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Director
General’s
Report

In 1992, in commemorating 1ma's twenty-fifth anniversary, we reaffirmed our goals
of increasingly producuve and sustainable agriculture. We held a symposium on
“Sustainable food production in sub-Saharan Africa” and published a book which
describes our research contributions on that same theme.

Qur anniversary coincides with a time of hard decisionmaking for the interna-
tional agricultural research system as a whole, as some traditional donors limit their
funding commitments to us in the face of new demands at home and elsewhere. Tt
is a good occasion 1o take stock of our accomplishments, in the light of changing
needs in sub-Saharan Africa.

mra’s twofold goal, since its inception in 1967, has been 1o increase production
of key food crops while replacing traditional slash-and-burn agriculture with more
sustainable farming systems.

We have done a good job in improving the productivity of major staples under
a range of environmental constraints. Qur mandate over the past 25 years has
included root crops (cassava, sweel polalo, cocoyams, yams), cereals (maize and
rice), plantains and bananas, as well as grain legumes (cowpea and soybean). We
have sought to improve yields along with plant resistance 1o diseases and insect
pests, as well as as wlerance of abiotic stresses such as drought.

The sustainability part of our original goal, however, now presents a greater
chullenge than ever. While we have introduced resource and crop management
rechnologies into many national research programs, the integrity of the resource
base is increasingty threatened under the high cultivation pressure of growing

populations. The need to sustain soil
fertility, and to protect the farmer’s
gains in crop productivity. are claiming
an ever grealer share of the balunce in
the rwofold goal

The validity of both the productivity
and sustainability sides has been
reconfirmed in the sirategies and
priorities recendy adopred by the cciar
s a whole. Our Medium-Term Plan
(1994-1998) has been predicated on a
balance between research activities that
result in immediate productivity gains
and those that uddress stability and
sustainability issues in the longer term.

New plan

The proposals in the new plan, which
we developed during 1992, are based
on the principles outined in our
Strategic Plan and the priorites of our
first Medium-Term Plan (1989-1993).
The new plan has been framed in the
perspective we have gained through
successes and failures in recent years.
The plan, wgether with adjustments in
our management structure, allows for a
balanced approach 1o commodiry
improvement and 1o rescurce and
Cropping syslems management.

Qur approach in planning for
research and training activiles requires
that the end result shoutd respond to
the needs of the small-scale farming
family., We collaborate in those
activities with institutes or development

About IITA

iTa was founded in 1967 as an internotional agricultural research
institute with o mandate for specific food crops, and with ecological
and regional responsibilities to develop sustainable production
systems in Africa. It became the first African link in the worldwide
network of agricultural research centers known as the Consultative
Group on International Agricultural Research (cGlar), formed in
1971.

The Ford and Rockefeller foundations provided initial planning
and financial support for Ima. The Nigerian government provided
1,000 hectares of land for a headquarters site and research farm at
Ibadan, Nigeria. Funding for 1ma cames from the cGiar and
bi|alerolly from national and private donor agencies.

A is governed by an international board of frustees and is
staffed by approximately 150 scientists and other professionals from
about 40 cauntries and 1,400 support staff. Most of the staff are
located at the lbadan compus, while others are at stations and work
sites in other parts of Nigeria and in the countries of Benin, Burkina
Faso, Cameroon, Congo, Céte d'lvoire, Ghana, Malawi,
Mozambique, and Uganda.

Ima canducts research, training, and germplasm and infarma-
tion exchange activifies in parnership with regional and notional
pragroms in mony parts of sub-Saharan Africa. The research
agenda addresses crop improvement, plant health, and resource
and crop management within a farming systems framework.
Research focuses on smallholder cropping systems in the humid and
subhumid fropics of Africa and on the following maijor food crops:
cassava, maize, plantain and banana, yam, cowpea, and soybean.

The goal of Ma’s research and training mission is fo improve the
nufrifional status and well-being of law-income people of the humid
and subhumid fropics of sub-Saharan Africa.

Glabal links. Cosponsored by the World Bank, the Food and
Agricuthre Organization of the United Nations (Fa0), and the
United Nations Development Programme [UNDP), the CGIaR is an
informal association of over 40 governments, international
organizatians, and private foundations. The CGLAR provides the
main financial support for iTa and 17 other international centers
around the world, whose collective godl is to improve the quantity
and quality of food productian in developing countries. During
1992, cGiar contributed $249 million fo their program activities.



projects of the countries that will
henetit from them; and, to the extent
possible, in the zone or under the
specific conditions in which the results
will be used. We will reinforce our
collaborators’ elforts 1o acapt and put
inte farmer's fields the wechnologies that
have been developed.

Activities envisaged in the new plan
are thus defined for their socioeco-
nomic as well as physical environment
to 4 greater degree than earlier plans
have been, as a result of our growing
experience in the various agroecologi-
cal zones. Many of our activitics during
the 1994-1998 period will relate o
western and central African countries.
As circumstances and funding permit,
we intend to extend our research
aclivilies into analogous zones of
casiern and southern Africa.

Two zones will receive our most
substantial efforts: the humid forest and
the moist savanna. {See map on page
28.) [n those zones we will collaborate
in research with other international
centers; for example, with cat on
¢assdvil, CIMMYT On maize, ICRISAT and an
ltalian-us-Belgian nerwork on cowpea,
and IcRaF and 1LCa ON resource manage-
ment systems. The Glohal Environmen-
1al Facility is providing us with special
funds to study the environmental
impact of improved cropping systems
vis-a-vis current slash-and-burn
practices. Those funds complement the
resources provided by 20 donors to our
core budget.

In the mid-altiwde savanna and
woodlands, which are mostly in eastermn
and southern Africa, we expect 1o be
able to conduct research for improve-
ment of hanana and cassava cropping
svslems, including pest management
issues. With regard 10 inland vallevs,
which are scattered throughout the
forest and savanna zones. we plan to
characterize land-use patems and to
begin to develop technologies for
specific types of inland valley Farming
systems. Together with warpa, we will
apply & "consortium” approach in
working with national programs.

Humid forest

We are particularly concerned 1o
develop sustainable Farming systems
that imitate the primary forest in
providing for renewal of the soil while

permilting continuous and more
profitable cropping. They are likely 1o
be based on perennial cash cropping
with short-term cyeles of food crops, in
rotation with fallows of multiple uses—
for food, fodder, and resource manage-
ment. Such systems will have to be
adaprable enough to meet economic,
culwral, and environmental needs
specific to the locale.

We have made excellent progress in
developing improved varieties of our
mandate crops for the humid forest.
Beyond high yields, (heir value lies in
resistance 1o various hiological stresses.
Healthy. disease-resistant crops, together
with biological control of the cassava
mealybug and other insect pests, have
increased the productivity of humid
forest farming. Our success with the
mealybug is being repeated with bio-
logical control of the cassava green mite.

Such positive results from environ-
mentally sound and sustainable
approaches have encouraged farmers to
adopt. for example. our improved
maize with resistance to blight, maize
swreak virus, and downy mildew; and
our improved cassava clones resistant (o
cassava mosiic virus and cassava
bacterial Blight. Further research will
build on this work, emphasizing
resistance 1 an enlarged range of
stresses and high productivity at limiled
levels of extemnal inputs.

Our experience to dute with
resource man:gement systems in this
zone, huowever, has shown how
complex and difficult it is to develop
alternatives o slash-and-burn cultiva-
tion, and taught us to be cautious in
heralding potental success,

Moist savanna
The moist savanna or, as traditionally
called, the Guinea savanna, has a
higher food production potential than
the humid forest zone ind shows signs
of becoming the breadbaskel for sub-
Saharan Africa. Our improved, disease-
resistant maize, soybean, and cowpea
varieties are confirming the zone's
excellent production potential and offer
a promise ot fruitful research ahead.
The adaptation of improved cassava
clones for selected areas has begun o
yield encouraging results.

It is also becoming clear that
intensive monocropping systems will

" s
Lukos Brader, Director General, ima

not be sustainable tor any length of
time without measures to help maintain
adequate soil fertility and counter
increasing pest and weed problems.
The parasitic weeds Striga and Alectra
are particularly severe threats to the
small-scale farmer.

Continuing progress in deveioping
maize and cowpea lines resistant to
those pests, combined with improved
management practices, has helped to
brighten prospects for intensified
fanning in the suvanna, We are
exploring with particular interest the
use of legumes in crop mixtures or
rotations. and ¢nhanced fallow manage-
ment, as dareas in which new technolo-
gies can make headway against
problems in the moist savanna.

Sustaining conumitments

We have taken initiatives (o prepare the
ground for our work during the new
plan perod in the varicus zones, with
careful attention to the requirements of
our partaers, We are mindful of their
expectations, which have grown with
our collaborative relations, and of the
need not to jeopardize the tangible and
intangible developments from those
relations. We want above all 1o sustain
our commitments 4nd meet our
objectives, if necessary through
modified means, under the narrowing
budgetary limirations.

The physical resources for our work
plan of the next five yeuars reside in our
research facilities, some of which we
have decentralized to suit activities



targetted 1w spegilic zones and sgroeco-
logicd conditions. Our goal in decen-
tralizang those activites has heen o
place the research in the areas where
farmers grow the crops and where
mational seientists will conduct adaptive
rescare o prepare the wehnologies for
farmers,

The High Rainfall Station at Onne in
the humid forest zone of southeastern
Nigerki, and the Rane Sttion in the dry
savunmi of the north, are well estab-
lished and have produced excellent
results in plantiin and cowpen research,
respectively. The Humid Forest Station
in Cameroon, which was opened during
1992, has set s agendi with
sustainability research avthe top. The
Cate dTvoire govermment approved, in
1992 Soint development of Tacilities for
rize research in the moist savanma, at
i entsting national progrant site near
Ferkessedangon

With the major agroccological zones
thus covered in western Alrica, we have
been developing plans for a sttion in
Uzanda with o sl team for reseiarch
on the muin crops of eastern Africa:
plantain, hanan, and cssava, The
government has offered vse of Lucilivies
at Namulonge. while vsans has agreed
(o provide fnancial support. s
activity m Ueanda cannot. however. be
fully developed withow additional
funicling for the purpose, given current
hudgetary prospects

We are complementing the decen-
tralized research infrustructure with a
svstermn of “research liaison
scientists” mssigned o specitic
countries. They will improve
communication of research
gweds between us and the
naticnal programs. During 1992
wee made three such assign-
ments in the Congo, Cote
d'Tvoire, and Gliana.

We have also made a good
heginning in decentrlizing our
Urning activities in crop
mandgement research o
mational programs. [n decentral-
fing such activities, we aim o
strengthen national capabllity in
training of agriculiural rescarch-
ers As A result. crop munige-
ment resetrel courses will
increxsingly he organized by

nation:l programs, while we will help
them to develop their own training
miaterials,

[n Gluna, dor example, the natonal
program held o twoweek training
course in research farm maragement
during 192, ussisted by nma, Tor 20 siaff
from rescarch farms. Next yvear, the
Ghunaian agnculiural authornities will
organize A course [or nulize researchers
from severil West African countries,
with ra and cimayt support. and o
course in legumes rescarch for Ghana-
ian trunees, with s assistange.

Promoting collaboration
In promoting our collaborative activities
and building up national programs, it is
essential to b flexible in approach and
sensitive o e partieular characteristics
ol u problem. Polideal instability. or
gaps berween the policymaking and
implementing arms of government, nmay
exist in some countrics, which affecs
their capability to respond to our
contributions. Hence, we seek o apply
the most appropriate means in prepar-
ing the way for them to henefit, in the
long rerm, rom what we can offer.
Human resources is often the area
in national progrims maosl responsive 10
improvement measuares. That is why we
have consistently invested in nerwork-
ing und Iraining progrmes, and why we
ure decentralizing training activities {or
expanded impact, Our aintin network-
ing and training hus been o assist
national programs to improve levels of
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Former weeding his cassave, maize, ond cacayam in Ghana

conceptual thinking and technical skills
Nerworks [or different crops and
farming systems have linked key
researchers of almost every sub-Saharan
couniry, in developing their research
activities through information and
germiplasm exchange. Our naining
courses have helped upgrade skills of
nearly 6,500 scientists and technicians,
while some 1408 graduate degree
cundidates have (ulfilled their research
requirements using our facilities.

Over the past few vears we have
evolved new arrangements for collabo-
rative research. taking advantage of
impreved communications and growing
capuhilities of nutional programs in all
regions of sub-Saharan Africa. We have
fostered the development of rvo new
collaborative groups lor crop improve-
ment and cropping systems rescarci:
for maize and tor root crops. Thmugh
on-firm rescarch, both groups seek w
strengthen prohciency in developing
new appresches and methodologivs for
solutions, not simply testing the
performance of new technologies. The
member institutes of each group are
working on relited aspects of a
common problem and meeting regularly
10 exchange resulis,

New linkuges with laboratories in
developed countries are enluncng our
ability to translate busic research
advances into rechnologies shich sub-
Saharan national programs can adap
for their own use. For example, we are
working with universities in laly, the
Usa, and Belgium, ina cowpeu
improvement project which
relaies biotechinologicul
applications in crop breeding,
entomology, and lood science.
As u result of this collaboration,
and our knowledge of national
program requirements, we
should be able to design an
improved cowpen plant dhat
suits farmers” needs. We will
also be able o bring nationa
scientists within operational
scope of this achvanced research
through training dctivitics,

Linkages with donors are
dalso providing us with the
opporunily to contribute tw
decision-making in support of
national agricultural research.



During the year we actively supported
skaak—the Specil Program for African
Agricultural Research. led by the World
Bank—in respect of our mandared
commodilies and agroecological zones.
sraar is developing a framework lor
action, as it busis for revitulizing
agricultural research in the humid and
stibhumid zones of West and Central
Africa.

In this critical time for rhe interna-
tional agricultural research system. our
gredtust concern is w preserve the
achievements and the momenturn
generated in strengthening of national
research capabilities. The investments
that have been made, in terms of capital
assets. trained staff, and the body of
rescarch unclertaken. ure themselves
like w crop thut has been planted and
must continue o be nourished in order
to produce the expected harvest.

Future options

The w systern is exploring new
channels tor disseminating research
results which supplement the exisiing
exlension svslems of national programs.
Non-governmental organizatiuns (NGOs)
and the private sector have joined
public agencies in constituting the field
for colluborative action with interna-
tional centers such 48 wra.

This expansion of the concept of
the “narional agricultural research
systemn” follows the worldwide end of
increasing reliance on non-governmen-
1l agencies for efficient means of
economic growth. Many biluteral and
private donors. a5 well as the World
Bank. now tie their aid and loans to the
requirement that developing countries
deregulare their economies. in order ro
penmil the privite sector to enlarge its
role in developing the nation:!
econemy,

Agriculture is a major economic
force in most developing econoniies.
New lechnologies—such s those
developed by the o system—can help
to enhance the power of agriculture in
driving economic growth, which tn tum
cuan increuse the purchasing power of
the poor. Efficient. profitable farming
technologies can help improve income
among farmers and those in agro-
related industries. Increased efficiency
in food production will lower food

Winnowing moize in Ghona

costs, which benefits consumers as
well, especially urban populations
whose participation in narional
economies is viral 1o sound growth.

The job of strengthening the hand
of the private sector in agriculture, in
order w stimulate economic growth wund
help solve the poverty prollem-
complex, will involve changes in some
of the ways we in the ¢o svstem do
research and how we promote our
resulta. At the core of our new relation-
ship with the private seclor will be the
issue of differing orientations—non-
profit versus profit-making—toward the
ownership and use of intellectual
propery represented by our genetic
resources and (he technologies we
develop from them. We must evolve
equitable guidelines in order to ensure
thar the porentially grear benefirs to
both sides can be realized.

The c¢c centers hold perhaps the
largest collection of genetic resoarces in
the developing world. Those resources.
and research findings based on them
such as biotechnological applications.
must remain freely available 1o develop-
ing countries and not be removed from
the public domain under intelleciual
property prolection.

The caiak i therefore drafting a
policy to protect the genetic resources
held in trust by the various centers
from heing patented. G centers are
also considering a system-wide
agreement that places the cc

germplasm collections under v
auspices. rra fully supports these
initiatives. and T am actively participar-
ing in the committee of i center
direciors on intellectual property rights.

Locking heyend these develop-
menis in collaborative partnerships and
penelic resources, we find many of the
concerns of our own long-lenm agenda
reflected in Agenda 2i—rthe document
containing the agreed aims of the
inkernation:l community at the 1992
“Earth Summit™. the Unired Nauons
Conference on the Environment xnc
Development (1NCEDD.

Agende 21 presents progrin areas
for euach country or institution tw
consider for uction. Program areas
under section 2 of 1vees agenda,
“Conservation aned management of
resources for development”, apply most
directly Lo the o system. The following
five ureas correspond most closely 10
our own research plans, thuse for
resource and crop management:
¢ Sustainable agriculture and rural
development
¢ Combuating deforestation
* Managing fragile ceosystens
= Conservation of hiclogical diversity
« Protecting the atmosphere

Rescurce and crop management
determine how sustainable a farming
system will prove  be. They are now
an ever more critical part of (1a’s
mandite as the resource base becomes
depleted under mounting cultivation
pressures,

In pursuing these urgent aims. we
join our colleagues in the rest of the
systenm in responding w rscEn s agenda
for the rwenty-first century

Lukas Brader



Research
Perspectives

Promoting adoption and
spread of agricultural
innovations

Solutions to many of the problems beserting agriculture in sub-Saharan Africa are
yetto be found. Indeed. from a scientific viewpoint. sone of the problems are as
yet poorly understood. A greal deal of research will continue 10 he required in the
decades ahead. And for this, intemational agriculwral research hus a vital role to
play.

However, many new agricultural technologies, including improved practices
and crop varieties that are vastly superior to traditional ones—products of national
and international research—are already available and waiting 1o be vsed. Bur many
of them are sitting on the shelves. They are not getting to farmers and other
potential users 4s inuch as they deserve. The situation raises 4 major policy ques-
tion: how much more research should be undertzken in the face of considerable
amounts of unused research results?

Clearly, there is a strong case for the promotion of available research results,
and national governments should certainly devore more resources 1o activilies
connected with promoting adoption of proven technologies and innovations. But
geuing resedrch results diffused and adopted by farmers in sub-Saharan Africa is a
daunting rask. That is because agricultural extension services are either nonexistent
or inadequately staffed and do not have adequale resources to reach farmers.

To hasten the process of agricultural development in sub-Saharan Africa,
nonconventional methods of getting research results 1o fanmers imust be sought. on
top of well-tested traditional approaches. An intemational agricultural research
center does not have an easy time in defining an appropriate rofe in this connec-
tion. The more resources it devotes o extension-ty pe or development activities, the
greater the risk of diminishing its research effectiveness.

However, by analyzing the process of diffusion and adoption of agriculnural
innovations, an international agrcultural research center can identify an appropriate
role. This is what we at mma have done.

"Impact”, a serious concern of the internaticnal donor community and national
governments, is 4 final product of the process of lechnelogy diffusion and adoption.
Diffusion and adoption in turn depend on a large number of faciors, few of which
are under the complete control of researchers. Most commenrators on impact would
seem not to appreciate sufficiently the complex process leading to impact.

Given current interest in the impact of agriculiural research, it may be useful 1o
list the major categories of factors and outline uTa's strategy 10 promote zdoption
and spread of the technologies it develops.

One group of factors is the characteristics of the technology. A technology that
is clearly profitable. reliable, and compatible with the farmer's farming systems is
the more readily udopted and diffused. The more visible the positive auributes of a
technology are to the farmier, the more likely he or she is to adopt it. In this context,
a high-yielding variery has greater visibility than a soil-conserving technology even
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though, in the long term, the latter
technology may be more important. It is
easier for a farmer 10 observe a
doubling of vield than an improvement
in the fertility of the soil or a reduction
in the soil’s erodibility. Thus, impact of
resource management research comes
much more slowly because of irs
inherently low observability.

[n general, scientists can do a great
deal to ensure that the technology they
develop has characteristics that
encourages acoption. Indeed, many
people think that low adoption rates
are due exclusively 1o the failure of the
technology. Therefore, they blame
researchers explicitly or implicitly. But
poor diffusion und adoption may be
due to compietely different factors.
Those include economic factors—tarm
size, tenancy. labor. capilal und credit,
waler availability and irrigation, prices,
miarkets, and infrastructure.

The personal characteristics of
farmers—age, level of schooling, level
of technical knowledge, sociul class or
caste. family size, and participation in
organizations—are also known (o be
important factors. Communication,
geographical, soil, and climaric facters
are also important variables in the
adopton and spread of new agricul-
tural technologies.

ITA'S strategy

Some of the critical factors on which
adoption and impact depend are
beyonrd the control of researchers and
research organizations. Government
policies and programs as they relate o
infrastructure, prices of farm inputs and
products, availability of credit, irriga-
tion, land tenure, and exchange rates,
among others, all affect the adoption
rates of new agricultural technologies.
Moreover, where extension systems are
poorly developed, adoption rates of
rew technologies are bound to be low,
and diffusion slow.

How have sve at nTa sought to
promote adoption and spread of our
research results? First, we have continu-
ally studied both the biophysical and
socioeconomic environments of African
farmers, thereby ensuring that the
technologies we develop are appropri-
ate to the socioeconomic environments
of farmers and are compatible with
their farming systems. The technologies



also address actual biophysical con-
straints. These characteristics facilitate
adoption.

Take tre case of the cassava
mealybug. Our understanding of the
Afncan environment precluded ¢hemi-
cal control. We also realized that
resistant varieties. even if they could be
developed quickly, would not be
sutficiendy rapidly adopted 1o solve the
problem in a continent with poorly
developed extension services. Hence
the strategy of biological control was
adopted. and its cutstanding success is
now history.

Farmers did not have to decide
whether or not to adopt the biological
control technology. They did not have
to worry 2bout capital, labor, or anv
input whatsoever. Poor infrastructure
did not marmer, and the only govem-
ment policy that vounted was permis-
sion 10 release the beneficial insects.
The technology bypassed farmers and
struck direcdy at the problem through-
out Africa’s “cassava helt”, an area
larger than continental United Stales.

The high-yielding varfetes we have
developed bypass some of the con-
suaints ro adoption, but must stll
reckon with the inadequate infrastnic-
ture for seed and plant marerial
owultiplication and distibution. Even
when Lhe varieties are available, there
may be obstacles in ihe form of fanmers’
personal churacteristics (schooling,
family size, etc. ). government palicies,
and the state of the extension system.

In trying to [it technologies o the
socioeconomic conditions of farmers.
fITA CATies OUL SOCIVECONOMIC
characterization of farming
systems as well as on-farm
research. In the process of on-
farm research, many farmers
become familiar with new
techuiologies which they may
adopt. and then spread o other
[armers. [n other words, on-fann
research serves an extension
function through its demonstra-
tion effect.

Taking into account the
relevance of soil and climatic
factors in the adoption of
iechnologies, nra has developed
and is continually refining a
geographic informarion system.

The system can help pinpoint locations
where 4 given technology has the best
chance of performing well and,
therefore, where it should be promoted
foradoption to generate impact.
Clearly, it is important to strengthen
exXTenston systems in order 10 promote
extensive adoption of new technolo-
gies. Among the many probiems of
extension services is inadequate
number ol personnel with the reguisite
technical knowhow. It is often observed
thar in some countries of sub-Saharan
Africa, Farmers are much more knowl-
edgeable than some of the extension
agents who seek to educare them. uTa is
contributing towurds strengthening
extension services through training. We
conduct group training courses and
workshops on production and other
technologies for extension personnel
including rainers of extension agents.

We have indicated the imporiance
of communication in the process of
adoption. Obviously, a farmer can only
adopt a technelogy he or she has heard
about and ahout which he or she has
sufficient understanding. In an environ-
ment of weak ar nonexistenr exrension
SETvices, Communiciion is one area in
which an international institute can play
avital and useful role.

nTa seeks o communicate its
technologies through various rypes of
publications appropriate for different
categories of key players in agriculture.
In recent veurs, we have increasingly
been using the mass mediiz—newspa-
pers, magazines, radio, and relevision—
1o create awareness and improve the

Participants at a media forum workshop visit a Nigerian
nationel institute’s television studio

understanding of the technologies we
have developed. To formalize and
svstermatize this channel of promoling
adoption and spread ol new technolo-
gies, we have established the Media
Forumn for Agriculture. This forum is
made up of media personnel us well as
representatives of farmers. resedrchers.
policymakers. extension workers. and
developmentagencies.

The Media Forun for Agriculture
has initiated what it calls the Food
Action Media Service ( Fass). The service
has rvo components—feanure articles
and news for newspapers and maga-
zings called " Faxs Bulleting”, and items
for radio. known as "Radio- pams”™. Iris
encouraging the exchange of lelevision
progranis ol agricultural interest among
television stalions.

As aresult of the efforts of the
Media Forum for Agriculture, 2 number
of newspapers have established
"Agricultural Pages” and “Agricultural
Colurmns”. And many radio broadcast-
ing stations now have agriculturally
oriented programs in English and local
languages. Consequently. agriculture is
receiving much greater coverage in the
mass media. And there is some
evidence that this is translating inw
much greater awareness ol teclinoclo-
gies available to farmers—both those
devcloped by nra as well as those
generated by natonal agricultural
research systems.

The Media Forum for Agriculiure
has been active in Nigeria since 1989, In
Ghuna, the formut establishment of the
Forum has been under discussion with
the Ministry of Agriculture and the
various arms of the mass
media since 1992, But rams
Bulletins are already being
used exiensively by media
houses in Ghana.

nTa is making efforts o
spearhead the formation of
media fora for agriculnure in as
many countries of sub-Saharan
Africa as possible. We hope
that such media fora will
become an important channel
for both the international and
national agricultural research
systems to disseminate
information about their
technologies, and thus help
promote adoption.



Crop
improvement

Crop improvement research at 1ma seeks to improve the productivity of the
main staple food crops in sub-Saharan Africa; and, at the same time. to

ensure stability of crop production for the farmer.  1ma’s main concern is with

breeding of improved varieties for pest resistance and for teod quality
characteristics which answer farmers” needs and consumers’ preferences.

Plant breeders sork with specialists in plant heulth and crop manage-
ment disciplines to meet objectives set for new varicties, In problems that
defy conventional hreeding tactics, biotechnologists may contribute new
techniques (o bridge gaps in understanding.

The articles in this scction illustrate the range of technology and plan-
ning inputs which 11 applies in breeding.

Tissue culture trinmph

The success of the vear for the hiotechnology research unit was the First-
ever regeneration of cowpea plantlets. at a relatively high rate, with rissue
culture methods. This advance has opened a new horizon for genetic
transformation possibilities. particularly with pest resistance genes for
cowpeu, using novel biotechnological means.

No plague on plantains

uta launched the ficst breeding
program for pluntains in Africa
during 1987, mainly to produce
resistance to the devastating fungal
clisease of hlack sigatoka, which
was intreduced into Africa during
the 1970s. The genetic improvement
work has succevded heyond all
cxpectations—several hundred
hybrids between plantains and wild
hananas have heen produced. A first
round of multilocational trials began
cluring 1992 with L0 programs in
West Africa, while a second round
of advanced trials began in Africa
and other parts of the world.

Better eating from cassava
More Africans depend an cassava
than on any other staple food crop.
s correspondingly devores a large
proportion of its resources 1o
research on cassava. In hreeding for
food qualiry. the breeder’s,
biocchemist's, und socioeconomist’s
viewpoints need to be considered.
as well as those of the consumer.

Yam market in Burkina Faso




Major advance in
plant regeneration

Biorechnologicul approaches o cowpea improvement made excellem progress al
i cluring 1992,

TOW PETINIS Cow i plants to

Teck i success in A tssue culture researel
be regenernted from cultured callus, o soft tissue tha vsually forms where a plam

fies Deen cut or danaged. The new rechnitue can be applied in genetically

transtorming cultivated cowpea with desirable genes from wild species and other

SOLRCEs.

Regeneration

Using embryonic leal and root pans of 1wo cowpeit lines 1TV 6202 ned B304,
respectivelyh, mra fssue culiire spedialists first induced callus o form from the
owpes lssue inone tvpe of colwre medinm, then ransferred pieces of the callus

proved that plantlets could be regenerated Irom embryonic cowpea parts via callus
culures, in the presence of chemical solutions which promorte their development.

Il wnt his overcome a nutjor bottleneck i the application of hiotechinoe-
logical weehnigues for genetic improvement of cowpest. Biotechnology applications

sachievis

depend on plant regeneration from Gssue culture as 2 means of acually producing

the: trnsformed plam

Problem
Isedct pu.-:- i

who produce cowpeas as w cash crop may need to apply inseqticides as muny as

¢ by lar thie miost severe constraint in cowpes production, Farmers

three times per crop. That is expensive and cun create hazards 1o healt and the
able e spray their crops can easily lose 900 of

sect atreck.

environmeni. Farmers who are not

potential harvest because of

Since [$HH,

li]t,"'
ra resesrchers an

= wmong cowped's Jose Vigag relatives which will
B | 5

sy of achievenents of the intemational cowpea biotechnology
progrant, see the "Research collaboration™ section of this report.)

With o world mandate for cowpea improvement, 1ma holds a comprehensive
collection of Vigna germplasm which includes wild species. scientists hope o tap

Cowpea plants can now be regenerated from cultured callus (see inset)

laborators in Tealv, the vsa, and Belgium have

e gene pool of wild Vigaa species for
tratits that the cultivated cowpea lucks—
in particutar, for resistance to such
desiructive insect pests as the pod bores
Mearreca and several pod-sucking hups
More than 8,000 lines of cultivited
cowpea lave been screenetd [or
resistance chartcteristios, witl only
mislest success. Viery good sources of
such traits have, however, been
discovered among wild species,
particuliarly Vopeviffeda.

[nsect resistance baits muy tke
such Torms as, for example, pubescence
or hativiness which impedes insec
attacks, nsecticicdal compounds, ar

tastes and smells which repel the pests

But the genes from wild species wi
express those (Rils cannol eastly e
introduced into the cowpes, because of
genetic und physiological barriers o
crosshreeding the species involved. The
chanees for successful hybridization
depend, 1o considerable extent, on
how closely reluted the species are,

Breeders therefore need 1o enlarg
their understunding of genetic affiniy

Prsrsvent the cultivar

comvied and its
wildd relatives, before they can succeed
in exploting the gene poal ol wild
relitives (or cowpeiimprovemient. To
this end. plant geneticists ar 1o have
been studving Lixonomic similariics

Ves overine

imeng wild Vi relaii

prast three yesrs

f I.! |!'.'|.'i

With u speciul focus on the |

of =1 -\'||I1]1i|;-'~. B0 INSECT PUsts, NITA s
taking two new research approsches 1o
genetic improvement:

1. “Wide crosses™ or interspeilic
hvbricization of widely divergent
genotypes of cultivared and wild  Viena,

which conler resistance to the &
nesls

2. Genetic engineering, by whicl
foreign genes are incorporated inte
conped in order W endow progeny
with the desired new characteristics.

Wide crosses

V. vexillata is one wild Vigne species
with very hairy leaves, stems, and pods,
which are demonstrably a possible
source of resislance genes. | Th'S sl
atempts at crossing Vovexillata and the
cowped have always resulted inthe
death of the embryos at the globular or
edrly stage of embryo development.



It tackling the problem of aborted
hybrid embryos, mra is following up
wide crossing with “embryo rescue”, to
enable the embryo 10 develop beyond
the early stage of life. A second aprtion
was tested during 1992 whereby a
complete, immature pod containing
embryos was rescued by culturing on
an appropriate medium, Future
attempts at wide crossing with cowpea
will benefit from the findings of the
embryo and pod rescue studies.

Genetic engineering

Gene wansfers from one species o
anoiher can also be engineered by use
of Agrobacteriium as a vector, bombard-
ment with a “gene gun” (utilizing
accelerated microparticles), or other
methods, whicli are being explored by
1ma 4and its collaborators at Universitd di
Napoli, Italy and Purdue University,
USA.

In atempting genetic engineering
solutions, a key requirement is the
ability to regenerate a plant from the
cells that have been transformed with
the desired new gene. Following its
recent success in developing a regen-
eration system using callus culture, uTa
plans to test genetic engineering
applications during 1993. rra
biotechnologists expect to use the new
technique 10 “grow” a plant from
cowpea callus ransformed with new
genes through the use of
Agrobacterium or a gene gun.

Shortcut
Purdue and 1ma scientists explored
another use of callus during 1992, as a
shortcut for testing whether resistance
genes have been successtully trans-
ferred 1o the plant. The rationale was
that callus can be genetically trans-
formed and evaluated more quickly
than can fully developed plants. Such a
procedure could save considerable time
and resources that would otherwise be
spent in growing transformed tissues
into plants of appropriate maturity.
The experiments showed that the
pod-borer Maruea feeds on the
cowpea callus and grows. After
transformation with introduced genes
for insect control, callus can be tested
for expression of the desired trait, as
indicated through observations of
feeding and growth of Maruca.
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Black sigatoka resistant
plantains on trial

Advanced field testing of mTa plantain hybrids resistant to the devastating black
sigatoka disease began in 1992. The achievement marked a major success, just five
years after development of the hybrids began, and a major step in the history of
plantain breeding. In collaboration with nTa, over 20 national and private institutions
in sub-Saharan Africa and other parts of the world have planted 13 varieties of
resistant plantain hybrids in multilocational trials.

The plantain hybrids are being tested for stability of yield and resistance to black
sigatoka across different agroecological conditions in West Africa (in Cameroon,
Cote d'Ivoire, Ghana, and Nigera} and East Africa (in Burundi, Uganda, and
Zanzibar). The ultimate aim is to select varieties which incorporate black sigatoka
resistance with high yield and other qualities desired by farmers and consumers.

Plantain production faces many problems, however. Farmers cannot easily
obtain disease-frec planting material. Some varieties experience rapid yield decline
two years after planting and most are susceptible to nematodes and weevils. But the
most important constraint in plantain production is the prevalence of black sigatoka
disease.

Black sigatoka is a leaf spot disease caused by the fungus Mycospbaerella
Jfijiensis, which was accidentally inwoduced into Africa some 15 to 18 years ago.
Most cultivated Musa varieties are susceptibie to this wind-bome fungus. Leaves
develop brown streaks which grow in size, spread extensively, and tum black.
Ultimarety, the leaf tissue dies. In this way entire leaves become nonfunctional and,
in many cases, bearing plants are left with hardly any green leaves at maturiry.
Photosynthesis is reduced and small bunches of fruit are produced. From one-third
to one-half of the yield can be lost from infected plants.

While the disease can be controlled with fungicides, they are very expensive in
Africa and could pose health hazards if incerrectly applied in household gardens.
Plantain cultivars resistant to black sigatoka provide the onby practical means of
control.

Cooking bananas for sale along Burundi roadwary




Resistance breeding

All known planzain vareries are
susceptible 1o black sigatoka. In 1987
scientists at nTa’s research station at
Onne, Nigeria, began to develop
plantains with resistance 10 the disease.
No source of resistance was known in
plantains: excepting some of its Musa
relatives, which include common
dessert bananas. starchy cooking
hanunas, and wild species. The worst-
cise scenario was clearly a possibility—
the loss of plantain as a majer food
source in tropical Africa.

Genetically speaking, plantains are
triploids, having three sets of chromo-
somes instead of the rwo carried by
many crop plants (which are diploids).
Plantain breeding is difficult because of
that fact and because chromosome sets
are derived from different ancestors.
Furthermore, being triploid, plantains
donot normally set seed because they
are infertle.

iTa plantain scienusts had expected
their job» to consume at least 10 years.
By the end of 1989, however, the fumre
of plantains was already beginning to
look bright—there had been a break-
through in the crossing of susceptible
plantains with resistant diploid ba-
nanas.

To achieve resistance, the uta
scientists needed = triploid female
plantain that would set viable seed
when fertilized by a diploid male wild
banana with genes for black sigatoka
resistance. Among the 110 different
plantzin cultivars maintained in uTa’s
germplasm collection, the scientists at
first found several—by mid-1990 they
had 28—seed-producing females of the
preferred wype.

Some so-called French plantains.
that are reported 10 set seeds very
rarely elsewhere, turned out to ser an
average of 510 20 seeds per bunch
under the conditions at Onne, shen
fertilized with viable pellen. False Horn
plantains, which had never set any
seed anywhere else, managed as many
as 24 per bunch at Onne. In 1983, in
crossing those plantains with resistant
wild bananas—disparate members of
the genus Musa—the scientists were
rewarded with viable hybrid seeds.

Using embryo-culture techniques to
overcome difficulties in germination,

Among Musa species in the trials is Calcutta 4, o donor of black sigatoka resistance genes

the scientists produced some 100 hybrid
seedlings, which were transferred from
test whes 1o field nurseries and
eventually o the fields at Onne. Late in
1989 1ita announced that four of the
resulting hybrid plantain plants pos-
sessed u combination of quality
characteristics preferred by African
consumers and high levels of resistunce
to black sigatoka. The resistance
character results in a great delay in the
unset of symptoms and slow develop-
ment of the disease. Infected plants can
thus mature and bear fruit normally. By
July 1990, several hundred plantain
hybrids were growing at Onne,
awaiting evaluation for black sigatoka
resistance.

Evaluation trials of the planiain
hybrids for black sigatoka resistance al
Onne (in the high rainfall zone of the
humid forests, Ibadan (forest/savanna
transition zone), and M'Balmayo {mra’s
humid forest siation near Yaounde,
Cameroon) show (a) a stable resistance
10 the disease across all locations; and
(b) different agronomic performance
from locarion to {ocation.

There are clear differences in bunch
weight and fruit size. Furthermore, in
the different locations there are
significanr differences in plant height,

days to flowering, and length of the
frui-filling pericd. In comparison svith
the more susceptible local varieties, the
hvbrids with black-sigatoka-resistance
have been the best performers for most
of the agronomic characters considered.

Nigerian trials

In June 1991, Nigerian institutes began
collaberating with 17a in its own
multilocational trials of some of the
planrain bybrids, at several locations of
the country’s main plantain-growing
region.

A total of 10 triuls over a two-year
cycle have been planted in Nigeria: ar
aTa’s Onne station and on the research
farnis of the Narional Roct Crops
Research Institute {NRCR1) at Umudike,
in the southeast; the Narional Institute
of Horticulwural Research and Training
{norT) and the Federal Agricultural
Coordinating Unit (racu) in Ibadan, in
the southwesl; and the stdle ministries
of agriculiure or agricultural develop-
ment projects in Cross River, Alcva
Ibom, Enugu, and Ondo states, in the
south. In the private sector, Shell and
AGIP 0il companies are each holding the
same trials.

All the national trials were orga-
nized by an interministerial committee
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for the control of black sigatoka disease
in Nigeria. The committee had heen set
up in 1987 by the Federal Government
of Nigeria with a mandate to organize a
survey of the black sigatoka problem in
the major plantain-producing areas of
the country and to propose control
meadsures.

fn particular, Nigerian trials are
looking at the severity of leaf spotting
by black sigatoka on the new resistant
lines, and the consequent effects on
plant development and yield. Early
results of the trials show that black
sigatoka has little or no effect on the
new hvbrids. In comparnsen with the
suscepltible cultivars, resislanl varieties
have developed normally and yielded
more. Resistant varieties have also
grown much faster and shown fewer
sigatoka symptoms.

After those trials, the most promis-
ing entries will be subjected to one
more round of tests, before final
selection and release of the hest
varieties for distribution on request.

1ra has also sent in-vitro plantets of
the plantain hybrids to Ghana and
Camercon. The trials in Ghana are
planted on the research tarm of the
Crops Research Institute 4t Kumasi, in
the humid forest zone. The trials in
Cameroon are coordinated hy the
Centre régional bananiers el plantains

Cooking bananas

{crepP) at Njombe, in the major plantain-
and banana-growing zone of the
country. For those sets of two-year
trials, the assessment of growth
parameters and black sigatoka severity
started three monrhs after planting. As
the trials progress, T4 liaises with those
institutes about data collection and
analysis.

Second round

After the multilocational evaluation trials
and selection of hybrids with desirable
qualities, another round of breeding will
be undertaken to reduce the hybrid's
chromosome complements to the
triploid level.

The hybrids being evaluated are
tetraploids (i.e., they have four sets of
chromosomes, arising from crossing of
fermale triploids with male diploids.)
Tetraploids are capable of crossing with
other tetraploids, and produce seeds
that are hard and unpleasant 1o
encounter when the fruit is eaten.
When reduced to triploid chromosomai
status, by crossing of tetraploids with
diploids, the hybrids no longer produce
seeds and are thus more desirable 10
CONnsumers.

Improved triploid hybrids, which
the participating programs will identify
as heing superior, will be rapidly
multiplied by shoot-tip culturing. At the

Some varieties of cooking bananas, a distincly different sister group ta plontains,
can resist or tolerate black sigatcka. In tandem with resistance breeding of plantains,
i scientists at Onne have infroduced five different cooking bananas in Nigeria.
Since 1987, i has annually distributed about 5,000 cooking banana plantiets to
Nigerian formers and agricultural insiitutions for mulfiplication and use. The exercise
has been a fest of whether consumers will accept the faste and cooking qualifies of
those bananas, as an alternative fo plantains.

The taste and texture of cooked plantain and cooking banana appear fo be the
same, according fo a survey conducted by the Depariment of Food Technology,
University of Ibadan. Most of the respondents in eight randomly selected villages
cauld not differentiate between samples of the two preparations.

ima studies have found that cooking bananas are acceplable when boiled at the
green, unripe stage; but the fruifs are foo sweet and exhibit a very poor lexture
when fried at the ripe, yellow stage. Ongoing studies have found that several of the
i hybrids have superior cooking aualities compared with cooking bananas when
boiled or fried. Recent studies by T have found that cooking bananas atiract lower
market prices than da traditional plantains because of their relafively sharter fingers.
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end of the trials, 17a and the Interna-
tional Network for the Improvement of
Bananas and Plantains {inigar) plan to
multiply further and distribute the final
selection of clones to national pro-
grams, which will multiply them for
distribution to smallholders throughout
Afrca's humid forest zone.

In the East African country of
Uganda, uTa is preparing for the second
two-year (advanced) phase of
multilocational trials 4t Namulonge, in
collaboration with the national program.
The same trials have also been set up in
Burundi with the institit de recherche
dgronomnigue el zoolechnique (IRAZ), in
Zanzibar with the Division of Plant
Protection, and in Kenya with the
International Centre of lnsect Physiol-
ogy and Ecology (icipe). New partners
in West Africa have joined for the
second phase of the multilocational
trials: from Cote d'Ivoire ( fnstitit des
Joréts—iperor}, Ghana (University of
Ghana}, and Nigeria {Plant Quarantine
Service and the agricultural develop-
ment projects of Imo and Abia states).

In other regions of the world, such
national programs as /nstitito de
investigacion de viandas iropicales
{Cubw), Fundacién de desarrollo
agropecuario (Dominican Republic),
and Queensland Department of Primary
Industries (Australia) have requested
planting materals of the improved
plantain hybrids from nra for tests in
favorable environments of their own.
1A $ent in-vitre materials to them for
rapid multiplication and testing eurly in

1993.



Quest for food quality in

cassavaimprovement

T has conducted research on cassava since its inceprion more than two decades
ago. I has bred cassava varieties that are high yielding and resistant w such
diseases as the African cassavi mosaic virus and cassava bacrerial blight, which
caused complete defoliation and desuuction of cassava in some pants of Nigeria in
the early 19705, The success of this work wus o major breakihrougly in root crop
improvement tor Africa. Fermers who adopted the improved clones were able o
incriase their cassava vields by a factor of about three over local materials under
heavy disease pressure. nTa has also bred varieties which have some rolerance 1o
certin pests including cassava green mite and cassava mealvbug. [n addition. it has
discovered spontaneous polypleids—plants with muliples of the normal chromo-
some number of 36: natural tetraploids (with 72 chromosomes) and triploids (with
54 chromosomes? that grose from interspecific hybridization. These polyploids, with
thewr expanded genenc complements, wend to have greater vigor in vegetative
growth than those with the normal chromosome nuinber, and thus create the
possibility of developing new and productive cassava clones.

All these uchievements notwithstanding, the cassava lines developed in the early
vears did not possess the organolepnic properties which are normally required in
lood preparation in some Africin countries. Take the case of TMS 30572 which is
favored by breeders and some farmers beciuse it is mgh-yielding and resistnt wo
nijor cassava diseases and pests. Some farmers have complained that it does not
conk well; the tuberous rools are waxy after boiling. Hence, although it is the
varety of choice in many countries, it has a lower stitus in
arens where certain cooking qualities are a eritical factor in

dreepliance.

Initilly, disease resistance and high vield poteniial headed
the priorities in cassava breeding al Ta. Some 20 years later,
by 1952, ira had achieved those production-oriented objectives
and began o shift its breeding priorites 1o the suitability of
improved cussava for different methods of food preparation.

Good properties

Brecders examine the following sets of plint characteristics in
the issava lines which they are considering as parent lines in
CrEmLL new varieties.

L These characteristics are especially important for consumers
who like 10 cock and eat the cassava root us soon as possible
after harvest

» Taste content of sugars, bitter compounds, among others)

» Potential to generate cyanide

* Texture (mealiness upen cooking)

* Rate of postharvest biodeterioration { physiological. patho-
logicils

= Susceptihility to preharvest rind cracking (predisposes root 1o
pathiological deterioration).

[T Lust rwo characteristics relate e keeping quality or
“shelflife”, and are critical in a country such as Uganda where
corsuniption without elaborate pracessing 1s preferred and
where fresh cassava roots command vice the price of one-
day-old roats.

2. The following characteristics are
important for cassava which is o e
processed in various ways and kept for
consumnpfion up to several months after
harvest.

e Size and shape including presance of
knot-like constrictions of the wherous
root (properties which alfvc handling)
* Luse in peeling

= Hardnows of Nesh (affects ease in
grating)

e Fiber content (affects quality of end
product?

= Moisture content (affects time
required in processing—dewatering and
drving operations—and the yield of
food product}

+ Starch content and quality (affects the
swelling capacity and stickiness or
drawing power i gard, one of the most
populir wivs o prepare processed
cussavil

*» Color of root flesh

* Sugar content

» Enzvme activity {affects breadmaking
quality ),

3. For cassava leaves o be consumed as
a vegetable, the following plant
characteristics are examined:

« Yield of dry mauter in younyg leuaves

Roasled cassave as food in Malowi
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» Capacity for quick regrowth after
pruning of shoots

» Sustainahility of leaf production
during <ry periods

* Resistance o anack by foliage pesis

« Texture (suppleness) of young leaves
+ Color of voung leaf lamina and
petiole

= Taste of cooked leaf lamina (content
of sugars, among others)

= Vitamin, protein, and mineral content
of the young leaf.

Breeding

To satisfy quality preference and
agronomic needs in particular regions,
breeding programs are organized which
combine different genotypes with the
required characteristics. Over the past
20 years, nra has been using cassava
varieties from many African countries
which express a wide range of charac-
teristics. In addition, nta draws on
materials available from the world
cassava germplasm collection at the
Centro Internacional de Agriculiura
Tropical (c1aT), a sister instirute in
Colombia, From these materials, 1ra
generates breeding populations with
pdrents that are known (o possess the
characteristics being sought.

Seed production resulls from two
basic types of pollination methods:
“natural”. with reliance on hees and
other pollinating insects 10 di the job;
and “artificial®, by hand, with pollen
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from specifically selected parents. The
artificial method affords greater control
but is expensive in terms of time and
lahor, especially considering the large
number of pollinations required. The
natural method, coupled wirh planting
of the selected parent in isolated blocks
(polycross blocks) is widely used
especially where selection of a number
of characters is the objective.

During the growing period,
seedlings are screened for resistance to
major diseases and insect pests and for
agronomic characteristics. Such
evaluations are repeated in clonal trials
over locations, aver periods us long as
five years, to confirm the consistent
appearance of the desired characters in
the selected lines. The best genotypes
are evenrually selected for international
trials concdlucted in ¢ollaboration with
severd| national programs, in order 1o
appraise perfonnance in related
environments and conditions.

Some of the successtul genotypes o
emerge from the selection scheme in
ITA cassava breeding programs are
bred with local varieties. They serve
together as parents in g hybridization
scheme to comhine genetic muterials
from different backgrounds. The
resulting seed. and subsequent seedling
progenies, wre in wrn put through the
selection schere. Sometimes it is
necessary 10 rehyhridize selections
among the progenies described

Drying fermented cassava paste
in Malawi

earlier—some important characters are
inherited in such a fashion thar they
muay not be expressed in a single
generation of hybridization because
they may be controlled by recessive
genes. Repeated cycles of hyhridization
and selection {or, recurrent selection)
are emnployed when it is known or
suspected that inany genctic elements,
each with a small individual effect,
control the character(s). For instance,
nra breeders are following this proce-
dure in a cassava population setup
specilically for good cooking character-
istics and low cyanide potential.

The current praclice, increasingly, is
10 Lest most qualirty atributes at very
carly stages of the selection scheme.
staring from the seedling nursery for
vooking quality evaluation. Standard
analytical procedures, for exaniple
enzymaic assays, are used for measur-
able characteristics such as cyanide
potental. and subjective ratings for
wraits, such as tisie, color, and texiure
(feeh. People Familiar with the desired
characteristic in the end product are
asked to assess the quality expressed in
each particular variety, on the basis of 4
rating scale.

One purpose of such an elaborate
scheme is to reduce the likelihood that
new germplasm with excellent agro-
nomic trajts is rejected on the grounds
that it is less appropriare for food
preparaton than the focal materials.
Another is to raise the nutritional quality
of foodstuff, since 4 lot of people in
sub-Saharan Africa depend on cassava
for their energy uptake.

Interaction

The complexity of the selection process
is matched by the complexity in
defining and compiling the quality
criteria [o be used.

Socioecononists, who survey
fanmers and consumers and learn about
their food needs, collaborate closely
with food technologists and other
biological scientsts, whe identify what
the desired characteristics are. and with
breeders who incorporate the desired
characteristics into the crop.

The cross-disciplinary interaction is
continuous among these professionals,
from serting the breeding priorities 1o
anualyzing the propertes of the product.
Such thoroughgoing interaction is
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essential in the process of capturing the
range of agronomic and organoleptic
traits needed for the producer of the
cassava root and the consumer of the
prepared food.

Consumer preferences among
traditional and modernizing societies
may not be intrinsically difficult to
assess or even salisfy. For the crop
improvement efforts to succeed in an
efficient manrier, the problem is
awareness of what constitutes consumer
preferences, and how 1o incorporate
them into a breeding strategy that
provides for all requirements. No single
cassava variety can suit all uses. The
variability among processing properties
and consurmer tastes is evident in the
following examples {(see accompanying
char).

In Ghana, the fresh cassava roots
are boiled and pounded alene or in
combination with plantain or cocoyam
to obrain “fufu” a strong paste or sticky
dough. A similar preparation {also
called fufu) is made in Nigeria by
reconstituting the paste from flour
obtained from dried, fermented cassava.
Hence the taste or flavor of whar would
lock very similar 1o the casual observer
is considerably different.

Gari {grated and “1oasted” fresh
cassava) is a popular food in most parts
of West Africa, The strong acid taste of

gari is acquired through fermentation of
the fresh mash. The Yoruba people of
western Nigeria appreciate the flavor,
but the Thos, who make up most of the
eastern Nigerian population, do not.

In Zaire where cassava leaves are
very popular as a vegetable, consumers
prefer leaves that are dark green and
possess a level of mosaic (2-3 on a
scale of 1-5) because they believe they
are tastier and do not absorb much
palm oil when ceoked. On the other
hand, Sierra Leonians prefer cassava
varieties with light-green leaves, also
with a level of mosaic (2-3).

Because of the rising cost of wheat
flour used in bread, a popular food
even ameng the poor of Nigeria, nta
has in the past few years experimented
with possible alternatives 1o wheat
flour. Cassava flour has shown promise
as a suitable altemative. The varjety of
cassava used to produce this flour
significantly affects the quality of bread
made,

Those flours with a relatively high
diastatic activity (i.e., above 150
milligrams of maltose), and low
maximum paste viscosity, produce
dense, pudding-like structures and are
not suitable in breadmaking, Flour from
varieties such as TMS 30001 can,
however, replace up to 100% of the
wheat flour in bread and preduce a

good quality of bread in terms of crumb
structure and sponginess.

From feedback from different
national programs and from dara
(including food samples from various
study areas) from reports of the
Collaboratve Study on Cassava in
Africa {cosca), mTa has grouped the
major qualities that determine con-
sumer acceptance of cassava as follows:
* Organoleptic propertes of taste,
appearance, texture (mealiness) after
cooking
* Potential to generate cyanide
* Keeping quality/shelf life.

Taste, appearance

The biochemical/biophysical bases for
the crganoleptic propertes are yet to be
fully elucidated. Hence, selection
aruibutes are usually made by actually
preparing the desired dishes from the
different genotypes and making
subjective judgements on suitability by
feeling the food or using taste panels,
members of which comprise persons
who are familiar with the particuiar
qualities being tested.

Data from cosca surveys show that
the color and general appearance are
the most important quality characteris-
tics for farmers in more than 50% of
villages surveyed. Traditional white-
fleshed cassava produces white-colored
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gari which is popular in western
Nigeria. Yellow-fleshed cassava is
preferred by the Ibos of eastern Nigeria
and in countries such as Ghana, where
plantain is usually pounded with
cassava to produce fufu. With the
increased cost of plantain, farmers
prefer to use yellow fleshed cassava
which gives the yellow color thar would
have been imparted by the plantain. In
times past, palm oil would have been
added 1o the gar during processing.
Palm oil, although nutritious {containing
vitamin A), is expensive and adds
between 10-30% to the cost of gad
prepared in this way.

From 1984-1989, uTa selected and
developed some naturally yellow-
rooted cassava lines from introductions
from Latin America (TMS 82/01438 CB
5-80411, TMS 71673, TMS 71693). These
have a high beta-carotene content (30—
32 milligrams per 100 grams of cassava
flesh) and in addition yield well, show
low potential for producing cyanide
{(4.4-0.6 mitligrams per 100 grams), and
are fairly tolerant of cassava mealybug
and cassava green mite. Some gari
manufacturers m Nigeria already base
their production on two of these lines,
TMS 71673 and TMS 71693,

Mealiness after cooking
Another important organoleptic guality
ts the mealy texture of tuberous roots
when boiled. Farmers in regions where
“the boil and eat” type of cassava is
preferred, want varieties with roots that
are soft and "mealy” when cooked. The
exact physiological basis of mealiness in
boiled cassava is still elusive, although
some association was established in
1977 between this factor and amylose
content. What is known is that
mealiness is strongly influenced by the
cassava genotype and season (espe-
cially rainfall).

CTA scientists are breeding for
mealiness. Many genotypes are cur-
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rently in international collaborative trials
with national programs in such coun-
tries as Benin, Ghana, Guinea, and
Sierra Leone. Extensive on-farm testing
of such genotypes as TMS 60142 and
TMS 60140 in Uganda, a country where
cooking qualiry is a critical requirement
for cassava, have confirmed their wide
acceptability. The root crop program in
Sierra Leone has also made its cwn
selections of such locally acceprable
improved materials from seed popuia-
tions introduced from ura.

Cyanide potential

The issue of hydrocyarmic acid (HCN) or
cyanide in cassava has been a very
controversial one. In Nigeria, cases of
food poisoning, some of which have
led to deaths, have been atuibuted by
the media to cassava consumption. The
allegations of probable occurrence of
HCW in the cassava food product were
not based on scientific observation.

Farmers distinguish two sets of
cassava varieties.

(a) Those which can be caten raw,
boiled, or roasted in an open fire
without prior transformation are
conventionally referred to as sweet
varieties.

(b) Those which if eaten raw, or
even boiled or roasted withour prior
processing, are presumed to be harmful.
This set is referred to as bitter varieties.

Athough the “high cyanide” varieties
tend to taste biker, some varieties have
a high cyanogenic potential yet do not
have a bitter taste. This finding suggests
that the cyanogenic compounds are
different from the factors thar impart
bitter taste, and that these two charac-
ters could be separated through genetic
manipulation.

In areas where cassava is boiled
and eaten, varieties with low potential
to generate cyanide must be made
available. Many varieties that have low
cyanide potential, and that can be eaten

as vegetable, and cut, boiled, and
pounded, have been selected and are
being tested by national programs of
those countries where they are favored.

mTa distributes improved germmplasm
which provides specific characteristics
to national programs with those needs,
for selection under their specific local
environmental conditions and distribu-
tion to farmers. Curtings of those
varieties are multiplied and distributed
to farmers by program personnel in
various countries. Examptes of such
projects include those carried out by
the Rwanda National Root Crop
Program largely supported by the mrc,
and the Cameroon National Root Crop
Program funded by the Gaisby Chari-
table Foundation.

Some projects are currently being
implemented in the Uganda Natonal
Root Crop Program, also funded by the
Gatshby Charitable Foundation, and the
Malawi Natonal Root Crop Program,
funded by usam. In addition to accom-
phshing their immediate objective of
transferring new vareties, those projects
have provided researchers with valuable
feedback, on the performance and
suitability of those materials.

Distribution of improved germplasm
in Africa is especially difficult in the
case of cassava, because of quarantine
regulations which require that new
breeding materials can be intreduced
into a country only in the form of true
seed, with appropdate chemical and
physical reatments or as in vitro virus-
free plantlets. So far mra has bred over
400 genotypes thal have reached the
peak of the selection scheme and are
awaiting evaivation by national
programs. Accelerated transfer of that
body of germplasm to national pro-
grams was a major preoccupation of
ITA'S ToOL crops program during 1992,



Plant health
management

Plant health research at uta is concerned with the myriad interactions
among pathogens or other pests, host crops, and the rest of the enviren-
ment. By manipulating pest/crop/environment interrelations, plant bealth
management scientists iaim to create ecclogically sustainable solutions 1o
inday’s pest problems and o prevent those of tomarrow. The articles in this
section Wustrate both corsective and preventative approaches.

A most perplexing pest

The larger grain borer poses one of Ta’s most problematical control efforts
 date. This pest of stored maize abounds in several environments. The
perfecr candidate for a natral enemy has yet to be found. A multifaceted
campaign is evolving on hoth sides of the Atlantic with develepment of a
systems model. banking on 1ma’s success with this approach in conquering
the cassava mealybug.

Model of success

The hiological control program’s simulation model of its campaign aguinst
the cassava mealybug explains the success of the wasp.  £7. lopezi. in control
ol the pest and the [ailure of a second nmural enemy o become established.
Inreraction among the two parasitoids, the mealybug pest, the cassava host,
and the total environment have been incorporated into the model.

Systematic problem solving
Scieatists in habirat management
research at Ta investigate the
various environmental factors which
promore or militite against healthy
crop development. Habitat svsiems
analysis provides the basic under-
standing of a problem that can help
in restoring  favorable environment
for a threatened crop. The guiding
premise in selecting interventions is
to use aptimal means which aveid
creating other problems for the
people involved and the natural
resources they depend on.

The built-in solution is best
Resistance breeding is the ultimate
preventive weapon in the arsenal of
plant health management. s has
developed maize varieties which can
resist downy mildew, a fungal discase
that threatens maize crops in several
parts of the sub-Sahuran wopics. In
Nigeria. mva is working with the
government to control the spread of
the diseuse through genetic resistance
combined with cultural controls,
chemical seed protection, and training
and technology transfer 1o official
agencies and small-scale farmers.

Searching for the lorger grain borer in o raditianal maize slore in Catonou




Control of the larger
grain borer

The larger grain borer doesn'’t particularly need a diet of maize for survival. But
when it finds a cache of dried maize, it can quickly infest the arez, ninneling from
grain to grain and reproducing itsell 1o 4 high density. Debris from the infestation
iestoons the damaged grains, rendering the whole unpalatable to human consumn-
crs,

Studies on the heetle, whose species name is  Prostephanus truncetus Hom
(Coleoptera: Bostrichidae), in its native Mexico and Central America strongly suggest
that it is 2 forest insect and is not primarily adapted o muize. However, since its
accidental introduction into Africa during the 1980s, it has become a highly destruc-
tive pest of stored maize and a4 major threat 1o food security of small-scale farmers
in the regions it lus invaded.

An ambitious effort is needed 10 curb its depredations and thus preserve
Farmiers’ gains from improved maize varieties. 17 has begun o work with oy,
national programs in Central America and West Africa, and European institutes, in a
multipronged attack on the problem in the larger grain horer's homelands as well as
its new African habitals. The approach combines investigations into the different
aspects of the problem which may be manipulated 1 achieve control of the pest:

e the environment where the maize is produced and stored;

» natural enemies which may exist in any partof the pest’s varied and dispersed
habitats;

e the maize iself, and its capacity to resist the pest.

The objective is to develop sustainable and envirenmenrally sound straregies for
control of the Larger grain borer. The aim is 10 help the smali-scale farmer by
reducing food losses and the environmental and health nisks from excessive
insecticade use.

Invasion

The African presence of this pest was first reported in Tanzania, East Africa, during
1981. In West Aftica the beetle was first reponed in Togo during 1984. It has since
spreac widely on both sides of the continent: Burundi, Kenya, and Malawi in East
Africa; and Benin, Burkina Faso, Ghana, Guinea, and most recently, Nigeria in
West Africa.

The introduction of this pesr into Africa has resulted in a sharp increase in the
already high losses of stored maize in the atfected countries. Weight losses of
muize over 4 six-month storage period in Togo were estimatled o have increased
more than fourfold. from an average of 7.1% before its appearance 1o 30.2%
alierward, according to a report from the Gesellschaft fiir Technische
Zusammenarbeit (6123 of Germany. Totl destruction of stored maize can occur
within six months, leaving small-scale farmers in 2 potentially desperate situation
and making the wraditional long-term storage of inaize impractical in the affected
areas.

Other African staple food commodities, especially dried cassava chips, and to a
minor extent beans and groundnuts, are also subject to attack by the pest. The
timber used in the construction of stores ind houses can harbor populations of this
pest, providing an interseasonal source for infestation of new lots of stored
commodiries.

On-farm losses can be substantially reduced if maize is dried, shelled. and
stored in a closed granasy or silo and an insectivide applied. Research on improved
technology for the traditional fann setting has, however, found that such methods
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Whot the |c>rger groin borer does 1o stored
maize

are not easily practicable for small-scale
farmers.

Use of pesticides with stored foods,
moreover, carries risks of abuse and
consequent health hazards. Reliance on
pesticides is apt Lo encourage develop-
ment of strains of the pest resistant Lo
the pesticide.

The hest alternative to reliance on
pesticides, apart from nieasures o
promote improved storage technologies.
is a4 hiological control campaign against
the larger grain borer which forms parn
of a permanent, environmentally sound
system of pest management.

Biocontrol?
Being an intreduced pest which causes
spectacular damage, the larger grain
borer sheuld be a prime candidate for
classical biological control. It should
have naturai enemies in its homeland
which could be imporned o control the
pest 4s they do back home. Moreover,
the expediency of a biological control
operaton is compelling—a solution
with minimal or no interventions by
extension agencies or farmers is
attractive for a problem so widespread.
The success of 1Ta's biological conrrol
campaign aguinst the cassava mealybug
provides an enduring model for
scientists tackling other exotic pests.
The potential of one promising
predator, Terelriosoma nigrescensLewis



(Coleoptura: Histeridae), was firsi
investigated during the 19905 by
rescurchers from 6Tz and the Natural
Resources Institute (Nir) in the Uk,
several releases of the predator have
been made in Togo and Kenya and
stuclies of establishunent, dispersal, and
impact are currenty under way.

T. nigresceas shows a number of
promising behavioral characteristics
iand is able to suppress pest popula-
tions in laboratory and field-cage trials.
But our present state of knowledge
suggests thar it alone is unlikely o
control the target pest adequately.
Studies by iita and collaborators at
locations in Mexico and Honduras
indicate that it can neither contain
larger grain borer population increases
in stores nor maintain losses wirhin
tlerable limils. Supplementary
measures are needed o increase the
impact of biological contrel and 1o
integrate it with complementary
slralegies.

Reappraisal
New insights into the ecology and pest
status of the larger grain borer have
reinforced the need for a reappraisal of
control strategies. A picture emerges of
i pest which is very active and widely
distributed, but which only invades
mize stores at particular times and
localities, under circumstances which
are ver to be defined. Recent studies at
the Kenya station of the Intemational
Institute for Biological Contrel ( 1m0)
tiave shown that the insect can repro-
duce in the wood of a wide variety of
trees. including a4 namber of important
agroforestry species. In both its
supposed forest and farm habitats, the
karger grain horer is a highly dispersive
creanure, with a strongly seasonal cycle
of flight uctivity which se=ems 1o be
relited more to rainfall patterns than
availability of maize.

An effeclive control strategy for the
larger grain horer thus calls for an

integrated attack on several fronts. First,

we need o identily the circumstances
which promote severe infestations of
maize—perhaps we can prevent those
crcumstances from coming about.
through modification of the habivat or
the farmers’ harvesting or storage
practices. We also hope o find more

effective natural enemies of the larger
grain borer, in order to increase the
contribution of biological control 1o
management of the pest. Finally. we are
uying to breed more resistant maize
varieties, which will slow the pest
buildup and suffer less damage. once
e pest beconies established in maize
SLores,

Development of an integrated
vonuol strategy for such a widespread
and complex pest requires carefully
coordinated research in differem
disciplines and geographical areas. nTa
has asserbled a consortium of
collaborators, selected for their
complementary expertise and geo-
graphical location.

In the pest’s Latin American area of
origin, 10 collaborates with ciMmyT in

The larger grain barer, Prostephanus
lruncotus [normel size: 3-4 mm|

Mexico and the Escuela Agricola
Panamericana {Eap) in Honduras. Also,
tn both the original and adopred
homelands of the pest, uTa is working
on specific research lasks with national
programs: for cxample, in Mexico with
the Insttuto Nacional de [nvestigaciones
Forestales y Agropecuarias and the
Colegio de Postgraduados. and in
Ghana with the National Biological
Control Commirtee.

African national universites (of
Ghana and of Benin) and Germzn
universities { Georg-August Universitit
Gomingen and Technische Universitit
Berlin) are part of the team. Linkages
have also heen formed with the
established research programs on the
lurger grain borer of a1z, ~Ri, and npe,

The trap

With the launching of the main project
in West Africa in 1992, the seasonal
incidence and distribution of the pest is

being continuously monitored with the
help of a commerciully available trap
systen, which is based on uggregation
pheromone (u chemical secretion) of
the larger grain borer. The pheromane
trap is being used in three ecologically
different regions of Benin: Mono
Province in the southwest, Zou in the
center. and Borgou farther north.

The spread in Beninof T,
nigrescens, first released in Togo by o1z
and later in Mono Province by Benin's
plani protection service. is also being
closely monitored with the same trap
systen,

Occasional surveys with narional
researchers have already confirmed the
presence of the pest in Burkina Faso
and. with ~w help. in Nigeria. Surveys
will be extended in due course to other
countries believed to be at risk, such as
Niger.

Preliminary studies of the popula-
tion dynamics of the larger grain borer
and assoctated species in rural stores
begun at 2 single site each in Mexico
and in Honduras. Populations of all
significant pestinsects aad their natural
enemies were followed from prehurvest
through the enrire storage season.
Grain moisture conrent, grain damage.
anel weight losses were also monitored.
The results should fill out a general
picture of the pest status of different
insects and their interactions. The
resulls can also support anilyses of the
significance of such factors as inter-pest
compelition and nawural enemy activity

Similar studies in Benin, which
include maniputation of the system
rather than simply observation, are
investigating the relative importance of
different sources of infestation
(preharvest infestation, previous
infestation of the storage structure, and
active migration w stores i in subse-
quernt infestations and losses. The
impact of time of harvest and various
farmer practices are similarly being
investigated. For instance, muize ears
with good husk cover and without
serious visible insect infestation at
harvesttime consistendy show reduced
insect populations during the fisst
moenths of storage. Such smudies should
produce recommendations for modify-
ing farmer practices in an integrated
control program.
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ITa scientist inspecting a pheromone trap for the larger grain borer

The research strategy takes into
account the socioecenomic varialiles in
tarming systems 45 well. In some cases,
tractitional systems huve evolved
successtul strategies for coping with
pests. On-tarm surveys are therefore
invesligating postharvest practices and
associated pest infestation by multiple
regression techniques. This approach,
currently being developed in Benin, 15
expected 1o be extended to regions in
Mexico and Central Amenica where
furming and storuge systems may have
developed successiul responses io
attick by the larger grain borer.

Storage practices clearly differ in
many respects berween the pest = area
ot origin and its outhreak areas in
Alrica. Whether those differences affec
the situs of the pest, and whether
fielphul practices can be transferred
fram one region 1o the other, may be
determined as @ resull of the current
mnvestigations. On-farm studics in Benin
arc examining infestation and losses in
traditional stores. insect distribution
within stores and the ¢xtent to which
surface samples—al! that can usually be
collected in surveys—give an aveurate
estimate of infestation of the store as a
whole.,

Not into maize

The ohservarion that the larger grain
borer's primary host is not maize opens
up possihilities for avoiding or reducing
ihe pest through an integrared control
siraregy. The issues are being examined

trom two different angles. Populations
of larger grain horer from diverse
sources and locations throughotu
Central America are being ussembled ar
kaP. Their performance on different
substrites and their ability w interbneed
is being investigated. Tn the second
appreach, tia and their Gottingen
collaborators are trying to determine
whether sinells direct the host-hinding
behavior of the pest.

Returning o hiological control, the
priject is working on known control
agents and novel and complementary
candidates. In another joint 1i7a-
Gantingen study, the predaton range of
T. nigrescens is being investigated
through @ biochemical analysis of the
gur content of samples caught in stores
and [light traps. hoth in the predator’s
Central American origin and in West
Africa.

Other natural enemies found almost
universally in association with larger
grain burer, and with other primary
pests ol stored maize. are parasitoids of
the tamily Preromalidae. They are
known from aboratory studies t have
a comparatively wide host range
among storage pests. However, almost
nothing is known wbout their effect on
pest populations in rural stores and the
extent 1o which they may atack a
particular species. Those quesrions are
under siudy in Mexico,

MNew parasitoils and predators are
being sought, to enhunge the impact of
biological control in Africa. The search

is being conducted in maize stores and
likely natural habitats of the larger grain
borer. I the funds can be feund. the
pursuit should extend 1o fungal
pathogens Gjointly with the Technische
Universitit Berlin) and to parasitic mites
of the pest (with the Colegio de
Postgraduados in Mexico). The
initiative on fungi appears particalarly
promising, in view of the joint success
ol s and nie with pathogens of the
locust and grasshopper in West Africa.
Prospective work will require innova-
tions in application techniques; for
instance, pheromone-haited traps
which introduce pathogens into
migrating pest populations.

Finally, work on maize varieral
resistance is continuing, together with
research on farmer practices and
biological control. Germplasm collec-
tions have been tested by both s and
ey in collaboration with i and the
University of Onawa, respectively.
Some resistance in shelled grain and
edrs of maize, with or without husks.
has been identitied. The impact of
these levels of resistunce on the status
of the pests is not ver ¢ledr, soan
atlempt is being made to quantify ir: a
selection of local radivonal varielies
and improved maize hias been included
in population dynamics studies in
Benin. Any reduction in susceptibility
ol maize crops may help tilt the balance
in the agroecosystem against the pest.

The success of this multitaceted
approach depends on careful organiza-
tion of the work among the far-tlung
e members, as well as integration of
results in a telling conceptual format,
The results are being incorporated in
the development of a sysrems model,
huilding on the success of this approach
in helping to solve the cassava mealy-
hug problem.



Simulation model explains
biological control of the
cassava mealybug

Our readers are probably aware that mTa has achieved considerable success in africa
in the biological control of the cassava mealybug, Phenacoccus maniboti Mat.-
Ferr., mainly by using the parasitic wasp, Epidinocarsts lopezi De Santis (Hym-
enoptera, Encyrtidae). That effort was rewarded with the 1990 King Baudouin
Award for Intemational Agriculrural Research, won by nta jointly with the Centro
[ntemacional de Agricultura Tropical { ciaty in Cali, Colombia.

Impact anadyses of that work, bath biclogical and economic, have strongly
dacumented the success of nra efforts in working with national programs of sub-
Saharan Africa 1o counter the threar from the cassava mealybug.

But nma is not resting on its laurels. As an institution truly comumitied 1o rescarch
andzhe advancement of leaming to guard against further damage from this and
ather threats 1o food production in sub-5aharan Africa, where food secunty is
especially fragile, it continues Lo explore in its research the interactions of various
factors involved in the biological control of the cassava mealybug, so that a reliable
base of knowledge can be created for funure use in other campaigns.

Successes achieved in practical application notwithstanding, the fact remains
that more than 100 years of research and practice in classical biological control
have not yielded a theoretical framework or model that adequately explains all the
imteractions invelved in the selection of natural enemies for specific pests. This lack
of a reliable theory, which alone cun provide a predictive capability, feads 10 a
reliance on a trial-and-error approach, an ad-hoc practice one would normally
hope to avoid in a systematic endeavor. Bur trial-and-error methods can only be
avoided as more reliable information becomes availabie from well-focused resvurch
specitically intended to extract such information. This is what uTs is aiming at, in
colliboration with scientsts at the University of Leiclen, the Nethedands, and the
University of California at Berkely, sa.

More specifically or explicitly, in considering the biological control of the
cassava mealybug, it is important to account for the success of some parasitoid
species where others have failed. Understanding the causes underlying such success
and failure involves detailed investigation of related phenomena. For example, what
constitures the pest complex in cassava and whal are the dynamics of those pests?
After all, cassava often grows in the field for as long as two years, allowing several
generations of arthropod pests to develop. In efforts at their biological control, will
inroducing fewer or more species of identified natural enemies, or introducing the
species in a different order, help? Are the differences observed in the effects of the
introduced natural enemies caused by insect biology or by environmentz| factors
{extent of rainfall and its distriburion, temperature, humidity, soil nutritional status,
plantiraits such as leaf size and growth, eic.) or by both? What are the interactions
across those sets of factors? Studying pests and their natural enemies thus becomes
atruly complex matter, especially if we are trying to achieve the capability to
predict for specific sinuations.

This is where models come in hundy. Models anempt o account for the real-
world behavior of natural phenomena {in this case, insects and their natural
enemies) by deliberately reducing those phenomena to a set of measurements thar
can help predict cause-and-effect relaticnships in a host-pest-environmental
complex. Such models are carefully constructed from behavior observed in the past.
To respond to an ever-changing siniation (23 in crop growth and crop preduction),

existing models need to be studied on a
continuing basis, incorporating real dara
from current experiments to test their
usefulness and validity.

Model developed

Such a simulation model had been
developed in 1988 for one exotic
parasitoid of the cassava mealyhug, E.
lopezi. Tt was the first species to be
introduced (in 1981) into Africa in a
biclogical control campaign, and it
proved capable of keeping populations
of cassava mealybug low throughout
the year. By 1992, L. lopeziwas well
established in 26 countries across the
cassava-growing belt in Africa, from
Senegal in the northwest 10 South
Africa in the southeast. Wherever it has
been swudied in detail, E. lopezi has
been proved responsible for successful
control of the cassava mealybug.

Some years afier the introduction of
E. lopezi, another parasitoid was
identified and considered useful in the
African campaign for biological contral
of the cassava mealybug: E.
diversicornis (Howard) (Hymenoptera,
Encyridae). The two species are
raxonomically clnsely related, and both
are known 1o anack the cassava
mealybug in their native habitat in
South America. There have been
considerable differences, however, in
their observed ctlicacy as parasitoids of
the cassava mealybug in Africa.

E. diversicornis, first released in
Africa in 1986, does not appear to have
achieved permanent establishment
anywhere, according to darta available
ar present. Although releases of £.
diversicornis were made in several
countries of Africa several kilometers
away from carlier or concurrent releases
of E. lopezi, mummies collected one
year after the relenses showed the
presence only of E. Jopezi. Various
factors might be related to this result:
host plant and host insect incidence in
the fields, plant growth or nutrition,
host selection, sex allocation of
parasitoids, etc.

Differences studied

The considerable differences in the
observed efficacy of the two parasitoid
species in Africa have been studied, to
develop a working medel thar can
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Factors considered in evolving o medel for biclogical control of the cassava mealybug, Phenacoccus manihoti Mat.-Ferr.
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explain the interactions and help
rational cheices for hiological control
efforts in the future. Detailed studies of
the hiclogy of the two species indicate
the following:
l. Cassava plants infested with the
medlybug produce a substance that
altracts female E. fopezi, so that £
lopezi can find the cassava mealyhug
even at very low densities. an essential
factor for the species to persist through-
out the wet season. when the mealybug
populations are low. The capacity of £
diversicornis to find its intended host,
the cassava meulybuog, has been shown
in ficld experiments 1 be five limes
less than that of £ 1o
2. Further differences hecome apparent
once a host colony has been found. E.
fopezi is more successful in locating
and attacking younger hosts; £
diversicornis either cannot find rthese or
when it agacks them—can only
produce male, not female, offspring.
3. Multiparasitism oceurs: £
diversicornis larvae are often killed by
L. lopezi.
4. On several other aspects investi-
gated. there were no ditferences
hetween the nwo species.

The model so far developed for
bhioldgical contrel of the cassava
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meulybug by E. lopezi incorporates
these results, combining laborarory and
field studies, and enables sveighing of
the importance of different factors. The
simulations gave e following impor-
ant insighis:

» when E lgpeziand £. diversicornis
are compdred, the egg-laying capacity,
longevity. and food requirements of
either parasiwoid do not sufficiently
explain why E. lopezi would he so
superior:

s £ lopezi, with its efficient search for
hosts, can keep mealybug density low;
¢ weather and soil factors (such us
available water and nitrogen) affect
plant growth direcdy and. in conse-
quence, the size and number of the
mealylugs;

* this, in tumn, affects the sex ratios of
the parasitoids, dearly favoring £
fopezi, which can produce tnore
females on small hosts than £
diversicornis,

* the mealybugs are successfully
controlled by E. lopezi: hut this requires
low rates of parasitoid immigration
from neighboring fields:

» the higher host-finding capability of
E. lgpezi enhances its domination over
E. diversicomnis,

* by its dominance, £. lupezi causes

the competitive displacement of .
diversicornis from the systen. As a
censequence, i did net mater in which

sequence the two purasitoids were

released. With £ lopezi released firsy
(the reality in our campaign in Africa)
or with £. diversicorizis released and
established first (hypothetically), the
outcome would have been the sume;
and

« since the two species coexist in their
native habitat in Brazil and Paraguay, £
diversicornis must have other, yetl
undetermined. hosts, probably larger
than the cassava mealybug,

Given the success of E. lopezi.
widely recognized by national pro-
grams across sub-Saharan Africa, the
kiological control campaign against the
cassava mealybug is drawing 10 an end.
But releases of £ diversiconis in the
sume campaign were u failure. Thanks
to detailed studies and the simutation
miacel that has resulied, we can now
say why. This is an important contribu-
rion 1o the science of hiological control,
and it ¢can be a useful ool in future
Campaigns against other crop pesis.




Managing nature’s hostility
to stabilize food production

In an age of environmenrally friendly technology, it may be inopportune 1 talk
abour the hostility of narure. Yet, narure places severe biological limits on crop
production in Africa, especially in the form of plant diseases, insects and mites, and
noxious weeds. These constraints, which are numerous, greatty affect human well-
being on the continent, compounding the scarcity of food and other resources
available. The harm they do needs Lo be duly recognized.

Curbing man's wasteful plunder of nature can be combined with combating
narure’s curbs on the production of foods essential to humans. Stresses to crop
growth and food production can be alleviated in ways that do not erode or destroy
the natural resource base for future use. Habitat management is an approach that
arempts to do so, hy combining host plant resistance, biological conrrol, and
cultural practices to achieve svnergistic effects. It aims ro avoid repeaiing the
experience of the last rwo to three decades worldwide, which has clearly shown
thar relying on chemicals for pest controt in food production is both dangerous and
destabilizing.

In habitat management at 11TA, plant diseases and insects are addressed mostly
by host plant resistance and biological control, with cultural practices providing a
valuable addirional ractic for both types of constraints as well as for weeds. But
there are vaniations in this theme. Research efforts are aimed at making coherent
sense from these vagations. so that the most appropriate combinations of measures
can be employed for each specific crop pest. The overall goal of hahitat manage-
ment is to provide ecologically sound pest prevention and control strategies for
small-scale or subsistence agriculture, on a sustainable basis,

Hahitas management thus calls for a long-term effort, burthe pains are sustain-
able. Tn addition, the approach could vield gains in the short temm as well. While the
immediate aim is o protect and enhance the relatively low crop yields in sub-
Saharan Africit, the real power of this work lies in its ability to help stabilize crop
oroducticn over time and thus create more favorable circumstances for increased
investment in agriculture. Just as business corporations stay away from places
where political instability and social upheaval prevail, farmers are reluctant to
invest their labor and scarce capital into environments where plant diseases,
insects, or weeds creute a high probability that much or all of that investment will
be tost,

Concerted efforts

In concerted efforts a1 habitt management, scientists in plant health management
disciplines focus on arthropod pests, nematodes, diseases, and parasitic weeds.
Resource and crop management scientists study land and water managemenn,
including weed management or cultural practices. From working within a habitat
management strategy, Crop IMprovernent scientists, too, gain insights about the
plant traits required for incorporation and desirable agronomic practices. Both the
effort and the benefits resuliing are thus mulidisciplinary.

A number of measures involved in habitat management are already in practice.
What is now being anempled chiefly is to put them in 4 systematic perspeciive. This
is done by recognizing and actively promoting the interrelationship of three phases:
1. diagnosis of the problem. involving assessment of pest status, its taxonomy,
distribution. dyrmamics, life tables, and the type and extent of plant damage it
causes;

2. analysis of habitat interactions, such as those hetween (a) a crop, 2 pest, its
natural enemies (within tropbic levels), (b) a crop and alterative host plams (across

wophic levels); such an analysis is best
undertaken at the level of the
agroecoysterm,

3. identification of management
strategies, involving decisions on which
proportions and/or combinations of
host plant resistance, hiological control,
and culrurzl practices can provide the
best results.

Recent work on the bean flower
thrips, Megalurotbrips sfostedii Trybom
(Thysanoptera: Thripidae), is a good
illustration of this approach. The bean
flower thrips is a major pest attacking
cowpea at an early stage in plant
development. It causes shedding of
flower buds, and total crop failure can
result at high levels of thrips popula-
tions.

A first step was 10 identify the pest
and its taxonomy. First reported in
Tanzania in 1905, the genus
Megalurothrips has eight species, seven
of which are found in Asia and not
considered agriculrural pests. M.
sjostedt! is the only species of this
genus present on the African continent,
and the only one that causes consider-
able damage to various cultivated and
wild plants, including cowpea.

A second step was (o analyze the
seasonal abundance of the thrips,
which showed thart in the moist
savanna zone {where a considerzble
amount of cowpes is grown), popula-
tion levels are lower in the first
cropping season (May-Jul) than in the
second season (Sep—Nov). This pattem
is amributable to the fact that popula-
lions in the first season crop are mainly
from wild host plants flowering along
the flow of waterways during the dry
season, as well as from some herba-
ceous legumes present in or near the
cropping area. These populations build
up during the first crop and then invade
the field in larger numbers during the
second cropping season.

Parallel o these studics, a model
was designed to study carbon acquisi-
tion and allocation in monocropped
cowpea. The growth and development
of 4 photosensitive cowpea variety,
driven by temperature, solar radiation,
s50il phospbate, and water was studied
to determine dry-matier attribuies. The
model was then used o evaluaie the
influence of drought stress and different
levels of available phosphate in the soil.
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A papulanon model for AL sjostedts
wils stbsequently supenmposed on the
crop moded, 1o evaluate interictions
hetween thnps popukaions and plan
growthe At the same time, and equally
impormantly, the model was used to
eviltate possible interventions with
halogical control.

The modets thus enabled 1TA
scientists [0 denve wends or insights
that can be painfully applied in crop
wanugement. This information was
supplemented by carrying out exten-
sive surveys, which revealed three key
factors responsible for the pest sts of
the thrips: (a) they survive on alterma-
tive host planis during the dry season:
il although different natural enemies
were observed amacking thrips eggs and
farvae, their impadt is oo Jow o
prevent pest outhreaks, (o thrips larvae
feeding on cowpen plunis can cause
complete shedding of Aower buds

Pl information s now being used
in rescarch decisions that atfeot funther
management of cowpea. The kack of
suitable indigenous natural enemies,
combined witl ¢ lngh damage thresh-

old, makes M sjostedti a sutable target
for hiolowcal conirol.

1TBOE-1i48
APINE REQISTANT

%

Also, the Facuthar the thrips are
tound on a Lirge nuniber of altemative
feguminous host plants means that the
migration of adul thrips among the
various host plants would need o be
carclully undersiood. so that hiological
contral and caltural practices can be
used o reinforce each other in
integrated ¢fforts at pest control.

Examples

There are oliier examples of habitat
managenient where i new insight or
piece of information, added o existing
knowiedge, can considerably enhance
pest control

1. In UTA's ongoing studies on the
Cissava medvbug, il was found that in
areas where Cassavin wis grown on
excecdingly poar, sandy soils the
mealvbug appearcd [0 escape conro)
b Epidinocersis lopezi while no
damage wis chserved in adpcent,
minlched fields. [0 should thus be
possible 1o improve the elficicy of £,
fopeziihrough cultaral practices tha
enlance the ferilivy and water-holding
capacity of the soil. thus combining
severil ol nature’s Own provesses 1o
improve crop production,

environmentolly sofe.

2. A similar possibility is indicaed for
reducing infestation of the cassava
green mite, though this needs further
investigation. Field studies, hacked up
more recently by computer simulations,
show that planting cassava early in the
wet sedsorn makes i less prone w yield
damage by this pest. There is alsoa
clear link berween soil tertliny, plany
vigor, and mite abundance, with the
greatest yield nsses from mites occur-
ring in plants ol intermediate vigor. The
relationship between mite density and
yield is nonlinear. Mite-intested cassiava
grown on soils of intermediate fermility
should thos receive u high priority in
research on cultural practices that
improve sail ferlity and warer-holding
CUpaCity.
3. The role of wild grasses and sedges
as hosts of cereal siem borers is not
well understood. [nrhe past. they were
regarded as o reservoir for niew ster
borer atiicks on crops such s madze
sorghum, orsugarcane, Recent studies
indicate that some wild grasses are
preferred oviposition sites for the stem
borer, Sesconia cetlmistis, although
miize—i nutritonally superior host—
allows Tor a 10-time higher survival rate,
especially when fertilized with nitrogen.
One resulting hypothiesis
cun be that the wild hosts act
as g planes: this implics tha
clearing the matural vegeration
and incressing the area under
muize will resull in greater
stem harer populations. A
simmilar situation has ocourred
in some locations of castien
and southern Africa, where
the stem horer Eledeinia
saccharing was forced fromn
its wild hosts onto sugdarcane
and maize when the natural
habitu was desroyed.
Parallel 1o ihis, narural
encmies of maize borers uare

Clockwise (from top lefi): an aphid-resistont cowpea developed in
effarts of host plont resistance; bialogical control of the cassava
mealybug by lhe parositic wasp, E. lopezi; and weed menagement in a
field, using eppropriote culturel practices. Habitat menagement aims la
inlegrate these opproaches in a strotegy thal is both susteinable and



exceedingly rare on maize. It is possible
they lack adaptation to this host. This
suggests that natural enemies to be
used in a biological control program
against stem borers would need o be
adapted to the crop plant rather than be
specific to an insect pest. Efforts have
begun, both to validate these hypoth-
eses and to search for narural enemies
with a broader spectrum of crop hosts.

Viewed from another angle, habitat
management consists of a series of
possible manipulations to achieve
intended effects. Briefly described, these
are:
= manipulation of the crop’s microcli-
mate (extremely difficult to achieve,
except in the laboratory or greenhousc,
burt potentially possible, for example,
through tree-planting or afforestation
programs);

* manipulation of plant structure,
achievable through breeding and
agronomy;

¢ manipulation of the agroecosystem,
10 make it less suitable for the pest
and/or more favorable for its natural
€nermies;

 manipulation of available nutriion
for the natural enemies;
 manipulation of the populaton of
beneficial organisms; and

* habitar diversification, to include
more natural enemies and achieve
bemer ecological balance.

In applying these measures, a
polential avenue o be explored more
fully 1s the development of safer
products, including microbial pesticides
and herbicides, which consist of
naturally occurring or genetically
manipulated organisms. Work on this
aspect has begun.

An environmentally friendly
approach in our context thus means
not a relaxing of the guard against
biotic constraints bur simply a choice of
control methods that do no harm to
people or the natural resources upon
which their livelihood depends. And
when applied in combination, these
methods can be far inore effective in
the long run than any one control
method applied alone.

Countering the downy
mildew threat to maize

Boost for resistance breeding from new
screening techniques

Agricultural researchers like to link the ideu of crop protection with crop improve-
ment. If resistance 1o pests and diseases is bred into the plant itself, protection will
not need to depend on inputs from farmers who, for one reason or another, may
not be able o deliver them at the right time.

Resistance breeding has been the worldwide strategy of choice particularly with
ruztize and the fungal disease called “downy mildew”. Good genetic sources of
resistance have come from Thailand and ihe Philippines. Historically, resistance 1o
downy mildew has been stzble in improved maize wbich has been developed and
grown in several Southeast Asian countries and in North and Central America.

Effective chemical fungicides have been developed, but they are not practical
for long-term use in African agriculture because the costs and labor involved ase
often 100 heavy for small-scale farmers to bear. Furthermore, fungicides can lose
efficacy vver time as pathogens evolve resistance to them. Ali those considerations,
as well as the possibly disruptive impact of chemical fungicides on the local
agroecology, make host plant resistance the best solution in terms of sustainable
agriculture.

Downy mildew has been recognized as a serious threat to maize and sorghuin
crops worldwide since the 1960s. Maize-infecting races of the pathogen in Africa
were first reported during the mid-1970s. Currently, the disease has been identified
on maijze in areas of Cote d’lvoire and Nigena in West Africy; Zaire in Centsal
Africa; Sudan and Somalia in eastern Africa; and several countries of southem
Africa southward of Zambia and Mozambique.

By the end of 1992, downy mildew had invaded seven states in southwestern
Nigeria, where approximately 150,000 hectares are planted to maize, or about 10%
of Nigeria's majze-producing areas. The disease was spreading westward toward
the Republic of Benin at a rate of abour 50 kilometers per year.

Crazy tops

The symptoms czn be impressive: the tassels and ears can become so deformed
that the disease is often called "crazy 1op”. More frequently, the leaves become
yellowish or pale, while new leaves grow very narrow and straight. The commen
name of downy mildew refers to the white downy growth of spores produced by
the fungus on the underside of infected leaves. [n farmers' fields infected stalks
emerge wanly above the healthy ones. Infected plants produce nothing to harvest.

The wra annual report for 1975 carried the following observations:

Near Owo i the former Western State, watze downy mildew was found for the first
time in Nigeria, in well-fertilized seed-muitiplication plois. Examination of the area
revealed thal the disease was widespread and had been present for some years, bul
poorly expressed due to low standards of busbandry and fertilization. The disease
exisis for 100 miles north of the Cwo area.

Since then, scientists of nTa and Nigerian research institutes have devorted much
time in studying the causes and transmission of the disease in southemn Nigeria and
in developing resistant maize varieties. uTA's main partners in this joinr effort,
which has been an outstanding collaborative success, have been the National
Cereals Research Institute; the Institute of Agricultural Research and Training
(iar&T) of Obafemi Awolowo University, the Federal College of Agriculture at
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Akure; and the Apnculraral Develop-
ment Froject of Undo State at Qwo.

The causal agent of the disease in
sourhwestern Nigeria has been identi-
fed as Peronascleraspora sorphi. The
southwestern Nigerian sirain ol this
funpus appears w inled only maize
crops; under rescarch conditions, it
dees not cusily infect sorghum. This
samwe maige-inbeciive strain is reported
to have heen very virulent on maize
crops in central Zaire and Thailand. Tt
does not appear Lo be the same frain
as that in northern Nigeria, where P,
sorhf infects sorghum

The southwestern strain also ditffers
from its northern counterpart in its life
evele, which does not include the
"onspore” sluge. This crudal difference
migans it the southwestern strain is
not as likely 1o be transmitted in maize
seed orn the soil. [tappeurs 1o be
associnred only with a iving hosi—the
fungus needs 1w establish itsell on
muize seedlings which are not older
than four weeks

Apart from tinding the right host,
the pathogen needs the right atmo-
spheric conditions in order Lo survive,
Fumidity s the factor most critical for
the downy mildew fungus in southwest
Nigerie. During the riny seson the
ambient humidisy permits it w Rourish
and reproduce, given nomud levels of
other environmental aciors tmainly
temiperature and sunlight). The drvness
ol the air dunng the "harmattan” or dry
seuson, however, will not support
reprogluction of the pathogen.

s0how does P sorghi manage 1o
survive between rainy scasons? [Ucan
because maize is cropped in southwest-
ern Nigeria throughout the yeuar in
different farming svstems.

The hypothesis of nra scientists and
their collaborators is that the southwest-
ern P.osorphi ston sunvives the dry
seison an maize farmed in ihe
“tadama the most, lowe-lving dareas
knewn as infand vallevs, Inthe
faclamas during the dry season,
mareover, Barmers who plant resistant
varielics may expericnce an intection
rate of only 2-5% of their crop, which
is hardly noticeable.

Once the miny season has started,
humidity builds up again across the
farmlands of the southwest. And once

A and natianal program personnel inspecting “crazy fap” at Akure

again the wind-horne fungal spores find
a hospituble simosphere there 1o do
their work for the duration of another
CTOPPINg sedson.

To counter the threat
To produce maize lines resistant to
downy mildew, breeders must cross
dilferent parents with desirable genetic
charicteristics, until the resulting
progeny hear the right combination of
traits. Progeny are exposed o downy
mildew spores in a test of the effective-
ness of their resistance

Those lines with the lowest
numbers af infeded plants under
disease pressure nuiy be selected. Since
1979 1 brecders have selected
approximately 2,000 maize lines with
good sources of resistance, suitable for
sub-Saharan growing conditions.

Pathologists have recently increased
the efficiency of screening for resistant
lines at nra. Breeders have been able to
double the volume of lines for screen-
ing and economize on use of man-
power, by munipulating the biological
clock of the pathogen Lab facilities as
well as fieid sites have been hrought
into play

Screening used o entail 4 relatvely
high volume of field work at awkward
hours. The pathogen prevalent in
southwestern Nigeria reproduces iself
asexually, by producing spores only
after exposure to daylight and darkness
for certain periods, under certain
temperature and humidity conditions.

Until recently, rescarchers would collec
the fungal spores or conidia off nuaize
leaves as they were produced. usually
early in the moming at around G300
hours, and then use them w inoculate
maize seedlings.

In 1991, ura patholegists were able
te manipulite the periods of light and
dark in the lab, following a procedure
developed in Thailand. Thereafier,
conidia production could be transferred
Lo incubatwrs in the lahoratory and
scheduled for daviime for convenience.

Ln 1992, nra scientists developed o
techniguie for Liboratory inoculation at
room lemperatire. The technique is
applicd in producing infected seedlings
for inlesting field trials of resistant
mize lines.

[t calls for a much smaller amount
of conidiz-bearing maize leaves than
with earlier methods. The results in the
screening fields provide the most
consistent disease pressure ver gener-
ated at ura. Furthermore, o key
advantage is that the procedure can
readily be applied in Afncan national
programs which are screening muize
varieties for good sources of downy
mildew res
expensive equipment are not esseniial
requirements.

Lane in 1992, ura pathologists
maoditicd a technique from Texas a&
University in the Usa, for trials of
resistant maize lines which are inocu-
lated in an incubator. Conidia are
coilected from infected maize in the

stance—incubators or ather




field and siored in the incubator. Two-
week-old maize plantlets are placed in
the incubator and inoculated with the
conidia. Since virtually no "escapes”
can occur in such a controlled environ-
ment, the procedure provides for a
good assessment of resistance levels in
the research materixls. The lab proce-
dure also doubles 1ma’s capacity for
resistance rrials, because they carn be
vonducted in a shorter lime than field
trials, and they can he run yeur-round.

Control

lt is technically possible 1o control
downy njldew disease from southwest-
ern Nigeria. ResistunL maize seeds are
availuble from the Nutional Seed
Service, commercial seed companies,
and the siate agricultural development
projects (apps). Support for farmer
participation exists in the agricultural
extension system of each state's aDpp. An
elfective and inexpensive chemical
control is being marketed (a metalaxyl
formulation by Ciba Geigy called
Apron-Plus*1.

State alrs and commercial seed
companies, which have developed in
Nigerig recently with governmental
support and uTa technical assistance,
are distributing resistant hybrid varieties
and open-pollinated varieties, both
pretreated with Apron-Plus®, A
sustainabie and long-term solution for
farmers would be to procure their
seeds from either source, instead of
local murkers where most of the seed is
of susceptible varieties.

Brecders are continuing to improve
the levels of resistance in maize
varietics. In the best available varieties,
resistince isabout 900y effective,
without the extra protection of prelreat-
ment with Apron-Plus . Breeders are
aiming to improve that level up to 95%
effectiveness, and 10 incorporate that
into a broad rnge of maize germplasm
for different growing condlitions and
CONSUMEr uses.

1In the field. the surest way for
farmers 1o escape downy mildew attack
is to plant their maize as early as
possible in the season. Since the maize
planr is susceptible only during its first
three or four weeks, the crop should be
planted with the first rains, before the
humidity has increased and the downy

mildew spores have had nme 1o
multiply and spread across the land.

In addition, elimination of infected
plants from the field early in the course
of the disease (about 10 days afier
infection, when the first symproms
appear) can provide effective protec-
tion for remaining plants, Farmers are
usually in their maize fields during this
time for their first weeding.

For the majority of farms at present,
chemical control can usefulty comple-
ment the protection afforded by
resistant maize materials. As the
effectiveness of resistance increases in
improved maize, the need for addi-
tional chemical protection will corre-
spondingly decline.

Task force

During 1991, Nigeria's Federal Depart-
ment of Agriculure appointed « task
force whose aim is to control the
spread of downy mildew disease. mTa is
participating together with federal and
state governmentl agencies for
rescurch, extension, and seed supply.
The campaign combines the three
classic approaches to an integrated pest
managementscheme—

* genetic resisince

« culwral controls

« chemical protection

—with two more:

Technician prepares suspension of downy
mildew spores from infected leaves

= rraining and techinology transfer
governmental agencies and fanners
= monitoring of the campaign’s impact.

The campuaign is scheduled 1o
operate for lour years beginning in
1994, Itaims a1 “blanketing” the seven
affected states with resistant maize
muterials, advice on cultural controls,
and supplementary chemical control.

Local agencies are being provided
wilh technologies and methods of
integrated pest management in order to
put the campaign on as sustainable a
footing as possivle. Extension special-
ists from the state apes will be trained
1o run the campaign with farmers.

Key to campuign success will be
culrural control at farm level, through
use of resistant varieties, early planting,
recognition and elimination of diseased
plants in the field, and reduction in
dry-season cropping if nenresistant
varieties are being planted.

Critical points in the control process
concern reatment and use of seed.
Commercial seed companies are
teating the seed of resistant and
susceplible maize varieties for nation-
wide distribution through their own or
public channels. Also. aDp extension
specialists will show farmers how o
treat the seed that they produce each
year for their next crop, and how to
improve their storage arrangenients.

A similar plan is being initiated with
the Service de la proteciion des pegéiaiix
in the Republic of Benin, to prepare
Beninois farmers for the possible arrival
of the scourge during 1994,

Control measures for this highly
destructive disease of maize have thus
been put in place. With Nigerian public
and private agencies poised Lo imple-
ment an integrated control program,
the resuls of years of collaborative
research are beginning to bear fruit as
field action.



Resource
and crop
management

Resotree and crop management rescirch at 1Ta focuses on means to make
siull-scale farming sustainable, while conserving the resource buase. The
research is most concerned with the resources of soil, water, insolation
Cinterception of solar radiation), farm laher, crops and fallow vegeration,
and material inputs (chielly. fertilizer und other chemicals). The urticles in
this section reflect those research concerns and the involvemenr of national
programs in data collection and adaptive research.

Making more from cassava

Results from COSCA surveys are throwing light on the best options for
cassava smprovement, in order o enhange the commercialization of cassava
farming. Findings suggest that the labor-intensive methods of traditional
processing prevent fairmers from taking ol adhvantage of high-vielding
varenes.

OTA nets private processors
[ITA has produced a range of
postharvest processing equipment
for cassavi farmers. A network of
manufaciurers has been formed o
accelerate deployment of new
technology and o spur local
mrketrs.

Humid forest station

IITA's new station in Cameroon
ollers optimal facilities for collabo-
rative rescarch on Africa'’s humid
forest zone.

The inland valley potential
Only up o one-quarter of inland
valley areas are being farmed. The
First steps in devising means 10
unlock more of thar potential have
heen taken at 1ITA.

Rainfall changes

Thirry years of Nigerian rainfall duza
yield some insights into changing
agricultural needs as a result of
possible global climatic changes.

:

Agroecological zones
ol humid ond subhumid tropical Africa

- Hurid fosest
- Moist savonna
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How research can help
cassava farmers make the
most of the market

Cassava has become u highly commercialized crop for fanners across West,
Central, and East Africu. Cassava is no longer grown just [or food security, to tide
poor rural households over the “hungry seasons” berween harvests of other crops.
It is a staple food of around 200 million Africans living south of the Sahara—in
some countries, Zaire for instance. cassava inakes up half the daily calories
consumed by the average inhabitant. It has a ready marker which farmers are eager
1o cater for, according to their resources and accessibility to markets.

The role of research in this dynarnic situation is to improve farmers” capacity 1o
rake advantage of the opportunities. Results from the Collaborative Study of
Cassava in Africa (cosca) reveal that famners” incotne from cassava production is
mest likely to be improved through changes in on-farm processing techniques and
field production metheds. Technical advances that farmers need most are {a) lahor-
saving lechnologies for processing the harvested cassava roots and (b) early-bulking
varieties that can be harvested within 10 to 12 months.

cosca was organized in 1988 by a group of national and international centers
and donors, led by v, in order ro research the impact of improved cassuva
varieties and the econemic environment of production. The founding collaborators
widh ma in the study are ciar; the Natural Resources Institute of the Overseas
Development Administration. uk; the Rockefeller Foundartion, which provides the
hasic funding: and national teams af the initial countries to panicipate: Cote
d'Tvoire, Ghana. Nigera. Tanzania. Uganda. and Zaire.

Those six countries were chasen because they collectively produce 70% of
Africa’s cussava harvest and they could provide scientists to help execute the study.
Each collaboriting country has its own multidisciplinary team assigned 1o the study,
composed of a hreeder, an agronomist, an entomologist, and un economist and /or
a statistician.

The first phase of the srudy characterizes the cassava industry in each country.
from production through censumption, for which dar were collected in 1989, The
second phase puls together a detailed portrait of production; data collection was
completed during 1991. Datu for Phase T, which exaniines postharvest issues,
were collected during 1992. Initial reports covering the six countries were com-
pleted thar same year: on cassava distribution, production trends, processing
potential. the commercialization potential. and the impact of improved varieties in
Nigeria.

Nine other countries have since joined cosca, widening the coverage to include
southern as well as western, central, and eastern portons of sub-Sahuran Africa:
Burundi, Cameroon. Congo, Kenya, Liberia. Malawi, Rwanda, Sierra Leone, and
Zambia. Their individual surveys were completed during 1992,

A throttle on production

Cassava production increased cluring the 20 years preceding cosca in 70% of the 250
villages covered in the six original countries. Moreover, cassava production is
increasing in all villages where part of the processing has heen mechanized. Where
rraditional processing techniques are employed, however, labor hecomes a con-
straint because peeling, crushing or graiing. and toasting ol the cassava roots are so
lubor-intensive. [nereases in production are out of the question where labor for
processing the harvest is scarce or loo expensive.

Increasing production iappears to go
hand in hand with development of
lihor-saving processing methods. (See
ligure 1.) [n Nigerian villages which
luve mechanized the grating stage in
miking gari, for example, the propor-
tion of land devoted o cassava
increuses in relation with other crops
cultivated. In those villages, cassavu is
displacing such crops as yam, millet,
sorghum. and/or rice.

1. Cassava production frends in
villages having manual processing
vs. mechanized processing

Manual

All processes
{combined)

Increasing
16

o

. Decreasing
21




€OsCA survey in Cameraan

Among villages which produce
fermenied cassava products, the
fermentation period is becoming shorter
in 20% of them. Of those villages. the
greater proportion has also mechanized
the grating step in producing gari.
They are characterized as well by good
market access and high population
density.

The direction for research efforts o
take is clear. Availabiliry of high-
yielding cassava varieties cannot
stimukite production increases without
more efficient processing methods and
commercialization. Improvements in
processing technology should reduce
the Jabor requirement, to enable
farmers to produce and process more
cassava and to sell more as a result of
reduced costs.

Processing makes marketing
Fresh cassava roots are bulky, heavy,
and perishable. After processing,
cassava products are lighter in weight
and easier o transport and store. They
have a longer “shelf-life”. Most products
can be cusily prepared for eating,

cunCa reports that about 70% of all
the cassava harvested is processed into
a range of food products, which
includes (in order of importance) chips
and flours, granules ( gar), pastes,
starch, and alcoholic beverages. To a
significant degree, the importance of
processing (i.e., the proportion of the
cassava crop which is processed) tends
to increase with the importance of
cassava among all crops cultivated.
Thal observalion supports the increas-
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ing importance of cassava among all
crops which accompanies mechaniza-
rion or introduction of labor-saving
technology, mennoned above.

Processing becomes more inmportant
for those villages with poor market
access—Lhe less accessible the market
is for a particular village, the greater the
proportion of its cassava crop which it
processes. Therefore, the need for
processing is greater in villages with
difficult as opposed to easy market
aceess.

Certain traditionz] fermentation
methods. moreover, enhance the
nutritive value of the product hy
mcreasing its protein content. Lengthy
fermentation and warer-expressing
processes also serve 1o reduce the
hydrocyanic potential or production of
cyanide in the rool flesh. Some
processes impart desirable flavors as 4
result of biochemical chunges. Those
and other producr qualities are benefits
of traditional processing which should
he incorporated in improved technolo-
gies.

Quicker harvests

A reduced growih cycle could feed the
market-led trend wward expansion of
productiorn. It could also give the farmer
greater flexibiliry in selecting crop
MIXIIres in intercropping sysrems.

The cosca survey in Nigeria
revedled a high murnover of cassava
varielies in farmers’ cropping systems,
indicating that farmers are seeking new
vurieties to fit different domestic and

marketing needs. The main reason that
farmers gave for abandoning any
particular variety was tco long a
growing cycle. The inessage appears to
be thart eurly bulking is chief amnong the
attributes they value in selecting
cassava virieties (o plant. In the survey,
high yield came second o early
bulking.

As commercidlization grows and
lund use becomes more intensive under
increasing population pressure, farmers
need cassava varieties thai can attain
optimal size in fewer than the 18
months required by unimproved
varieties. The typically long bulking
period of local varieties was not a
disadvantage when cassava was grown
for subsistence or food secunry—when
ir would remiain unharvested in the
ground until it was needed for con-
sumption. As ithe premium on land use
increases, however, farmers shorten
their fallow periods and seek crops
with early maturities. (See figure 2.}

The same relation holds with market
accessibility—the berter the access o
market, the earlier the farmer harvests
the cassava. {See figure 3.)

In cassava research, cosca sees no
obvious opponunities for a rechnologi-
cal breakthough, comparable to the
development of the high-yielding
cereals of green revolurion fame. The
kinds of improvements farmers want 1o
see will be those svhich lighten their
labor and hasten their harvests, so that
they can expand preduciion o feed the
increasing demand.

2. Relutionship between uge of
cussava ot harvest and population
density of farming commonity (high
or Iowg
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Equipment that ensures

better use of harvests

Timely harvests and efficient postharvest operations play a crucial role in the lives
of farmers. Appropriate equipment 1o carry oul these operations reduces crop wasle
and enables more complete utilization of the foad crops grown. This is especially
true for farmers who are stepping beyond the subsistence stage to farming that can
generale income.

Realizing this, IITA scientists have over the years devoted attention to designing
and fabricating improved equipment. In recent years, they have focused their efforts
on the cassava grater, dewatering devices, sifters, stoves, chipping machines, grain
threshers, winnowers, and grinders.

While the primary goals have been to minimize crop losses and improve labor
productivity and product quality (which, in um enhance the welfare of rural
women and children), activities that have evolved recently include on-farm testing
and demonstration of the equipment. training of manufacturers, and networking o
promote the use of improved equipment.

These objectives and activities stem from a conviction, supported by evidence,
that in improving the quality of farm products, they also help raise incomes and
standards of living for farmn families who use the improved equipment.

As reported earlier (UTA Annual Report 1990, pp. 12-13), a survey in Moniya
village near [hadan, Nigeria, revealed significant gains from using improved
equipment for processing cassava: 4 doubling of incomes, resulting from a 72%
reduction in processing time and a 55% cut in handling losses.

To test whether that insight is applicable on a larger scale, 1TA has extended
on-farm testing and evaluation 1o 13 sites in 5 African countries: Nigeria (8), Benin
Republic (2), Ghana (1), Malawi (1%, and Togo (1). These sites aiso serve 10
demonstrate the equipment being tested and to train people in its use. As a resull,
demand for the equipment is growing, frem individual farmers, as well as from
private entrepreneurs (fabricators of equipment) and food processing industries
(small or intermediate scale).

To help meet this demand, UTA
scientists organized a rwo-week (raining
course in Feb 1993 for manufacturers
working with national programs. Eight
technicians or agricultural engineers—
representing as many manufacturers in
Nigeria—and one agricultural research
officer (from Malawi) attended. The
trainees gained hands-on experience.
Each was expected to fabricate at least
one piece of equipment identified as
most useful in his locality, Most of them
were 50 enthusiastic and dedicated that
they fubricated at least two, with some
fabricating as many s four pieces of
equipment.

A network of manufacturers has
been formed. UTA scientists and the
manufacturers have worked our
modalities of cooperation to ensure that
quality specifications are observed and
farmers will have access to the im-
proved equipment. National programs,
who are cioser to the farm-level reality
than can be expected of IITA, will form
an important part of the network.

Cne key consideration in selecting
each piece of equipment, in addition
its simplicity and versatility, is its
reliance on inexpensive, locally
available materials and fuel (or power)
sources. It must also be easy to operate
and maintain.

The equipment fabricated at the
training workshop, for example,
included rwo versions of the cassava
grater, one suitable for small-scale,

1 Success of Networking: an example from Malawi

guarantee o steady incame.

equipment, for which there is still o high demand.

Hendres Kiozgmbe Phirs gra

) provide technicol ossistonce.
the I wary Sy

In 1992, a cassava grater, & chipping meghine, ond a grinder designed by the im Pastharvest Tachnology Unit
were infroduced fo Molowi fermers via the East and Southern Africo Root Crops Research Netwark (Fsara).
These implements have helped farmess, porticularly male farmers, develop o renewed interest in cassova. In
the post, cossova was underulilized ond neglected in Molowi because of the fedious steps invalved in ifs
pracessing. When grown of all, it was regarded os o woman's crap and women hore the brunt of its
processing. Men preferred ta busy themselves with crops that were less energy consuming ond that could

In 1993, o5 a result of the interest shown by the farmers, an agriculturel research officer in charge of
farm machinery at the Chitedze Research Station in Malawi, Hendrex W.C. Kozembe-Phir, was sent to 14 to
attend g fraining course on the manufacture of postharvest fools ond equipment. During the course, he
leamed how to fbricate o chipping machine for root crops. “This machine will go a lang way fo help my
peaple utilize cossava betier,” said Hendrex. He is back in Malawi and has started ta fobricote the chipping

IITA octivities through EsazN hove resulted in the establishment of o food processing center in Molawi,
which will contein about 12 types of processing machines. Food crops such as cassava, yom, tara, soybecns,
and maize will be processed ot the cenfer. The center will be provided for by esaren funds, while nia will

FsakeN now pinns to estoblish similar processing centers in Burundi, Tanzania, cnd Zembia.
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household use, the ather for hirger-scale
production. The smaller version,
manually operated. could grate up w 50
kg ol cassava per hour: its estinuted Lo
cost N 200 (US55 al current riaes)
mutke. The larger version. engine-
sperited. had a apacity of 1enne of
cas=ava per hour, It cost N30
CSE 00, cansiderably less than the
N3 CUSSO00 approx r that machines
currently in use are sold for. A manual
arincer, which cost as litle as N8OO
175337 approx), could be used 1o
process dried pepper, eans, vam, or
cassavit into Aour in areas with no
clectricity. A chipping machine, which
could be used for several root crops,
stich as cassava, vam, potato, or sweel
potato, as well us for plntiin and
banani. reduces labor dramatically
tusually for already overvorked peasant
wonten |, and it speeds up the process
ol dryimg the chips in the sun, resulting
in products with more desinble tris.
As Barmn production nises and mere
tarmers go commercial fon however
small g scaled, demand tor such simple
But efficient famy equipment is likely
crow in Nigeria and other Alrican
raions. Privine crireprencurship will
fikely develop to meet this need. Given
thier expenise, IITA scientists will
continue 1o provide technical suppon
and fraining 1o manufacturers, so it
heir capubility t serve the needs of the
ol market can be assured.

Network member (MOORETECH) at Aba
fabricating ma equipment

IITA’s new research station

for the humid forest zone

With the adeption of an "ccoregional” Iramework Tor caiar activity, nra has tiken
responsibility for rescarch Tor sustainable agricultural development in three zones:
the humid forest zone, the moist suvanmi zone, and (for crop improvement and
plant health rescarch) the midaltitude and highland suvannus and woodlands. (See
map on puge 28.)

For research purposes, 1mahas defined the humid forest zone as that region of
Africa belosw the altitude of 800 meters above sea Tevel, in which the growing
perind exceeds 270 days and the dailv mean wemperature exceeds 200C during thin
perod, Within the zone, in the Congo River basin of Zaire, lies one of the werld's
lurgest remaining rainforests, By global standards it expenences i relatively slow
rate of clearing.

In Tullilling its commitment in that region, it signed an agreement for scien-
tfic and 1echnical cooperation with the Republic of Cimernon on 3 May 1989 The
s Humid Forest Starion was established during the following year. and brecame
openitional doring 1992,

The new station will facilitate collabarmnon in hund forest research among
countries in the zone, which include (i West Africa) Cote d'lvoire, Ghana, Guinee-
Bissau, Libseria. Nigeria, and Sierra Leone; and Gin Central Africa) Cameroon.
Centrt) Alrican Republic. Congo. Equatorial Guinea, Gabon. and Zaire. The
environmentsl importance of the region. and the excellent research facilities are
expected tooatract 4 considerable amount of collubarative activity.

The Hunud Foresi Station is being developed a three sites:

e un analvtical Liboratory and office building at Nkolbisson, where the  fustitnt de
recherche agronomigue Ui bas s rescarch facilivies, in the environs of the
natonal capital, Yaoundé.

e rescarch farm at Mbalmave, about 40 kitometers south of Yaoundé, on a 1,000-
hectare concession within a national forestry reserve where the Office national du
developpement des torcts (oxanrrd conducts foresiry regeneration research,

o an experimental field site of 78 hecures at Minkoamevos, near Yaounde.
Mllmayo is i wn arca which is undergoing rapid agncehaeal and socioeco-
nomic change. influenced by the expanding markess and changing demography ol
the capital city Yaounde. The site offers an excellent potential benchmark for

humid Forest researchi. No comparable facility exists elsewhere in this zone.

A multidisciplinary team of researchers has been wssigned to the Nkolbisson
and Mbalm:vo sites, composed of two soil chemists, one soil physicist. one weed
scientist, and one agriculwrnl economist fyet to be reciuited | Additional s staft
al other locations colluborate o virying extents in the work of the suition,

Issues. Reseurch an the staton will address problems of declining soil fenility and
increasing weed pressure as culuvation becomes more intensive with shoriened
fallow periods.

Population growth, especially in urban areas, has increased demand for foud
crops. The normal production cvele has been accelerated in many parts of the
vone, reducing tallose periods and degruding the soils,

Farmers need 1o have the means o stabilize and increase their crop production.
The goal is o develop technologies which can sustain increases in crop production
without degrading Farmidands, Sustuinable cropping systems must be evolved so
that smull-scule farmers do not need o continue o clear te forest in order w find
fertile =oil. Farmers must be able w produce satistactory harvests on land they have
already cledred, if destruction of the remaining foresis in the zone is to be arrested.



The onatyticol loboratory at Nkalbisson, Yaoundé, the capital of Comeroon

For more than a decade. 117 has
researched hasic processes of soil
conservation and agricultural

sustainability for the humid forest zone.

Some component technologies have
already been developed at nra's High
Rainfall Station at Onne, Nigeria. Work
at the new Cameroon station will have
a headstart by incorporating those
technologies and other findings in
research actvites.

Researchers ar the new sation are
diming to reverse the decline in
agriculural productivity by improving
simll-scale cropping systems for the
forested zone, They will work with
national institutions in adapting

technologies to local requirements. On-
farm testing will determine whether
new technologics (2} can be easily
adopted by farmers and (b) improve
productivity and contribute 1o
susrainability.

Current thinking holds that vn-
proved technologies may include the
following features:

* cropping cycles with shon managed
fallows of muliipurpose species

* crop mixalres of perennial cash crops
with food crops

* long-term measures 10 sustain soil
fertility, involving leguminous tee
species and soil amendments to counter
the acidity typical of soils in the zone.

Humid Forest Statian farm office at Mbalmayo, Cameroon

Tree crops are considered essential
s a means for sustaining soil ferilirg—
minicking the original forest which
created the fertile growing conditons
that the farmer seeks. Bul they musi
also have an economic value (o attract
the interest of farmers in introducing
them into the farming system.

Preliminary research has com-
menced which will provide the basis for
developing such iechnologies. This
strategic research includes characteriza-
tion of the farming environment,
assessment of the efficiency of present
farming practices, und modelling of
agronomic and economic perdformance.

A soil survey of southern Camercon
was completed in 1992 with support
from the Australizn International
Development Assistance Bureau. A
vegetation survey of the site has
commenced with the help of the
Cameroon National Herbarium and rwo
Nigerian universitics: the University of
[hadan and the Obafemi Awolowo
University at te-lfe.

Two instituiions in Cameroon are
collahorating with the Humid Forest
Station: ma and the Uiniversity Center at
Dschang. The Collaborative Study of
Cassava in Africa (cosca) has conducted
the Cameroonian survey with assistance
from the station. The Collaborutive
Group for Rool and Tuber Crop
Improvement and Systems Research
(cokns) will be coordinated from die
station and develop regional projects
on the integration of legumes in
CrOPPIng Syslems.

Global benchmark. At the invitation of
the United Nations Development
Programme, severdl national and
internationa] organizations, including
nwra, have submined a proposal entitled
“Allematives to slash-and-burmn”. The
aim is o help reduce global warning,
conserve hiodiversity, and alleviate
poverty by promoling the development
of alrernatives 1o slash-and-burn
agriculiure.

Eight benchmark sites have been
chosen in a glohal network for
intensive study, including the humid
forest region of southern Cameroon.
The nTa Humid Forest Station will take
the lead in coordinaling research
aclivities berween participating institu-
tions in the region.
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Inland valleys in Africa
explored for their

food production potential

In the manner of a ¢ity planner who has to look at a city district or zone rather

than at individual houses, or of a landscape architect who looks beyond individual
shrubs or trees, an agricultural planner needs to look at total agroecosysiems. Inland
valleys are one such agroecosystem on which 1ma has expended considerable effort
over the past two o three years, with encourzging resulls.

In trying to solve complex problems of the real world, scientists sometimes
pick up picces from the immediate reality, and add them up to make a larger
picture that characterizes the system as a whole. Such a characterization provides a
solid hasis for understanding the constrainis of the system. and then resolving them
gradually through appropriate technological practices. rra scientists have carried out
such characterization work for the inland valteys of sub-Sabaran Africa, in collabora-
tion with other international agencies and national instinutions in the region.

Inland valleys forin a partcular category of wetlands. They are relatively nammow
and shallow vallevs that occur in the upper reaches of watersheds. They provide a
high-potental production eavironment for food crops. In sub-Saharan Africa, such a
valley can extend up to 25 kilometers in length, and its widih can vary from about
10 meters in its upper levels to about 800 merters in its lower stretches. Farmers
cultivate both the vallevs and the upland [ields.

Three hvdrological processes converge in the infand valleys: seepage, runoff,
and venical fluctuations in the water table. Topsoil lost through erosion that has
occurred upland is often found in the valleys, making their soils more fertile,
Numerous crops—rice, sugarcane, cassava, yam, sweel polato, maize, legumes,
vegerables, banana and plantain, samong others—are grown in these valleys, and
their potential yields are much higher here than in upland fields (rice, for example,
yields 4 vs. 1.5 tonnes per hectare). The presence of adequate soil moisture during
part of the dry season probably explains the wide diversity of crops grown.

Despite this lugh potential, only an estimated 10-25% of inland valleys is used
for cropping. Reasons for this are not fully understood yet. Human diseases are
widely prevalent in these areas, perhaps accounting for their being thinly setded.
Clearing the natural vegetation and developing land for farming is difficult. Numer-
ous other problems have been mentoned: eresion, induced by runoff water;
decreasing soil fentility; iron toxicity; pest outbreaks; and weed infestations (which,
in some cases, reduce yields by up to 60%), among others. The physical variability
of the valleys, too, tends 1o be high.

Past research on inland valleys in Africa has focused almost exclusively on rice
cropping. Often, the impticit assumption was that the 1rrigated rice paddies of Asia
could—uor should—simply be reproduced in Africa to repeat the green revolution. It
has been clear from experience for two decades now that this will not happen.

In order @ understand why and, more importanty, to also undersiand how the
intand valleys can be best tapped for food production on a sustainable basis, it was
necessary that a systematic effort be undertaken 1o define the valleys and their
characteristics in a practical, meaningful way. Strategic information was needed on
the types of inland valleys, the crops grown on them, and the types of wechnological
improvements thal would be sustainable both ecologically and economically. Past
research often neglected either aspect on aceount of hias loward the other.

A methodology had to be developed, which uma scicntists did, in consultation
with specialists elsewhere (Winand Staring Centre for Integrated Land, Soil, and
Water Research, in the Netherlands, and wamba in West Africa) and with selected
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national programs where studies were
camied out (Benin, Nigeria, Siemra
Leonc). Surveys were combined with
various other descriptive and diagnostic
tools, to build on the insights from
previous experience in the region and
to characterize farming systems, trace
their undertying principles, and develop
improved technologies that are suitable
for small-scale farming.

The principal activities involved in
this approach fall broadly into three
categories: (a) inventory and classifica-
tion: {h) quaniification of constraints;
and () design, evaluation, and testing
of improved technologies (see Fig. 1).

In carrying oul these activitics,
secondary data from numerous sources
were used, within the framework of a
geographical information system (GIS),
often combined with satellite imagery
to obuin the detailed information
needed to determine land-use patterns.
Ongoing efforts emphasize identifica-
tion of the major types of inland
valleys, so that their biophysical,
agronomic, and socioeconomic trajts
can be verified through direct observa-
tion and other means.

So far, 12 zones (with varying
agroecological and socioeconomic
traits), covering 268 million hectares,
have been identilied, on the basis of
soil type, length of growing season,
popuiation density, and per capita
income. Remote sensing studies (see
box} have been completed for three
representative sites in the zones
identified. They helped estimate the
extent of inland valleys in the study
areas: Kaduna (12.4%) in Nigeria, and
Kabala (5.4%) and Moyamba {15.7%) in
Sierra Leone. A similar effort is well
under way for Savé in the Republic of
Benin, and studies will be undenaken
in eight other locations, spanning six
other countries

To supplement those efforts,
diagnostic surveys, experiments, and
process studics have been carried o
al representative sites. They include
studies on
e water management, Lo maximize
drainage, using topography and rainfall;
= 50il fertlity, calling for soil amend-
ments and appropriate plant species;

* weed management, to include
“friendlier” vegelation, such as legumes
used as cover or smaother crops (in



* Meosuie land ond catchement area of inlond
volleys.

o atermine their distribution and lond-use
patterns and relate these o ecologicol and
ecanomic [actors.

® |dentify different categories of inlond valleys
and sites thot represent them,

* Remote sensing (GIS) ond ground verificafion.

* |dentify principal companents and functions of inlond
vlleys.

* (yanlify constraints o sustainable increases ir: food
production,

® Build infegrated ecologicaleconamic models for
different cotegaries of inload valleys.

® |nterdisciplinary onfarm reseorch with a systems
perspective (surveys, triols, modeling).

Y

Identify potential impravements thar are ecanamically
and ecologically sustuinable and congruent with
farmets’ ahjectives.

o Ex onte evaluotion of these improvements.

Test impeovements of representative sites ard
volidate ecologicol-economic models.

® Simutation thiough on-station ond orom research,

.,

A
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Transfer of methodology/technology 1o national institutions

Figure 1. Principal sets of activities for inland valley agroecologicel research

rhese cases, the associuted pests and
disenses necd to be stodied as well);

» land clearing practices, o make them
less expensive for the farmer, possibly
within the framework of an integrated
watershed; and

o improved crop varieties, adapted o
the varying needs of inland valleys.

The data so gathered will be used
10 build models that depict the most
significant components—Dbiological,
physical, hydrological, agronomic, and
socioeconomic—of the different types
of inland valleys. These simulation
models can then be used s assess
potential technologies for their
sustainability. hoth ccological and
€CONCHIC.

Nutional institutions in Sierra Leone
have taken active part in efforts related
o that country, Stall of the Land and
Water Development Division of the
country's Ministry of Agriculnire.
Natural Resources, and Forests have
worked with 1114 scientists in develop-
ing detailed maps, hased on satellite
images und nationwide aerial photogra-
phy alreacly available to them. Staff of
the [nstitute of Agriculwral Research
and of Njala University have been
involved in quantifying constraints, and
they will help in designing and
assessing new technologies. The elion
thus benefits from the knowledge local
experts have of the predominant
farming systems in the region.

T scientists Teel contident that the
method cin now he used o character-
Lze agroecosysens over a large area,
The micthod offers two major advan-

tages: i) the quality of the data, and
() the rapiciry in obtaining i Al-
though some people might argue that
satellite images ¢hoth past and present)
are expensive, that cost must be

How remote sensing

weighed against the man-years saved in
research to obtain the information by
other means, as well as the costs
involved in delaying possible solutions
to impending problems of the region.

is used at 1A
Remate sensing, of gothering infarmation from pictures token by satellites orbising the eorh, is todoy used for o wide voriey
of scientific applications: In our present contex!, images from wkpsa ond seor satelliles hove helped gather information an
where cnd how widespreod inlond vollays are, ond how their lond is used relotive 1o adjacent uplands {see photo}. The
imoges have olso shawn the surgundings in which such volleys occur, and where ond how dense human setlements and their
nonsport networks (roads, concls or other waterways) ore,

The images have been used to study wotershed choracleristics—such os sheam density ond frequercy—and to
esfimale the sail maisiure ol can be used for cop production; relotive soil erosion oa uplonds via runoff; types of vegetation;
the crops grown ond the skesses they loce (insect pests, diseoses, weeds, drought). The composite impression so gotherad
is then verified by detuiled graund abservations of selected locations (12 such locations were identified in 9 countries, see
accompanying lext}. This pracess is called ground truthing.

Land-use classes of uplands,
volley bottom, and valley fringes

Watershed area = 28646 ha

| wae

B wetonds

[l savanna tpe |
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Rainfall changes call for
shifts in cropping practices:

the case of Nigeria

Climate change is 1oday a global concern. While human societies have faced up—
and adapted—o dramutic changes in the Eanth’s climate over several millennia of
human history, the dimensions of the current concern are far greater. Hurman
activites, compounded by a rapidly growing world population, are aliering the
composition of the Earth's atmosphere radically in ways that could quickly bring
ahout catastrophic changes.

Global warming, caused by the emission of greenhouse gases, 1 0 major
problem, with enormous consequences. One aspect of it that has direct implications
for mankind's food supply is shifts or vadations in rainfall (baoth s extent and
distribution) in cach region. This aspect has a special urgency for the peoples of
sub-saharan Africa, where per capita food availability has already declined
consistently over the past three decades.

In seeking insights that can be applied to agricultural planning for the region,
1A scientists studied rainfall in Nigenia over a 30-year period (1961-1990), using
rzinfall dawa available with Nigerian national programs. The sudy yielded several
interesting resulrs, which can be summarized thus:
= Using ecach decade as a unit of comparisen, annual rinfall during 1981-1990
declined from that in 1961-1970. Whilc there were variations in the extent of
decline, the decline was universal.

» The greatest changes occurred in the onset of the rainy season and the extent of
early rainfall; this increases risk in planting.

e Isohyets (which are lines joining areas of equal rainfall on a map) at the annual
levels of 900, 1100, 1300, and 1500 millimeters steadilv shifted southward {see
accompanying figure), vmphasizing the need to re-examine the suitability of cops
heing planted

e The availible crop growing peried was generally shorened by nearly one
montl

® There were fewer wet days and higher rainfall intensities throughout the country;
this causes erosion and emphasizes the need for improved measures to arrest
erosion (land cover, better soil and water conservation methods).

e Persistence of the current trends would mean drier arcas and more deserts in the
long run.

Arresting or reversing those wends, if at all it is possible, would depend upon
what is done to deal with thein—by researchers, policymakers, agrcubwral
planners, and farmers alike.

But before considering what can be done, in either the short or the long term,
it may be usetul to examine those findings in greater detail, including some hurdles
that had 1o be faced in designing the research and some methodological choices
that were made.

While long-term trends in rainfall in Nigera have gencrally been well docu-
mented by scholars in the region, data-gathering effons in recent decades have
been hindered by faulty equipment or by civic or political disturbances (such as
the civil war of 1966-1970). Norwithstanding these problems, data were obtained
from the Nigerian Meteorological Service and the Institute of Meteorological
Research, Oshodi, Lagos, covering 23 key locations: 18 of them had records for 25
years or more of the 30-year period, white the others had datwa for 20 1o 25 of those
years,
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ma scientists feel the resules
obtained justify their decision to use a
decade as 4 unit of comparison,
departing trom an earlier practice of
studying A0-vear or 4li-year periods (or
even longer), in view of the rapid
anthropogenic (human-inducedd
climate shifis in recent decades. It also
enabled a closer focus on relative
changes in unnual, seasonal, and
monthly averages, as well as in the
number of rainy days and rainfall
intensities, which are particularly
important for agricultural pracrices.

Rainfall declines

Annual rzinfall has declined in Nigeria
over both time and space. While
reductions af 100=3413 millimeters
occurred, depending on tapography
and lecation, each of the isohyets
mapped indicated o southward shift
{toward the ocean, by 75200 kilome-
ters). While there appeared (o he litde
change in total rainfall in areas with an
annual mean upward of 1700 millime-
ters, shifts were the greatest in low-
rainfall arcas. This drying trend is likely
to aggravate water deficits during years
of real drought, as witnessed by the
1973 and 1983 droughts in Nigeria. If
the trend continues, @ will mean doer
areas and more deserts in the long ruo.

Blessed with abundant solar
radiation, areas in the middle belt and
in northern Nigera have a high
agricultural production potentisl. A
reduction in rainfall there, however, is
likely to have seribus consequences.
Millions of caule and small miminants in
the northemn savanna will likely find
less drinking water and face shorter
grazing periods. The shift in balance
between increasing dry spells and the
decreasing wet season will affect the
crops that ¢an be grown on residual
seil moisture. It would also render
postrainy season culuvation—commaon
on inland valley swamps within the
region-—extremely risky without
supplemental irrigation. As is well
known, tmigation facilities are scarce in
the region.

Shifis in the monthly disiribution of
rainfall within the main rainy season
were also significant. Increasingly, there
has been less rain in the first month of
the season, followed by a proportional
increase in the second menth. These



shifts will likely delay planting as early
planting becomes increasingly risky.
Delayed onset of rains has also tended
to shorten the growing season overall
by abour a month. This determines
what crops can be successfully grown.

The risk to the region seems greater
when one considers thar, driven by
market forces and changing consumer
1astes, maize is being adopred increas-
ingly where sorghum used to be the
main crop. Maize requires more water
than sorghum or millet. This increases
the probability of potential crop failure
in years of adverse rainfall, which, in
turn, should cause concern on account
of both ecological and human welfare,
Witniess the experience of Zimbabwe in
1992, where a devastating drought has
occurred from a similar confluence of
factors.

Fewer wet days in a rainy season
emphasize the need to conserve warer,
while greater rainfall intensity requires
more careful aention 10 conserving
the topseil, already quite shallow in
many African regions. Intense rain-
storms cause soil erosion; they carry
away vital nutrients from the topsoil
and reduce the soil's crganic-matter
content and water-holding capaciry,

The changing rainfall patiern in Nigeria

thus leaving less water available to
plants. Both soil and water need to be
conserved.

Among strategic technologies to be
developed for dealing with one or
more of the adverse climatic impacts:
¢ increasing soil organic-marter
conient;
¢ making effective use of livestack
wWasles;

* increasing crop diversity, and
choosing crops more deliberately 10
suit rainfall regimes;

« employing ridge planting; and

¢ use of trees or shrubs as windbreaks,
as well as to soften the erosive impact
of intense raintall.

Those measures, taken together,
could considerably lessen the adverse
effects of desertification and help delay
the worsening impact of global
warming. The task is by no means
easy. But given the political and
socioeconomic problems and the rapid
population growth in sub-Saharan
Africa, inaction could be fatal.,

0TA scientists recognize that more
studies will be needed—given the
sensitivity of climate—to confirm these

trends, and to avoid overgeneralization.

They hope rhat the study reported here
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will catalyze similar efforts in other
countries, resulting in specific plans for
the ecoregion, with the active involve-
ment of national researchers.

More also needs to be done 10
improve research capability in the
region to more accurately analyze and
predict trends in climate change. A
more reliable, denser observation
network, with adequately functioning
equipment, is required. From the data
collected in the nTa and other swudies,
the trends reported do not appear
random. But continuous monitoring
will be needed to confirm or alter the
diagnosis, using improved tools when
and where available. Either that, or
events will force upon the region a
point of no return.

Not alone

m7a scientists can lake heart from the
fact that they are not alone in these
efforts. Several international and
regional organizations (FAO, WMG, UNEP,
ACMAD, CILSS, AGRHYMET) are concerned
and involved in coordinating similar
studies, and uTa's sister institute in the
¢G system, the International Crops
Research Institute for the Semi-Arid
Tropics (1CRISAT) has carried out
important agroclimatological studies in
a neighboring ecoregion.

Also, giobal warming need not be
an unmixed disaster for sub-Saharan
Africa. There are indications that rainfall
may increase in some hilly regions.
There is also the hope that warmer
temperatures and increased insolation
will boost crop production in the
midaltrudes and elevated landscapes or
highlands.

More timely and reliable inferma-
tion on present and future rainfall
trends will reduce uncenainty, and help
develop strategies that minimize the
adverse effects from climate change.
Since the underlying natral resource
base in sub-Saharan Africa is generally
so weak, the need is even greater for
accurate information that can point 10
appropriate technologies. mra scientists
will continue their aempts o
strengthen research capability in the
region to more effectively tackle the
problems resulting from climate
change.
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International
cooperation

nTa's principal means of helping to strengthen narional rescarch systems are
training, information dissemination, germplasm exchange, and collaborartive
researcly.

Most of mTa’s research activity involves collaboration with scientists in
national agricultural research institutions—in universities, governmental
institutes, ngos, and privare agencies. The collaboration is designed ro
strengthen national programs and erthance the process of adapting im-
proved technologies to suit farming needs in specific agroecological zones.

The following articles portray national to regionwide collaborative
activities wirh which [ITA fulfills its goals for national research development.

The SAFGRAD networking experience

The scientific establishments in 26 countries of the Sahelian region have
been strengthened through networking activities during the 15-year lifespan
of the sarGrap project. Maize and cowpea scientists developed new varieties
with drought tolerance and other desired traits. Both crop nerworks helped
increase availabiliry of new varieties to farmers.

Training takes the farmer's
perspective

Researchers, extension specialists,
and agricultural trainers must be
able to listen to farmers in order
understand how best to help therm.
To give such trainees a pracrical
gxperience in communicating with
farmers, UTA’s rraining staff have
developed a program of discussions
and demonstrations with local
farmers in their villages.

Alley farming research at a
crossroads

ArNETA will soon begin to shift trials
from research stations to small-scale
farms and encourage farmers to
experiment with and adapt tech-
nologies to meet their needs.

Research collaboration

The year's activities of ESARRN,
spalma, and the mra/Taly/usa/
Belgium nerwork for cowpea
biotechnology research are briefly
described. Two visiting sciertists,
Togolese maize breeder Mawule
Esseh-Yove and Tralian biochemist
Pasquale Petrilli, share their experi-
ence with uTa.




Leadership development
through networking:
the saFGrRAD example

As desens expand in drought-prone Africa, news of success in agricultural
development at the desen’s friinge is welcome

For the 20 sub-Saharan countries of the Semi-Ard Food Grains Research and
Development tsascran) Project, participation has enabled them to help create and
diffuse new technologies for increased cowpea, maize, millet, and sorghum
production. During the life of the project (1978-1992), their scientific ¢stablish-
ments have been suwengthened through training and improved communication
with one another as well as with internationa centers

The key strategy has been scienuflic networking, which has sustained their
growth and will also benefit funire research endeavors. The following pages
describe how netwerking has supported scientific achievements and leadership
development in SaFGRAT countries.

The sarcran project was founded in 1977 under the auspices ol the Scientific,
Technical, and Research Commission of the Organizadon of Africun Unity { oal
st with principal funding by the United States Agency for Internatonal Develop-
ment (15aD), (o counter increasing drought in the Sahelian region. The main
objective was [0 rdise the productivity of the four staple food crops of that region
teowper, maize, millen, and sorghum) 1o the extent possible, in order to reduce the
et of dimatic imegularities on the food supply in that region and other scmi-
ariil areas,

As an intermediary between the international rescarch centers—prncipally, 114
and wrisaT—and rhe national programs, sarckan aimed o increase the effectiveness
of national programs in interacting with international centers and performing
aclaplive research

Small-scale family farmers benefit from improved technology for moize production

From 1978 to 1985 {phasc 1 of the
project) 1A initiated reseirch and
Lraining activities oriented (o the region,

with a view Lo improve maize 4
cowped virieties and develop caltaral
practices compatible with small-scale
farming in the semi-arid ropics.
Restilis from that first pliase

produced technologies which were
tested in regional tals by scientists
from the natonal programs of the
5. Phase |
demonstrated that regional commaodity
nerworks could help collaboring
countries 1o develop and strengthen the
capubilities of national scienusts.
During sakaian Phase 1L {1980~
1991}, direet dericultural research
activities in Hurkina Faso by i and

sArGRAD member count

AT were phised our and national
reacarch systems were strengthened.
Problems of infrastructure have long
militiied against scientitic communica-
tion in sub-saharan countrics—
sarGial’s key role wias to enable
scientists in the region 1o communicate
in diverse ways which would enhance
the developmient of their resedrch.

Three commeadity-specific networks
were arganized, tor research on ouize,
cowpet, and sorghum. (174 ook
responsibility for establishing the maize
and cowpea networks in Wiesr and
Central Africa and for providing
coordinators and technical assistance
for both networks. iCwsaT was respon-
sible for sorghum,

Puarticipating national programs and
the international centers met 1w identity
constiints on crop productiviry and 1o
agree on research priorities. Roles were
assigned, hascd on countries’ needs
and availuble resources {liuman,

cquipment, and other faciliues)
Countries were designared as “lead”,
associate”, or lechnology-adapting’
programs, dccording to their capability.
The networks embarked on the
following activities:
Monitoring tours. Teams of scientists
from five 10 eight member countries
made biennial tours to inspect field and
lab trials in the region. The experience:
helped impart tew idews and stimulated
interaction among the different pro-
grams. Berween 1987 and 1992, two
such monitoring tours were organized
by each crop nerwork.



Visits to national programs. In
acddition w the menitoring teurs,
netwaorking scientists visited seleceed
nanorzl programs annually. The
objectives ol the visits were (i) 1o

amsess the activities of the vazious

national programs and help increase the
elfevtiveness of their parucipation in the
felw ks Lo assess the tnuning
reviks, oo hedrm low maize and
conwpies were utilied locally and,
where necessary, advise on how 1o
aptimize procduction. and (d) o
teraction between research

prresmole in

institutions, development agenoies. and
stoall-=cade Farmers, Tor o realisti
conception and implementiation of
research goals.

Theougl such visits, agrcultural
rescare [ and extension services in
several coumtries luve Been restructured
ter baciliane the flow of appropimne
techimolosies 1o fammiers.

Juint workshops and seminars. Tiic
Bennial workshops, seminars, and

penen] conferenoes served as forn

which nra and national scientists could

repor and discuss relevant unpublished

Findings inall dspeces of research,

meetings brought home i

‘-i.:‘ﬁ'-.“ri.ll il LHR R cnenl n agneuiiurd
prcsdictiviry.

foseare hers and wechriciins could
exchange experience, while volng
sttertists could clevelop o sense o
professionalism and confidence in
communication. Mope than 2,300

ans anendied

researchers and wech
s mieetings and ahout SO0 public-

ticins, including annual repons ord

nated with project activities.

Leadership through training. Fach of
the metwerks soushi 1o strengthen
ol programs, especially the lead
centers, so it they could dinecy
researchactivities themselves i die

futire. In sarcian s first phase, training

activities were directed at technicians

Ermprhisis inthe second phase wis on
inproving e research capehility of
seientists through seminars.

Awell-er

have a multipler effece—he or she can

LEd serlor soenist can

increese the guantity and guality of
af b o research autput and serve
sl pesouee porson in on-he-job

wning 1o scienulic persannel in the

ciolinn

By 1992 g 1otal of more than 30
scientists had been mained wowse and
rhin levels by the maize and cowpea
networks. Most ol those trained have
Become research leaders in their
respective countries. Short-term triining
i vamious aspects of crop improvement,
production, and farming systems was
alsor prowided s 400 national research-
ers and technicans in more then 22
couniries As a result, during the 19505
the number of researchers tripled in

Jurkina Faso and Ghanig, while in Niger
the number atmost doubled.

Network accomplishments
The networks Tuive used practical
meesins Jor setting up
reliutions among national progrems,
cutling deross the langoage barrer that
has existed between anglophone and
[rncoplione countries. They huave
shown how research responsibilities
cun be shared among scientists in
different countries, thus mininmzng
luphication. Through collaborative
researchactivitios, national scientists
leve improved their rescarch skills.
Become g source ol technolog

cand helped spread those
technologies to memhber countries,

Thee six lead centers of the muaize
netwiork Hin Borking Faso, Can
Cote d Tvenre, Glana, Nigeria, dand
Topo) bave developed 10 carly
maturing, drought-rolerant varictivs,
and 15 exua-carly maize varietes. The

Harves! of exira-early maize in Burkina

identification of extra-early muaize
varietes las been an avenue for
extending maize cultivation into nesw
arcis, especilly o the refutively dry
Sudanian arcas where the short rainy
season normally precludes its cultiva-
tion. Significant expunsion in ez
production has cocurred in Burkina
Faso, Cameroon, @nd Ghana.

Improved agronomic prictices for
farmers have also been developed for
specilic needs, "Tied ridges”. whereby
the furrows hetween the planted rdpes
are cammed or “ted” at intervals 1o
capture rainwater runcft, and minimum
tillage sysiems were among those
technologies with the greatest signifi-
cunce for farmer productiviiy,

The maize network has developed
resedrch lacilities o enhance screcning
tor streak resistance in Togo and
Ghuma. Those nwo lead centers lave a
regionl responsibility for the conver
sion of maize germplasm for streak
resistunce, through which much of the

l;'\'L‘d

suceess with maize has been ac
in e region.

Sunlarly, the six lead centers of the
West and Central Africa cowpea
nerwork Cin Burkina Faso, Camerodn,

Ceharma, Niger, Nigerla. and Sene

o

have developed more than 10 SAga-

fesisidnt cOWpeR Clllivars, B arougnt-
resistant cultivars, and, in collabarition
with 1ira, 7 aphid-resistant culivars.
More than 76 cowpea cultivars with
good adaptation to various ecologio)
zones were made available 1o national
programs through the neravorl.

Although the SarGRAD project ended
in March 1992, tsain, the donor agency,
has agreed (o continue supporting
specilic actvities of the maize nervork
in selected countrics until 1995

Because of nes interest in leguni-
nous crops for respurce munagement.
the activities of the cowpea nerwork
will be imegrated with those of a
network to be established for resource
nmanagement research.



On-farm orientation to
improve research and
training skills

The aim of oTa group training courses is to strengthen the knowledge, anitudes,
and skills of agricultural researchers. Technical training is not, however, all thar
researchers need 10 do their jobs back home. They must also be equipped to set
research priorities in relation to the needs of farmers. And they must be able to
share their new knowledge with their colleagues at home after training. nma's
training staff thus seek to provide technical research skills together with training
and communication skills essential for researchers who want 10 improve the
effectiveness of their work.

Key 10 achieving those goals in lraining courses is a program of discussions and
demonstrations with farmers in their villages in the Ibadan area, where uTa is
located. The field exposure gives these wrainees practical experience in communi-
cating with farmers in order to learn from them.

Participants in NTA training courses are mostly research scientists and techni-
cians, with some extension specialists and educators, from sub-Saharan African
countries. Many of the researchers who come o 1Ta for training have had linle
firsthand experience with farmers, which they need in order 10 improve their
research planning. Interaction with farmers helps researchers 1o appreciate
traditional practices and technologies, and the scope for new alternatives in
meeting farmers' needs.

Good listeners

By the end of their course, these trainees should be convinced that effective
agricultural research begins and ends with farmers, the ultimate beneficiaries of their
work. The trainees should routinely ask themselves “What do | need to know from
the farmers?” whenever they work on a solution to a farming problem. Researchers
and extension specialists who have learned to listen to farmers are better equipped
to produce useful solutions.

Course participants come from a varety of backgrounds: research, extension
programs, agricultural science education—in public or nongovernmental institu-
tions. They are OTa's pariners in collaborative activities with national programs.
They are among those responsible for their countries' agricultural policy and foed
production.

To achieve mTa's training objectives, the curricula are framed in the perspective
of local farming systems. Also, since 1990, courses on research and technology
transfer in crop production have incorporated communications modules which
feature:

* inforrnal interviews with farmers early in each course, to help in analysis of
farmers’ constraints and opportunities.

» formulation of technical messages 1o respond to farmers’ problems, for use in a
“farmers’ field day” at the end of each course, during which researchers and
farmers exchange feedback.

This cycle of going to farmers 1o listen and leamn, followed by returning to
demonstrate possible solutions, has been built into courses on root crops (cassava
and yam), grain iegumes (cowpea and soybean), and maize from 1990.

Training staff involve local agricultural extension staff in selecting the villages to
be visited, and in planning and conducting some of the field activities. Extension
agents provide a linkage with resources for followup suppon that may be needed.

Care must be taken, however, in the
interviews so that extension staff do not
answer questions on behalf of the
farmers; and that they do nor inhibit
farmers from speaking frankly about
their constraints, which often include
inadequate service from local extension
programs. Extension agents have, on
the whole, been open and supportive
in uTA's field work with farmers.

First the basics

Before the trainees go 1o the field, staff
of nta and Nigeran institutes who have
on-farm research experience introduce
the field work with a presentation on
informal surveys and interviewing
techniques. They provide only general
guidelines so that the participants may
formulate their own approach to the
field work. Staff encourage participants
to learn from the experience itself and
from each other’s feedback.

Throughour the course, participants
develop their communication and
training skills along with research skills.
They practice written, visual, and orul
communication techniques. They
prepare for the field day by composing
leaflets, posters, and texts with technical
messages for newsletter and radio
dissemination. Training and editorial
stafl coach them in raining methods,
demonstration techniques, and technical
writing.

Communication with farmers is the
critical link in the process of developing
research for technological improve-
menits in agriculture. And once re-
searchers learn to communicare with
farmers, they can also cormmunicate
fruitfully sith other researchers. At
home, in their national programs, the
trainees will need to share the advances
in knowledge and practical applications
with their colleagues. They should
therefore see themselves as trainers, as
well as researchers.

On farm

In the field, the trainees first meet the
farmers and extension agents collec-
tively, beginning in the village with n
approprare welcome, introductions,
explanation of purpose, and expres-
sions of appreciation. The company
breaks into smaller groups and moves
to individual farms for a full picture of
the farming system.
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Farmers show and tell the vamees
ghout the conditions they work under
every day. The extension agents may
offer 4 few words about their own moles
and experiences. The complex sodial
and economic setting of the farm
comes o lile for the tminees, enabling
them o revise preconcepiions they
may have about farmers and farming
that do not correspond with reality,

Droring the interviews, the research-
ers st e alert ro farmers” hiases or
risk invalicting the resulis of their
survey. [noan mterview i one village
durning 1992, the farmers were asked
howy muany of them lived there. Count-
ing themselves and absent fnends, the
farmers replied there were 12, The
interviewers asked if thase 12 included
any women—ihe reply came back that
wormen were not considered to be
farmers. Yet, as the training group
spoke further with both men and
women in the village, 3 became clear
that women had been doing a consider-
able amount of fimuing, As the villagers”
cronomic siludtion had worsened in
recent imes, moreover, women had
been enlarging their farming roles.
Gemng the real picture s essental for
researchers, particulardy inthis case if
rechnologies will affect men and
women farmers differently.

After the interviews, the mining
groups meet wgether in the village 1o
pesol what they have learned about the
local Farming systems and community. 1
gaps an information exist, they reum o
the frmers to ask further questions

Back af urs, the intenvies dati
provide the basis for work on solutions
for tarmers’ problems. The results are
pooled and the researchers form groups
arcund problems with o common
solution. By the end of the first week of
the course, all the groups have pre-
pared outlines of their proposals, which
are veited in a general discussion
amaong participants and i staff
SCIEnLSS

Proposed solutions may mnge over
improved crop vaneties, improved
cultivation practices, mpid multiplica-
ton of planting materials, sced stomge
and preservanon technigues, and new
methods of crop utilization after
harvesting. The participants develop
their salutions over the rest of the
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IMa trainees showing improved cassava “sticks” and planting methods during a
formers’ field doy

training period, in tandem with other
course work. They gather technical
material from cluss presentitions,
library resaurces, and s scientises.
The dual challenge of this exercise is 1©
frame the wechnicul solution in a
message which can be elfectively
communmcited 10 the firmers during a
“farmers feld day” at the end of the
CuLirse

Before the feld dav armves, the
groups rehearse the event for each
other and ra staff, The presentation
helps them to focus on their essential
message and become kimiliar with the
materials and equipment they will use.
The rehearsal is videotaped, so partici-
pants can see themselves as their

audience sees them and revise mistakes.

Farmers’ field day
Cruring the final week of the course, the
tramnees congduct a field day with the
farmers they nterviewed during their
first week. Although the: first village
visil involves interviews with only 10 1o
15 furmers, lield duys usually arract up
Lo five times as many.

Each group stakes out its own area
to present a possible solution to one of
the farming constraints. About 10 1o 12

farmers at a time see and discuss each
demonstration. They practice the
techniques and handle the materials
themselves. Sample planting materials
of improved varieties are often pro-
vided ws them. Farmers share their
resctions frankly with the researchers
about shortcomings or strong poinis
they perceive in the proposed tech-
nolugies,

After their field day, the rainees
assess what the experience has tughi
thent. Although some of the researchers
may at first have been sceptical about
direct involvernent with farmers, many
observe afterwuard that their experiences
with farmers have been among the most
valuable of the course. Researchers thus
acquire a new appreciation of their
roles, in fosiering a dialogue of
probilem-soiving and feedback between
the lab and the farm,

Impacts

i prizes its good relations with
Farming communitics and extension
ageneies, so it takes pains not 10 Creale
expectations that cannol be met. Gften
farmers complain that they do nor have
adequate access w improved technolo-
gies, basic inputs, and services, 1A



training staff thus try to enlarge the
lraining exercise into a means of
strengrhening linkages among research-
ers, extension agents, and farmers.

During 1992, one year afier a field
day, a fellowup visit to one community
revealed that the brief intervention had
indeed had positive results, because the
technologies introduced at the time had
really met farmers’ needs. The farmers
greeted the nta reumees enthusiasti-
cally and warmly. They described how
they had adopred some of the new
practices and showed samples of the
improved maize harvest from the
previous year. They evidently valued
the much larger cobs, which had begun
to supplant the less productive local
maize.

Multiplying the message
For the past 25 years, uta has trained
over 7,000 agricultural researchers and
other technical specialists. During that
time national research programs in sub-
Saharan Africa have developed their
human and capital resources—and
increased their demand for further
raining.

nTa (as with other international
centers) can no longer fulfill all of the
rraining demand it attracts. Therefore,
taking advantage of improved technical
capabilities in several counuies, mTa is
beginning to devolve training in crop
management research to national
programs. T4 will increasingly devote
its own training resources 1o specialized
research programs for individuals and
groups.

0Ta is sharing its training methodol-
ogy and experience with selected
countries in each region, so that they
can work with mra in conducting
training for themselves and other
countries in their region. In this
decentralized fashion, the message can
be diffused farther and faster than ever:
effective agricultural research begins
and ends with farmers.

Alley farming research

turns to the farmer

alley farming is a way of making agriculture mimic the forest. The goal is to sustain
the ferility of farmlands by approximating the self-sustainability of the forest
ecosystem.

Selected tree species (usually nirogen-fixing legumes) are planted in rows. In
the “alleys” betsween those hedgerows, food crops are grown. Soll fertiliry is
improved with nitegen and other nutrients from prunings of the trees which are left
on the ground to cecompose. Prunings also supply forage for small livestock. The
hedgerows provide the restorarive processes of a fallow while the farm can produce
food and fodder on a continuous basis.

Or-farmn testing of alley farming methodology has been developed over the past
three years through international research coordinated by the Alley Farming
Nertwork for Tropical Africa (aFnera). Reports from participating scientists in most
AFNETA countries suggest that the research has reached a critical stage where ke
farmer must aiso have a hand in adapting the rechnologies to the exigencies of life
en the farm. In beginning its next project phase, aFNETA has charted a new path of
pariicipatory research with farmers and development support agencigs, to bring the
goal of sustainable agriculture within reach.

The idea evolves

Alley farming research evalved during the 1970s at 174, as a land use system for
managing the fragile uplands in the humid and subbumid (forest and savanna)
zones of sub-Saharan Africa. The aire was 10 develop a substitute for the traditional
bush-fallow, stash-and-burm system of land renewal.

At first the emphasis was on crop production berween hedgerows of tegumi-
nous trees or shrubs, in a system wherein cropping and fallow processes take place
concurrently; hence, the term “alley cropping”. The International Livestock Center
for africa (1ca) enlarged the concept 1o include small rumninants (mostly goarts and
sheep) with the use of hedgerow foliage for forage. Known zs “alley farming”, this
agroforestry system also supports farming through erosion control, meisture
conservation, weed suppression, and production of firewood and staking material.
Potentally, the system is “scale neutral”; that is, equally applicable on large- and
small-scale farms—although most research to date has focused on smallholder
systerms.

Two divergent approaches to alley farming exist—alley farming as a “conserva-
tional” technology or a “restoratve” technology.

* The conservational appreach affirms the original tenets of the technology as a
replacement for bush fallows, to prevent soil degradation in areas where the soil is
still reasonably fertile and secondary or primary forest exists.

* The restorative approach has evolved more recendy as a selution to ihe problem
of rapid soil degradation under high cultivation pressure to support high-densiry
pepulatons.

The two purposes to be served by these approaches call for different rypes of
alley farming applications. Both need 1o be investigated further and validated.
Work on the restorative approach has proceeded much further than research on
the conservational approach, however. Farmers are not easily persuaded to invest
their efforts in sustainabiliry projects in areas where forest Jands remain
unexploited and fannland is otherwise not in short supply.
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After a decade of development,
alley farming’s main proponents ViTa,
Ica, and iGRAF) resolved in 1986 10
deepen involvement of national
agricultural research systems in the
research. The three centers conceived
of a nerworking apparatus for collabo-
rative research which could combine
the strengths of all concemed in 2
mutual development effort. After three
years of organizational and fund-raising
preparalions, AFNET4 was established in
Fehruary 1989 with funding support
chiefly trom the Canadian International
Development Agency (cina), the
International Development Research
Centre (inrc, of Canada), and the
International Fund for Agricultural
Development (IFan). The Danish Inier-
national Development Agency (Danina)
supporied part of the nerwork's takeoff
activity. The United States Agency for

Types of alley farming research projects by
country and region of sub-Saharan Atrico
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International Development (U5ain) has
conuibuivd suppor for some collahora-
tive projects with us universitics. The
Ford Foundation and the Overseas
Development Administration of the ux
have supported training activities. With
alley farming research and extension s
its rison d'étre, the network lhus also
aimed 1o ensure the relevance of the
technelogy for sustainable farming
systems, and to enhance its adoptabiliry
for farmers.

AFNETA completed its first three years
of continenrwide activity in 1992,
During this first phase some 32 national
institutes in 22 countries helped
generate a body of data and insights
about hedgerow species and ¢rop
interactions, which forms the nucleus of
a compulter-based “expen system” of
information being developed at the
University of Hawaii for use by
networking institutions. AFNETA partici-
pants conducted 95 projects in the
nrincipal ugroecological zones. Their
investigations were organized around a
sequence of issues for development, as
summarized in the accompanying table
(at left).

1. Screening and selection of
multipurpose trees for
hedgerows

The essential qualities in selection of
hedgerow species are capability for soil
fenitity improvement, ease in establish-
ment adaptability wo soil problems and
other environmental stresses (such as
drought, altitude), and usefulness of
byproducts such as fuelwood, stakes,
forage, and medicines. Establishrment of
hedgerows is the farmers' first hurdle,
which must be crossed with the right
choice of tree species for local soil and
other conditions.

Agroecological considerations
determined the species for screening at
each site. Some species performed well
in specific zones. Burt three species in
particular showed wide adaptability
across the various zones, the best
growth in semiarid sites, and superior
growth in subhumid {savanna) sites:
rwo Cassia species ( C. siamea and C.
spectabilis) and an Acacia (A.
auriculiformis). Tree establishment was
problematic in on-farm trials, especially
in the humid zene. The data collected
to date on uee performance and

durability are, however, preliminary and
will need to be substantiated over the
next few years. A particular issue for
investigation is the nitrogen budget of
the Cassia species, in view of their high
nitrogen productivity and all-around
successful performance, vis-a-vis their
inabiliry to fix atmospheric nitrogen in
the soil.

2. Alley farming management
Proper management, with the right
choice of hedgerow tree, is expected to
deliver the promise of alley farming:
maintenance of soil fertlity, together
with high yields of food crops. The
farm manager must decide whart the
tradeoff is 1o be, in allocation of
hedgerow foliage for mulching material
or fodder. In assessing research results,
problems arising from purely biclogical
aspects—such as above- and below-
ground competition between trees and
food crops—must be separated from
problems amenable 1o management.

Return in crop yields from
hedgerow pruning inputs
on alley farm projects in
sub-Saharan Africa
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Alley farm under farmer management

Interactions hetween hedperon
trees and companion fecd crops have
shown strtling vet consstent differ-
ences [or spedilic crops. The acconpa-
nving chart oppusite Fshows prelimi-
nary restls from continuing tials with
Grssava 0 Casesd and cotton (1)
produced lower crop viclds on alley
farm plots than on no-tree contral plois.
Results with cereals (e cases ol nize,
ool rices und grain legumes (9 of
cowpen) were consistently higher on
alley plots than onthe no-tree plots,

Muost of the cassava results came
front the humid forest zone, while those
of maize cane manly from the moist
SUVHTIT 'J.ll'i.l savanmd forest ransinon
rones. Other crops will have 1o be
lested on alley firme in thuse same
zones, to enable wsera 1o determine
whether the rechnology as a whole is
suitable for cach particnlar zone.

3. Livestock integration
Forage crops should he part of the total
intercropping scheme on alley furms
with a livestock component. Forage
research encompasses () production of
the tree forage and pasture crops
between the hedgerows: and (h) the
fodder value of Torage crops in terms of
digestibility, protein content, and effeas
on livestock productivity, Trials of only
tvpe L) wene conducted during the first
phase of arsETs

Preliminary results vield a sketchy
picture. In the Republic of Benin, slow-
arowing pasture grisses seemed o be

Do Sl Y e

more compatible with the hedgerows

than were vigoroush growing grasses,
which necded 1o be cun freguently
during the first vear so that the
hedgerows could establish well.
Cameroon s encountered similar
estahlishment problems, but grisses in
the altey plots had a tngher protein
content angd were greener than those in
no-tree contyol plots,

4. On-farm research experience
On-farm research is essential in fine-
wning the technologies, sssessing their

productivity under farmer managenent.

and determining thesr potential adopt-
ability wnd farmiers” interest in them
Twis ivpes of on-furm rials were
conducied:

» cxperimentd, which help in validat-
ing technelogics or testing ther
performance

e developmentt], which involve
svstermatic introduction of technologies
into a firming community and issess-
ment of their aceeptability 1o the
Farmers.

The results from the range of
experimental and developmenial sites
during 1992 on the whole have
inchcated that arsery on-tarm research
methodology needs 1 he Farthes
developed during the next phase of the
network’s program. Experimental trials
on farms in Rwandan savanna Jands
demoenstrated clearly superior crop
production under alley cropping
svalems than in no-tree control plots.

Developmental triztls have vielded
diagnostic information on farming
constraints and potential acceptabiliy
of alley Lrming solutions. and have
introduced some solutions for farmers
to test and adapt.

Making the idea sell

The concerns of developmental
research characterize plans for arseiy's
next three years: In building on the
results of the first project phase, the
rescarch agenda for aFvEra’s second
phase (1994-1999) Gills for u new
direction in strategy. Wiys must be
found to encourage farmers 1o experi-
ment with and frecly adupr alley
farming 10 meet their necds. To date,
few of the farmers who have heen
inroduced 1o the wdea have adopted it
although on-station rescarch has vielded
highly favorable resalis.

The new strategy will involve
Farmers as “co-researchers” wgether
with local public or prvate develop-
ment agenicies as co-promoters. Such a
participatory approach 1o the rescarch
should open the wiy lor arsera (o
tackle the chiet developmental voncern
of "udoprability” of alley tarming,

The approach should lead 10
answers Lo the following questions:
= How workable s the ided under farm
conditions? The positive results from
research siation experience over many
years are difficult 1o reproduce on
working furms under famer manage-
ment.

o Does the systent address the farmer’s
aun perceived probiems? Rescarchers
need to exanune whether their agenda
to date has heen reflecting correct
assumplrions.

s Wheat research approaches wilf
enconrage foarmers to start making their
o ddaptations, and thus promote
adaopiability of the system? The participa-
tory approach is scen as a key way 1o
unlocking solutions o the current
impesse.

aFsETa rescarchers will strengthen
farm-level development and extension
activities, which are essential in
adapting and disseminating new
technologies, Fanmers and promoter
agencivs will joim arsers n designing
research options, adapting experimental
technologies, and evaluating the results.
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Experiments will shift rom research
stations, where most of them are
currenily focated, 10 small-scale farms
where the farmers can participate 1o the
fublest extent that they can. The new
tarm-oricnted research and develop-
ment strategy should help to produce
results which tarmers will want w adopt

for their demonstrated capabitity 1o
sustain farm produaivity.

\PNETA seeks 1o test whether alley
farming is more than just an ecological
pipe dream—whether it can provide
realistic and practical options for
overcoming problems of soil degrada-

tion, thereby creating a sustainable basis
for tropical agriculture. During the next
few years, aFNeTA's reseacch activity will
become u process of operationalizing
alley farm wechnologies, profiting from
the syncrgy of scientists, fanmers. and
development agencies.

Research collaboration

EAST AND SOUTHERN AFRICA ROOT CROPS RESEARCH NETWORK

New horizons

After nearly a decede of research nerworking, since 1954, sarry is planning o
divide ino eastern and southern sister networks: the East African Root Crops

Research Network (eagever) and the Southern Altican Root Criops Reseurch Network

{SAHRNET)

Eannel will be based in Kampala and focus on the needs of Burundi, Kenva,
Madaguscar, Rwanda, and host counrry Uganda, Retaining the Malawi headguarters,
safinET will concentrate on 10 countries of the Southern African Development
Communiry (sl ) Angola, Botswana, Lesotho, Malawi, Mazamhbique. Namibia,
Swaziland, Tanzania, Zambia, and Zimbabwe,

The United States Agency for Internatonal Development (1sain) and the
International Development Research Centre (IDRC) svill continue to provide the
principal funding for the purtivipating nutional programs during this new phase of

project activity.

Root crops rescue

The devastating drought of the 1991-92 cropping season in Mailawi prompted the
government to encourage farmers 1o plint cassava and sweet potato, staple food
crops that withstand drought better than cereals. The Nauonal Root Crops Multipli-
caton and Distribution System (NRups) wis sel up 0 propagate varieties of both

CIOS

aran has helped in planting improved materials and in managing on-farm
multiplication. ¢ir has been providing technical assistance for sweel potato. Fao

Cassava multiplicatian plots will yield planting materials in 1993

donated a truck to transport improved
varieties to primary multiplication sites,
dar government research stations in the
various regions, and secondary sites on
farmers” tields. The primary suppen for
this massive effort has come from
USAID's Office of Foreign Disaster
Assistance.

As a result of the campaign, over 1
million sweel potato slins have been
distributed 1o farmers for planting and
about 43 hectares have been planied o
cassava for multiplic:tion purposes.
Planting material from this hectarage
will be released to farmers during 1993
ESARRN [1us organized training in nursery
establishment and management for
extension personnel, 10 facilitate
dissemination of the new planting
materials. Farmers’ ficld days have been
organized for extension apents and
therr chients, where improved varieties
have been exhibited and farmers have
availed themselves of sample materials,

Farmers have been able 1o benefit
quickly frony the campuign, because
esaRiN had set up an on-farm testing
and distribution systemt during the
preceding three vears. Nongovemmen-
tal agencies, such as religious missions,
World Vision, and Save the Children
Fund, are directly involved with
nursery estublishment and distribution
activities, which has also helped ensure
fariner asvareness and participation.

MTa outredch scientists estimate that
abour one-third of the country’s fanners
have adopted at least one of the three
improved cassava and sweet potato
vaneues being disseminated. Currently.
about two-thirds of farmers are making
requests for cassava and/or sweet
potate plaming material threugh their
extension agents. By contrast, only 3%
had adopted one variety of sweet
potato in 1991



Today cassava is considered the
country's second maost important food
crop for research purposes, after maize,
according 1o Malawi's agricultural
policymakers.

SOIL AND PEANT ANALYTICAL
LABORATORIES NETWORK OF AFRICA

Fostering 4 maintenance
culture

sPalya organized a rwo-week training
course in cquipment nainenance,
during October 1992, with the assis-
tance of the University of Nigeria at
Nsukka and nra. Some 15 laboratory
technologists participated in the course
al Nsukka, coming from Cameroon.,
Ethiopia, Ghana, Niger, Nigeriy,
Tanzania, and Zimbabwe. Resource
persons came from the universities of
Guelph {Canada), Ibadan (Nigeria), and
Louvain (Belgium) and from Pulse
Instrumentation Licl. in Canada.

Funding support for the course
came lrom the Belgian Administration
for Development Cooperation (Acen),
which also suppons the network on a
regular basis. French governmental
project funds suppared seven of the
participants.

The spaLna course sought o foster a
“maintenance culture” among partici-
pants and nerwork members. Muinte-
nance culture translces into an aginide
ol care toward equipment, born of the
conviction thal preventon makes easier
work thun repair

Laboratory managers have recog-
nized that lack of a mamntenance culure
is a major problem with those laborato-
ries in Africa which function poorly.
With the regional economy undergoing
stressful imes, expensive equipment is
more difficult 1o replace than ever.
Morcover, few maintenance and supply
services exist in Africa which can be
conveniently called in.

Laboratory technologists must be
able to ke care of the equipment
under their control. The only way
techinologists can keep pace with
current developments in laboratory
equipment and procedures 1s trough
“self-education.”

While not designed to make
engineers out of the wehnologists, the
training course gave them some

troubleshooting experience in the
identification of fiulty parts and the
replacement of simple components on
such instruments as the pH meter. The
course organizers had made armnge-
ments with the Depunment of Customs
and Fxcise o allow participants 1o bring
their faulty equipment through. so that
practical dernonstrations in servicing
and repair could be carned our Each
participant wis presented with a
comprehensive 1ool kit, with which
repairs were carmed eut on Lthe equip-
nent.

The spectropholometer (colorim-
eter) is an important instrument in the
soil laboratory used in determining the
concentrarion of phosphorous and the
cyanide content in cassava, among
other tasks. One Migenan participant
had brought a faulty spectrophotometer
which served in demonstrating 1hat
repairs need not always be expensive.
Upon examination, it was discovered
that only the phatocells were weak.
When new photocells were hxed, the
instrument. which had been discarded,
could again be used.

Another spectrophotometer was
found to have 1 damuaged miror,
probably because of mishandling. The
mirror was replaced with an inexpen-
sive spare, giving new lile to u dis-
carded instrument. Sometimes it is 4
simple maer of changing a fuse in
order 1o put an instrument back in
working order.

The culture of care

E==1

The participants wmed trainers
during part of the course, giving 2 one-
hour practical on equipment mainte-
nance 10 six lechnologists from the
University of Nigeria at Nsukka, Thae
experience was intended (o prepare
participants 1o organize training for
other laboratory technologists back
home Indeed, on returning home, the
Zimbabweun panicipant organized in-
country training e pass on his newly
acquired knowledge 1o his colleagues.

OTA/TTALY /USA/ BELGIUM COWPEA
BIOTECHNOLOGY

Cowpea creativity: a mid-
1992 progress report

The collaborative network for cowpea
biotechnology gained a new partner
during 1992: the Genetics Laborutory of
the University of Ghent, Belpium
(Riflesuniversitent Gent, Laborgtoriiom
toor Genelica)

The networking institates held their
annual meeting, the Joint Cowpen
Biotechnology Workshop, at the
Germplasm [nstitute of the National
Research Coundil at Bari, in southern
[raly, from 29 June to | July 1992, From
the 1=a, nine participants came from
Purdue niversity and the University of
Minnesota. Three participants came
from 1114 in Nigena and one from the
Genetics Laboratory at Ghent. Fromi
Italy came 2 total of 23 paricipants
from the Germiplasm institute, the
University of Naples, the Instinue of
Nutrition Studies, the Research Center
on Vegetables for Processing. the
University of Bari, the Instinte of
Agronomy and Vegetible Crops, and
the Experiment Station for Cereals

Purdue’s Larry Murdock summa-
rized the accomplishments of the
vsalltaly collaboration 1o date, in a
presentation entided "Bright vistas,
stumbling slones”. He expressed his
confidence that therr mutual goal of
genetically improved cowpea was in
sight, and enumerated the milestones
reached as follows,

1. Kdentified numerous wild Vigne
species with resisiance 1o post-
flowerng pests of cowpea.

2. Made an inwrspecific hybrd
between V. ablonpifolia and V. lnteola
that may serve ds a1 bridge 1o bring



insect resistance genes into cultivated
cowpea. [Also, developed in-vitro ovary
culture and embryo culture methods,
that can be used in producing plants
from maierials obained from interspe-
cific hybridization and harvested as
early as one day after pollination— Ed.|
3. linproved our understanding of the
cellular and cytogenetic basis of
incompatibility between cowpea and V.
vexillata, the latter a potential donor of
insect resistance genes o COwpea.

4. Approached closer to understanding
the basis of resistance of the variety
TVu 2027 (and its derivatives) o
cowped w eevil.

5. Understeod bertter the nature and
importance of anti-nutritional factors in
Vigna species as well as leamed more
about the chemistry and physical
properties of cowpea related 1o its role
as food.

6. Developed expertise with physical
and molecular techniques for the
genetic transformation of cowpea cells,
including the use of Agrobacterium
tumefaciens, accelerated microparticles
(the “gun™, as well as carried out trials
with other techniques such as
clectroporation. Chimeric cowpea
plans carrying foreign genes have been
produced at Portici and Purdue.

7. Developed techniques for using the
Purdue Insect Feeding Monitor to
characterize cowpea weevil resistance.
Worked our protocols for rapid
screening of cowpea seeds for insect
resistance. They are all available for
transfer to nra.

8. Attained new insights into the
phylogenetic relationships among the
Vigna, using protein profiles and zrip
techniques.

9. Increased quality and quantity of
wild and cultivated Vigna germplasm
available; described and characterized
those muiterials.

10, Developed novel techniques for
rearing insects on plant callus ussues—
finding, remarkably, that the cowpea

podboretMaruca testulalis faicly thrives
on maize callus and will even survive
on tobacco callus. Recognized the
value of callus in assessing gene
performance against insects.

11. Identified several proteins with
potential to help protect cowpeas
against certain cowpea insect pests,
including Bacillus thuringiensis crystal
proteins, o-amylase inhibitors, lectins
and protease inhibitors.

12. Had in hand genes for (2} o-
amylase inhibitor (0-Al) for conumon
heans, (b) whear germ agglutinin
{waa), and (¢) several Bacritus
thuringiensis crystal proteins. All of
those genes are freely available 1o
developing nations, with no strings
anached, for use in cowpea transforma-
tion.

13. Had in prospect additional genes to
use for this purpose, including a
commitment from Mansanto Comora-
tion ro make available o Purdue their
highly active modilied B.thuringiensis
gene for testing against cowpea insects.
[he results are promising—this gene
might become available to developing
countries through irra.

4. Created vector constructs containing
(a) a-Al and (b) WGA, useful for
cowpea cell ransformation using
Agrobacterium and the “gun”. Acquired
seed-specific promotors that can serve
te express genes in cowpea seeds.

15. Developed methodologies for
quickly identifying transformed plants.
16. Transformed and successiully
expressed the o-Al gene from common
bean in cowpea cells. The biologically
active protein product of this gene
accumnulated to an impressive degree in
cowpea callus.

17. Auained new insights into the
importance of carefully selecting the
cowpea genotype to be transtormed.
Clearly, the genotype chosen can make
a great deal of difference in the
effectiveness of cerain resistance genes
in providing plant protection.

Persistence

In Dr Murdock's words, despite the
encouraging advances made 10 date,
the “stable transformation of cowpea
plants has eluded us thus far. Transfor-
mation can be attained, without any
doubt, if we persist. It is only a marer
of time and money and continued
COTMUTLUTIETIT ON OUT Part.

“As regards the funding invesied in
the research so far, [ think it is accurate
to say that our accomplishments have
been attained using what, by biotech-
nology industry standards, is a very
sroall investment indeed. Now, with the
crisis in funding for international centers
hefore us, there is increased competi-
tion for funding sources. The simpie
fact is that without adduional funding 10
continue and even increase the
robustness of our cfforts in cowpea
biotechnology, rhe future is, at besr,
litrered with stones over which we may
easily stumble.

“Further, with limited resources, it is
more vital than ever that all those who
wish 10 participate in this pood work do
50 not as competirors but as colleagues.
All of us who, for years now. have
worked toward this goal, warmly
welcome any newcomers, We shall
gladly share the last details of our
experience and our best ideas and
materials. In return, we ask only for the
same. Rather than duplicating our
efforts and, in some cases repeating
work we've already done, we hope that
newcomers will take their place beside
us and add their suength toward a truly
international effort. This would be a
most welcome addition indeed.

"The key words are communication,
linkages, sharing, trust, coordination,
and good will. In the end, we should
keep in our mind’s eye a vision of the
poor fammers and consumers in
developing nations whose lives will be
a lide hewter if we succeed.”



VISITING SCIENTISTS

trra shares its research fucilivies with national program scientists who
use them, as visiting scientists for periods of up oo year, 1o enluanee
thedr wiork back home. The benefits flow two wavs: the distinguished
visitors contribute insights from their own expericnee to s work,
providing sn extri dimension 10 research accomplishments ar 1ma.
The collaborative experience also lays o foundation for 4 more
substantial partnership berseen their progeams and 11 in future,

Diaring 1992, nra hosted several scientists from developing and
developed countries, The work of two of them, Mawule Essch-Yovo
of Togo and Pasquale Petrilli of Ttaly. ilustrtes the value of the
collahoration for all invelved.

Mawule Esseh-Yovo joined 1ma’s maize improvemenl program in
April 1992 tor i year as visiting scientist, with a special interest in
mitize sireak virds resistince

Dr Esseh-Yova is the nuize program leader &t Toge's Dircoiomite
of Agronomic Research. After graduating from Université du Bénin, Togo, he
pursued o master's degree in Bulgana and. in 1979, completed lis PhiD degree in
Bulgaria in plant genetics

O his retarm o Togo, Dr Esseh-Yove headed the developnient of his country's
maize breeding program, with particular concern for producer and consumer
varietal preferences. He also worked on streak resistince in maize. All along, Dr.
Esseli-Yovo has had good collabortve relatdons sith oms and o,

AL A, Dr Esseli-Yove investizaied local virieties of maize from Benin
Cameroon, Cite dlveire, Mali, Muauritania, and Nigeria, [or stecak virus resistance.
The @im is to improve them by combining high-yielding characteristics and
desirable grain quality, Local varneties and 11ma inhreds with streak resistance wre
being combinet in wpeross bybrids. Trials are scheduled w start during 1993

Research on streak at ara led Dr Esseh-Yovo 1o develop a new method for
screening, wherchy plants are inoculated with viruses in the screenhouse, helore
Biring transplanted i the felds, The new method halves the usoal faiture e in
infesting plants with viruliferous insects

Dr Esseh-Yovo also modified the streak inoculation procedure for use in
infesting manze plants with Streain the screenhouse

[y the course of his rescarch, Dr Esseh-Yovo has become convineed that farmers

st e included in decisionmaking about breeding matenuls in the early stages, o
ensure that final resulis will he acceprable o consumers and adopted by farmers,
The ket prive of nuize is so low that
grain quality miust be fully acceprable to
constumers, or farmers
cannot afford 1o grow it

Pasquale Petrilli

Pasquale Petrilli joinced

11ra's bintechnology

sCientist i August 1992,
e Petrilli, an assistant
professor and protein
chiemistat the Universioe
of Naples, laly, had
exrlier visited nra from
October o December
1991, and will remain for
a full veur.

During his present
tenure, Dr Petrilli will set
up instrumentation for

rescarch unit as a visiting

Mowule Esseh-Yovo

applying protein chemistry technigues
at the hiotechnology research unit, He
plans o introduce new applications in
protein chemistry o colleagues at 1mms,
especially those involved i crop
improvement and plant health mamige-
ment ¢forts. This work will support the
selection of new materials with desi-
able characteristics, using molecular
markers and other dingnostic probes.

Molecular markers are usually
proteins Gsezymes | or nucleic acids
which are detectably differem betwee:
individuals, At noa, such markers ane
being used in determining relationships
among species, and in confirming the
identities of purens and their hybrids in
the evolution of new cultivars, They e
also used in the construction of genetic
maps of crops. The resaliing infor-
tion will help in introducing desimble
traits from wild refatives into crop
Spevies.

Dr Perrilli will work with 1174
colleagues 1o idennfy prarems involved
in crop resistince meclhunisms, jsolate
known proteins and enzvmes and
charucterize them.

To achieve those objectives, nra has
recently acguired and wstulled equip-
mient for protewy analvsis. A syster will
b Se1 U o Sepunile proems usmg
different kinds of chronutographic
suppans, including gel filtraion, jon-
exchange. and affinity columns.
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10 20 30 40 50
Research Activity S11,126 [ 517

Resource ond Crop Management $3251 L —IINER
Plont Health Manogement 52329 L 1108%
Research Supporl #1732 1 8.0%
Moize 5672 L1 3.1%
Cowpeo ond Soybeon 5918 1 4.3%
Roots ond Tubers 1094 1 5.1%
Internationol Cooperotion 1130 1 5.3%

Information Services 5756 L1 3.5%
Troining $877 1 4.1%
Depreciation $2,772 1 12.6%
Adminisiration and Operations P 56,035 | ] 25.1%

* Includes Biomeics, Analyficol Services, Genefic Resouces, Reseaich Forms, Biotechnology, ond Agroecalogical Studies

B Nel of overheod recaveries

Inventory of Research Projects

CEs Irestiluiticore locotion Duiodice
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Project lille Funding Cooperating
Sourcas Inslilytions Locatian Duralion
Niogen use efficiency core, GiZ ui, Univ, of Hanover, 1.8 Germany, Nigeria continuaus
Daught tolerence core SAFGRAD Burkina Faso, canlinuous
Grain quality and ulilization core, 1aRE&T /1eR, Hossan 1l Mali, Nigeria, Moroceo conlinuaus

Maize breeding for the lores)

Guinness Migeia Ple

Dowrry mildew res care V5) Nigeria continuous
Slem barer resisionce core ul, R Nigesio, Ghana conlinyous
Husk cover and weevil resistance coe Univ. of Benin Banin nfinuous
Groin quality and utilization care, il Nigeria “anlifuous
Guinness Nigeria Pic
Maize breeding for the midaliitudes
Yield potenlial core, U1 UTC, NCRE/1BA Nigerio, Comeioon conlinuous
Disease resislonce cole UTC, NCRE/1RA Migeria, Comesoon conlinuous
Gemplasm enhancemenl
Shiga resistonce in maize landraces cote — Migeria conlinuous
Characlerization of moize germplasm by environmenls core SAFGRAD, CIMMYT Migeria, conlinuous
Burkino Fasa, Céle d'lvaire
QOulreach
SAFGRAD UsAID SAFGRAD/ OAU/ USAID Burkina Foso conlinugus
Inlemotional Hiols cole NAKS Nigeria conlinuous
Collsborative resaarch with Mars — MARS Nigeria continyous
Plantain/Banana
Plontain/banono breeding lor duroble host core/ BAnC TARA, FHIA, CRRP, Cameroon, Migeria, 1987-
plant resisiance kU leven, NHORT, o8, Uganda
DEFCR, RAZ, LIPEGF
and ofhst NARS
Developing Musc breeding copahility and shategy oore L s, KU Leuven Nigerio 1692~
Banano impravement for the midalthede core/ AN M Nigerio, Ugando 1992
Biolechnology tor Musa breeding core u 5, kU lewven  Nigerio 1983~
Posthorves! quality ol plantains core NAZS Nigerio 1992-
Genoalype-by-cropping systems inferaclion core — Nigerio 1980~
Genetic Resources
Cowpea protein idenlificalion/characlerization fialy Univ. Moples Italy canfinuaus
Interspecific hybridization of Yigna spp. ficlion universilies,  Purdue Univ. Nigerio, usa 1986~
haly
Grain Legumes
Breeding lor resislance lo Maruca pod borer and pod sucking core ul Nigeiio 1986
bugs in cowpea
Cowpeo varistal development for humid forest and Guinea core — var. sites, W & C Alrico 1971-
savanna o
Cowpea intemalional hials core nars, W & C Alico Asia conhnuois
lalin America
MNalionally coordinated research on cowpeas Nigeria IAR Nigeria 1975~
Cowpea improvement lor carealbosed systems of maisl and dry core VRET, ABL, CHEAT, var. siles, W & C Alrico 1990~
sovanno—impravement of local voriefies: genotype x 7ARC {Japan]
envilonmenl analysis; resislance lo Skiga, Aleciro, v (UK}
Moruca, aphid, thrips, ond bruchid
Genetics of phalasansilivity and phenclogical odoplolion in cowpeo  ODa Univ. of Reading Nigerio, Reading 1993-
Development of cowpeo vorieties for SADC region FEC SACCAR/ SADC £&s Africa 1990~
Soybeon breeding for Ihe savonna core — var. siles, W & C Afico 1977-
Saybean intemolionol Irials core — var. sites, W & C Alrica Q75—
Studies on promiscuous nodulation NiFTAL NIFTAL var. siles, W & C Africo 1992-
Interciop physiology of cowpen core/1ARC TARC {Jopon) Nigerio 1990~
Development of cowpea and soybean far Ghana rina ol Ghano 1985-
Soybean processing and uliizabon DRC VRET, UNN, NaERS, MCRI Nigeria 1987
Biotechnology Research Unit
Molecular melhods for gerelic mapping ond Rockefzllar Univ. af Minnesola Migeria, usa 199092
detection of genstr diversity in Vigno spp Foundmiion
Cowpeo plori iegenerafion and genelic kansformation by, AL Purdue Univ., licly, usa Contintr2.s
liolian vniversities
Monaclonal anfibodies and diagnostics IDRC WS Conoda, Nigsria 19092
Biolechnology for cownen improvement Belgium Gent Univ. Belgivom 1692-95
Nole: The core budgel is used lo fund those researcheloled aclivities 51
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Project tille Funding Cooperoling
Sources Instilufions Localion Duralion

Plant Health Management Division
Cassava
Studies on yield losmalion and interaclions between the cassava care u Benin, Nigerio 1982-92
plant, ils pasts, and Ihe climote thraughout the anlire grawlh cycls
Charocterization of aspects of he bialogy ond key inleroclians in care, UNDP EMBRAPA, CIAT, Benin, Brozil, 1983-95
lhe surrounding ogroecosyslem of M. fongjoo Univ. of Amsterdam Cameroon, Colombia,

Ghono, Nelherlonds,

Nigerio, Rwanda,

Sierra leone, Ugando

Zoire, Zombia
Effects of forming praclices on he biclogicol core Univ. of leiden, ETH Benin, Ghana, Kenya, 1988-
contol af the cossovo mealybug talawi, Tonzonio,

Zambia
Epidemiolegy of Alican cossavo mosaic vins cote, ODA NRI Nigerio 1992-94
Yam, Sweet Pohalo
Biology and canlral of yam anlhrocnose core N Nigerio 1992-03
Development ond tesling of sweel pofalo virus Chia probes IDRC Agricullure Canada Conada, Nigeria 1690-93
Maize
Analysis of the maize ecosystem with focus on the masl imporiani care, Giz CABHE, Benin, Céte d'lvoire, 198995
lepidopteraus pasts of Wesl Africa Simon Frazer Univ., Chana, Malawi, Nigeria

Univ. af Reoding

Shudies on the biology of Strigo spp. and their epidemiology; core, GIZ Old Dominion Univ.,  Benin, Burkino Foso, 1980-95
developmen) of impraved resislance screening techniques; Univ. of Hohenheim,  Cameroon, Céte d'lvoire,
unprovemen of resislance levels thiough the use of exatic 18, Univ. of Nsukka Nigerio, Togo, Germony
gemplosm; studies an the use of biclegical agenls ond Tech. Univ. Brounsweig
agranamic proclices for Sirigo control
Choraclerizotion of moize pathogens core - Cameroon, Nigerio 1692-94
Epidemiology of maize steck vius ond leafhoppers vectoi biology  core Univ. of llinais, e Nigeria, Ugondo 198994
Cowpea
Feasibility suudy for the infroduclion of ecalogically ond core, S0C £H, Univ. of Laval, Benin, Indio, Nigeria 168795
economically sound pesl manogemenl shalegies ABU, HCa, (CRISAT,
adapted lo subsislence foming systems Purdue Univ.
Studies on virus diseases ol cowpeo care AU, IRA Cameroon, Mazambique, 1990-93

Nigero
Chorodierizalion of mojor pesls and diseoses in the care 1uk/Zana Nigerio 1991-94
Notthem Guinea and Sudon sovonnas
Screening cowpea varieties far resisionce to pothogens core INRAN Niger 1991-94
in the dry savanno
Soybean
Studies on frogeye leal spol disease care NCRI, EMBRAPA iNigerio 1991-94
Biclogy of red leaf bloich core Univ. of Jos Nigerio, Zambio 1991-03
Plontain/Banana
Biclogy of Mycosphasrella fijiensis, cousal agent of black core - Nigerio 1991-94
sigoloka disecse
Screening planioin ond cooking banana for resislonee core FHIA, INIBAP Cameroon, Nigerio 1991-
lo black sigatoka
Effects of ecological factors and agrenomic proctices Rockefeller, sec IBC, CIaT, Agriculture Benin, Nigerio, 198093
an pesl stoks ol banona weevil and nemalodes in Conada, Univ. of laval  Ugonda
highlord bananas ond plontain
Postharvest studies
Studies on postharves! insecl pests of moize core, ODA UNB, NRI Benin, Nigeria, ux 1989-%4
Studies on posthorvest insect pesis of cowpeo core Purdue Univ. Nigerio, usa 1990-95
Ecological studies on the introduced larger groin barer in [FAD, SDC, BMZ INFAR, CP, CIMATT Benin, Honduros, 168895
stored moize ond cassava ond in the sumaunding habilols eap, Univ. of Géttingen  Mesico
Aspergillus flavus prevalence and toxicity pattem W, BMZ, WineOcK Univ. of Berlin Benin, Genrony, Usa 1692-95
Biclogical control
MANGO MEALYBUG
Biclogical cantiol of he manga mealybug by 50 Univ. of Leiden Benin, Conakry, Cate d'voire,  1987-93

lhe inroduced parasitoid. Gyranusoiden febygi:
quonfificalian of impact in different ecologicol condilions

Cobon, Ghona, Guineo,
Nigario, Siero leane, Zaire
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Project lille Funding Cooperaling
Saurces Institulicns Locolion Duiclion
WATER HYACINTH
Reanng, release, and manitasing of Neocheling 03, 1C Benin 1699143
eichhomive, a beede feeding on wetat byacinth
BIORATIONAL CONTROL CF ACRIDID! PESTS
Masni ail 0s 2 possible allemalive 1 insecticides used ogoins! GIZ Univ. of Giessen Benin, Madagnzcar, Moli, 1990-02
locusts and grasshoppers Niger
jain! biological cantral project against locusis and USAID, CIDA, ODA,  DFPY, 22, Plant Benin, Nigsr, Mali, uk 1990-93
grasshoppers LGl Protecticn Service
of Beain, Niger, and Mali
DEVELOPMENT OF NATIONAL BIDLCGICAL CONTROL FROGRAMS 12, Ausinio, UND# 25 sutrSohoran counhies | G-
FAUNISTIC AND SYSTEMATIC STUDIES
Development of insact museum b support Ausirio IBC Benin, Comeron, Nigerfio 1991-93
ecosyslems onalysis
Resource and Crop Management Division
Rasource Management
Chosnctenzahon of enviroamants, iesowres ond constainls
of ce informadion % a W & C Aliica 1960~
and groducive potential for =nmal Alrica in o
resource infarmetion system [@5) and geographic
iniormalion system {Gis)
Choracherization of resaurcss and rescuice managemenl in == NCRE, ®, NCRI Cameroon, Nigeria 1988~
indigenous famming systems
Chorocterizalion ond developmen of the Mbalmayo sile AIDAB cerny, Obalem Cameroon 1961-
Awalewe Univ,, W,
Nertional Herbar s,
i SHTHEOCH
Adaplabilty and adoptability of olley copaing systems
Aduptive copabilives of hedgesw rees 5l riw. ool Hevwaoii, Crmeioon, Hawoil, 785
Michigaa Slote Univ. Nigenc
Weed managemenl in alley cappig core = var. sies, W & C Alfrico 1989-
AFMETA rasaarch projects
Mullipurpose tree screening and evoluation [on-stalian| USAID 1cvai, Oregon Slate Cameroon, Nigerio 1900~
Univ,
Allery barming managemen! Wals lanstation] AD/ IR var slies, W & T Africa 1940~
arn resesarch wilh olley farm nJ FADS I0RC /1D — var s, W& C ahea 1250
.'-:"'.'!I-:.u||:- e "ﬁr‘caml‘,r of herbacecus ond shiub core — var. sites, WA C Allico |78
Devel *rﬂnnl o 1gr0{c.' 3 the humid foresl zone core EAF, EA, MU D2 Nigeria, Cameioon 1989~
Daslerminants o suslain omluly in cropping systems
Concepls ond methods in 5US|Ganbl|“\/ teseorch core — MNigeria 1989-
Longderm sustainability of alley cropping syslems coie — MNigerio 1989
(")11,'1{}”}“\’9 syslens shudies eir) Univ. of Gattingen Nigeria 1989-
Jevelpmenl of models and suppart systems for inlegroled
managemant of ropical solls
Inlegraied nufrient management for o aa = Camstoon 1988~
) i 58f Nigatic ceminuos
G5 G KUl ey SF Nigeria 1988-
neriion of degroded sol - Nigerio 1985
Ri: |\ogy and contol of imperolo oylindnco — MNigaria 1988-
Crop Monagement
Humid forest sysems
Chamcteization and dingnesis of cossavarbaesed systems e Univ. of Helsmng Nigaric 19891992
Lniv. of Helsinki
Collaromtive study of cazsavo in Alrico [Cosca) e Rockefallar 17 dbvicon counties | P8&-
Foundation, sae

Siralegic crop managemen! shudies
Adagiability and adoplobility of ailey cropping
Developmeni of improved lechnalogies for
cossova nosed sysiems

O tarm validation and impart of improved lechnclogies

coie
tore,
Fard Foundalian
care

u

U, NIFCE, EEC

EEC

Migerio
Migeria

var. siles, W & C Alrica

var. sites, W & C Alrico

|QER-| 092
|986-

conlinuous

conlinuous

Mote: The o
essenlial in m

abjectives Tor de

eefing fe CGAT'S

2 b is ussdd 1o hund Il“w:.-‘»‘ researchelated nolnitias
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Praject lile Funding Cooperaling
Souices Insliuficns Lacation Duration
Savanna syslems
Characterization and diagnesis of savanna systems core MARS in 17 counlries  sutrSoharan Aftico cenlinuous
Developmenl of improved lechnalogies for maizebased systems  core VR Nigeria conlinuous
Impac) af impraved lechnalogies come DRA, CRI Benin, Ghano conlinuaus
Integrolion of legqume-based technologies inlo fomming systems  core Benin, Camerocn, Benin, Camercon, Céte conlinuous
Caie d'ivoire, Ghana,  d'lvaire, Ghana, Nigeria,
Nigeda, Zoire Zaire
Impad of gvalving produclicn syslems on Skigo core lag, NAES, &4, [North],  Comeroon, Ghana, conlinuous
PASCON/FAO Nigena
Delerminanis ond censequences of intensilicalion core AR, NAES Ghana, Nigerio cantinuous
Infand valley syslems
Characlerizolion and diognesis of inlond valley DS, core Univ. of Gembloux, var. silas, W & C Aliica 1990~
Swamp syslems WARDA, NARS
Maopping of ecalogical ond ecanomic rescurces information DGIS Winanal Storing Cenlre vor. siles, W & C Alrico 1690~
Strategic crap monagement shudies core AUW, M, TICA var. sites, W & C Alnco 1900~
international Cooperation Division
INCRE LUSAID A Comeraon {Phase I}
1986-94
Developmenl of inslitvliana! copacily for reseorch on cereals
and locililies for Iransmilting research resulls fo fomers
GGDP DA CRi Ghana [Phase I
Developmen: af varielies for mojor envirenmenls of Ghana 1990-65
Ghana Smallholder Rehabililalion ond Develapment Program IFAD R Ghana 1088-62
Developmen! of rocl and tuber crop produclion in Ghono
SAFGRAD USAID 17 Sahelian counlies  Burkino Foso {Phase i)
1986-93
Developmenl of improved vaiielies of moize and cowpeas and
improved cullural proclices wilh farmers in semiorid regions
sapC Cowpea Research Project EEC Angola. Botswana, N, Mazambigue 1690-93
Developmen af cowpea produchion in $40¢C coun'ries Lesotho, AMozambigue,
Nomioia, Swoziland,
Tonzonio, Zombic,
Zimbabwe
ESARRIN USAID, IDRC Angola, Burundi, Melawi [Phase Il
Ethiopio, Kenya,
Davelopmenl of improved cossava ond sweel palcio Moadagascar, Malawi, 199295
vorielies for sustainable production in fost ond Scuthem Afica Mozombique, Momibia,
Rwonda, Sudan,
Tanzania,
Ugando, Zimbabwe
AFNETA CIDA, IDRC, DANIDA,  Benin, Burkino Fasa, MNigeria 1980-94
Applicofians of alley farming as o basis lar susicinable USAID, FAD Comeroon,
farming systems Céte d'ivoire, Elhiopio,
Ghana, Guinea,
Liberia, Malawi,
Nigeria, Rwanda,
Sierro leone,
Tanzania, Togo,
Ugonda, Zaite, Zambia
Orrlaim adaptive research for cossova, yam, rice, moize, cowpeas  EEC Benin, Burkina Fasa,  Nigerio [990-93
and soybean in apicol Afica Comeroon,Chad,
Suppan lar wide mulilocatian lesling, multiplication, and Canga, Cdte d'lvoire,
disiributian of impraved varieties Equatorial Guinea,
Gombia, Ghana,
Guinso, Guinea-Bissau,
Moli, Nigeria, Principe,
Séo Tome, Senegal,
Siema leone,
Togo, Zaire
Uiilization af cassavo llour in boking bread AGCD KU Leuven, Rval Nigefia 1902-94

Improvemenl in exisling lechnalogy for baking bread,
using pure ond poriclly substituled llour
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Project lille Funding Cooperaling
Sources Inslilutions localion Duration
RRPMC. France. Cog Berin, Cameroon, Nigeria 1992-04
Cange, Gabon,
Stenghening of nars af West Africa to o Ciuinea, Migeria,
o plomake incmecsed egi T
=e an willh (ARCS
Foed Foundation - Nigarig 1990-10072

wasl |-.'-Z':||I|"-:'Z)i_; a5 10 spse

villzges in Nigerin

Mote: The core budgs

4 is usid 1o [uned those researchreloted aclivilies estental in imoebing e Co

155’5 chieclives for developing courties

List of Abbreviations and Acronyms

ABU Ahmodu Bello University [Nigeria)
acmap Aliicon Cenlie for Meterclogicol
Applications for Development {Niger
APNETA Alley Farming Neteork for Tropical
Alica

AGED Adminisiration géndmle de o
coopération nu déve oppament (Belgium]
AGRHYMET Cantre regione! de formation a1
d'opplication sr agiar

hydralogie

opatalionesiie

{Miget)
AIDAB Austiglian [rlematicnal Uevelopmenl
Bureau

ANU Aushialicn National Univarsity

Auw Agriculliaal University, Wageningen
BADC Belgian Adminisiralicn for Developmenl
Cooperoticn, Ralgiom

BMZ Bundesminislerium lir Zusommenorbeit
IGermany)

caBl Commonwealh Agricullural Bureau
Inlematianal (L&}

€A1 Cenira Infaracional de Agricultura
Trapical

cioa Conadian Inlemalional Development
Agency

cltss Comité parmonant inferElals de lutie
cantre la sécheresse dans le Sahel [Mak)
CIMMYT Centro Infermacona’ de Majcramienic
de Maiz y liige

P Colegio d= Postgrodundas
¢raP Cenira Réginnale Bananisrs el Planiains
¢RI Crops Research instiule (Ghanal

€sIrO Commanweaih Scentific and Indusiol
Research Organizalion

DANIDA Canish Infernational Develapment
Agency

prpv Déporiemenl de formalion en protection
des végéloux (B&nin)

D615 Direclorale General for Developmenl
Cooperalian [Netherlonds)

eap Escuelo Agiicola Ponamericana
{Honduras|
EEC Europea
EMBRAPA [Cmpres
Agropecucric
ESARRN Fost und Soulben Africa Rool Crops
Research Netwok

BT Fidgendssisch Technische Hachschule
|Switzetlond)

FaG [ood and Agriculiure Organizotion of the
Uniled Moiicns

[Mexico)

namic Cammunily
sa Brasiliera da Pesquisa

FH1A Fundacion Hondurena de Invesligacion
Agricolo [Hond:iras)

66DP Ghona Grains Development Progrom
GTZ Geselischalt [ ¥ T-a- hnische
Zusammenarbeil | ]

1AR |nstilie for Aunr ltural Research, Somaru
(MNigerio]

1ARCS [nlemalional agricultural research canters
IAR&T Insfitute of Agriculiural Research and
Training [Migeriol

1ICIPE Internalional Cantre of Inseet Prysiology
ond Ecology

ICRAF Inlermolionol Cer
Agrotoresiry

FCRISAT Infernational Crops Research Inslilule
for the Semi-And Tropic:

IDEFOR Inslilul des F -..-eLs {Cate d'Ivaire)

IbR¢ Intemalional Development Resecrch
Cenler

IER Institut d'écancmie rurale (Mali)

IFAD inlemational Fund for Agricullural
Developmenl

B¢ Intzimationo| Institute of Biological Conlral
)

[T

o1 for Reseaich in

iE Inlernotional Institute of Entomalagy (UK
M International Imigatics
nshfute "
iea Intemotional Livesiock Certer for Africa
BEA, Insfituo P ool I -.-—"ll]G.,LJ-J
Agrenomica (Mozambig
INIBAP [nlematinnal Metwark [or the Improve-
meni of Bananas ord Plosioin [France]
INIFAP |nslitulo Nocional de lovestign
Farestales y Agrapecuarias (Mexico)
IRA Institul de lo recharche cgronomique
{Camercon|

IRAZ Institul de Recherche Agronomique el
Zoolechnigue {Burundi)

IRRI Inlemalional Rice Ressarch Institute

I5F Inslitule of Soil Fertility [Netherlonds)
KUl Katholiske Uniersitzit l2uven (Belgiom)
RVAU Rayal Verarinary and Agricullural
University [Denmark)

NAERLS Malional Agriculiual Fdension ond
Research limisor
NAES MNyorkpalo Agiiculiuial Experimant

Managemen)

Savice [Zarial
I

NCRE MNotional Cereols Research and
Exlension Projec) (Camernon)

NERI Notional Cerecls Research Institule
{Nigeria)
NiFTAL Mo
tural legumes

NIFOR Nigerian Insiluts for
ond Trairing

NIHORT MNalional lnshilte
Research and Training [Nigeria)

NReRI Nafionol Rost Ciops Resaanch Insfie
{Nigerial

NRI Nalural Resaurces lustiule (k)

NSsS Nabont! Zeed Service [Nigeria)

©au Organizalion lor Aliean Uity

opa Overseos Development Agancy (Uk]
onapeF Offlice nalicnal du developpemenl
des lorét

PASCON Pan-African Siriga Control Network
RRPMC Regianal Reseorch Projec on Maize
ond Cassava

saccar Soultham Alica Cenler for Cooperar
fion in Agricultural Research

sapc Southern Alica Development Communily
SAFGRAD Semi-Mild Food Crains Reseovch and
Development o
SDC Swiss [lave
TARC Tropicol Agricy
opar)

TSBF Tropical =
uc Universiby «
ut University of Ibadan

UNB Universile nalionale du Bénin

UNEBRP Uganda Nalianal Barnane Research
Progrom

UNDP Uniled Notions Developmeni
Programme

uNEp Uniled Nalions Enviranment Pregramme
UsaID United Siotes Agency lor lnternalicng!
Developmenl

uspa/aRrs Uniled Stales Departmen of
Agriculure/ Agricuiual Research Senice
ute United Trading Company [Nigeria)
VRS Vancouver Research Shalk

v30 Valurilzer Servicu o
WARDA st Afiico Rica
Associobon

Wl ‘Winneck nlemalionol
wimo World Maleoml

-1 Fixolion in [iopical Agricuk

il Palm Resaarch

e Hoeticulbura

Sail Bislog
iF Califomio

qical Crgonization

55



ITTA
Statement of Financial

Position

31 December 1992
Expressed in US $ thousonds

IITA

Statement of Activity

31 December 1992
Expressed in US § thousands

ASSETS 1992 1991
Cash and cash equivalents 12,469 10,196
Accounts receivable:

Doners 6,8G3 5,968

Ohhers 1,542 918
lrventories 1,041 1,107
Olher assels 278 201
Tetal curenl assels 22,223 12,390
Property, plant and equipment 31,612 32,241
Tolal ossets 53,835 51,631
LIABILITIES AND FUND BALANCES
CURRENT UABILTIES
Accaunts poyable and olher liabilities 5,788 6,533
Accrued salories and benefits 3,475 2,947
Paymenis in advonce—donors 5,485 3,578

14,748 13,058
FUND BALANCES
Capital invested in fixed assets 31,612 32,241
Capital lund 2,883 2109
Operating fund 4,592 4,223
Talal fund balances 39,087 38,573
Tolal liabkililies and fund balances 53,835 51,631
REVENUE 1992 1991
Grants 35,725 34,274
Investment income 271 306
35,996 34,580

EXPENSES
Research programs 22,979 21,072
Canlerences and troining 2,026 2,103
Information services 756 760
Genarol adminisirotion 3,924 3,279
Generol operalians 3,220 3,391
Depieciation 2,722 3,466
Total expenses 35,627 34,071
Excess of revenue over expenses 369 509




1992 1991 A
CASH FLOWS FROM OPERATING ACTIVITIES Statement of Cash
Excess of ievenues over expanses 369 509 Fws
ADJUSTMENTS TO RECONCILE NET CASH 31 December 1992
Prowided by aperafing act vities Ee J Us § 1
I Ihewiseines
Depreciation 2,722 3.466 pressec o
Reclassilication ol capital und accoun 400
Gain on disposal of assets 145 282
Decrease lincransa) in ossats:
Accounts recaiabla—danas 75 864
Accounls receivabie—others [624) 1555)
Invenlories lola} 1,437
Ciher assels 177 8
Increase (decreasa) in liabilities:
Payments in advonce—donors |,907 1396|
Accounls payable and other liobilities {745) (1,106
Accrued employes benefils 528 1124)
Tota! odjustments 4,397 T 3,906
Nei cash provided by cpsaling octivilies 4,766 4415
Cash llow uzad in nvestmant achvities
Acquisition of lixed ol {2 4v3| 12,863)
227 1,552
Met incresse in cash and cosh equivalents
Cosh ond cash equivalents: End of vear 12,469 10194
Beginring of year 103, 194 8,444
Increase in yeo 2,273 1,552
PONGRS Furd povn L
ndi 0
Funding Donors 1992
Auslrio Q0 1161 Expressad in US $ thousonds
Belgium 662 533
BMZ, Germany 1,095 870
Canodo 1,635 161
China T _
Commission of the Evropean Communities 239 1,362
Denmaork 345 Q9
Food and Agriculiuie Crgonization = 87
Ford Foundatios | OK 159
France 291 —
Indio 25 -
Internalions! Developmant Research Center 778
Inlernalional Fusd for Agriculiural Development = 613
llaly 612 474
Jopon 3.057 -
Koreo, Government of 50 -
Nigefio 25 13
Narwoy 761 0
Rockeleller Foundalion 304 208
Sweden 350 -
Switzerland Q07 109
MNelherlands 824 ! 353
Uniled Kingdom 700 4
United Malions Development Program |2 20
Uniled States Agency for Intemoticnal Development 5.800 5793
Lniversity of Hehenheim - 209
Wiorld Bank 3.70% !
Other contributions (I RAFT A8
Closed ond miscellonecus prajechs 53
Tolal 21,617 14,108
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Board of Trustees

Randolph Barker, Chaipersan
Departmeni of Agriculturol Econamics, Correll Universily, fthaca, New
York 14853, USA

Adamu Aliyu
Direclar of Agriculiurol Sciences Depl., Ministry of Agriculture, Water
Resaurces and Rural Development, Abuja, Nigerio

Theodare A. Anumudy
Director General, Federal Minisiry of Agricullure, Water Resources and
Rural Development, Abuja, Nigeria

Lukas Brader
Direclor General, WA, lbodan, Nigeria

Robert K. Cunningham
Agriculiural Research Consulianl, 19 Caleridge Caur, Millon Road,
Horpenden Herls ALS 513, England

Vittorio Delucchi
Lm Longstuck 8, CH 8044 Gackhausen, Switzerlond

Jacques Diouf
Ambossador, Senegal Mission le UN, /o World Bank, AFRVP, Room ]
5029 1818 R Sheet, NW, Washinglon, D.C. 20433, USA

Fierre Dubreuil
Director, External Relatians, CIRAD, 42 Rue Scheffer, 75116 Ponis,

France

Constance McCorkle
Senior Research Scientisl and Consultont, 7767 Trevino Lane, Falls
Church, Virginia 22043-3501, LISA

Joseph Mukiibi
Secretary for Reseorch, Minislry of Agriculture, Animal Indusiry and
Fisheries, PO Box 102, Entebbe, Ugondo

Keika Nakamura
Project Office, Biohistory Research Hall, 18 Mo Building (1 11h llocr) 3-
13, Torancmon, 2chome, Minotoku, Tokyo 105, Japan

Amor Njas
Director Generol, Cenler for Soil and Erviranmenlal Ressarch, PO Box
@, N-1432 As, Norway

Elizabeth Okelo
Koboke House, Slale House Avenue, PO Box 48064, Nairobi, Kenya

Wale Omole
Vice Chancellor, Chalemi Awolowo University, llelfe, Nigeda

Gerardo Perlasca
Agro-industriol Consullont, vio Prudenziana 40, 22108 Como, loly

John W. B. Stewart
Deaan of Agriculture, University of Saskalchewan, Saskotoon, Canodo
S/NOWO

Marc Van Mantogu
Direclor, loborotarium vaor Genetico Rijksuniversiteit Gent, K. L
ledegonckstraal 35, BQOOO Genl, Balgium

Special Advisers

Luigi Monti
Cylogeneticist, University of Naples, lloly

General Olusegun Obasanjo {Rid.)
Farmer Head of Stote, Federal Republic of Nigeria
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Professional Staff

Management division

Executive management
L Brader, PhC, direclor general

S. AL Adelunji, PhD, special assistan! 1o direclor general

1. Cromer, BA, execulive assisianl to director general

J. P. Eckebil, PhDC, deputy director general, inlernational coaperation

S. K. Hobn, PhD, diredar emeritus, cossovo

C. F. McDanald, MSc, assislant lo direclor general (for research)

W. Powell, BSc, deputy direclor general, monogement

Administrative and auxiliary services

R. Enahoro, manager, lkejo guest house

B. Fadirepa, MEd, avel services manoger

C. Inniss-Palmer, MA, specialist english teacher
A. Jacksan, deputy head, inlemalional school of IITA
N. Jacksan, head, inlernalional school of IITA
G. Mciniosh, CMA, head, infemal oudil

A. R. Middletan, manager, international house
R. . Olorode, securily manager*

D. ). Sewell, monager, aircrall operalions

R. Willioms, airerofi pital

Budgef and finance
D. A. Governey, FCA, direclar
B. A. Adecla, FCIS, accauntan!

C. A, Bobalola, ACA, monager, finoncial information systems

P. O. Balogun, FCCA, finance manager

). €. Bolarinwa, MBA, payroll accountont

P. Erk, MBA, budget ond plonning coordinotor*
R. Obikudu, MBA, molerials monager

O. Sholola, ACA, budget/planning coordinator
S, J. Udoh, AMNIM, chiel accountont

K. ©. Olalifede, ACA, specicl project accountan)

Computer services

L ). McDonold, LB, computer monager

A A Akinbola, BSc, senior tachnicol anolysi
MN. N. Eguzozie, BSc, computer pragrommer
1. Foord, cansulting computer engineer

T. D. Oluyemi, MSc, campuler programmer

Human resources

J. ©. Bodaoki, MBA, heod, humon resources

). B. Adenugo, employee services manager

F. O. A Ajose, MD, medical officer

T. A. Akinlewe, MD, heod, medical services

J. B. Elegbe, MS¢, personnel manager

H. izevbigie, MILR, planning/raining manager
F. O'Dwyer, BSc, nurse/proclilioner

Information services

S. M. A lowoni, PhD, director

Y. Adedigbo, MA, head, iibrory and documentalion
A, O. Adekunle, MSc, edilor

R. O. Adeniran, MLS, principal librarian

). | Adeyomoye, MLS, principal librarian

K. Alkinson, MSc, head, publicolions

T. Bobaleye, MCA, public informolion monager
D. Haastrup, MCA, public relotions monoger
D. R. Mahan Rej, PhD, science wriler/edilor

E. Nwulu, MSc, oudiovisual specialis!

B. O. Ojurongbe, BSc, preduction monager

O. C. Osoniyi, MLS, principal librorian

T. T. Owoeye, MLS, editor

R. Umelo, BA, edilor

* left during the year {1 Apil 1992-31 March 1993)



Physical plant services Hunnid forest program

A, Bhcinagar, BSc, head, physical plani services M. ]. Swilt, PhD, ecologis!, pregram leader®

E. O. Akintakun, 1esearch vehicle services officer P. . Gillman, PhD, soil chemisi, program leadar, olticerincharge,
A. C. Buller, building and site services officer Camerson stalion

P. G. Gualinetli, construction site engineering services officer M. Gichuru, FhD, agronomist [soil ferility)

L. |. Owmao, BSc, lelecammunicalion services officer S. Hauser, PhD, soil physicist

M. A Ovedsii, elsctiical s¢

ces officer J. Heruzl, PRD, scil biotogisl

S. W. Quader, slectronic sanvices officer H. Mulsoers, PRI, agronomist
D. A. Rosenzweig, heavy equipmen! and research vehicle services officar S Weise, PhD weed scientisi
Fostdoctoral fallows
Crop improvement division MW Manzies, PRD, sail chemist
F. A Quin, PhD, dinecior 0. Ndaye, P, agriculiurol economist/Rockateller fellow
M. Winslow, PhL, inferim director” D Bussall PRD, anthropologist/Rockeleller leilow*
Grain legume improvement program Inland valley system
K. E. Doshiell, P, breeder, progrom leader AM lzac, PhD, rescurce econamisl, progrom leader®
R. C. Abaidoo, M5, MNif 1Al ossociate expar C MNolle, PRD, agronamisi
P. Q. Craufurd, PhD, physiologis* E. Tucker, PhD, weed scientist
G. Q. Myers, PhD, breeder*
S. M. Osha, MSc, nolional coordinalor {soybeon ulilization) Agroecological studies unit
B. 8. Singh, PhD, breeder ond officarinchorge, Kano station 5 5. Joglop, PhD, head, ograecclogicol studies unit
Postdocteral fellow O Osagie, MBA, knowledge syslems spaciolist
S.F. Blode, PhD, agronomist Posidocloral fellow
P. 5. Thenkabai', PhD, remote sensing speciolist
Root and tuber improvement progrom
R. Asiedy, PhD, plont braedar, paogrom leader Postharvest Unit
M. Bakonga, PhD, binchemist Y W lean PhD, postharvest lechne ogis!
A. G. Q. Dixon, PRD, b L 5. Holos, MSe, ressarch specialist
I. ]. Ekanoyake, Phi, ph gisi Collaborafive study of cassava in Africo
5.Y. C. Ng, M5c, lzsue culhe specioliss F. I Mweka, PED, agriculural economist and team leades
M. C. D. Porn, FriD, CIAT/IITA cossove spacialist S. A Foloyon, MSc, compuler syslems manoger
Visiting seientis! Visiting scieniisi
K. V. Bai, Phi, cylogeneticist® B Q. Ugwu, PhD, agricullural economist
Alley forming network for tropical Africa
Plantain ond banana impravement program A. N. AlgKrak, PhD, coordinalor, AFNETA
D. R. Vuylsteke, Ir, lissur cullure speciolist, progrom leader, N. Songinga, PhD, assislant coordinolor*
officerincharge, Onne station Internanenal Cenler for Reseorch in Agroforestry
P. D. Austin, BSc, reseaich farms officer 0. O. ladipo, PhD, ICRAF scienlis!
D. T. Dede, BSc, lam superiniendent West Africa rice development ossociotion
R. Ortiz, PhD, plontain & bonana breeder B M. Singh, PhD, WARDA scientis!
Postdoctoral fellow
5. Ferris, PhD, postharves! iechnalogist Plant health management division
H. R. Herren, PhD, entomalegist, direclor
Maize research program i
M. Winslow, PhD, breedai, progrom leader™ Biological control program
S K. Kim. PRD. brosdet P. Meuenschwander, PHD, entomologist, program leader
1. Kling, PhD. breeder C. . tomer, PhD. enlomeicgist [1EC)
Vr's;'l.'n:; scientists B'_‘NJ""JT‘ und, M5z, entomoiogrl
M. Esioh-Yove, PHD, malze bresder |- = FhD, entomologist
S. T. Yoan, PhD, maize breedes Fos i AT
P. Bictar, PRD, plant prolectionist
Resource and crop management division . Bargemeisier, FhD. enlomglogis!
D. 5. C. Spencer, PhD, ditector A Pamizz, PhD, entomopathclogist
Visiting scientists
Moist savanna program W. W. D. Modder, PhD, enlomolags!
I. O. Akobundu, PhD, weed «cicntisl, progrom leader R. H. Markhem, PhD, enlomologisi
K. Dvorak, PhD, ogiiculiutal ecanamist™ N H D. She, PhD, entomologist*
B. T. Kang, PhD, scil fertility scigntisi
K. Mulongoy, PhD, soil microbiologist™ Host plant resislonice program
N. Sangingo, PhD, soil micrabiclogis! ™. A. Bosque Pérez, PhD, entomologisl, progrom leoder
J. Smith, PhD, egricultural econamist . N, Akem, Phi, pathalegist
B. P. Vanlowws, BSc, ossociale expet {soil fertility) A L. Awad, PhD, Skigo biologis! ™
K. Vielhouer, FrD, ogrenomisl [0 Bemer, PR, Strigo bialogis!
G. Weber, PhD, ogronomis 0. A Florini, PRD, pathalogist
Postdocioral fellaws F. Gauhl, PR, pathclogis!
A M. Monyong, PhD, ogriculiural economist L E N. Jackni, PD, enlomalogist
Y. Mohamoud, PhD, ogionomist™ I. Mestin, Pall, entomologist*
M. O. Musoko, PhD, sail microbiglogist . Pasberg Gaull, P, pathoiogisl
G. Tion, PAD, agtanomist H. W. Rossel Ir wislogis!

Postdoctore! fellow

L. Dempster, PhD, virologist
* left duing the year 1 April 1992-31 March 1993)



Habitat monogemenr progrcm

M, Tamo, PhD ecologis, pragram leader
K. F. Comhwsdl ""rl-_.-‘_ rhckogist

C Gold, PRl entomoiogist

B. . Jomes, Phi}, c atesr. 'TA/CIAT cossova prajsect

Technalogy tronsfer and training unit

M. E. Zweigar, Dipl. ing., regional coardinator [GTZ)
W N, Q. Hommond, PhD, entomologist

T. M. Haug, M5c, mass rearing speciolis|

A. Wodagenen, PhD, Kraining offlicer, FAO
Associale experts

C. Boavido, MSc, ecologis!

H M. Dreyer, MSc, entamciogist

B. Kiislensen, MSc, acorologist

Research support
D. C. Couper, M5c, head, research forms un
LA, Bomidels, lom separipierden

IJIMS emdinegsr

3=

J ¥ =hie rescurces unil
g, | NU four manogsment officer

vode, MGC, form monagemen: afficer

1, plont explorer

FhD, head. analylical services laborolory

S. R Schnapp, PhD, balechnologist*

G. Thettappily, Prll, heod, biotlechnology research unil

P Walker, #4, biometricion

Visiting scianlis!

P. Peinlli, Tot, biclechnalsgsl

R E. U,_,ql_. HOQNO PhD bluihd ﬂOlOQrSI

o

D. H. Mignouna, v‘ . biolechnalogis!

IITA Benin stahion

LN Qluays, MA, lsader. manogement unit and officerircharge

| B Akinweurni, MS
M W, Bama

el Jior. Hobanneim sludents
M, M. Varsizeq, P

=chnology ransier vl

ITA Cameroon station {Mbalmayo)
S. 1. Clogssen, M5c lorm manager

International cooperation and training division
|. P, Eckebil, PhD, deputy director generol

International cooperation

E. F. Degonus, BSc, praject development coordinalor

O. M. Ogunyinka, MSc. coordinalor, monitoring ond evaluolion
AP Uriyo. PhD, project developmenl cooidinalor

Training

H Gasser, PHD. director

AL A Ads ku 2, M masorch hoining spaciaisl
M Ajay, rch ngining specialist

1 L Gulkesy, Ph o Irgining coogdinator

F. R. Dbuba, MSc, rasearch mining specialist
C Okofer, MBA, administative manager

O A Osinubd, M5c, research hoining specialist
A Owyetunge, M& adior

R Zachmann, PhiD, malenals speciolist

D a

Interpretation and translation

B F. Sall. heaa, interpretabon/Iranslolion

E Molineta, heod, inlerpretaticn /ronslotion ™
C. H. Dia, Inteipreter /tronslolor

GO

O B. Hourvou, interpreter,/ranslolor
C lorc, interpreter/translolor

W Pousss, ranslalor

H. Sangre, inferpreler/iranslolor

Cooperative programs

USAID/IITA national cereals research and extension {NCRE) project,
Cameroan

E. A, Alayi, PhD, chiel of party and agriculiur! econumis!

D. C. Baker, PhD, agricullural econcmist

M. Beninali, PhD, moize breeder®

R. |. Carsky, PhD, systems ogronomisl

1 Detongnon, PhD, grain legume specialist

H. C. Ezumah, PhD, lorming systems agrotiomis|

M. Kamuango, PhD, ogricultural economist

D. McHugh, MSe, sociceconomist*

th Maussie, PhD, senior agriculiural economist/TlU coordinalor
A 0 Osiname, PhD, farming syslems agranamis)

| A Poku, PRD, ograromisl

G L Sewvant, PRD, odminisirative office:

R JWEI FhD, deputy chial « fporh

H, Tallsysand, DFU cered| agronomis

C. F. Yamoah, PRD, soil sc..:|.:u:,"'ogrol'_:-l-.-z::!t_‘-i

Semi-arid food grains research end developmen) {SAFGRAD) project,
Burkina Faso

N Muleba, PRD, agronomisi, coordinaion cowpea netweork

B. Bodu Apraku, PhD, maize cocidinalor

USAID/IDRC/IITA ecst and southern root crops research netwark
[ESARRN), Malawi

M. N. Alvarez, PhD, breader, network coordinator

1. A. Ctoo, PhD, agronomist*

CIDA/CIMMYT/IITA Ghana grain development project, Kumasi,
Ghana

A. M. Hossamn, PhD, breeder (legumes)

2. Gkeli, PhD, breeder lroot craps)*

EEC/ITA/SADC cowpea praject

| I Naik "'1D legums poholo;._:-.-!/lec:l' alelsly
K. Amable, PhD, cowpea ogronomist

A | Do, PRD, cowpea bresas

IRR}/INGER Africa
K. Alluri, PhD, IRRI liaison scienlist and coaidinator, INGER Afico

ITA liaison affice, Cote d'voire
1. M. Fajemisin, PhD, reseorch ligison scienlist

IITA liaison office, Brazzoville, Congo
1 Aboka-Whyle, PhD, reseorch liaisan scienlist

IITA ligison office, Kumaosi, Ghana
). B Suh, PRD, reseorch livisor scienlisl

* Lef duiing the yeor (1 Apiil 1992-31 Maich 1993



Publications by u1a staff

Contributions by {ITA staf to scientific terature thot become avoilable during
1992, including research notes or disease reports, journc! orticles, papers in
monogrophs or conference proceedings, and edited monographs.

Adebitan, 5.A., T. lkotun, K.E. Dashiell,
ond S.R. Singh. 1992.

Use of three inoculotion methods in
screening cowpea genotypes for
resistonce to wo Callelofrichum species.
Ploni Diseose /&{10): 1025-1028.

Akem, CN., and KE. Dashiell. 1992
Fvaluation of saybean cullivars lor field
resislonce lo frogeye leaf spot and
bacterial pustule in Nigeria. Tropicol
Qiilseeds Jouma! 1; 3-8.

Akem, C.N., and K.E. Dasshiell. 1992.
Sclerolinia slem rot coused by Sclecoiina
scleroliorum on soybeans in Nigeria,
Plont Disease 76[1}: 101,

Akem, CN., H.A. Melauk, ond O.D.
Smith. 1992.

Field evalualion of peanut genotypes for
resistonce ‘o sclerstinia blighl. Crep
Praleclion 11(4): 345-348.

Akem, CN., C.O. Akuveshi, O.A Uwala,
ond K.E. Dashiell. 1992,

Cuibreok of red leof bloich, caused by
Dactulicchoeto glycines, on soybeans in
Nigetia. Plonl Diseose 76{3}): 323.

Akem, CN., C.O. Akueshi, S.M. Aging,
and KE. Dashiell. 1992.

Pyrenochaeta ghycines, o thieal Io
soybean cullivation in Nigerio.

Inlstnaliona Jaumnal of Tropical Diseases
10: 9597,

Akobundy, 1.C. 1992.

Integrated weed management lechniques
to reduce soil degradotion. Pages 278~
288 in Proceadings of the First
Inlernolionol Weed Conlrol Congress,
Vol, 1, Monosn University, Melboume,
Aushalia, 17-21 Feb 1992, ediled by
J.H. Combellack, KJ. levick, |. Parsons,
ond R.G. Richardsan. Weed Sciznce
Society of Viclario Inc., Melboume,
Australio.

Alam, M.S. 1992

A survey of rice insec! pests in Nigerio.
Tlopica! Pest Managemenl 3812} 115-
113.

Almazon, AM. 1992.

Influence of cossava voriety and sloioge
on gari qualiy. Tropical Agricullure
694} 386-390.

Ambe, )T, AA Agboola, and SK.
Hahn, 1992.

Studies of weeding frequency in cossova
in Camercon. Tropical Pesl Monoge:
ment 383): 302-304.

Asiedu, R. 1992

Isozyme analysis ord its applicalian in
plont breeding. Pages 261-265 i
Biotechnalogy: Enhancng resecich on
kopical crops in Afica, ediled by G.
Thalioppilly, L. AMonii, D.R. Mohcn
Roj, ond AW, Moore. CTA/ITA
copublication. IITA, Ikodan, Nigeric.

Asiedu, R., 5.Y.C. Ng, D. Vuylsteks, R.
Terauchi, ond S.K. Hahn. 1992
Anolysis ol the need for biolechnalegy

ieszarch on cossava, yom, and planlcin.

Pages 27-32 in Biotechnology:
Enhancing resecrch an hopical ciops in
Africa, ediled by G. Thatloppilly, L.
Monii, D.R. Mohan Roj, and AWV,
Moore. CTA/TA copublication. IiTA,
Isadon, Nigerio.

Asiedu. R., 5.K. Hahn, K.V. Boi, and
AG.O. Dixon. 1992

Inkagression of genes from wild relaiives
inlo cossava. Poges 891 in Tropicol
ot crops: Pramation of rool croprbased
industiies, edited by M.C. Akarado ond
O.B. Aene. ISTRC-AB/IITA
[copublicotion]. Available fram (ITA,
Ibadan, Nigeric.

Asiedu, R., KV. Boi, R. Terouchi,
AG.Q. Dixon, and 5.K. Hahn. 1992,
Sioftus of wide crosses in cassove and
yom. Pages 63-¢8 in Biolechnology:
Enhencing teseorch on fropicol crops in
Alrico, ediled by G. Thattappilly, LM
fonh, D.R. Makan Raj, and A W.
Maoie. CTA/ITA copublicafion. (ITA,
Ibadon, Nigeria.

Awotoye, O.C., M.C. Afayese, O.
Osonubi, K. Mulangoy, and D.U.U.
Ckali. 1992.

Response of some mopical nirogen-fixing
woody legumes la draughl ond
inoculcion wilh mycorrhizo. Pages &7-
77 in Biological nioger fixolion ond
susiainability of ropicol agriculure,
edited by K. Mulongay, M. Gueye, ond
D.S.C. Spencer Jahn Wiley & Sans/
Soyce Publishing/IITA/AABNF
lcopublication). Availoble from IITA,
Ibodan, Migeria.

Bai, K.V., and 5.K. Hohn. 1992.
Cylogenelics and crog improvement.
Poges 81-88 im Biolechnology:
Enhoncing reseorch on rapicol crops in
Africo, ediled by G. Thotioppilly, L.
Manii, D.R. Mohon Raj, ond AW,
Moore. CTA/ITA copublicotion. IITA,
ibadan, Nigeria.

Baker, D. 1992.

The inability of farming systems research
lo deal with agriculiuro! policy. ODI
Network Paper 35. Overseas
Development Ingliute, Llondon, UK.

Balasubramanion, V., and L
Sekayange. 1992.

Five years of research on improved
fallow in the semi-arid highlonds o
Rwando. Pages 405-4272 in Biologicol
nitegen fixalion ond susiainatility of
tropical ogriculture, edited by K.
Mulongoy, M. Gueye, and D.5.C
Spencer. John Wiley & Sons/Sayce
Publishing /ITA/ AABNF {copublicalion).
Available from TA, Ibodon, Nigeria.

Borane, A., A. Del Giudice, and N.Q.
Ng. 1992.

Buarriers 1o interspaciic hybridization
belween Vigna unguiculola ond Vigno
vexilluta. Sexuol Plont Reproduclion 5:
195-200.

Bateman, R. P., |. Godanau, D. Kpindu,
C. J. Lamer, and A. Pargisa. 1$92.
Development ol o novel lield bicossoy
iechnique lor ossessing mycoinsecticide
ULY formulotions. Poges 255-262 in
Biological contral af locusts and
grasshoppers, ediled by C. |. lomer ond
C. Prior, CAB Intemnctional, Wollinglord,
Oxon, UK.

Baten, MAA, AA. Agboola, ond H.LW.
Mutsaers. 1992,

An explaralony survey of soybean
produciion in Ayege, Nigerio. Poges
333~342 i Biological nitragen fixofion
and sustainability of mopical ognculiure,
edited by K. Mulongoy, M. Gueye, and
D.5.C. Spencer. John Wiley & Sons/
Sayce Publishing /MTA/AABNF
fcopublication). Availoble from IITA,
loodan, Nigerio.

Bemer, D.K, A.S. Killani, E.I.
Aigbokhan, and D.C. Cauper. 1992.
Macrophomino phaseoling on the
Iropical cover crop Mucuna pruriens var.
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