean varicties, as well as
larvesting and handling practices, Yield-
saving practices which emerged during
the veur were harvesting at the right time
of day and threshing immediately after
harvesting,

The Unit established i network of
trained manufacturers in 1993, Training
activities included i 2-week course on
manubacturing of postharvest ols and
cequipment, its well as training of
postharvest engineers in-country in Benin
(1 engineer), Malawi (2), and Nigeria (1),
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CHARACTERIZATION
Pointing the way to optimal use
of crop and land resources

Given that natural resources are finite and the human population is growing,
better means need to be relentlessly pursued for using these resources to their
optimal potential. That pursuit is a complex endeavor, which takes on an
added urgency in sub-Saharan Africa, where food production per head has
been declining in recent decades: in addition, the vastness of the area presents
problems of heterogencity, which often defy simple, homogencous solutions.

Alirst step in characterizing how tand is—and can be—used., for example,
is describing the prevailing cropping systems and practices, as well as im-
proved technologies, in terms of social and economic forces, 1t scientists
have, over recent years, completed such a process of macrocharacterization for
the humid and subhumid tropics in West and Central Africa.

Following recognized methods in economic analysis, a second step consists

of understanding existing farming practices and agricultural systems in terms of

such a characterization, so that improved technologies can be developed,
tested, and- or adapted 1o suit varving demands and requirements.

A third step would be to attempt a matching of environmental requirements
and improved technologies, so that “high potential® technologies can be
matched with areas that provide them a high probability for successful
adoption, without causing damage 1o the environment,

Land-use systems
Based on the work carried out so far, in active collaboration with colleagues in
Alrican national programs, 1ra sci= atists have been able to describe land-use
systems in terms of four broad socioeconomic scenarios, driven by cither
increased population density or narket forces. These scenarios are (1) popula-
tion-driven expansion; (2) population-driven intensification: (3) market-driven
expansion: and 1) market-driven intensification. Because expansion is often
not possible, especially in areas where problems of food crop production are
mostacute, ira scientists have tended o analyze intensification more closely.
That choice is also supported by the fact that population-driven (3:%) and
market-driven (31%) intensification dominates the area, with population-driven
land expansion covering only 12% and market-driven expansion a mere 3% of
the land area studied in all of West
Africa (see figure, opposite).
Population-driven intensification is
characterized by subsistence produc:
tion of food crops, with little or no
purchased inputs. In arcas where such
intensification occurs, the resource
huse tends to be seriously degraded,
because (D fertilizer vse is low (so
the soil nutrients cannot be replen-
ished), and (2) continuous cropping,
with short or no fallow periods, leads
to pest buildup, especially of weeds.

" In this study, o “cosh” crop was defined os any rop,
indluding food crops, where the mojor part of its production
is sold for cash in the market. Troditionally, the use of cash
trop has been associated with nonfood “export” crops, such
0s cofton or fohacco.
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Low levels of cash avaitability in
these areas further constrain the
capacity to absorb new technolgy or
to use purchased inpuis for maintain-
ing the resource base.

Market-driven intensilication, in
contrast, is characterized by produc-
tion of u profitable cash crop *, using
purchased inputs. It also depends
upon good transport systems.
favorable government policies (to
provide an enabling context), and
most importantly, technologies that
ensure sustained production of cash
crops at relatively high levels of
profit.

Before such a classification of
scenarios can be applied effectively
in agricultural planning, it must be
related to the phiysical resource base
for crop production. This has been
done, in relation to three key factors:
climate, soils, and vegetation. Known
measurements, such as those on
rainfall, levels of insolation, and
length of growing period, have been
applied.

Access to markets

Access to wholesale markets is a
precondition for a market-driven
system to be viable, Abont 60% of

nra’s mandate area in West Africa, for

example, was assessed as having a
good market access. This is because
the major centers of coastal countries
in the region are well connected by a
network of roads, as well as scaports
providing access for agricultural
marketing. Also, because tree crops

Finding out from farmers in southwestern Nigeria about their crops and pracices

Mayo Bolarin



that can be sold (cocoa, coltee, oil
palm, rubber) e grown, additional
funds can be attracted to maintain the
roads. The relative prosperity of this
subregion indicates the potential for
the remaining 0% of the arca where
poor access to markets has hindered
development, also posing a challenge
to policy makers.

Inarcas where the transport
systems are sdequate but market-
driven intensification has not yet
oceurred, research and policy can
weigh in favor of profitable cash
crops, such as maize and cassava, in
which many countries are close to
self-sutficiency. But an expansion in
marketiable surplus will likely need o
be supported by improved processing
technologies. Tree crops, such as
cocoa and oil palm, can also play a
role in the more humid parts. But it
would require higher vields and
improved processing techniques to
enable those crops o remain profit-
able under current conditions of
oversupply in the world market.
There are indications that cassava is
progressively replacing such tree
crops, but improved processing
technology would still be needed 1o
realize its full potential as a cash
crop. The ecological implications of
cassava replicing tree crops would
still need to be addressed. This is
being attempted through the intro-
duction of alley farming, which
involves the growing of trees and
food crops simultancously.

Where transport systems itre poor
and market-driven intensitication is
unlikely. the challenge will be to
enable food production to keep pace
with population growth, and 1o
prevent degradation of the resource
hase. This avin challenge indicates
the need for soil improvements,
reduction of pests and discases, and
expansion of crops like cassava,
which give i high calorie production
under refatively low soil fertility and
low levels of purchased inputs.

On average, 12% of the total area
studied wais found to have at least
one profitable major cash crop. For
example, the northern Guinea
savanna of Nigeria produces a
profitable surplus in maize for the

Some insights gained

Data gathered in this characterization effort have given several valuable insights. While
some of these are mentioned or discussed within the accompanying arlicle, here are a few

others that might be of interest:

* In West Africa, population-driven agricultural systems occupy 66.5% of the area, while
market-driven systems occupy the other 33.5% (see Figure below).

* Three countries—Nigeria (40%), Cote d'ivoire {28%), and Ghana {1 2%)—together
account for 80% of the area in West Africa where the systems are market driven.

* New arable land is still available for cultivation in 84% of areas where land-use intensity
is low, 81% of areas where it is moderate, and 35% of areas where it is high. For this sludy,
land-use intensity was defined as low when the fallow period was 2 times or more the
period of cultivation, as moderate when the fallow period approximately equalled the period
of culiivation, and as high when the fallow period was half or less of the period of

cultivation.

Thus, in this region, a high level of land use does not still mean that the limit of land
availability has been reached. Land-use intensity has been limited by tenure considerations,
and by lack of adequate transport and other socioeconomic infrastructure,

* Areas of market-driven expansion o intensification have decreased where population
density has increased, showing that increase of population densily is not a deferminant for

market-driven intensification.

* Areas with population-driven agricultural systems depend mainly on natural resources to
sustain agriculture. The most appropriate technologies here are those that economize on
purchased inputs and family labor. In market-driven areas, farmers are likely to adopt
technologies that will demand purchased inputs and hired labor because of the substantial
cash they will gain from selling their agricultural produce. Pressure on natural resources is
thus likefy to be less infense in market-driven than in population-driven areas.

market, which has been the driving
force behind the intensification of its
agriculture. This emphasizes the
comparative advantage that an
improved technology can provide, 10
the extent of making a crop domi-
nant. especially where the environ-
ment is highly ruitable for the crop.

Ecological implications

The implications of a crop-dominant
technology on resource nminagement
and on the agroccology as a whole
need 1o be considered as well. When
anew crop is introduced to areas
where it is not traditionally grown, it

may result in drastic changes in the
agriculwral system, especially where
the crop has a distinet comparative
advantige. This has been shown
repeatedly: by the introduction of
mitize and cassava across agroeco-
logical zones, of sovbean in northern
Nigeria, and of other legumes as
short-duration cover crop in several
parts of West Africa.

In areas where market-driven
intensification leads to the spread of
one dominant crop. the issue of
suzainability can be addressed by
providing a greater role for legumes
and crop-livestock interactions in the

pressure and market forces

Morketdriven 30.5%
infensificotion

Population-driven 12.0% —
expansion

Matketdriven expansion 2.9%

Land-use pattern for agriculture in West Africa, as determined by population

54.5% Populotion-driven
intensification
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system. Crops can also supplement
cach other, TFor example, cotton is a
leading cash crop in the northen
Guinea savanna of Benin, Cameroon,
and Cote d'Ivoire, but it has also
supported the spread of maize
through improved input supply and
marketing facilities.

The challenge overall is to ensure
that improved technologies can offer
the farmer some “visible™ gain, as
well as help address the issue of
resource depletion. The main gains to
farmers still need to be emphasized
in terms, for example, of more food,
added income, better health and
nutrition, or less labor, while the
technologies so promoted also do
something to protect wad presenve
the environment. There e saccess
stories of this kind (alley farming, the
use of mucuna against the imperata
weed, to name two examples) and
lessons learned from them should be
applied to other new technologics.

In summary, arcas with a high
land-use intensity have the highest
need for resource management
technologies. But as conditions there
cause a favorable disposition toward
change. results can be achieved fairly
quickly. In much of West Alrica,
however, land use is only moderate
(see box). Here, the farmers are not
vel sensitive to the potential for
resource degradation, The challenge
to develop suitable technologics
would be particularly important here,
as would the additional challenge to
present theny in terms that can appeal
to the farmers,

Need to revalidate

The time frame in which this charac-
terization was carried out must also
be recognized. Characterization is,
alter all. a continuous process,
involving updating or upgrading of
information, and of the understanding
that Hows from such information.
Since the situation is dynamic,
solutions that are designe J must have
in-built mechanisms for revalidation.
In order to confirm the tre.s
observed so far, efforts at meso- and
microcharacterization are already in
progress at several sites, with national
program scientists playing u key role.
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TECHNOLOGY GENERATION

Fallow systems for sustainable
farming

Farming in West and Central Africa has for many years been pushing into areas
that were once considered difficult—poor soils, thick forest cover, remoteness,
or other former deterrents to cultivation. At the same time farmers have been
forced to shorten the fallow period and to coax bigger harvests from the soil
by increasing the use of fertilizer, where possible, and other inputs. Growing
numbers of people to teed in the farming communities and the towns beyond
have created the pressure to extend and intensify cultivation.

At the same time in some farming areas, population numbers are decreas-
ing because of better job opportunities elsewhere, or simply because of the
difficulty in providing enough food or income from local resources. In such
arcas of decreasing population density, the land can become degraded because
there are too few farmers 1o practice sustainable cultivation methods. Lack of
labor to clear land that has been under faliow results in the repeited use of
cropped fields, the negleet of tasks to maintain that land, and the abandonment
of restorative fallowing.

Agricultural scientists as well us farmers are concerned that croplands which
are subjected to such worsening pressures cannot sustain their capucity to
produce food. Croplands must be allowed to rest and build up the soil's
organic matter, which fuels the biological cycles in the soil that in turn
determine its fertility. Without such a fallow petiod, the soil is gradually
impoverished which encourages weeds, insect pests, and diseases to prolifer-
ate. Crops then grow poorly with low yields.

Quest

The key element in this dynamic is the quality of soil organic matter, which
declines under unremitting cropping. Farmers need to be able to avoid soil
degradation while increasing their productivity—hence, the quest for technolo-
gies o achieve “sustainability™ in furming, a vital goal of current agricultural
rescarch in tropical Africa.

In carlier tires, agriculture in West and Central Africa was sustainable
because farmers would shilt from a cultivated site to an uncultivated one
before severe decline could set in, leaving the fields 1o recoup their nutrient
losses under natural regrowth. Since most farmers today face decreasing
options, researchers are tirning to systems of cultivated or managed fallows to
provide technologies for sustainable farming.

Proper management of selected fallow species can return organic matter to
the soil, suppress weeds, reduce erosion, and contribute to sustenance of sol
fentility. Legumes are particularly useful because they add nitrogen to soils and
endow the soil with organic matter from their abundant biomass,

Short-term experiments have confirmed the value of legumes (hoth
herbaceous and tree varieties) in preventing soil degradation. In spite of years
of work on the main components of sustainable crop preduction, however,
research has yet to show how long the different types of improved, managed
fallow systems might sustain farming—or whether any of the systems would be
cconomically attractive Tor farmers.

Answers

The answers to those kinds of questions can only come from decade-long
experimentation, especially if agroforestry systems are the subject of research,
Long-term trials which investigate the effects of various fallow systems on soil
fertility—i.c., its organic matter content and quality—require controlled



conditions which are hest provided
by rescarcher-managed, on-station
trials.

nra began a long-term experi-
ment on the productivity and
sustainability of improved, managed
fallow systems in 1989, on 8.5
hectares within the wra headquarters
site that had been covered by
secondary forest growth for more
than 23 years. Located within the
“derived savanna™ zone (sometimes
called the forest-savanna transition or
“forest-savanna mosaic™), between
the humid forest and moist savanna
zones of West and Central Africa, the
area receives an annual average of
1,250 millimeters of rain, with two
peaks in rainfall distribution that
occur in June and September. The
dry season falls between November
and March. Soil type of the experi-
mental site is mainly alfisol,

The intention is to determine
whether rea’s most promising
technologies could be the hasis for a
system that would enable a farmer to
cultivate the same picee of land
intensively for a long time, without
impairing the fertility of that land,
One of 1ra's chief aims is to create a
nmanaged fallow system, which
conserves or replenishes organic
mater in the soil, to replace the
“bush” fallow or natural regrowth of
tradtitional “shifting cultivation™,
which depends on perpetual

availability of uncultivated fand for
crop production.

The two managed fallows in the
study are alley cropping”, with
hedgerows of a nitrogen-fixing tree
legume which improves the soil with
its prunings, and a ground cover or
“live mulch”, which continuously
supplies the soil with organic matter
through its litterfull. Alley cropping
sustains the fertility of farmlands by
approximating the forest ecosystem
within the cropping system, The
hedgerows provide the restorative
processes of a fallow and help
prevent soil erosion, while the farm
can produce food, fodder, and
fuctwood on i continuous basis. (See
related article in et Awnnal Report
1992) Inthe live-muleh system, an
herbaceous legume maintains a
permanent ground cover which
suppresses weeds and reduces soil
crosion, hesides replenishing soil
organic matter and nutrients,

Fixes

Both systems add nutrients to the
plant/soil system through their ability
to "ix” atmospheric nitrogen in the
soil and to recover nutrients from
deep soil layers, which are normally
inaceessible to the shallower roots of
food crops. The nutrients are deliv-
ered to the topsoil by the pruned or
fallen leaves and stems of the fallow
species which are broken down by

Precision drilling in Pueraria fallow plot, to install tensiometer for measuring soil water tension;
maize cropping and undisturbed forest in background.

Konrod Vielhover

soil fauna and decomposed and
mineralized by soil microorganisms,
Hence, a vital part of the system is
the microenvironment which the
fallow species provides in the soil for
fauna such as carthworms and
microrrthropods, whose activity
determines the rate at which litter can
be transformed into the stuff of
fertility.

The main objectives of the study
dare to:

* Compare the managed-fallowing
technologies of alley cropping
(Lencaena lencocepbala as the
hedgerow species) and a ground
cover (Pueraria phaseoloides) with
natural regrowth (bush fallows) and
with the existing secondary forest.
* Investigate the effect of fallowing
on sustenance of crop production
{maize and cassava, the dominant
intercropping combination in the
zone).

¢ Evaluate the cost effectiveness of
the different systems,

Each of the 3 fallow systems has
been cropped, since 1989, at different
rates, following the prevalent range
of cropping intensities among farmers
in the zone: continuous cropping
(100% utilization of the land), and
cropping after 1. 2, and 3 years of
fallow period (heing 50%, 33%, and
25% utilization, respectively), A full
crop/fallow cycle in this experiment
is thus -+ years. The fallow species
have been continuousl maintained,
being managed (weeded or pruned)
(o prevent competition with the
Crops.

Part of the experimental area is
undisturbed forest which serves as a
control plot, against which to
measure the performances of the
managed fallows,

Each plot in the experimental
treatmeits measures 12 by 20 meters,
atypical size among smallholder or
subsistence farming families in areas
of high demographic pressure on the
land. Following normal local practice,
no agricultural chemicals have been
introduced and tools have been
fimited to simple hoes and other
implements. At the beginning of cach
cropping season, the fallow vegeta-
tion in all reatments has been
slashed and the dried plant residue
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burned before crops have been
planted, in accordance with tradi-
tional practice.

First results

Preliminary results from the long-term
study were summarized in 1993,
some - years (heing 1 full crop/
fallow cycle) after the trials began,
Continuous concurrent with the
fallow treatments cropping under low
inputs (primarily labor), as might be
expected, reduced crop yields,
increased weed pressure, and
impoverished the soils over the years
in all fallows, particularly the natural
regrowth. Conversely, the longer the
fallow period, the better were maize
yiclds, the smaller the effects of weed
pressure, and the greater the activity
of carthworms,

Much further study of the great
range of data already collected, and
those 1o be collected in the coming
vears, will determine which of the 3
fallow systems will emerge as the
front runner. Each of the systems has
specific advantages in different
respects, across the range of condi-
tions being measured in the study,

Nonetheless, initial analyses in
several important respects show that
the Pueraria live-mulch system
produces superior results:

e best maize yield after one year of
fallowing (sce figure 1)

¢ lowest effects of weed pressure on
maize vields

* highest carthworns activity and best
organic-matter content of worm casts
e greatest direct contributions of
organic-matter friactions to topsoil

* most cffective in taking water from
deep soil layers, and in redistributing
the soluble nutrients to the opsoil
through liverfall,

Looking at crop production. maize
vields in plots under continuous
cultivation fell sharply in the natural
regrowth or bush fallow trials, but
showed more stability in trials with
the two managed fallows. Maize
vields stabilized in all treatments after
2 years of fallowing, irrespective of
cropping intensity. Cassava yields
were highest in the nawaral regrowth,
however, and lowest with live mulch.

With weeds, the bush fallows
consistently fostered a higher weed
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pressure and concomitant yield loss
in continuously cropped plots than
did the alley cropping and live mulch
systems, Weed density was very high
in alley cropping treatments alter a
fallow period, possibly because of
volunteer Lewcaena seedlings.

Worms and water
Earthworm activity, measured in

1. Effect of fallow management and
cropping intensity on maize grain
yield in plots weeded twice (IITA,
1993)
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production of worm casts on top of
the soil, contributes to soil fertility
and gives a good indication of how
favorable is the soil environment for
such faunal activity and plant growth.
Worms move soil with nutritionally
valuable fractions in their casts from
deep layers to the surface. Also,
worm tunnels help increase the low
of water to plant roots. Fallow
systems with no or little tillage, few
chemical inputs, and much organic
matter from mulching encourage
casting and. in turn, are nourished by
its benefits,

Earthworm activity in all the
fallow systems, during 1992, did not
attain the same level of cast produc-
tion as that of the control plot of
undisturbed forest, until - months
into the cropping scason, Therealter,
the live mulch showed the most
favorable environment for worms,
followed by alley cropping. Worm
casting under natural regrowth never
attained the level of that in the forest.
(See figure 2, on page 19.)

Alter a 3-year fallow period,
however, the undisturbed forest
remained the most favorable environ-
ment for carthworms throughout the
cropping season.  Earthworms
produced fewer casts in each of the 3
fallow treatments than in the forest.

Henee, o long fallow period does
not appear to enhance carthworm
activity: while continuous cropping,
which incorporates an improved
fallow system (live mulch or atley
cropping), eppears to promote earth-
worm activity. Casting in alley plots
wits most vigorous close to the
Lencaena Medgerows, and tapered off
with increasing distince from them.

In water uptake and distribution
in the soil. natural regrowth and alley
cropping did not show as good
results as did live mulch. throughowt
the 1993 cropping season. Having
relatively less capacity for water
uptake, the maural regrowth and
alley cropping systems foster greater
leaching of soil nutrients during the
rainy season.

In soil with a structure that favors
water infiltration, the Pueraria live

fcontinued on page 19)



TECHNOLOGY DEPLOYMENT

How African programs help
each other to use
ieguminous cover Crops

The challenge in African agriculture is to raise productivity of small-scale
farmers in a diverse range of environments—less favorable, more heterogenous
environmients than those already exploited with high-vielding varieties and
other “green revolution™ types of technologies.

In 1rra’s experience, the most effective strategy is 1o address the specitic
biophysical, sociocconomic needs of farmers in target arcas. In such a strategic
approach to research on area-specific problems, the question arises: who has
the comparative advantage. international centers or national programs?

The evolution of the Collaborative Group on Maize-Based Systems Research
(comss). comprising scientists from national institutes who work with —1rra
agronomists and economists, provides a positive example of how the two
trpes of program can complement each other's advantages and create effective
solutions to specific problems.

The comps group consists of 10 teams of scientists from 1ra and 6 countries
in West and Central Africa:

o Benin Clustitit national des recherches agricoles du Bénin hiskai), Cotonou)

» Cameroon Custitul de recherche agronomigue iral, Bamenda and Garoua

stations)

* Cote d'Ivoire Clustitut des saranes, Bouake)

* Ghana (Crops Research Institute [ cril: Kumasi and Nyvankpala stations)

* Nigeria Cnstitute for Agriculiural Research, Samaru; Institute for Agricultural

Research and Training, Thadan)

o Zaire (Service national de la recherche appliquée ef rulgarisation, Kinsasha)
comns develops ways to apply legume-based technologies, which combat

crop production constraints, through improved on-farm research approaches

and methods. Both technical and “process™ aspects of the task are interdepen-

dent—the technologies and their application are developed under farm

conditions with the help of farmers, whose insights in wurn may lead 1o

modifications which better address their needs and which help sharpen the

research focus.

On-farm first

coMis began in 1989 as a group of researchers in resource and crop manage-
ment issues—national program scientists who were collaborating with ura in
testing of technologies with farmers for increased maize yields. The main
objective wis to exchange information about on-farm research methods so that
sroup members could improve their own practices and research results.

The chief research issues among the group at the time reflected the worst
common constraints in maize production systems: how to maintain soil fertility
and control weeds. The single most promising lead was the use of leguminous
cover crops in various cropping patterns with food crops.

The researchers recognized that cach of their institutional bases was strong
enough to conduct its own program on local, site-specific factors of a problem,
so that cach institutional team would conduct independent research on the
common themes.

The collaboration essentially consists in development of rescarch ap-
proaches, methodologies, and technologies through periodic meetings and
mutual training experiences.

Since 1989, the group has met
cach year in a different country, Each
host institute has presented a relevant
part of its program for comparative
purposes, to generate constructive
discussions.

At the fourth cosps mecting
during 1992, for example, the ra/
Garoua hosts presented a range of
legume-hased technologies, native as
well as introduced species, which
they had developed to the multiplici-
tion stage. Participants from g/
Maroua intrigued the group with a
“minikit” technique for farmer-
managed testing, which involves
single treatments with very little
supervision by extension agents,

In 1993, the host institute in
Nigeria (the National Root Crops
Research Institute) and nra conducted
atraining exercise in on-farm
research and technological applica-
tions, to address needs expressed by
members of coms and d sister
network of root crop researchers.

comps members have also
organized inter-institute visits o
demonstrate use of new, effective
research techniques. The two Ghana
teams (cri/Kumasi and Nyankpala)
visited Benin during 1991 1o acquaint
themselves with the mucuna technol-
ogy and the on-farm methodology
firsthand. They subsequently orga-
nized testing of mucuna-improved
fallowing with frmers in Ghana's
forest zone, A Cameroonian team
from a/Maroua also made a special
visit to Benin, in 1993, which helped
them to reorient their on-farm testing
activities to include farmer participa-
tion and 1o set up testing of mucuna
in Cameroon’s northern Guinea
Savanna.

Benin's bonanza
Benin's ixran team had since 1987
put farmers in the forefront of the
technology design process. With 1ma
and the Netherlands's Royal Tropical
Institute (ker), 1xran had organized
farmer groups to select and experi-
ment with several different options 1o
improve soil fenility in nulize
cropping systenis.

The researcher: airmer discussion
groups opened the way to the
farmers” whole-hearted cooperation.
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Benin: green gold

The results broke new ground, as the
farmers discovered a key advantage
to the mucuna option which had not
figured explicitly in the researchers
design. The farmiers noticed how
mucuna suppressed “speargrass”
Umperata cylindrica), a scourge
which can thoroughly infest even
small plots, forcing subsistence
farmers to abandon them. The
farmers also appreciated how
mucuna improved maize yields of
crops planted the following season.
The mucuna technology thus became
the most popular option,

In 1990 the extension service
picked up the mucuna technology,
with support from the Sasakawa/
Global 2000 agriculiural development
project, to promote it among farmers
in the southern region of the country
for its dual benefits. After 3 years of
promotion, it has been reponted that
more than 3000 farmers in the 5
southern provinces were using
mucuna, either as a sole crop to
CONLrol speargrass or as an intercrop
to improve soil fertility.

Feasibility

The group realized that legume-based
technologies would not be adopted
unless they could be demonstrated to
be worth their cost to farmers, in
terms of soil fertility and weed-
suppressing benefits and other

18

possibilities, such as food uses and
erosion control, among others.

The soil fertility benefit of an
herbaceous legume might be equiva-
lent to 1 50-kilogram bag of urea per
hectare for the following season's
crop. On the other hand, the effec-
tiveness of the technology as a weed
suppressant would depend on the
nature of the weed problem and on
agronomic factors. Betore adopting
any particular technology, the farmer
would have to weigh its various
benefits against the loss of cropping
area occupied by the cover crop for
that scason,

Women farmers, who cultivate
gardens that supply their houschold's
daily food needs, might be particu-
larly reluctant to give up production
area for agronomic purposes. without
a concomitant food production
benefit. Potential food uses of
legumes could usefully figure in the
research strategy for promotion of
such technologies.

comis researchers realized that
they must be able to characterize
their target area very carefully, in
order to make an effective selection
ol leguminous technology for local
conditions. For that reason, matching
of technologies to conditions in
farmers” environments became
coms's guiding principle for technol-
ogy testing with farmers.

g
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comss therelore developed a
guide for researchers and extension
agents to use in matching technolo-
gies with the conditions or require-
ments of the farm. “Improvement of
soil fertility and weed suppression
through legume-based technologies™
was published in 1993 as w1 Re-
search Guide 8.

The guide ofters a 4-step methed
for selecting a leguminous cover crop
appropriate to the specific environ-
mental conditions of a farm:

1. Definition of 21 criteria (agroeco-
togical, socioeconomic, and agro-
nomic) which compose the character-
ization of the target arca and applica-
tion of the technology.

2. Ecological and socioeconomic
characterization of the target area and
the farming systems within it.

3. Agronomic and economic charic-
terization of the legume-hased
technologies.

4. Identification of the most appropri-
ate leguminous cropping system for
the improvement of soil fertility and
weed suppression in the target area.

Pinpointing the right
technology
couMbs has also developed a “deci-
sion-support” system called 1pxsys—
Legume Expent System—for integra-
tion of herbaccous legumes into
farming systems. Published in 1993 as
a handbook and a set of software
files (FoxPro 2.0) on two 3.5-inch
diskettes, 1EXsYs (version 1.0) contains
information on more than 100
tropical legume species from all over
the world. comps researchers contrib-
uted information from scientific
literature on leguminous crops which
they had collected from their own
institutes and others in the region.
The information is accessible in a
practical, ficld-oriented format. It will
be reissued periodically in updated
versions to reflect new rescarch
results. 1Exsys is intended 1o be used
as it 1ool in identifyving promising
technologies for ficld-testing with the
contributory participation of farmers,
Apart from the publication of 14
Research Guide <18 and 1exsys 1.0,
coMs's accomplishments include
tangible improvements in the
research programs of member



institutes.

The group offers a collaborative
mechanism, which permits members
to observe aiid comment on each
others” on-farm research practices and
together evolve improvements for
specific requirements in each others'
agenda. The value of each member's
experience can be shared and
multiplicd among all, often resulting
in substantial savings as greater
efficiencies are achieved.

The group's innovative interac-
tions have stimulated the ra team o
develop a methodological approach
for targeting technologies to specific
areas, which takes into account the
dynamic nature of farming systems.

An understanding of the forces
which drive changes in farm produc-
tion, primarily demographic or
murket factors, is essential for
aceuracy in characterization of a
problem and in selection of the right
technology for 4 solution. Real
understanding is especially important
in the heterogenous environments of
the comss region, where production
systems are evolving from extensive
to increasingly intensive farming. (See
article on "macrocharacterization” in
this section.)

Above all, comss’s activities have
attested to the value of the farmer's
contribation in agricultural rescarch.
The farmer's practical knowledge of
crop production problems and of the
limits of his or her resource base is a
key tool tor the researcher. Farmer
participatory research has, in the
cosps experience, opened the way 1o
increases in research-based produc-
tion gains,
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Fallow SYStems (continued from page 16)
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mulch system facilitates water
infiltration into the soil more than do
the other two fallows. A dense layer
of decaying plant residue covers the
soil surface which helps trap runoff
and minimizes erosion. Also,
Pueraria roots reach deeply into the
soil, enabling it to absorb enough
water from the subsoil to meet its
transpiration needs. Water can
permeate the soil through the
channels left by those roats, after
they have died oft.

The basic process studies of the
dynamics of soil water and nutrients
are being conducted by a special
project of the German government
agency for technical collaboration,
617, Within the project during the
next several years, the nutrient
content of soil, soil water, and plants
will be analysed, the nitrogen
contribution of legumes will be
quantified, root distribution and
densities will be measured, litterfall

and prunings will be assessed, soil
faunal species monitored, and many
related investigations performed.

The whole picture of the relative
effectiveness and efficiencies of
alternative cropping systems will
gradually be assembled under the
general project described in these
pages: ITA’S resource managenient
research project known as “Determi-
nants of sustainability in cropping
systems” and funded by the core
budget. The entire project calls on
interdisciplinary contributions from
specialists in the crop sciences, plant
health management, and social
scienees, As further knowledge
accumulates about promising tech-
nologics for sustainable agriculiure,
colleagues from national programs
will become involved in testing and
adapting them for local application.
(See the article on “Technology
Deployment™ on page 17 which
describes such a process.)
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Plantains can be grown
perennially in the field,
research shows

rea scientists have shown, as a result of decade-long research, that plantain can
be grown as a perennial crop, in a sustainable production system under certiin
conditions. The impact on production is potentially great, as ficld production in
commercial quantities has been limited and most supplies of plantain come
from backvard gardens.

These studies have a history. Tt was observed carly in ea's research that
plantains performed extremely well in home gardens (where soils are generally
rich in organic matter, mainly because of household refuse). but not in the
ficlds. especially in the highly weathered soils of West and Central Africa,
Rapid yield declines were—and still are—common in open fields afier 1-2
vears of cultivation. even with liberal applications of inorganic fertilizer.

The causes for this rapid yield decline are complex. The root system of
plantain is relatively shallow. In addition, pests build up because plantain s a
long-duration crop. with a production cvele of 12-18 months. The plants can
casily fall down under strong winds because of poor root development,
combined with root damage. Another contributing factor is “high mat.” a
condition where the base of the plants tends to grow out of the soil, as they
anchor poorly. The plants ratoon or grow shoots slowly, which lengthens the
production ¢evele.

wes scientists have been working on all these problems. Early in the 19805
they started by studying the effects of fertilizer and mulch. since mulching is a
means of improving soil organic matter 1o sustain plantain productivity. Early
rescarch showed that viekd decline can be arrested by mulching from an
external source. such as elephant grass (Peymnisetiim prnprrennn, and that
plantain only responded to applied fertilizer in combination with mulch.
Mulching enhanced root and sucker growth and reduced the high mat effect,
thus slowing the vield decline.

But mulch input from external sources requires intensive labor, as well as
additional land on which to grow the muleh material, so it was not found
ceonomically viable. Alley cropping offered an attractive option, since the
hedgerow trees and shrubs could serve as the source of muleh for the plantain,
which would be be grown in the alleys.

No longer confined to backyard gardens: a sustainable system for perennial plantain
production

Plantun yields in alley cropping
were lower by between 19 and 119
than in the system with external
mulch, but there were some compen-
satory advantages. For example,
Acioa (now Dactyladeniad barteri, a
locally grown tree, offered the best
results: in return for o vield decline of
190 compared with the control
treatment (external mulch),
Dactylaclenia offered superior weed
suppression and soil improvement
hecause of its mulch.

Another long-ierm trial began in
1987 which specifically studicd the
perennial vicld potential of plantains.
The bush was cleared manually after
a fallow. The residue was not burnt,
as is traditionally done. In hedgerows
that were spaced 3 meters apart
between plantain rows, the natural
shrub and tree species were allowed
1o grow. This provided a natural,
multispecies alley cropping system.

A 1992 survey identitied more
than 120 plant species in such 3-vear-
old hedgerows, After 6 years of
plantain cultivation in the alleys,
there was no evidence of vield
decline, suggesting that the system
can maintain productivity over
extended cultivation periods and
conserve plant diversity for future
fallow periods,

In a rekaed trial, annual and
perennial cultivation of plantains
were compared in a multispecies
alley cropping system 1o test the
hypothesis that annual replanting
might help overcome rapid vicld
decline in plantains. In the annual
system, the best sucker tor follower)
is replanted after the mother plant is
harvested. In the perennial system, it
is left 1o ratoon. Our results show that
perennial cultivation is significantly
more productive C-vear mean vields
of 20 tonnes per hectare, against 15
tonaes for snnual cultivation),
Perennial cultivition thus appears 10
be more profitable, with vields tha
can he sustained under appropriate
practices of crop management.

The growing cvele of plantiins
has already been shortened with
improved hybrids developed by iy
scientists carly in the 1990s. Studies
continue on many related facets.
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Three cassava varieties {rom 1ITA were
officially released in Ghana during 1993,
They are HTA clones and were given
local names—Abasa Fitta for clone
211425, Aftsiafi for 30372, and Gblemo
Dusiele for 503935, The official release was
the culmination of 5
vears of extensive

Rosearch  «nd critical
. . cevalwation w8
eﬂlvery Jocations. which

encompass the
nujor agrocecologi-
aitl zones in Ghana,

Selection and evaluaion of the clones
had originally begun at IFTA carly in the
19705, The period from 1981 10 1987 was
one ol maintenance, multiplication,
announcement of availability, and—
finallv—negotiations with two quazntine
authorities, during 1987, for transfer of
fresh suttings to Ghana, where the final
selection process conmmenced n 1988,

The foregoing details show why long
lead times and tenacity in commitment
dre a requirement in crop improvement
research. Rescarch should, of course, be
well-focused with the clear intention of
achieving impact. But that impact cannot
happen overnight—ceven now, following
the officiad release of the varicties in
Ghana, rapid multiplication schemes must
function well if they are to reach farmers
on the hoped-for large scale.

Fourteen improved tropical Musa
plantain hybrids c1MPx). which are
resistant to the fungal disease of hlick
sigatoka, were registered in the public
domain in HortScience 2809), pages 937-
W 19930, (See story in these pages.)
Currently hybrids are being evaluated in
collaboration with national. regional. and
international institutes in 13 countries,
such arate of progress, witlea crop
widely considered to be intrctable to
genetic improvement by clissical
methods, has been exceedingly rapid.

Seed of IITA maize, soybean, and
cowpea viricties were available in the
commercial sector in 1993 Each of the
three seed compuanies operating, in
Nigeria (Pioneer Hi-bred, UTC, and UAC)
officially announced the TTTA varieties in
their catalogues, cither under their own
mme or thatof IEAL direatly. Examples
of naize include Pioneer's hvbrid
varictios Oba Super TATTA ret 8321-18),
Obu Super 2680 14-27), and New Kaduna
(8303-1); UAC'S Mega Maize Services MM-

Crop

improvement

Highlights 1993

t 1o -5, which are ITA open-pollinated,
steak-resistant varicties, Two of UACs
open-nollinated varicties are resistant o
downy mildew. UTC has produced the
[ITA open-pollinated vasiety for the
midaltitudes, TZM-SR-W. and two
hvhrids.

Of sovhean, both UAC and Pioneer
advertised TGx 536-021) in their cata-
Jogues. Of cowpea, UAC had the HTA
varicties ITA 22:40-02D, while Pioneer had
ITS2D-710 and I'T818-22+40.

In Mozambique, the muional seed
company SEMOC has atilized [FTFA miaize
germplasm adapred o the lowlind
tropics. OF 1,000 metric tons of nutize
seed which SEMOC produced during
1993, some 3,000 metric tons originated
from the IFTA open-pollinated viriety
DMR-ESR-W, which was given the Jocat
name Matuban Harare-based CIMMYT
stafl assisted SEMOC 1o improve the level

of streak resistinee.

Breeding for Striga
resistance recorded
outstanding performiance in
multifocational rials of 9022-
13 STR under artificially intested con-
ditons. (See story on page 35.) The
open-pollinated hreeding program for
Striga-resistance e good progress,
although the Tevels of resistance available
do not vet match those of 9022-13, the
Dest hybrid.

R&D

Resistance to the cassava green mite
fras heen improved in many cassava lines
currently under evatuation for advanced
vield trials. Seed populations have been
distributed 1o national programs (10
during 1992, 5 during 1993). Sources of
resistance include new lines from Latin
America, wild Veonibot species tespecially
M. pistis), and some Alrican landraces,

Soybean acceptance in Nigeria w:s
amply illustrated at the workshop held at
ITA mid-year on small-scale and
industrial-level processing. (See story on
page 23.) The workshap clearly
demonstrated that sovbean had become
crop for which demand currently
exceeded supply.

Improvement of farmers’ local cowpea
varieties nuide good progress during
1993, (See story on page 270 Exeellent
farm-level impact is eipected ina few
vedrs' time.

Sustainable, perennial production of
plantain was demonstrated afier 7 vears
of trials at IFTA's High Raintall Station,
Onne, as the result of application of
adequate crop and resource management
practices. {See story on puge 20.)

The effectiveness of promiscuous
nodulation of soybean in farmers ficlds
was confirmed during 1993,

Building on the results of field trials
in 1992, a trial was conducted to examine
the viekl, naduafation, and nitrogen
uptake of sovbeans under 3 soik-nitrogen
treauments: applicd inorganic nitrogen, i
seed-applied inoculum of
Bradyrbizobinm, and uninoculated seed
whaose only supply of mineral nitrogen
wiis the soil, Of the 19 test sites, 18 were
in farmers” ficlds in Nigeria's miin
sovhean-growing areas, in the Jowlind
savanna and midaltitude agroecological
VASI [N

The key finding was that the soybean
vield performance wis similarin all
treatments, Promiscuous nodulation
using a subset of cowpea rhizobia had
oceurred.
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RESEMRCE: PERSIPICHIVES

IOTA places improved plantain
hybrids in the public domain

During 1993, irta made available to users worldwide published information on
14 improved tropical plantain hybrids it had developed and tested over the
past several years. These hybrids, highly resistant to the devastating fungal
disease, black sigatoka (discussed more fully inour  Amwnual Report 1992), are
now in nra-assisted trials in 12 countries of the tropical world, which include 9
countries in sub-Saharan Africa, They will likely be released to farmers within
the next few years.

Plantain (Musa spp.) is an extremely important food crop in sub-Saharan
Alrica, providing important nuirition (25% of carhohydrates, 10% of calorie
intake) for many millions of consumers, It is also an important source of
income for smallholder farmers, who produce them in compound or home
gardens,

Pest and discase pressure on the crop has been increasing over the past 15
years or so, as production has intensified. Prominent among the constraints has
been a leaf spot discase, black sigatoka, caused by the fungus Mycosphaerella
Jijiensis Morelet. First identified in Fiji, the disease was accidentally introduced
into soutliern Africa in the 1970s and spread rapidly to many parts of the
continent. It became so serious in the 1980s that several African governments
encouraged nra scientists to launch an urgent research campaign. Incorporation
of durable host plant resistance to black sigatoka became the focal point of a
genetic improvement program for Musa, initiated at 114 in 1987.

rea scientists expected initially that it would take at least 10 yeurs to
develop such resistance. Previous research elsewhere had indicated that
plantain would he notoriously intractable to genetic improvement by classical
breeding methods. Given that background, the success in incorporating
resistance to black sigatoka in improved plantain hybrids within a period of 6
years is especially notable,

That success was achieved by a combination of conventional and new
approaches. including interspecific hybridization, ploidy manipulations, in vitro
culture, field testing and selection, and studies into the nature of the  Musa
genome, which yielded new insights and information for exploitation in a
breeding program. Some of the new insights in - Musa genetics may now he
applied 1o solve other constraints in
plantain production.

Hybrid 548-9 (at center; with parents) doubles the benefit/cost ratio

those differences in yield potential
10se 10 224% and 174",

Host response te black sigatoka
was based on slower or delayed
disease development. When the
discase develops more slowly,
reduced leaf spot damage enables a
larger leaf area to remain healthy
during fruit filling time. This results in
larger, heavier fruits, increasing
yields.

Relative to their plantain parent,
the improved hybrids had a shor
plant stature and a tall sucker
(follower) at harvest, both of which
are desirable traits. Most hybrids had
fewer hands, but they generally had a
higher number of fruits per bunch,
which is an important component of
yield. There were hoth more and
larger fruits per bunch in the im-
proved hybrids, due to their earlier
flowering and greater filling period.

The improved hybrids develop
one or two suckers freely, while
further suckering is inhibited.
Regulated suckering is highly
desirable for perennial plantain
production. Unlike their plantain
parents, which are female fertile bug
male sterile, the hybrids are female
and male ferile. This means they can
be used as parents to produce
secondary hybrids,

The hybrids also had a shorer
production cycle (11 months, in place
of the 13-18 months of traditional
varieties). This is a valuable trait,

. . 2

Traits of improved hybrids

The placing of 14 improved plantain
hybrids in the public domain was
done through publication of their
agronomic traits in- HonScience 2809):
957-959. All those hybrids had
appreciably higher levels of black
sigatoka resistance than their suscep-
tible plantain parents.

The agronomic performance of the
improved hybrids was superior to
their fungicide-treated plantain parents
on a number of traits, with the yicld
potential of the best two higher by
92% and 62%. When adjustments were
made to provide a basis of
comparison for no chemical control,
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which can help avoid high scasonal
fluctuations in supply and crop losses
caused by periods of glut,

A cost-benefit assessment was
made for using the improved hybrids
to overcome black sigatoka, in place
of chemical control. Farmers would
need an investment of at least US
5750 per hectare per year to provide
chemical protection against black
sigatoka. Tuking into account price
fluctuations during different market
periods in rural southwestom Nigeria,
host plant resistance had a compara-
tive advantage over antifungal
chemicals ranging from 3:1 1o 10:1,

Advances in Musa genetics

In the process of developing the
improved hybrids, s scientists have
unraveled significant new information
and considerably modified previously
held views on Musa genetics. One
such assumption was that genetic
improvement of cultivated Mitsa
depends entirely on diploid breeding,
using related Musa species, In
phenotypes obtained from crosses,
s seientists identified both diploids
and retraploids. As a consequence,
s scientists are able to improve
plantain germpliasm at other ploidy
Jevels.

A second point demonstrated by
this work is that plantain breeding
can create more variability than
expected. because there is new
evidence that the triploid genome of
the crop undergoes segregation even
when its total set of chromosomes is
transmitted to the tetraploid prog-
enijes. Tetraploid hybrids are of
immediate interest as potential new
cultivars.

Asresult of other information
generated by research, the
genetics of viarious traits of plantain is
hener understood. The new informa-
tion is heing used in further effonts to
improve plantain,

Working with NARS

National programs have been active
partners in the mudtilocational trials
that are required to assess yield
stability and durability of black
sigatoka resistanee across environ-
ments. Multilocational evaluation
triatls and advanced  Musa yield trials

SOYBEAN IN NIGERIA

As crop’s commercial success
grows, researchers address

linked problems

As Nigeria's soybean industry has grown, supply and demand have swung
between extremes. Bottlenecks oceur along the way from farmer's field to
industrialist’s plant to the marketplace.  1ITA, which has pioneered soybean
research for African production since the 1970s, has kept up with develop-
ments with an eye to lending rescarch support whenever useful or practicable,
Since soybean was introduced in Nigeria duting the 19-40s, consumer
utilization has driven production. In like manner, at HTTA postharvest utiliza-
tion became a second pillar of the soybean research program, once the initial

breeding problems were overcome.

Part of IITA’s aim in applied soybean rescarch has been to strengthen the
work of researcher and consumer groups in Nigeria and other countries, such
as Ghana and Malawi, which are promoting soybean production. From 1987
10 1993, through its soybean utilization project funded by the International
Development Research Centre CIDRC) of Canada and the Japan International
Cooperation Ageney (JICA), HTA and collaborating researchers involved
Nigerian soybean farmers, small-scale processing and consumer groups,
together with industrial producers and consumers, in project activities and
helped them to articulate their emerging interests and needs.

The project carried out baseline surveys, product development (particularly
in food fortification), design and testing of processing technologies, followup
surveys of impact assessment, and training of @ wide range of target groups.
The main Nigerian collaborators were the Institute for Agricultural Rescarch
and Training, the National Agricultural Extension Research Linison Services, the
National Cereals Rescarch Institute, and the University of Nigeria at Nsukka.

Utilization rescarch and promotion stressed soybean's advantages in
houschold consumption and sought to train women and groups concerned
with social welfare. Industries which process or utilize soybean grew to
include vegetable oil, animat feeds, baby foods, snack foods, and beverages.
In February 1991, the project identitied 21 companics in Nigeria which used

were set up.

Both rra and national agricultural
research systems (Nagrs) contribute
resources for the joint testing, 11
provides planting materials, ficld
designs, data analysis, as well as
individual and group training, Trials
are monitored during frequent visits,
Naks run the trials with their own
budgets, This demonstrates commit-
ment of hoth partners in ensuring the
flow of rescarch materials and in
technology development based upon
reliable information,

Technical assistance in the
development of tissue culure
laboratories has also been provided
to national research institutions in

Nigeria, to sustain institutional
development. Tissue culture laborato-
ries will play an important role in the
distribution and multiplication of
clean and improved planting materi-
als of selected genotvpes. These
facilities can also be used for other
crops that benefit from in vitro
culture techniques.

Information exchange oceurs
frequently, through mectings and
correspondence, s well as formal
publications. A plantain and banana
newsletter for Africa, MusaAfrica, was
initistted in 1993, and three issues
were brought out during the year.
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Multicrop thresher: grain gains call

soyvbean asan ingredient in its
projects. By 1993 that number had
more than doubled. 1o 50,

In July 1993 11TA held a work-
shop of small-scale and industrial
sovhean processors, which brought
together the whole spectrum of
producers from the cottage-industry
1o Lirge-scale levels, as well as
sovbean growers, Production and
marketing information gathered by
the IDRC project was reviewed.
Producers and processors exchanged
views on development of sov-based
food products and the associated
equipment and machinery for their
nunufacture,

The processors” main message for
producers was that they needed more
grain of better quality than they could
ustably find. Growers replied that the
shortfall in quantity and quality of
supplics derived partly from lack of
inputs—they complained tha
availability of single superphosphate
fertilizer had been erratic,

Bevond that market gap. they had
encountered less tractable problems:
) shatering of mature pods in the
ficlds betore they could be harvested:
(hy laboriousness of threshing: and
torvield loss through Cercospora leat
spot discase. These are problems
which rescarchers cam tackle. 1A
and collaborating scientisis have
worked on them for the past few
vears, with excellent results 1o date
from field-testing which are described
in the second half of this article.

Demand-driven surge
Despite the obstacles, the project

surveys revealed that production had
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for processing boost

surged—more than
ativefold increase,
for example, in 3
local government
areas ol castern
Benue state, from
1985 1o 1989; and
dourtold increase
in Kaduna state,
from 1980 16 1990.

At the meeting
itwas clear that
sovhean, from a
crop with no
demand in the
mid-1980s. had become a crop for
which demand exceeded supply.,

The experience of the IDRC-spon-
sored project had affirmed the spread
of sovbean eultivation, consumption,
andbagroindustrial use in Nigera. The
enthusiasm of the diverse stakehold-
ers in soybean's future augured well
for continued development.

How to replicate such a suceess
story has been a antalizing question
for researchers who want 1o plan for
similar projects elsewhere in West
Africa. While Nigerian soybean has
long benefited from a governmental
ban on imports, that policy obviously
could not have legiskied the
industry’s growth, An industrial base
had also not been essential in local
developments, for the utilization
project had suceessfully promoted
small-scale processing,

Indeed. itappeared that develop-
ment of utilization had created

L Halos-kim

No bean breakage with ihe fail-safe flails

demand for sovbean production. The
expansion of the project 10
neighboring countries therefore
seemed valid, if founded on utiliza-
tion as the stimulator of demand-led
production,

Linked problems

The shattering problem forees farmers
to limit their soybean cultivation., o
ficlds that their labor resources can
harvest within the few days from
when the pods are mature to when
they shatter and scauer their grains.
The shorter that time margin, the
greater the constratint on farmers.
The longer the interval before
shattering, the larger the crop which
farmers may plant without risk of
loss,

HTA and Nigerian researchers
have developed varicties that will
shatter much fess than the improved
varieties available in 1987, The new
varicties can remain in the tield
without shattering up to 10 days
longer. which increases farmers’
flexibility in management of their
limited labor.

Grain gains  As grains are saved
through less loss from shauered pos,
the increase adds to the threshing
toad. The problem with threshing is
that itis physically very demanding
and must be done quickly after
harvesting, in the heat of the day., 1o
avoid grain losses through
discoloration and pod rot.

L Helos-Kim
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The problem has a gender
dimension: women are generally
more interested in planting sovhean,
vet they need to rely on men to do
some of the onerous threshing,

IITA postharvest researchers have
developed two threshers, depicted in
these pages: one for hand operation
(the "tlail™) and the other with a
benzine-driven motor, the “multicrop
thresher.” Both have been tested in
the savanna farmlands of Bauchi state
in recent years,

The flail has usually been popular
atfirst with women and children.
Men have preferred the mechanical
thresher, which saves much more
time tup to 10 times) and eliminates
the potential problem of damp rot of
harvested but unthreshed soy plants,
lis economic virtues seem eventually
o win over women farmers as well,
after they become accustomed 1o
operating it

Both the threshers reduce grain
loses from harvesting and threshing
operations. The multicrop thresher
has rung up a 2" breakage rate,
while the flail registers no breakage
losses atall. Grain quality is further
enhanced by virtual elimination of rot
or mold damage. And the savings in
labor are obvious and welcome.

Small but responsive

Sovhean research at 11TA has always
been asmall enterprise but, at the
same time, remarkably effective in
terms of meeting goals of production
increases and quality improvement in
target areas. TA sovbean scientists
helieve their suceesses have stemmed
from their consistent concern about
communication with farmers, con-
sumers (nuinly women who process
sovheans into food). national
program scientists, and industries
tvegetable cil, livestock teed., and
specidty food products),

That communication has allowed
the scientists to identify the most
important constraints in sovhein
production, marketing, and utiliza-
tion: and then to focus their rescarch
on the emerging problems.

Breeding cassava for “safer”
consumption, higher protein

How sale is cassava for human and animal consumption? Some 300 million
people in the tropics, more than 200 million of whom are in sub-Saharan
Africa, consume cassava regularly. without visible harmiul effects. They thus
provide empirical evidence of its “safety.” Yet doubts persist (see box).

The doubts have some basis. Cassava is among many plant species that are
cyvanogenic—they possess the ability to generate eyanide—but in none of them
is hydrogen cyanide Criex, alethal compound) produced directly or stored in
the plant, atany stage of its growth. The plants produce substances (mainly
glycosides, but in some cases lipids) that may break down and produce
cyanide. Inanatural hakanee, the plants also produce enzymes that are capable
of breaking down the cyanogenic compounds so formed.

Those compounds and the enzymes that degrade them are always stored in
separate compartments within plant cells or Gas in sorghum) in different cells
altogether, When the plantis damaged, the structural integrity of its cells is
destroyed. As aresult, cyanogenic compounds may break down, and hydrogen
cyanide may be produced. This is what likely oceurs in cassava, which
produces two cyanogenic glveosides, linanmarin and lotaustralin.

The compounds do not break down when cell walls are intact, but when
cassava tissues are bruised and the cellular structures are disrupted, their
breakdown can lead to the formation of hydrogen evanide. The hvdrogen
cyanide, once itis produced. will dissipate in the air, sinee its boiling point is
25.7 C. Thus, in damaged plant tissues, such as in processed roots and leaves,
one could find traces of hydrogen evanide, as well as the two nonhydrolyzed
cvanogenic glyeosides. [Uis 2rroncous to refer to the concentrations of those
three components in cassava as eyanide content. They are more accurately
described as cyanogens, and their concentrations add up to the plant's
cyanagenic polential.

That potential is subject to physiological processes, which occur slowly, as
well as rapid and volatile biochemical processes. Scientists it wra and clse-
where are engaged in an endeavor to understand those processes and to
exploit them in reducing cassava’s potential toxicity.

Processing

Scientific experiments have confirmed that any processing applied to
cassava reduces its eyanogenic potential. Boiling cassava roots, considered
minimal processing. reduces their cyanogenic potential by about half. Other
processing methods can reduce it by more than 902, This ability of the plant
material to become less eyanogenic during processing is even more pro-
nounced in cassava leaves, which have a evanogenic potential 5 1o 20 times
greater than cassava roots. When the leaves are processed into foods, the
cyanogenic potential is reduced considerably by pounding. After boiling for 15
1o 30 minutes, it is virtually reduced to nil.

When the roots are boiled. the smaller the picces of root and the larger the
volume of water used, the greater is the reduction in the eyanogenic potential,
Thus. grating cassava roots into a mash is an extremely useful step. as is
pounding cassava leaves into a leal meal.

Fermenting the mash or meal adds linde. But fermenting whole storage
roots in watker Cusually for 3—1 days) allows microorganisms to maltiply, which
then help cassava tissues to disintegrate the way grating or pounding does. The
direct action of the fermentation agents on cyanogenic compounds or on
cyanide itsell cannot be excluded. The matter needs further study.

Cassava feaves have amuch greater concentration of linamarase activity

o
i}
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Cassava poisoning rooted in poverty

Cases of cassava poisoning have been reported over the past two decades from various

parts of Arica. But the risk of acute poisoning is often exaggerated, especially in reports in
ihe mass media, which are often speculative. The best documented cases for chronic toxicity
are for (1) nervous disorders in Nigeria; (2) goiter in Zaire and {3) “konzo”, a neurological

disorder recently identified in Mozambique, Tanzania, and Zaire.
These occurrences are rare. They are usually reported from remote areas where, during
drou?hts or periods of public unrest, poverty and a paucity of other foods cause some

people, especially the poor, to rely too heavil
processed forms. In such cases, availability o

on cassava, and fo eat it in inadequately
water and other foods (especially protein

sources), as well as of cassava with higher protein content and reduced cyanogenic
potential, would alleviate the problem, which seems primarily roofed in poverty.

than do cassava roots, which ac-
counts for their superior ability to
shed cyanogens during processing.
Linumarase is the enzyme that breaks
down linamarin to produce the toxic
but volatile cvanide, subsequently
lostin processing. Enhancing
linamacase activity in cassavit roots
could thus be an effective way o
remove eyanogens from them.

Selection and breeding
Breeding cassava for low eyanogenic
potential has two major aspects: (1)
selection of cassava varieties or
populations with a low cyanogenic
potential, so as to combine them with
cassava varieties that offer other
desirable traits; and (2) increasing the
quantity and quality of root protein in
cassava, 5o as to speed up the
linamarase activity that helps in the
removal of cyanogens from cassava
roots.

Many years of screening have
shown no cassava line in which
cyanogenic potential was entirely
absent, but that effort identified
neardy 1000 lines in which levels of
cyanogenic conpounds are low (<f—
5 mg tex equivalent per 100 g fresh
tissue). Of these, about 150 clones
with very low eyanogenic levels (<1-
2 mg 100 g) have been put into a
food quality breeding population for
199-. These lines offer a good
prospect for areas where cassava
roots are eaten raw or simply after
boiling. They will be crossed with
other lines that offer desirable
agronomic and nutritional traits
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(carotene content, for example).

Determining the cyanogenic levels
has involved somewhat elaborate
analytical procedures. A simple
technique that can be applied to a
large number of samples in the field
is still being - eveloped. As the
cassava genotypes so identificd will
be used for ditferent products, a
parallel effort is now on to determine
what tex equivalent levels will be apt
for cach end use. given differences in
processing.

In the last few years, the distribu-
tion of root cyanogenic potential
among several collections of cassavi
genotypes has been investigated. and
it was found that most varicties had
low rather than high cyanogenic
potential. In doing so, it was found
that the cyanogenic potential varies
among different tissues of the root,
between roots of the same plant. and
between plants of the same variety in
the same plot. Variability was greater
between roots than between plants,
and three-fold differences in evano-
genic potential of roots from the
same plant were not uncommon. This
emphasized the need o establish a
proper procedure for samplihg
cassava roots, before avaricty could
be classified as having a low cyano-
genic potential. A minimum of 3 roots
per plant, -1 plants per plot, and -
replications has been found efficient
and cost effective in determining the
cyanogenic potential of i varicty in
AZFONOMIC trials.

Within the same cassava geno-
type. the cyanogenic potential was

found to be affected by time of
planting: it was low with planting
carly in the rainy season and high
with planting at the end of the rainy
season. Water deficit is known to
increase cyanogenic potential, but
some new information that has
emerged is being applied to study if
the accumulition of cyanogenic
glycosides within a cassava plant can
be regulated.

Attempts to control cassavi's
cvinogenic potentiad by conventional
breeding methods have met with
limited suceess, possibly because
there are multiple genes involved.
Environmental factors further compli-
cate this task, as just outlined.
Biotechnological techniques may
offer o promising route to manipulate
this aspect.

Can that manipulation proceed so
far as 1o produce noneyanogenic
cassava? Nhat influence will the total
removal of evanogens have on the
plant’s defence mechanisms against
insects and discases? The answers to
those and other questions lic in long-
term efforts (10 years at current
estimates), which would involve
inhibitiryg the hiosynthesis of cyano-
genic glycosides or diverting their
accumulation to tissues in plant parts
that are not caten. Those efforts
could also result in increase.d ability
to routinely transform and regenerate
the cassava plant,

In collaboration with an advanced
laboratory in Denmark, 1rra scientists
have begun their attempt. iy
scientists also ke active partin a
Cassava Biotechnology Network,
formed in 1988, with its Secretariat at
Centro Internacional de Agricultura
Tropical Caar), Colombia,

In the collaborative effort with
Denmark, hiochemical data available
on key enzymes and genes for
cyanogenesis ire being used to
develop accurate methods for
SCreening cissivil genotypes with a
reduced ability to generate or store
cyanogenic giyveosides, One aim is (o
find some reliable molecular markers
to aid selection for low eyanogenic
potential. Such markers, which would
identify traits whose gencetic control
may be closely linked to genes that
control cyanogenesis, would offer o
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simple, rapid, and reliable way 1o
select for this trait, relatively free of
the environmental influences that
have complicated field sereening,

The second important avenue for
fower cyanogenic levels consists of
increasing linwmarase activity in the
roots. This, in wrn, implies increasing
the quantity and quality of protein
available in cassava roots. Plant
breeders at nra have successfully
crossed cassavi with its wild relative,
Meanibot tristis, which is known to
accumulate protein in its roots, to
produce hybrids with & protein
content as high as 8%, These hybrids
are now being backcerossed 1o
CassivaL Lo incorporate other desir-
able traits, Success of these efforts
would mean that (D the roots would
have an increased ability 1o shed their
cyanogenic potential during process-
ing, and (2) cassava consumers ¢an
geta higher protein content in their
normal dicts.

Potential impact
nra scientists have thus joined in
global efforts for a cassava that will
provide improved nuteition. Consider-
ing that nearly one half of the world's
cassava consumers are in sub-Sahitran
Africa, severd million of whom are
also the heaviest consumers of
cassava anywhere, nra’s ecoregionl
nuindate wone would justify o stake
inimproving this crop’s nutritional
quality. In addition, evidence from
elsewhere in the world indicates that
protein supplements in i cassavi-
hased diet would be highly desirable,
Cassava is already very efficient in
the production of carbohvdrates.
provides 0% or more of the encergy
or calorie intake of many millions of
its African consumers. These very
facts emphasize the drive towards a
higher protetn content. Cassavi also
carries considerable protein in its
feaves tup to 30% crude protein on a
dry weight basisy and it can be
cffectively used—though this use is
as vet lugely unexplored—as a
livestock feed. Add up those facts,
and you will get a clearer idea of
what the potential impact can be of
ciassava improvement efforts,

Cowpea improvement for
traditional farming systems

During the past quarter-century, e cowpea research fulfilled its original goal
of developing high-yielding varieties, for sole-cropping with different levels of
inputs. Ina parallel move which began late in the 1980s, the mainstream of
nra cowpea research became redirected. to improve local cowpea for inter-
cropping with cereals in the dry savannas, with few or no inputs.

The redirection came about when high-vielding, monocropped cowpea had
satisfied major demand globally, but had not really touched the needs of small-
scale farmers in the dry savanna, where most of the world's cowpea is grown,
In that region of poor soils and low rainfall, cowpea is intercropped with
sorghum and millet. Its grains feed farming houscholds, its leaves and stems
feed the livestock, while rood residues enrich the soil for the next cropping
cycle. Both grains and fodder are traded and generate income.

The current breeding program takes three paths in improving local cowpea
for traditional farming. The aggregate task is to producing a yield of around 1
metric ton per hectare, which is more than 20 times the current vields of 25-50
kilograms per hectase,

The three paths are: G0 conventional breeding, (b) wide crossing, and (¢)
non-conventional breeding (hiotechnelogy),

In addition, research in ecological modification will help reduce damage by
insect pests: () biological control and cultural practices.

The multidisciplinary group of scieruists who conduct the program has set a
S-year deadline by which to make a substantial achievement. If progress is
insufficient within that frame, the whole endeavor will be reappraised.

Solo performance
Over 60 countries have received  rra-improved breeding lines for sole- cropping,
in a0 wide range Tof agroecological environments. Those lines combine
resistance to major diseases and
inscct pests with carly maturity and
preferred food grain qualities.
About 30 countries have evaluated
them and identified and released
superior lines for cultivation.

Most of those varicties yield up
1o 2 metric tons per hectare within
0601075 davs after planting and
require only 2 or 3 applications of
insecticide against the chief insect
pests: Maruca pod borer and pod-
sucking bugs. Breeding efforts
continue to develop high-vielding
varicties for monoculure, with
medium or higher levels of inputs,
to enable farmers who can obtain
agrochemicals to realize the best
possible harvests,

While that pleases farmers who
have access to inputs, the high-
performance cowpea cannot easily
or cconomically be grown by
small-scale farmers in traditional
farming systems. Fertilizers and

For the farmer, the returns are greatest on
improved local varieties

[§)
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pesticides may noi be available to
them, or the prices may be out of
their reach.

Local varicties grown without
benefit of inputs vield 25~30 kilo-
grams of grain per hectare. Such
vields, aecording to 1992-1993
surveys by mra, result from low
cowpea planting density in millet or
sorghum systems, combined with
vield erosion from pests, discases,
and parasitic weeds.

Having developed varicties with
A0times those vields, s saw the
potential ditference that breeding
could make for small-scale farmers,
The first step s to stabilize the vield
performince of farmer's varicties,
through incorporation of resistance 1o
flowering-stage pests Gaphids and
thrips), storage pests (bruchids),
Striga and Alectra, and various
discases. The second step is to
improve the vield potential of those
tmproved varicties through selection
for high vield with minimum inputs.

New cowpea varicties hive
already emerged from this process
with increased productivity, produc-
ible on a sustainable basis and
diversified. in order to suit different
frmers” needs and conditions in
different environments. Improved
local cowpea has produced double
the normal grain vields, or about 100
Kilograms per hectare, in on-farm
trials without the help of fertilizers or
pesticides. The improved varicties
will soon be ready for farmers' fields.

The conventional route
Conventional breeding aims to
develop cowpea varicties appropriate
for intercropping with millet or
sorghum in the dry savannas, with
few ornoinputs. The base for this
work is the research station at Kano,
in northern Nigeria, jointly set up and
run since 1990 by nra and Ahmadu
Bello University's Institute of Agricul-
tural Rescarch, at Samaru. A third
collaborator is 1crisat, which operates
a field station at Bagauda, near Kano.
Technical support with plant
physiology and agronomy has come
from the Japan International Research
Center for Agricultural Sciences
(JIRCAS). JIRCAS scientists seconded 1o
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i have focused on abiotic stresses:
tolerance of drouglt, shade, heat, and
low soil fertility.

Farmers participated in the trials
and in the evaluation  Their re-
sponses testified to the aceeptability
and potential for adoption and impact
of the new varicties, The observed
protection against bruchid strage
pests was noted with satistaction—the
longer the grain can be stored, the
greater the advantage for farmers in
marketing their cowpeas and in
keeping good seed for the next
cropping cyele,

For the next round of improve-
ment currently under way, breeders
are focusing on drought tolerance,
resistance to plant parasites Striga and
Alectra, and ability o increase
biomass (both grain and fodder
material) despite poor soil fertility.
Within 310 5 years, when they are
ready for on-farm wials, the grain yield
potential should stand a 200
kilograms per hectare,

Ecological rearrangem .nts
Biological control and cultural
practices are expected to double yet
again, from 200 1o 400 kilograms per
hectare, the grain vield bonus from
use of improved varietics.

Research into ccological approach-
es to yield improvement centers
around the plant pest environment
interactions and the possibilities for
biological control of pests.

The cowpea's center of diversity
appears to the southern Africa,
although it was domesticated and has
been widely cultivated in western
Africa’s dry savanna and Sahelian
regions. Inits center of diversity, the
cowpea might be found with the same
pests together with the pests” natural
enemies. which had coevolved with
the pests and the host plant. If
matural enemies ire found, i will
study how to establish them in the
newer areas where the pests have
Iecome established.

Two of cowpea's most touble-
some pests—thrips C egalurothrips)
and the Maruca pod horer—appear to
have had greater speciation and to
have more parasites in southeastern
Asia than they demonstrate in western

Alrica. West African countries are
collaborating with 11ra and other
centers in investigating whether
Megalurothrips in Alrica is of exotic
origin. Maruca is considered a minor
pestin Indonesia and Malaysia,
where perhaps there are more
cfficient natural enemies than in
Africa. Collaboration with southeast
Asian groups in studying cowpeas
pestinterrelations will begin in 1994,

A basic condition that cowpea
pests face is their need for alternative
hosts during the diy season, when
the cowpea host is not available—
hefore the rainy season begins, and
after cowpea fades away for another
year. They are "migratory.”™ Allerna-
tive host plants of Marnca and
Megalurothrips are heing identified
and examined, together with popula-
tion dynamics of their resident pests
and natural enemies.

Wide and wild

The best sources of genes for
resistance o Marnca pod borer and
pod-sucking bugs come from wild
relatives of cowpea, outside its
primary genepool, which poses great
difficultics. “The resistance genes
must be transferred by wide crossing,
1o equip cowpeit with desired traits.
Tissue culture techniques involving
embryo rescue are required.

Another wild cowpea source of
promising resistance genes belongs o
a group that crosses more easily with
cultivated cowpea. With a strategy of
accumulating the genes tor resistance
to Maruca and pod-sucking bugs, the
genes an subsequently be
transterred to a plant iype which can
be crossed through conventional
breeding tactics to cultivated cowpe,
ura's main collaborators in wide
crossing are Universita di Napoli and
Istititto dello Germaoplasmo, Bari. in
laly. with Tualian government funding
support.

Yield gains of one-third 1o one-
hall of current levels are expected to
accrue from wide crossing, being
cauivalent to a portion of the current
losses from depredations of the pod
borer and pod-sucking pests. Hypo-
thetically, that gain would take grain
viclds from the level of savings
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THE RiGHT TIME FOR YAM

Revitalized research on a
traditional favorite

Yam is a food crop for good times—synonymous with a full belly and general
well-being. Yam is the most appreciated of staple food crops in West Africa
and is known throughout sub-Saharan Africa.

Ironically, yam has never enjoyed much research priority in the drive to
modernize African agriculiure. Meager knowledge about vam physiology has
militated against prominence in research programs: while basic knowledge has
been available to the international community about such crops as rice, maize,
even cassava, and permitted them ahighly visible status.

Now. the time 'ooks right to restore yam to its deserved place on the roster

of research priorities.

L. More farmers seem 1o be growing yam tan ever before—despite the
lack of research support, yam cultivation is pushing into northerly arcas of the

MOISt savamt.

2. Yam has the postharvest qualifications for convenience foods, particu-

Larly for the rapidly expanding
urhan markets, Processed vam
products store casily and for long
periads, as with cassava, Another
advantage to vam (which cassava
and other tropical roots and tubers
lackyis that the wibers can be
transported casily and stored out
of the ground for several months,

Gaining momentum

Over the past decade or more, an
accumulation of research gains and
signs of support for research and
production liave emerged. 1A, in
the first instance, has the sole
mandate within the carar system
for vam rescarch and a collection
of 2,060 accessions of yam germ-
pusm, consisting of the 6 popular-
Iy consumed species and several
minor species and wild relatives,

Minisett technique helps boost yam production and conserve
planting material

During the 1980s 1ra researchers
worked together with Nigerian
national scientists 1o modify and
popularize the minisett technology
for producing high-quality, low-cost,
and abundant yam planting material,
to relieve farmers of the taditional
need to set aside one-quarter of each
crop to use as seed for the next,

With this method farmers can
produce 40,000 to 100,000 sced yams
per hectare, The technique has been
4 boon for farmers as well as re-
searchers, in making the job of
germplism preservation casier.

wra has continued work in germ-
plasm exploration and collection, in
tissue-culture methodologcs for
breeding, and in yam discases. Bio-
technelogical techniques have facili-
tated characterization of yam geno-
types. A molecuiar
geneticist investigated
the ancestry of cultivat-
ed yam, the results of
which open new hor-
izons tor breeding,
Two postdoctoral fel-
lows were recruited in
1993 to strengthen yam
research—a breeder/
agronomist and a pa-
thologist—who join the
breeder: program head
and a molecular geneti-
cist already on the staff
of 1rra root and wiber
crops researchers,

In 1993, the African
Yam Network was
founded, to enable
scientists to support
one another with infor-
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through environmental modification.
being -100 kilograms per heetare, to
600 Kilograms per hectare,

Proteciive proteins
Biologically active proteins should
help in protecting cowpea from
Maruca, pod-sucking bugs, and
storage insect pests. New genetic
sourees 1o improve protection agiinst
Strigerand Alectra, and drought-
tolerance, are also in the pipeline.
The biotechnological capability of
ira and other advanced labs in a

global network is needed in moving
those proteins into the cowpea
genotype. Applications of biotech-
nology in cowpea improvement work
are coordinated among the collabora-
tors: the Italian institutions ai Naples
and Bari, the two s universities of
Purdue and Auburn, and Gent
University, Belgium.

Ina 1992 breakthrough, wra
developed aregeneration system
through tissue culture that opens up
opportunities to transtorm cowpea
genetically—to endow it with genes

which promote insect resistance,
Gains from biotechnological
research hold promise of fostering
another doubling of srain yields, up
to 1,200 kitograms per hectare,
Chances of success with cowpea
improvement for traditional farming
appear high. judging from current
progress on many fronts with many
collaborators. Henee, evenin this
period of declining availability of
funds, irra continues 1o accord
priority 1o cowpei research, honoring
the rescarchers™ 3-year commitment.
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mation and technology exchange.
The network has started life with 10
member institutions and a secretariat
at Cotonou, Benin, Its founding
marks renewed commitment o yam
rescarch from national programs,
even in the face of dwindling support
for agriculturai research on the global
leves.

Partnership is needed at this stage
ol development in yam research.
There are enough small centers of
interest and resources to pack a
punch together, with the right
coordination,

In terms of local support, yam is a
perenniald favorite of consumers and
producers, and is thus a priority for
researchers in West African nutional
programs. Approximately 90% of the
world’s praduction comes from the 6
countries stretehing from the western
flanks of Cameroon’'s mountitins
castward to the Bandama
river in central Cote d'lvoire,
Yam's center of origin is
helieved to be in the
catchment area of the Niger
River--the most densely
populated part of tropical
Africa. Over the many
centuries of domesticating
the vam, the various
peoples who cultivated the
crop developed complex
social systems that gave yam
a prominent sociocultural
role.

Right time

The time seems right for
s, with new capability in
yam, to seize the opportu-
nity to seta research agenda
for regional impact.

The strategy for revitalized
research in vam would aim to
increase the knowledge base,
strategic and applied, during the short
1o medium term. Investigations of
yam physiology. taking advantage of
hiotechnological techniques, could
support breeding research on which
future improvement of the crop
depends,

Farther downstream, research
interests would relate to yield
improvement, resistance o discase

|
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A smaller size of yam th

and nematodes, food quality (extend-
ing storage life and taste qualitics that
already distinguish the crop), and
“engineering” characteristics—
improving the siape for harvesting
and handling operations, making it
smaller and more uniform (1-2
kilograms, instead of the vastly
bulkier tubers of 10 kilograms,
sometimes up to 30 Kilograms), and
modifying growth habit, to reduce the
work of staking, mounding, or
digging deep holes in planting.
African scientists, in their owr
programs and at collegial gatherings,
have oriented their research to help
yam farmers modernize production,
along the lines sketched in preceding
paragraphs. They say that traditional
preferences for big “ware™ y e, the
20-10-30-kilogram tubers thut are
ceremonial symbols of prosperity and
fertility, must yicld t: contemporary

&

needs for convenient sizes for
planting, harvesting, transporting, and
processing. They are ready to help
modify yam's traditional image, to
mike the farmers” task casier for the
heneit of all,

A “modern” yam
The challenge is clear for yam: to
take its place in the modernization of
traditional agriculture in sub-Saharan
Alrica.

Traditional agriculture—of small-
scale farmers who feed their families

an these may not please the eye so well, but
will enable farmers to produce bigger yam harvests

and ser.d something to the market for
a small casid income—is undergoing
change under pressure from increas-
ing porulation nuubers. As the
population grows, the available land
is cultivated with reduced fallow
periods. National economies put
presuie on farmers to feed urban
populations as cheaply as nossible.
Farmers feel ever more directly the
effects of linkages and policy impacts
through the spread of markets.

Research is finding the fit of other,
more visible crops in this dynamic
scenario,

° Maize has been adapted to the
stresses of forest and savanna
environments, lowlands and high-
fands, all over Africa; and is a crop
grown by small farmers in all areas.

e Cassava hus been adapted to all but
the extremely dry environments of
the humid and subhumid
African tropics, and is
fulfilling its foreseen role
as g major calorie source
in the race between
population growth and
agricultural productivity,
* And, looking to the
great global example of al!
root crops, the potato has
been transformed from a
picturesque local staple 1o
a mainstay of nations!
The research wsk for yam
may even he less onerous
than that for zister staples,
It has no problematic
condition to be worked
around, such as cyano-
genic potential. The
research would build on
yam's natural endowment
of food quality characteristics and
advantages of transportabilits and
storage, o adapt them for ¢ontempo-
rary farming and commercial require-
ments; and o adapt the crop e
conditics in the range of targetcd
CNVIFONIMCnLS.

As yam's native lowkind foicsts
are cut down, thie need becomes ever
more urgent to collect germplism
materiits and develop breeding
progranis which can modernize this
root crop—a new crop lor betier
times it hungry tands.

Benson Fodore
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Developin Ecologically

. Ping sustainable
salutions pest manage-
ment systems

must be developed and applied before
farmers hecome excessively dependent
on synthetic pesticides. Appropriate
combinations of biological control, pest-
resistant crop germplasm, and cultural
practices are the basis of ecologically
sound plant protection. In addition to
those components, training for women
researchers and socioeconomic
dimensions of plant protection strategy
compose the framework of a0 new HTA/
CIAT integrated. nwlidisciplinary project
on “Ecclogically sustainable cassava plant
protection™ (ESCaPP), begun in 1993 with
funding by UNDP. The African
component of ESCaPP covers 4 countries:
Benin, Cameroon, Ghana, and Nigeria,

Control of maize diseases and insect
pests has been approached through:
“ada control campaign against downy
mildew, which was Lwunched in 1993 and

which includes surveys to monitor downy

mildew infecuon levels, fungicide
residues, and residue buildup. Within 2
years, incidence of the discase is
expected to be reduced in Nigeria and its

spread contained.  (hy characterization for

control of maize pests and discases by
means of diagnostic field surveys, in
Cameroon, Ghana, Cote d'lvoire, and
Umanda, Vector behavior will be studied
and natural enemices of stem borers
introduced.

(Cr germplasm sereening for resistanee to
stem horers, major diseises.

The plant parasite Striga hermonthica
infests approximately two-thirds of
African savanna arcas, where ntize has
become akey crop in agricultural
modernizion. IFFA has developed the
heginnings of an arsenal against the pest,
(hee story on page 350 PASCON has
e obup with ITTA in combating
various Striga species which plague
croplands in its 27 member countries.

Storage losses in rural maize stores
can discourage farmers from adoption of
improved, high-viclding maize varicties,
Such postharvest lasses especially
concern rural women, who are ofien
responsible for maize storage, processing,

Plant Health
Management

Highlichts 1993

and marketing.

The project 1o control the larger grain
borer seeks to modify farmer crop-
management practices in combinition
with improved technologies (biological
control, genetic resistance) in order (o
prevent losses. The strategy is to identify
the most effective traditional store
nkngement practices in reral Central
American and West African stores,
combining the most promising with
complementary interventions.

Diugnosis Recent diagnostic
surveys are described
[ ] . .
for achion inastory which

begins on page 37.

Cowpea and soybean pest and
disease problems were identified in
farm-level surveys. (See related stories
under “Crap improvement” in these
pages.) Current activities include:

¢ development of environmental
munagement measures which will incur
mininal ccosystem disruption.

* identitication of new sources of
resistance in wild and cultivated
germplasm; eviluation of the effective-
ness and durability of resistance from
new and existing sources.,

* characterization of strains and ccotypes
of pathogens and pests of cowpea:
identification and testing of gene
products which mar control cowpea
pests.

* evalumion of “trap™ crops in biological
control of postilowering pests,

Banana and plantain pests and
pathogens were surveyed in East Africa,
while West African surveys began or
were under preparation. Sustainable
contro! strategies are being developed

through:

« cultural control—impact studies of the
cleaning of planting material, the effects
of weevil trapping, and crop management
practices.

* hiological control—studies of natural
enemies of the banana weevil,

* host plant resistance—cevaluation of
resistance to major pests and pathogens.
¢ technology transfer—resemch collabo-
ration, training with national progriams,

Biologﬁcgl New developments
include:
control e cassava green

mite—experimental
releases of new
natural enemy species,
e cassava mealybug—maintenance of
small caltures of exotic beneficials, for
use when pest spreads heyoned Africa,
o mango mealybug—establishment of a
second parasitoid,
¢ spiraling whitefly—collapse of pest
populations when parasitoid introduced.
* water hyacinth—2 beneficial weevils
established, initial impact documented,

A biological pesticide for locusts and
grasshoppers was developed with
spores of the fungus Metarbizium

Slavovivide, pathogen of the pests.

Possibilitics of applying it in an integrated
pest manigement scheme were investi-
gated. The results are contributing to
development of a biopesticide for
Zonocerus control. Fungus production
and testing of technologies, including
matural behavior-maodifying chemicals,
trapping. and sociocconomic research,
have been expanded 1o 4 African
countries,
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Virus detection with
monoclonal antibodies for
African national programs

Plant discases are a major threat 1o food production worldwide, The threat s
especially severe in sub-Saharan Africa, where food production already faces
an uphill struggle against population growth.

Viruses are only one among various causes of plant discases. They are
uniquely difficult to detect, identify, and characterize, making measures o
relieve crops from their attack that much more difficult to design and apply.

since 1990, ma virologists and scientists from the Vancouver research
station of Agriculture Canadit have collaborated in an experimental rescarch
project with virologists and pathologists from 19 sub-Saharan African national
programs. The activity has aimed at characterizing and identifying viruses in
foud crops, cowpea in particular, through application of serological techniques
with monoclonal antibodies. The three groups of African, Canadian, and 11ra
scientists have exchanged information and participated in joint research that
will continue to the project’s end. in 1993,

Viral information
For many years, e scientists have been gathering information on viral
discases of plants, as well as identifying the viruses that cause them. clarifving
their etiology, and characterizing their epidemiology. This facilitates their
detection and enables application of control measures, 1t scientists have also
been active m resistance breeding, which includes designing and applying
cffective screening techniques against the viruses.

In addition, improved plant materials of all of - 1rra’s mandate crops are
routinely tested for virus infections, so that seeds (or in-vitro cultures of
germplasm) for use in collaborative testing with national programs are clean
and do not carry seed-borne infections. (See accompanying story on seed
health)

Virus detection entails use of so-called antiserat, or sera that contain
antibodlies, in scrological techniques. The reliability of such techniques
depends on the availability of a specific antiserum for cach virus that is known
to prevail in the region. For this reason 1w virologists have prepared antisera
for many insportant virus
discases of mandie crops
which are available 1o
national program scientists
for use in their dingnostic
research,

These diagnostic
reagents can be cither
“polyclonal” or "mono-
clonal.™ as w result of the
way they are prepared,
which in turn determines
their characteristic
specificity for particular
viruses.

Monoclonal antibodies
represent a distinet class
of diagnostics which
offers new opportunitices

Th "!F RN e .
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Hands-on in a mulkilateral effort to identify viruses of key food crops

rryon

for diagnosis of pathogens. They
have been utilized in detection and
identification of such plant pathogens
as viruses, bacteria, spiroplasmas, and
mycoplasma-like organisms. They
can be group-specific or strain-
specitic—the serological technique
provides the appropriate way of
testing for an antibody with the
desired specific properties. The use
of monoclonal antibodics enables
reliable information to be quickly
collected on the identity, distribution,
and importance of viruses and their
Stlns.

Another advantage to monoclonal
antibodies is that their quality
characteristics are consistent, because
they are reproduced by clones of the
parental cell lines which are nuin-
tained as in-vitro preparations and
stored for use as needed. Morcover,
they can be proauced as such. as
absolutely specific and uniform
antibodies. in unlimited quantitios,

For such improved technologies
to have their full impact, national
programs in Africa must be able to
apply the techniques effectively as
well. Increasingly in recent years, na
scientists and their Alrican colleagues
have worked to ensure that the
programs can do so.

Hands on, together

ura and Agriculture Canada, funded
by Canad’s International Develop-
ment Research Centre (1pke), have
prepared monoclonal antibodies for

Moyo Bolonn



important viruses and their strains
which affect nra mandate crops. In
tion facilities and has started produc-
ing monoclonat antibodies for viruses
present in Nigeria.

With the same Canadian support,
wra held 3 training workshops, one
cach year from 1991 at irra headquar-
ters in Ihadan, Nigeria, in which
altogether 33 scientists from 19
African countries have taken pan.
The workshops have emphasized
monoclonal antibodies and their
reliability in diagnosis of virus
diseases of crops that are important
1o African countries.

Those taking part in the work-
shops gained “hands-on” experience
in identifying viruses and their strains,
using scrological techniques; in
particular, the enzyme-linked
immunosorbent assay (ELISA).

The trainees ook home detection
kits, including antisera, both mono-
clonal and polyclonal, which enable
them to use these techniques in their
own countries. Other supplies
needed by national programs to
make the serological tests effective
have also been provided to them,
with funds made available by xe.
They have used these materials o
collect virus samples for diagnostic
studies and further research, the
results of which should
eventually contribute to
the body of knowledge
about viruses in crop
production in the region,

With all the collabora-
tive activities described
here, national programs
in Africa have strength-
ened their ability to
detect viruses, which will
help themas well as s
in designing and apply-
ing appropriate control
measures when a virus
disease threatens a crop.

For its part, 1ra has in
this way acquired new,
reliable information on a
range of viruses [rom
across the continent
which will be useful in
research into the discases
they cause and will

(continned on page 3-i)

IOTA’s Seed Health Unit

Making seeds safe

We all know that seeds carry the means to create future generations in their
unpretentious packages. But they may also come with other trappings which
we cannot readily detect: pathogens, in the form of bacteria, fungi, nematodes,
or viruses. Such microorganisms can accompany seeds like so many freeload-
ers, waiting for the future plant to grow so that they can follow their own
genetic imperative and do their damage to the crop.

As awareness of the problem and technical capability have grown, plant
protection specialists have organized themselves to control these inimical
organisms. Those in the caiar centers working with plant genetic materials
have agreed to set up seed health units, which would be responsible for the
health and safe handling of germplasm moving into or out of their centers.
They are also working with other scientists to improve their diagnostic tools as
well as seed treatment procedures, in order to reduce the risks of (ransmitting
discase through seed.

In 1991, nra created a research division of plant health management,
bringing together scientists in all the major disciplines concerned with crop
protection—pathologists, entomologists, and others. From this new vantage
point away [rom their previous crop-specific positions, they could begin to
address germplasm health issues in a holistic way and provide a single
reference point in the Institute in phytosanitary matters. The new division
established the Seed Health Unit during 1992 at ira’s Ibadan campus, with a
core stalt of one scientist, a research associate, and four technicians.

Before the Seed Health Unit existed, ira scientists in the various crop
improvement and support programs collaborated with the Plant Quarantine
Service of Nigeria's Federal Department of Agricultare in meeting standards for
safe transter of plant materials in and out of the country. (Phytosanitary
standards for Africa are set by the Inter-African Phytosanitary Council, which is
part ol the Scientific, Technical and Research Commission of the Organization
for African Unity.) “Treatment and handling procedures had varied according to

What we cannot see can hurt us—incubation helps bring that out; symptoms of Cercospora or frogeye leaf
spot disease on soybean

Moyo Bolerin




cach program’s research objectives as
well as the official requirements for
the crops concerned.

Now. to help in crop improve-
ment and crop nanagement work,
the new unit advises rescarchers
when handling or reatment threatens
germplasm health or Lails to redace
risks of discase tansmission. The unit
also represents 1 in national
research and quarantine activities
relating to germplasm transter and
seed health,

Prevention: the best cure The
Seed Health Unit's main goals are to
prevent G accidental introduction of
plant discases or pests, including
seeds of the parasitic weed  Striga,
into new areas with the movement of
germplasm samples: and (h) erosion
of germplasm quality in stored mate-

Traditional cowpeas can be improved, as this one has , as |

N

rials because of the presence of dis-
CASC-CAUSING Organisms,

During 1993, the Seed Health Unit
routinely
» assessed seedborne pathogens in
nulize, cowpei, soybean, and cassava

seed imported by wra or produced by

ira for shipment to collaborators,

e evaluated health status of imported
seeds by inspection of seedlings
grown postentry in screenhouses,

e participated in field inspections of
cowpea multiplication plots for seed-
horne discases.

o tested small samples of wra-pro-
duced true seed of hybrid plantain
for the presence of pathogens.

The Seed Health Unit works with
ra’s Virology Unit and Genetic
Resources Unit in all matters related
to germplasm movement. The
Virology Unit has long been routinely

ong as germplasm is maintained in good health

benetit many African countries. ira
sciertists hope to continue plaving a
uselul role in producing monoclonal
antibodies of viruses and other
pathogens of major African food
crops, as a means of helping African

3

national programs to address urgent
ficld problems in food production.
Information exchange activities
among 1rra and the national programs
will continue beyond the life of the
inre-funded project.

testing breeding lines
for viruses and
began, in 1992, 10
climinate viruses
from cowpea seed in
the 1rra germplasm
bunk, by multiplving
the seed in
screenhouses in
isolation from inscct
vectors and destroy-
ing plandets that
show .\igﬁ\ uf
infection.

The Seed Health
Unit examines
germplism samples
vistilly and performs
laboratory tests 1o
detect the presence
of pathogens. The
new Hinit also
examines samples
being grown in the
ficld or screenhouse
for discase symptoms
and reviews the
phytosanitary
procedures of HTA's
various crop pro-
grams to determine where improve-
ments are needed. 1ITA plant
breeders thus receive feedback on
the efficacy of their seed handling
and treatment,

Adong-terni activity of the Seed
Health Vinit is inspection and clean-
ing of ITA's cowpea genctic re-
sources, which comprise the world's
key collection of that commodity. In
respect of phytosanitary standards
and quarantine regulations, the Unit
is investigating safe limits of patho-
genson seed. The Unitis also
studying seed transmission of specific
pathogens of cowpea and soybean,
Itaims to develop new means of
rapid detection and idenification of
pathogens,

Together with Nigeria's Plant
Quarantine Service and National Seed
service, the HTA Seed Health Unit
will continue work begun during
1993 10 build & database on patho-
gens found in Nigeria, The European
Plant Protection Orzanization has
supplied software on pathogens that
should be quarantined, for use in
construction of the database,

Equi Nty




Striking back at Striga

Striga, a parasitic plant, is sweeping through the sorghum and nmaize country
of Africa’s savannas and highlands. The parasite can spread in those areas
because it thrives under conditions of intensifying kind use and reduced plant
diversity—conditions which are worsening as population pressure on the land
INCreases.

Fao has estimated that two-thirds of cultivated savanna arcas are infested
with Striga bermonthica, which can cripple cereal production (sorghum,
maize, and millet) by taking over whole ficlds of the crop. Cowpea is parasit-
ized by 8. gesnerioides, another Striga species widely distributed in Africa,
which has caused yield losses of up to 85% of the crop.

wea's multidisciplinary Striga task foree of 10 scientists is collaborating with
national program scientists in affected African countries, as well as with
advanced laboratories overseas, to help farmers turn the tide against the
parasite by making local conditions hostile to its growth. They are using tactics
of:

1. Fortitying the crop itself—endowing maize and cowpea germplasm with
genetic resistance.

2. Practicing evasive management tactics in farmers” ficlds—treating maize and
cowpea seeds with herbicidal chemicals, transplanting sorghum scedlings,
practicing crop rotations, deploying non-host crops to “trap” the parasite.

3. Moditving the environment—introducing biological control agents hostile to
the parasite. without need for farmer iniervention.

-+ Enlisting national programs in a continentwide campaign of rescarch and
extension activity, based on ra control strategy and technologies.

The drive behind wra's Stiga research is the need in sub-Saharan Africa for
sustainable, casily adoptable technologies for Striga control at minimal cost.

irea seeks to select combinations of control intenventions that are suited to
specific sociocconomic and environmental conditions, Such packages of
options are designed 1o have positive environmental effects. That is particu-
larly true for crop rotations with food legumes which reduce amounts of -+ Striga
sceds in the soil, while improving soil fentility and providing vegetable protein
for houschold consumption.

Two on the shelf

Already available to farmers are two maize hybrid varieties that show moderate
levels of resistance o 8. bermonthica and are adapted for cultivation under
moist savanna conditions of rainfall and length of growing season: Oba Super

I thard. white grain) and Oba Super 2 (hard, yellow-orange grain). Pioneer
Hi-bred Seeds Lid.. the Nigerian branch of the multinational seed company,
currently sells altogether about 500 metric tons per year, with distribution in
Nigeria and the neighboring countries of Benin and Cameroon.

Newer, more resistant hybrids are well along in experimental development.
During 1993, international trials of - Striga-resistant hybrid maize varieties were
held in savanna arcas of 6 West African countries: Benin, Cameroon, Cote
d'Ivoire, Ghana, Nigeria. and Togo. Under severe infestation, 6 hybrids were
identified with high and stable resistance across trial locations, to 2 Siriga
species: S, bermonthica and (in Togo) S, asiatica. They also showed high
resistance to drought and diseases (maize streak virus, lowland rust, blight).

The resistant maize hybrids appear to control - Striga through two modes of
genetic action; through () control of damage that the  Striga can inflict on the
maize plant; and (h) reduction in emergence of the parasite. The resistance
appears to he polygenic in character, with a quantitative inheritance—"durable”
resistance—rather than based on a single gene action, which would diminish in
potency from generation to generation,

ura maize breeders are emphasiz-
ing the second mode—muize lines
currently show sufficient Striga
“tolerance”, but should show greater
ability to reduce emergence o Striga
in the field. Encouraging progress
was reported in that direction, from 3
vears of triads in Nigeria. Two hybrids
(8322-13 and 8425-8) resistant to .
bermonthica scored significantly less
in emergence of parasite and in plant
damage than did susceptible hybrids,
while producing 83 and 31% greater
grain yicelds, respectively.

Open-pollinated maize varieties
are being investigated as desirable
options for farmers who retain their
own sced from the year's harvest to
grow the subsequent year, and who
may have limited aceess to fentilizer
and other inputs. Two new sources
of resistance to 8. bermonthica for
open-pollinated synthetic maize
varietics are very promising:
o Several selections of Zea
diploperennis, a wild relative of
cultivated maize (Z. mays). showed
high resistance in 1992 and 1993
trials. They have been crossed with
maize to transfer the resistince,
s some Tripsactin species, from 50
aceessions contributed by ¢y,
appear almost to be immune to the
parasite. They show promise for use
in improvement of resistance in
maize populations already adapted to
African growing conditions.

Evading the parasite
The host crop can evade the
parasites’s grasp through use of
several crop management tactics
being developed for farmers.
Protection of the host crop from
Striga during the first -i 1o 6 weeks of
plant growth appears to promote
signilicant reduction in crop loss and
in the parasite’s reproduction, Two
ways to protect the crop in this way
hold promise for technology develop-
ment: (a) seed treatment (for cowpea,
maize) and (b) transplantation of
seedlings (for sorghum and millet).
Other evasive tactics are (¢) use of
non-host crops Ctrap crops™) and (&)
rotation of crops in a paitern to deter
Striga germination and parasitism on
cereal hosts.
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Seed treatment Sced soaked in
dilute concentrations of imazaquin, a
herbicide, has been a very effective
treatment in control of S, gesnerioides
and Alectra vogelii on cowpea, in lab
and screenhouse trials. Imazaquin
blocks biosynthesis of amino acids in
the parasite.

The plantlet, germinates and seeks
attachment. It perishes when it tries
to attach itself to the “poisoned™ host.

The good news is how economi-
cal the treatment is estimated to be—
from $3 10 $10 per hectare, depend-
ing on concentration of the treatment
and planting density. Recommended
concentrations are well below toxic
levels tor other crops. Another bonus
of this technology is that African
farmers are familiar with the practice
of treating seeds.

Research on seed treatment for
cowpea is relatively advanced, in
ficld testing for appropriate concen-
tration and planting density, because

cowpea is resistant to the herbicide.

1Ta is investigating appropriate
treatments for maize seed in collabo-
ration with the Dupont de Nemours
& Co. and the University of Nantes,
France.

Transplanting sorghum Maizc and
sorghum are typicaily planted in the
same field during the same season in
the moist savanna, so planning for
Striga control must take both crops
into account. Sorghum can withstand
transplantation—indeed, it is a
traditional method of stand establish-
ment in some African cropping
systems—but maize is not readily
transplantable.

Transplanting of sorghum
seedlings which are between 4 and 7
weeks old in sereenhouse and field
experiments helps to avoid much
yield loss from S, hermonthica and
significantly reduces reproduction of
the parasite on the transplants as well.

Our resistant hybrid produces a large ear, even as it plays host to the parasite

In farmer-managed trials in Benin
during 1993 (sce story on page -i2),
sorghum seedlings free of S
hermonthica seeds were transplanted
in fields together with cowpea trap
crops. Emergence of the parasite was
clearly reduced, equally in fields
where fentilizer was applied and was
not applicd.

The tender trap The roots of some
crop and weed species, apart from
staple cereal crops, exude chemicals
which can stimulate germination of
Striga species; but they do not
support development of the parasite
as true hosts do. The  Striga seed
bank in the soil can gradually be
depleted by setting such “traps™ to
stimulate germination in the absence
of a viable host plant.

Promising non-host or trap crops
for 8. bermonthica and 8. pesnerioides
are being tested for integration into
cropping systems as mulches, cover
crops, or intercrops.  1Ta has identi-
fied several cowpea, soybean, and
cotton cultivars from diverse acees-
sions which are efficient as trap crops
against 8. bermonthica. ‘Trap crops
cffective against S, gesnerioides have
also been identified: two sorghum
cultivars and cultivars of pigeon ped,
bambara groundnut, and Lablah
puiparens.

The National Cereals Research
Institute in Nigeria is screening
soybean cultivars for use against 8.
hermonthica in sorghum cropping
systens.

Nigeria's Pioneer Hi-bred Seeds
Ltd. also distributes ma-improved
soybean cultivars which are promis-
ing as trap crops for 8. hermonthica.,

Rotations One way to sap the
potency of the Striga threat would be
to deplete the parasite’s seedbank in
the field, by use of a non-host plant
which is not a regular crop. As in the
case with trap crops, the “non-crop”
non-host would be planted to
encourage germination of Striga
seeds in the soil; but it would not
support their development and would
reduce the levels of viable  Striga seed
in the soil. "This form of trap crop
would be planted in rotation with



regular crops.

Promising weed species for
potential use in “non-crop” rotation
are being screened for potent
stimulants of Striga germination, both
S. hermonthica and 8. gesnerioides.

Recruiting ncw allies

Several soil-borne fungi and bacteria
hold promise as biological control
agents for reducing amounts of viable
parasite seeds in the soil and in
stopping parasite reproduction. 1Ta
conducted a complete assay of Striga
incidence, pre-reproductive wilt, and
above-ground diamage by insects and
fungi in Benin during 1991 and 1992.
Isolates of tungi found during the
survey are being tested on Striga for
pathogenicity.

Bacterial pathogens of Striga are
being investigated for potential
development into host seed treat-
ments or inoculum for field applica-
tion. Several fluorescent
Pserdomonads and a Nanthomonad
are apparently pathogenic on 8.
hermonthica without detriment to
cultivated crops. I results from
further testing are successful, those
hacteria should offer a sustainable
approach to control of .
hermonthica at seed stage, before it
parasitizes the host crop.

Cocperative R&D

The complexity of the Striga prob-
lem, because of its numerous species
and strains as well as the many crops
that it affects, invites collaboration
among dilferent institutions that have
complementary strengths.

In the belief that effective devel-
opment and application of control
technologies lies in cooperative
exchanges with national programs,
ira joined Fao and other resouree
groups in the Pan-African Striga
Control Network (pascoNY in 1988, 1o
promote national research, training,
and extension programs.

With rea's strong suppon, the
network has held three technical
workshops since 1990 and. by the
end of 1993, had expanded its
membership to 27 African countries,
5 advanced laboratories in Europe
and the tsa, and 3 cGiar centers—ITa,

ol ED D ERNEVCEINVES

Diagnostic surveys help find
remedies for plant

health problems

Crop production worldwide is threatened by insects, discases, and weeds.
These stresses are particularly acute in sub-Saharan Africa, where nations can
hardly afford further losses as food production is already declining per capita

in the region as a whole.

If protecting crops from such pests is not to be simply a fire-fighting
exercise, as it often has been in the past, preventive management measures
have 1o be put in place, based on adequate information by way of advance
warning. Diagnostic surveys of representative areas or ecosystems where the
crop is grown are essential to this process, backed up by periodic monitoring.

Diagnostic surveys identify the presence and distribution of key insect pests
and discases, on bath the crops being studied and aliernative host plants. They
help assess impact from the spread of known diseases and insects, in addition
to spotting new ones a¢ they emerge. Data gathered from surveys are then
analyzed, as required  so that remedial measures can be designed and applied.

Many of our reade s are well aware of the success of  ra's campaign over
recent years for the biological control of the cassava mealvbug,  Phendacoccens
maniboti, by the wasp, Epidinocarsis lopezi, in many countrics of Africa. That
success was, in part, backed by surveys of the crop, the pest, and its natural
enemies, followed by studies that analyzed the complex plant/pest interactions
at various levels within the agroecosystem.

IITA scientists have, in recent years, carried out such surveys with respect 1o
various other crops within its mandated region in Africa: cowpea and soybean
in Nigeria, maize in various countries (Benin, Cameroon, Ghana, Nigeria, and
Uganda), and plantain/banana in Uganda (1o be followed up by similar studies
in Ghana and Nigeria). Some of these surveys are in initial stages, with follow-
up action, including planning of the research needed, still in progress. Others
have already been followed up by research that has indicated possible

solutions.

nra scientists work closely with their colleagues in national programs in
planning and carrying out these surveys, as well as in determining the follow-
up research required. They thus help augment the capability of national
programs to carry out similar tasks as and when necessary. Since most surveys
would need to be repeated every few years to catch up with changes in the

vy, and 1crisat. During 1993, nra
provided Striga-resistant maize
germplasm to 20 countries tor their
adaptive research.

i training activities include 2-to-
3-week regional courses in rescarch
methodologies for scientists from
many Alrican countries; 3-10-3-day in-
country programs to help upgrade
rescarch facilities and staff skills; and
individual training at nra headquar-
ters for laboratory technicians from
national programs. nTN's Striga
research group is preparing o
comprehensive handbook on

research methods for use in those
training programs. 1Ta’s graduate
research fellowship program also
provides degree-level training
opportunities in Striga research,
Within the next few years, ura
proposes to expand research activity
in non-host or trap crops, by (a)
extending its in-vitro methods for
screening of trap crops, () develop-
ing an Africawide database on
cultivars and cropping systems
cffective in S, bernmonthica control,
and (¢) organizing a regional training
program in trap crops rescarch.
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interim, this in itsell'is an important

contribution. A few examples follow,

Maize

Maize was introduced into Africa
fron its native Central and South
Americit in the 16th century, It
became the most important cereal
crop in East Africa over suceeeding
centiries, Inrecent decades, its
importance is increasing in the moist
savanma areas of West Africa as well,

both as an integral component of
farming systems and as human food,
The totl maize-growing area in
Africais estimated at 21 million
hectares. Average farmer yields are
low (800-1200 kilograms per hect-
are), far below the world average
(3700 Kilograms). Numerous discases,
insect pests, and weeds contribute to
these low yields.

nra’s efforts over the last two
decades have been devoted mainly 1o

We need to know types and extent of damage by all pess, fo diract breeding efforts best

host plant resistance 1o discases and
insects considered to be major
threats. Considerable success has
been achieved with resistance to
maize streak virus and downy mildew
(the katter in active partnership with
the Nigerian national program), while
moderate levels of resistance have
been identified in the germplasm 1o
blight and rust, and to the weed
Striga. But only low levels of resis-
tance have been achieved with insect
pests, and only for some of the
known insects. More cfforts are
clearly needed.

Intensive diagnostic surveys can
pinpoint exactly what these efforts
should aim at. To help ensure that

they do so, nra scientists have been

carrving out an analvsis of the nuize
ceosystem in West Africa and in some
countries of Central and East Africa,
to assess the pest status of various
organisms and to help predict how
changes in ecological conditions
would affect the pest incidence and
status.

Several stem and cob (or car)
borers rank high in importance. With
some important exceptions, these are
native to Africa, where native grasses
and sedges host them. Maize offers
these pests a succulent feeding
option. Focusing on one or two
major maize pests—as in the past—
would not adequately safeguard the
crop from losses unless other
potential threats in the immediate
environment are considered as well,

Countrywide surveys carried out
in Cameroon during the first and
second growing seasons of 1993, in
collaboration with national program
scientists, yielded important new
information with regard 1o the
potential control of stem and car
borers. This has been added to
information gathered since 1991 from
55 locations in northern Nigeria, and
during 1990 and 1991 from more than
200 fields in Ghana.

Asurvey of all maize-growing
arcas of Uganda was also conducted
in the second half of 1993, and «
second one is planned for the first
planting scason of 199,

Surveys during 1993 in Cameroon
and Uganda also yielded important
information on the incidence of
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maize streak virus, maize mottle
chlorotic virus, and fungal discases,
such as leaf blights, rust, and downy
mildew. Research proposals o
address these problems will be
developed in consultation with
national scientists. A coordinated
eradication attempt for downy
mildew is being planned for Nigeria,
beginning in 199+, following research
clforts in carlier years.

Cowpea and soybean

Cowpen and soybean are among the
most important food legumes grown
in Africi. Cowpea is grown widely
by subsistence farmers in sub-Sahiran
Africa, who account for some 0
million of the 7.7 million hectares on
which the crop is grown worldwide.
It is an important protein source for
low-income people. But several
insect pests and discases, as well as
weeds, severely constrtin production.
Past research efforts in host plant
resistance have had some notable
successes, especilly with discases
and with insects attacking scedlings
and stored grain, But progress
overall, especially with other insects,
his been moderate, emphasizing the
need for integrated efforts w achieve
pust control,

Perio lic surveys throughout the
cowpea growing season commenced
in 1991 and continued through 1993
in northern Nigeria. They monitored
through repeated farm visits insect
and discase problems within cowpea
cropping systems. The data are being
analvzed, to classify symptoms and
quantify damage, in relation with
agronomic varkibles. A study sample
of 17 cowpea farmers was inter-
viewed to draw upon indigenous
knowledge on pests and their control,
consisting mainly of traditional
agronomic practices. Other surveys
included alternative herbaceous and
woody plints, which couldalso serve
as hosts for cowpea pests, following
similar surveys over recent years in
Benin,

Soyvbean, now the world's main
source of vegetable oil and a high-
protein source for livestock feed, is a
crop relatively recently introduced
into Africa Cearly in the 1800s). 1t is
grown over appreciable areas in Zim-

habwe, Nigeria, and Zambia, as well
as in Cameroon, Cote d'Ivoire,
Ghana, Kenya, and Zaire, where it is
hecoming an important food crop in
rural homes. Among the limiting fac-
tors for soybean production in Africa
are discases, such as frogeye leaf
spot, red leat bloteh, bacterial blight,
southern blight, and aerial or web
blight. At present. insect pests do not
seem important, though the situation
could change, especially if the crop
spreads widely or rapidly. Reliable
data on the occurrence of pests and
diseases and their naural enemies
would then be needed to regulate
pest occurrence and damage,

Surveys in 1993 studied the eftect
of intercropping cereals with soybean
on the severity and spread of frogeye
leal spot., following preliminary
indications of lower discase severity
in intercropped fields. Discases or
insects observed on forage legumes
theing studied for potential integra-
tion into the farming systems) were
examined to determine whether they
were likely to spread to cowpei or
soybean.

Plantain and banana

Plantain and banana together provide
mare than 25% of the carbohydrates
and 107 of the calorie intake for
some 70 million people in sub-
Saharan Africa. Cooking and beer
bananas are consumed heavily in the
highlands of Eaust and Southern
Africa, while plantains are a staple in
several countries of West and Central
Africa. Sub-Saharan Africa accounts
for about 33% of world production,
but per capitit consumption in some
arcas is considerably higher than the
world average, indicating how
dependent many African consumers
are on plantain and banana,

In additior, to heing a staple food
for rural and urban consumers,
plantain and hanana provide an
important source of rural income,
particularly for the smallholders who
produce them in compound or home
gavdens, They are relatively high-
vithue crops, in common with
horticultural produce.

Severe yield losses have been
observed in several countries over
recent decades, These are attributable

1o exhausted soils, but itlso to leaf
discases, the banana weevil, and root
nenitodes. These losses have not
been adequately assessed.

Diagnostic surveys were initiated
in Ugandain 1992, in collaboration
with the Ugandan national program.
They used a combination ol tech-
niques: participatory rural appraisals,
questionnaires, repeated farny visits,
and use of geographic information
systems data to develop maps of
pests and discases, determine their
status, and provide essential data for
control strategies. These will be
followed up by in-depth studies of
areas found important in the initial
survey. Similar surveys will be
repeated in other countries, in st
as well as West and Central Africa.

Resudts of the surveys in East
Africa are expected to be available in
199-1, und for West Africa in 1995,
Preliminary results from Ugiinda
revealed considerable variations in
pest incidence and damage across
locations, which were only partly
explained by elevation. Similarly,
preliminary data suggest i strong
relationship between timing of weevil
attack and yield loss. These aspects
will be investigated further.

Capturing the dynamics
In summary, what diagnostic surveys
do can be equated in some aspects 1o
aerial photography. By focusing on a
particular spot at a particular time,
they give us accurate snapshots of a
specific problem and its occurrence.
When several related snapshots are
taken and picced together, a more
meaningful pattern emerges. The
changing contours of the pattern
reveal to the scientist how a discase,
insect, or weed has spread, what
damige it has caused, and whan
control measures may be applicable.
In order to keep the picture from
getting too static or unidimensional,
the scientist will have to stay alert to
CMErging questions, 1o reirrange the
picees in the puzzle, and to look for
newer insights that might be re-
vealed. Since the real-world dynamics
of crops and their pests is ever-
changing, understanding them
sufficiently to control damage is
challenging and fascinating,
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T IERSPECYIVES

rea signed anaccord with the govern-
ment of Cate d'Ivoire 10 establish a
station for crop improvement research in
the moist savanna zone. (See story on
following page.)

Training  'miniw?
tivity concentrated
on individual, grad-
uate-level training; in-country group train-
ing; and training materials production.
The Program also contributed 10

intercenter efforts in sub-Saharan Africa to

orginize joint training activities, which
encompass research interests across
traclitional center-based training pro-
grams, in order to complement
ceoregional restructuring of research
activities.,

Farmer participation in research and
gender implications for research are two
topical concerns in the <6 system which
the wra Training Program is spearheading
within the institute and incorporating into
its perspective on program development.

Graduate research 1n 1993, irix super-
vised 101 pho students from 22 countrics

and 39 e students from 13 countries. OfF

those 140 studesis, 117 came from sub-
Saharan Africt and 37 were women; 21
rhiy and 20 aime students concluded their
degree programs (see “For the record,”
page 53): and 30 students started new
research programs with s, Most of the
students received financial support from
wra's Graduate Research Fellowship
Program or donor organizations, which
included vspp, esam, aGen, and the Ford
and Rockefeller foundations,

Group training  Program orientation
shified fundamentally in 1993 from on-
campus o off-campus training. 1ra
conducted atotal of 9 courses off-campus
and 9 on-campus for 201 participants, of
whom 39 Galmaost 15" were women.
The Tast on-campus, production-oriented
training course for the foreseeable future,
the plantain rescarch course, was held at
the High Rainfall Station at Onne in
November,

The off-campus courses were held in
Benin, Burundi, Gambia, Ghana, Niger,
and Nigeria. Workshops for national
research staff were held in 3 countries
(Benin, Gambia, Ghana, Malawi, Uganda)
1o prepare for in-country training courses,
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Crop management aspects in on-farm
research are being emphasized in the
evolving in-country training scheme, with
the aim of strengthening both research
and communication skills.

Training materials U'sers indicate that
1A training materials have become
important sources of information on
agricultural research weehnologies for
national programs in sub-Saharan Africa,
The mailing list contains 170 rescarch
institutions, agricultural development
projects, non-governmental organizations,
and others in 415 countries.

During 1993, the Program produced
21 titles in the Research Guides series (in
English or French), some of them new
and others being updates of carlier titles.
Number 50 in the series hus been issued:
500 titles i use remains the ultimate
Larget.

Training materials production has
hecome part of the curriculum of in-
country trdining courses assisted by irra.
Training materials staff helped plan and
execute an international course at Wakba
and i workshop at 1crar,

L]
Cooperative AFNETA
. Together with
PfﬂlGC's the International

Institute of

Environment and
Development, arNeta organized a triining
course on farmer-participatory rescarch
methads for on-farm research in alley
farming. from 24 May o -+ June 1993
rra. arseraheld its fourth annual general
meeting at iea, 19-22 October 1993, at
which iran pledged support for on-station
research projects started during arsera’s
first phase (1989-1993),

Crop improvement \ith the impend-
ing close of 1sai operations in

e, GOOPEraiion
Highlights 1993

Cameroon, the Ncre project wound down
after 14 years of highly successful crop
improvement research and instittion
building.

With the conclusion of the 16-year
csab funding program for the sarGran
project, 1A made preparations for a new
network, West and Central Africa Maize
Research Network (wecatian), 1o suppont
maize research among 8 sararan
countries, which annuall> produce over
200,000 1ons of maize ciach. An impact
assessment by Purdue Lniversity team
estinated that the internal rate of return
to the SAFGRaD investment in pubiie
research was 730,

Two new networks ook over support
10 root crops improvement reseirch in
castern and southern Africa, with vsain
funding, as Esarey was phased out: the
East Africa Root Crops Rescearch Network
(EARRNET) among 5 countries and the
Southern Africa Root Crops Research
Network (sarrseT) with 10 countries.

Cowpea research in Mozambique The
sabe Cowpea Research Project came to an
end in October 1993, with the following
accomplishments, among others:

o cowpea market study 1o establ.sh
demand levels.

* definition of - main agroccological
zones for cowpea in sabc region.

® start of a permplasm improvement
progrant, in collaboration with Agronomy
Faculty of Eduardo Mondlane University.,
* first saDC cooperitive cowpea tril,
among all sanc programs (Botswana,
Mozambique, Zambia, and Zimbabwe) in
1992, 0f 7 ira lines and 3 from
Mozambique selected after characteriza-
tion o over 700 cowpea cultivars from
1A and sabe countries,

¢ [ research seminar for 22 sanc
participants in 1991, with publication of
proceedings.



* 2 moniloring tours in 3 sab¢ cowpea-
growing countries and Nigeria,

¢ 2 in-country courses in Maputo in 1991
and 1992,

Drought recovery in Malawi sakixir
estimates that over 200,000 farmers have
br:en able 1o collect improved cassava
planting material and 50,000 farmers
improved sweet polato varieties, as a
result of the vs government-funded
project in Malawi o expand production
of the two crops following a severe
drought period. Multiplication activity
continued and on-farm evaluation trials
were organized,

Greening the drought-wracked
croplands of Malawi

MOIST SAVANNA STATION

A savanna window for strategic research

irra has opened a window for strategic research in the moist savanna zone of
West and Central Africa.

In March 1993. the government of Cote d'Ivoire and  1ria signed an accord
to establish a rescarch station at Ferkessedougou, in the northern part of the
country near the border with Mali and Burkina Faso. The Moist Savanna
Station is part of the Iustitut des sceanes (1essa).

The addition of this reliable testing facility is a major advance in-— 1ra’s quest
to develop new technologies for maize production in the high-potential
agroecological zone of the moist savanna. With the surge in intensified
production of maize across parts of the zone, from Cote d'Ivoire to Cameroon,
the 12 countries that lie within the zone would like to take advantage of

Screenhouse at Ferkessedougou: research on diseases of savanna maize

g

= %
1 M. Fojemisin

RULSARCH DULAPESTIVES
Two reszarch liaison scientists
s assumed new assignments during
1993: Joseph M. Fajemisin in Cote
d'Ivoire (covering 3 francophone
West African countries) and Jo-
seph B. Suh in Ghana (5 anglo-
phone West African countries).

The research liaison scientist
in Benin, Mark N. Versteeg,
applied farmer-participatory
research techniques in a new
collaboration with non-govern-
mental organizations in north-
western Benin, with re warding
results after only 1 year.

research results that can boost their
maize production,

The Moist Savanna Station will
also serve as a base for research on
other mandate crops of nra (cassava,
yam, cowpei, and soybean) in the
diverse agroecological zones of Cote
d'Ivoire.  The station will facilitate
collaboration with francophone
countries in the region.

Breeding activities for develop-
ment of high-vielding maize com-
menced during the year with identifi-
cation of germplasm and testing of
progeny for such characteristics as
high yield potential, plant “stand-
ability,” resistance to diseaccs and
pests (including parasitic plants), and
others,

nTa has set up a screenhouse for
(a) mass rearing of the Cicadulina
leafhopper and screening of maize
plants for susceptibility to maize
streak virus; and (b) evaluation of
maize plants for resistance to - Striga
hermonthica.

The nra scientists and a- syt
breeder who are assigned to the
station have an administrative and
residential base to the south in
Bouake, near the headquarters of
WARDA.
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COMMUNITY ROOTS FOR RESEARCH

Farmers and NGOs bring
Benin a bountiful harvest

The harsh, hazy light of thie dry seuson presents the visitor in northwestern
Benin with parched hills and crust-dry fields—an unforgiving landscape in
rainless wintertime when farming families watch their food stores dwindle.

Nething green on the ground—only mango trees defy the heat and goats o
throw a leafy, welcome shade at intervals across the rolling savanna. A few
spikey rows of millet statks, left after harvest to protect scratching chickens
from birds of prey, surround the mudwalled houses sentry-like against famine.

Unforgiving, but not forgotten—what looks like an immobilized land has a
happier future in store, it the momentum of recent research efforts can he
sustained.

An unusual research project took place during 1993 in northwestern Benin:
in Boukoumbe district of Atacora provinee. Elements from the whole agricul-
tural development community collaborated, with a say in the process at all
times: from international organizations to hilateral donors to voluntary, non-
governmental groups to the beneficiaries themselves: farmers and their
familics. After only 1 year's work, they produced results that farmers will use
in choosing the crop mix for improved food security.

The moral of the story s that interactive, community-wide participation in
research can produce remarkably useful results -unexpected as well as
plinned.

COMMUNITY ROOTS FOR RESEARCH

Founding of a forum with NGOs

“Define us by what we are, not by what we are not!” The suggestion came
from a non-governmental organization ( NGo) participant at a meceting in
November 1993, to open a dialogue between i researchers and NGos,

But when that plea comes froman NGo, what else can you say? - NGos are
usually operated by groups

A good dialogue begins with good listenin
whose one common 9 egue beg! 9 9

Protection
During the 1970s and 1980s the
Benin government and the World
Bank cvolved plans for watershed
protection and erosion control in
northern Benin. A national park was
setup in the mountains along the
border with Burkina Faso, 1o preserve
the forest environment and wildlife
resources there, Assistance in erosion
control and agricultural development
was to be given in savanna lowlands
1o the south, to enable firmers to
make a sufficient livelihood. 1f soils
were degraded and became
inadequate for frmers’ needs,
farmers would be forced to extend
their cultivation into the reserve areas
and thereby jeopardize the
agricultural future of the region.
Coordinated by the World Bank,
two multilateral projects started
operations in 1992 and found mutual
advantage in funding farmer-partici-
patory research in Boukoumbe: the
project responsible for protection of
Benin's natural resources, Projet de

budget. (Some very .rge NGos have
a budget bigger than that of the
calar) They depend for their suceess
on responsive, flexible operations.
The example of Neo initiatives
often shows government the way o
make the greatest impact with larger-
scaled public investments. Hencee,

char wteristic is what they
are not: non-governmental,

So, "What's in a name?”
goes the classic question.

A great deal, when it
comes 1o NGos. By their
nature, NGos pursue specific
causes through iactivities
which are, on the whole,
highly focused. Dedicated
to helping the deprived to
realize their aspirations,
most NGos have a limited
constituency, of their target
beneficiaries and those who
support the cause, and
consequently a limited

42




gestion des ressonrces natirelles
{(vary), and that for restructuring of
the various agricultural services,
Projet de restructiration des services
agricoles (ersa). Both projects had
funds to support activities by govern-
mental and other agencies in aid of
their respective goals.

The government had, by the
beginning of the 1990s. become
interested in extending the farmer-
participatory methodology in different
parts of the country, building on the
success of the wra-led project with
mucuna and other technologies to
restore soil fertilitye in the southern
provinee of Mono. (See story on
mucuna in i Annual Keport 1991.)
ra and the Roval Tropical Institute
(ki) of the Netherlands, which had
supported the Mono trials, saw a key
opportunity in starting work in the
Boukoumbe area before the end of
1992, while farmers were still active
in their fields.

The timing was right to launch a
preject that would satisty many-sided
goals. The country's agricultural

they can exert significant influence in
development programs, including
those of agricultural research,

In sub-Sakaran Africa, many NGos
have engagec in projects with
Kindred aims te mia’s own. Indi-
vidual staft and projects have in the
past collaborated with some NGos in
development-oriented research and
technology-testing activitics.

The accompanying article in these
pages tells the story of one such col-
laboration in Benin, among ura scien-
tists, hiluteral donors, governmental
agencies, and NGos, with farmers as
participants wnd beneficiaries as well.

Dialogue
Recognizing their great potential in
helping to promote ua technologies
in the ficld and obtain feedback on
their performance from the farmers,
nra took steps to open a dialogue
with a selection of international and
national xGos which run projects in
the region. The objectives of the
meeting were 1o:

» collect information on xGo

research
authorities
(INRAB—
Institut
national des
recherches
agricoles du
Bénim and the
provincial
branch of the
government's
extension
services
(CARDER/
Atacora), both
Mono collabo-
rators, were
ready to give
technical assistance in another joint
effort, backed with funds from prrsa
(the chief source of funds), pory, and
other sources.

In November 1992, therefore.
INRAB organized a 1-week “rapid rural
appraisal” jointly with 1rra, ki, and
CARDER/ALcora, as i means of
diagnosing problems from the
farmers' perspective in relation with

SR,

activities in agricultural development,

e familiarize NGos with 11TA’s
goals, programs, and technologies to
offer farmers.

e explore areas of possible
collaboration,

¢ help to formulate a suitable
strategy for 1ra in relating to NGos.

The 3-day “Dialogue with xGos™
took place at the ra campus at
thadan, Nigeria, from 15 10 17 No-
vember 1993, Twenty Noos, in Cote
d'Ivoire. Mozambique, many arcas of
Nigeria, and the sy, went representa-
tives o participate at the meeting,
They range in size and scope from lo-
cal. church-affiliated groups with
farm-based tramning programs to
transnational organizations active in
diverse areas of development, such as
World Vision International,

Consequent to the meeting, wra's
Board of Trustees endorsed the
participants” suggestion that a
consultative forum with NGos be
established. 1rra liaison with NGos
will take place through the Interna-
tional Cooperation Division.

A happier future mdy be in store

i

the national priorities. The results
were 10 form the basis for a rescarch
plan for 1993, which would involve
farmers and investigate erosion
control and agricultural development
in the threatened northwestern
region. INRAB assigned an agrono-
mist, 1 livestock scientist, and an
cconomist to the survey.

Lucky

In implementing the survey, the team
was most fortunate to find in many
Boukoumbe villages the presence of
voluntary, non-governmental organi-
zalions (NGOS). NGOs from overseas
(France, Netherlands, and vsa) as well
as Benin were tackling the problems
of hunger and poverty from different
points of departure. The foreign
NGos had stationed their volunteer
nationals in the area to work in
sclected villages on various projects,
reinforced with cooperation from
Benin counterparts who represented
local NGos or governmental agencies.

The uck of this discovery Lay in
brightened prospects for the
government's search for solutions to
the ecological predicament. Govern-
ments often benefit from the suc-
cesses ¢ NGos, whose initiatives can
show the way 1o make the greatest
impact with public investments,

Of specilic value for the work in
hand, however, the survey team
found the farmers to be receptive to
their enquiries and proposals, in most
of the villages where the xGos had
heen working for some time. The
NGOs, moreover, had a range of

Kim Atkinson




RESEARCH PERSPECTIVES

Farmer patriarch and family of Kounagmgou greet visitors wnth bowls of sorghum brew

useful inputs to offer at no cost to the
research sequel to the survey, The
greatest single benefit was the help of
village agents working for the NGos—
local people who were operating the
NGO projects and communicating with
the villagers about how to achieve
their goals.

The oldest of the overseas
organizations in the locale is the
Association frangaise des volontaires
die progros (arve), with a male and 1
female volunteer (French) working in
a number of villages on grain storage
and animal husbandry projects in
1993.

The Nedertandse Ontwikkelings
Organisatie (Netherlands Develop-
ment Organization—still known as
“sNv" from an older name) had
fielded a health care project in one
Boukoumbe village from 1986, A
Dutch woman had led an sxv project
since 1990 to support women's
economic activities in many more
villages, as a means of improving
their families' living status.

The vs Peace Corps, active in
Benin for some 25 years, had put a
male volunteer in community and
agricultural development in several
Boukoumbe villages for a few years;
at the time of the survey, one
volunteer was serving with an
agroforestry brief for hilly farmlands.

The N6o Nonvighe from Oueme
(“Association of Brothers and
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Sisters™), based in southern Benin,
joined the Boukoumbe group to
bring its experience in processing
cassava to the ssv effort at improving
women’s skills and opportunities.
Cassava was being introduced as an
alternative crop to buttress the
communities' food security.,
Nonvighe had worked with food
scientists from governmental units to
develop techniques of processing
cassava meal (in Yoruba: gari) and
other storable products.

The French and Dutch xGo staff
came equipped as professionals, who
work according to a development
plan with budgets for material
supplies, vehicles, and manpower
assistance. The Peace Corps volun-
teer has no institutional support as
such, but mobilizes community
resources to achieve shared goals,

Each NGo saw mutual advantage
in combining forces with the govern-
mental research project. The goals of
environmental conservation through
crosion control and agricultural
development coincided with their
own: with food security for arve, with
agroforestry for the Peace Corps, and
with women'’s development for ssv
and Nonvighe,

They found it natural, despite
their different assignments, to be
adopting a common program based
on responses from the farming

communitics themselves. The project
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appealed to them as a window for

their own development aims.

Striga first

After the rapid rural appraisal, the
survey team invited the NGos to select
their own villages in Boukoumbe for
the 1993 research project.  sav chose
Koubentigou and Tanda in which to
work together with Nonvighe. The
Peace Corps volunteer chose
Kounagnigou. arve chose
*Koumagou-B.”

The farmers saw their main
enemy in itward, the name in the
local language (Ditammari) for the
parasitic weed Striva. 8. hermonthica
takes a severe toll of sorghum and
millet, the region’s staple cereals, and
S. gesnerioides attacks cowpea. The
three crops supply most of the
region’s food. Sorghum beer-making
gives women some cash income.
The crop residues provide construc-
tion materials,

Farmers also saw that declining
soil fertility shared the blame for
declining productivity.

It is reasonable to estimate that
Striga, combined with soil fenility
decline, accounts for a one-half
reduction in normal sorghum yields
in seriously affected areas such as

Boukoumbe,
, Erosion
Striga plonts/10m?
]259 plants/ came third in

their perception
of the prime
problems—even
lower, in many
of the surveyed
villages.

Beyond
these afflictions
is the perma-
nent danger of
hunger. At the
root of their
problems is the
larmers” inability
to produce,
with the
resources in
their
environment,
enough food for
their families.

Anvthing
which reduces
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theii productivity, such as Striga
proliferation or soil degradation, or
which increases the demand for the
food they produce, such as popula-
tion increase, makes their task just
that more ditficult. The overriding
goal, for the farmers and for those
who would intervene to ameliorate
their lives, is to improve their food
security.

Two goals

‘The government agencies, the NGos,
KIT, and nra, with the farmers’ views
to guide them, set 2 main objectives
for a 6-trial design in their project.
They agreed to:

¢ develop, with farmers, feasible
options for reducing striga infestation.
e scek alternative food production
systems, to ensure food security.

Men and women farmers were
cager to participate in the experi-
ments. The design involved 80
farmers, 20 in cach of 4 villages, in a
setof 6 Striga-reduction and alterna-
tive-systems trials. (In one of the
villages, where the Peace Corps
volunteer relied on a young local
fellow as the field agent, S farmers
withdrew from the experiment before
harvest time.)

An additional 6 farmers in 2 hilly
villages participated in long-term,
anti-crosion, agroforestry trials.
(One of those farmers withdrew
from the trials before the end of the
year.)

The straightforward layout, a 2-
ticred grid of 70-square-meter plots,
emphasized the essential
differences in treatments—in
fertilizer application and between
different crop varicties. Farmers
could make their own comparisons
between ditferent treatments. They
could easily see how fertilizer or its
absence affected each crop combi-
nation. They could also casily tell
the effects of different crop
treatments on Striga or on total
food production,

Seed, fertilizer, and technical
assistance for the project were
available to the participating
farmers. The bonus in the whole
experience, the NGos' vinage agents
(after training from the INkAB/KIT/
IITa team) were frequently on hand

to discuss the farmers’ observations
with them, increasing their
confidence in the unfolding research
results.

Striga on sorghum

and cowpea

Two of the trials followed strategies
to combat Striga in the traditional
system of the staple food crops of
sorghum (a “man’s crop”) and
cowped (a “woman's crop”):

L. Transplanting of sorghum (from a
well-fertilized nursery) in relay with a
local creeping variety of cowpea.

2. Introduction of 1ra-improved,
early-maturing, erect cowpea variet-
ies; one with resistance o 8.
gesnerioides.

In both cases the cowpea per-
formed as a “trap” crop, which
provokes germination of .
bermonthica seeds in the soil, but
does not support their development;
hence, the Striga dies off without
having reproduced itself,

Sorghum transplantation signifi-
cantly reduced Striga infestation
levels. (See figure, on opposite
page.) Despite the clear Striga
reduction, transplanting did not result
in improved sorghum yields except in
one village, Koubentigou, where

Two national researchers trade views with village
agent on first cassava crop in Kounagnigou

Kim Atkinson

HESEARCH PERSPECYIVES

sorghum yields increased with
transplanting after an early, erect
cowped trap crop. Fertilizer applica-
tion did not reduce Striga infestation.

In Koubentigou and Tanda, farm-
ers were quite positive about the
transplanting technique after the cow-
pea trap crop. They suggested ways
in which they could improve their
results and planned to repeat the
experiment next year,

Fertilizer significantly increased
sorghum yields, which all farmers no-
ticed. In Tanda, enthusiastic farmers
misperceived the yield increase as
suppression of Striga infestation,
believing that fertilizer application
resulted in reduced Striga infestation.

But for 00% of the farmers, the
extra yield was insufficient to cover
the purchase price of the fertilizer,
particularly in the wake of the
national cka currency devaluation of

January 1994. Some of the farmers

reacted emotionally when they
realized that they would not be able
to afford fentilizer despite the attrac-
tive yields.

Transplanting of sorghum, in con-
clusion, reduced Striga in fields
usually heavily infested. But in future
transplanting should be employed
with sowing of a trap crop early
enough not to disturb the sorghum
growth,

Cowpea yields, on the other hand,
did not meet the women farmers’
expectations. They had hoped for
greater yields from the 1ra varieties
than actually materialized. The nra-
improved, early-maturing varieties
outyielded the local early variety by
only 10-20%. Its cfficiency as a trap
crop for S. gesnerioides could not be
judged, moreover, because no one
counted the associated Striga plants.

Densely sown as a trap crop
before transplanting of sorghum,
carly cowpea more than doubled its
normal yields (as a late-maturing
variety) within the traditional sor-
ghum/cowpea system. With 2
sprayings of insecticides, cowpea
yields doubled again; but only a
minority of farmers had high enough
yields to support the cost of insecti-
cide, had they been required to buy
their own.

The women were interested in

45



Nonvigbé volunteer demonstrates cassava grating, while women
of Koubentigou put hopeful hands to the new task

continuing experimentation with
transplanted sorghum in the mixed
cropping pattern. They realized that
the modified system would have to
be advantageous for men if it were to
be adopted, no matter how well the
cowpeit itself performed.

Maize and cassava alternatives
Maize and cassava were introduced
as alternatives to the nain staple food
crops of sorghum, millet, and
cowpei, as means to hoost food
security ata time when soil problems
and Striga threatened the traditional
staples.

rra’s nutize technologies for the
savanna conditions of Boukoumbe
included Striga-resistant hybrids.
Improved and pest-resistant cassava
for the savanna was also available—
moreover, IITA and Benin had
postharvest processing systems which
potentially could be used in helping
the farm families 1o improve their
living standzrds,

The technologices had been
developed for similar conditions in
neighboring countries and were
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available “off the
shelf.” They looked
1o be adaptable to
Incal conditions and
aceeptable to farmers
without difficulty,

The most encour-
aging results of the
whole experiment
came from the
MAIZC/ Cassavi
combination:

° 51 times more
food Gin dry weight)
from the maize/
cassava combination,
with fertilizer applica-
tion, than from the
traditional (unfertil-
ized) sorghum/
cowpei mixed
cropping system,

° - times more
food fron cassava
than from sorghum
(in 3 of the + villages:
where cassava was
planted early enough
1o benelit from the
rains).

¢ 1V, more food from maize than
from sorghum, without fenilizer, in
low-density mixed cropping (13,000
plants per hectare).

Food security can be enhanced, it
seems, without great difficulty. (See
figure, below at right.)

ea's Striga-resistant hybrid maize,
Oba Super 1, was used in the trials,
The relatively high prices of hybrid
seeds and fertilizer, especially after
the cra devaluation, dampered the
farmers™ appreciation of the final
results. Nonetheless, at current
market rates, purchase of fertilizer
would have bean an cconomically
attractive proposition for 80% of the
fiirmers,

Maize planted at low density (1
plant per square meter) in unfertilized
plots appeared to be able to capture
the required nutrients. Further
development and release of
composite varieties at ira should
reduce the cost of new seed inputs.

Wild parrots and monkeys
damaged some of the maize crops.

In 2 of the villages, farmers outwitted
the marauders by enveloping the cars

"~ Kim Atkinson

in adjacent leaves and cutting the
male flowers off the plants. In
Rounangigou, however, several
farmers were not free at the time 1o
awend to the problem, which coin-
cided with the harvest of - ipiroka
(hungry-scason rice;”™ fonio, in
French), a vital part of their food

security.

Cassava had not been much
grown in the region, partly because
the normal requirements (planting
late in the rainy season and fencing
the young plants during the dry
season when livestock range freely to
forage) do not permit extensive
cultivation. An impornant innovation
of the trials was planting carly in the

rainy season.

Three cassava varieties were
selected for the trials: wra-improved
T™s 30572, Benin-improved sex
860352, and a well-liked local variety
from Save. They are clearly distin-
guishable and, as such, encourage
farmer discussion and evaluation. In
all - villages, a8 30572 was the
favorite because it had the best
yiclds. Although the local Save was
considered the sweetest and best-
tasting variety, processing of the
cassavia into gari and chips
climinated taste differences.

Much of the interest in cassava
stemmed from introduction ol new

processing tools
and technigues
by the Benin
NGOs and 1ra.
Women espe-
cially stood to
gain from the
innovations,
hecause cassava
products are
casily stored and
can easily be sold
to bring them
cash income,

Women
trainers from
Oueme and the
governmeitd
Direction de
lalimentation o
de la nutrition
appliquie (Daxa)
demonstrated use
of large- and
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small-scale equipment in the -
villages. They had carlier visited
tra’s Postharvest Engineering Unit
and compared tools and machinery
designed there with their own, for
selection of the most appropriate for
Boukoumbe,

The farmers” main concern about
cassavit was how to preserve their
planting material between seasons,
Fencing of the plantations usually
failed because of grazing pressure
from ranging livestock. One solution
might be “living” fenees: protection
from tree species which appear to be
inedible or repel the animals, such as
Jatropbet crircas Gin French:
“powrghere and Acacia
auriculiforntis,

Agroforestry against erosion
The agroforestry trials sought farmers’
evaluations of the usefulness of
different leguminous trees and vetiver
grass CVetiveria zizanioides) in
halting slope erosion, improving soil
fertility, and providing fuelwood,
among other benefits, However
maodest the current results appear to
be, these long-term trials have
survived the year in better shape than
the researchers had expected!

Farmers did all the work in
planting of some +.300 trees of 8
“multipurpose” species in anti-erosion
contour strips on hillsides. They
planted another 5,000 in “protection
forests™ on stony or steep hilltops
which would not have been cropped.
They planted some 25,000 vetiver
grass slips between the hillside rows
of multipurpose trees,

The farmers reported that 4 of the
species had survived satisfactorily and
developed reasonably casily:

» Lencaena feucocepbala
o Acacia anriculiformis
o Glivicidia sepitm

* Sennia sichnea

The vetiver survived mostly in
good condition and had fostered
some accumulation of soil organic
matter by the end of 1993,

Ranging animals did strip the
leaves off most of the tree species.
The only untouched species, at the
time of inspection, were A,
auricidifornis and 8. siamea.

The farmers were able to deter
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agent and cgroforesrry trials

the predators carly in the dry scason
by moistening the feaves and dusting
them with powdered cattle dung,
After a month or so the hungry cattle
and goats began to cat the foliage
nonetheless.

The Peace Corps volunteer
observed that most Gliricidia leaves
had been shed before the animals
started to cat tree leaves.,

Conclusion

The swift progress of the year's trials
in anti- Striga tactics and alternative
food crops shows the value of
farmers” participation in the rescarch
from the beginning,

For the researchers, the success of

the enterprise lay in the whole-
hearted collaboration of the farmers
which delivered credible results, that
can be used directly 1o benefit the
farmers and similar communities.
The key which unlocked all the
possibilities was the confidence of
the farmers in the researchers and
their proposition. The rescarchers
were able to secure the farmers’
confidence because:
e First. the farmers had met them in
association with the various NGos,
whose projects the farmers supported
and benefitted from.
* Second, the researchers made the
farmers problems the focus of their
triads. They did so because they
knew that they could help that
community only if they addressed the
community’s concerns, not simpyy
their own planning prioritics.

Hope for a more fertile future: Peace Corps volunteer with village

The story
shows that subsis-
tence farmers are
willing to take
risks in testing in-
novations when
their own priori-
ties are the sub-
ject of research.
Boukoumbe fiarm-
ers well under-
stood the possibil-
ity of failure.,
Nonetheless, in-
terest in the trials
wis 5o high that,
in cach village,
there were more
candidates for
participation than the researchers
could supply with materials,

The trial also shows that farmers’
commitment is sustained when they
can understand the trials and com-
pare results in an uncomplicated
layout of plots.

The same logic in the farmers’
case worked in the collaboration with
the Boukoumbe NGos—they saw the
essential congruence in goals, so they
were willing to combine their own
activities with the researchers’ project.
That collaboration provided another
key to efficiency in the operations:
the village agents, who became
available for on-the-ground supervi-
sion of trials and the myriad tasks in
implementing them. By the research-
ers' reckoning, effective local agents
can take from 210 - years to identify
and train in working with farmers on
research tasks,

For many farmers’ problems, no
clearcut solutions are on the shelf,
ready for deployment. Technologies
must be developed and adapted to
particular situations.  From the
Boukoumbe experience, we can see
that the whole r&D process can be
telescoped when those involved at
every level, from governmental
planning to the roots of the trget
community, ciin communiciite and
combine energies to find suitable
solutions together,

Kim Atkinson
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Maijor resource allocations

1993

Maize 2.5%
Research Support 7.9%

Plant health monogement 16.7%

Resoauice & crop management 14.4%

3.1% Cawpeo & Soybean
4.0% Roots & Tuber
1.5% Plantoin & Banano
5.2% Int. Cooperation
3.4% Information Services
— 4.0% Troining

Admin & Operotions 23.4% ——

1992

Maize 3.1%
Research Support 7.4%

Plant health monagement 10.7%

Resoutce and ciop manogement 15.1%

13.9% Depreciation

4.3% Cowpea & Soybean
4.5% Roofs & Tuber
1.3% Plantain & Banano
5.3% Int. Cooperation
— 3.5% Informatian Services

4.1% Tigining

Admin & Operations 28.1%

12.6% Depreciotion

Note:

The cae budget is used to fund those reseaich+elated activities esseniial in mesfing the CGit#'s objectives for developing countries
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IITA ASSETS 1993 1992*
Statement of Financial Corenoses
Posiﬁon Cash and cash equivalents 14,735 14,063
31 December 1993 Accounts receivable:
Expressed in US $ thousands Donors 5,428 0,893
* As reslated Others 1,052 1,542
Inventories 1,125 1,041
Prepaid expenses 933 741
Other assels 265 278
Total cutrent assets 23,538 24,558
Fixed assets
Property, plant and equipment 62,817 61,223
tess: accumulated depreciation 32,736 30,279
Total fixed assets—net 30,081 30,944
Total assets 53,619 55,502
LIABILITIES AND NET ASSETS
Current Liabilities
Accounts payable and other liabilities 4,529 4,060
Accrued salaries and benelits 3,975 3,475
Payments in advance—donors 4,863 7,820
Total current liabilities 13,367 15,355
Net assets
Capital invested in fixed assets 30,081 30,044
Capital fund 4,530 3,551
Operating fund 5,641 5,652
Total net assets 40,252 40,147
Total liabilities and net assets 53,619 55,502
ITA REVENUE 1993 1992°
Statement of Activity Gon 34,086 36,424
31 December 1992  Investment income 323 271
Expressed in US § thousands 34,409 36,695
*Asrestaled  EXPENSES
Research programs 22,785 23678
Conlerences and training 2,114 2,026
Information services 738 756
General administration 3,016 3,924
General operations 2,634 3,220
Depreciation 2,991 2,722
Total expenses 34,278 36,326
Excess of revenue over expenses 131 369
Adjustment for change in accounting policy* (142) (520)
Deficit for the year AR} [151)

*Commitments {change in accounting palicy)
Prior o 1 January 1993, purchase orders issued were occruzd as operating expenses of the fiscal yeor in
which they were issued imespeciive of the date of defivery of goods and services With effect om 1 January
1993, the CGIAR, in ccmplionce with Generally Accepted Accounting Prnciples (GAAP) introduced the
accrual basis of accounting which states that hansactions and other events should only be recognized of the
time when they affect the entity

The net financial impact en the Statement of Activity for the years ended 31 Dacermber 1993 and 1992, as
restated for comparison is as follows:

Operating commitments: End of year 918 1,060
Beginning of year (1,060 {1,580)
(142) {520}
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1993 1992
Cash Flows from Operating Activities
Deficit for the year ) s
Adjustments to reconcile net cash
Piovided by operaling activities:
Depreciation 2,991 2,722
Adjustment for change in accounting policy - 520
Reclassification of capital fund account - 400
Gain on disposal of assets 116 145
Decrease {increase) in assets:
Accounts receivable—dcnors 1,465 75
Accounts receivable—others 490 (624)
Inventories (84) 66
Prepaid expenses (192} (741)
Other assi's 13 {77)
Increase [decrease) in lighilities:
Accounts payable and other liabilities 469 1745)
Accrued salaries and benefits 500 528
Payments in advance—donors {2,957} 4,242
Total adjustments 2,811 6,511
Net cash provided by operating activities 2,800 6,360
Cash flow used in investment aclivities:
Acquisition of fixed assets (2,128) (2,493)
672 3.867
Net increase in cash and cash equivalents
Cash and cash equivalents: End of year 14,735 14,063
Beginning of year (14,063} (10,196)
Increase in the year 672 3,867
DONORS Core Special
Funding Project Funding
Alica-wide Biological Control Program - 865
Aliican Development Bank 261 .
Austna 150 672
Belgium 555 660
BMZ. Germany 846 768
Canada 1,291 157
Ching 10 -
Commission of the European Communities 290 1,086
Cenmark 371 336
Food and Agriculture Organization - 31
Fard Foundation - 205
France 268 67
Indica 25 -
International Development Research Centre - 739
Infernational Fund for Agricultural Development 53
Internatonal Institute of Biological Control - 357
ftaly 291 521
Japan 3,584 -
Korea, Republic of 50 .
Metherdands 1298 102
Nigeria 20 -
Norway 674 -
Overseas Development Administration {Uk) - 4
Rockeleller Foundation 61 451
Swoden 264 -
Swatzenland 660 455
United Kingom 600 .
United Nations Development Programme . 868
United States Agency lor Infernational Development 5,050 4,677
University of Hohenheim - 5%
World Bank 4,200 -
Other contibutions {7 #4f) - Q0
Closed and miscellancous projects 4
Total 20,819 13,267
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Inventory of Research Projects

Project title funding Cooperating locations Duration
sources institutions
Crop Improvement
Root and Tuber Crops
Cassava germplosm introduction, evaluation, and distribution core, CIAT CIAT, EABRAPA, NARS Colombia. Brazil, Nigeria conlinuous
Cassava germplasm enhoncement core, DANIDA ANU, NAKS, RVAU Austialia, Denmark, Nigeria continuous
intarnational collaborative trials cote, NARS NARS var. sites, W&C Ahica continuous
National coordinated research trials on cassava NS5, RRPMC NRCRI Nigena continuous
Yam germplasm evaluation and distribution core NARS var. sites, W&C Alrico continuous
Yam germrplasm enhancement core NARS var. sites, WEC Africa continyous
Postharvest techrolog, cote, NARS NARS var. sites, W&C Ahica continuous
Uthzanon of cassava for baking bread BADC/FDC KUL Belgium, Nigeria 1992-1995
Techrologes for germplasm disvibution of pathogenree ODA Wye College ur, Ghana, Nigeria 1992-1995
Dioscorea yams
Maize
1Aaize breeding for the savanna
Yield potannal core tar/Pioneer Hibred Co. Nigeria continuous
Stiga resistance core NCRE/ R4, IDESSA Cameroon, Cé'e d'lvoire continyous
Nirrogen use efficiency core, GIZ u1, Honover Geimany, Nigetia continuous
Drought tolerance core NECAMAM Bukina Faso continuous
Grain quality and utlization core, 14881 /12 Mali, Nigeria confinuous
Guinness Nigeria Plc
Maize breeding for the forest zone
Downy mildew resistance core 14v&T, Nigeria continuous
Fed. College of Agric.
Stem borer resistance core Ul Nigeria continuous
Husk cover and weevil resistance core NS Benin continuous
Grain quatt; and utilization core, 1ap81 Nigeria confinuous
Guinness Nigeria Ple
Maiza brecdirg for the mdalitudes
Yield potential core UIC, NCRE/'RA Nigeria continuous
Disease resistance core INCRE/1PA Nigetia, Cameroon continuous
Geimp'asni erhancement
Stiga resistance in maize landiaces core - Nigeria continuous
Charactenzanon of maize germplasm by anvironments core WECAMAN, CIMAAYT Nigeria, Burkina Faso, continuous
Cote d'lvoire
Outreach
USAID WECAMAN/USAID Cote d'lvaire continuous
International trials core NARS Nigeria continucus
Collaborative tesearch with 425 - NARS Nigeria continuous
Plantain/Banana
Plantain/ banana breeding for durable host rore/BADC INIBAP, FHIA, CRBP, Cameroon, Nigeria, 1987~
plant resistance KUt , NIHORT, CRI, Uganda, Ghana, Céte
IDEFCR, RAZ, UNBHP d'lvaire, Kenya, Malowi
ICiPE, and other riAds Bururdi, Zanzibar
evelopng Musa breeding capability and strategy core USDA/ AR, KUk Nigeria 1992-
Barana wrprovement for the midaltitudes core/USAD ARG Nigeria, Uganda 1992-
Botechnosgy for Musa breeding core U Birmingham Nigetia, 184, 04, 1983~
USDA/ARS, kUL Belgium
Postharest qualry of plantans core TARS Nigetia, Ghana, Uganda 1992-
Genotyp by cropping sysems inaraction coie LIARS Nigeria 1980-
Genetic Resources
Colaction chaacenzanon, docuymentation, conservanon, and core/Italy Ahican raes subrSaharan continyous
distobuten ob 1A s mandated ciops and theit wild relatives G Ahican countries
and o nee ard ome MU OO 0o Speces
rerspecibe ndizason ard cpogenztes of Vigna spocies, core/ltaly talian universities, Nigeria, ltaly, usa 1988-95
bicchamzar chamatenzation of comen and wid Vigna, Purdue U
CONPEO e s and toncdomion
Meleailar meathocs for gurens mopp ey ard dotorton of Rockefeller Fein. U of Minnesota Nigeria, u5a 1990-92
genehe duerity o Vigna spaces
Edible 100t and tuber crop germplasm coliecton core/ltaly Alrican 1w Alfiican countries 1990~
and conservahon
REST AVAILABLE DOCUMENT )
o Nt . - E



Project tile Funding Cocperating locations Dutation
5001CC5 instifuhons
Grain legumes
Cowpea varietal development for humid forest and Guinea cote — var. sites, W&C Alrica 1971-
savanna zones
Cowpea international trials core [SEEN Asia, WAC Africa, cantinuous
latin America, Asia
Natonally coordirated research on cowpeas Nigeria AR Nigeria 1975~
Cewpea improvement for cereatbased systems of moist and core 1AR&T, ABU, ICRISAT, var. sites, W&C Alrica 1990~
dry sevanra—~imgrovement of local varieties. genotype TARC
environment analysis: resistance to Maruca, aphid, thrips, 6]
brchid, ard diseases
Geanztics of phorasensitivity and phenological adaptation in cowpea  09a U Reading Nigeria, Ux 1993-
Development of cowpaa vaneties for 220 region EEC SACCAR/SADC E&S Africa 1900~
Intercrop physioingy of cowpea core/1ARC TARC Nigerio 1990-
Deselopment of cowpea and soybean far Ghana CIDA CRi Ghana 1985-
Soybean piocessing ard uthzarcn DRC 1ARRT, UNN, NAERLS Nigeria 1987~
Accumu'ating patial resistance genes for Marnuca pod borer core - Nigeria 1993-
If COWpEa
Intercienning soytrean ard sorghum core ICRISAT Nigeria 19911993
Biseding tor 1egisian “iaica ped borer and podsucking bugs  core - Nigetia 1993-
1 CONPRQ ush wide O Lsing
Studd es on the genetcs of resistance to Maruca pod borer core ICRISAT Nigerio 1994-
n Vigna cblongdola
Bieed ng for resivance to Smga gesneriodes and Alachia vogelii core IAR, DRA, INRAN, Nigeria, Benin 1990~
N ConEen long Ashton Rsh Sin
Beadirg for drovght tolerance in cowpea core JRTAS Nigeria, Japan, Southern 1991-
Iinois U
Suybean breeding lor the cavanna core — var. sites, W&C Afica 1977~
o etrationgl tials core — var. sites, W&C Aliica 1979~
Sy an promiscuous rodulanon i soybean NifTAL/ core NiFTAL Nigeria 1992~
Hanenaly coodinared reseaich on soybean Nigeria NCRs, 1AR, 1481 Nigeria 1980-
Riotechnology Research
Cenpza phant wgonent on and genatic ransformation lialy/core ltclian universities, ltaly, usa 1980-
Purdue U,
ol antoodes and a.agnosics DeC Agriculure Canada Canada, rars 1990-1995
b ralecylar marsets 1o st and tuber crops IAEASTAD AEA Austria 1992-
gy for compea improvemert Belgium U Gent Belgium 1992-1995
Plant Health Management
Cassava
25 o6 ield formation and interactions betwean the cassavg core Benin, Nigerio 1982-94
pant, s peds. anad the clima'e thioughout enlire growth cycle.
Characenzation of aspects of the biclogy and key interactions core, UHDP EMBRAPA, CIAT, Benin, Brazil, Cameroon, 1983-95
% e surounding agroecosystem of Manonychells lanajoa U Amsterdam Colombia, Ghana,
Netherlands, Nigeria, Rwanda,
Siera leone, Uganda,
Zaire, Zombia
Effacts of faiming practces on he v-ological contiol of the com U leiden, £1H Benin, Ghana, Kenya 1088-95
casavn maaiybug Malawi, Tanzania, Zambia
Ep demiology of Alncan cassava mosaic virus care, CDA 14l Nigeria 1992-94
Yom
Bisiegy and contdi of yam anthracrase core o Nigeria 1992-95
Maize
Analyus of the e ecogyuem st focus an e most mportant cote, L2 7, Texas »dee, Bern Come d'lvore, Ghana, - 1989-95
epidoptarous pess n Alncg Simon Frazer U Malawi MNigana Cameroon,
UReading, #727, tv Nager, Guinea, Uganda
Bology and cpidem civgy of Smga spacies, development of core, GIZ Old Dominion U, Benin, Butkina Faso 1989-95
moro.ed msarce strmening techrigue, improsement of esistance 1561 U Hohenhein 2, Cumeroon, Céte d'ivore,
wreels, studes on biougcal cortiel, arents development of BT R Nigeria, Togo
i praztoes b San contl development of predictive U Mawscby, Dupont Co
cha's for conec statona v U Bonn, U Gernt
U Nantes
Characterinies of moize pathogens core whoad Cameroon, Nigaria 1992-94
Biology of leathoppar vactors of maze steab virus core i Nigero, Uganda 1989-95
Downy milde & brolony and contal adr e agnadaal Mgeng 1993-1995
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Project litle Funding Coopetating locations Duration
S0UICES institutions
Cowpea
Feosibility study for the introduction of ecologically and economically  core, s0c e, U laval,Agy, aca,  Benin, Burkina Faso, 1987-96
sound pest management shutegies adapted 1o subsistence 1CrisAT, Purdue U India, Nigeria. Niget
forming systems.
Studies on virus diseases of cowpea core AUW, RA Cameroon, Mozambique, 1690-94
Nigeria
Characterization of major pests and diseases in the northern core AR Nigeria 1691-94
Guirea and Sudan savannas.
Scresning cowpea vaneries for resistance 1o pathogens in the core INRAN Niger 1991-94
dry savarng
Soybean
Studies on frogeye leal spot disease cote NCRI, EMBRAPA Nigeria 1991-94
Bic'ogy of red waf bloicn core U Jos Nigeria, Zombia 1991-95
Plantain/Banana
Bology of My cosphasrella hjiensis, causal agent of black sigatoka  core — Nigeria 1991-94
diease
Studies on vitus diseases of plantain core U Minnesota Nigeria, Benin, Ghana 1993-96
Screenng planta.n and cooking banana for resistance to black core FHIA, INIBAP Cametoon, Nigeria 1991-96
S3'ena
Eitacts of ecological facters and agronomic practices on the pest Rockeleller Fdn.,  1c, cwar, Agriculture  Benin, Nigeria, 1989-95
sarus of tloor sigatora, banana weevit and nematodes in highland  s0C Brz Canada, U loval Uganda, Chana
zananas ard paantain
Postharvest studies
Studiess ¢ posthariest insect pasts of maize core, DA UNB, NP1 Benin, Nigeria, ux 198905
Studies on postharast insect pests of cowpea core Purdue U Nigeria, usa 1990-95
Ecolag calsudes on e nreduced karger grain borer in stored $AD, 50C, BAAZ INFAP, CP, CIAAAYT, Benin, Honduras, Mexico 1988-95
ard cossa.a and in e suncurding habitats, tar, U Gottingen
allus flavus presalence and toxcity pattern Wi, BV U Berlin Beain, Germany, usa 1992-95

Seed Health
Davelnpment of improved detection metheds for seedborne pathogens core Plant Quarantine Service Nigeria 1993-96
Sudies of weedborre microfiora of ITA mardate crops core — Nigeria 1994-96
Biological control

MANGO MEALYBUG

Bic.ogizal conrral of the mango mealybug by the introduced $DC U leiden Benin, Conakry, Céte d'voire,  1987-95

roastod, Guanusoidea tebygi: quantification of Gabon, Ghana, Guinea,

npactin dferent ecolegreal cordiions Nigeria, Sierra leone, Zaire

WATER HYACINTH

Reanry, release. and mortoring of Neocheting eichhornice, G1Z CSIRO, 1BC Benin 1991-95

a beetie bzading on warer hyacinth

BIORATIONAL CONTROL OF ACRIDID PESTS

Jont brclogical control project aganst locusts and grasshoppers — USAID, CIDA, DA, DFPY, 18C, Plant Benin, Niger, Mali, UK 1990-95

using the fungus Metarhizium flavoviride. DGIS Protection Service Niger, and Mali

Bidlogical cortrol of spiraling whitefly, a polyphagous pest FAQ BC Benin, Togo, Ghana, 1994-95

Nigeria

DEVELOPMENT OF NATIONAL BIOLOGICAL CONTROL PROGRAMS G1Z, Austria, UNDP NARS 25 sub-Saharan countries 1990-96

FAUNISTIC AND SYSTEMATIC STUDIES

Development of nsect museum to suppart ecosystems analysis Austria 8¢ Benin, Cameroon, Nigeria 1991-93
Resource and crop management
Resource management
Charactenzaton of enwianmerts, resources and constraints

Napping of ecologea ard economic resource information and - 4028 ANU WEC Alica 1990-

productive porertal for West ard Contal Alica in o resauice

informatcon s stem [RIS) and geograch e rlormanon system [55).

Charactenzaton of esaures and mecuce managament — NCPE, IRA, 1NCRI Cameroon, Nigeria 1988~

i indigencus farming systems

Charactenzation and de.elcpmert of the Mbalmayo site AIDAB cswro, Obafem: Cameroon 1991~

Awolowo, U National
Herbarium, [Cameroon)
53
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Project title Funding Cooperating Locations Duration
S0UrCes institutions
Adagiability and adoptability of alley cropping systems
Adaptive capablities of hedgetow trees USAD U Hawaii, Cameroon, Hawaii, 1080-
Michigan State U Nigeria
Woeed management in alley cropping core — var. sites, WEC Alica 1989-
atg1a reseorch projects
PMullipuzposs tres screening and evaluation {ones'aton) USAID icear, Oregon State U Cameroon, Nigeria 1670-
Alley formmg managament tials {on-station) IFAD/IDRC/CIDA — var. sites, W&C Alnca 1900~
Ondaim rescarch with alloy farming IFAD/IDRC / CIDA — var. sites, WEC Alfrica 1990~
Multipurprase capability of herbaceaus and shrub core - var. sites, W8C Africa 1980~
legumabased cropping sysiems
Develapment of agrofomstry systems for the humid forest zone core ICRAF, IRA, NCRI, OAU Nigeria, Cameroon 1980~
Detenmnants of sustairablity in cropping systems
Cercepts ard methads in susiamabiliyy reseaich core - Nigeria 1980~
torgtem susamablity of alley ciepping systems core - Nigeria 1989~
Comparatve systems studias Gl Univ. of Gotiingen Nigerio 1989~
Developmeant of models and support systems for integrated
maragament of topical sols
Intagraed ruteant management for acid soils core — Cameroon 1988-
Nutrent cychey in alley ciopping sysiems core TSBF Nigeria conlinuaus
Dyramics of sul crganic mater BADC, DGIS KUL, I5F Nigeria 1088-
Regeneation of degiudad soils core — Nigeria 1989-
Bidlogy ard cortrol of Imperata oylindnca core — Nigeria 1988-
Crop management
Humid forest systems
Charactenzation ard diagnoss of cassava based systems core, U Helsinki Nigeria 1989~
Univ. of Helsinki
Collaboratve study of casca.a n Afiica [monca) core Rockefeller Fdn, riaks 17 African countries 1986-
Shiotegic crop maragement studies core " Nigeria 1989~
Adaptabiiy and adeptability of alley cropping core, U, NIFCR, EEC Nigeria 1986-1092
Ford Fdn.
Development of improsed technclogies for core EEC var. sites, W&C Afiica continuous
cassavabased systems
Ontarm walidation and impact of improved techrologies — HARS var. sites, WAC Africa continuous
Savunrn Sys'ems
Characten.zanen and diagros's of sovanna systems core NARS in 17 countries  sub-Saharan Africa continuous
Development of improved technologies for maize-based systems  core IAR Nigeria continuous
lmpact of improved technologies core DRA, CR! Benin, Ghana continuous
Integration of legume-based technologies into Fcrm}ng systems core NARS Benin, Cameroon, Cote continuous
d'loire, Ghana, Nigeria,
Zaie
lmpact of evciving production systems on Shiga core 1Ak, NAES, 1RA [North), Cameroen, Ghang, conlinuous
PASCON/FAO Nigeria
eterminants and consequences of inensification core IAR, NAES Ghana, Nigeria continuous
Infand valiey systems
Characterization and diagrosis of inland valley swamp systems  DGIS, core U Gemblour, var. sites, WEC Africa 1990~
WEERDA, MALS
Mapping of ccologieal and econcmic resources information Do Winand Stating Centre  var sites, WEC Africa 1990-
Straregic crop management stuclies core ALY, RN CA var. sites, W&C Alica 1900~
Project tifle Funding Cooperating locations Duration
sources institutions
International Cooperation
Development of mstiutional capacity for research on cereals USAD 1RA Cameroon {Phase 1)
and facditios for ransmiting research 1esults 1o farmers 1986-94
Developrent of improved varietes of raize and cowpeas and - UsAD 17 Sahelian countries Butking Faso {Phase 1)
impreved cutiral practices wih faimers i somearid regions 1986-93
5407 Cowpea Research Project
Devslopment of compen producton m +.0 countiies EEC Angala, Botswana, lesotho, Mozambique, Mozombique 1990-93
Nomibia, Swozilard, Tanzonio, Zambia,
Zimbabuwe
£5AP7 |
Development of improved cassava and sweet polato USAD, IDRC Angola, Burunds Ehicpa, Kerya, Malawi {Phase 1
varieties for sustainable production in East and Southern Aflica Madagascrr, FAaliia tAszambique, 199293
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Project ifle Funding Cooperating

Sources Institutions location Duration
ARRETA
Applicatiens of alley farming as a basis for sustainable cibA, DRC,  Benin, Butkina Fasn, Cameroon, Nigeria 1989-94
farming systems DANIDA, Cote d'tvoire, Ethiop:o, Ghana, Guinea,

usaD, #AD  Lliberia, Malowi, Nigeria, Rwanda,
Sierra leone, Tanzania, Togo, Ugando,

Zaire, Zambia
Onfarm adapive research for cassava, yom, rice, maize, cowpeas,
and soybeon in hopical Africa.
Support for wide multilocation testing, multiplication, and EEC Benin, Bukina Faso, Cameroon, Chad, Nigeria 1990-93
distiibution of improved varieties Cango, Céte d'Ivaire, Equatorial Guinea,

Gambia, Ghiana, Guinea, Guinea-Bissau,
Mali, Nigeria, Principe, Sao Tomé & Principe,
Senegal, Sierra leone, Togo, Zaire
Utlization of cassava flour in baking bread
Improvement in existing lechnology for baking bread, BADC/FDC KWL, RvAU Nigeria 1992-94
using pure and partially substtuted flour

Stiengthening of 11405 of West Africa to conduct acaptive France, Benin, Comeroon, Congo, Gabon, Nigefia 1962-94
research, and to promote increased regional CGAR Cuinea, Nigeria, Togo

collaboration with 175

AT

Development of improved cassava varieties for USAD Burundi, Rwands, Kanya, Madagascar Uganda 1993-95

sustainable production i East Arica

Tigining women profess-onals from West Alrica Ford Fdn.  ECOWAS countries of West Africa Nigeria 1990-96
t’.‘:p‘\AET

Development of improved rassava ond sweet potato USAD Namibia, Angoia, Botswana, Malawi, Malawi 1993-98

varieties for sustainable production in the sARC countries Mozambique Tanzania, Swaziland,

lesotho, Zambia, Zitnbabwe
WECALAL
Development of improved maize vanetios for sustainable USAD Chana, Togo, Butkina Faso, Caneroon, Céte d'Ivoire 1993-95
maize production in West and Cential Alrica Céte d'lvoire, Nigeria, Benin Mali

Graduate research completed at [ITA in 1993

Degrew: Country Universty (U) Sponsar Name M/F Research topic
rtof origie

Crop improvement

M Belgium KUL, Belgium AGCD longie, H F Assessment of male sterility in notural Musa germplasm and plantain-
banana hybrids

MSc  Belgium KUL, Belgium AGCD Ulburgus, F. M Assessment of male sterility in natural Musa germplasm and plontain
banana hybrids

MSc Nigetia U lbadon, Nigeria  Self Akparobi, S M Morphophysiological adaptation of cassava to mid-altitudes

MSc  Nigeria U lbadan, Nigetia  Self Chukwuma, S. M Classilying germplesm diversity in yum

MSc Nigeria U lbadan, Nigeria  Self Aliyu, Bakari M Taxonomic studies within the African wild Vigna gene pool Viz1a

reficulata Hooker fil

PhD Botswana U Zimbabwe Ford Fdn.  Molgotsi, K K. F Influence of low soil and air temperatures on yield ond yield
components of cowpea

PhD  Nigeria Ulbadan, Nigeria  1ma/Gete Kehinde, Babatunde M Genetic linkage analysis in cowpea

PhD  Nigerio Rivers State U M¥ieil Harry, Gamaliel M Erbiyo rescue in vio for the enharcement of hybrid plantain
of Science & nroduction
Technology. Nigeria

PhD Iigera Ulbudan, Nigeria s /Gse Ogbaji, M M Genetics of resistance to pod-sucking bugs of cowpea

PhD Nigeria U Ibadan, Nigeria WTA/ CRep Adetimitin, V.O. M Maize chaiactenzation for Strigatolerant mechanisms

PhD Nigena U tbadan, Nigaria HIA /PR Akintoye, H.A M Nitrogen use efficiency in maize bybrid and open pollinated varieties

PhD Nigeria U lbadan, Nigeria REYLesn Fregene, M A, M Phylogeny of wild and coltivated Aanibot species based on restriction
fragment length polymorphism (RFLP) analysis

PhD  Tonzania  Ulbadon, Nigerio e KapingaNdibaz, Ak. F Intercroppiny of cassava [Manihot esculenta Crantz] and sweet polato

llbomea batalas L) in the semi-arid zone of Tanzania
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PhD  Zambia U West Indies SIDA Simwambana, Moses M Physiolagical charactenstics of spontaneous tetraploids and triploids as
compared 1o those of diploids in cossava; effects of environment on
flowering of cassava

Resource and crop management

MSc  Belgium KUL, Belgium AGCD Comeliszen, L. M The evolution of land use entilements in the Notthern Nigeria

MSc  Belgium KUL, Belgium AGCD Vanden Bosch, S, M Soil organic matter

MSc  Ghana U Helsinki FINNIDA Agyeman G. A, F The effect of buming cn the weed seed bonk and on weed establish-
ment in the hun. forest

MSc Netherlands U Wageningen de Gioot, E. F Earihworm effects on plant production and soil festility

MSc  Nigeria Ulbcdan, Nigeria  Se" Chinwe, K M Survey on impact of ferlilizer on giound and suttace water quality in
the Northern Guinea Savannah region of Nigeria

MSc S leone U College, Njala WA/ GReP Kroma, M f Gender responsibility in post havest practices and loss reduction
technologies of small farmers

MSc  Belgium U Bruxelles AGCD Convent, H. M Suitability of leaves of selected woody species as source of nutrients in
alley croping and as feeds for small ruminants

PAD UK Ulbadan, Nigeria ~ Common-  liya, S.M. F Nitrogen fixation and niogen contribution by hedgerow frees in

wealth alley cropping systems
PhD  Nigeria Ulbadan, Nigerio  Self Awoltoye, O.0. M Vesicular arbuscular mycorrhizal contribution on nutrier* uptake and

waler use efficiency on hedgerow trees and the associated food
crop in the alleys

PhD  Nigetio U lbadan, Nigeria  Self Atayese, M.O. M Vesicular arbuscular mycarthizal contribution on nutrients recycling
and water relations of mullipuipose trees ond the ossocialed food
crop in the alleys

PhD Nigetia Anmadu Bella U, UTA/ SREp Ahmed, Benjamin M Economic analysis of the potential for susiained maize production in
Nigeria the northern Guinea savanna of Migerio
PhD Nigeria U Nigeria, WA/ Gerp Ezedinma, C. M Availability and use of farm labor in food crop production in
Nsukka cassavaproducing zanes of tropicol Africa
PD  Comeroon  Ulbadon, Nigeria  #1a/Gaep Egbe, Andy E. M Liter fall and comparotive study of two indigenous mullipurpose trees
for use in agroforestry systems in humid lowlands
PRD Nigeria Abmadu Bello U, Self Usman, Kyiogwom M Impoct of adoption of improved maize varieties in the northern
Nigetia Guinea savanna of Nigeria
PRD  USA U Florda, USA Self Latt, Christopher M The inferaction amang reserve carbohydrates, pruning strategies and
biomass production of hedgerow tree species
PhD S. leone U Minnesofq, A/ GRip Freeman, Hoiuno M A model of agricultural intensification in the Wes! African
USA northern Guinea savanna
PhD Tarzanio Reading U, UK A/ GREP Hongo, Haminu M Climatology of mixed and sole maize cropping systems

Plant health management
MSc  Belgum KUL, Belgiurm AGCD Wouters, Alex M A shudy of resistance mechanisms involved in various types of maize
resistance to maize stieok virus

PO Ghana U Wales, Cardift, UK+ /Garp AduMensah, O. M laboratory and field sturies on infestivity of two species offungnl
pathogens to Zonocerus variegatus and grasshoppers in West Africa

PhD  Fzugal U leiden, BCP/ 1A Boovida- f The mango mealybug and its biological control
Netherlands Mégévand, C.
PiD  Germany U Giessen, GIZ Borowka, Roland M Biological controf of cassava mealybug in Malaw, especially
Geimany Diomus spp.
PRD  Gambin U California, BCP/itA BruceOliver, S. M Evaluation of the indigenous Afiican phyloseiid, Fuseius
Berkeley fusts. as a biological cantiol agent of the cassava green mite
on cassava in West Africa
PhD Switzetand  £TH, Zunch Self StaubliDreyer. BS.  F Biology and feeding behavior of H. notata (Muliis } {Coleoptera:
Cocuinellidan) in relation ta its prey, the cassava mealybug, P. maniholi
PhD  Germany U (essen, Gemany GIz longewald, Jirgen M Biological contro! of locust with neem
PhD Gemany U Hoherlieim, G2 Schaab, klf M Economics of biocontrol of cassava pests
Germany
PhD  Ethiopia U Bath, UK 18C/ita Emiru, 3¢ youm M tocust pathogens
PhD  Benin U leiden, G1Z2/ 1A BokononGanta, A, M Impact of the mango mealybbug and its exofic parasitoids
Netherlands
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ITA’s improved germplasm released in different countries

Country Crop Breeding line/voriety Country Crop Breeding line/variety
Angola Cowpea  TVx 3236 Nigeria Cowpea 118452246, TVx 32306, IT82E-60,
Belize Cowpea VITA-3 1810994, 1T86D-719.1T86D-721
Benin Rep. Cowpea  VITA4, VITA'S Cassova  TMS 50395, TMS 30572, TMS 30001
Cassava TMS 30572, TMS 30572A and TMS 4{2)1425, TMS 30555,
TMS 4(2)1425 TMS @1934, TMS 82/00058,
Maize [ZB-SR, 43-SR, DMR-ESRW, 30:SR TMS 81/00110, TMS 81/00661,
Bolivia Cowpeo 11820442, 11820889 TMS 90257, TMS 84537
Botswana Cowpea ER-7, TVx 3236 Soybean TGx 849-313D, TGx 1019-2EN,
Brazil Cowpea ARL267 D1F VITAG, VITA-3, VITA-Z, TGx 1019-2E8, TGx 1448-2E
TVx 1836013) TGx 536-02D, TGx 30603¢C
Burkina Faso Cowpea TVx 3236, VITA-Z (KN-1) Maize: Open-Pollinated
Maize EV 8422-SR, EV 8430-SR, EV 8431-SR 1ZPB, OQ6EP6, TZMSRW, TZSRY, TZSR-W,
Burma Cowpea VITA-4 {Yezin-1) TZEYR'W, TZESR-Y, DMRLSRW, DMR-LSR-Y,
Burundi Casseva TMS 40160/3, TMS 40160/ 1 DMR-ESR-W, DMR-ESR-Y, TZB-SR, TZPB-SR,
Cameroon Cowpea 1810985, ITB1D-994, TVx 3236 EV 49-5R, POOL 16:5R,
Maize TZB-SR. 1ZPB-SR, TZB derivation, DMR-ESR-Y, Suwan 1-SR, EV4 3-SR
Kosai-SR, Suwan 1-SR, 8321-18, 85566 Maize: Hybrid
Cassava TMS 8034, TMS 8017, TMS 8061 and 8321-18, 8321-21, 83223, 8322-13,
TMS 82516 8329-15, 8241-5, 84258, 8428-19,
Central Alican  Cowpea  VITA1, VITA4, VITA-5 8434-11, 85052, 8505-3, 85054,
Pepublic 85055, 850513, 864427, 8644-31,
Chad Cowpen 1810094 8644-32, 851612, 853523, 85566
Colombia Cowpea 11835841 Cooking banana
Congo Maize 864427 Cardabo
£t Salvador Cowpea Vx 1836013), VITA-3, VITA'S )
Equador Cowpea  VITAJ Pakisian Cowpea  VITA-4
Ethiopio Maze  Gusou 81 128, Gusau TZBSR® Panama Cowpeo  VITA'3
Fi Cowpea  VITA'T, VITA3 Perv Cowpea  VITA7Z
Gabon Cossowa  CIAM 766, CIAM 767, CIAM 7613, Philppines  Cowpea 11820889
C|AM 7037 TN\S 42025’ TN\S 30555' RW(. 1d0 COSSOVO TN\S 30572, GOkiZO (UYT bU”( 1977],
TMS 30337, TMS 40160, TMS 4(2)1425 Katana (YT bulk 1977)
Gambia Cassava TMS 60142 SaoTomé Maize TZSRY], TZSRW-1
Ghana Cowpea  I182E-16, 183572813, Senegal Cowpea  TVx 3236
”83Q8}8, TVx ]BASIC, TVx 2724‘O|F Seyche”es Cassava SEY ]A, SEY?B, SEY32, SEYAI, SEY52
Maize AQSP POC! }O_SR 43SR1 Sieuo leone Cowpeo TVx 1990-01E
QPM Pop6 3-SR Maize TZSRY-1, IV 26:SR
COSSOVO TN\S 30572- TMS 50305. ond COSSOVO ROCASS ] ROCASS 2, ROCASS 3,
TMS 4(2)1425¢ NUCASS 1, NUCASS 2, NUCASS 3,
Soybeon  TGx 207-192C, TGx 306036C, 80740
TGX BBBAQC TGX 53002[), Somolio Cowpeo TVx ISO?
TG)( 2()7]OF TGK 8 ] 3OD SUdOH Maize DN\RESRW D/\/\R'lSR‘\N, C)USOU TZB
Guinea Cowpea [185F-867-5 Sri lanka Cowpea i182D-789, 1182D-889, TVx 309-01G,
Cassova  TMS 30572 TV» 930018
GuineaBisau  Cossava M 4(2]1425, TMS 60142 Swazlond - Cowpea  I182E:18, IT82E32, IT82E7)
Guatemala Cowpea VITA3 Tanzania Cowpea TK-1.TK5, 11820-889
Guyana Cowpea  ER7, TV 2907020, TVx 66:2H, Togo Cowpea  VITAS, TVx 3236
VITA3 Maize 49-5R, 8322-13 STR
Haiti Cowpes  VITA'5 Cassava  TMS 4(2)1425 and TMS 30572
India Cowpea  VITA4, TVx 1502 Uganda Cowpeo  TVx 3236, IT82E-60
Jomaica Cowpea VA3, ER7 Cassava TMS 30572* TMS 60142*, TMS 30337
Korea, Rep. of  Cowpsa VITAS Maize Act B3 TZMSRW, 8535-23, 85566
liberia Cowpeo 11820889, TVx 3236, VITA'S, VITA-4, VITA7  Venczuelo Cowpea  VITA3
Cosson CARICASS 1, CARICASS 2, CARICASS 3 Yemen Cowpea  Tx 3236, 11620789, VITA'S
Mautitius Cowpea TV 3236 Yemen [Sauth)  Cowpea VITA-5 VITA7
Mozambique ~ Cowpea  ITB2E18 Zaire Cowpea  IT82E-18
Cassva  TMS 30001, TMS 30395, TMS 42025 Maize — BITZMRW, Il 83 TZSRY']
Maize  Matiba, SEMOC ] (DMRESRW) Soybean TG 81476D, 1Gx 849-294D
Nepol COWP‘BU ”8?[)889 |T82D752 COSSOVO Kmqu, HOO TMS‘]O?30/3
Nicoragua Cowpea  VITA3 Zambia Cowpea TV)(‘ASO‘O”, Wx 309-1G
Niger Cassava  TMS 412)1425 Cossva 1UC 133
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Abbreviations and acronyms used in the text

ABU Ahmadu Bello University (Nigeria)
AFNETA Alley Farming Network for Tropical
Ahica

AIDAB Australian International Development
Bureau

ANU Australian Notional University

AUW Agricultural University, Wageningen
BADC/FDC Belginn Agency for Development
Cooperation/Fund for Development
Coopercticn

BMZ Bundesministerium [Ur Zusammenarbeit
{Germany)

caB! Coinmonwealth Agricultural Bureau
International [UK)

¢Gtar Consultative Group on International
Agricultural Research

ctat Centro Internacional de Agricultuia
Tropicat

cipa Canadian International Development
Agency

CIMMYT Centio Interacional de Mejoramiento
de Maiz y Tiigo

ciP Centio Internacional de la Papa

cp Colegio de Postgraduados (Mexico)

¢rap Cente Régio..ale Bananiers et Plantains
¢RI Crops Research Instituiz (Ghana)

¢siro Commonwealth Scientific and Industrial
Research Organization

DANIDA Danish International Development
Agency

DFPV Déparlement de formation en profection
des végétoux (Bénin)

pGis Duectoraat Generaal voor internationale
Samenwerking {MNetherlands)

DRA Direction de la recherche agronomique
[Benin; Cential African Republic)

EAP Escucla Agricola Panamericana (Honduras)
£EC European Economic Community
EMBRAPA Empiesa Biasiléira de Pesquisa
Agropecuaria

ESARRN East and Southern Afiica Root Crops
Research Network

EscarP Ecologically Sustainable Cassava Plant
Protection {i14)

ETH Eidgenossisch Technische Hichschule
[Switzerlanc)

FAO Food and Agriculture Organization of the
United Naticns

FHIA Fundacicn Hondurena de Investigacion
Agricola (Honduras)

66DP Ghana Grains Development Program
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67z Gesellschaft fir Technische
Zusammenarbeit {Germany)

1AEA International Atomic Energy Agency

1AR Ingfitute for Agriculiuial Research, Samony
{Nigeria)

IARCs international agricultural research centers
1AR&T Institute of Agricultural Research and
Training [Nigetia}

IGIPE International Center of Insect Physiology
and Ecology

ICRAF International Centie for Research in
Agroforestry

ICRISAT Inleinational Crops Research Institute for
the Semi-Aria Tropics

IDEFOR Institut des Férets {Cote d'lvoire)

IDESSA Institut des savanes (Cote d'lvoire)
IDRC International Development Research Centre
IER Institut d'économie wrale {Mali)

IFAD hternational Fund for Agriculiural
Development

uBC International Institute of Biological Control
[uK)

1E International Inst rte of Entomology (UK}

iIMi International lirigation Management insfitule
€A Infernutional Livestack Centre for Alrica
INIA Institulo Nacional investigacao
Agronomica [Mozambiqu:)

INIBAP International Network for the Improve-
ment of Bananas and Mantain |France)

INIFAP Insfituto Nacional de Investigaciones
Forestales y Agropecuarias {Mexico}

INRAN Institut national de recherches
agrorom.iques de Niger

IPGRI International Plant Genetic Rescurces
Institute

IRA Institut de lo recherche agronomique
{Cameroon)

IRAZ Institut de recherche agronomique et
Zootechnique {Burundi)

IRRI Internationol Rice Research Institute

I15F Institute of Soil Fertility (Netherlands)

JIRCAS Japan Internationa! Research Center for
Agricullural Sciences

KuL Katholieke Universiteit Leuven (Belgium|
NAERLs National Agricultural Extension and
Research liaison Service [Nigeria)

NAaEs Nyankpala Agricultural Expetiment Station
{Ghana)

NARS national agricullural research systems (in
Altica; various)

NCRE National Cereals Research and Extension
(Cameroon)

NcRr! Nalional Cereals Research Inslitute
[Nigerio)

NiFTAL Nitrogen Fixation in Tropical Agricultural
legumes

NIFOR Nigerian Insitute of Qil Palm Research
and Training

NIHORT National Instfitute for Horticultural
Fesearch and Training (Nigeria)

NRCR! Notional Root Crops Research Institute
[Nigerial

NRI Naolural Resources Institute [UK)

Nss National Seed Service (Nigetia)

0Au Organization for Aliican Unity

opA Overseas Development Administiation (UK)
PASCON Pan-Afiican Striga Control iNetwork
RRPMC Regional Research Project on Maize
and Cassavo [IITA)

RVAU Royal Veterinary and Agriculiural
Universiiy {[Denmark)

SACCAR Southern Africa Cenler for Coopetation
in Agricullural Research

sADC Southern Africa Development Community
SAFGRAD Semi-Arid Food Grains Research and
Development Project

sDC Swiss Development Corporation

TARC Tropical Agricultural Research Center
{lapan)

1sBF Tropical Soil Biology and Fertility Program
U University

uc University of California

ut University of Ibadan

UNB Université nationale du Bénin

UNBRP Uganda Nalional Banana Research
Program

UNDP United Nations Development Programme
UNN University of Nigeria, Nsukka

Usaip United States Agency lor International
Development

uspa/ARs United Stales Department of
Agriculture/Agriculturol Research Service

utc United Trading Company (Nigeria)

vso Volunleer Service Crganization (UK]
WARDA West Alrica Rice Development
Association

WECAMAN West and Central Africa Maize Net-
work {SAFGRAD)

w1 Winrock International
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Board of Trustees

Randolph Barker, Chairperson
Depariment of Agricullural Economics, Cornell University, lthaca, New
York 14853, USA

Adamu Aliyu

Director of Agricullural Sciences & Head of NARP, Federal Ministry of
Agricultuie & Natural Resources, PMB No. 12793, Victoria Island,
lagos, Nigeria

Theodore A. Anumudu®
Ditector general, Federal Minisiry of Agriculture, Water Resources and
Rural Development, Abuja, Nigeria

Lukas Broder
Diractor general, ITA, Oyo Road, Ibadan, Nigeria

Robert K. Cunningham
Agricultural Research Consultant, 19 Coleridge Cautt, Milton Road,
Harpenden, Hens ALS SID, England

Vitlorio Delucchi*
Im langstuck 8, CH 8044 Gockhausen, Switzerland

Jacques Diouf*
Ambassador, Senegal Mission to UN, ¢/0 Waild Bank, AFRVP, Room |
5029 1818 H Street, NW, Washington, D.C. 20433, USA

Pierre Dubreuil
c/0 CIRAD, 42 Rue Scheffer, 75116 Paris, France

Volker Hoffmann
Institut Fir Agrarsoziologie, landw, Beratung und Angewandte
Psychologie, Universitdt Hohenheim, 70599 Stullgan, Germany

Constance McCorkle
Senior Research Scientist and Consultant, 7767 Tievino lane, Falls
Church, Virginia 22043-3501, USA

Joseph Mukiibi
Director general, National Agricullural Research Organization, PO Bor
295 Entebbe, Uganda

Keiko Nakamura
Project Office:. Biohistors Research Hall, 18 Mori Building {1 1th floor),
313, Toranomo::, 2-chome, Minatoku, Tokyo 105, Japan

Arnor Njos
Director general, Cenler for Soil and Environmental Research, PO Box
Q. N-1432 As, Norway

Mary Okelo
Kaboke House, State House Avenue, PO Box 48064, Nairobi, Kenya

Wale Omole
Vice Chancellor, Obalemi Awolowo University, lle ife, Nigeria

Gerardo Perlasca
Agrorlndustiial Consultant, via Prudenziana 40, 22100 Como, ltaly

John Stewart
Dean of Agriculture, University of Saskalchewan, Saskatoon, Canada
S7NOWO

Marc Van Montagu

Director, laboratorivm voor Genetica, Rijksuniversiteit Gent, K. L.
ledeganckstraat 35, B-O000 Gent, Belgium

* Left during the year {1 April 1993-31 March 1994)

Professional Staff

Management division

Executive management

L. Brader, PhD, director genetal

S. A Adetunji, PhD, special assistant to director general

J. Cramer, BA, execulive assistant to direclor general

J. P Eckebil, PhD, depuly director general, international cooperation
S. K. Hahn, PhD, director emeritus, cassava*

H. Herren, PhD, director, plant health management division

C. F. McDonald, MSc, assistant 1o ditector general (for research)

J. Pleysier, PhD, acting director, resource and crop management divisian
W. Powell, BSc, deputy director general, manogement

F. M. Quin, PhD, director, crop improvement division

Administzative and auxiliary services

W. Ekpo, ACIS, security manager

C. A. Enahoro, manager, lkeja guest house

B. Faditepo, MEd, travel services manager

C. InnissPalmer, MA, specialist English teacher

A. Jackson, deputy head, interational school of IITA
N. Jackson, head, international schoo! of ITA

G. Mcintosh, CMA, head, intemal audit

A.R. Middleton, BA, manager, hotel and calering services
D. J. Sewell, manager, aircialt operations

R. Williams, aircraft pilot*

B. A O. Yusuf, ACA, senior internal auditor

Budget and finance

D. A. Govemey, FCA, director

B. A. Adeola, FCIS, accountant

C. A Babalola, ACA, financial information systems manoger
P.O. Balogun, FCCA, finance manager*

J. E. Bolarinwa, MBA, payroll accountant

R. Obikudu, MBA, materials manager

K. O. Clatifede, ACA, special project accountant

O. Sholola, ACA, budget/planning coordinator

S. J. Udoh, AMNIM, chief accountant

Computer services

L. J. McDonald, LB, computer manager

A. A, Akinbola, BSc, senior technical analyst

N. N. Eguzozie, BSc, computer programmer

J. Foord, consulling computer engineer

T.D. Oluyemi, MSc, systems softwore manager

Humen resources

J. O. Badaki, MBA, head, human resources*

J. B. Adenuga, employee services manager
F.O. A Ajose, MD, medical officer

T. A Akintewe, MD, head, medical services

J. B. Elegbe, MSc, personnel manager*

H. lzevbigie, MIIR, planning/tiaining manager*
F. O'Dwyer, BSc, nurse/practitioner

A. Ohanwusi, MBA, planiing /training manager
O. 1. Osotimehin, BSc; DDA, personnel manager

Information serv'ces

S. M. A lawani, PhD. director

Y. Adedigbo, MA, head, libiary and documentalion
A. O. Adekunle, MSc, editcr *

R. O. Adeniran, MLS, principal librarian*

J. 1 Adeyomoye, MLS, principal librarian

K. Atkinson, MSc, head, publi_ations

T. Babaleye, MCA, public information manager

E. O. Ezemo. MIS, principal librarian {database development]
D. Haastup, MCA, public relations manager

D. R. Mohan Raj, PhD, science wiiter/editor

E. Nwuly MSc, audiovisual specialist

B. O. Qjurongbe, BSe, production manager

O. O. Osaniyi, MIS, principal hbiarian

T.T. Oweoeye TS, editor

BEST AVAILAGLE DGCUMENT



o g 1y g i
FON THE REZORD

Physical plant services

A. Bhatnagar, BSc, head, physical plant services

E. O. Akintokun, research vehicle services officer

A. C. Butler, building and site services officer

P. G. Gualinetti, constuclion site engineering services officer

L. I. Ojuma, BSc, telecommunicalion services officer

M. A. Oyedeji, electrical services officer

S. W. Quader, electronic services officer

D. A, Rosenzweig, heavy equip.nent/research vehicle sewvices officer

Crop improvement division
F. M. Quin, PhD, director
B. R live

Grain legume improvement program

K. E. Dashiell, PhD, breeder, program leader

R. C. Abaidco, MSc, NiFTAL associate expen*

C. A. Fatokun, PhD, breeder

B. B. Singh, PhD, breeder and officerin-charge, Kano station
Postdoctoral fellows

SF. Blade, PhD, breeder/agronomist

S. M. Osho, PhD, food technologist

Visiting scientist

T. Terao, PhD, plant physiologist—spacial project

Root and tuber improvement program

R. Asiedu, PhD, breeder, program leader

M. Bokanga, PhD, biochemist and food technologist
A G. O. Dixon, PhD, breeder

I.J. Ekanayake, PhD, physiolagist

S. Y. C. Ng, MS¢, tisee culture specialist
Postdoctoral fellows

I. N. Kosele, PhD, breeder/agronomist

N. Wanyeia, PhD, breeder/agronomist

Biotechnolcgy research unit

G. Thottappilly, PhD, heod

D. W. Mignouna, PhD, Gatsby research scienlist/molecular biologist
Postdoctoral feflow

I Ingelbrecht, PhD, biotechnologist—special project

Visiting scientist

P. Petilli, Dott, biotechnologist*

Research farms unit

P. Austin, heod

E. A. Bamidele, farm manager

P. 5. Ogundare, HND, farm management officer {Abuja)
G. O. Olayode, farm management officer {Ibadan)

Genetic resources unit
N. Q. Ng. PhD, head
S. Padulosi, Dott. plant explorer *

Plantain and banana improvement program

R. Ortiz, PhD, ieader and officer-inchorge, Onne station
D. T. Dede. BSc, farm superintendent

Postdoctoral fellows

J. H. Crouch, PhD. geimplasm enhancer/biotechnologist
S. Fernis, PhD, postharvest technologist

Maize research program

F. M Quin, PhD, program leader
S. K. Kim, PhD, bieeder

J. Kling, PhD, brecder

Visiting scientists

M. Esseh-Yovo, PhD, breeder*
S.T. Yoon, PhD, breeder*

Resource and crop management division
). Pleysier, PhD, acting director

D. S. C. Spencer, PhD, ditector*

C. A. Akomas, research administration manager

R. Umelo, BA, consultunt editor

60

Moist savanna program

{. O. Akobundu, PhD, weed scientist, program leader
R. Carsky, PhD, agronomist

B. T. Kang, PhD, soil fertility scientist

C. Nolte, PhD, welland agroecosysterns agronomis
N. Sanginga, PhD, soil microbialogist

J. Smith, PhD, agricultural economist*

B. P. Vanlouwe, BSc, associate experl—special pioject
K. Vielhauer, PhD, agronomist—special project

G. Weber, PhD, agronomist*

Postdoctoral fellows

Y. Hayashi, PhD, agronomist

A. M. Manyong, PhD, agriculiurol economist

M. O. Musoko, PhD, soil microbiologist*

G. Tian, PhD, ogronomis!

Humid forest program

S. Weise, PhD, weed scientist, progrmm leader, officerincharge
P. G. Giliman, PhD, soil chemist, program leade*

S. Claassen, MSc, farm manager and station administiatar
M. Gichuru, PhD, agronomis! {soil fertiliy)

S. A. Hauser, PhD, sail physicist

J. Henrot, PhD, soil biologist—special project

J. W.H. Mutsaers, PhD, agronomist*

Postdoctaral feflows

N. W Menzies, PhD, soil chemist*

O. Ndoye, PhD, agricultural economist—special project

. Riviere, PhD, crop ecologist

Inland valley system
E. Tucker, PhD, weed scientist*

Agroecological studies unit

5. S. Jagtop. PhD, head

O. Osagie, MBA, knowledge systems specialist*
Postdoctoral fellow

P.'S. Thenkabail, PhD, remote sensing specialist

Postharvest technology
Y. W. Jeon, PhD, postharvest technologist
L. S. HalosKim, MSc, research specialisi—special project

Collaborative study of cassava in Africa

F. 1. Nweke, PhD, agricultural economist/team leader
S. A folayan, MSc, computer systems manager
Visiting scientist

B. O. Ugwu, PhD, agricultural economist*

Alley farming netwark for tropical Africa

A O. Osiname, PhD, coordinator—special project
A. N. AtaKrah, PhD, coordinator, AFNETA*

J. Tonyé, PhD, assistant coordinator, special project

Biometrics
P Walker, MA, biometrician*

Analytical services unit
J. Pleysier, head

Plant health management division
H. R. Herren, PhD, entomologist, director

Biological control program

P. Neuvenschwander, PhD. entomologist, program leader

C. Borgemenster, PhD. entomologist—special project

B. D James, PhD, coordinator, UNDP/ESCAPP project

B. Kristensen. MSe, georrapuc information specialist—special project
C. . Lomer, PhD, entomelsaist [IBC)

B. Mégevand MSc. mass weanng specialist

A Paraiso. PhD traning and natonal programs coordinator, IBC/IITA/
DFpPV

IS Yanmeb PhD acarclogit

Postdoctaral follow s

P Bueler, PhD. plant praductionist-—special project
G Grorgen, PhD. entomalogit/curator

ol qte yenr (1 Apnl 1993-31 March 1994)
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J. langewald, PhD, entomopathologist—special project
W. Meikle, PhD, entomologist—special project

K. Wydra, PhD, plant pathologist—special project
Visiling scientists

R. H. Markham, PhD, entomologist

W. W. D. Modder, PhD, entomologist

Host plant resistance program

IN. A Bosque-Pérez, PhD, entomologist, program leader
C. N. Akem, PhD, pathologist

D. K Beiner, PhD, Sriga bioclogist

D. A Florini, PhD, pathologist, and head, seed health unit
F. Gauhl, PhD, pathologist

L. E. N Juckai, PhD, entomologist

C. PasbergGauhl, PhD, pathologist

H. W. Rossel, Ir, virologist

Postdoctoral feliows

L. Dempster, PhD, virologist—special project

K R. Green, PhD, plant pathologist

Habitat management program

M. Tamo, PhD, ecdlogist, program leader

O. Bonato, PhD, entomologist/modeler—special project
K. F. Cardwell, PhD, pathologist

F. Schulthess, PhD, entomologist/ecologist

Postdoctoral fellows

H. Bottenberg, PhD, entomolagist

P Schill, PhD, entomologist—special project

Visiting scientist

V. Adenle, PhD, plant pathologist

Seed health unit
Postdoctoral fellow
A Schilder, PhD, pathologist

Technology transfer and training unit

M. £ Zweigert, Dipl ing., head—special project

W. IO, Hammond, PhD, entomologist/research coardinator—special
project

T M Haug, MSc, coordinator for technology development

A Wodageneh. PhD. rraining officer, iac:*

Associate expers

C. Boavida, MSc, ecologist*

H. M Dreyer, MSc. entomologist*

IITA Benin station

J- N Quaye, MA, leader, management unit and officerincharge

J. B Akinaumi, MSc. engineer

M. W. Bemard, PhD. coardinator, Hohenheim students—special project

East and Southern Africa Regional Center {Esarc)

D. R Vuylsteke, It agronomist/breedar and research team leader
C. Gold. PhD, entomarcyist

P.V. Hanley, BSc. project leader

Postdoctoral fellow:

P Speijer, PhD, nematologist

International cooperation and training division
1P Eckebil, PhD, deputy director general

International cooperation
AP Uriyo, PhD, pioject development coordinator
£ F Deganus, BSc, project development coordinator *

Monitaring and evaluation unit
O. M. Ogunyinka, MSc, coordinator, monitoring and evaluation

Training

H. Gasser, PhD. ditector

A A Adekunle, MSc, research training specialist
M. Ajayi, MSc, research foining specialist

B. O. Fasuyi, MEd, audiovisual specialist

J. L. Gulley, PhD, group training coordinator

F. R Obubo, MSc, research raining specialist

C Okalor, MBA, adminishiahve manager

* left during the year |1 Aprl 1993-31 March 1994)
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GC. A Qsinubi, MSc, research training specialist
A. Oyetunde, MA, editor
R. Zachmann, PhD, training materials specialist

Interpretation and translation

B. F. Sall, MA, head

C. H. Dia, MA_ interpreter/translator

O. B. Hounvou, MA interpreter/tianslator
C. lord, MA, interpreter/tiar.slator

V. Pousse, MA, translator

H. Songié, MA_ interpreter/hanslator

Research liaison scientists

J. Fajemisin, PhD, Céte d'lvoire {affiliated to CID}—special projec
J. Sub, PhD, Ghana {offilialed 1o PHMD}—special project

M. Veisteeg, PhD, Benin {affliliated to RCMD)

Cooperative special projects

USAID/IITA Cameroon {NCRE) project

E. A Atayi, PhD, chief of party and agricultural economist
D. C. Baker, PhD, economic analyst

J. Detongnon, PhD, grain legume specialist*

H. C. Ezumah, PhD, farming systems agronomist*

M. Kamuanga, PhD, agrcultural economist

M. Moussie, PhD, senior agricultural economist/TIU coordinator*
J. A. Poku, PhD, agronomist*

G. L. Servant. PhD, administative officer*

1. C. Stilwell, PhD, deputy chief of party

C. F. Yamoah, PhD, soil scientist/agroforestry

Semi-arid food grains research and development (SAFGRAD) project,
Burkina Faso
N. Muleba, PhD. agronomist, coordinator cowpea network *

USAID/IDRC/IITA (ESARRN], Malawi
M. N. Alvarez, PhD. breeder, network coordinator *
J. E. keorgu, PhD. agronomst®

CIDA/CIMMYT/IITA Ghana grains development project
A M Hossain, PhD. breeder (lequmes)

EEC/IITA/SADC cowpea project

J.D. Naik, PhD, legume pathologist,/team leader *
R Amable PhD, cowpea agronomist*

A L Doto, PhD. cowpea breeder*

IRRI/INGER-Africa
K. Alluri, PhD, IRR! hiarson scientist and coordinator, INGER-Aftica

East Africa root crops research network (EARRNET)
J.Bo A Whyte, PhD, coordinator and breeder

Southern Africa root crops research netwark (SARRNET)
. Teri, PhD, coardinator

T. Malila, administiative office

N M. Mahungu, PhD. agronomist/breeder

A. MuimbaKankolongs. PhD, agronomist/pathclogist
M. Porto, PhD. agronomist

{WECAMAN]}
B. Badu-Apiaku PhD. coordinator and breedes

Strengthening national/regional socio-economic research capacity in
ESARRN countries
I.J. Minde:, PhD. socionconomist

Collaborative programs with IARCS
K. Alluri, IRRI/INGER-Afnca

A Diallo, CIMMYT

M A Jabbar, IICA

D. O. ladipo, ICRAF

A larbi, 1CA

H. Mendoza, CiP

B. N. Singh, WARDA

J. Smith, ILICA

C. Williams, WARDA/CABI
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Publications by uta staff

Contributions by ITA staff to scientific literature thot became available during
1993, including journol articles, papers in monographs or conference
proceedmgs research notes or disease reports, and ediled monographs.

Adebitan, S.A., T. kotun, and
K.E. Dashiell. 1993.
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Akem, C.N., K.E. Dashiell, and
AC Uwo|c. 1992.
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Howeler, R.H., H.C. Ezumah, and

D.J. Midmore. 1993.

Tillnge systems for root and wber crops in
the 1opics. Sorl and Dllage Research
27(1-4). 2V 1-240

Huguenot, C., M.T. Furneaux,

G. Thottappilly, H.W. Rossel, and R.I.
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