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DIRECTOR

GENERAL'S

REPORT

On behalf of the Board of Trustees and the entire staff of
0T, I am pleased to present the Institute’s annual report

for 1991.

AGROECOLOGICAL ZONES OF HUMID
AND SUHUMID TROPICAL AFRICA

- Humid Forest
- Sovonna

- Arid and Semiorid Zane
- Highlond Zone

i Stations 1 lhadan (i Headquorlers)
2 Cotonau
3 Onne
4 Kboimoyo
5 Kano

This reperting year includes the
first half of the Institute’s twenty-
fifth year of existence, which began
in July. The Nigerian government
granted diplomatic privileges and
immunities to nta. The President of
the Federal Republic of Nigeria,
General 1. B. Babangida, honored us
with a visit during August. It was my
first full year as director general. |
consider it a great privilege to lead
such 2 dynamic institute. The wide
range of program activities and the
results achieved during the year,
which [ would like to review for you
briefly in these pages, are a rich
source of satisfaction for all of us at
T4,

We are deeply concerned, however, that
the reduction in financial resources wnony
all the centers does not diminish the vigor of
our endeavors. So far we have heen able to

continue strengthening our research activi-
ties by reducing overall management cosls.
Reduced resources have also stimulated new
thinking about how besl Lo accomplish our
abjectives. We started revising the medium-
term plan, so carefully constructed for the




19891993 period, and decided to make it
an opportunity for a team effori. We bega:
with four [nstitute-wide meetings to discuss
cortcepts on which to base the plan. The new
plan will cover the vears 1994—1998, and
reflect 4 consensus of all scientists and man-
agers.

In my observation this year, team effort
has come to characterize more and more the
scientific culture in the Institute, creating an
environment in which scientists work togeth-
er to produce their individual best. This team
effort also embraces scientific colleagues in
the various national programs—the results
of their work, in the hands of the farmers,
determine the usefulness of our mutuul
enterprise.

To strengthen team effort and encourage
multidisciplinary approaches in our major
research concerns, we modified our research
management structure from the beginning
of the year. One compelling reason is that
multidisciplinary activity must be our means
for applying an “eco-regional” focus in our
work, in terms of the main agroecological
zones. Also, sustainability research requires
holistic thinking, in arder to accommodate
the complexity of interrelated problems in an
effective framework for action.

research
divisions

established

We took a wajor step in establishing the
Plant Health Management Division. Centered
around the successful biological control pro-
gram, it assembles all the [nstitute's plant
protection scientists and reinforces a com-
prehensive approach 1o solving plaot health
problems. We combined the four crop pro-
grams into the Crop [mprovernent Division.
Within the Resource and Crop Management
Division. work continued along the lines of
1he three main agroecological zones in our
wandate areds, in research groups for the
humid forest. inoist savanna, and inland val-
leys.

To ensure close interaction between
research and management. the three division
directors repart directly to me. Together with

the deputy director general for international
conperation, we form the research directors’
cominittee which plans and monitors the
direction of the [nstitute’s research and
training aclivities.

I take Lhis opportunity to highlight our
main achievements during the past year. You
will iud that many of these highlights are
reflected in articles which follow in the body
of this reporl.

Advances in crop improvement during
1991 include confirmation that our plan-
tain-banana hybrids, resistant to black siga-
toka, are ready for testing internationally, io
different sub-Saharan agroecological zones,
with the [nternational Network for the
Improvement of Banana and Planain (1m-
Bar). National programs in Cameroon,
Ghana. and Nigeria will collaborale witly us
inilially Qur understanding of Mersa genel-
ics. acquired during the pasl two years, has
enabled us 1o produce new varieties which
combine high yields with resistance to bluck
sigatoka and other production consiraiots—
a unique achievernent,

Our cassava scientists identified two aneu-
ploids among progenies from polyploid cas-
sdvad clones, 1he first i cassava ever 1o be
cytologically confirmed. The aneuploids are
cassava plants with eight and ten chromo-
somes—respectively—maore than the natu-
ral complement of 30 chromosomes, which
will influence the genetic variability in their
progenies. They will be useful in analyzing
the location of genes and manipulating
them. We expanded our germplasm inter-
change with Centro Internacional de
Agricultora Tropical (c1ar), specially empha-
sizing the introduction into Alrica of
germplasm adapled to the semi-arid and
mid-altitude tropics. The program will bene-
fit our collaborators in mauy African coun-
lries. Research on the process of cyanogene-
sis in cassava gained momentum during
1991 as two collaborating institutions joined
us: the Aostralian National University and
the Royal Veterinary and Agricultural
University of Denmark Together we are
investigating environmental influences in
differential cyanogenic potentials, and sint-
ple meaws to determine those polentials in
the field. With the Catholic University al
Leuveu. Belgium, we developed « bread
made of cassava. utilizing locally available

Lukas Brader, Director General of ima.

ingredients including soybean flour. and
produced 4 recipe book in a format for pop-
nlar use.

In grain legumes breecling, the mosi dra-
matic news of the year came from one of our
collaborators in the cowpea biotechnology
nerwork. the Universiry of Naples. They have
confirmed the first evidence of stable genetic
transformation of the cowpea, using a mark-
er gene from Agrobacleritm tumefaciens.
In soybean improvement, our research into
culural practices and resistance breeding for
control of red blotch disease in West Africa
should also benefit farmers in southern and
cenlra! Africa, where the disease is endemic,
Our soybean ulilization research with
Nigerian collzborators was strengthened,
and preparatious made Lo expand the project
10 Ghana.

Lnproved maize combining resistauce to
Striga, maize streak virus, and drought con-
tinued to show consistently good agrononic
performance on site and on farm during
1991. A comprehensive breeding system for
maize in mid-allitude regions proved to be
effective in development of hybrids and
open-pollinated vacieties in Nigerian and
Cameroon mid-altitudes. The latest open-
pollinated variety showed yields, other agro-
namic Lraits, and disease resistance superior
10 those of any commercially available open-
pollinated variery The world's largest com-
mercial seed company took the vunsual step
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during 1991 of producing 1ma’s high-yield-
ing and pest-resistant hybrid maize seed for
their own inarket. They also began develop-
ing a hybrid cross between their own and 1m
materials. In another commercial develop-
ment which reflects on the advanced state of
1w's research, a second company used 1ma
hybrid materials for mid-altitude regions 1o
produce their own seed stock for the
Nigerian inarket,

Plant health research and assistance in
program development extended to 35 coun-
tries across Africa during 1991, Our plant
health scientists worked with national pro-
gram colleagues in all aspects of plant pro-
tection against insects, mites, diseases, and
weeds. Our approach is hased on sustainable
and ecologically sound methods, such as
biological control, host plant resistance, and
habitat management.

In biological control we collaberated in
research, rearing, and release of natural
enemies, follow-up surveys, institution-
building, and training in 23 countries. We
developed a four-year project on ecologically
sustainable cassava plant protection, jointly
with ciar and programs in Brazil and four
West and Central African countries. The first
phase of a project on biclogical coutrol of
Jocusts and grasshoppers was successfully
concluded, while preparations began for &
second phase of expanded experiments and
national program development. Qur work on
the targer grain borer, a pest of stored maize,
expanded 10 include ecological research in
Africa as well as the Americas, 10 aid our
understanding of that pesi/crop/environ-
ment sysien1. Ecnlogical research also con-
tinued in the maize system in respect of two
other pesls, the stem borer and the parasitic
weed §/riga, 10 help us develop further plant
health interventions, Work 1o develop sus-
tainable protection strategies for banana
crops in East Africa got underway with a
diagnoslic survey,

On the particularly pressing problem of
the parasitic weed Striga, over the past two
vears i1 has established the world's fore-
most Striga research facility Qur multidisci-
plinary group of (2 scientists is developing
integrated packages for Striga controi that
can be introduced at farm level. Qur
research includes studies on host-parasite
interactions, epidemiology and population
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dynainics. host plant resistance, biological
control, habitat management, and the
socioeconnmics of impletnenting oew con-
trol practics. The group conducts training
programs at s and throughout Africa, and
began last year to compile a Sf7igar method -
ology handbook based on those programs.
Resource and crop management scienlists

ITA’s ultimate aim is
”...to improve the
nutritional status and
well-being of low-
income people...” in
sub-Saharan Africa

continued to dlevelop practical ways to opera-
tionalize and measure sustainability They
have proposed the use of a total factor pro-
ductivity index which cownbines biological,
physical, and economic faclors to measure
sustainability of a crop or a farming system.
Resource characterization of inland val-
leys in West and Ceniral Alrica was complet-
ed during [991. Broad agroecological and
economic zones were mapped at a scale of
1:5,000,000 and included the parameters of

Our calloborotive study on cossova Is providing data
on the role of women farmers,

growing season, major soils. pepulation den-
sity, and average capita income. In crop
management research, 1111 and the
[nternational Center for Research in
Agroforestrv (icrar) jointly conducted an
ethno-botanical survey on multipurpose
trees in Nigeria. About 285 species were
identified as being useful in soil enrichmeut,
as food or medicine, or for oruamental or
other purposes. They were pianted in arbore-
ta at Onne and [badan for further study for
use in agroforestry systems. Results of hahi-
tat inanagement research of the noxious
weed fmiperata cylindrica, using the
herbaceous cover crop Mucina prewviens,
were adopted in large-scale extension aclivi-
ties in the Republic of Benin. Over 2,000
farmers were reportedly testing the technolo-
gy. while about 500 demonstration plots were
eslahlished under the Global 2000 project in
Benin.

The training program conducled an
internal review during 1991 of its strategy
and activities, with the participation of col-
leagues from the research and management
divisions, 1im Lrustees, and collaborators
from several national institutions. The review
endorsed the direction of the program and
called for the pace of decentralization of
group iraining to accelerate. 1oward in-
couutry or natiooal-level operatioos. During
the vear the program included 358 trainees
in its various graduate research, noo-degree,
and group training activities, apart from
those in regional and in-country training
courses away [rom our |badan campus. By
the end of the year, the program could count
more than 7.000 alumni since training
began in 1970.

In cooperation with the Cameroonian
government, we estahlished our new Humid
Forest Station near Yaounde, the capital.
Analytical laboratories were comnpleled,
adjacent to Cameroon's National Cereals
Research and Extension (NcRE) project
headquarters. The station’s farm infrastroe-
ture was basically completed and began
operating, The year also saw the beginning
of the third phase of the ncrg project with
support from 1ma and the Urrited States
Agency for Loternational Development
{Usmp). Nere is a highly successful collabo-
rative effort with 14 resident scientists work-
ing with natonal scientists. In parallel with



the research agenda. testing and liaison units
work with national extension agencies to
transmit new technologies to [armers
through on-farm testing, and to provide
feedback on farm-level problems to
researchers.

We decided during the vear to place a
research liaison scientist in each of three
countries selected for their research capacity
and impact potential: in Cengo (for work in
the humid forest zone), Cite d'Ivoire (for the
moist savanna zone), anc Ghana (for the
forest-savanna transition zone). The
research liaison scientists have a brief to fink
national activities having research and train-
ing needs with 11Ta programs and services, to
develop effective selutions within a holistic
perspeclive.

Early in 1he vear we helped 10 launch the
new Snil and Plant Analysis Laboratories
Network for Africa (spaina), with more than
100 member laboratories in 30 African coun-
tries and a base at nms. Qur two collaborative
groups in root crops research concerned
with breeding and farming systems issues,
respectively, joined forces during the year as
the new Collaborative Group for Roet and
Tuber [mprovernent Systems (corTis), with
member institutes from nine African coun-
Iries. corTIs began research with members of
the Collaborative Group on Maize-based
Svstems Research (cowus) on incorporating
legumes into improved cropping systems, to
maintain soil fertility and weed control. They
prepared a database on legumes appropriae
for different farming systems.

The Altey Farming Network for Tropical
Africa (srweTs) completed its third vear with
activities in about 20 countries. Research
indicated thas alley cropping is a good tech-
nology for sustaining maize-based produc-
tion in the savanna zone. But suitable
kedgerow species and cullural practices have
vel 10 be developed for root-crop-based sys-
tems and the humid forest zane. The
Collaborative Study of Cassava in Africa
(cosca) expanded from 6 to 14 countries
during 1991, and its database is being used
for analvsis of many factors including the
role of women farmers and impact. of
improved cassava varieties. For example,
inscs data show that (1ma cassava varielies are
widely adopted in Nigeria, where they are
performing better than trial varieties; and

that average cassava yield in Africa is now
above 12 1ons per hectare.

In connection with the programming of
eco-regional research responsibilities among
the international agricultural research cen-
ters. we began dialogues with IcraF, the
[nternational Crops Research Institute for the
Semi-Arid Tropics (cxisar), and the
International Livestock Center for Africa
{1Lc4) on cooperative research in overlapping
eco-zones of mutual interest.

As the vear drew Lo 4 close, preparations
tor the twenty-fifth anniversary celebrations
during 1992 gained in tempo, witl: publica-
tions being compiled, pesters designed for a
retrospective of research results, and
arrangements started for a symposium on
sustainable food production in sub-Saharan
Africa. Given the current economic siluation.
plans are being kept relatively sober. Our
chief aimn is to inform the public. through the
medium of a year-long calendar of events
with full staff participation, about i work
and the wavs we have translated our scientif-
ic visian into a farm-level reality

With the range of research activities we
nave at 11, we continuously need to redefine
our collective mission. In that way we can
sustain a relevant perspective on our impact
in relation with the probleins we are
addressing. Especially considering the recent
changes in our research environment. ori-

Many of eur program edtivities ore coniributing to
improved produclivity for cassova formers.

ented toward intensifying cooperation with
national programs and development of sus-
tainable production systemns, our board of
trustees rearticulated our mission statement
as follows:

T4 aims lo improve the nuiritional
status and well-being of low-income
people in the bumid and subbumid
zones of sub-Sabaran Afvica by carry-
ing oul research and relaled aclivities
Jor increasing agricultural production
in g sustainable manner. in coopera-
tion with national and international
spstemns and institutions.

Qur goal of improving the lives of the
poorest puts our scicntific objectives into a
perspective wherein the usefulness of our
results can be measured. Qur perspective
must coincide with the nalional programs
views, to make for truly effective collabora-
tion. The degree to which we work together
with a shared vision cetermines how suc-
cessful we will be in reaching the goal.

'\\
e
—
Lukas Brader



RESEARCH
PERSPECTIVES

IITA AND THE CGIAR

nTa was founded in 1967 as an inter-
national agricultural research insti-
tute with a 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
(cciar), formed in 1971,

The Ford and Rockefeller foundations
provided initial planning and financial sup-
port for ima. The Nigerian government pro-
vided 1,000 hectares of land for a4 headquar-
ters site and research farm at [badan.

Funding tor ti1s research and operations
comes from the caiak and bilaterally from 40
national and privie donor agencies.

m is governed by un international board
of trustees and is staffed by appreximately
180 scientists avd other professionals from
about 40 countries, and 1,500 support staff.
Most of the stall are located at the Ibadan
campus, while others are at stations anc
work sites in other parts of Nigeria and in the
countries of Benin, Burkina Faso. Cameroon,
Ghana, Malawi, and Mozambique.

i conducts research, training, and
germplasn and information exchange activ-
itics in partnership with regional and
wational programs in many parts of sub-
Saharan Africa. Research is arganized in

three substantive divisions. for crop improve-
ment, plant health management, and
resource and crop management. A division
for international cooperation conducts the
training program and manages collaborative
projects with national research programs. A
division for management inchudes support
services for finance, information, and gener -
al administration.

The research progrini focuses on six
major foad crops and smallhalder cropping
svstems in the bumid and subluimid (ropics
of Africa. These crops are:

o cassivit and vam——root crops which are
staple foods for more than 200 million
Africans

o plantain—a staple food for an estimated
70 million Africans

& naize—a major crop whose food and
industrial uses in Africa are rapidly growing
in importance

@ cowpea and soybean—grain legumes
which are important sowrces of protein for
rural and urban Africans.

The research agenda addresses crop
improvement, plant heaith, and resource
and crop management issues within a farm-
ing systems [ramework. Goals of increased

ITA research farm and residentiol community ot the
Ibadan Headquorters.
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crop productivity and sustainable resource
management are focused within the practi-
cal scope of small-scale farming systems in
the following agroecological zones:

@ humid forest (length of growing period
10—12 months)

@ moist savanna (length of growing period
6-9 maonths)

o inland valleys (a distinct type of agroe-
cosystem zlongside drainage sysiems
throughout continental Africa).

Followiny, its 19892000 struteyic plan,
it has concentrated its research Lo date in
West and Central Africa. Currem plans are
extending the agroecological upproach ona
region-wide scale, to cover the entire humid
and subhumid zones of Alrica. nm has also
begun to decentralize its research from
Ibadan o representative locations in the var-
ious zones, where research on [arming con-
ditions and the crops is targeted.

Lo agroecological terms, the Ibadan site
with 300 hectares of experimental fields pro-
vides conditions typical of the forest fringe
and savanna transition zone. 1 has four
other research stations in different zones.

In the coastal zone around Port Harcourl.
Nigeria, irma established its High Rainfall
Station at Onne in 1976. Scientists at the
100-hectare site conduct research on plac-
tain and banana crops, sofl management,
varigus cropping systems, and agroforestry
applications,

In 1989 um established a 105-hectare sta-
tion in the dry savannz zone al Kano in
nortbern Nigeria, jointly with the [nslitute
for Agricultural Research, Ahmadu Bello
[Iniversity Cowpea cropping systems ure the

main focus of collaborative research with AR
and the International Crops Research
Inslitute for the Semi-Arid Tropics (crisaT).

[n 1990 1r1a established its Humid Forest
Station on 1,000 hectares at Mbalmayo, near
Yaounde, the capital of Cameroon, in collab-
oration with the National Cereals Research
and Extension Project. ita and Cameroonian
scientists there are developing technologies
for sustainable small-scale farming in the
lowland humid forest zone of tropical Africa.

174 also established & center for Africa-
wide biological control research and opera-
Lions al Cotonou, capital of the Republic of
Benin, in 1988.

Global links. The cgiak is an informal
associalion of aboul 40 governments, inler-
national organizations, and private founda-
tions. During 1991 they provided about
US$232 million in core funding. The cGlar
supports 18 international research centers.
whose collective goal is Lo improve the quan-
Lity and quality of food production in devel -
oping countries.

The ci14R states its mission to be:
“Through ivtervational research and related
aclivities, and in partuership with national
research systems. to contribute to sustainable
improvements in the productivity of agricul -
wre, forestry, and fisberies in developing
countries in ways that enhance nutrition and
well-being, especially among low-incoine
peaple.”

Cosponsared by the World Bank, the Food
and Agricutture Organization of the United
Nations {Fs0), and the United Nations
Development Programime (UNDP), the CGIAR
operates without a formal charter, relying on

a consensus derived from a sense of common
PUrpose.

Each cour-affiliated center is independent
and autonomous,with its own structure,
inundate. and objectives, and is overseew by
its own board of trustees. Some centers focus
on one or two food crops lor which they have
global mandates, while others have regional
or ecological mandates for one or more
crops. Still others perform specialized func-
tions in such fields as food policy, plant
genelic resources, agrolorestry, irrigation
management, and nalional agricultural
research management in developing coun-
tries.

The cclar is serviced by un executive sec-
retarial, which is provided by the World Bank
and located in Washington. The cGiak's
Technical Advisory Committee (1.c) of scien-
tists is drawn equally from developed and
developing countries. Tac makes recommen-
dations on resedrch programs and priorities,
and monitors performance through annual
program and budget reviews and periodic
external reviews. Tac is supported by a secre-
tariat provided by the three cosponsors of
roiak and located at the headquariers of 150
in Rome.

The cciar meels twice & year, onge in
Washington in October or Noverber, and
once elsewliere in Mav. The eetings review
program activities undertaken by the centers,
discuss agricultural research needs. and
adopl strategies 10 address those needs, 45
well as review proposals on fiinding and
mnanagement issues.




CROP

IMPROVEMENT

The Crop Improvement Division aims to conserve genetic
resources and increase quantity and stability of produc-
tion of [ITA's mandated food crops. The Division works
with national programs in sub-Saharan African countries
to develop germplasm that is well-adapted to agroecolog-
ical conditions, resists pests and environmental stresses,
and suits farmers’ and consumers’ needs.

RESEARCH DIRECTIONS

® Breeding of new germplasm to continue.
for adaptation to agroecological cunditions
in the humid forest, moist savanna, and
mid-altitudes zones.

® Exploitation of exotic cassava breeding
malterials from specific agroecological areas
in Latin America and Africa to continue.

® Resistance levels 1o cassava mealybug
and cussava green mite 1o be increased, as
part of & plant health management strategy.
® Research will continue on cassava physi-
nlogy and methods of selection for resistance
10 drought and cold.

® Research to continue ou the inherhance,
biochemistry, and physiology of foed quabty
characteristics, inciuding low cyanide ¢on-
tent, and on the siress reactions of the plant.
® (Cyogenetic and biotechnological tech -
niques o he applied in characterizing geno-
types, elucidating phylogenetic relationships,
and improving efficiency in selecting desir-
able characters for new genotypes.

® Pasic research to continue, jointly with
advanced laboratories, on somatic embryo-
aenesis, somatic hvbridization. anther and
pollen cullure, and genetic ransformation
and regeneration, in order to improve effi-
ciency of breeding techniques.

® [ovestigation of the physiological and
reproductive biology of vam, and manipula-
tion of ploidy levels in cassava and vam. 10
continue.
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& |nvestigations of breeding strategies and
tnethodologies for African conditions and
constraints to be continued.

® Crosses between starchy bananas
(triploids) and diploids 1o be continued, to
provide more hvbrid seed for clenal praduc-
tien. evaluation, and sefection in Fust Africa.
e [evelopment of a molecular linkage map
to begin, in collaboration with the 15
Department of Agriculture in Griffin,
Georgia. for germplism management, gene
mapping, marker-assisted sclection for
breeding, and management of in vitro
germplasm conservation.

& Advznced muliilocational trias of black-
sigatoka-resistant plantain/hanana hybrids
to contintie, in cooperation with national
programs in 10 West and Ceotral African
locations.

® Survey 1o assess consumer acceptability of
fruit quality of black-sigatoka- resistant
plantain hybrids. Quality parameters to be
studied and defined.

& [mprovement in host plant resistance to
Strivea species [o continue.

® (ennplasm to be songht with greater root
vigor, lo increase recovery of soil nitrogen.

® DBreeding of resistance 1o two stem borers,
Sesamig and Eldarna, and to the grain wee-
vil Sifopbilus, 1o continue.

® Development of heterotic base popula-
lions, and integration of open-pollinated and
hybrid breeding into a “comprehensive
breeding system”, 1o continue.

® “Maintenance breeding” of agroecologi-
cally adapted germplasm Lo continue, in
order lo maintain resistance o nidize streak
virus, Tusts, blights, downy mildew: and ear
and stalk rots.

& Studies o elucidate the physico-chemical
hases of grain quality charucleristics. and
how 1o breed for them. 1e continue.

® Adoption of improved maize varietics in
Nigeria (o be studied in collahoration with
national scientists.

& Sirengthening of nutional prugrams and
regional networks to continue, emphasizing
collaboration and transfer of technologies in
breeding research, especially in screening for
resistance 1o maize streak virus and Siriver.

Cowpea

® |mprovement of cowpea with stable resis-
tance to flowering and postflowering insect
pests i continue, using both conventional
breeding and biotechnology,

® |mprovement of local cowpen genolipes
10 continue, incorporating a stable resistance
1o diseases. insect pests, Siriga, and Alectra,
and adapted to mixed cropping systems with
cereals (millet. sorehum, and maize) for the
dry savanna,

® |mprovement in cowpea grain types with
a wide range of maturity periods to continue.
te mee! diverse needs in different agrocco-
logicul zones.

® Technical support for national programs
and networks of cowpea scientists in western,
central, and soutliern Africa; emphasizing
technologies for incorporating resistance Lo
discases and insect pests into local varieties,
Priority given to collaboration with the
Semi-Arid Foorl Grain Resesrch and
Development (saraian) cowpea netwark, and
to support for the Southern African
Development Goordination Conference
(sabir) cowpes projecl.

Soybean
® Breeding lo continue for resistance to
insect pests and early maturity {10 provide an
80130 day range of maturities) with other
desirable traits, for different zones.
® Sources of resistance to frogeve leaf spot



disease to be identified, and the mode of
inheritance of resistance to be determined.
@ Maintenance breeding to retain the traits
of stable and high vield, good nodulation
with soil bacteria, resistance to the main «is-
eases, nine-month storage capacity of seeds,
resistance 1o buckling under the weight of
high pod vields, and pod resistance to shat-
tering and seed dispersal before barvest.

® Development of soybean as an ingredient
in traditional food preparations, for domestic
and small-scale industrial use, to continue
in Nigeria and Ghana with national pro-
grams.

® Joint reszarch on sorghum and soybean
intercropping, and on crop rotation systems
with soybean, t continoe with the Institute
for Agriceltural Research, Samaru, and the
International Crop Research Institute for the
Semi-Arid Tropies (crsar), with field testing
in the Nigerian dry savanna.

@ [nvestigation of nitrogen fixation poten-
tial of frec-nodulating soybeans to continue
with the Biological Nitrozen Fixation
Technolngies for International Development
(xiFTaL) Project, University of Hawaii.

PRIVATIZATION

OF NIGERIA’S
HYBRID MAIZE
SEED BUSINESS

1T’s hybrid maize research over the
past 12 years has encouraged private
sector development in Nigeria’s seed
industry. A number of maize seed
companies have started operations
in the country since 1984, with tech-
nical advice and germplasm from
uta. The four largest of them pro-
duced and marketed between 1,200
and 1,500 metric tons of nrs-devel-
oped bybrid maize seed in 1991.

These heginnings mark a new maturity in
Nigerian agriculture, reflecting 4 commer-
cial awareness that an increasing proportion
of farmers, small- as well as larpe-scale, are
ready to grow maize s 4 cash crop. The new
seed companies are diversifving their mar-
kets with hvbrid sorghum and improved
varieties of cowpes, seybean, rice, vegetables,
and indlustrial crops.

Of all the registered companies inferested
in hybrid maize seed business, four had pro-
ductive operations in [991:
® Agricultural Seeds Co., Ltd. (established
in 1084 at Zariz, Kaduna State; bought up Iy
Pioneer in 1992}
® Pioneer Hi-hred Seed Nigeria Ltd.

{began production in 1990 at Kaduna)

® 1 Agro-Industries, of Uar of Nigeria Plc
(initially & contract grower, began own pro-
duction and distribution in 1989 at Zaria)
oy Nigeria Pl (began producing seed
for nid -altitudes region in 19589 at Jos,
Plateau State).

Hybrid maize combines qualities most
tlesired by farmers and consumers. [1 can
produce substantially higher yields with
highly uniform grains. important for indus-
irial consumers. Other characteristics can be
tailored 10 suit growing conditions in specific
areas; for example, resistance to specific dis-

High ylalds fram hybrid moize make it an altradlive
trop far formers with aceess to seed and ferliizer.



A harvest af young “green” moize.

eases and pests, and 1olerance of drought or
other stresses. However, hybrid maize brings
overhead costs to the farmer; new seed must
be purchased for each planting. The seed
produced by a hybrid maize crop is geneli-
cally different fronn the parent hybrid. and
loses 15 high vields and desirable character-
istics.

Thie maize raditionally coltivated
throughout the developing world is open-
pollinated. 1ts own seed can be used for the
next crop, unlike hybrid maize. It fits easily
int the mixed cropping systems of tradition-
al Alrican agricullure, and can produce close
10 its full potential harvest with tess fertilizer,
labor. or other inputs than can hybrid maize,
Subsistence farmers value these economical
requirements.

Open-pollinated maize can be iwproved
for kigher vields, pest resistance. and desired
arain quality But, after cultivation over sev-
eral seasens, the germpiasm loses its vield
potentiil and other traits through cross-pnl-
lination with other varieties growing in the
vicinity. Hence, farmers must seek new seed
with a high level of the desired characteris-
tics, if they are to coutinue to realize the full
patential harvest. The need to renew seed
comes less irequently with open-pollinated
than with hybrid maize. But the rewsrds are
greater for opting for hybrid maize, with its
substantially higher vield.

(0

Savanna boom. During the 1970s. i
breeders developed high-yielding, improved
open-pollinated varieties called 7z, building
on Nigerian composites. Released to furmers
late in the 1970s, 7 varieties were resistant
lo the inajor fungal diseases and highly
adapled to conditions in Nigeria's "moist
savanna”, which has 4 rainfed growing sea-
son of four to six mouths. A boom in mod-
ernized maize farming began: Tze spread
rapidly across the savanna during the 1980s,
as federal and slate agricultural extension
services madle fertilizer and advice gvailable.
A natiouwide highway system created new
links for the savanna region with tnarkets in
the populous south. These developments cre-
ated opporlunilies which farmers could
exploit with bvbrid maize.

1TA scientists expressed interest during
1977 in the possibilities of developing bybrid
maize varieties suiled to the nation’s needs,
which internationat centers were not pursu-
inig at the time. During the following vears
1T breeders 1ok up the challenge and
began crossing the best available germplasm
willt 1Ta maize streak virus-resistant popnla-
tions.

Nigeria's federal governmenl declared
hybrid maize a high-priority ceop in 1981
and contributed 1158500,000 to s for
research. By 1983, Nigerian scientists from
Lhiree research institutes, Lhree universities.
and the national services for sceds. extension
and accelerated foed production joived irma
in hybrid selection trials. By 1984, experi-
mental hybrids startec on-farm testing.
During that vear, the first hvbrid maize seed
conypany, Agricultural Seeds. produced 80
1ons of seed under n4 and National Seed
Service supervision.

By 1990, hybrid maize farmers were har-
vesting 3 to S Loos of grain per hectare, 2
yield advantage of about 15% over the earlier
improved but non-hybridized varieties.
Hybrid maize covered an estimated 100,000
hectares of the country’s 2 million hectares
planted to maize.

At first the federal govermnent had to
organize production of open-pollinated
maize seed for the state projects to multiply
for distribution to farmers. But bureaucratic
operating methods are usually not well suit-
ed to catering for seed needs in a dynamic
marketing situation, where location and

scale of demand are changing. So. for hybrid
maize, the government decided that privati-
zation of the seed industry should be allowed
to evolve, in arder that production and dis-
tribution netwaorks develop efficiently:
Private-sector seed quality would be mose
Iikely ta conform with farmer requirements
than would seed quality from a governinent
agency, hecause a private firm’s survival
depends on customer satisfaction.

An essential roke for the government does
remain, however, in enforcing quality stan-
dards for commercial hybrid seed, and in
praviding open-pollinated maize seed for
resource-poor farniers.

Entrepreneurial investments in the seed
industry are proof of success of public-seclor
investmenls in agricullure. The public sector
needed to put up front the required research
into hybrict maize and its on-farm produc-
tion, as well as the infrastructure: the exten-
sion syszem, subsiclized fertilizer, and roads.
Because of their bigh costs and lack of
immedliate couunercial return, those govern-
mental investments are a prerequisite for 4
viable agricultmral industry with private par-
licipalion.

Entrepreneurial perceplion of the feasi-
bility of 4 private seed business in hybrid
maize aiso marks 4 crucial stage, a coming
of age, in the country’s agriculiural develop-
ment. Prospects for growth are enhanced
when fariners recognize the importance of
pure, high-quatity seed as a regular input in
their production effarts, and when they are
prepared to take the investment risks for the
anticipated gains.

Success for nma from ils own research
investment has come, so far, in the general
perceplion of hybrid maize as a crap for
farmers in developing countries. Having
proved viable in Nigeria, nra's hybrid maize
technologies of varietal characteristics and
seed are being propagated through national
programs in other West and Central African
countries: Caumeroen. Cote d'Tvoire. and
Ghana, ameng others.

Private and public-sector enterprises in
East and Southern Africa have also ulilized
Irta germplasi in developing their hybrid
maize varieties: in Ethiopia, Kenya, Malawi,
Tanzania. Uganda. Zambia, and Zimbabwe.



A SOYBEAN

PRODUCTION

SURGE IN

NIGERIA

HOW POLICY CAN
PROMOTE THE RIGHT
TECHNOLOGY AT THE
RIGHT TIME

As the market grows in Nigeria for
oilseed products, small-scale farm-
ers are finding soyhean an increas-
ingly attractive crop—more so than
competing oilseeds such as ground-
nut. Soybean does not require fertil-
izer to produce an adequate harvest,
while its labor requirements fit well
in the cropping calendar with the
needs of other crops. At the same
time its market price has risen
faster than that of groundnuts. And
nTa-improved soybean varieties have
been available with higher yields,
which have reduced the cost of pro-
ducing the crop.

The increasiug demand for locally grown
soybeans stems from governmental policies
to combat Nigeria's econmnic ills. The
national currency, the ndira. has devalued
drastically, which has increased the attrac-
tiveness of homegrown over imported
oilseeds. During the past five vears importa-
lion of edible oils and soyhean meal has been
banned. which bas stiiulated local produc-
tion of vegetable nils and vilseed cake.

Policy has given 4 special boost Lo soy-
beans over other oilseeds. Government and
private groups liave promoted soybean for its
nutritional value. 45 & protein source. since
other sources such as meat and eggs are
hevand reach of most people.
Moneymaker. Sovbean has been grown in
Nigeria for the past half century. The British
administration introduced o Malavan variery
as an exporl crop during the 1940s. in an
ares Farmed by the Tiv people in Benue state,

where agroecological conditions favored
production. Late in the 1940s the British set
up 4 marketing board whicl purchased soy-
beans for export, unprocessed.

By 1960, when Nigeria achieved ils inde-
pendence, it had become a major world
exporler of palm and groundnut oil. Palm oil
and groundunut oil were being processed for
local consumption at village level and for
exporl. While soybeans were siill being
grown for export, there appears 1o have been
no significant village-level processing or
consumption of sov products.

Qver the following decades, during the
civil war and then the new wealth from
petroleum exports, soybean farming
declined.

Late in the 1960s civil war broke out,
which hindered internal transport and the
export of commodities. us Department of
Agriculture records show average annual
soybean exports from Nigeria of about
13,500 metric tons just before the civil war
(1964-1965). Production declined during
the war (1967- 1970) to about 9.000 toas per
vear. During the years after the war through
1976, average annual exports amounted 10
3,500 (ons. From 1977, export figures decline
to zero.

The petreleum “boom years” in Nigeria,
from the mid- 1970s to early in Lhe 1680s,
hrought a prosperity which worked against
agricultural development. The naira wis
overvaliied. a1 greater than parity with the us
dollar, making imperts of vilseed products
less expensive than local equivalents. Exports
of soybeans and edible oils ceased, 4nd
exports of oilpalm kernels and groundmuts
declined. After having been an exporter af
edible oils for decades, Nigeria became an
importer—increasing demand for gilseed
products was mel by imparts, which includ-
ed groundout, palm, and soybean ail,
soyimeal, and groundnut cuke.

The imports of soy oil indicale that its
domestic acceptance had begun, although
the cheap imports discouraged domestic
pracuction. A small warket for soybean did
develop late in the 1970s, however, in
Kaduna state, The makers of dadawa, a fer-
mented seasoning, started to substitute soy-
bean for locust hean, the traditional ingredi-
enl. Although limited. this source of demand
for soybean helped to maintzin production.

New support for a market for focal soy-
beans came about in the mid- 1980s, in the
form of governmenta! macroeconomic poli-
cv, which pulled up the price of the crop. In
1986 the Nigerian government undertook a
structural adjustment program (s5a¢) o
stimulate economic recovery. The naira was
devalued by 75%, to 4. 00 naira per vs dollar,
Its value continued to slide, reaching 9. 29
naira per vs dollar by 1991, Under sar, agri-
cullural prices were deregulated and impor-
tation of agjor food commodities banned—
including staple grains, edible oils, and sov-
bean wweal. The ban had its intended effect of
giving 2 boosl to local production of veg -
etable ofl and oilseed cake. (Even though
imparts of unprocessed soybeans were not
banned, local sovbeans were more cligaply
available and hence received a boost from
the ban.)

Besides that policy pull, drought duriny
1983~ 1954 pushed up prices of all agricul-
tural commodities, and ivcreased substitu-
tion of soybeans in dadawa production
which could be supplied imore easily thau
locust beans. And during the mid-19%0s. as
sap lightened the econowic bell, public
health and charity arganizations cam-
paigned to promote consumption of soy-
beans for their nutritional value. Sovbean
products began to hecome incorporated in
traditional diets and processed fonds.

With these marker stimuli, 2 technical

Partiolly defatted soybean coke is bogged af o Benue
factory for use as animal feed.
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advantage which soybean enjoyed came into
play. By early in the 1980s, 1114 had achieved
a research breakthrough in collaboration
with Nigerian research and extension orga-
nizations, notably the Institute for
Agricultural Research, the National Cereals
Research Institute, and the [nstitute for
Agricultural Research and Training. i sci-
entists suceeeded in breeding high-yielding
soybean varieties that could accept the hac-
teria found in African soils and nodulate with
them. Befare this characteristic of “promis-
cuous nodulation” had been transferred 1o
hiigh-vielding soybeans, the seeds had had to
be inoculated before planting, in a process
that was 100 expensive and complicated Lo
permit small-scale African farmers Lo grow
SUVEEANS,

Other prohlewms had also been solved
through breeding: curbing the tendency of
pods to shatter and disperse the beans before
they could be harvested, and reducing the
lime requirement for the crop to mature
which wus 100 long to suit rainfall patterns in
SAvVANna areas.

Technological advances from 1, together
with collaboration with national institutes in
adapting the new varieties to local growing
conditions, enabled frmers 1o niake use of
these improved varieties. Farmers could
respond ko the increasing demand for
oilseeds by producing high-vielding soy-
bieans, keeping their production costs low
and their prices compelitive with those of
imported sovheans. Expansion of sovbean
cultivation was feasible because it required
little lahor and fertdizer, and it was compati-
ble with exlsting intercropping svsiems. On
the other hand, groundnuis were suffering
from disease problems which limited their
expansion, and oil palni—Deing a tree
crop-—could not be easily expanded.
Soybean production could thus increase as
its profitability became apparent.

Back to the future. Several 1rs surveys of
sovbean-growing villages in Benue state,
eastern Nigeria, and of sovbean marketing in
the town of [badan in southwestern Nigeria,
liave shown how sovbeao production hias
flourished within a conducive policy envi-
ronment,

Benue was chosen for the praducticn
study hecause its history of saybean cultiva-
tion, which dates from colonia! days, affords

L=
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a perspective on effects of policy changes on
production trends, and the Tiv farmers there
have become experienced soybean growers.

In 1989, suvbean was being cultivated in
75% ol the 55 randomly selected vitlages, but
was more widespread in the Tiv area (96%)
than in the non-Tiv area (52%). Almost one-
half the Tiv villages reporied soybean to be a
major cash crop, whereas it had been so in
less than one-third of those villages before
the civil war period, some 25 years earlier

While profitability was the main reason
aiven for producing soybeans in most of the
Tiv and non-Tiv villages, the second mosi
popular motive was recognition of soybeans
nutritional value and food use. Sovbean was
substituted for lucust bean in the prepuration
of dadawa and for cowpea in several dishes.
1t is cheaper per weight than cowpea. and
much more available than locust bean.

A sample of 70 farmers growing soybean
in 1990 had produced a total of 30. 4 metric

TOTAL SOYBEAN PRODUCTION
BY 70 FARMERS IN BENUE,
NIGERIA
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tons of sovbeans during 1589, The accompa-
nying diagram shows the farmers® view of
their own production from 1965 to 1989.
They claim that they produced half the cur-
rent harvest before the war. During the post-
war period, their total production declined 10
1.4 tons around 1975 and rose 1o 4. 5 tons in
the 19821985 period, just before the naira
devaluation. Devaluation appeared to have
had 2 tonic effect—production had swollen
to 15. 8 tons by 1987. And two vears |ater it
was nearly double that. This picture of pro-
duction trends fits the 115 governmental
record for the 1960s and 19705,

The production survey results indicate that
farmers in the Tiv (castern) part of Beuue
state were currently harvesting 30,000 metric
tons per vear, from virtually nothing after the
civil war. Expansion largely occurred
hetween 1986 and 1989, when three-quarters
of current producers hegan cultivating the
crop and many of the established producers
(two-thirds) expanded their production.
Sovhean was also spreading in the non-Tiv
[western) part of Benue, although at a slow-
er rate. While the survey is based on farmers'
memories, a clear picture emerges of large-
scale increase and trends consistent with the
Iis data.

The urban markel survey in Lbadan, the
town where (T4 is located, revealed that sov-
bieans were being sold in only fwo niarkets in
1987, but in 19 markets by 1990. Soybean
retailers in those markets expanded from a
total of four to 419.

Before the naira devaluation in 1985, only
one of the current enterprises in Nigeria had
been producing sov oil and seedcake, with an
annual capacity of 500 metric tons. (Actual
production figures are not available. ) By
1980 six companics were producing oil and
scedcake, with over 117,000 tons per year of
capacity. Other companles were using soy-
beans to make traditional and new foods.
including beverages, breakfast fonds and
by foods.

Pivot. The Nigerian experience iliustrates
how government policy can, by turn, impede
production and the adoption of improved
varielies, then stimulate demand and
encourage farmers to adopt new varieties.
But, while the fortunes of sovbean aver the
decades bave pivoled on the nation’s eco-
nomic and social policies, other elements



gave vital suppor: 1o the phenomenal expan
sion of the crop during the past four vears.
Any assessinent of soybean’s future must take
inte account the policies as well as the other
economic and agricultural factors.

Import bans on vilseed products led
Nigerian mills to use local oilseeds, while
currency devaluation made those oilseeds
more attractive in the merket. But soybean
could become more competitive than tradi-
tionza! groundnut and ol palm because of
improved, high-yielding varieties. Research
had made these new technologies availzble
early in the 1980s, but farmers took them up
onlv after demand had grown and when
prices would not be depressed by additional
production. So an expanding marker gave 2
push where policy pulled, and research pro-
vided the means [or farmers 10 enlarge their
Tesponse.

In deciding to expand production, farmers
have considered the merits of sevbean in
terms of their own economy. Soybean may
oot yield as much profit as do other crops for
the same amount of effort, but it may attract
farmers because it suits their particular cir-
cumstances. They find the crop a convenient
one in Benue, where lund is abundzant but
labor is not. Less labor is required in growing
soybeans than that for grounduuts or rice.
Benue farmers also learned, after fertilizer
supplies grew scarce during the 1980s, that
sovhean vields an adequate harvest without
fertilizer,

Soybean may appear to be less labor-
intensive because of the timing of its labor
vequirements in relation with the schedule
for ather crops. Soybeans are planted before
the peak period of grounduut and yam
planting, and are harvested before the yam
harvest peaks.

Besides timing, its compatibility in intes-
cropping with other crops attracts farmers.
1 Benue, soybean is intercropped most with
sorghum, which is planted at low densities,
4nd 10 some extent with cassava, which
grows slowly and dominates the field after
the soybean is harvested. Farmers find it
Lenefits companion crops as a ground cover
against weeds. Also, as a niirogen-fixing
legume, it provides a source of nitrogen fer-
tilizer from the plant material discarded
after harvest.

In tracing the connecting elements

responsible for the recent sovbean phe-
nomenon, it is clear that increasing indusiri-
al demand has driven the expansion of soy-
bean, within the framework of conducive
policy and with the right varieties for farm-
ers’ resources and cropping systems.
Farmers conld take advantage of improved
sovbean varieties, once economic policy had
made the market favorable for local produc-
tion. In turn, rapid growth of sovbean sup-
plies after the mid- 19805 encouraged the
mills to rely on them in oil and feedcake pro-
duction.

Whether soybean crops and industrial
predugtion can continue io develop in the
same direction will largely depend on the
palicy environment—will the industry be
viable, if oll and feadcake imporl bans are
lifted? The market for local soybeans has
shown signs of a strong growth potential, a1
current production cost levels.
Reinforcement. Promotion of local soy-
bean products has helped. in Nigeria. to sup-
port rising market trends within a favorable
economic environment. Governmental and
private groups have popularized soybeans as
asource of good and low-cost nutrition,
while traditional alternatives have priced
themselves beyond the reach of most.

Promotion and policy initialives appear to
be working hand in hand in other areas of
Africa, to develop a sovbean industry. 1n West
Africa, a Ghanaian national commitiee is

campdigning lo increase production and uti-

lization of soybeans. The crop has been
grown in savanna areas of the country for
many vears, and is being expanded in other
parls. Women's groups, among, others. are
supporting the national campaign with local
activities. [n neighboring Cote d'lvuire, the
government is stimulating production in the
INOIST Savanni.

[n southern Africa, small-scale farmers in
Zambia have been expanding production of
sovbeans with support from the governinent
and cotton growers' groups, which are also
promoting househald and commercial uti-
lization to provide a market for the crop. In
Zimbahwe, sovhean has long been a crop for
large-scale farmers. Now a local researchers’
group is introducing ways for small-scale
farmers to produce it.

Success for soybean has been the outcome
of a synergy of forces: economic, technical,

. ?'_"'.'__'--_'.-‘1:'.-':: Ta Il

and social. The current favorable environ-
ment will enable increasing numbers of peo-
ple 10 enjoy the healthful benefits of this
golden bean.



ACCELERATING

THE FLOW OF

CASSAVA

GERMPLASM

Cassava scientists at uta are develop-
ing ways to accelerate the delivery of
new cassava germplasm to national
programs. Biotechnological tech-
niques may be ahle to replace more
time-consuming procedures
required for disease-free certifica-
tion for international shipment.
Techniques are being worked out for
managing the establishment of cas-
sava plantlets in nurseries and fields
in-country, to promote survival of
materials for adaptive research.

Iin receut vears, 1 has been bieeding new
genotypes targeted on farming needs in the
main growing areas. Careful selection for
desirable characterisiics over the years has
produced a large number of genotypes ready
for delivery to national programs. With the
help of "management” solutions to reduce
delivery time requirements, nma's cassava
program hopes to build its delivery rate of
improved germplasim up to 50 clones per
year for each of the main zones in the region.

New inpetus 10 step up the flow of
permplasm has come from the results of the
Collaberative Study of Cassava in Africa
(oisea) released during 1990 and 1991, cosca
conlirms that cassava hus becoine more than
just & backyard crop to keep hunger at
bay—it is a cash crop for many farmers and
a low-cost food staple for town-dwellers.
From the results it is also clear that the num-
ber and extent of new varieties being culti-
vated by farmers trails behind the amount of
improved germplaso ready for use in in-
country research. Hence, cassava researchers

share a new concern to accelerate ihe pace of

improvement research in Africa’s “cassava
belt” countries (see map oo p. 16}.
Delivering the goods. Germplasm
embodying a new genotype is usually con-
veved to national pregrams as 4 plantlet, ina
disease-free state inside a sealed flask. ura
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has developed this iechnology for transmit-
ting germplasm which satisfies phytosanitary
requirements. Plantlets are also an efficient
form for vse in field research, because vege-
tative propagalion is the easiest way to repli-
cate the particular set of genetic Lraits of a
desirable cassava variety

Planilets are produced in the flasks by
culturing the growing tips of selected cassava
genotypes in a sterile medium. Next, each
plantlet is subjected to a process of “virus
indexing” and quarantine inspection, afler
which it may be declared virus-free and
ready to ship to n7a collaborators. (The chars
opposite depicts the lime scale of [he tissue
culture aud virus-indexing process.)
Conventional virus eliuination and indexing
lake al least eight mocths. which puls 2
brake on the flow of material to national
programs. But quarantine regulations mus?
be met, for the benefit of all concerned, so
any means to accelerale the flow must
involve certification of bealthy plantlets.

s has begun to investigate alternatives Lo
the effective but lengthy indexing process.
The biotechnological techniques of poly-
merase chain reaction (rcr) and ciws probes
are promising applications. Such screening
techniques may be able to Lelp complete
virus indexing within a fraction of the time
previousty required.

Ln addition to use of biotechnology 1o
speed up the virus indexing process, another

A deficote cossavo plentlet rendy for transplanting
and conditiening to a normal grawing environment.

set of procedures is being revised: ~post-flask
management” of the cassava plantlets in the

recipient country, Too often the lissue culture
materials are lost in transplanting 10 nursery
beds.

The plantlets arrive in flasks which have
provided a sterile. humid environment. They
are at & lender stage of development and
must be condilioned gradually to the drier,
harsher conditions of a research nursery.
They must be permitted to adjust to 4 normal
growing environment, and to develop their
defenses against lucal pathogens. Four Lo six
weeks are normally sufficient for a plantlet to
establish itself in 4 nursery bed under
research condlitions.

With every shipment s provides “jiffy
pots” wilh a transplanting mediuw of peat
moss and vermiculite, a highly water-
absorbeut filler material. Each plantlet
sbould be transplanted into this medium in
the jiffy pot as soon as it is remaved frou its
flask. The jiffy pot should in furn be planted
ina larger pot, ar directly into the nursery
bed. where it wil! gradually decompose, leav-
ing the growing plantlel to contimie its
development in the chosen research site.
Prablems arise where the trapsition from
flask to pot and external envirenment is too
abrupt becanse of environmoental or lian-
dling problems. The consequence in wnauy
instances is 4 plant survival rate too low to be
of benefit to the receiviug prograc.

A has begun to address this manage-
ment problem by exploring ways to adapl
methods of establishing plantlets under spe-
cific local conditions. A low-cost humidity
chamber is being designed, to be made on
site of locally available materials, which can
provide the newly wansplanted cassava with
sonze transitional protection.

Long-term goals. The current adjust-
ments in 17a’s delivery strategy are aimed al
two long-term goals. One is o extend the use
of improved cassava genotypes in research
programs in all cassava-belt countries. The
other is to develop uational capability in
breeding improved varieties from seed,
which permils a full range of genetic
exploitation.

ita has bred many new cassava genolypes
to produce high yields under different grow-
ing conditions in West and Central Africa’s
main agroecological zones—the humid for -



THE CASSAVA TISSUE CULTURE
PROCESS FOR VIRUS

ELIMINATION
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est, the forest-savanna transition, the moist
savanna. Breeders are also developing new
genotypes for other zones, where cassava
production has recently shown incredses—
coastal areas, mid-to-high altitndes, and the
dry savanna.

Areas typifying all these zones can be
found in Nigeria, so nms breeders have been
able to develop genotypes which can be tar-
seted to similar environments in other coun-
Lries with the sume kinds of requirements.
irts uses breeding sites in Nigeria represent-
ing the humid forest region (at Onne), the
forest-savanna transition zone (baddn), the
moist savanna (Zaria), the dry savanna
(Kano), and the mid-altitudes (Jos).

A new site, characteristic of higher alii-
tuces, will be established at Bvumbwe in
Malawi during 1992, because a high propor-
tion of the cassava of eastern and southern
African countries is cultivated at mid-10-
high altitudes.

Resistance to particular diseases—{or
example, cassava bacterial blight and African
cassava mosaic disease—and more regently
resistance Lo Lhe insect pests cassava mealy-
bug and cassava green mite, have been high
among breedlers’ priorities. Early maturity of
the crop has become an importait churac-
teristic in breeding cassava for farmers who
will seli their produce.

Processing and eating quality characteris-
tics have joined these breeding priorities as
consumer preferences have become more
wiclely known, For example, most improved
cassava varieties grown in Nigeria have a
firm and smooth or “waxy” texture, which is
suitable for grinding into fiour or the popu-
lar “gari”. However, in countries where con-
sumers boil and eat their cassava, they prefer
the flesh to have a mealy rather than waxy
testure.

Eventually breeding research must gradu-
ate from the early test sites 1o targeted areas
of release, in order that clones of improved
genotypes can be adapled to local conditions.
The genetic material being delivered must
suit the needs of recipient programs, must be
in sufficient quantity, and must come in a
form within the recipient’s capacity to devel-
op. These are the issues which ii1ss cassava
progran is currently addressing.

Best from seeds. To make the hest possi-
ble use of the vast genelic resources available
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from 114, cassava breeders should be able 1o
work directly with seed populations. Cassava
seeds conlain Lhe genetic range from which
breeders can select and procluce new geno-
tvpes for their particular needs. Seeds are
also the easiest form for transmitting
permplasm from place 1o place, and the
safest in terms of disease prevention. The dif
ficulty, however, lies in coping with the vari-
ability in genetic traits expressed in cassava
from one generation to the next—as well as
in pru\ldmv for thie gamut of facilities and
expertise which is |u;u|led in breeding [rom

Most national programs can take 4 semi-
finished, tissue-cultured product through the
final testing stages, and release it if it fills
their needs. But it takes five years for i, in
the first place, to select and produce a geno-
type ds a lissue culture, for transmitial to a
national program. Moreover, the recipient is
restricted fo the set of genetic trails expressed
in thal plantlet. ura’s goal is to enhance the
breeding capability of collaborating African
programs, 1o enable them to exploit the
avadiable genepool on an independent basis
Ly osing seeds. They can thereby save vears
i the selection of genetic material best suit-
ed to their needs.

S

With the help ef lechnical support from
4 and allied institutions, 4 number of
countries have already developed the capa-
bility to use crssava seed W producing new
varieties for rclease to their farmers. The
preminent examples in the following para-
graphs have also been able to provide
germplasim or finished varieties to neighbor-
ing countries witl similar needs.
® (Caimeroon has used improved cassava
seed from 1t and locally coilected
germplasm to breed new varietics, which
vield in some cases more than double the
harvest of the best local varietics. An in-
country network was established among
research groups, development projects, and
farmers, to transfer technologies to farm
level and address issues in training, on-farm
lesting, multiplication, and distribution.
Cameroon has shared its experlise and
germplasm wilh other Central African coun-
tries in networking activities, and has sent
some of its genetic materials to Equatorial
Guinea and Central African Republic for
their research use.
® Rwanda hus developed its own improved
cassava populations on an extensive scale,
from germplasm collected locally and
imoorted from ims and elsewhere. An in-

country network links developinent projects
and activities threughout the country in
multiplying and distributing new cassava
varieties o farmers. Rwandan researchers
have disseminated their material widely
among colleagues in the ather 10 member
countries of the East and Seuthern Africa
Root Crops Research Network (Esaii),
which 1m helped to found in the mid-1980s
® Sierra Leone has imported 111a-improved
cassava seed and used it together with seed
from their local collections, to produce
senotypes which are adapted to their agroe-
calogical conditions. Sierra Leone cassava
scientists were able. in 1991, to plan a pro-
gram to help colleagues in neighboring
Guinea by sending semi-finished material
for their own field trials and selection. Sierra
Leane teams bave made advisory visits and
donated germplasm o Guinea, Guinea-
Bissau, and the Gambia.

® Zaire has utilized improved seed materi-
als from 17 in producing high-vyielding and
disexse-resistant varieties which became
popular with farmers for geod eating quality
of tubers and leaves, Zaire has provided
germptasm to the Congo, and a Zairean
breeder is helping to develop the cassava
program in Malawi.

AFRICA’S “CASSAVA BELT”
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Research In Zaire has produced high-quolity 1ubers
from 174 seed matericls.

e In addition, national roat crops improve-
ment programs in Benin, Gabon, Ghana,
Liberia, Malawi, Nigeria, and Togo have also
effectively utilized seeds of irra-improved
cassava in breeding their own varieties for
widespread release in-country Farmers from
these countries ang others in West and
Central Africa are participating with scien-
tists in testing clones of improved cassava
fran1 1 and cational sources. Scientists,
farmers, and extension agents are being
trained in rapid multiplication techniques, in
order lo increase availability of planting
materials of improved clones.

In developing its cassava ilnprovement
program, T4 has exchanged germplasm
with Centro [nternacional de Agricultura
Tropical (c1at), which holds the world's
largest cassava germplasm collection. s
and ©147 are introducing genetic material
from different environments in Sonth
America, the home of cassava, as well 4s
lybrids with Asian germplasm, for adapta-
tion in corresponding agreecological zones
in Africa.

Cassava improvemen! in Africa links many
countries at different stages of program
development, in collaborative efforls that
have alfready scored notable successes. In
order to accelerate the pace of selection and
release of new varieties for their farmers,
they should be working with 2 larger velume

and range of germplasm than they are
receiving, including seed and vegetative
materials. Many of them also need help in
managing the on-site establishment of test
materials. 1 cassava scientists believe that
their most important task now is to address
these practical needs of their collabarators,
in enabling them to expand their own capac-
ilies.
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PLANT HEALTH

MANAGEMENT

lita’s Plant Health Management Division engages in basic
and applied research on crop/pest/environment interac-
tions, in partnership with national programs of sub-
Saharan African countries. The Division develops and
implements ecologically sustainable interventions for
African farming systems, to provide solutions to today’s
plant health problems and prevent those of tomorrow.

RESEARCH DIRECTIONS

Reorganization of institute-wide plant
protection activities within the new Plant
Health Management Division. Emphasis on
holistic understanding of pest/crop/environ-
ment agroecosystems as the basis for prob-
lem-solving research. Approach based o
systems analysis with simulation models, and
interventions in biological control, host plant
resistance, and habitat management

Cossava ]

® A mujor project on envirommentally
sound, ecologically sustainzable plant protec-
tion for cassava to begin in four African
countries and Brazil jointly with clar,

® Cassava mealvbug: [ollewup work in
areas already controlled. Special efforts w be
mounted in newly infested areas,

® (Cassava green mite: releases of predators
in main agroecological zenes,
Multiplication, release, and moniloring,
activities to begin in several national pro-
LriLms.

® African cassava mosaic viros and cassava
Dacterial blight diseases: research on the epi-
demiology and nature of their threat to cas-
siva preduoction.

& Emphasis on host plant resistance to and
epidemiology of black sigatoka diseqse
® Assessment of impact of weevils and
nematodes and petential for biological con-
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trol. Project to continue providing basic eco-
logrical, biolagical, and socioeconomic data
on most important production constraints in
Central Africa and East African highlands.

® [valuation of rescarch needs, based on
review of constraints and capacities of
national programs

® Research on resistance mechanisms and
potential of host plant resistance 1o stem bor-
ers, in combination with biological control,
& Muize streak virus: resistance genes o be
introduced into new varieties, particularly in
southern and castern Africa

& i research on the biology and epi-
demiology of the parasitic weed and ils dis-
tribmtion and impact

& Downy mildew: research on tasonomy,
mass production, and host plant resistance.

Soybean
® Emphasis on frogeve leal spot and red
leaf bloteh diseases. Other diseases and pests
and their potential impact to be studied.

Cowpea

& Cowpea pest comples: development and
execution of a sustainable. ecologically
sound cowpea protection project based on
data from many countries. Exploration,
quarantine, introduction. and experimental
release of natural enemics of cowpea thrips.

& Neem: use of neem oil against grasshop-
pers and cowpea pests 1o be developed.

® Postharvest studies: study of interactions
Between pre- and postharvest pests in local
storage systems; also, socioeconomic influ-
ences on harvest and storage practices

& Asperpifllus flavws: sucvey of incidence o
b conducted and aflatoxin estraction
method to be developed.

® Larper grain borer: ecosystems reseireh)
and exploration for natral enemies in
Mexico (area of origin) and Honduras as a
busis for a biological and integrated control
program.

Other pests and weeds

& Locusts and prasshoppers: development
of microbial control of locusts and grasshap-
pers. Multiplication techniques for
pathogens to be developed for transfer to
national programs. Large-scale field trials
and adoptability studies 1o be conducted.

& Mangn mealybug: followup on results of
biologicad control by one parasitoid, and
introduction of 4 new parasitoid from India
for sareas still infested. Tmpact to he assessed
& \Waler hyacinth: introduction and release
of natural enemies to continue.

o Weeds: Assessment of biological control to
suppress major weeds,

& Nutional program support: special fund-
ing available to assist 15 countries, Emphasis
on human resource development throngli
degree and technical training. In-country
training courses, invalving researchers and
extension workers, 1o be offered in addition
to specialized conrses at heswdguarters,

® Support services: insect museum and
seedl health services to be developed.




PLANT HEALTH
FOR
SUSTAINABLE
AGRICULTURE

Guided by a concern for practical
measures that national programs can
adopt and support, uta is developing
its approach to protecting crops
through the management of plant
health. The focus on health reflects
holistic thinking about ecological sys-
tems, while a management approach
invites technological solutions.

The concept of plant health has evolved
frou the systems perspectives developed by
ecological thinking and experience. Plant
health is judged by the plant's ability to real-
iz¢ its bintic potential within constrainis
imposed by Ure various elements aud condi-
tions in the growing environment. A plant's
health can be measured by its susceptibilily
to, o lerance of, depredation by pesis
(including insects, mites. nematodes, dis-
cases, dnd weeds). [n such 4 perspective,
plant protection efforts take the form of
management of the agroecosystem con-
straints. The aim is to promote the plant’s
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ability to achieve its optimum health level
and, therefore, greatest possible productivity.

Ecologically ariented plant protection is
bringing together ecologists, entomelogists,
plant pathologists, and weed scientists o
address pest outbreaks as problems of
ecosystem manugement. Pest outhreaks
should not be treated incrementadly as prob-
lems for hest plant resistance, binlogical
conlrol, or agronomic practices and habitat
management. The need for sell-sustaining
solutions to pest problems has motivated the
interdisciplinary effort. Interventions that
disrupt ecological [unctions are minimized
in favor of technalogies which promete eco-
logical stability and agroecosyslem
resilience.

Such an approach also accommaodates
actions to restore and sustain the natural
resource base, which is rapidly becoming
desraded under crop production by inappro-
priate technologies. New pest problems are
fostered where intensified production is per-
mitted 1o erode environmental stability—
especially by monocropping varieties with &
narrow genetic base and high needs for fer-
Lilizers and pesticides.

Right for Africa. This approach to plmt
health management is particularly sujted 1o
agroecosystems in Africa, where smali-scale
farmers produce a diversity of locally adapt-
ed crops with few resources other than their
own labor.
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Plant health management in such 4 set-
ling aims to maintain goad crop productivity
within the dynamic balance of farces in the
agroecosvsiem, using 4 combination of plant
breeding and systems management strate-
gies. This ecalogical appreach to crop pro-
tection seeks to eliminate the need 1o use
environmentally hazardous pesticides, whose
Loxic residues jeapardize the integrity of the
food chain and purity of water resources,
Pesticides, a purchased input that would
constantly have 1o be renewed, ¢an also he
an econotnic burden for farmers.

Moreover. the ecological approach works
to conserve and enhance the efficacy of the
pests’ natural enemies. Pesticides generally
have a more devastating impact on natural
enemy populations than on the target pest—
they destroy those “friends of the farmer” as
well as deprive them of their food source, the
pest itself.

Here, plant health management differs
from integrated pest management (194) 4s it
is currently practiced. 1741 integrates genelic
resistance, binlogicul control snd cultural
practices with the judicious use of pesticides.
Plant health is the logical evolution of iy
toward a more sustainable ecologically and
econcmically sound approach.

[0 managing plant health from an ecolog-
ical perspective, the lirst step is 1o gain an
uoderstanding of the dynamics and the biot-
ic potentials of both plant and pests in the
farm setting, and their key interactions,
which will reveal opportunities for manage-
men intervention. The research should be a
team effort, among scientists of various dis-
ciplines as well as extension agents and
client farmers. Computer-based simulation
models help in the analysis of the agroe-
cosystem with its pest/plant/farmer interac-
tions. The madels can help develop appro-
priate technalegies to achieve plan
higalth—that s, to keep pest populations at
below cconamic damage levels without any
additional intervention,

Protection for cassava crops in Alrica,
where cassava has been introduced from its
native South America. was initially based on

Researchers explain to o Beninoise former how o
“trap” crop plonted beside the main cowpen cop
attracts specific insect pests ond theraby proteds the
cowpea,
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breeding improved varieties with resistance
fo the two major diseases, Alrican cassava
mosaic virus disease and cassava bacterial
Blight. The resulls have been a lasting con-
trol over these former scourges

But the need for & broader management
strategy grew during the 19805, as two exotic
pests, the cassuva mealybug and cassava
green mite, spread in devastaling waves over
the countries of tropical Africa’s “cassava
belt”. The mealybug and mite come from the
same environments in South America as cas-
sava. There, their populations do nol grow o
epidernic proportions because natural ene-
mies held them in check. The snjution for
insect and mite pests was found in biclogical
cantrol, which approximates the original
ecological equilibrium between host plant,
pest, and natural enemy populations.

The success of 1174's binlogical control

campaign against the cassava meaivhug had,

by the 1990s, turned the project into a model
for environmentally sound and economically
feasible protectinn for important foed crops
in Alrican farming systems. The cumulative
experience with a dual strategy, of resisiance
breeding and biological control. has provid-
ed the practical basis for effective plant
health management which is durable and
sustainable within the African agricultural
setting.

Evolution. Rescarch, training. and imple-
mentation of control activities for several
crop pests have helped evolve the current
management strategy for plant health aimed
atwa’s long-term goal of sustainable food
production. In 1979, the need for an added
dimension tn resistance breeding led to the
formation of an Africa-wide biological con-
rol project at e, which had grown by the
mid- 1980s intw the Biological Control
Program. In [99] these developments culimi-
nated in the establisbment of the interdisci-
plinary Plant Health Management Division,
which is dedicated to sustainable plant pro-
tection.

Sustaivable plant protection technologies
can be grouped into three tvpes of interven-
tions: biological control, host plant resis-
lance, and habital management.
® Biological control can follow three strate-
gies: (a) classical biological control, where-
bv ecologically adapted natural enemies arc
introduced [rom the area of pest origin to the
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target area: (b) conservation of natural ene-
mies present in the ecosystem, through cul-
tural practices that enhance their activity:
and (c) artificial augmentation of local nat-
ural enemy populations.

® Host plant resistance, using the introduc-
tion of various plant characteristics through
breeding, is widely used and was oncs the
backbone of plant protection research al ima.
[n recent years this approach has been
strengthened through biotechnology appli-
cations, which hold promise of accelerating
transfer of useful genes within and across
plant species. Biotechnolom may be able to
assist in overcoming natural barriers in the
improvement of plant resistance to pesis.

® Habitat management and agronomic
practices for enhancing crop production are
well known, but those for controlling pests
are poorly documented. In Africa they have
hardly begun to evolve as means for coping
with the threat of exolic pests and diseases,
although traditiona slash-and-burn crop-
ping evolved partly 1o help overcome weed
problems. Systems research and good agro-
nomic practices already point to a few,
including selection of planling material free
of pathogen and pest contaminants, or high-
qualily seeds. Fallow management can

reduce undesirable weeds, while maintaining

desirable refuges for natural enemies.

Many ecological and socioeconomic cou-
siraints to crop production alsn affect plant
Liealth management. The weather varies
unpredictably. Water is insufficient in some
places or seasons. Farm sizes are soall,
sometimes fragmented, with uncertain con-
ditions of tenure. Harsh living conditions
engender poor health zmong farmers.
Women farmers are suhjected to less certain
land tenure than men, less access to credit,
and greater restrictions in making decisions
about their own crops.

Implementation of most plant protection
technologies requires help from farmers and
such agroecosystem managers as extension
agents and researchers. Such a cadre of

managers. properly trained, is needed to pass

the knowledge and technologies along fo the
greater farming population, and also to
complete the feedback loop to the scientists.

However, given the day-to-day problems fac-

ing farmers, their involvement must be com-
mensurate with the gravity of the biological

and socioeconomic constraints being
addressed.

A hopeful sign is the considerable national
capacity in biological control wbich has been
assembled throughout sub-Saharan Africa
over the past decade. This capacity provides
a basis for new work in classical biological
control and for cleveloping other plant health
intervenlions. Such activities in each country
will contribute to the development of envi-
ronmentally sound plant prolection all over
Africa, on which the future of sustainable
crop production depends in large measure.



THE SEARCH

FOR THE RIGHT

MITE

FINDING NATURAL
ENEMIES FOR THE
CASSAVA GREEN MITE
IN AFRICA

After seven years of effort at biologi-
cal control of the cassava green mite
in Africa, where it was accidentally
introduced from South America, uTa
scientists have established two of its
natural enemies, mite-eating mites,
in representative areas of Africa’s
cassava-growing zones, Their success
has stemmed from application of
ecological principles in searching for
and selecting natural enemies of the
pest in its homeland.

While control of the pest may eventually
involve a complex of enemy species, the
achlevement marks a scientific break-
theough: the first time that predatory mites
have been used in the tropics against a seri-
ous mite pest of 2 major subsistence crop.

Farmers, especially those whe plant mite-
susceptible cassava varieties, will quickly he
able to appreciate the impact of this achieve-
ment in their fields. in South America,
research has shown that natural enemies
protect cassava crops from one-quater to
one-third of the losses normally inflicted by
the cassava green mite. In Africa, experi-
nients indicale that the pest atlacks reduce
yields of improved cassava varieties by 30%
at 12 months after planting, and by more
after longer periods.

The cassava green nvite (Mo chellus
fanajoa) is thought 10 have come to Africa
fram Calombia, in a shipment of infested
cassava planting materiais. First sighted in
Uganda in 1971, it quickly spread up and
down the East African coast and within eight
years had penetrated as far west as Nigeria.
Today it is found in almost all the countries
of Africa’s "cassava belt”, where mare than

Typhlodromalus limontcus, o predator mite of the cas-
sava green mite.

200 millien people depend on cassavi as a
staple foud.

The toll is severe—up to 30% yield reduc-
ticn in infested fields. The pest now threatens
production in areas where cassava may be
the enly food in drought vears. It feeds on the
undersurface of voung cassava leaves
throughout the vear, somelimes causing
them to mottle, dry oul, and drap. Heavy
altacks can defoliate a plant, but rarely kil ir.

Early efforts to control the cassava green
mite, during the 1970s. included vse of
chemicals and preventive cultivation prac-
tices, a5 well as breeding to improve the cas-
sava plant's resistance to the mite. Alter a
decade’s work had vielded no practical
results, however, a new approach was clearly
needed.

Case for biological control. The explo-
sive outbreaks of the mite during the dry
season in parts of the cassava belt suggested
that local enemies were few, or not well
adapted to it An ecological imbalance
appeared to exist, whick classical hiological
controi could redress.

Firstly, as an exotic pest, the cassava green
mite would presumably have natural ene-
mies in its homeland which could be imnport-
ed 1o control the pest as they did back home.
Secondly, biclogical control posed an ecolog-
ically safe. pesticide-free sclution. It also
seemed to be economically viable, given
focused leadership by n7a. essential coordi-
nation with national and global institutes,
and funding prospects from interested
donors. Finally, the expediency of a biological
control operation was compelling——the
widespread nature of the problem called for
a solution with minimal interventions by
farmers, or by government extension ser-
vices, because neither had the resources to
devote 1¢ a conlrol effort.

Similar reasening had earlier led 117s sci-

entists to embark on an Africa-wide biclogi-
cal control project against another major
pest, the cassava mealybug (Phendacoccus
maniboli). The mealybug is also native to
South America, but was first discovered in
Zaire in 1973. How and when it came 1o
Alrica is not known, but it spread rapidly
throughout the African cassava belt afer its
discovery. The nma-led campaign began in
1980. Within 10 vears it reduced the cassava
mealybug tlreat 1o negligible levels in most
of the affected countries, by establishing nat-
ural enemy species from the pest’s native
land. Biological control of the mealybug
continues today in the form of a “firefight-
ing” force, to lend help to countries when
fresh outbreaks threaten to get out of hand,
especially along the leading edge of the dis-
persing population. [t is alsn mobilized as a
training resource for sirengthening of
national programs. (See article entitled “New
support to sustain the success” in these
pages)

In 1983 research began on the biological
control of Lie cassava green mite, with a
focus on suitable candidates among natural
enemies in its original environments in
Colombia. As was the case in the cassava
mealybug profect, serendipity led exploration
and selection al first—nothing was known
at that time about Neotropical natural ene-
mies of the cassava green mite. Unlike the
good fortune of the easlier project. however,
few of the initial enemy selections survived
their African releases for long, Why?

This puzzle prompted 1174 to characterize
the natural enemy complex and identify
candidates for experimental releases that
would suit the pest situation in Africa. The
tactic was to relate ecological principles i
1ma's in-depth understanding of the key
interactions in the African cassava agroe-
cosystem, gained over the preceding five
years, in the search for enemies in equivalent
environments. Finally, by 1991, after adjust-
ing the foreign exploration pratocol and
shifting emphasis 10 northeastera Brazil, 117
scientists succeeded in estahlishing two
species of predacecus mites in 4 range of
Alrican cassava habitats.

Getting the right mite. A complex cf
efficacious natural eneries, combined with
rainfall and locally adapted cassava varieties,
prevents the cassava green mite from dam-
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aging the crop in South America o the
extent it does in Africa, where efficient ene-
mies are absent and local varieties have not
been selected for mite resistance. The main
problens was 1o select the right enemy species
that would fit in the Alrican cassava agroe-
cosystems and do the job

In 1983 um's Latin American sister insti-
tute, Centro Internacional de Agricultura
Tropical {car), began cooperating with i
in @ search for suitable enemies, Over the
nexl five years, ot sent o 117a a selection of
promising species of predaceous mites of the
Phyvioseiidie family from Colombia.
Plytoseiid mittes have generally shown a
gond capacity to control plant-eating mile
species. Apart from phytosedids, other natural
enemies include spiders, insects, and

pathazens. But often they are less elfective
control agents since they attack the cassava
sreen mite only when populations have
resiched relatively high densities.

1 engineered an elaborate international
network of activity (o select and send phyto-
seiid populations from Seuth America for
multiplication and release in Africa’s cassava
belt. All shipments of phytoseiid enemy mites
passed through quarantine facilities in
Europe before being forwarded to 1m. fol -
lowing guidelines of the [nter-African
Phytosanitary Councd of the Oruanization
for African Unity (oar}, 1ms developed proce-
dures to support mass rearing of phvtosedids
in Arica, and protocols for packaging and
shipping them for experimental releases.

Field locations for African releases had to

Priority Search Zones
in South America

Priority Search Zanes in Africo

- Priority ane
- Pricrity two
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meet 4 combination of ecological require
ments. The release sites were chosen io pro-
vide 1 high diversity of vegetation apart from
planted cassava, including other crops,
weeds, and trees, which would help the
predatory mites survive by affording them
alternative food sources. The sites were also
selected for the presence of moderate popu-
lation densities of cassava green mites
Releases were often timed for the beginning
of the dry season, when the predators would
have the best chances for survival on an
in¢reasing prey population. Ideally the sites
would be farmers' fields with more than 300
cassava plants of the same variety. The cassa-
va in the release fields would usually nat he
ready to harvest for another six 1o 10 months
or more, during which time the establish-
ment of the new predator population could
be monitored.

Stretching its production and logistical
capabilities in a tremendous Leam sffort from
1954 to 1983, nma with its natienal collabora-
tors released about S. 5 million individual
miles, from seven different species of
Colombian origin, in 10 African countries.
Four of the species were found for a time
during drv seasons, bot invariably disap-
pearcd during wel seasons—none of the
predatars ever became established
Ecological keys. As i and ciar scientists
studied conditions governiug outhreaks of
the cassava green mite in Africa, their
understanding of the pest's biology and ecol-
ogy grew and could make natural enemy
selection more effective, This knowledge of
patentiaily limiting ecological factors helped
to set erucial selection criteria: incidence of
candidate predators on cassava crops, their
prey preferences, and their climatic suitabili-
v

As a resnlt of these agroecological svstems
analyses, exploration in South Americit
probed new arcas which correspunded. in

Priority oreas in the search for the natural enemies of
the cassovo green mite in South America (above)
which are homologaus with indicoted areos in African
cassava-growing couniries (below).

These oreos carrespond with habitats of the cassava
green mite on bath continents. Priority one: lowlond
forest-sovonna Iransition and meist savanna {4—6
dry months per yeor). Priority two: lowland dry
savanno (7~9 dry months per year). Annual mean
temperature is greater than 22°Cin both oreas.



environmeutal terms, with African areas
where L cussava green mite thrived. These
ecological “homologues™ were delined by
agrometeorological conditions: temperature.
solar radiation, rainfall, and soil moisture.

In the new exploration phase, 1ma and ciat
were joined by the Empresa Brasileira de
Pesquisa Agropecuria (Evpiars) of Brazil.
They focused on phytoseiids associated with
the pest in both time and space, and which
could feed and reproduce snecessfully on
this prey: By 1991 these exploraticns had
icentificd more than 50 phytoseiid predators
and one pathogenic fungus «s potential bio-
logical control agents.

The new strategy immediately vielded use-
ful resulls. Emirars was able to locate two
Brazilian predatory rites, Neoseiulis
idgens and Typblodromals limonicus.
which irra multiplied and began to release
during 1989. Through 1990 about 1.9 mil-
tion of the Brazilian phytoseiids were
released at a total of 133 sites in six coun-
tries, with the help of national programs in
West Africa (Benin and Ghana). Central
Africa (Zaire). East Africa (Burundi and
Kenva). and southern Africa (Zambia).
Another 1.1 million of the two species were
released in Benin, Burundi, and Zaire during
1991.

Success in establishing the exotic phyto-
seiids was confirmed by routine follow-up
surveys during 1989, 1990, aud 1991 which
measured their survival at earlier release

sites. N iddwenes and T limonicus were
recovered in West Africa (Benin and Ghana)
and East Africa (V. iddaews in Kenya, T
fimonicus v Burundi).

Confirmation that an introduced species
has established itself in 4 new environment
comes with recovery of the species in the

release fields after several successive cycles of

potentially limiting conditions. such as dif-
ferent seasons, shifting food supply. habitatl
disturbance oy non-hiological catastrophes.
Known 4s the recovery frequency, this pro-
portion in Benin for V. idaeus was 0. 0]
(being recovery of V. idaeus in 01% of all
the release fields). Recoveries continued 1o
be mace during a2 mean period of six months
aud a maximum of (thus far) 18 monihs. (At
a conservalive estimate of 2.5 generations
per montlyin the field, @ sample recavered
after 18 months would be in its 45th genera-
tion.) For ¥ limonicus, the recovery [re-
quency in Benio was 0.73. with a wean
recovery period of four months and 4 maxi-
mum of [1 mouths. (That would be its 28th
seneralion. )

The recovery frequencies for the
Colombian phiytoseiids were significantly
lower and indicate that none was established.
The two highest recovery values for popula-
tions from Golombia were 0.50 for T lineoni-
cues (cienasa) inoonly two fields and 0.47 for
N idaeus i more than 50 fields, but never
during the wel season. The results for
Brazilian and Colombian species and popu-

|lations are compared in the zccompanying
chart.

Recoveries from some bul not all releases
suggest that the different populations of
predalor mites had different degrees of snit-
abilit for specific local conditions. The most
important conditions seem 1o have been
availability of aiternative prey and sufficient
homidity in the predators” microenviron-
ment. The variation in recoveries also reveuls
that phytoseiids of the same species designa-
tion are not necessirily the sume ecological-
ly—different populations of the same
species do not adapt equally to the same
environmental conditions. In this case, the
differences between the Colombian and
Brazilian populations may warrant distinct
spacies designations.

The firs1 evidence of substanlial impact of
T fimonicus on cassava green mire popula-
Lions recently came frow a release site at
Degbo, Benin, on cassava which had beeu
cropped with maize followed by cassava on
poor, sandy soil continuously for 15 years. In
this first impact assessment of an experi-
mentally released phytoseiid, the predator
hadl significantly recluced its prey population
by 25% after only threz months of imeraction
in the field.

The multi-seasou and multi-site results
are promising for further achievements in
the biological control of the cassava green
mite. Experimental releases of the Brazilian
predators continiue. New colonies of these

RESULTS OF CONTINENT-WIDE EXPERIMENTAL RELEASES OF ENEMY MITES IN AFRICA, 1984-1990

Spacies (population)

Recavery frequency

Neaseiulus idoeus 0.61 1L — — ] Brozilion origin
Tyahlodromolus fimonicus 0.73 e
Amblyseivs aerialis 0.00 Colombian arigin
Fusiys concordis 0.00

Gofendromus anneciens 0.135%

Neoseivlus ananymus 0.30 l = |

Neoseiulus idogus 0.47 Lo — =

Neaseivlus califarnicus 0.28 1 -

Typhladromalus fimonicus (o) 0.201 3

Typhlodromedus limonicus (isak) 0.00

Typhlodromalus limanicus (oomen) 050 L |

Typhlodramalus imanicus (orey) 0,00

Typhladromalus fimanicus (o) 0.33 L

Typhlodromalus tenuiscutys 0.00




exotic phytoseiids are periodically started
[rom field specimens collecied in Africa, in
order 10 mainiain a well-adapted population
base. Other promising species and popula-
tions of phytoseiids from differen
Meotropical locations continue 1o be import-
ell, to widen the pool of candidates for rest-
ing. Frost-tolerant phytoseiids are being
identified for eventual release in the cassava-
praducing highlands of central and southern
Africa.

A fungus, too. In a new experiniental
direction, u7a has begun to pursue a
pathogenic fungus found attacking the cas-
siva green mile in Brazil. Selected strains of
species of the fungus Neozygites will be
introduced into Africa during the coming
three years in & project 1o develop another
ecologically sound, sell-sustaining control
fior cassava green mite.

During the first year, inoculum will be col -
lected from mite victims of the fungus, for
testing on a range of cassava-infesting mites
suitable species of the fungus will be selected
for further research according to their speci-
ficity for and virulence on the target prey
Concurrently, development ol in-vitro pro-
duction lechniques wifl enable Neoz)ygites to
be moved to Africa.

In Benin doring the second vear of the
progect, the efficacy of the various species
will be determined among mite populitions
of ditferent densities in different environ-
mental combinations of temperature,
humidity, and light. Meozygites cultures will
be multiplied in preparation for mass pro-
duction and experimentai field releases,
Scientists and technicians from collaborating
national programs will receive training in
insect pathology and field release techniques,
to be used later in trials in their own coun-
tries. During the third year, the selected
Neozyeites strains will be released in Benin
at appropriately timed periods, to determine
the optimal climatic, agronomic, and eco-
Ingical conditioos for subseguent on-farm
evaluations in other African countries.

A BIOLOGICAL

SOLUTION TO

THE LOCUST

SCOURGE

Swarms of locusts and grasshoppers
are among the oldest threats to agri-
culture in recorded history, from
West Africa to China, cansing
famines and migrations of the affect-
ed peoples in search of food. Not
until the second half of this century
did mankind devise effective means
to control massive swarms before
they inflict much destruction. These
means are, chiefly, systems for early
detection of potential outhreaks, and
persistent chemical pesticides.

The use of persistent pesticides is, however,

no longer an acceptable solution, because of
the long-term 1oxic effects of their residues
in the environment. Dieldrin, the most effec-
live chemical for desert locust control. bas
been banned in all countries where control is
needed. Less potent insecticides afford inad-
equate control and require more frequent
applications, hence increase the costs of con-
trol and lead 10 risks of undesirable side
effects.

Classical biological contrel, whereby au
exotic patural enemy is introduced into the
pest's cnviroument and established for long-
terms control purposes, htas claimed only one
success: against the rice grasshopper in
Hawaii. Some insect natural enemies can
effectively control solitary pest popula-
Lions—but not locusts in migrating swarms,
when they pose their greatest threat 1o crops.
White some of the locusi’s natural enemies
may help lerminale such swarms, they do
not appear able to prevent them.

One biological possibility holds promise as
an environmentally friendly aliernative to
toxic chemicals—a “bicrational” solulien to
the problem. Micrabial pathegens can be
manipulated to suit various requirerments of

Returning from the fields with a string of locusts for
family consumption.

large-scale application in piace of chemical
neslicides. Potentially useful pathagens
include viruses, nematodes, protozoa, bacte-
ria, and fungi. Among them, however, only
bacteria and fungi can be cultured on the
required scale. Of those two, fungi are the
most promising—fungi can act as a contact
pesticide. which saves steps in a process that
must be accomplished quickly in the harsh
environment where the pests are o be inter-
cepled. Bacteria, on the other hand, must be
ingested by the pest before their action can
take effect,

[n October 1959 174 joined the
[nternationa) Institute of Biological Control
(nec) in the vk in developing innovative bio-
rational means ta contral locusts and
grasshoppers. It had already embarked on
key research on the use of a fungus as a
biopesticide. Field work was planned to be
conducted in Benin, at the 1 Biological
Control Center for Africa, and in Niger, with
the Département de Formation en Protection
des Végétaux. Four donor agencies agreed 10
contribute to Lhe three-year program: the
Canadian [nternational Development Agency
{civa), Directorate General for Development
Cooperation (vais) of the Netherlands,



Overseas Development Administration (opa)
of the UK, and the US Agency for
[nternational Development (Usain).
Biopesticide. From the outset the project
focused on two candidales from the insect-
infective group of fungi known as
deuteromycetes, which fulfill the require-
tnents of 4 hiopesticide: Metarbizirm and
Beauveria. The researchers aimed to find
species of those two fungal genera which
could:

& e produced cheapiy with low-techinology
facilities in developing countries.

¢ he dispersed in an appropriate medium
by aerial spraying technology for locust con-
trol, or by hand-held sprayers for grasshop-
per control.

& survive the harsh environment where the
target pests are found, under high ultraviolet
radiatiou and low relative humidity

& cause rapid mortality

& be host-specific, unlike their chemical
predecessors. and not threaten other life in
1he same environment—a vital desideratum
in a bivpesticide.

In general, research planning adopted a
“firefighting” approach—that aduit locust
swarms are the most viable target for inter-
vention before they reach croplands. 1deally,
however, control action should be aimed at
newly formed hopper bands before they are
able to fly. But the current political situation
in the countries where the bands form mili-
lates against that approach.

Field work began in Benin during October
1990, with ecological studies. Monthly sur-
veys of pathogens present in grasshoppers in
Benin's four southern provinces, and occa-
sional visits in the north, turned up a range
of protozoa, nematodes, bacteria, and fungi.
Of particular inerest have been examples of
the fungi Metarhizivm flavoviride and
Beauveria bassiana. Others doubtless
await discovery but to date M. lavoviride is
the most effective as a biopesticide agent. ILis
lighly infectious and can easily be produced
on a large scale and formulated for aerial
spraying.

Project scientists have investigated 4.

favoviride, among other fungi, screening
them for effectiveness against the desert
locust and experimenting with various for-
mulations for controlled droplet application
{coa) at wera low volume rates. The spores,

or conidia, are hydrophobic and thus diffi-
cult to disperse in water, but they can easily
be suspended in olls. A solution of M.
flavoviride conidia in oi] adheres readily 1o
the pest. The oil protects the conidia from
desiccation by the air, and spreads 1o parts of
the body where the fungus can penetrate and
do its job of killing its host.

coa is the application method of choice, for
bath locust control arganizations and farm-
ers. especiaily where waler is scarce.
Spinning discs or cages are used to produce
a spray of fine, evenly sized droplets, usually
of an oil-based liquid such as kerosene
which resists evaporation.

The project research team at the 1 cen-
ter in Benin were able by 1991 to produce a
fungal pesticide, or mycopesticide, against
the grasshopper Zorocerus pariegatis, a
locally prevalent species which had shown
greater resistance 10 the fungus than others.
Conidia of M. flavoviride were cultured on
rice in plastic bags, then formulated in
groundnut oil with kerosene. Tests of the tox-
icity of the mycopesticide in the laboratory
and field yielded overall high mortality
among fhe target grasshopper and other
Saheliao species, including the desert locust
Schisiocerca gregaria.

The first field trial took place in the Lama
forest i southern Beni, during December
1691, using rotary atoinizers to spray the
mycopesticide on Z variegatus populations
feeding on the ubiquitous weed
Chromolaena odorata. More than 90% of
the grasshoppers collected after spraying had
been killed by the applied fungus.

The project hosted a workshop on the bio-
logical control of locusts and grasshoppers in
April 1991, attended by over 90 scientists
from Africa and elsewhere. The proceedings
have been published by GAB Internaticnal in
English and French. In order to introdnce
the use of the mycopesticide to African scien-
tists, a series of annual training courses is
planned, starting in 1992.

Research in the second half of the project
will include:

e further ecological studies on grasshop-
pers and pathogens

® development of mycopesticide production
facilities in collaborating countries

& field irials on Sahelian grasshoppers and
locusts

Spreying of the fungal canidis suspended in kerosene.

& environmental impact studies.

Tmpact. While the research team expects no
significant environmental hazards as a result
of future spraying campaigns, the risks of
mycopesticide use must nonetheless be
assessed beforehand. The foremost concern
is the hazard to life forms with valuable eco-
logical roles: the insecls, reptiles, birds, and
other creatures which serve as pollinators,
natural enemnies of pests. or benefactors in
other ways.

Experience in assessing eovirorunental
risks with mycopesticides is limited, but the
pathogens involved are not known to cause
environmental problems where they occur
naturally No fungal infections have been
reported 1o have spread from locusts or
grasshoppers to other organisms. Moreover,
the environmental load of infective fungi
from spraying roay be less than that of natu-
ral epidemics. The strategy for risk assess-
ment for the mycopesticide will be 10 define
the potentially significant areas of risk, to
eliminate the irrelevant oues, and 1o address
1lie remaining risks witl existing tesling and
evalualing procedures.

The focus of research will be consumption
of infected locusts and grasshoppers by birds
and other vertebrates, and effects on benefi-
ciaf insects or others which may multiply in
tuture in the absence of coutrol by locusis or
grasshoppers. No adverse effects on people
are anticipated, in light of experience of
these fungal pathogens and experience with
earlier use. Potentially nauseating effects of
the solvents used in producing and applying
the fungi are to he minimized and carefully
monitored.

Apart from these mycopesticides, the bio-
logical aliernatives to chemical pesticides



being rescarched all take severa! days to kill
their hosts. This solution will work where the
pests dre nat in immediate threat to crops.
With the development of early warning net-
works at the [ocusts’ origins, nuthreaks can
in future be detected in lime 1o enable treat-
ment with environmentally sale biopesti-
cides, tar from the craplands we seek to pro-
lect.

Biorational. While classical biological
control renains the method of choice in crop
protection, that approach will not alwavs suit
the mature of the problem nor yield good
results. A biorational means of control pro-
vildes ong alternative, entailing vse of a plant
extract, a pathogen, or an inseet, The biora-
tinnal researcher will need to do more work
in preparing 4 campaign than in organizing
a hiological control project, and much more
work than for a chemical pesticide nperation.
However, the gains should moere than repay
the extra efforl. With much-reduced envi-
ronmental damage and no hard currency
cirsts, these asents onght o be welcomed as a
new technology o relieve African agriculiure
of an ancient scourge.

RESEARCH TO

DEFEAT THE

STRIGA THREAT

Professor 8. N. C. Qkonkwo of the
Unidversity of Nigeria at Nsukha,
an anthority ou the biology of
Striga, /s investigating why nitro-
gen fertilizers are observed to
reduce Striga aftack in the field.
Among Professor Okonkiwo’s con-
tributions from mnore than 20
years of Striga research are lissne
culture systems that enable the
parasite to be grown apart from a
host—an essential technigue in
tackling the complex problem of
this pest. tn 1991, during a year’s
sabbatical feave af nr, be began
in-vitro stndles to assess the
effects of nitrogen on Striga fn the
absence of a hosl.

Early findings from the studies
indicate that nitrogen does direct-
Iy inbibif Striga gromth.
Confirmation of these resuits
could lead to developnent of some
Sorm of nitrogen as anotber option
Jor control of the parasitic “witch-
weed". Shch a solntion would be
welcomed as cheaper and less
environmentally disruptive than
nost herbicldes.

I the following paragraphs,
Professor Okonkwo provides some
insights info the complexities of
the problem, and hotv current
research i{s approaching several
prospective sofutlons. The problem
in the West African savauna Is
described In subsequen! pages,
fogether with the uta program to
defeat the Striga threat.

Prof. Okonkwo (right) with Dr. Nkem of Nofional
Cereals Research Institute, Nigeria.

What is Striga? What does it do fo a
Sarm. and how does it threalen agricul-
ture in Africa?

Professor Okonkwo: Siriga is a parasitic
flowering plant which inhabits savanna
arasslands over much of Africa Being a
green plant, with @ shoot and roots, it is
sometimes called a “parasitic weed”, You
would not realize it was parasitic unless vou
dug it up and saw lhow ils roots were
attached to the roots of its host plant. Of
greatest concern 1o us are those Srive
species which evolved a parasitic relationship
with monocots, or grain-hearing plants with
leaves having parallel veins-—cereals in par-
ticular, Other important Sriger species
formed evolutionary “arachments”™, so to
speak, for broad-leavid plants—such as for
cowped, or in Ethiopia and East Africa, for
folracco.

Being a parasite, Sriga diverts 15 host's
nutrients to itsell—in most cases so effi-
eiently, that its effect on its host is highly
debilitiming. Farmers can experience losses
in their grain vields of about one-third, up 1o
1heir entire crop, depending on the extent of
1he infestation. The threat to African agricul-
1ure is therefore tremendous, 11 is especially
grave in the moist savanna of Nigeria and
olher parts of West Africa, where maize is
supplanting ather grain crops, the traditional
staples of sorghum and millet. Maize is
much mere susceptible 10 Striger than they
are.

Maize is a "New World" crop which has
nut yel adapted to Sriga the way the indige-
nous grain crops have. Some sorghum and
millet lines have developed 2 degree of toler-
ance or immunity W Srige, and larmers



have manzaged 1o live with the level of dam-
age that it does 10 those crops. Maize, howey-
er, is aitracting farmers because it can pro-
duce higher vields than the ather grains,
when given the right amaunts of fertilizer
and other inputs. And maize is such a versa-
(e commodity, it has many uses and brings
good incomes to farmers who have access to
the right markets. So. mauy farmers m the
moisl savanna who can obtain the fertilizer
and seeds are swiiching to maize. The
expansicn of a susceptible new haost in 2 rel-
alively briel time greatly increases the poten-
tial for Striga 1o expand.

A crugial aspect to the threat lies in the
nature of Striga reproduction. First of all,
Strige seeds are micrescopically small—the
longest one ever measured, | believe, was
half a millimeter. A Striger plant produces
thousands of them each season. They lie on
or under the soil surface and will not germi-
nute. unlil they come into contact with a
chemical exuded by the roots of a suitable
host plant next to them. The newly germi-
nated Siriga produces rootlets, which are
able to dissolve the walls of the host plant's
roots and penetrale to the conducting tissues.
These become the food source for the grow-
ing parasite. So one parl of the problen is
the longevity of so many tiny seeds. which
can remain dormant for many years and still
be able to germinate. The other part is the
devastating nature of the relationship
belween the parasite and its host.

Do you see any possibifily of a research
breakthrough ihal conld belp stop this
menace’

Professor Okonlkovo: Research o conquer
the threat should take a number of
approaches in order (o yield # solution, or
combination of solutions. It would be wrong,
and unscientific, to rely on a single imeans
such 45 resistance breeding to provide &
solution by itself. To succeed n an attack
against an enemy; vou should learn as much
4 you can aboul vour enemy’s resources
before you decide on your strategy and
launch an attack.

The biology of the Striga plant is part of
the essential research. along with the inter-
actions between parasite and host planl.
Field studies of 57riga effects on crop yields
are also very imporlant, to wssess vield losses

and cultural practices which can reduce
them.

We need to know much more than we do
about the way the Striga plant functions.
Even the chemistry of germination is not el
fully understood—:it was only in 1972 that
we were able to characlerize the main reuc-
tion that stimulates germination. If we can
replicate this stimulus, we can trick the
Striga into germinating in the absence of a
hosL. Without a host for its food supply: it
must die, for the seed stores only enough
food to carry the rootlet through its attach-
menl 10 2 host. 1f we can in this manner
reduce Lhe Striga seedbanlc in the soil, fewer
plants will emerge during the following sea-
son and the host crop will fare much better,

Among Lhe areas in an integrated
approach which should vield an early break-
througb. judgiug from the curreat state of
progress, is breeding of resistance to Sriga
in the host crop of inaize. Resistance breed-
ing could pravide a most econoinical and
practicable control measure, and its benefits
conld be extended on a large scale.

Another important area, whicl interests
me personally. is the use of nitrogen fertilizer
us 4 Striga suppressant, The effect of nitro-
gen applications in farmers’ fields, in reduc-
ing the emergence of Srige, has been
observed for some years, but we don't really
kuow vet whal we are seeing—are we
strengthening the host plant, which in turn
becomes better equipped to resist Striga? Or
does Lhe nitrogen act directly to suppress
Striga? Nitrogen applications could be
another practicable control measure, provid-
ed the recommended levels of nitrogen were
not loo expensive, nor great enough to pol-
lute the environment. They would have the
double advantage of increasing crop produc-
livity, while inhibiting $triga at the same
time. We are developing an in-vitro system
for assessing the effects of varied levels of
nilrogen oo Striga.

THE STRIGA PROBLEM IN
THE WEST AFRICAN
SAVANNA, AND [ITA'S
PROGRAM TACTICS

The phenomenal spread of maize
farming in the West African savanna
since the 1980s carries the threat of
its own destruction, in the form of
the parasitic “witchweed”, Sfriga.
Improved maize has brought new
income to farmers, but—as an exot-
ic crop—is highly susceptible to sev-
eral species of Striga, a parasitic
weed that has coevolved in Africa’s
savanna lands with indigenous cere-
als and legumes. Sfriga saps the
vigor of its victim crop, decimating
harvests and sometimes forcing
farmers to abandon their fields.

In recent decades population pressiire has
forced farmers 10 work the land ever more
intensively. 1o keep their fanns viable and
feed increasing numbers of people.
Fortuitously. the right circutnstances had
malerialized by the 1980s to enable farmers
to begin modernjzing their agriculture:
appropriale lechnologies us inputs, an agri-
cultural extension system, growing urban
and industrial markets. and road networks
for transportation to those markels.

The right crop for this ripe economic situ-
aiion was an improved maize, developed by
i scientists during the 1970s—high-vield-
ing, resistant to the major diseases, and
highly adapled to growing conditions in Lhe
moist savanoa. Farmers have adopted maize
increasingly each year over the past decade.
partly in place of the tradizicnally cultivated
sorghum and other crops.

[ntensified fariing of a single crop bas upset
an age-old agroecological balance. Lengthy
failow periods and a diversity of crops used
to restrict pests, including Striga species. 10 2
moderate presence and level of damage.
Intensification has reduced or eliminated the
fallows, along with their benefils of restoring
sofl fertility and maintaining a seedbank of
competing flora. The combination of
recuced diversity, declining fertility. and a
particularly susceptible crop have opened the
environmental doors to Striga proliferation.
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RESEARCH PERSPECTIVES

The $friga threat can be measured by the
extent of cultivation of susceptible cereals
and legumes. In the Nigerian moist savanna,
for example, sorghum is grown on approxi-
mately 5 million hectares, millet on 4 mil-
lion. and maize on 2 million. Cowpea is
intercropped with all of those cereals.
Different species of $riga are estimated to
have infesied 40% of all fields of those crops
in the moist savanna by the end of the 1980s.
Striga also parasitizes other crops such as
upland rice, “hungry rice” (Digitaria), and
sugarcare.

Strategy and tactics. Early in the 1980s
I1TA scientists began to combat the problem,
initially through breeding of improved maize
varieties resistant to Sriga parasitism, and
later through other biologiczl and agronom-
ic research. In 1989 nra decided 10 combine
the diverse efforts in a concerted thrust. By
1991 a multidisciplinary group had grown to
encompass 12 scientists working in related
approaches toward a common understand-
ing of (a) what setlings and conditions are
most propitious for different S¢riga species,
and (b) what control measures are most
effective against those species in such envi-
ronments. These scientists coordinate
research activities with national programs

throughout Africa and with universities and
research institutes in many parts of the
world.

tTw's S4riga research group focuses on the
following areas of activity:
® Biology of Striga species

Epidemiology and population dynamics
Host plant resistance

Agronomic and cultural management
Biological control

Socioeconomic studies

Training and technology transfer.
Scientists from many disciplines compose
the &friga group, which is based in 11ma’s
Plant Health Management Division. Other
scientists in the various nta programs for
crop improvement and resource and crop
managemenl collaborate in Striger-related
socioeconolmic studies, agronomic and cul -
tural management, and training and tech-
nology Lransfer activities.

Striga biology. Several Siriga species
indigenous to Wesl Africa cause yield loss in
maize and other cereal crops to varying
degree: S. hermonthica. S. asiatica, §.
aspera, and S. forbesii. Cowpea is suscepli-
bletoS. gesneriides.

Infestations of these parasitic weeds
depend on timely germination of their seed.

Control methodologies might be developed
by manipulating the dynainics of seed dor-
mancy and germination. Researchers Lave
succeeded in artificially stimulating the seed
to germiinate. The Striga germling dies if it
does not encounter a root of a potential host
within a few millimeters in the ambient soil.
Similarly, certain plant spectes which are not
Striga hosts can stimulate its seed to germi-
nate, whereupon the germling dies for lack
of a suitable victim.

Such “trap” crops could provide an eco-
nomical means of control. Some have been
selected and, together with low-cost materi-
als for implementing the strategy, are being
put in on-farm trial packages.

An alteruative strategy would be to protect
the host from attack by inhibiting $/iga
germination. A protectant for the host seed
could turn out to be another economical type
of control measure, so development of this
possibility has begun.

A seed elutriation or separation facility
was set up at nta during 1991 to isolate and
count S/riga seed in a given amount of soil,
before and after different experimental treat-
ments. Striga seed is especially difficut to
examine, since each seed weighs an average
of 5 millionth of a gram. Several legumes
were evaluated together with maize for their
combined effect in reducing the Striga seed-
bank in the soil, in comparison with fallow-
ing. Soybean and a fodder legume
(Aeschynomene histrix) were found to
reduce §. hermonthica seed levels in the
soil.

Epidemiology and population
dynamics. The occurrence of Striga
species n time and place, and Lheir interac-
tions with hosts and other ptants and organ-
isms, occupies much of the Sriga research
group’s effort. In general, $/riga species
oceur in economically significant popula-
tions in the savanna areas in West and
Central Africa, and in the eastern and south-
ern African highlands.

In West Africa, all Striga species do pot,
however, occupy the same agroecological
habitats. The southern extent of & hermion-
thica is the moist savanna, while §. asiatica
extends even farther south, into the forest

When Siriga strikes some flelds, furmers must
obandon their cops.



margins. S. gesnerioides occurs in different
forms—each has an affinity for a specific
host plant, and so has a specific habitat. The
niches for the less well-known species such
as 8. aspera and S. forbesii appear to be
even more restriclive. The governing mecha-
nisms of those distributions are still poorly
understood. Eventually the explanations will
be useful in designing control schemes.

An “expert system” is being developed with
three interlinked madels. One of the models
has been designed to orient research on the
population dvnamics of the various Striga
species. Another will relate the growth of dif-
ferent Striga populations to decline in maize
growth and crop production. The third links
yield performance with adoptability of
Striga-specific technologies. (See paragraph
on “Socioeconomic studies™.)

Host plant resistance. Mechanisms of
resistance and its genetic sources have been
studied because resistant crop varieties are
promising econormical technologies to add in
conlrol packages. The group has developed a
wmethod of Str1ga infestation for screenhouse
and field use which yields consistent infesta-
tions in resistance breeding trials. The
method was put to use in field studies of yield
losses in maize under different infestation
levels. On-farm trials investigated how
Striga -toleranl maize varieties suppressed
Striga damage in farmers’ fields. The
Striga-tolerant lines showed significantly
greater yields under Striga pressure than
non-tolerant lines, while only slightly reduc-
ing Striga emergence. Farmers' reactions to
the 117 materials have been favorable.
Agronomic and cultural practices.
The 11 group devetoped a survey methodol-
ogy to analyze the impact of $¢riga species in
the farming system and estimate crop yield
loss. Research characterized Striga environ-
ments with analyses of crop choices, crop-
ping patterns, prevalence of sorghum, and
production systems.

Striga environments on farms in the
northern moist savannoa in Nigeria have been
intensively studied over the past three years,
collaboratively with the Institute of
Agricultural Research, Samaru. A general
objective is to study the impact of changing
production systems, particularly intensified
maize farming, on the different Striga
species.

During 1991, data from that exercise were
analyzed to determine {a) whether some
farming systems were less prone than others
to develop S¢riga problems, and (b) what
control strategies would be appropriate. Field
results show that cereal cropping with a high
proportion of sorghum is the most affected
by Striga of all systems, because Striga pro-
duces seeds when sorghum is its host. A
combination of factors seems to militate
against Striga reproduction with a maize
host plant under farm conditions. Hence,
under the right kinds of farmer manage-
ment, intensified farming of maize without
sorghum may even reduce Striga infestation
levels.

Other research during 1991 showed that
intercropping of cowpea or soybean with
maize reduced Siriga emergence signifi-
cantly, in comparison with monocropping of
maize. Applications of the herbicide dicamba
together with nitrogen fertilizer significantly
reduced Striga emergence, flowering, and
seed production, which resulted in an
increased maize yield. A parallel experiment
with dicamba which invalved traditional
weed control practices of remoulding, or
heaping soil onto the planted ridges, also
inhibited the emergence of Striga and yield-
ed maize crop increases. However, the same
treatments with sorghum did not significant-
ly reduce Striga emergence,

Biological control. Biotic elements of the
Striga-maize system at Mokwa in Nigerla
are being studied, on the evidence of S/riga-
suppressive conditions documented there
since 1984. Preliminary research has identi-
fied possible biological agents and quantified
their impact in farmers’ fields. Potential
pathogenic agents have heen isolated and are
being studied. In neighboring Benin, a 1991
survey revealed some biotic factors which
influence Striga fecundity throughout the
country. Sériga growth appears (o have
“plateaued” or started to decline in some
areas of Benin.

Socioeconomic studies. The Striga
research group has developed a model which
will predict tie adoptability of different con-
trol measures with respect to their impact on
yield and the cost of their implementation.
The model is part of an “expert system”
designed to predict the efficacy of those mea-
sures in controlling population growth or

decline among different $¢riga species. The
adoptability model will help the group to
determine the cost-effectiveness of the entire

research progam.

Technology transfer. Training programs
in conducting research on the various Sriga
species and subspecies, susceptible crop vari-
eties, and cropping systems have been imple-
mented at national facilities in Burkina Faso,
Cameroon, CBte d’Tvoire, Nigeria, and Togo,
as well as at ima. The Pan-African Striga
Control Network (pascon: an informiation
network funded by the Food and Agriculture
Organization of the United Nations) has pro-
posed to expand the training to 12 additional
countries. The rrra group has begun to pre-
pare a manual on $friga -maize research
wethodology for this program.

During 1991 the group also extended its
method of spot infestation to collaborating
programs in Cameroan, Ghana, Nigeria, and
Togo.

Supplementary strategies. Current
control strategies rely on resistant crop vari-
elies, trap crops, and agronomic practices
such as crop rotations and weeding. The 11T
Striga research group is also developing
germination stimulators and inhibitors, and
methodologies for biological control. The
group is devising a decision -making strategy
which links different packages of control
measures with different Striga population
dynamics and socioeconomic conditions.
The aim is 1o create a capability to tailor
control packages to local conditions and
individual farmer needs. The group hopes to
see substantial results of its research trans-
|ated into practicable technologies at work in
farmers’ fields within the coming three years.
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RESOURCE AND CROP

MANAGEMENT

The Resource and Crop Management Division conducts
research on the physical and social dimensions of the
farming environment and on technologies which

improve farm productivity on a sustainable basis, in col-

laboration with national programs in sub-Saharan

African countries.

RESEARCH DIRECTIONS

® [escription, measurement, classification,
and mapping of the biclogical, physical
chemical, and socioeconomic characteristics
of the 1ms mandate area.

o Quantification of Aindamental relation-
ships among, factors contributing to the sus-
tainability of food production systems.
Process studies (or exaomple, biotogical reg-
ulation of nutrient cyeling physical factors
affecting soil fertilitg factors regulating
interplant competition) to continue on non-
acidic and acidic soils, including the low-

e
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phosphate acid soils, at the new Humid
Forest Station at Mbalmave, Cameroon.

® Development of indices for measuring the

sustainability of small-scale cropping.

® Development of multipurpose agro-
forestry svstems whicl combine improved
soil and weed management.

e Development of economically viable and
sustainable fallow management systems
incorporiting herbaccous legumes

® Assessmient of agricultural sustainability
under traditional and improved resource
manzgement methods,

® On-farm testing and validation of new

technologies, emphasizing alley farming
under different socioeconomic conditions.
® Development of sysiem simulation mod-
cls, emphasizing intercrepping, nutrient
eveling in alley farming systems, and eco-
nomics ecology of inland valleys

® [nvestigations of resource use and pro-
ductivity problems in cassava-hased inter-
Cropping syslenss.

o [nvestigation of the adoption and impact
of improved cassava varieties,

® Collaboration with national institutes, 10
Inprove cassava intercropping in alley farm-
ing systems,

SAVANNA SYSTEMS

® Characterization and classification of
maize-based farming systems in the moist
savanna.

® |nvestigation of effects of intensified
maize farming on Striga infestation.

® Development and testing of cultural
methods for control of Strvga and improve-
meut of soil fertility

INLAND VALLEY SYSTEMS

® Characterization and classification of
intand vallevs in West and Central Africa.

® Development of models of environmental
and socioeconomic processes ininland valiey
agroccological systerns.

® Design of technologies or interventions 10
improve land use and management prac-
lices.

The Collaborative Siudy of Cassava in Africa is
investigating cossava praduction impacts and
problems in 14 sub-Saharan countries.



UNDERSTANDING
THE LIMITS OF
THE FARMER'S
ENVIRONMENT

AGROCLIMATOLOGY
AT IITA

In meeting the challenges of Africa’s
rapidly growing food needs, one
indispensable tool is a2 knowledge of
the natural environment and the
uses of its resources. The character-
istics of the environment, its capaci-
ties and limitations, determine
potential agricultural production.
Armed with an understanding of the
physical limits of the agricultural
setting, researchers can develop
suitable resource and crop technelo-
gies which can help farmers realize
the most from their efforts.

TS Tesource and crop management strate-
gies are based on such an onderstanding of
the agroecological enviranment and the ele-
menis governing production. The approach
begins with compiling a range of inlorma-
tion about envirenmental characlerislics.
farming systems. and a range of socioeco-
nomic indicators.

Interdisciplinary groups of scientists use
this information in developing crop varieties
and farming practices to sit the environ-
meql which can increase farmers’ productiv-
ity bul which do not comprowmise the pro-
duction potential for posterity The goal is to
replace production methods which degrade
the resource base with methods that are
envirommentally sustainable.

Data bases relevant to Africa on climate,
soils. vegetation including forest cover dnd
crops, topagraphy, populaticn. and other
socioeconomic and farming systenis-related
information were compiled at i1t during
1990 and 1991, with help from the Centro
Internacional e Agricultura Tropical tiar),
the Food and Agriculiure Organization of the
United Nations (pan), and the [ nited Nations
Environment Prugramme ({~p).

Historical daily weather data were
obtained for severul African countries, for
use in determining the extent of climatic
change during the past 30 years. Preliminary
analysis reveals that rainfall has decreased in
both amount gnd duration.

Year-to-year variations in the weather
have a widespread environmental impact
which results in great variations in crop
vields. Hence, weather is the main risk lo be
taken into account in agricultural decision-
making. In the analysis of weather impact on
agriculture, and in many applications rela-
e to s0il managemenl, water control, and
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crop management, many vears of daily data
on rainfatl. maximum and minimum tem-
peratures, solar radiation, and potential
evapotranspiration (the amount of water
necded to susiain vegelalion in a particular
area) are required.

Since daily data are not available for many
African countries over sufficient time peri-
ads, s has developed “wealber estima-
tors " —computer-hased models which sim-
ulate 2 series of daily values for rainfall,
magimum and minimum temperatures,
solar radiation, and potential evapotranspi-
ration for specific areas, based on existing
bistorical weather data using a set of loca-
tion-specific limits. A weather “history” for
the whole of Nigeria has, for example, been
estimated during the past two years in this
Manuer.

The collection of actual and simulaed
data has enabled n7a and c1aT researchers 1o
jointly develop continent-wide grids for
Arica and South America with an informa-
tion series for every 100 square niles of land
drea. With primary information about rain-
fall and soi! resources, scientists can estimate
the waterholding capacity of the land and
hence the Jength of the growing period for
ruinfed agriculture in thut location. Water-
based transport also depends on rainfall, A
variety of crop management applications is
possible with the use of stch information.

Using simulated daily data on agroecoloy-
ical conditions, 4 crop model can overcome
the lack of actual data to serve research pur-
poses where 1o historical series exists. A
model which siniulates crop vields under
various condilions, including weather and
farmer inputs, can help in assessing the risks
and delermining management options in
producing a given crop in a parlicular loca-
tion,

i fested snch 2 model 10 simulate maize
prodnction during the 1990 and 1991 grow
ing seasons in [badan, an area characteristic
of the forest-savanna transition zone in
southwestern Nigeria. The model, developed
by the Interrational Benchmark Sites
Network for Agrotechnology Transfer
(11sxiat ) at the Universiry of Hawaii, was
designed to predict physiological processes of
plant growth and crop yicld over daily time
periods. simulating the processes as Lhev are
thought 10 occur in the real plant,
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Two consecutive years of field observations
of 4 sole crop of maize showed excellent
agreement between simulations and actual
above-ground development of the biomass,
in terms of the dry weights of stem, leaf, and
grain of the maize throughout the two sea-
sons. The accompanying table shows how
the simulated calculations of leaf, stem, and
grain development over the 1991 cropping
season fall almost perfectly within the means
of actual performance.

Resource information system. During
its 25-year hisiory um has accumulated suh-
stantial records on soils, crops, diseases,
pests, farming systems, and economic factors
which characterize various parts of sub-
Saharan Africa. 1ma's newly developed
resource information system (ris) has begun
to make these data accessible by personal
compuiter,

RIs provides a wide range of geographic
information on specific areas which tradi-
tionaily would have required use of maps
and compendiums of data. Given a set of
longitudinal and latitudinal coordinates, it
can provide a variety of information on that
specific location.

For hasic research uses throughout its
mandate area, 1 has begun to establish a
minimum data set for access through the Ris.
The minimum datz set comprises climatic
variables, terrain and substrate varjahles,
production systems, and socioeconomic vari-
ables.

Besides information storage and retrieval,
RIS can analyze spatial and descriptive data
and estahlish spatial relations among them.
Researchers have used it to examine links
between specific rainfall and temperature
conditions and the incidence of pests. For
example, in the search for a natural enemy
of the cassava green mite for biological con-

trol purposes {see article "The search for the
right mite" on pages 21-24 of this report),
the ecological equivalent of the mite's
African habitat was located in South
America, where predators of the mite were
subsequently discovered. The validity of the
technique was confirmed after the predators
had been imported and became established
in selected areas of West and East Africa
which matched their areas of origin.

Some of the more frequent ris applications
include selection of survey sites, delineation
of agroecological zones, identification of
suitable environments for crops with specific
characteristics, and ecogeographic studies to
guide germplasm exploration and preserva-
tion. Survey results can be linked with basic
biophysical data (such as climate and soil)
and socioeconomic data (such as population
and income) in drawing out conclusions for
policy action, as illustrated in the following
example.

The accompanying map of coastal West
Africa characterizes the regional environ-
ment for inland valley agroecosystems. The
dots represent units of 100 square miles
each, colored according to soll type which
can indicate suitahility for various kinds of
crops. The soil types have been indicated
only for those areas which have other specific
characteristics—in terms of climate, popu-
lation density, and per capita income—that
fall within the planning targets of agricultur-
al policymakers. This information can help
in the estimation of the food production
potentizl of inland valleys and in decision-
making on Jand use and management.

RIS provides an integrated hase of wide-
ranging data which facilitates analysis of
resolirces, cropping systems, population,
livestock, pests and pathogens, and many
other variahles in 17a's mandate areas. Rapid
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availability of useful information is helping
1o focus development of new technologies
more precisely to suit speciftc needs among
1IT’s national partners in agricultural
research.

O lithosels
O Lyvisols
O frisols
O Ferralsols
& Arrenosals

Soll types in selected West African countries where
the annval growing season is 7 months and the popu-
lation density Is equal to or less than 30 people per
square kilometer.



agencies o modify and adapt to the specific
conditions prevailing in their counlries.

Early in the 1980s 1ma began conducting
on-farm research in several locations, to test
new technologies and inproved methodolo-
gies under Lhe real conditions for which they
had been designed. Research sites and work-
ing relations with farmers were built up from
1986 at Ayepe, 4 village in Osun State {for-
merly part of Oyo State) in southern Nigeri.
A field house was consteucted with space [or
an office, u simpie laboratory, and accom-
modalion for lemporary stays for up to eight
researchers, field staff, and students. A gen-
erator, a drinking -water well, small motor-
cycles, and other amenitics were provided.
Site development was financed by the Ford
Foundation as a means to support i in
building up a collaborative program in on-
farm research with national agricultural
research institutions.

From the outset, (174 developed the site
jointly with the departments of agronomy,
agricultural economics. and agricultural

ON-FARM
RESEARCH
GOALS
ATTAINED

NIGERIAN SCIENTISTS
TAKE OVER VILLAGE SITE

On-farm testing of technologies is as
old as agricultural research itself,
but only recently has it become
widely accepted as an essential step
for research institutes to take in the
search for adoptable technologies.
n1s’s commitment to on-farm
research, and to the principles of
farming systems research ingrained
in it, has been extended to collabo-
rative activities with national pro-
grams. (See article on research col-
laboration in the International
Cooperation section of this report.) A
significant instance of this occurred
during 1991 in the transfer of
responsibility for on-farm research
facilities, jointly developed in south-
ern Nigeria, to the University of
{hadan.

The farming systems approach Lo agricul-
fural research was evolved during the 1970s
and 19805 partly because research results
were 1ot in tropical countries, reaching the
farmers. Farming systems research directed
scientific attention at the farm setting, and its
various constituent elements, which could
help or impede the simall farmer in applying
new technologies to overcome production
constraints.

1T scientisis contributed Lo development
of farming systems concepts and methodolo-
gies, with characterization of the farmer’s
resource busc and diagnosis of farming con-
straints. The rma farming systems program
researched prototype technologies, with the
aim of making them availabie to national

Student researcher from University of Ibadan seeks
Ayepe farmer’s apinion,

extension of the University of [badan. The
University had been among the first nationai
institutions in Africa 10 adopt farming sys-
tewns researcly concepts, and had conducted
innovalive research in intercropping from
early in the [970s. The Ayepe site pravided
the Uriversity with a training facility for its
students, many of whain conducted their
thesis research there under the joint supervi-
sion of University and 1 scientists.

The iutention from the beginning had
been that the Ayepe facilities would eventual-
ly be transferred to the University of [badan.
The transfer took place during the course of
1991, in fulfillment of the founders™ plans.

Responsibility for the site passes 1o two
comumittees, on policy and on research, and
1o 4 site supervisor for operations and
resezrch from the University’s agronomy
department. The policy committee is com-
posed of the heads of the participating
University departments, the director of n74’s
resource and crop management division,
and a representative of the Ministry of
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Agriculture and Nawral Resonrces. The
research committee is composed of scientisis
actively invalved in field work al 1he site.

Ayepe will thus cantinue to provide the
sefting for training of University students
under real farm conditions. 1t is likely also to
develop into a major tool in the advancement
of farming systeins research among Nigerian
institutions, through the National Farming
Systems Research Networle The site is
expected to become a training facility for
learns from network member institutes.
Funding for the site continues 10 come from
the Ford Foundation, which also supparts the
netwoik, so sponsorship for the enlargement
of Ayepe's role is already in place.

Roles in the system. In tie established
system for on-[arm research, the role of an
interoational agricultural research institute
is to develop new materials and protorype
farming practices, which are forther refined,
tested, and adapted by national agricultural
research institntions. Extension services and
development organizations ustally help to
carry the testing aud demonstration further
in each particular country.

In this process, on-farm research is part of
everv national research svstern’s function of
adapting such technologies for utilization
under Jocal conditions. Every research insti-
tute in Africa should have its own on-farm
research capability, closely tied with exten-
sion agencies and, if possible, an institution
of higher learning. In Nigeria, several such
mixed teams already cooperate with state
agricultural development projects in con-
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ducting on-farm adaptive research.

Prototype innovalions cannot, howeves. be
effectively developed wizhout some exposure
to farming conditions. Sciemists in the inter-
national centers need direct contact with
African farmers 1o observe farmers’ con-
straints and problems. They need a field lab-
oratory 1o test how realistic their ideas are—
whether their technologies offer any real
advantage over whal farmers are already
doing or using. On-farm testing cau thus
help avoid the costly mistake of pushing new
technology to the farm which farmers per-
ceive as not being useful.

Moreover, national institutes create a
strong demand for training in on-farm
research teciniques. International centers
cannot possibly respond to such lraining
dewmands unless they have firsthand experi-
ence on the farm.

Farly in the 1980s, therefore, 1ma hegan to
become increasingly involved in research in
farmers fields and in the training of Alrican
scientists in on-farm research methods.

The procedures for on-farm resesrch are
not rigid. and methodology is adupted to the
researcher’s own reseiirces, capabilities, and
available disciplines.

Main actors. The essential features of such
a research enterprise are the interrelations
amoug the main actors: research institute,
extension service. and farmer.

® The institule must conduct its on-farin
research in close cooperation with extension
or development agencies. Since they are in
the best position to disserninate the final

Quantifying the results aof an Ayepe on-form
experiment.

resultant technology to farmers, they should
be intimaiely involved in the on-farm testing
process, Early collaboration ¢an prevent fric-
tion that could arise between the two if
extension personnel feel that rescarchers are
intruding on their territory

® The most relcvant resalts will corme oul of
maximal [armer involvement in the trials.
The researchers should find farmers who are
genuinely interested in testing the new tech-
nologies in their own fields. If the participat-
ing farmers are simply making their land
available for researchers to conduct trials,
the research will amount to little more than
on-station trials in farmers’ fields.

Late in 1985, the year before Ayepe was
developed as a research site, scientists from
irrs andl the departments ol agronomy, agri-
cultural extension and agricultural eco-
nomics at the University of [badan, ogelher
wilh Ministry of Agricolture and Natural
Resources ofticers, conducted an informal
“diagnostic” survey of farming systems in the
ared, The group developed preliminary
hypntheses aboul the main produclion con-
straints, and held village meetings with
farers to discuss options for ficld research
and interventions.

Over the years the work al Avepe covered a
wide range of tapics, including socioeco-
nomic and agronomic characlerizalion,
studies of soils, vegetation, and crop pests,
testing of new o improved crop varieties,
fertilizer and weed control practices, alley
cropping technologies, and modelling stud-
ies to quantify produclion constraints.

The researchers maintained a high level of
farmer involvement in the work. Farmers
participated in design and management of
trials Lo & maximal extent. They et regular-
Iy with the researchers and extension officers
in each case to evaluate results and plan fur-
ther activities.

University studeuts and their supervisors
participated in all aspects of the research at
Ayepe. The evolving aclivity at the site
advanced farming systems research as 4 dis-
ciplive in Nigerian universities. The partici-
paling universities, the agriculture and naw-
ral resources ministry, and rs formed u joint
research committee 10 review all research



activilies. The committee assessed and
approved Ford Foundation grants made
available to students in support of msc and
rh thesis work. Ayepe has been the field site
for research for a total of 14 msc theses and
15 pho theses from 1985 through 1991.
Adoption. Among the events marking the
transfer of Ayepe custodianship was a sym-
posium. where the strengths and shortcom-
ings of previous work were reviewed. A major
concern was the low adoption rate of several
of the technologies tested in this on-farm
“laboratory”. The same complaint is heard
tn many other areas as well, and is one
which agricultural research in Africa must
address.

The most successful technology has turned
out to be an improved cassava variety, Tvs
30572, which is now widely grown in Ayepe
as a result of tests in farmers’ fields. [ts supe-
riority in yield is conspicuous, while multi-
plication by the farmers themselves poses no
problems.

Adoption of improved maize and fertilizer
has been very modest in Ayepe, mainly
because supplies of inputs have not been
readily available. Soybean, introduced as a
crop for houschold conswnption. has found
a small niche, but adoption is not
widespread. A vigorous effort seems to be
needed to promote sovbeans in the local diet
as an alternative or in addition to cowpeas.

The Ayepe verdict en alley cropping is not
vet out, but farmers appear not to have found
it sufficiently attractive—in combination
with the staple food crops of maize and cas-
sava—1o justify the extra labor inputs. Most
of the farmers had originally interplanted
hedgerows in their alley cropping trials with
improved oil palms at a low density, as a
"carrier crop” to provide some tangible
return, Significantly, after harvesting the
food crops. several of them continued to
prune te hedgrows adjacent to the oil palms
while letting the rest of the field revert o fal-
low: They appear Lo consider the oil patm
more importaut than the hedgerows.

The low rate of technology adoption a1
Ayepe might possibly be explained by:
® nnovations which ure not as good as
researchers like to imagine.
® Extension and input delivery systems
which are ineffective.

Abaove all, the innovation must be some-

thing worth adopting. If farmers see no value
in 4 new variety or farming practice, nothing
can persuade them to adopt it. Researchers
and extension workers must be able to iden-
tify a worthwhile innovation or idea to devel-
op, in a systematic testing effors which can
expose its shortcomings. That is what on-
farm research is all about.

Extension services must be both strong
and effective. In many areas they are insuffi-
cient, or even completely lacking. The farm-
ers there may never be exposed to te advan-
tages of new varieties, fertilizer use, or new
soil management practices. iy other areas,
massive extension schemes have been
installed with inputs delivering systerns, but
have not made desired inpact in agricultural
production. Effectiveness can, therefore, be
as elusive a characteristic of extension sys-
tems as it is of the innovations themselves —
and just as essential.

New round. Thinking about new opportu-
nities keeps evolving, and 1174 continues o
collaborate with scientists and students from
the University of Ibadan in this process.
Ayepe researchiers may not as yet have iden-
tilied really attractive technologies, suitable
for the area, but they are reconsidering their
assumptions and designing a new round of
experimentation in consultation with the
farmers.

The 1991 synposium concluded that
researchers should concentrate their inter-
ventions on crops and cropping techniques
with highest potential in the area. Those
would include oil palms, yam (not tested in
earlier trials), and possibly soybeans.

Village meetings were held during 1991 1o
gather farmers’ views on possible interven-
tions. The farmers confirmed their interest in
such crops as plantains, oil palms, and yam.
Farmer participation will be further
strengthened with the formation of “interest
groups” around specific technologies.

Since the symposium, researchers have
hypothesized as well that alley cropping may
have potential in the area, where pressure on
the land remains moderate, if it allows pro-
duction of 4 high-value crop which cannot
be grown profitably otherwise. One such crop
is plantain or banana. Trials with improved
materials, resistant 1o black sigaloka disease,
wili begin in an alley cropping scheme dur-
ing 1993.



MUCUNA

FARMERS TURN
EXPERIMENTERS WITH A
DUAL-PURPOSE
TECHNOLOGY

Mucuna has become a byword in the
Republic of Benin among farmers
and agricultural extension workers,
as an example of a soil management
technology that is solving a major
weed problem as well as helping to
restore soil fertility.

1t all began in 1986, when u and
Beninois scieotists started on-farm research
in Benin on methods to restore soil fertility
and—at the same lime-—1o encourage
farmers lo participate in the experimentation
progess, as a means Lo develop practical,
adoptable technologies. One such technology;
the cullivation of a ground cover or live
inulch, Mieciena pruriens var. ulilis,
enriches the soil with nitrogen. As mucuna
spreads over the ground. it also has the wel-
come effect of smothering young shoots of
“speargrass”, Lhe noxious weed hnperala
¢plindrica, which has widely infested the
impoverished soils of the region.

The popularity of mucuna has led tw its
adoption by the national exteusiou agency
for countrywide application, and to selection
by tbe Global 2000 project for demoustratiou
Lrials by 500 Beninois farroers. This success
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is due in large part to the enthusiastic efforis
of the participating fariners to develop the
technology.

Farmners accepted mucuna after seeing
how effective it was in combating two of their
main farming problemns: restoring soil fertil-
ity so that maize yields improved, and ball-
ing [he rampant speargrass by covering the
ground and preventing the weed from
receiving adequate sunlight. The farmers’
contribulions over four years of mucuna
research gave them = siuke in the results,
motivaling them to encourage olhers to use
it as & result of their experience.

Evolving project. Concern ahout declining
soil fertility led nma, eacly in 1986, 1o jvin with
the Direction de recherchie agronomique of
the Benin government and the Roval
Trepical Institute (k1) of the Netherlands in
a project on “Recherche appliquée en miliey
réel”. The objective was to develop alterna-
tive methods 1o restore [ertility by enlisting
farmers” participalion in 4 series of on-farm
research trials.

Soil fertility had beeu declining in the Adja
Platezu in Mono Province, southern Benin,
under growing population pressure.
Traditionally, to prevent loss of fertility, farm-
ers in that area hiad planted 12-10-15-year
fallows with oil palm, which is economically
attractive because of the palm wine produced
from Lhe trees when the fallows were clearcd.
However, the increasing demand for food
had lengthened the periods of cultivation
aud shortened the fallows, with the result
that soils had become impoverished.

The initial round of experiments involved

a set of maize trials planted in farmers’
fields, and sever:l researcher-controlled
demonstrations of new soil-enriching tech-
nologies such as ailey cropping, various
cover crops, and live mulch. The experi-
menis began in 1986, 10 be implemented
over the 1986 and 1987 cropping seasons. As
it turned out, these demonstration fields were
to have Lhe greatest impact on farmers’ deci-
sion-making,

Farmers met periodically with project sci-
entists und technicians, to discuss their expe-
riences iu the series of experiments and to
participale in selecling new treatinents for
the cowming season. Group discussions were
very lively and farmers becume well
informed even about results from experi-
ences with options which 1bey nad not
selected.

Their coriosity to hear the impressions of
others aboul Lhe different options seemed to
stimulate altendance at meetings. The group
became so large that it had to be divided inlo
two, cach of which included the full range of
options in its scope.

Impressed. [n the demonstration plots, the
way that mucuoa had sinathered the ubiqui-
tous speargrass impressed many farmers.
Hence, in 1988 and 1989. 2 number aof farm-
ers elected to grow mucuna as a planted fal-
low crop during the “short season” {so called
because it is the sborter of two rainy seasons
which are characteristic of the climate in this
part of Alrica). Some farmers elecled to grow
pigeon pea (Cayarus cajan) in their planted
fallow. The pigeon pea barely grew where
soils were very depleted, bul mucuny seemed
to perform belter in similarly poor soils.

The trials confirmed mucuna’s value as a
wedpon against speargrass. Even more
important, the trials praved mucuna's
capacity to restore fertility to the sol, result-
ing in greatly improved yields of maize dur-
ing the following season. The accompanying
chart of 1989 results shows that maize yields
on plots earlier planted to mucuna were, on
average, 80% greater Lhan on contimuously
cropped land. Far smaller gains were
recorded for maize on plots planted earlier to
pigeon ped.

For 1990, the scientists and farmers next

Beninois reseorcher, farmer, and nra researcher dis-
cuss mulching with mucuno.



planned optional treatments for two types of
soil conditions which existed: (1) completely
depleted fields, and (2) fields still reasonably
fertile. The two options for the completely
exhausted fields were mucuna and acacia
trees, a fast-growing legume which would
produce a snbstantial amount of slowly
decomposing litter and high-quality fuel-
wood.

The mucuna was t0 be planted one month
after sowing maize, during the first rainy
season, and would grow to a dense cover
during the second rainy season.
Subsequently, during the dry season, the
mucuna would die and form a dry mulch,
which would fertilize the next year’s first-
season maize crop. Mucuna would cnce
again be “relay planted” in this manner, one
month after that crop.

The aim was to regenerate soil fertility to
an adequate degree after several years of
either mucuna cover crops or acacia fallow
Once the fertility of their fields had been
restored, the farmers could decide whether to
go on to one of the second set of options, in
order to maintain soil fertility.

The results for farmers who had chosen
mucuna were dramatic. They recorded, on
average, 4 tenfold increase in maize yield
(frem 200 te 2,000 kilograms per hectare).

Even before those results had become evi-
dent, otbers had begun joining the ranks of
the mucuna planters, attesting to its growing
word-of-mouth popularity as a soil improver
as well as a weapon against imperata. As a
consequence of the demonstrated yield
increase, 20 additional farmers with infertile
fields chose the mucuna option in 1991, they
obtained a threefold increase over the previ-
ous year’s recruils.

National extension authorities were so
impressed with the results that they decided
to apply the technology from 1991 in all the
agroecological zones of the country where
soils are depleted and imperata is a problem.

The results of adoption in the current
nationwide phase will be studied from 1992,
with documentation of the extent of adop-
tion, characterization of areas where it has
been successful, and a comparison between
areas with characteristics favoring adoption
and areas where the technology was actually
successful.

Ingredients of success. Behind the snc-
cess in promoting adoption of mucunato
date, 2 number of elements can be singled
out as being major contributory factors.

Farmers were an integral part of the deci-
sion-making process, first of all, and they
participated in groups which had been divid-
ed according to the types of problems under
investigation. Those in the same groups
shared similar problems—farmers in the
1990—1991 set of trials had joined discussion
groups for ejther completely depleted fields
or reasonably fertile fields. Consequeutly the
groups eujoyed a unity of purpose.

Each group was offered a range of tech-
nologies to choose from. Every farmer could
accommnodate his particular problems
among the optious, or could discuss with his
peers and the scientists how to tailor the
technologies to them.

Moreover, farmers had had a chance to see
demonstration plots showing the eftects of
mucuna and other technologies before they
made a selection. They were not simply told
about hypothetical benefits and asked to
make a blind choice.

AVERAGE MAIZE YIELDS UNDER
DIFFERENT TREATMENTS ON
THE ADJA PLATEAU

ko/ha

3000
L1 Lotal maize
I Improved maize

2000

1000

[l L

Confinuously Plots after  Plats
(rorped pigeon after
plofs pen mucung

Fmally, the dual impact of mucuna in
restoring soil fertility and combating imper-
ata appealed greatly to farmers, particuarly
those with few labor resources. Mucuna’s
bonus of imperata control had a decisive
impact in the widespread adoption of this
technology.

For the future, scientists with 4n interest in
on-farm experimentation can draw on a
fund of useful experience from the Benin
mucuna trials. The farmers showed, in their
contribution to refinements in the technolo-
gies, the fruitfulness of their participation in
experiments which Liad been so designed as
to bring out the benefits they had to offer.
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INTERNATIONAL

CREATING THE

COOPERATION

The special role of international cooperation at u7a is to
enhance the collaborative process with national agricul-
tural research systems of adapting and applying improved
technologies for farmers’ needs.

COOPERATION STRATEGIES

The principal means by which 111 strength-
ens agricultural research are training. infor-
mation dissemination, germplasm exchange,
and other collaborative project activties
which convey 1ia technologies.

Four mechanisms have been designed (o
enhance vsefuluess of ccllaborative research
and training actvities, and enalle 1ra 1o
respond with greater sensilivity 1o perceived
needs. They are:
® Networking, Coliaborative networks
link i with national and regienal research
institutivns in Africa, to develop their
research capabilities.

& Research liaison scientists. Three
resezrch lisison scientists, each with specilic
respunsibilities for a group of countries, will
be placed in Ghana, Cote d'Tvoire and Congo.

¢ Resident scientist teams in specific
countries collaborate with national colleugues
to meet research problems and needs, and 1o
strengthen research capabilities,

& Training. 1174 aims (o encourage
isational programs and rescarch networks
eventually to do for themselves all the Lrain -
ing that is needed to support their own
research efforts. Training at uts will focus on
promoting effective research teams where
both rational programs and 7 are equal
partners.

I scientist and counterpar] Lesothe plant explorer appraise resulls of their cowpea calledtion efforts.

COWPEA THAT
BUGS WON'T
BITE

Intuitive pathways have begun to
Ccrisscross new areas where borders
of traditional disciplines meet. A
new network links scientific institu-
tions on three continents in collabo-
rative research which relates
biotechnology applications in crop
improvement, entomology, and food
science.

Three vears ago the group was formed
fromy 117a's partnerships with several Ttalian
institutes and with Purdue University, tss,
Driving this collaboration is their comman
quesl: to create a cowpea constituted with
new genes that will enable it to resist insect
pests and ensure better yields for millions of
farmers in the developing world, The first
signs that the goal was within reach came
during 1991, with the momentons news thal
1wo of the partoers bad succeeded in trans-
forming the cowpes in different wuys.

A key crop. Cowpea (Viona unmeiculal)
is a food legume, one of the few sources of
dietary protein for many African peoples liv-
ing in dry regions. Harvests are generatly
much lower than the productive potential of
the plant, because no cultivated cowpen vari-
ety is resistant to the many pod-boring, pod-
sucking, and storage insect pests which
abound in Lropical Africa. These pests have
long eluded crop breeders, who have been
able to incorporate genes for many other
insect and diszase resistance traits o culti-
vated cowpeas.

New hiotechnological methods have, how-
ever, opened possibilitics for improving 2
crop by adding new genes 1o the existing
genotype—the genetic constitution of 4
plant that defines its specific characteristics.
The candidate genes for this transformation
would be those which could endow « plant
with desirable characters that nature did nol
originally provide, uis's partoers, well



equipped and already experienced in related
applications of biotechnology, bring the nec-
pssary expertise o such a quest for u pest-
resistant cowpea. They also share diverse
research interests in the crop.

The search starts with the collecled cow-
pea germplasm, the genotypes on which to
base further development. Careful evaluation
of the germplasm provides an inventory of
traits. botanical and biochemical, some of
which may be usefu! in creating the “ideal”
cowped. OF greatest value are traits which
repel or discourage the pests from eating the
varions parts of the plant
® pubescence or “hairiness™ en the piant
which inhibits insect feeding or egp laying;
e mpeneirable ar hard pods or seed coafs;
@ unpalatable chemical components of
pULlS or seeds.

The tareeted msects which cause the most
damage and are difficult to control are, in
order of research priority: Marucea pod-bor-
ers, varinus pod-sucking bugs, bruchid stor-
age weevils, and thrips, which [eed on the

el

cowpei flower

The collaborators dre hunting the particu-
e penes whicls cipress insect resistance
traits in wild Vigna, or other species that
may or m1ay not be closely reluted to cowpea.
The abjective is to incorporate them into
high-vielding cowpea genotypes. At the end
of the quest. the group aims Lo have pro-
duced cowpeas with resistance to Lhe Larget
pests that they did not possess before, and
Ut will enable African farmers to increase
their cowpea harvests severalfold.
Two ways. The two ways to create the
genetic improvement are by (1) “wide cross-
es”, or crosshreeding of widely divergent
genotvpes of cultivated and wild Vigna: and
(1) genetic engineering, by which foreign
genes are incorporated into the cowpea and
endow the progeny af that plant with new
characteristics. The accompanviug diagram
shows how the work is divided among the
collaborating instituticns along these two
patlis 10 the genetically improved cowpet.

Wide crosses are hvbrids hetween different
specics whose genotypes are norwally
incompuatible with one another. The goal
behind the arempt o forge such interspecitic
crosses is [o introduce new genes which will
act together with 1he existing genes 1o pro-
duce an advantageous lewtnre—such as a

durable form of resistance to insects or
pathogens,

Genetic engineering technigques, on ihe
other hand, entail use of 4 single gene 10
confer the desired rait on Lhe selected
species. The new gene, carrying the bio-
chemical information responsible for the
trail, is forcibly introduced into the furge!
genotype, cither by accelerated microparticle
technalogy (a1 “gene gun”) or a transfer pro-
cess intermediated by, for example, the
IMICTOOrgANISITs Agrobacterium lumicle-
Clens.

Generaily, resistance based on a single
oene is less apl Lo be durable than a poly-
enic resistance—ihe pest or pathogen is
mare likelv to survive and adapt ifonly a
single resfstance mechanism is present than
if it has multiple mechanisms of resistance to
overcome. To build 4 more broad - based sel
of resistance characters, several genes for
resistance could be incorporated into the
new eowpea. The selectivity which is possible
in an engineered Lransformalion would have
the added advantage ol excluding “weedy”
or wild characters that tend o accompany
wide crosses.

Both paths 10 genetic improvement are
being explored. Scientists need to know Lhe
limits to possible exploitation in each case.
und to compare the efficacy of the two
approiches. The experignce should yield
valuable insights for work with other crops.
World collection. Since the 1970s 1 has
had the mandate amony international
research centers to develop a world collec-
lion of cowpea germplasm. 1o scientisls
hive worked with national research staff to
collect specimens of cultivated and wild
germplasm, describe their characters. evalu-
ate their usefuluess as potential sources of
disease or pest resistance and other desired
traits, aud conserve Lhem as genetic
resotrces for crop improvement and for the
benefit of posterity

3y the 19805 the collection of cultivated
cowpea contained sources of resistance Lo
many insect pests and diseases, but none to
the major pests: the pod-horers and pod-

sucking bugs, Wild species and close relatives

Cawpen embryo genetically tronsformed by pia por-
ticle gun — blue oreas represent expression of intra-
duced morker gene.

of cultivated cowpea were the best sources tn
explore for the desired genetic material. [t
was clear that wrw's wild Vigna collection
should be broadened, in order to represent a
greater proportion of the extant biodiversi-
ty—until 1983 oaly 200 accessions of wild
Vivna had been collected. Moreover, 1mma's
seed storage and lahoratory facilities for
genetic resources research neaded to be
enlarged and modernized.

(Once these prerequisites were satisfied, i
could starl 10 address basic breeding issues.
They included the range of genetic possibili-
ties within species, and genetic compatibility
between cultivated cowpea and related wild
species. With unproved knowledge in those
areas, scientists conld begin to exploit the
cultivated and wild cowpea potentials for
resistance breeding, applving appropriate
tools including hiotechnology

In 1984 the 1114 Genetic Resources Unit
began to tackle these needs in a project sup-
ported by the lalian government, working
logether with a consortium of four Italian
institutes which shared complementary
research interests in cowpea:

@ Dipartimento di Scienze Agronomiche e
Genetica Vegetale, Universita degli Studi di
Napoli, Portici (plant genetics)

® [stiluto del Germoplasma, Centro
Nazionale delle Ricerche, Bari (germplasm
collection. characterization, and evaluation)
e [stituto Nazionale della Nutrizione, Rome
(food safety, nutrition)

® Dipartimento di Agrobiologia e
Agrochimica, Universita degli Studi della
Tuscia. Viterbo (plant cell regeneration)

Scientists in the llalian consortium were
interested in working with 17 for the oppor-
wiity o contribute to African agricultural
development, while expanding knowledge in
their scientific fields.

The italian and nra researchers joined
forces in order to sirengthen their under-
standing of cowpea genelics and breeding. A
biotechnalogy unit was established at 1
make new knowledge and techniques avail-
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able 1o African colleagues. In 1989 new facil -
iries were added 1 the unit with ltalian sup-
port. They also began their collaboration in
cowpea penelic improvement through wide
crosses and transformation with 2 foreign
vene. That year the two groups were joined
by American researchers, mostly from
Purdue University in Indianz, 1ss, 10 supple-
ment the project with work an storage pest
problems of cowpea.

At Purdue University, a group of scientists
had come wgether from different disciplines
during the 1980k to develop resistance char-
acters [nr fighting insect pesis of stored pulse
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crops in Africa and Latin America. Cowpea
was a1 specil focus of the group, which
Began by investigating the chemical and
physical bases of resistance Lo storage wee-
vils, among others. One of the group's long-
term goals was to discover genes which
could help engineer insect resistance into
cowpest. Shared goals brought the Purdue
team into a collaborative relationship with
ume scientists by 1989, Scientists from Auburn
University and the University of Minnesota
alsa contributed to the germplasim charac-
terization and breeding efforts,

The Nalian, American, and s groups

merged into a group of eollaborators in @
joint program on cowpea biotechnnlogy
They agreed to tackle different issues and
problems according to their individual
expertise, building on each other's advances
and in turn contributing to the goals of the
group.

Collecting germplasm. Plant explorers
from 1114 and the Bari Germplasm Institute
have embarked on 2 series of collecting mis-
sions in central, eastern, and southern
African countries asd the Mediterranean
region. They have made a special effort to
explore snuthern Africa where the cowpea




originated. As a result, by the end of 1991 the
ima world cowpea collection had added over
500 accessions of wild Vigia species. The
wlal world collecon now counts over 16,000
accessions from about 100 countries world-
widle. That includes over 15,000 cultivated
cowpea species and varieties, and some 1,500
accessions of wild Vierna of which about 500
belong to the primary genepoal of wild cow-
pea. The entire collection s preserved in
ia's genchank, which was refurbished and
expanded with Italian support in 1986.
Characterizing germplasm. 11TA, the
institutes @t Bari and Portici. and Minnesota
University are investigating the
morpho/physiological characters of Vigna
germplasm down lo Lhe level cf chroma-
somes, for precise taxonemic classification.
Vizna chromosemes have been poorly char-
acterized in (he past. partly because of their
small size. Scientists are assessing insect
resistance in order to identify possible
sources of resistance genes, They are ulso
studyiug the degree of relatedness berween
wild and cultivated species, which may be
instrumental in estimating the feasibility of
combining genes from wild species with cul-
livated cowpea.

Identifying resistance traits. Cowpea
and other Vigne species are being grown in
Nigeria and selecied for the resistance they
exhibit to the target pests. uta entomologists
have shown that several wild Vigrer specics
have excellent resistinice (o pod-bocers and
pod-sncking bugs.

Al Bari, biochemists are investigating the
factors responsible lor resistance o storage
weevils. They are analyzing levels of certuin
compounds present in resistant and suscep-
tihle cowpea seeds. Purdue entomologists
have demonstrated that wild cowpeas con-
lain sources of resistance to weevils. They are
studying biochemical factors which cause
death or delay in maturity of weevil larvae.

Scientists at the University of Potenzz,
Italy. have contributed Lo the germplasin
churacterization work, They have studied the
biochemical basis—favor-producing cown-
pounds. for exanple—of resistance to
aphids, which inflict damage on the plant
and zlso carry cowpea viruses.
Interspecific hybridization. Early trials
al hybridization among several species al it
and Purdue either failed or produced infer-

tile progeny; so Portici geneticists have con-
ducted microscopic investigations of the
physiclogical and physical barriers (o crosses
between cullivated and wild cowpes. Wide
crosses are continging at uta and Purdue,
with development of techniues for rescuing
embryos that would otherwise abort and for
identifying lybrids.

Porlici scientisls have joined 1114 and
Purdue colleagues in exploring the poly-
ploidy phenomenon-  plants with a mulliple
set of the normal chromosome number.
Polyploicy, which can increase productivity
in vegetatively propagated crops such as cas-
saval. can also help Lo improve the success
rate in interspecific hybridization, by over-
conung the genetic barriers of incompalibili-
ty between cultivated and wild cowpea.

(Geneticists at Minnesola are working with
1ma colleagues 1o develop 4 cowpea pua map
ulilizing reLps (restriction fragment length
polymarphisms). preliminary to identifying
and marking specific resistance genes for
possible transfer.

Examining resistance genes. During
the 1980s Purdue scientists began investigat-
ing genes responsible for enzymes which
inrerfere with insect digestive processes. The
idez was to induce malnutrition and eventu-
ally starvation by putting into the cowpea
certain enzymes whicl wonld curiail the
pests” ability 1o digest its food. Purdue is also
experimenting with bioassay systenns, Lo lest
the effects on pests of consuming those pro-
1eins.

Meanwhile, the Italian groups have
already become involved in the biochemical
characterization of seed proteins and studies
of mechanisms of insect pest resistance.
Together with scientists from Auburn
University (154) and 17, they have joined
the search for new gencs for pest resistance
angd new methodelogies for inaking those
discoveries.

Traasforming the cowpea. In 1991 the
Portici researchers, following the wide cross-
es approach. confirmed that their techniques
of using Agrobaclerienm as a vector have
vielded cowpea embryos which show signs of
transformation. And the group at Purdue
verified thai microparticle bombardment
techiniques with a "gene gun” had produced
transformed embryos. Scientists from both
institutions are working closely together to

ensure successful ontcomes in these key
developmients.

Preliminary work in regenerating a cow-
pea plant from a single cell was conducied in
1987 by Nalian scienlists at the institute in
Viterbo. That approach will be pursued again
in future.

Aiding the efforts. i scienlisis have
keen working with Purdue and Minnesola
colleagues to develop methods for identifving
Iybrids by “fingerprinting” v (deosyri-
bonucleic acid). the chain-like molecule
carrying the code of genetic information that
is unique 10 each genotype. They have als
collaborated in developing a genelic map
using ReLPs. which can help in specifying the
Jocation of desirable genes on chromosomes.
The ke work will be useful as well in
breeding, veritication of hybrids, and the
identitication and characterization of
germiplasim.

A Purdue team of entomologists and an
electrical engineer have invented a biomoni-
tor. which makes use of ullrasonic signals in
dletecting hidden insects as thev feed within
ddry materials such as seed grains, The
Liomenitor measures feeding bebavior of
pests as they consume cowpeas or artificially
formulated grains. The goal is 1o screen dif-
ferent seed proteins for insect resistance,
which can be observed in the feeding
response of the insects with different formu-
lations, The more resistant proleins may
become candidates for new breeding efforts.
Assessing food safety. Transformed cow-
peas will contain new protein substances not
present in traditionally consumed varielies.
These new proteins musi first be tested for
health hazards to consumers. Tasle. texture,
and cooking Factors are being tested as well,
to ensure that consumers will not object 1o
perceived changes in their customary cui-
sine.

Food scientists at 1its. the National
Institute of Nutrition in Reme, and Purdue
are studying the safety. nutritional valuc.
palatbitity and “cockability” of proteins
associated with insect resistance in wild and
cultivated cowpeas.

Networking with users. As the activities
and first achievements of the cowpea collab-
orators show, biotechnology dpplications
afford a high degree of precision in the
design of 2 product. That capacity calls for
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Pod harer lorva on cowpea callus in o bioossay test of the efficacy of cowpeo pest resistonce charaders.

the producers of the new technology to work
more clusely than ever with national agricul -
wrral scientists, who are in the best position
(o know the needs of the ultimate users: the
cowpea [armers,

As biotechnology telescopes the distance
between basic research and farmer ose, the
character of the research process shifts dra-
matically Before bioteclhnology made short-
cuts available, crop improvements had Lo
evolve step by step, involving adapiation and
finetuning at several levels—from advanced
[aboratories to international centers, and
lhence to national programs for adaptation
lo local requirements. But the biotechnology
research effort, from the beginning, is driven
by the farmers’ specific needs, not by the dic-
tates of the research process.

In the cowpea biotechnology collabora-
tion, 1114 will be able to vse ils special rela-
tionships with national programs 1o advan-
lage, in the design ol the biotechnological
product. s will also be able to bring
national scientists within the operational
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scope of this advanced rescarcly. througl:
training at its own biotechnelugy facilitivs
where the work is being done. While th
research and its benefils appear awsuime,
they can come within the reach of national
programs in Africa through the continued
bridging role of their internaticnal center.
IITA.

NEW SUPPORT

TO SUSTAIN

THE SUCCESS

STRENGTHENING
NATIONAL PROGRAMS
IN BIOLOGICAL
CONTROL

African cassava crops are flourishing
again after a wave of devastation by
the cassava mealybug during the
19805—a wave that was broken by
n7a’s continent-wide biological con-
trol campaign. In the wake of this
success, which national programs
helped to achieve, na is in turn
helping countries to build up their
capacity to manage their own biolog-
ical contrel programs against pests
of cassava and other crops. Boosting
national capability is the hest way to
develop crop protection systems,
especially sustainable systems which
call for ecological awareness and a
well-coordinated balance of activi-
ties.

Biological control is 2 mainstay—togeth-
er with host plant resistance and hahital
maoagement—in the s schame of pood
plant health management. One of its main
attractions is its ecological soumdness, in
controlling a pest which has gotten out of
dand by mobilizing ils natural coemics
which will reduce the threat 1o a wlerable
level. Its environmental advantages, not to
say economic ones, nver the use of pesticides
are obvious. Moreuver, awareness of the
adverse environmental effects of pesticides
has made donor agencies reluctant i
finance their usage and compelled govern-
ments 1o seek non-chemical options to
reduce crop losses.

The Africa-wide binlogical control cam-
paign reduced damage by the cassava
mealybug in 95% of all ficlds to a level below
econontic impact, the status of that exotic
pest’s impact in its home environment in



South America. The success of the mealybug
campaign has opened the way for African
policymakers and researchers to develop
bielogical control and other enviconmentally
friendly alternatives Lo pesticides.

A high degree of capability and coordina-
tion is needed in-country to research and
implement sustainable crop protection sys-
tems. Doring 1991 19 began collaborating
with the German donor agency Gesellschaft
fiir Technische Zusammenarbeit (6rz) on a
special project for technology transfer and
training. whose goal is 10 establish sustain-
able crop protection programs in Africa with
astrong basis in biclogical control. The spe-
cial project is reinforcing ua efforts which
are supported by other donors 1o strengthen
national biological control activities.
Activities concerniug the targeted pest(s) in
each counlry covered hy the project are
noted in the accompanying table.

The special project first seeks 1o ascertain
goverpnental commitment to the goals of

sustainable crop protection. The success
story of cassava mealybug control stimulates
enthusiasm, while participation in biological
control conferences and training courses
usually convinces decision-makers and tech-
nical officers alike of the efficacy of the
appreach.

Project activities follow four main chan-
nels: research, implementﬂrion, training, and
program strengthening. The guiding belicf is
that such assistance should buttress resolve
within the national progam to conduct its
own aclivities and to make available local
resources to the fullest possible extent.
Creation of new institutions is not part of the
plan—existing infrastructure remains the
basis for development. The project provides a
resource package or “biokit” o each partici-
paling country, comprising:
® an inseclary
® g vehicle
® equipment for laboratory and office
® 4n in-country training course

® operating funds of a negotiated amount.
During the first project year, the cassava
mezlvbug, cassava green mite, mango
mealybug, banana weevil. and two pests of
maize, the stem horer and larger grain borer,
were targeted in control activilies amang the
participating cnuntries. The accompanying
chart sumimarizes project aclivities by coun-
iry and by targeted pest.
Research. In general, assistance in applied
research began during 1991 with training
and helping local staff in identifying the sta-
tus of the specific pest in each country listed
in the lable, Next. the role of “beneficial
bioagents”. or natural enemics, and possibil-
ities for establishing them had 10 be assessed.
An appropriate strategy for pest management
was devised in each case, which might also
includle host plant resistance, various culiur-
al practices and rational utilization of pesti-
cides. [f natural enemies of a specific pest
were already available, the beneficials were
first reared in adequate numbers for release.
Suitable release sites had to be found, import
permits secured, the shertest transport
ilineraries determined, and the release itsell
organized and completed. Subsequently; in
evaluating resulis of the control cffort, three
developments had to be assessed: the estab-
lishment of beneficials, their spread. and
their itnpact on the pest and the crop. In the
case of cassava mealybug and cassava green
mite, evaluation surveys nust extend over at
least three years to be conclusive. Scientists
in the national programs were equipped to
conduct their own testing and monitoring of
beneficials uuder the guidance of uta scicn-
tists working on control of the particular
pest.
Implementation: technology
transfer. The project assessed the material
and equipment needs of nine countries, and
procured “biokits” for all hut one (because of
nolitical unrest). Nine countries received
operating funds for field work and in-coun-
try Iraining seminars. 1a scientists advised
six national pragrams on how o organize
mass-rearing of natural enemies locally,
During 1991 the programs in Burundi,
Rwanda, and Tanzania asked to have insec-
taries installed for Epidinocarsis lopezi. a

Insectary in Rwanda containing “cossova trees”, part
of the biokit for developing the nationol program,
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perasiiond of the cassava mealvbug. Besides
erecting a screenhouse in these countries,
ra trained local staff in equipment use and
all bacets of insect production.

Training. During 1991, three countries
held their own seminars for altogether 70
participants drawn from their respective
staffs, University students, government offi-
clals, and other uests were invitad 10 the
program stations w familiarize themselves
with the work and promete interest in the
project. [n addition, two group training
conrses were organized al the 1t Benin
station, Cotonow, where biological control
scientists attended from 26 natonal pro-
grams. In the first vear of project support,
four rhi students and two yse students from
different countries began their studies. They
eventually will join the corps of trained sci-
entists {n their respective national programs
Strengthening: program
development. 1 signed agreements dur

ing the year with the nine countries lisied in
the tabie, for strengthening of their pro-
arams, A project for support of five more
countries wis approved by the Austrian gov-
erment. An 1/t project for additional
dssistance to four national programs {Benin,
Cameroon, Ghana, and Nigeria) was submit-
ted to unaw for funding approval [which was
gramed in May 1992—Fd.]. The joint pro-
ject cancerns environmentally sound, eco-
Ingically sustainable plant protection for cas-
sava.

SPECIAL PROJECT ACTIVITIES BY COUNTRY AND TARGETED PEST
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RESEARCH
COLLABORATORS

AT THE CRITICAL STAGE
BETWEEN LAB AND
FARM

On-farm experimentation is a key
stage in developing any agricultural
technology—that is where newly
designed technologies first meet the
test of real farming conditions,
hefore they are released for
widespread demonstration and
extension to farmers.

On-farm experiments provide researchers
and farmers with an opportunity to interact
in adjusting technology designs so that they
best suit local conditions in the farming svs-
tem and enviropment. 1t is a crucial stage for
national research Programs o mandge,
because it involves adapting technolngies
from various sources for indigenous use

Scientists in different African countries
have evolved methods and procedures for
on-Ffarm research, utilizing different models
aceording to their iraining and institutional
environment. As 4 result, on-fanm research
apprisaches may vary considerably from
country 1o conntry, Some might be more
effective than others in mecting cerain kinds
of probleims.

As a means to enable those in different
countries 1 leam from the experience of
their peers in other programs, and to develop
a comprehensive body of knowledye about
on-farm research relevant to Africa, 11 has
helped to set up two groups of scientists for
collaboration in crop improvement and
crapping systems research, for maize and
rooL craps
e (ollaborative Group on Maize-Based
Svstems Research (comps), established in
1989,

e Collihorative Group for Root and Tiber
Improvement and Systems (powrs), estab-
lished in 1991

The two groups of collaborators are com-
posed of memiber institutes involved in crop
improvement anc/or crapping systems



tesearch. in both francophone and anglo-
phowe African countries, Apart from ura, 10
institutes in 6 countries form the comps
membership, wlile 15 institutes in 13 coun-
tries compose ¢erTIS. Four of those institutes
are members of both.

The two groups have 4 commaon set of
goals in their respective fields, and are
breaking new ground in the region in the
development of research capability Their
primary concern is to strengthen technical
proficiency in specific areas of crop research,
through development of on-farm research
concepls, methodelogies, and practices.

Both groups have agreed 1o collaborate in
tackling issues of common concern wnong
their members. At the same time they recog-
nize the beterogeneity as well as location-
specific nature of farming svstems. Hence,
their collaboration will focus on developing
new approaches and methodologies. rather
than Lesting the performance of individnal
techzologies.

Some of the research issues on their
respective agendds to investigate concern
various approzaches to;

e maintenance of soil fertility through vari-
ous mezns, including intercropping with
legumes, alley cropping, plante fallows.

& weed control.

® 00-farm evaluation of new crop varieties.
® postharvesl processing and storage.

® improvement in analylical technignes,
such as multivariate analyses.

Each group stagted with a plan to collabo-
rate on 4 research project. cosiss concen-
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trates on soil fertilitv improvement and weed
control through testing of technologies
involving leguminous species. corTIS is also
interested in the use of leguminous species o
reverse decline in soil fertility levels, bul
focuses on the selection and testing of appro-
priate crop varieties for different farming
syslems.

Itinerant seminars. The two groups hold
anoual workshops on a retational basis it
member institutes. Participating scienlists
criticallv review current work aud approach-
es to [arming systems research, and develop
new thinking on methodologies and tech -
notogies. The warkshops constitute an itiner-
4ol seminar, with a presentation of ongoing
work by the host institute for that year and
progress reports from the other members.

From the beginuing, both groups aimed at
providing technical support among their
member institutes through exchange of visits
or longer-lerm attachments. One instance of
a need for technical support is backstopping
for on-farm adaptive research in maize and
cassava being sponsored by the Enropean
Economic Commuuity in most of the comis
and corris mernber countries.

Both couis and corms have decided thal
the Wesl Africa Farming Systems Research
Network (warsra), with its documentation
center and established contacts, should con-
timue 1o help coordinate their respective
activities, warskN has the resources to provide
them with an umbrella coverage in dissemi-
nating and receiving scientific information,
channelling funding and administrative sup-

im& ond national program researchers evaluating
AFNETA on-form research in Benin Republic

port for project activities and training cours-
es. and generally liaising with kindred scien-
tific badies.

The formation of comus and cokris, and
their accomplishments to date (sce reports in
the following paragraphs), show that the sig-
nificance of on-farm research has been rec-
ognized by the agricultural research com-
munity, To ua the link with national pro-
grams in this area of research activity is vital,
in two ways: in extending the benefits of its
own knowhow in working with [armers, and
in expanding the pool of experience wilh
new technologies.

The discipline of on-farm research lies 41
he heart of the adoptive rescarch pracess.
On-farm research is central Lo the role of
national agriculiural research sysienss, in
developing technologies for extension work-
ers to deliver to farmers. coaps and corris
are providing essentidl support o strengthen
this aspect of the national programs’ opera-
lions.

COMBS

The Collaborative Group on Maize-Based
Systems Research (comus) was formed in
1989 to bring tngether West and Central
African maize researchers in a4 working, rela-
tionship. [ts main goal is to develop and test
improved prodnction technalogies for
maize-based cropping systems, guided by an
understanding of farmers constraints and
opportuuities. The group also aims to Lake
advantage of opportunities to transfer suc-
cessful technalogies through the association
of most national programs with development
and extension organizalions.

COMBS IS concentrating on ways Lo inte-
grate leguminous species into farming svs-
tems, in order Lo improve seil fertility and
help control weeds. The main challenges are
to select the right species to function in spe-
cific ways in the farming system, and to
involve farmers in the design and experi-
menlation stages.

The 1990 annual workshop in Ghana
examined technological problems related to
this central topic. & paper which incorpo-
rates the results of the discussions has since
been produced under the title “Legume-
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based technologies for soil fertility improve-
menl and weed control—an approach to
technology targeting”. The group has begun
to asseinble a database of detailed informa-
tion on more than 200 legume species.

The 1991 workshop in Benin reviewed
methodologies for expanding farmer partici-
pation in on-farm experimentation. The dis-
cussions were guided by recent experiences
of the Benin members in working with farm-
ers on legume-based technologies. (See arti-
cle on farmer participation in the Resource
and Crop Management section of this
report.)

The nationai member institutions of coms
are:

Benin:

Projet de recherche appliquée en milieu réel
{ramr) de la Province de Mono, Direction de
recherche agronomique (bra), Niaouli
Cameroon:

Institut de recherche agronomique {Ira),
Bamenda and Irs, Garoua

Cdte d'Ivoire:

Institut des savanes (IpEssa), Botake
Ghana:

Crops Research Institute (cki)/Ghana Grains
Development Project (6pp), Kumasi

Crops Research [nstitute (cr1)/Nyankpala
Agricultural Experinient Station {NaEs),
Tamale

Nigeria:

Institute of Agricultural Research and
Training (sar&T). Obafemi Awolowo
University, [badan

Institute for Agricultural Research (JAR),
Samaru

Zaire:

Service national de recherche appliquée et
vulgarisation (senarav), Kinshasa

ITa is represented in comps by scientists in
the Savanna Systems Research Group.

CORTIS

cokris was formed in 1991 as a means of
integrating two streams of root and tuber
crop research: breeding/improvement and
Crop management.

The worrs goal is to encourage interaction
between scientists iu both streams for addi-
tional impact, and to avoid duplication of
effort. The ultimate aim is to produce
improved techuologies for root-and- tuber-
based cropping systems, to help increase
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farmers’ productivity and help them meet the
food needs of rapidly growing populations.

The founding meeting was held in June
1991 at iira, when two committees for breed-
ing and cropping systems were elecled. The
member institutes selected “Weed control
and soil fertility maintenance through the
use of leguminous species” as a topic for
joint research. The new commitiees met to
develop an action plan in September, at the
Ekona station of Cameroon’s Institut de
recherche agronomique (IRa}.

To begin research on the introduction of
legumes into root-and-tuber cropping sys-
tems, the members decided to characterize
their target zones and cropping systems
using procedures similar to those developed
by comgs. Criteria for selection of appropriate
leguminous species will be based on the
characterization of the biophysical and
socioeconomic environment and cropping
patterns.

The members agreed to collaborate in
varietal testing on farm, with the involve-
ment of breeders as well a5 agronomists and
farmers. The varieties to be tested will be
selected in conformity with farmers' needs,
with the aim that experimental results reflect
4 positive response 1o the selection from
farmers. A framework for varietal targeting
and on-farm testing is being develnped. A
training workshop on the topic is being
organized.

The national member institutions of coriis
are:

Benin:

Direction de recherche agronomique (bRa),
Niaouli

Cameroon:

lnstitut de recherche agronomique (IRa),
Nkolbisson and 1rs, Ekoua

Céte d’Ivoire:

Lnstitut des savanes (IDESsa)

Ghana:

Crops Research Institute (cri), Kumasi
Guinea:

Centre de recherche agronomique, Foulaya-
Kindia

Nigeria:

Institute for Agricultural Research and
Training {(ar&r), Obafemi Awolowo
University, Ibadan

National Root Crops Research [nstitute
(nrcwi), Badeggi

University of Ibadan
Kenya:
Coastal Agricultural Research Station,
Kikambala
Malawi:
Ministry of Agriculture, Bvumbwe Research
Station, Limbe
Mozambique:
National Agricultural Research Institute
(1via-pase), Maputo
Rwanda:
Institut des sciences agronowniques du
Rwanda (1sar), Butare
Sierra Leone:
Institute of Agricultural Research (iar),
Freetown
Tanzania:
Ministry of Agriculture, Mwanza
Zaire:
Service national de recherche appliguée et
vulgarisation (senarav), Kinshasa
T4 is represented in cokTIs hy scientists in
the Humid Forest Systems Research Group.
The French name for corms is
Collaboration pour les systémes et I'amelio-
ration des plantes a racines et tubercules
{COSART).



NETWORKS

Networks are associations of scientists or multidisciplinary groups that have a common goal.
Thie aim is to complement resesrch programs within and across national boundaries. Network
activities can be limited to information exchange, or encompass collaborative planning,
implementing, and monitoring of research activities, Euch participant in a network usually
assumes a specific responsibility for the benefit of the network. International agricultural
research centers such as nrs, aad other institutions in developed countries, support and com-
plement research in the network member countries.

In the following pages are reporis on current activities of the three networks which i helps

le coordinate;

® Alley Farming Network for Tropial Africa {ariers)
o [astand Snuthern Africa Root Crops Reszarch Network (£sarmn)
® The Soil and Plant Analytical Laboratories Network of Africa (spana

AFNETA:
a village-level approach

[he year 1991 representee the third year of
the first phiase of the sr=rm research pro-
pram (1959-1994). The major objective of
the phase is w establish the basic trials
required W assess or demonstrate the biolog
ical feasibility of the alley farming system.
The phase is also seen as the “experience-
building” phase for most of the national pro-
gram scientists who have had little experi-
ence of allev farming, and therefore require a
period of orientation and familiarization
willl its principles, methods, and practices.
Now that this phase is coming to an end, the
focus uf the network is on how adoptable
alley farming is. Empliasis has thus shifted
from on-station trials to on-farm tials.

Two tvpes of on-Farn trisds ave being con-
ducted: (:1) experimental on-farm research
which aims to validate the different compo-
nents of on-farm research such as alley
farming, planted fallow, traditional farming,
ete. and (b developmental on-farm
research which assesses the adoptability of a
particukar system such s alley farming.

The experimental type of activity has
received much more attention and has con-
stituted the bulk of on-farm research to date,
Trials ou components of alley farming are

Discussing results of ailey farm research with cooking
bonanas and levcaena hedgerows near Mityano, in
Uganda.

conducted at different sites with different
leveis of farmer panticipation. It prodoces
results which can be analyzed statistically

Developmental on-farm research repre-
sents the new focus in on-farm research. It
involves three main steps.

The first step (exploratory) has a demon-
stration objective. The goal is 1o get alley farms
established on few farmers” plots (maximum of
fivee farmers! within a particular target area,
for demonstration and practical purposes.
Farmers ity be approached on individual
hasis for this phase of activity. Researcher
input and involvement in actual field work is
high w1 this early stage, singe farmers” under-

i

standing, perception, and commitment will as
yet be low The farmer, however, clers and
prepares the land, and plins his food crop,
hefore the researchers come in to orgauize the
establishment of the tree hedgerows.
Throughout the establishment period, the
researchers need to visit the farmers regularly
to discuss management and operational issues
and observe progress of the Lrees.

The second step {intermediate), aims to
increase farmers’ understanding and
involvement in field activities, and allows the
initial assessment of farmers interest and
capability in the establishment and manage-
nent of alley farms. It involves participation
of farmers in groups of between 10 and 15
Farms established during the exploratory
phuse are vsed as demonstration farms to
explain the concept, structure, and manage-
tnent of the system 1o these new farmers.
They are able to see and understand the
experimental resuits aid are able o play 2
more direct and increased rale in the estab-
lishment of the bedgerows. Both researchers
and farmers are responsible for all field
activities during this phase and a lor of effort
goes into identifying farmers” concerns and
impressions.

The third and final step in the develop-
mental on-farm research process is the pilot
project, which nvolves the introduction and
assessment of the svstem al the community
level. This is the point a1 which extension
involvement is at peak and extension

| TP
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methodologies are used to introduce the
concept to the farmers’ community, for
assessment of its adoptability Researcher
involvement in actual field operations is
complelely withdrawn, and farmers take on
[ull resporsibility for establishment and
management of their alley farms. The farm-
ers are made 10 see the alley farms as Lheir
own plots rather than as research plots. They
are free 10 make modificaions that they con-
sider necessary, and adjustments m the oper-
ation schedule, o fit their own circum-
stances. Issues, both sociveconomic and bio-
logical, that might arise as 4 resull of intro-
duction of the technology are identified and
discussed,

Collaboration of an agricultural extension
or development agency is necessary for the
proper implementation of this phase, which
is consiclered s the nucleus of the
resedrch/estension overlap in technology
transfer.

At the end of this instructional and rela-
tionship-huilding process, farmers who indi-
cate their willingness and eagerness to be
involved in trials are enlisted and provided
with seedlings to establish their own alley
farms.

On-farm activities are being conducted bw
L1 national programs in the humid and sub-
humid zones where there is relatively more
experience aud information on the system.
Most of the other siles are just getting started.
However, there is no doubt that on-farm
resedrch is essential 1o assess the adoptability
of alley farming. During the second phase of
the program, the netwark plans 5o concen-
trate wholly on this on-farm approach.

ESARRN:
solid grounds for root crops

Established in 1987 with 11 couglries as
members, the East and Southern Africa Root
Crops Research Network (Esaran) aims to
increase cassava and sweel potato procluctiv-
ity among resource-poor farmers in East and
Southern Africa. through adoption of tech-
nolagies which stahilize production and
optimize productivity while sustaining the
resource base. The first phase, which ends in
September 1992, ainis to develop research
collaboratien among national programs and
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support the transfer, exchange. and adoption
of improved varieties, agronomic praclices.
postharvest, and other improved technolo-
gies for cassava and sweel potalo produoction
and witization. Collaborative research and
training are the chiel mechanisms for
strengthening national programs. Expected
project cutputs of the first phase are:

e An effective collaborative regional
research system supported by national pro-
SIams:;

e (Generation of useful gerinplasny and
improved varieties adapled and acceprable to
farmers and consumers;

& Benchmark database for cassava and
sweet polato production, cropping systems,
and production technologies:

® Churacterization of postharvest handling,
rural processing, and utilization of cassava:
e Eifective transfer of germplasm and mul-
tiplication of varieties in the region and pro-
motion of farmer adoption; and

® Production technologies that are eco-
nomically viable and sustainable.

Funding of the network is provided by the
United Stites Agency for Infernational
Development (usain) and International
Development Research Centre (1kc). 1
provides technical backstopping an cassava.
while Centro Internacional de la Papa (i)
S\pports sweel polato research.

Exchange of superior germplasim by the
national programs has gradually increased
since 1988 when Rwanda was the only coun-
try generaling and distributing germplasm.
Multiplication and distribution of selected
high yielding varieties have also gained
momentum. In Rwanda, for example, 80,000
slips of sweet potato and 180,000 cuttings of
cassava were distributed in 1984, This
increased to 9.3 million ships of sweet potato
and 800,000 cuttings of cassava by 1991.
Farmer adoption has been promoted by
numerous field days on farmers” fields as
well as on-station. Gn-farm trials and
demanstrations promoted by the programs
in Uganda, Malawi, Zambia, Rwanda,
Mozambique, and Tanzaniu also offer oppor-
funities lor rapid farner adoption. In
Rwanda, for example, an average yield of 25
tons ha of fresh cassava roots is obtained
under improved management with improved
varieties compared with 10 tons/ha under
traditional managernent with local varieties.

i jointly sponsors the collaboralive study
of cassava in Africa (tosca) which is
designed 10 address the socioeconomic
aspects of cassava production in niajor cas-
sava prowing countries of Africa. Initially
cosca surveys were conducted only in
lganda and Tanzania. However. through
Esaniy, they have been expanded to include
Zambia, Kenya, Rwanda, Burundi. and
Malawi.

Through cosca useful information is being
obtained on the social aspects of cassava and
sweel potato production. Preliminary results
of cosca studies indicate that five basic food
pproducts can be obtained rom cassava:
flours. granules, fermented paste, sediment
starches, and boiled fresh roots. In addition.
cassava leaves are eaten as vegetable and fer-
mented drinks are matde from the roots.
gsakln also plays an inportant role in the
characterization of postharvest handling,
rural processing, and utilization of cassava
and sweet potato in the region. Rapid sun-
drying and storage technongies which wil]
reduce postharvest losses of cassava are also
being developed in Uganda, and new foods
from fresh cassava roots are being tested in
Zambiz and Malawi.

Although atl nerwork objectives have nat
been fully realized. root craps now occupy «n
imporlant place in the national resedrch pri-
orities of the region. This is reflected in both
government planning documents and budgel
allocations. In Malawi, root craps have been
desigrrated the second most important crop.
Rot crops have also assumid greater
importance in Rwanda, Zambia, Uganda,
and other participating countries.
Government has also paid more attention Lo
training, Since 1987, 14 national program
staff have been trained at phy level and 16 a1
wst level. In addition, 907 national programs
staff attended in-country training courses
while 17 attended regional courses.

SPALNA:
towards better analytical
services

Established in February 1991, the Soil and
Plant Analytical Laboratories Netwark of
Africa (spaLNa) s one of the first attempts at
collaboration among luboratorics. 1t aims Lo



improve soil und plant analytical services to
support research in national agricultural
institutions in Africa. At present it has piore
than 100 laboratories in 30 African countries
s members.

The network emerged from the wraining
courses on soil and plant analysis organized
by irrs since 1980, In discussions among par-
ticipals, it beciime evident Uit soil wid
plant anadysis laberatories in Africa face
sitmilar probleurs which are difficult 10 solve
idividoally: The most important issnes are:
® Equipmenl maintenance: Most of the
laboratories depend on imported equipment
which is very expensive and dilficolt to
maintain, due io nonavailability of spare
parts and lack of trained maintenance per-
sonnel.
® Training: No African university/polytech-
nic offers courses in soil and plant analysis,
and use of faboratory equipment. Hence
training is ofien on an ad hoc basis.
® Supply of equipment, chemicals, and
conswmables: Most of the equipment and
supplies needed are imporled. Hence, there is
usualiy a delay in purchasing them, added to
the fact that supplies get mixed-up, lost.
expired before they arrive, elc.

o Quality control of data; Data from labo-
rateries in Africa are of low quality due lo
equipment problems, low purity of chemi-
cals. unskilled staff, lack of reference sam-
ples. ele.

® Collaboration: Laboratories in Alrica are
deficient in so many areas. Hence it is iffi-
cult for them 1o funciion efficiently The sim-
ilar nature of the problems and the inability
1 solve thewm individually necessilales « col-
laborative effort.

e Infrastructure: Water anil electricity
supply to African laboratories is very erratic
cand present a major constraint Lo the effi-
ciency of aperations.

® Laboralory management: Laboratory
managers need o be exposed 1o new man-
asement techniques and tools, particularly in
laboratory information management.

spalna hias selecled an international coor-
dinator and a general secretary, and will
begin to pubtish a biannual newsletter early
in {992,

With its varied experience in nelworking,
wra is providing support ta the establishment
of the network in various areas. 1ma helps

Helping to improve equipment ond 1echniques in member loboratories.

design training courses and training materi-

als relevant Lo the needs af network niem-

bers. Courses will be designed to improve the

skills of the technicians and train new tech-
nicians. Such courses will cover laboratory
management, quality contral, equipment
maintenance, ctc. The first course on equip-
ment iainenance will take place at the
University ol Nigeriu, Nsukka. in October
14992,

The network zlso hopes to centralize the
purchase of supplies in order to ensure that
lrigh quality materials are available to its
memibers.

To encourage collaboration. cheek sam-
ples will be distributed aumong laboratories
and a database of existing eguipment and
expertise in equipment maintenance will be
established for mernber laharatories to cos-

sult. To address the infrastructure problem, it
is hoped that eventually all collaberators will

be self-sustaining—have Lheir ow power
generators or boreholes, for example.
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INVENTORY OF RESEARCH PROJECTS
COMMODITY IMPROVEMENT DIVISION
Rool and Tuber Crops
Couova germplasm inoduction; evalunlic d butien i F Colombia, Mig
shaves! lichnckos re U leuve Belgium, Migs :| Ta T3
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FOR THE RECORD

Furnidfing Ceopemating
Peaject litle foTes irstiiulicrs Loeation Curaion
Draugh resivance Cova SARGRAD Migerio cominuaus
Grain quality and willzatian Guinnass RAT/ ER Mali, Migerio CONNUOTE
Migeria Flc
iaize bresding lor the fores!
Davwvry mildenr resislance care WRAT Migeria canfinuous
Stam bover rasisiance car = Migeris coninuats
Husk cover and wesl msisanca cars Univ. of Benin Berin cantinuaus
Grain quality cnd diilizotion Guinnass npAT Migerin confinuous
Migetio Ple
Maizs beeeding fr the midalfiludas
Yizld poisntial core LITEC, WICRE/ A MNigerio canfinusus
Disease resistoncs core BCHE /1A Nigaru::_ Comeroan confinucus
Garmplasm enhancemenl
Striga resisance in maize landroces cones == Miperic continuaus
Charactarization of maize gemplosm by environmeanls care SAFGRAD, Clvwnirt Migerin, Code d lvolre, canfinuous
Busking Faso
Cutrzach
SAFGRAD [Ftlin} SARGRAD DAL/ LB [ige caninuous
International rials cone ARS Migeria conlinuaus
Callsbamtve raseach with nazs — SRS Migerio continuous
Plontain/Benona
Plontain,/ banana breeding for durgble hast plon resisionce 1o LsEt, s IMIESF, K1 Lzuven iMigaria 198/~
sigmoka disems IHORT, CRAR
HC0
Muso germplasm enhancement wsing invito culure technigues /504 ARS TMIBAF, R |euven IMigesia 1983
and bioechnalogy
Devalopment of Improved systams fer susainable ord perannicl K Lawven Nigeio 1980~
pranioin production
Genelic Resources
Interspecific hybridizotion of Vigng spp. Ihalicn unives Purclus Uini Migeria, Uss | FES-
sties, lnaly
tclecular methods for genstic mopping ond detsclion of genedic Feekefaller Linine. af Minrasaie Migeria, U3 1960-92
diversity in ¥igno spp Faurdation
Cewpea plant rganamlion and genstic ransformalion Iheehy. aLs Purdue Univ lialy, Lisa 1989-
lreslien univarsilies
Yirus charochetizolion and diagnostics ves, Ui, ol virs, Unie. af Missaus Canodo, Migario, uss 1990
Missauri
Grain Legumes
Breeding lor resisfance o Marvca pod barer and pod sucking cars 1] Migeti 1985
bugs in cowpen
Cowpea varlesal develspment fee humid forest and Guinea corg - var, siles, W & C Africa 1971-
SONONN0 ZOOES
Cowpao intemalions! frinks come =— var. siles, W& C Allico canlinuaus
Mationally cocrdinoied ressarch on cowpeas miEs A vor, sitas, W & C Africo 975
Cowpen improvement |or carealbased systems— imprevement ol core ik, iceseT, 2By, Univ. of - Migerio 19090
local voristias, genchvpe & emironman analysis; resisionce 1o Reading
Siriga, Alecire, and Maruco
Serybean breading lor the sovonno core —_ var siles, W A C Afico 1978-
Savbean infzmalional Hals cole —= var. siigs, VW & C Abrica 1982~
Stuclies on promiscucs nodulolion raFT PFTAL var. sites, W & C Alien 1982-
Yield physiology of cowpen inchiding siudiss on phatopesiodizi,  core Howaii, Univ. af Migefia 198992
lemperoiure response, woler, rodiafion use Recding
Inlerciop physiology of cowpen coie — Migaric 128902
Developrent of cowpsa ond soybean for Ghono ChA CH, GGoP Chana 1985

Mote: The come budges is used fo fund those ressarch-elaled octivifies
assaniial in mesiing fhe A5 objecfives for develaping couniriss
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FOR THE RECORD

funding Cooperoling

Project litle sources inslilutions lecolian Duration
PLANT HEALTH MANAGEMENT DIVISION
Cassava
Studies on yield formalion ond inleroctions between the cossavo core ue Benin, Nigerio 1982-93
plonl, ils pesls. ond the climale throughou! the entire giowth cycle
Choraclerizotion of ospecls of the biclagy ond key inleractians in core, UNDP EvBRARA, 18T, Univ, of Benin, Brazi 198395
the surraunding agroecosyslem of M. larajoa Amslerdam Comeraen, Colombio

Ghono, Netherlancs

Nigerio, Rwonda,

Sizra leare. Ugonda,

Zaire, Zambia,
Elfects of forming practices on the biolagical conirol of the cosso- core Univ. of leiden, £TH Berin, Chano, Kenyo, 1988-
vo mealybug Wialawi, Tanzonio,

Zombio
Impoc! of Alricon cassavo mesoic vius on yield ond development — — Nigeria 1991-92
al o new disease resislonce roling syslem
Yom, Sweet Polato
Biclogy and conirel of yom anlhiacnose — — Nigeria 1692-93
Development and lesling of sweel polalo vinus cDNva probes — Agricuhure Conado Canodo, Nigerio 16G0-93
Moize
Anglysts of the moize ecosystem wilh facus an the mos! importont core, UNB capeiE, Simon Frazer Bunin, Cole d'lvoile, 1980-95
lepidopleraus pests of Wesl Ahica Univ., Univ. ol Reading Ghang, Malawi,

Nigena
Studies an the biclagy of Siriga spp. and Their epidemiology; core Old Dominion Univ., Benin, Buikino Faso, 1989-05
developmenl of improved resislonce screening lechniques; Univ. of Hohenheim, s, Comeroon, Céte
improvement af resislance levels through the use of exolic Univ. of Nsukka d'Ivaire, Nigetia, Toga
germplosm; sludies on the use of biclogical agents and
agronomic preclices for Striga conirol
Charoclerizolion ol maize pothogens core R, Texas AEM Univ, Nigerio 199195
Epidemiology, vector biclogy, ond resisionce breeding of maize core Univ. of lllinais, i Nigerio, Ugondo 19BG-04
steok virus
Cowpeo
Feosibility study lor he inlreduciion ol ecologicolly ond cole, 500 £+, Univ. of laval, auw,  Benin, Nelherdonds. 1987-95
economically sound pesl monagement siralegies odapted ta Rockelelles U, ABU,L B ILCA Nigario, Philippines
subsisience lorming syslems
Studies on virus diseases of cowpeo - AU Mozombique. Nigerio 1990-93
Soybean
Studies on fiogeye leaf spol disease — MR, BRERAES Nigeria 1961-04
Biclagy of red leaf blaich - Unwv, ol Jos Nigeria, Zombia 199193
Plonkain/Banana
Biclagy ol Mycosphoereflo fijiensis, causal ogenl of black — — Nigeria 99 1-94
sigoioko diseose
Screening plonloin ond cooking banona lor resislance 1o black — FHIA, INIBAP Comeroon, Nigerio 1991-
sigatoko
Effects ol ecological foclors ond agronomic practices on pest Rackelefler, soc IBC, Caal, Agriculiure Benin, Nigerio, Ugonda  1989-93
slatus of bonono weevil ond nemolades in highlond bononos ond Conoda, Univ. of lovel
planiain
Postharvest studies
Sudies on posiharvest insect pesis of moize — UNB, NRI Benin, Nigerio, Uk 1989-G4
Ecological sludies on Ihe introduced larger groin barer in slared IFALL, S0, BaZ INIEAR, CP, DU, EAP, Benin, Hondusos, 1988-G5
moize and cassova and in the sunounding habilats Univ. of Géllingen Mexica
Aspergillus flovus prevalence, toxicity patlern, olher siudies W, BMZ Texas A&M Univ. Benin, 114 109295
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Note: The core budgei is used 1o fund those resenrcnreloled oclivilies
essenlial in meeling lhe “314%'s objectives for devaloping countiies.
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Funding

saurces

Coopamting
inslintions

location

Duralion

Biological control
Mongo mealybug
Biclogice! confred of the mengo mealybug by the intoduced
Gymonusoidec tebygis quentification ol impact in

ologica

Liniv. of leiden

Benin, Cole dlvoie

Gabon, Ghana, Guineg

Conaksy. Zoire,
Nigeria, Sietro leons

1987-93

Waoter hyocinth
Raaring, release, ond monisaring of Naocheting eichhomioe. o

peetls leeding on wales hyacmth

Benin

19Q1-03

Biorotional cantrol of ocridid pests
“lam i os o possible allemalive lo insecticides vsed agoing!
ocuils ond grosshoppers

Jaint binlogical contal praject agams: locusts and grasshappers

Benin, Modogoscar,
Aali, Niger

Hemin, Maroceo, Niger,

Cman, Uk

1900-92

1990-92

Development of nationol biclogical contral programs

17, Aushia,

25 subSohoron
counlries

190096

Founistic ond systemotic studies

Dievelopmant of insec) museum o support scosyslens anolyses

ALt

o

Benin, Cameroan
Migena

1991-93

RESOURCE AND CROP MANAGEMENT DIVISION

Resource Monagement

izaion of emilonments s and conshaints

Wt and Cential Aliico in o resouncs

agraphi

alenhial &

infermation sustem (B8] and oe

nteermalion system

Charociarizotion of rsowices and resauice moragement in

elopmant of the Mbelmayo site

.-".:_:-_l[_;l;_;ﬁ_"ﬁfy' and ;_:.-'_i-_:| aabiling of -:1|ie:y c:opr.’u;:\: syslems

'."Iﬂi"-\ e capabiiles =.J FHE Jlg'.'ln.'-'-‘v lieas

e monooement i alssy crooging

eh propeen

Mullipurposs ree screening and evaluolion |or-aation

nng

jitity of hetbacsous ond shrub legume-based

of grofaesty sysrems for the humid forest zone

Datarminans of susiainabilisy i Q1ppIng sysherms

Concepts and methods in sustainabllity resecrch

Longtem sustoinabiling of alley copping systems

 OMEOEalineg Sy

Developmen of models and seppon syssams for inegroted
management of iopical soil:
Inteciated ruirient menogement for acid soils

Mutrien: cycling in alley cropping syslers

fesCARCe Infoemation and

core

i, Olbalemi
Awal Univ,,
Natfional Herborium

Univ. of Hawaii,
Michigan State Univ.

i+, Oregan Stale

Univ,

TRF

1l leuvin, oF

W & C Aliico

Cameraan, Nigerio

Comeroon

Comeroon, Howoii,
Migeric

var =ifas, W& C Alrico

Comeroon, Nigeno

vor_ siles, W & C Akrico
. sitzs, W & C Abiica
ar sihes, W & C alico

"

a

;
Nigsrio, Comarnan

Nigerio
Nigzsria

MNigana

Comeroan
Nigaria
Magesia
Migeda
MEgeia

1990-

1988-

1991

1089-

1989~

1990-

1960~
1900~
108G

19809~

1989-
198%-
1986

1988~
continucis
| 288
| Q85—

1288

ential in mesling Mhe CEAR S

The core budget 1+ used 1o furd thoss mseorchreloled ocliviies
) es for developing countries



FOR THE RECORD

Funding Coopeioling
Project file souices metilutions locolion Duration
Crop Monagement
Humid lores! syslems
Charoclenizotion ond diognosis of cossovorbosed systems cote, Univ, of Univ. of Helsinki MNigerio 1989~
Helsinki
Stalegic crop monagement studies core MNigerio 1980
Adoplabiity and odopiakility of oley cropring core, Ford BIFOR, BEC Nigetio 1986-1992
Foundotion
Development of improved lechinclogies for cossavo-based care EEC vor. siles, W& C Allica continuous
syslems
Onorm volidolion ond impoc! of impraved technologies - R vor. siles, W & C Alica conlinuous
Savonna syslems
Chaac [ gnosis of sovenna systems care 255 in 17 counes sub-Saharen Africo confinuous
Development of improvad lechnologies for maize-bosed systems aie & Nigeiio continuous
Impact af improved technalogies cora R, Benin, Ghane cenlinuous
Integratian of lequme-besed lechnologles inlo laiming systems core Benin, Comeraon, Céte Benin, Comercon, Cdle  conlinuous
d'vaire, Ghona, d'lvoire, Ghaono,
Migetio, Zoire Nigerio, Zoire
Impact of evalving production systems an Stiga core 45, MAZS, R4 [MNorth) Comercon, Ghono, continunus
Pamcelf F2O Nigerio
Detzminanis and consaguences of infensificotinn care AB PAES Ghano, Nigerio confinycus
Infond valley sysiems
Choraclerizotion and diegnosis of inland volley swamp systems LG5, core Univ. of Gembloux, var. sites, W & C Alrico 1990-
WARDA, MARS
Mapring of ecological and ecoramic resources informotion X Winargl Staring Cenire vor. siles, W & C Alica 1990~
Stralegic crop morogement studie core AN, B, HCA vor. siles, W & C Atrico 1930~
INTERNATIONAL COQPERATION DIVISION
NCFE USAID fa Comeroon |Phase 1)
Developmenl ol instilulional capocity lor 1esearch on cereals 1991-95
and facilities lor vansmiiing research resutts 1o farmers
Ghera Giolns Development Projec 4 ; Ghano [Phese 1|
Developmant ¢! varizles for major envitanments of Ghana [F20-95
Ghano Smallhgider Rehatiitation ond Development Progrom IFAL cH Ghano 1988-92
Development of roar and wbet crop praduciion in Ghana
AEGRAD LSAID 50 Sohelian countries Burkina Foso 1986-92
Development of impioved vorielies of maize ond cowpeos ond
impeoved culturol proctices with foimens in semixmid regions
+pcc Cowpea Research Project B Angolo, Botswano, iNfA, Morombigue 199093
Developmen of cowpen production in SALCC couniries lesoihg, Mozambigue,
Nomibio, Swoziland,
Tonzania, Zambio,
Zimbabwe
EIATER U5, IDRC Angala, Burundi, Molowi 19846-92
Cevelopment of impevad cascva and sweet polaio voriglies Ethiopia, Kenya,
for sustoinable production in Eost and Scutharn Africo fadagascor, Malawi,
tazombique, Nomibia.
Rwonda, Sudon,
Tanzonio, Ugondo,
Zimbobwe
AFLETA 0, IDRC, Benin, Burking Foso, Nigerio 1989-93
Agplications of alley larming os o basis far sustoinable forming CANIDA, USAID, Comeroon, Cdle
[FAT d'Ivaire, Eihiopio,

syslems

Ghono, Guineg, liberia,
Mizlawi, Nigerio,
Fwanda, Sierro leone,
Tanzonia. Togo.
Uganda, Zaire, Zombio
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Note: The cote budger = used lo fund those researchizlated ooivitiss
essenfiol in mesfing Ihe Cr48'5 objectives for developing countries.



FOR THE RECORD

Funding Ceoperaling
Prajec lille sources Instinstions location Duration
Onform adopiive research for cassava, yom, rice, moize, EEC Benin, Burkino Faso, Nigeria 1990-92
cowpens end soybean in lropicat Afica. Comeroan, Chod,
Suppon for wide mullilacation testing, mubiplication, and Congo, Cote d'voire,
dislibulion of improved varizlies Equolcrial Guinea,
Guinee, Guinea-Bissau,
Ghano, Mali, MNigeria,
Sao Tome & Principe,
Zoire
Lilizalion of casseva flour in baking bread G0 Kl Layven, AL Nigeria 1992-94
Improvement in existing lechnology for baking bread, uzing
pure ang poriiclly substitsied flour
Regional Research Praject on Maize and Cossovo France, Coase Berin, Comerocn, Nigario 1992-94

Sirengthening of riaks of Wes! Alrica 1o conduct adaplive
research, and o promole increased regicnal callaboration wilh

148Cs

Congo, Gobon,

Guinea, Migerio, Togo

MNele: The core bud:
essenfial 1 maefing the CGeR S objectives for devels

w15 used o fund those researche

ated octivities

Acronyms used in the inventory of research projects

ABU Abmadu Bello University [Nigerio)
AFNETA Alley Forming Network for Tropicol
Africo

AGCD Adminisicalion generale de la cooperor
lion ou developpement (Belgium]

AIDAE Australian Internaliaral Develcomenl
Bureou

ANU Auslolion National University

AUW Agriculiurol University, Wogeningen
Bmz Bundesministerium fur Zusommenarbeit
{Germony)

caBl Commonweollh Agriculiurol Bureou
Irnernational (Uk)

clat Ceniro Internccionol de Agriculluo
Tropical

¢ipA Conodicn Internationol Development
Agency

cmyT Ceniro Inlernacional de Mejoromiento
de Maiz y Trigo

cp Colegio de Posigroduodos [Mexico)

¢rep Colloboralive Research on Banonas ond
Plonlains (Comeraon)

¢RI Crops Reseorch Institule {Ghono)

csiko Commenwealih Scienific ond Industriol
Research Orgonizotion

DANIDA Dorish Iniernotionol Developmenl
Agency

oFpY Departement de lormolian en proteciion
des vegetoux [Benin)

pG1s Direclorote General for Development
Cooperotion {Netherlands]

AP Escuelo Agricalo Panomericoro
{Horduros)

eE¢ European Economic Community
EMBRAPA Empresso Brosiliero de Pesquiso
Agropecucrio

ESARRN Easl ond Southern Alrice Rool Ciops
Reseorch Network

ETH Eidgerossisch Technische Hochschule
[Switzerlond)

FAQ Food ond Agriculure Orgonizetion of the

Uniled Nalicns

FHIA Fundocion Hondureno de Investigocion
Agricole [Honduras)

66DP Ghono Grains Development Program
61z Gesellschak fur Technische
Zusammenarbeit (Germany|

1aR Irstitute for Agricultural Reseorch, Somoru
{Nigerio)

1ARCS inlernalional agricultural research centers
1AR&T Inslitue of Agriculiural Research and
Training [Nigerio]

ICRAF Inlernotionol Center far Reseorch in
Agroforesiry

ICRISAT Internclional Crops Reseorch Insiilule
far the Semi-Arid Tropics

IDRC Intermalions! Developmant Reseorch
Center

IER Insiitu® d'sconamiz rwrale |Aial]

IFAD Infernotional Fund lor Agricultural
Development

nBc Inlernalional Inslilule of Biclogical Canlral
<)

NE Iniernolional Institule of Enlomclogy (Lx]
1M1 Internolionel Iirigalion Manogemen:
Instilute

rea Inemational Livesiock Centar for Aliico
INIA Instituio Nocienal Investigocoo
Agionomico [Mozambigue]

INIBAP Internalianal Nerwark for he
Improvementi of Bonanos ond Plorioins
INIFAP Instiluio Nocional de Investigaciones
Foreslales y Agropecucrics (Mexicn)

IRA Instilut de la recherche agroromigue
{Cameroon)

IrR1 [niermnational Rice Research instiiue

ISF Institute of Soil Fertiling [Netharlonds|

NAES Nyonkpolo Agricultural Experiment
Stotion (Ghono}

NARS nalional ogricullurol research systems (in
Alrica; variaus)

nere Naiionol Cereols Reseorch ond
Exlension Project [Comeroon)

Ncri Nalional Cereals Research Inslibvle
(Nigerio}

NIFTAL Biologicol Nitogen Fixotion
Technelegies far International Develoomenl
[Howai|

NIFOR MNigerion Insiiute for Cit Palm Research
NIHORT Nolionn! Instiute for Horticulwural
Research (Nigerio]

NRCRI Notional Root Crops Reseorch Institule
{Nigeria)

NRI Noturol Resources Instilute [1x)

Nss Notonol Seed Service (Nigerio

oau Organizotion for Africon Uniy

obA COversecs Davslopment Agency [Ur]
PASCON Pan-Alizen Siigo Control Network
RVAU Royal Vererinary and Agricultura
University {Denmeark|

SADCC Soulhern Alrica Development
Coordinglion Conference

SAFGRAD Semi-Arid Food Grains Research and
Develooment Project

5D¢ Swisz Developmeni Corporotion

sBF [ropico. Soil iclogy ond Ferility Progrom
uc University of Califomio

ur Universty of [bodan

UNB Univarsite nationale du Benin

UNDP United Notions Development
Progromme

usaID Uniled Siotes Agency for International
Developmeni

uspa/ARs United Stoles Deporment of
Agricubure /Agriculiral Research Service
ut¢ Unired Trading Company [Nigeric)

vRs Voncouver Research Swolicn

WARDA West Africa Rice Development
Associaton

w1 Winrock Inemotianal
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ITA

STATEMENT OF FINANCIAL
POSITION

31 December 1991

Expressed in US 3 thousands

Note:

= Prior fo 1 Tenwory 1991, “Property, plant and equipment” wos
stoted ol acquisition cost ond not depreciated. With eflect from
1 Januory 1991, the CGIAR infroduced depreciation accounting
in order to comply with generally accepled accounting stor-
donds. Accumuluted depreciotion on ossets held ot 31 December
1990 has been deducied from the cost of fived ossets ot 31
December 1971 and omounts to US$25.5 million. This fogett
¢ with movements during 1991 occeunts for the decrense in
the corrying volue of assefs between December 1990 ond
Detember 1991,

IITA
STATEMENT OF ACTIVITY

31 December 1991
Expressed in US § thausonds

Note:

* Expenditure on fixed assets during 1991 is accounted thiough
the bolance sheet, following inlroduction of the new deprecia-
tion policy.

56

ASSETS 1991 1990
Caosh ond shortlerm depasils B 10,196 8 644 o
Accounis receivable:
Danats 6,968 78672
Olbers Q18 363
Invenlaries 1107 2,544
Olher assers 201 209
Praperty, planl and equipment 32,z241* 58,356
51,63 /7,978
LIABILTIES AND FUND BALANCES
LIABIUTIES
Accaunls payable ond other liabilities 6,533 7.639
Accruad salaries and benefits 2,947 3.07
Poyments in advonce—danors 3,578 3974
13,058 14 684
FUND BALANCES
Copilal 32,241 58,356
Capital developmenl 2,109 1.224
Operating 4,223 1.7 14
51,631 77978
REVENUE 1991 1990
Granls 34,274 35,233
Other income 306 613
34 580 35 946
EXPENSES
Research programs 21,0772 21,694
Conferences ond rraining 2,103 2,290
Informalion services 760 | 03¢
General odminisirolion 3,534 3,593
Gengrol operolions 3,321 3,248
Propery, plont and equipment expenditures -~ 3.G54
Deprecialion 3.466
Exchonge |gains|/iosses [255) 380
Total expenses 34,071 35,298
Excess ol revenue aver expenses 509

648



SOURCES OF FUNDS 1991 1990
Excess of revenue over expenses 509 648
Depreciation {1990 nel copilcl additions) 3,466 3.054
Disposal of assels 282 -
Decrease in occounls receivoble—danars 894 196
Decrease in accounls receivoble—other | 40
Decreose in invenlories 1,437 1.083
Decreose in other assels 8 -
Increase in occrued salaries and benelits 18
Increose in payments in advonce—donors 509
6,596 5,648
APPUCATION OF FUNDS
Purchose of propey, plant, ond equipmenl 2.863 3,454
Incregse in occounts receivoble olher 555 -
Increase in olher ossels - 31
Decieose in occounts poyable ond other licbiliies 1,106 455
Decreose in accrued salories and benefits 124
Decreose in poymenis in odvonce—donars 396
5,044 3,240
INCREASE IN FUNDS 1,552 1,708
CASH, BEGINNING CF YEAR 8.644 6,835
CASH, END OF YEAR 10,196 8,644
DONORS Core Special
Funding Project
Funding
Alrican Developmen! Bank 350
Auslrio Q0 -
Belgium 1,007 785
Conado 1,752 156
Chiro 10 -
Commission of lhe Europeon Communilies in Migerio 107 1,047
Denmark 215 62
Finlond 278 -
Ford Foundolion 100 238
France &0 -
Germony 1,285 500
Indio 25 -
Internotianal Development Research Center - 754
Internotional Fund for Agricultural Development - 401
lialy 723 404
Jopon 2,901 -
Korea, Republic of 50
Melherlonds 738 -
Migerio 48 3
Marway 732 -
Rackeleller Foundotian 379 198
Sweden 322 -
Swilzerlond 831 362
Unitad Kingdom 796 -
Uriled MNotions Developmenl Program Q6 -
United Slotes Agency tor Inlernotionol Development 5,800 5,256
University of Hohenheim - 191
World Bank 3.3Q0 -
Olher conlribulions (BCP & ICRAF) 1,523
Closed ond miscelloneous projects 36
Tolal 22,695 11,916

- FOR THE RECORD

IITA

STATEMENT OF CHANGES IN
FINANCIAL POSITION

For the year ended

31 December 1991

Expressed in US $ thousands

ITA
DONORS 1991
Expressed in US $ thousands
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BOARD OF TRUSTEES

Nicholas E. Mumba, Chairperson
Permanent Secretary, Minisiy of Decentralization, Chipata, Zambia

Theodore A. Anumudu
Director Generol, Federal Minisiy of Agricullure ond Nofural Resourcas,
Abujo, Nigerio

Ayo Banjo’
Vice-Chancellor, University of Ibadan, lbadan, Nigerio

Randolph Barker
Professor, Deportment of Agricuitural Economics, Cornell University,
Ithoca, New Yark, USA

Lukas Brader
Directar General, IITA Ibadan, Nigeria

Mayra Buvinic
Direclor, Inlesnationol Center for Research on \VWomen, Woshingtan, DC,
USA

Robert K, Cunningham
Agricullural Research Consultanl, Herffardshire, Englond

Yittorie Delucchi
c/a Swiss Federc| Institute of Technology, Zurich, Swilzerlond

Jacques Diouf
World Bonk, AFRVP, Washington, DC, USA

Pierre Dubreuil
Director, External Relalions, CIRAD, 75116 Paris, France

Susanna B. Hecht
Graduate Schoal of Archilecture and Urbaon Plonning, University of
Califomio, Los Angeles, USA

Marc Van Montagu
Director, laboralarium voor Genelica, Rijksuniversileil Gen!, Belgivm

Freeman L. McEwen'
Dean, Criario Agricultural Callege, University of Guelph, Onlario,
Caenoda

Keiko Nakamura
Professar, Schoal of Humon Sciences, Waseda University ond Deputy
Direclar, Biohistory Resecrch Hall, Tokyo, Japan

Arnor Nijgis
Director Generol, Center far Soil and Environmenlial Research, Aas-MNih,
MNarway

Oladeji Odegbaro
Acling Directar, Deparimenl of Agricullurol Sciences, National Agency
for Science and Engineering Infrasiruciure, lagos, Nigeria

Gerardo Perlasca
Agrerindustriol Consulienl Camo, lialy

John W. B. Stewart
Dean ol Agricullure, University of Saskatchewan, Soskaioon, Conada

Special Advisers

Luigi Monti
Cytogenelicis!, University of Noples, lialy

General Olusegun Obasanjo (Rid.}
Farmer Head of Siale, Federal Republic of Nigerio
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PROFESSIONAL STAFF

Management division

Executive management

L. Brader, ho, direclor general

S. A Adetunji, rho, special assistont lo direclor genercl

. Cramer, Ba, executive ossistant lo director generol

1. H. Dovies, Bsc, director, office of the director genesal

J. P. Eckebil, thp, deputy director general, internalionol cooperation
K. S. Fischer, phd, deputy direclor general, reseorch ?

5. K. Hehn, phb, director emeritus

C. F. McDonald, msc, ossistonl 1o directar general, {for resecrchi
W. Powell, Bsc, deputy director generol, monogement

Administrative and ouxiliory services

C.A. Enahara, manager, lkejo guest house

B. Fadirepa, Iravel services monager

C. Inniss-Palmer, specialisl english teocher

A Jocksan, deputy head, infemalional school of Ima
N. Jacksan, heod, inlemotional schaal of A

G. Mclntosh, Craa, head, inlermol oudit

A. R. Middleton, Bsc, manoger, inlernational house
R. 1. Olorode, security monoger

D. |. Sewell, manager, aircrofl aperotions

Q. Sholola, aca, audit senior

Budget ond finance

D. A. Governey, FCa, diractor

B. A. Adeola, FCis, accauntant

O. E. Adepoiju, ACa, senior anolyst, occounting pracedures *
A. A. Akinbolo, Bsc, senior lechnical analys!

C.A. Babolala, aca, senior onalysi, accounling procedures
P. O. Balogun, Fcea, finonce manoger

.. E. Bolorinwo, #8a, poyrall accounlanl

P. Eluk, mBa, budgel end planning coordinolor

R. Obikudu, #64, moleriols manager

S. |. Udah, ammam, chief occounlont

Computer services

1. ]. McDonold, e, compuler manager

N. N. Eguzozie, 8sc, compuler progrommer
T. D. Cluyemi, msc, computer programmer

Human resources

T. A. Akintewe, FRCP, [Fdin.| heod, medical services
J. ©. Badoki, mea, acting head, humon resources
1. B. Elegbe, wmsc, persannel monager

F. ©. A, OsinupebiCale, mrcr [uk), physicion

). Thackway, ma, direciar, human resources *

Informotian services

S. M. A. Llowani, PhD, director

A. O. Adekunle, msc, editar

R. O. Adeniran, M3, principal librarion

A A Azubuike, ms, principal librarion

Y. Adedigba, ma, heod, library services

1. I Adeyamaye, mis, principal librarian

K. Alkinson, msc, head, publicotions

T. Bobcleye, mca, public information manager
D. Hoaslrup, mca, public relations manager
D. R. Mahan Raj, PhD, science wriler/ edilor
E. Nwly, msc, oudiovisual specialis

B. O. QOjurangbe, BSc, production monager
T. T. Cwoeye, S, edilor

F. N. Ubogu, mis, principal librorian

R. Umelo, za, editor

2left during the yeor [} April 1991-31 March 1992)



Physical plant services

A. Bhalnager, head, physicol planl services

). G. H. Craig, director

E. O. Akinlokun, research vehicle officer

A. C. Buler. building ond site services officer

L. i. Cjumo, telecommunicalions services officer

M. A, Oyedeji, elecirical services afficer

P. G. Guolinetti, constructian sile enginesring services officer

D. A. Rosenzweig, heovy equipment ond research vehicle services officer
5. W. Quuoder, elecironic services officer

Commodity improvement division
M. Winslow, phn, breeder, interim director

Grein legume impravemenf progrem

K. E. Doshiell, pho, breeder (soybean), progrom leader
P. Q. Croulurd, #ho, crop physiologis)

G. O. Myers, Pho, cowpeo breeder

C. N. Nokoyame, #hp, Jica experl [soybeon postharves! scientist] ?
H. O. Cgundipe, msc, foed technclogist

M. Osho. msc, nolionol coordinatar, saybeon ulilizotion
B. B. Singh, rhp, cowpeo breeder ond officerinchorge
S.R. Singh, entomolagist, ditectar -

I. Wolcnobe, pho, Tazc physiologist *

R. Aboidoo, Mse, NETAL ossociole expert

Root and tuber impraovement program

R. Asiedu. hn, plonl breeder, progrom leader
M, Bokongo, #hi, bicchemis!

A. G. O. Dixon, phD, breeder

I. |. Ekanayoke, Fhr, physiclogist

5. Y. C. Ng, msc, fissue cullure speciclist

Visiting scientis!

K. V. Bai, php, cylogenelicisi

Fostdoctarol fellow

G. Eggleston, rhp, food lechnologist /biochemist =

Plontain and banana improvement pregrom
D. R. Vuyisteke, Ir, ogronomis {plonicin), officerincharge
k. Crliz, plontain ond banana breeder

Rice research progrom
Pastdaciorol fellow
R. C. Joshi, #hp, entomalogis) *

Maize research program

M. Winslow, #hp, breeder, progrem leader
5. K. Kim, #hp, breeder

1. Kling, Pho, breeder

1. B. Mareck, php, breeder *

Postdociorol fellow

O. M. Clanyo, rho, plant pathalegist
Visiting scienlisis

L. Everelt, PhD, moize breeder ?

S. N. C. Ckenkwo, #hp, siriga biclogist *

Resource and crop management division
D. 5. €. Spencer, ogriculurol economist, #ho, director

Resource management resecrch program
M. ). Swilt, ph, ecologist, leader

A. N. Atic-Kroh, °hD, coerdinotor, AFNETA
1. O. Akobundu, Pho, weed scientis!

K. Dvorak, PhD, economis|

M. Gichuru, Php, ogronomist [soil ferlility}
S. S Jagiop, vho, cgrodimolologlsl

B. T. Kang. #h, soll leriility scientist

M. Songinge, PhD, ossisiant coordinalar, AFNETA
S. Houser, #hp, scil physicist

B. Vonlouwe, BSc, junior experl

* left during the yeor {1 April 1991-31 Morch 1992)
* On Sobbolicol

Crop management research program

AM. N [zac, PhD, notural resource economisl

J. Smith, pho, ogriculluzol economist

E. Tucker, PhD, weed scientist

K. Mulongoy, FhD, soil miciobiologist

H. . W. Mulsoers, Ph, ogronanmis!

G. K. Weber, PhD, ogronomis!

Postdoctoral fellows

A. M. Monyong, pho, ogriculurol economist

Y. Mohamoud, FhD, agronomis

M. O. Musoko, php, soil microbiclogis!

R. A. Polson, Pho, agricullural economis! *
Colloboralive siudy of cossovo in Africo [cosca)
F. I. Mweke, PhD, agricultural economisl and leom leader
Y. C. Prudencio, rhp, regional coordinator

Plant health management division
H. R. Herren, #h3, entomalogist, director

Biclogical control progrom

P. Neuenschwonder, phe, entomolagisl, lecder
1. 5. Yoninek, rho, entomologisl

C. Gold, #hp, entomologist

C. |. lomer, Php, enlomoalogist (18C)

B. Mégevand, msc, moss rearing speciolist

Host plont resistance pragram

N. A. BosquePérez, Phi, entomologist, leoder
D. Bemet, #hD, sirige biologist

A. E. Awod, =hD, siriga biclogst

. A. Florini, 7hp, plont pothologist

C. . Akem, rhp, soybecn pothologist
T. Mesfin, PhD, entomologist

L. E. M. Jockoi #hD, entomaclogist -

F. Gouhl, the, plant pathclogisi

C. PasbergGauhl, #ho, plant pothologist
H. W. Rossel, 1, viralogis!

Habitat management program

M. Tome, PhD, bicecologist

F. Scullhess, pho, bicecalogist

H. M. Dreyer, msc, ecologis|

K. F. Cordwell, th, plon pothologisi

Technalogy transter and training unit

M. E. Zweiger, Dipl. ing., regional coordinalor [GT2)
W. N O. Hommond, Php, enlomologist
T. M. Haug, MSc, mass reoring speciolis!
A Wodogeneh, Pho, toining officer, FAC
Visiting scienlisls

N.H.D. She, #hp, entomalegist

L.K. Tonigoshi. Fhp, acarologist ¢
Postdoctaro! fellows

H. Batienberg, Fhp, entomolagis)

A. Pardiso, PhD, palholegist

T. G. Shanower, rho, entomalogfst ¢
Associole experis

B. Kristensen, wsc, ocarologisl, [DANIDA)
C. Boavido, msc, ecologis!

H. M. Dreyer, msc, entomologis
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Research support

Analytical services laboratory
J. L. Pleysier, pho, head

Biometrics
F Waolker, ma, biometrician

Biotechnology reseorch unit

G. Thottoppilly, Pz, head '

5. R. Schnops, Php, biclechnologist
Visiting scientisi

R. E. Ligborogho, PhD, biolechnalogist
Postdoclorol fellow

D. H. Mignouno, Pho, bialechnolagist

Genetic resources unit
N Q. Ng, rho, head
S. Podulosi, Datl, plonl explorer

Research farms unit

D. C. Couper, #5¢c, hecd

P. D. Auslin, B3¢, research farms development officer
P. V. Horley, 8sc, form monagemenl engineer

Postharvest unit
Y. W. Jecn, th, heod
L. S. Halos, 5, reseorch speciolist

IITA Benin station

. B. Akinwumi, #Sc, engineer

1. N. Quaye, ma, leader, management unit and officerincharge
M. N, Versleeg, PhD, lecder, lechnalagy Iransfer unil

IITA Camerocn station [Mbalmayo)

5. L. Cloassen, msc. form manager

P. G. Gillman, #hp, officerincharge

M. R Hulugolie, php, sail physicisl ©
Posidacioral fellows

N. W. Menzies, Fho, soil chemisl

D. Russell, php, anthiopalogist/Rockeleller fellow

Colleborating scientists fram ather centers

K. Alluri, Php, ligisan scienlis!, mR/INGER Africo
L. ladipo, #hp, iCRAF scienlisl

M. C. Porlg, #hi, Ciai/iTa cossavo scienlist
B. N. Singh, Pho, breeder [vwarDA)

International cooperation
and training division

J. P. Eckerbil, PhD, deputy director general

International cooperation

1. B. Abcka-Whyle, #h, reseorch lioison scientist

E. F. Degonus, Bsc, project development coordinofor

©. M. Ogunyinka, wac, coordinator, moniloring and evaluotion
. B. Suh, phi, reseorch lioison scientis)

A P. Uriyo, hD, praject development coordinator

Training progrom

H. Gosser, rhp, direclor

A. A Adskurle, msc, research training specialis)
M. Ajoyi, msc, research aining specialist

|. L. Gulley, #ho, group lisining coordinotor

F. R. Obubo, msc, research training specialisl
C. Okolor, m@a, odministrative mcnager

Q. A Osinubi, mse, reseorch lroining speciolis!
R. Zochmonn, rhD, maleriols specialist
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Interpretation and tronslation unit

E. Molinerg, head, inlerprelation /Ironslotion
B. Auvord, inlerpreler/Iranslalar

C B. Hounvou, inlerpreier/ ransloior

C. lord, inlerpreter /ironsiolor

V. Pousse, fonslolor

F. B. Scll, interpreter /ranslolor

H. Songre, inlerpreter/konslalor

Cooperative programs

USAID/ITa national cereals research ond extension (MCRE) project,
Cameroon

E. A. Atayi, #ho, chiefl of porty and agriculurol econamist
D. C. Boker, FhD, ogriculiural ecanomist

N. Beningti, #hi, maize breeder

R. ). Carsky, PRI, extension agronomist

1. Delangnon, Fhii. groin legume speciolis)

H. C. Ezumah, #he, tarming sysiems ogronamist

M. Komuanga, *hi, agricullural ecanomis!

D. N\cHugh, NSC, saciceconomist

M. Moussie, Fhp, ogricullurol economist/coordinalol

A, Q. Osiname, #hp, forming syslems ogranamist

1 A Poku, FhD, agronomist

G. L Servant, #hn, odminishotive officer

1. C. Stilwell, phr. deputy chiefl of carty

H. Telleyrand, #h, cereol ogronomis!

C. F Yamaoh. #hb, soil scientisl/ ogroforesler

Semi-orid food grains reseorch ond development (saFGRAD) project,
Burkina Faso

1. M. Fojemisin, *ho, pathologisl/breeder, project leader and maize nel
work coordinatar

N. Muleba, PhD, agronomist, coordinalor cowpea netwark

usain/ima opplied agriculturol research (Rav) project, Zaire
F. E. Brockmon, Pho, chief of party and ogronamist -

USAID/IDRC/ITA east and southern roct crops research network [ESARRN),
Maolawi

M. N. Alvarez, #hi, breeder, nemwork coordinatar

1. A. Otog, rhn, agronomist

ana/cwm T/ ima Ghana grain development project, Kumasi, Ghana
A. M. Hossain, 0. breeder [legume]
O.0. Okali, rhi, breader (roat crops)

EEC/HITA/SADCC cowpea project

R. Amable, Pho, cowpeo agranomisl
A. L. Dalo, Phe, cowpeo breeder

1. D. Naik, rhp, fegume pathologist

“left during the yeor {1 April 1991-31 March 1992)
" On Sobbaticol



PUBLICATIONS BY IITA STAFF

Cantributians by HTA siof to scientific
litercture that became available during
1991, including joumcl! orticles, papers
in monagrophs ar conference proceed-
ings, and edited monographs.

Afun, ). V. K, L E.N. Jockei, ond C, J.

Hodgson 1991,
nd monitosad Insecticide

of COwDen

): 363:370.

Aggarwal, ¥. D. 1991.

esearch on cowpsashign resistance of

s Fages x-‘ ¥3 in Comboting sriga
n Arica, edited by 5. E. Kim. 114,

lbazan, Nigera.

Akem, C. N., and K. E. Dashiell. 1991.
Detacned shoor technicue o evoluale
Dean cultivars o
Cren Protecion 10

a 'r"-:.ns-c vy
-...,.sm 5
Migzatiar. Plan Diseasa 75: 53?'

Akem, C.N., A C. Uwala, ond K. E.
Doshne" 1991

ybean cullivors for s
K encchosin leal bloch
ol and Culhural Tests &: &1,

Biclagice

Akobundu, 1. O 1991

Infegrated wesd managemenl for stigo
contiol In crenping sysiems in Altica.
Pages 122-125 in Combaling shigo in
Alice, edied oy 5. K. Kim. 1A,
lxaden, Nigeric,

Akobundy, I. ©. 1991,

Waads in human alfairs in sub-Sahoron
Arieas dmulications for sustoinabke food
production. Weed Technalogy 5: 680
&5,

Allem, A. C., and 5. K Hoha. 1991.
Cossova germplasm slrategies for

Alriea PI"E!.?':-:. 127149 in Crop ¢ genalic
resources of Afica, Vol ||, edited by N
Q. Mg, F. Petrine, F Anere and H
Zedon. ute/ierce/ ueer/ O, lialy fooo

Jblicaticn), Availabse fom ima, Bacan,

Alvarez, M. N., M. Chibambeo, and D.
Mywowo, 1991
A stateny fer rapidly inereasing casse-
va gemplasm infroduction in tissue cul
lure. Poges BOQ) in The rle of root
crops In reglonal foed wecurity ond sus-
taingble agriculture. Froceedings, Fourk
Easem ond Southem Alica Regicno
Wrkshop on Boot and Tubes (
Mansa, Zombia, 29 Ot o 2 Mow
1990 adidad oy M. N Abaiez and E
Asiedy. T4, booon, Migesio.

Anaman, K. A, A-M. N. |zac, and K. |.
Froser. 1991.

Economic evaluaran of drylard posture

technalogies for besfeatle production in
togical rodhen Suesrslond, Avaralia

Tropical Agriculhee &£B{Z]: 153-161.

Ancke, U A, I. O. Akcbundu, ond S.
N. C. Okankwa. 1991,

Effecss of Gliricidia sepium [locg| Sieud
ard leucnena lscocephole ftom. | de
Wi on growsh ond development of
imperato oylindrics |L. | Reusche
Agroforesity Systems 161}, 1-12

Aftere, F., H. Zedan, N. Q. Ng, and P.
Perrina (eds. . 1991.

Crop genelic resources of Africa, Vol. |,
R UNER ITA /1, Taly leopublice:
s, Avallable trom iia, lbadan,
MNigeria. 331 pp.

Balosubromanian, V., ond L.
Sekayange. 1991.

Effect c_“ fige 'e-*.]-.'r-zs in '-e-::ig-?:-.ﬁ on
soil e 1ap pert loe
mance in the semioid highlonds of
Revarcdn. Biok Kgic al Agric ulivee ard
Housiculture B[1]; 17-32.

maieiy IIJI‘"\: an I'J

Bationc, A., B. J. Nduguru, B. R. Ntare,
C. B. Christionson, and A. U.
Mckwunye. 1991,

Fertizer manogement sha'egies lee
legume-bosed cropping #ysems in the
Wes! African semiarid vopics, Poges
213-226 in Phosphorus nunitian of
grain lequmes in the semiard trepics,
edited by C. Johansen K K. lee ard
¥ 1 Sohrawat r#ar, Palonchesy, A,
P. 502324, Idia.

Bemer, D. K., G. T. Berggren, ond J. P,
Snaw. 1991.

Effects of glyphosote an Cafonactria oo
fodarioe and red crown il af soybwean,
Flant Disease 75: B0RB12

Bokanga, M. 1991.

Cyenitke 10 cassova: foets ond fansosy
Foges 1923 in The role of rocf crops in
1 sEcurity ond suskainable
agricullwe. Procsedings, Fourh Eosiem
and Souharn Alrico Regional Wkshen
on Root ond Tuber Croos, Mansa,
Zombia, 29 Oclto 2 Nov 1990, edi-
ed by M. N Alvarez and R. Asiedu.
i, Ibadan, Nigena

egional oo

Bosque-Pérez, N. A, ond J. H. Moreck.
1991,

Effect of ine siem borar Fldone sacchari-
aa |lepidoptera: Pyralidoe) on the yield
ot maize. Bullein of Eniomclogica
Pesearch 81: 243-247 .

Boussienguet, J., P. Neuenschwander,
ond H. R. Herren. 1991,

I complaxe entomaphage de lo
nille du marnioc au Gabaon. 4.
Brablissement du pormsitoide
Epidinocorsis lopazi [Hym. - Encyriidoe)
el déplocement compaid des sarosiies
indigénes. Entomophaga d&: 455-44609.

OO

FOR THE RECORD

Brewbaker, J. L, §. K. Kim, and M. L
logronc. 1991.

Resistance of ropical maize intreds 1o
major vitus ond virusdiee diseases.
Maydice 36: 257-205.

Cordwell, K. F., J. Smith, G. K. Weber,
ond A. E. Awed. 1991,

Framewartk for crigriation of Striga
research @i uta, Pages 503-511 in
Froceadings, Fifh Intemational
Sympcsium on Pamsise Weads, 24-30
Jun 1951, Maircks, Kenyo, ediled by ).
K, Ransem, | | Misselmon, A D,
Wershom ond C. Porker, The
Insrnatongl Maize and Whaat
Imarevement Center {Civvv 1], Mexica,
D.F., Mexico

Cabbing, J., and A, N. Atta-Krah,
1991.

Methodalogicol ond analyfical issues in
onlarm alley larming research. Pages
7682 in Onorm reseorch n lheory
and practice, ediled by H |, W,
Mutsaers and F. Walker 112, Ibadan,
MNgera.

Dashiell, K. E., ond C. N. Akem. 1991.
Yiehd losses in soybeans from frogeye
ool spe eoed by Cercospora sojing.
Crop Pioection 10: 465-468.

Dashiell, K. £., ond G. Gumisiriza.
1991,

Recent odvonces made in developing
sevbeon cultiviars with improved seed
stonzhility b e topics, Pages 2295
23002 in Procesdings, Waond Soybean
Resmarch Conference IV, Vol V, 59
Mar 1789, Bueros Aires, Argenlina.
Asociacion digerting de la Sofo
Iwasiia], Buenos Aires, Argeniing,

Dashiell, K. E., L E, N. Jeckei, G, L.
Hariman, H. ©. Ogundipe, ond B.
Asafo-Adiei. 1991.

Soy t parmnlasm diversity, uses ond
[nlieTe m |'-r Ciop imaravemeant in
Africo. Pages 203-212 in Crop genetic
iescurces o Africa, Vol 1l edied oy N.
Q. Ng, P, Perino, F. Aftere, and H.
Zedon. 11a/eGRUMER 1R, liahy
{copublication). feoiloble from ma,
lbadon, Migario

de Jong, J. P., and |. J. Ekonayake.
1991,

Felinge et 1oleronce of polatoes
bosea on visuol scores and membrane
leakage. Plant Physiclagy (Suppl.}
Q&(1}: 170.

Dheda, D., F. Dumortier, B. Panis, D.
Vuylsteke, cnd £. de Longhe. 1991.
Plant reganeration: in cell suspensian cul
ures of the cocking banana cv
Blugges’ (Musa spp. ABB groupl. Fruits
AbE) 125135,

Dixon, A. G.O., P. J. Bromel-Cox, and
T. L Harvey. 1991.

Complemantarity of genes for resislance
e gheenbug | Sc 'nz:)pn:- graminum
Rondeni]], oiotype E, in sorghum
[Soigham bicalar |L) Moeneh).
Thaoraticn! and Aoplied Genetics 81:
1G5-110

Drukker, B., J. §. Yoninek, R. N. Cales,
and H, R, Herren. 1991,

Aenal relecse of acarine biclogical con-
tiol agents on corrier matetials.
Proceed\'ng.s_ Experimantal and Apphed
Entomology, Methelonds Enomalegico!
Society, 2: 196201,

Dvorak, K. A. 1991,

Mathods of anham, disgnosic research
on cdopfion potentio ol of ey cropping.
15 167-181.

Agrodoresiry 3 Syshems
Eberhort, 5. A, S. K. Kim, J. Mareck, L
L. Darrah, ond M. M. Goodman. 1991.
A compretaniive breeding sywem tor
maize improvement in Alice. Poges
175193 in Crop geretic resources of
Alrico, Vol !, editad by N. Q. Ng, P.
Perrine, F. Atters, and H. Zadan,

liTa/ IBRCE /e f/r IR, 1cﬂy feopublica-
fian}. Availatle from 74, Ibadon,
Nigeria,

Eggleston, G. 1991.

The ze of eag white and gums in tha
production of cessave beead. Poges 2¢-
32 in The rale of roat crops In regiona
tood secuity ond suslomo
ture. Proceedings, Fourth Easern end
Soultwen Aliico Fegional W i
Roct ond Tuber Crops, Monsa, Zombig
29 Ot ia 2 Moy 1990, adied oy M
1A, lbodarn,

M. Ahwaz ond B. Asiecy
Magenio

Ehui, S. K., and D. 5. C. Spencer.
1991.

Inddices for measuring the swstoingbiliy
ang aconom.c vickilly of faming sy
lems. - Ressarch Monogioph Na.
3. ITA, lbacan, Nigeria. 33 op.

Emechebe, A. M., B. B. Singh, O. 1.
Leleji, |. D. K. Atckple, and J. K. Adu.
1991,

Cowpaosiga problams on IL'. reseaich
in ‘\gnln Foges 18-28 m Cambering
g » Ahica, edited by 5. K Kim

. Iboclor- Migeria,

Esheft, E. T., P. Ay, J. A. |, Omueti, and
A S R Jue. 1991,

A cocoabased o
oasathc sails [h
eastam Nigerio. Beirage zur nopis
tancwintschalt und Viserinomedizin

291 13-24.

Eshett, E. T., A. John, |. Omueti, ond A.
S.R. Jua. 1991,

Si6tuz. canstraints, and polentials of wet-
lond rice cultivation in easlern Nigeria:
o case sludy f thiee farming villages in
norhern Ciess River State. Thai Jownal
of Agriculiieal Science 24(3). 243-240.

Gichury, M. 1991.

Residual affects of noturol bush, Cijans
cojan, ond Tephvosia condido on
productivity of an ocid seil in scutheosk
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