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On behalf of the Board of Trustees and the entire staff of
T4, I am pleased to present the Institute’s annual repori
for 1991.

AGROECOLOGICAL ZONES OF HUMID
AND SUHUMID TROPICAL AFRICA

- Humid Forest
- Sovanna

- Aiid and Semiarid Zone
- Highland Zone

wa Stations 1 Ibadon (un Heodquarters)
2 (otonou
3 Onne
4 Mbalmayo
5 Kano

This reporting 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 uta. 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 girector general. |
consider it a great privilege to lead
such a dynamic institute. The wide
range of program aciivities and the
results achieved curing the year,
which 1 wouid like to review for you
bricfly in these pages, are a rich
source of satisfaction for all of us at
I7A.

We are deeply concerned. however, that
the reduction in financial resourees among
all the centers does not diminish the vigor of
our endeavors. So far we have been able to
continue strengthening our research activi-
ties by reducing overall management costs.
Reduced resources hase also stimulated new
thinking about how best to accomplish our
objectives. We started revising the medium-
term plan, so carefully constructed for the




1989-1993 period, and decided to make it
an opportunity for a team effort. We began
with four Institute-wide meetings to discuss
concepts on which to base the plan. The new
plan will cover the vears 19941998, and
reflect a consensus of all scientists and man-
agers.

In my observation this vear, 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 mutual
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 vear. One compelling reason is that
multidisciplinary activity must be our means
for applving an “cco-regional” focus in our
work, in terms of the main agroccological
zones. Also, sustainability research requires
hofistic thinking, in order to accommodate
the complenity of interrelated problems in an
effective framework for action.

research
divisions

established

We took a major step in establishing the
Plant Health Management Division. Centered
around the successful biological control pro-
gram, it assembles all the Institute's plant
protection scientists and reinforces a com-
prehensive approach to solving plant health
problems. Ye combined the four crop pro-
grams into the Crop Improvement Division.
Within the Resource and Crop Management
Division, work continued along the lines of
the three main agroecological zones in our
mandate areas, in research groups for the
humid forest. moist savanna, and inland val-
fevs.

To ensure close interaction between
rescarch and management, the three division
directors report directly to me. Together with

the deputy director general for international
cooperation, we form the rescarch directors”
committee which plans and monitors the
direction of the Institute’s research and
training activities.

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

Advances in crop improvement during
1991 include confirmation that our plan-
tain-banana hybrids, resistant to black siga-
toka, are ready for testing internationally, in
different sub-Saharan agroecological zones,
with the International Network for the
Improvement of Banana and Plantain (151-
). National programs in Cameroon,
(hana, and Nigeria will collaborate with us
initially. Our understanding of Musa genet-
ics, acquired during the past two vears, has
enabled us to produce new varietics which
combine high viclds with resistance to black
sigatoka and other production constraints—
d unique achievement.

Our cassava scientists identified two ancu-
ploids among progenies from polyploid cas-
sava clones, the first in cassava ever to be
cvtologically confirmed. The ancuploids are
cassava plants with eight and ten chromo-
somes—respectivelv—more than the natu-
ral complement of 36 chromosomes, which
will influence the genetic variability in their
progenics. They will be useful in analyzing
the location of genes and manipulating
them. We expanded our germplasm inter-
change with Centro [nternacional de
Agricultura Tropical (c1ar), specially empha-
sizing the introduction into Africa of
germplasm adapted to the semi-arid and
mid-altitude tropics. The program will bene-
fit our collaborators in many African coun-
tries. Research on the process of cyanogene-
sis in cassava gained momentum during
1991 as two collaborating institutions joined
us: the Australian National University and
the Royal Veterinary and gricultural
University of Denmark. Together we are
investigating environmental influences in
differential cyanogenic potentials, and sim-
ple means to determine those potentials in
the field. With the Catholic University at
Leuven, Belgium. we developed a bread
made of cassava, utilizing locally available

Lukos Brader, Director Genera! of 111a.

ingredients including sovbean flour, and
produced a recipe book in a format for pop-
ular use.

In grain legumes breeding, the most dra-
matic news of the vear came from one of our
collaborators in the cowpea biotechnology
network, the University of Naples. They have
confirmed the first evidence of stuble genetic
transformation of the cowpea. using a mark-
er gene from Agrobacterivm tumefaciens.
In sovhean improvement, our research into
cultural practices and resistance breeding for
control of red blotch disease in West Africa
should also benefit farmers in southern and
central Africa, where the disease is endemic.
Our soybean utilization research with
Nigerian collaborators was strengthened,
and preparations made to expand the project
to Ghana.

Improved maize combining resistince to
Striga, maize streak virus, and drought con-
tinued to show consistently good agronomic
performance on site and on farm during
1991. A comprehensive breeding system for
maize in mid-altitude regions proved to be
effective in development of hybrids and
open-pollinated varieties in Nigerian and
Cameroon mid-altitudes. The latest open-
pollinated variety showed vields, other agro-
nomic traits, and disease resistance superior
to those of any commereially available open-
pollinated variety. The world’s largest com-
mercial seed company took the unusual step
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during 1991 of producing na’s high-vield-
ing and pest-resistant hybrid maize seed for
their own market. They also began develop-
ing a hybrid cross between their own and na
materials. In another commercial develop-
ment which reflects on the advanced state of
trea’s research, a second company used
hybrid materials for mid-altitude regions to
produce their own seed stock for the
Nigerian market,

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 afl aspects of plant pro-
tection against insects, mites, discases, and
weeds. Our approach is based on sustainable
and ecologically sound methods, such as
hiological control, host plant resistance, and
habitat management.

In biological control we collaboraied 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 biological control of
locusts and grasshoppers was successfully
concluded, while preparations began for a
second phase of expanded experiments and
national program development. Gur work on
the larger grain borer, a pest of stored maize,
expanded to include ceological research in
Africa as well as the Americas, to aid our
understanding of that pest/crop/environ-
ment system. Ecological research also con-
tinued in the maize system in respect of two
other pests. the stem borer and the parasitic
weed Striga, to help us develop further plant
health interventions. Work to develop sus-
tainable protection strategies for banana
crops in East Africa got underway with a
diagnostic survey.

On the particularly pressing problem of
the parasitic weed Sfriga. over the past two
years nrs has established the world's fore-
most Striga research facility. Our multidisci-
plinary group of 12 scientists is developing
integrated packages for Striga control that
can be introduced at farm level. Our
research includes studies on host-parasite
interactions, epidemiology and population
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dynamics, host plant resistance, biological
control, habitat management, and the
socioeconomics of implementing new con-
trol practices. The group conducts training
programs at 1ma and throughout Africa, and
began last year to compile a S/riga method-
ology handbook based on those programs.
Resource and crop management scientists

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

continued to develop practical ways to opera-
tionalize and measure sustainability. They
have proposed the use of a total factor pro-
ductivity index which combines binlogical,
physical. and economic factors to measure
sustainability of a crop or a farming system.
Resource characcerization of infand val-
leys in West and Central Africa was complet-
ed during 1991, Broad agroecological and
economic zones were mapped at a scale of
1:5,000,000 and included the parameters of

0Our colloborative study en cassava is providing daia
on the role of women farmers,

growing season, major soils, population den-
sity, and average capita income. In crop
management research, i and the
International Center for Research in
Agroforestry (lcrae) jointly conducted an
ethno-botanical survey on multipurpose
trees in Nigeria. About 285 species were
identified s being useful in soil enrichment,
as food or medicine, or for ornamental or
other purposes. They were planted in arbore-
ta at Onne and Ihadan for further study for
use in agroforestry systems. Results of habi-
tat management research of the noxious
weed haperata cylindrica, using the
herbaceous cover crop Mucuna pruriens,
were adopted in farge-scale exiension activi-
ties in the Republic of Benin. Over 2,000
farmers were reportedly testing the technolo-
gy, while about 500 demonstration plots were
established under the Global 2000 project in
Benin.

The training program conducted an
internal review during 1991 of its strategy
and activities. with the participation of col-
leagues from tie research and management
divisions, 1 trustees. and coliuborators
from several national institutions. The review
endorsed the direction of the program and
called for the pace of decentralization of
group training to accelerate, toward in-
country or national-level operations. During
the year the program included 358 trainees
in its various graduate research, non-degree,
and group training activities, apart from
those in regional and in-country training
conrses away rom our Ibadan eampus. By
the end of the vear, the program could count
more than 7,008 alumni since training
began in 1970.

In conperation with the Cameroonian
government, we established our new Humid
Forest Station near Yaounde, the capital.
Analytical laboratories were completed,
adjacent to Cameroon’s National Cereals
Research and Extension (Neke) project
headquarters, The station’s farm infrastruc-
ture was basically completed and began
operating, The year also saw the beginning
of the third phase of the Nexe: project with
support from ra and the United States
Agency for International Development
(usam). Neke: s @ highly successful collabo-
rative effort with 14 resident scientists work-
ing with national scientists. In parallel with



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

We decided during the vear to place o
research ligison scientist in each of three
countries selected for their research capacity
and impact potential: in Congo (for work in
the humid forest zone). Cote d'Ivoire (for the
moist savanna zone), and Ghana (for the
forest-savanna transition zone). The
research iigison scientists have a brief to link
nationai detivities aving research snd train-
ing needs with 1y programs and services, to
develop effective solutions within a holistic
perspective.

Earlvin the vear we helped 1o launch the
new Soil and Plant Analysis Laboratories
Network for Africa (seaa), with more than
100 member faboratories in 30 African coun-
tries and a hase at . Our two collaborative
groups in root crops research concerned
with breeding and farming svstems issues,
respectively; joined forces during the vear as
the new Collaborative Group for Root and
Tuber Improvernent Systems (corris), with
member institutes from nine AMfrican coun-
tries. coktis began research with members of
the Collaborative Group on Maize-based
Svstems Resvarch (cosbs) on incorporating
legumes into improved cropping svstems, to
maintain soil fertility and weed control. They
prepared a database on legumes appropriae
for different farming systems.

The Alley Farming Network for Tropical
Alrica (aexer) completed its third vear with
activities in about 20 countries. Research
indicated that allev cropping is a good tech-
nology for sustaining maize-based produc-
tion in the savanna zone. But suitable
hedgerow species and cultural practices have
vet to be devetoped for root-crop-based sys-
tems and the humid forest zone. The
Collaborative Study of Cassava in Africs
(cosca) expanded from 6 to 14 countries
during 1991, and its database is being used
for analysis of many factors including the
role of women farmers and impact of
improved cassava varicties. For example,
cost:a data show that s cassava varieties are
widely adopted in Nigeria, where they are
performing better than trial varietics; and

that average cassava yield in Africa is now
above 12 tons per hectare,

It connection with the programming of
eco-regional research responsibilities among
the international agricultural research cen-
ters, we began diaiogues with 1okar, the
International Crops Research Institute for the
Semi-Arid Tropies (crisat), and the
International Livestoek Center for Africa
(11:4) on cooperative research in overlapping
eco-zones of mutuat interest.

As the vear drew to a close, preparations
for the twenty-fifth anniversary celebrations
during 1992 gained in tempo, with publica-
tions being compiled. posters designed for i
retrospective of research results, and
arrangements started for st symposium on
sustainable food production in sub-Saharan
Africat. Given the current economic situation,
plans are being kept relatively sober. Our
chiefaim is to inform the public, through the
medium of a vear-long calendar of events
with full staff participation, about s work
and the ways we have translated our scientif-
jc vision into 2t farm-level reality.

With the range of research activities we
have atimy, we continuously need to redefine
our coilective mission. In that way we can
sustain a relevant perspective on our impact
in relaiion with the problems we are
addressing. Especially considering the recent
changes in our research environment, ori-

Many of our program activities cre contributing to
improved productivity for cassava formers.

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

i aims to improve the natritional
status and well-being of low-income
people in the bumid and subbumid
zones of sub-Sabaran Africa by carry-
ing out research and related activities

Jor increasing agricudtural production

in a sustainable manner, in coopera-
tion with national and international
systems and institutions.

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

g .
Lukas Brader



RESEARCH
PERSPECTIVES

IITA AND THE CGIAR

1a 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
(cc1ar), formed in 1971.

The Ford and Rockefeller foundations
provided initial planning and financial sup-
port for nry. The Nigerian government pro-
vided 1.000 hectares of land for a headquar-
ters site and research farm at Ibadan.

Funding tor nra research and operations
comes from the colak and bilaterally from 40
national and private donor agencies.

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

1rma conducts rescarch, training, and
germplasm and information exchange activ-
ities in partnership with regional and
national programs in many parts of sub-
Saharan Africa. Research is organized 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 includes support
services for finance, information, and gener-
al administration.

The research program focuses on six
major food crops and smaltholder cropping
systems in the humid and subhumid ropics
of Africa. These crops are:

o cassava and yam-—root crops which are
staple foods for more than 200 million
Africans

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

® mitize—a major crop whose food and
industrial uses in Africa are rapidly growing
itrimportance

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

The research agenda addresses crop
improvement, plant health. and resource
and crop management issues within a farm-
ing sysiems framework. Goals of increased

uta research farm and residential community at the
Ibadan Headquarters.




Member centers of the cciar
et Centro Interiaconal de Agncattura Tropical
2 cikor Center for International Forestry Research

3 crvmvr Centro Intersacional de Meoramiento de Mz v Trigo

4 i Centro Internacional de L Papa

5 1carn Internationat Center for Agncultural Rescarch i the Dr Areas
& 1ciam International Center for Living Aquatic Resourees Managenient

T acrar internattonal Center for Research i Agroforestny

8 sewasar Intertional Crops Research fnstitute for the Semi-Arid Tropics

9 rrer International Food Polies Research Institute
10 s tnsterzational [rrygtion Management imstitute
T ara nternatonal Institate of Fropreal Agnicufture
12 e ntenationa! Livestock Conter tor Africa

13 wran feternational Laboratons for Researeh on Al Diseitses
14 mvaswe Bternational Networt tor the lmprovenent of Bama and Plantain

15 apare fnternatioral Plant Geaette Kesoees Tstitute
16 mnt Inteerationad Rece Research istitute

P2 assar etermational Senvce for Satosal Agriculnral Resedrch

18 warn West A Kice Deselopment Asociation
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not yet established

crop productivity and sustainable resource
management are focused within the practi-
gal seope of small-scale Brming systems in
the following agroccological zones:

o humid forest tlength of growipg period
{12 months)

o moist savanna (length of growing period
6- 9 months)

o infand vallavs Gudistinet type of agroe-
covvstem alongside drainage svstems
throughout continental Africa).

Following its 1989-- 2000 strategic plan,
s has concentrated its research to date in
Westand Central Africa. Current plans are
extending the agroecological approach on a
region-wide scale, W cover the entire humid
and sublimid zones of Africa. i has also
begun io decentralize its research from
Ihadan to representative locations in the var-
fous zones, where research on farming con-
ditions and the crops is targete .

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

In the coastal zone around Port Has court,
Nigeria, sy established its High Rainfall
Station at Onnz in 1970, Scientists at the
100-hectare site conduet research on plan-
tain and banana crops, soil manzgement,
various cropping systems, and agroforestry
applications.

I 1989 e estatblished a 105-hectare sta-
tion in the dry savanna zone at Kano in
northern Nigeria, jointly with the Institute
for Agricultural Research. Ahmadu Bello
University. Gowpea cropping systems are the

main foeus of collaborative research with 1ak
and the International Crops Research
Institute for the Semi-Arid Tropics (ciisar).

In 1990 1 established its Humid Forest
Station on 1000 hectares at Mbalmayo. near
Yaounde, the capital of Cameroon, in collab-
oration with the National Cereals Research
and Extension Project. i and Cameroonian
scientists there are developing technologies
for sustainable small-scale farming in the
lowland humid forest zone of tropical Africa.

ey also established « center for Africa-
wide biological control research and opera-
tions at Cotonou, capital of the Republic of
Benin, in 1988,

Global links. The conk is an informal
asseciation of about 40 governments, inter-
national organizations, and private founda-
tions. During 1991 they provided about
1158232 million in core funding. The ciiar
supports 18 international research centers,
whose collective goal is to improve the quan-
tity and quality of food production in devel-
oping countries.

The carar states its mission to be:
“Through international rescarch and related
activities, and in partnership with national
research systems, to contribute to sustainable
improvements in the productivity of agricul-
ture, forestry, and fisheries in developing
countries in ways that enhance nutrition and
well-being, especially among low-income
people.”

Cosponsored by the World Bank, the Food
and Agriculture Organization of the United
Nations (ix0), and the United Nations
Bievelopment Programme (1xop), the cirak
operates without « formal charter, relving on

a consensus derived from a sense of common
purpose.

Each carak-uffiliated center is independent
and autonomouswith its own structure,
mandate, and objectives, and is overseen by
its own board of trustees. Some centers focus
on one or two food crops for whic 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
genetic resources, agroforestry, irrigation
manageruent, and national agricultural
research management in developing coun-
tries.

The caiar is serviced by an executive sec-
retariat, which is provided by the World Bank
and located in Washington. The cotar’s
Technical Advisory Committee (3c) of scien-
tists is drawn equally from developed and
developing countries. Ta: makes recommen-
dations on research programs and prioritics,
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
cotar and located at the headquarters of £xo
in Rome.

The caiar meets twice avear, once in
Washington in October or November. and
once elsewhere in May. The meetings review
progrant activities undertaken by the centers,
discuss agricultural research needs, and
adopt strategies to address those needs, as
well as review proposals on funding and
management issues.




IMPROVEMENT

The Crop Improvement Division aims to conserve genetic
resources and increas: quantity and stability of produc-
tion of II'TA’s manaated 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 environmeutal stresses,
and suits farmers’ and consumers’ needs.

RESEARCH DIRECTIONS

e Breeding of new germplasm to continue,
for adaptation to agroecological conditions
in the humid forest, moist savanna, and
mid-ultitudes zones.

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

® Resistance levels to cassiva mealvbug
and cassava green mite to be inereased. s
part of a plant health management strategy:
® Research will continae on cassava physi-
ology and methods of selection for resistance
to drought and cold.

® Research to continue on the inferitance.
biochemistry, and physiology of food quality
characteristics. including low cvanide con-
tent, and on the stress reactions of the plant.
@ Cytogenetic and biotechnological tech-
niques to be applied in characterizing geno-
types, clucidating phylogenetic relationships,
and improving efficiency in selecting desir-
able characters for new genotypes.

& Basic research to continue, jointly with
advanced laboratories, on somatic embryo-
genesis, somatic hybridization. anther and
pollen cultuie, and genetie transforniation
and regeneration, in order to improve effi-
ciency of breeding techniques.

o [nvestigation of the physiological and
reproductive biology of yam, and manipula-
tion of ploidy levels in cassava and yam, to
continue,
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: Plantain/bangna

@ [nvestigations of breeding strategies and
methodologies for African conditions and
constraints lo be continued.

® Crosses hetween starchy bananas
(triploids) and diploids to be continued. to
provide more hybrid seed for clonat produc-
tion, evaluation, and selection in East Africa.
o Development of st molecular linkage map
to begin. in collabozation with the vs
Department of Agriculture in Griffin,
Georgia. for germplasm management, gene
mapping. marker-assisted selection for
breeding, and management of in vitro
germplasm conservation.

@ Advanced multilocational trials of black-
sigatokat-resistant plantainsbanana hybrids
to continue, in conperation with national
programs in 10 West and Central African
locations.

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

e Improvement in host plant resistance to
Striga species to continue.

& (ermplasim 1o be sought with greater root
vigor, lo increase recovery of soil nitrogen.

& Breeding of resistance to two stem borers,
Sesamia and Eldana, and to the grain wee-
vil Sitophilus. 1o continue.

e Development of heterotic base popula-
tions, and integration of open-pollinated and
hybrid breeding into a4 “comprehensive
breeding system”, to continue.

& “Maintenance breeding” of agroecologi-
cally adapted germplasm to continue, in
order to maintain resistance to maize streak
virus, rusts, blights, downy mildew. and ear
and stalk rots.

o Studies to elucidate the physico-chemical
bases of grain quality characteristics, and
how to breed for them, to continue.

o Adoption of improved maize varicties in
Nigeria to be studied in collaboration with
national scientists.

o Strengthening of national programs and
regional networks to continue, emphasizing,
collaboration and transfer of technologies in
breeding research, especially in screening for
resistance 1o maize streak virus and Striga.

8 lmproveineni of cowpen with stable vesis
tance to flowering and postflowering insect
pests to continue. using both conventional
breeding and biotechnology.

e Improvement of local cowpea genotypes
to continue, incorporating a stuble resistance
to diseases, insect pests, Striga. and Alechra,
and adapted to mixed cropping systems with
cereals (millet, sorghum, and maize) for the
dry savann,

® Improvement in cowpea geain types with
awide range of maturity periods to continue,
1o meet diverse needs in different agroeco-
logical zones.

© ‘fechnical support for national programs
and networks of cowpea scientists in western.
central, and southern Africa; emphasizing
technologies for incerporating resistance to
diseases and insect pests into local varieties.
Priority given to collaboration with the
Semi-Arid Food Grain Research and
Drevelopment (sakGkan) cowpea network, and
to support for the Southern African
Development Coordination Conference
(sabice) cowpeit project.,

_Soybean |

LRI

o frecding to continue for resistance to
insect pests and early matarity (to provide an
S0-130 day range of maturities) with other
desirable traits, for different zones.

o Sources of resistance 1o frogeve leaf spot



disease to be identified, and the mode of
inheritance of resistance to be determined.
® Muintenance breeding to retain the traits
of stable and high vield, good nodulation
with soil bacteria, resistance to the main dis-
eases, nine-month storage capacity of seeds,
resistance to buckling under the weight of
high pod vields, and pod resistance to shat-
tering and seed dispersal before harve. <.

® 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-
arams,

® Joint rescarch on sorghum and sovbean
intercropping. and on crop rotation systems
with sovhean, to continue with the Institute
for Agricultural Rescarch, Samaru, and the
International Crop Research [nstitute for the
Semi-Arid Tropics (ckisyr), with field testing
in the Nigerian dry savanna.

® [nvestigation of nitrogen fixation poten-
tial of free-nodulating sovbeans to continue
with the Biological Nitrogen Fixation
Technologies for International Development
(virman) Project, University of Hawaii.

PRIVATIZATION

OF NIGERIA’S
HYBRID MAIZE
SEED BUSINESS

174’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
nta. The four largest of them pro-
duced and marketed between 1,200
and 1,500 metric tons of nma-devel-
oped hybrid maize seed in 1991.

These beginnings mark a new maturity in
Nigerian agriculture, reflecting a commer-
cial awareness that an increasing propostion
of farmers, small- as well as large-scale, are
ready to grow maize as a cash crop. The new
seed companies are diversifving their mar-
kets with hybrid sorghum and improved
varieties of cowpea, sovbean, rice, vegetables,
and industrial crops.

OF all the registered companies interested
in hybrid maize seed business, four had pro-
ductive operations in 1991
® Agricultural Seeds Co., Ltd. (established
in 1984 at Zaria, Kaduna State; bought up by
Pioneer in 1992)

& Pioneer Hi-bred Seed Nigeria Ltd.
(began production in 1990 at Kaduna)

@ ¢ Agro-Industries, of vac of Nigeria Ple
(initially a contract grower, began own pro-
duction and distribution in 1984 a1 Zaria)

® ¢ Nigeria Pl vhegan producing seed
for mid-altitudes region in 1989 at Jos,
Plateau State).

Hybrid maize combines qualities most
desired by farmers and consumers. It cai
produce substantially higher vields with
highly uniform grains, important for indus-
trial consumers. Other characteristics can he
tailored to suit growing conditions in specific
areas; for example, resistance to specific dis-

High yields from hybrid maize make it an atiractive
crop for farmers with access to seed and ferfilizer.
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A horvest of young “green” maize.

eases and pests, and tolerance of drought or
other stresses. However, hvbrid maize brings
averhead costs to the farmer: new seed must
be purchased for each planting. The seed
produced by a hybrid maize crop is geneti-
cally different fromy the parent hybrid. and
loses its high vields and desirable character-
istics.

The maize traditionaliy cultivated
throughout the developing world is open-
pollinated. 1ts own seed can be used for the
nest crop. unlike hybrid maize. [t it easily
into the mixed cropping systems of tradition -
al Mrican agriculture, and can produce close
toits full potential harvest with less fertilizer,
Labor, or other inputs than can hybrid maize.
Subsistence farmers value these economical
requirements.

Open-pollinated maize can be improved
for higher viclds, pest resistance, and desired
grain quality: But, after cultivation over sev-
eral seasons, the germplasm loses its vield
potential and other traits through cross-pol-
lination with other varieties growing, in the
vicinity, Henee, farmers must seck new seed
with a high level of the desired characteris-
tics. if they are to continue to realize the full
potentiitl haivest. The need to renew seed
comes less frequently with open-pollinated
than with hyvbrid maize. But the rewards are
greater for opting for hybrid maize, with its
substantially higher vield.
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Savanna boom. During the 1970s, 1rma
breeders developed high-vielding, improved
open-pollinated varieties called 176, building
on Nigerian composites. Released to farmers
late in the 1970s, 128 varieties were resistant
to the major fungal discases and highly
adapted to conditions in Nigeria's “moist
savanna”, which has a rainfed growing sea-
son of four to six months. A boom in mod-
ernized maize farming began: 178 spread
rapidly across the savanna during the 1980s,
as federal and state agricultural extension
services made fertitizer and advice available.
A nationwide highway svstem created new
links for the savanna region with markets in
the populous south. These developments cre-
ated opportunities which farmers could
exploit with hybrid maize.

(e scientists expressed interes, during
1977 in the possibilities of developing hvbrid
maize varicties suited to the nation’s needs,
which international centers were not pursu-
ing at the time. During the following vears
irrs breeders took up the challenge and
began crossing the best available germplasm
with i maize streak virus-resistant popula-
tions.

Nigeria's federal government declared
hybrid maize « high-priority crop in 1981
and contributed USS300,000 to irra for
research. By 1983, Nigerian scientists from
three research institutes, three universities,
and the national services for seeds, extension
and accelerated food production joined i
in hybrid selection trials. By 1984, experi-
mental hybrids started on-farm testing,
During that vear, the first hybrid maize seed
company, Agricultural Seeds. praduced 80
tons of seed under iy and National Seed
Service supervision.

By 1990, hybrid maize farmers were har-
vesting 310 5 tons of grain per hectare, a
vield 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 government had to
organize production of open-poilinated
mtize seed for the state projects to multiply
for distribution to farmers. But burcaucratic
operating methods are usually not well suit-
ed to catering for seed needs in & dynamic
marketing situation, where focation 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 order that production and dis-
tribution networks develop efficiently
Private-sector seed quality would be more
likely to conform with farmer requirements
than would sced quality from a government
agency, because a private firm’s survival
depends on customer satisfaction.

An essential role for the government does
remain, however, in enforcing quality stan-
dards tor commercial hybrid seed, and in
providing open-pollinated maize seed for
resource-poor farmers.

Entreprencurial investments in the seed
industry are proof of success of public-sector
investments in agriculture. The public sector
needed to put up front the required research
into hybrid maize and its on-farm produc-
tion, as well as the infrastructure: the exten-
sion system, subsidized fertilizer, and roads.
Because of their high costs and lack of
immediate commercial return, those govern-
mental investments are a prerequisite for a
viable agricultural industry with private par-
ticipation,

Entreprencurial perception of the feasi-
bility of a private seed business in hwbrid
matize also marks a crucial stage, 4 coming
of age. in the country’s agricultural develop-
ment. Prospeets for growth are enhanced
when farmers recognize the importance of
pure, high-quality seed s a regular input in
their production efforts, and when they are
prepared to take the investment risks for the
anticipated gains.

Success for ir from its own research
fnvestmens has come, so far, in the general
perception of hybrid maize as a crop 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
eountries: Cameroon, Cote d'Ivoire, and
Ghana, among others.

Private and public-sector enterprises in
East and Southern Africa have also utilized
iy geemplasm 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
oilsced products, small-scale farm-
ers are finding soybean an increas-
ingly attractive crop—more so than
competing ovilseeds 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
nma-improved soybean varieties have
been available with higher yields,
which have reduced the cost of pro-
ducing the crop.

The increasing demand for locally grown
sovbeans stems from governmental policies
to combat Nigeria's economic ills. The
national currency, the naira, has devahed
drastically, which has increased the attrac-
tiveness of homegrown over imported
oilseeds. During the past five vears importa-
tion of edible vils and sovbean meal has been
banned. which has stimulated local produc-
tion of vegetable oils and oilseed cake.

Policy has given aspecial boost to soy-
beans over other oilseeds. Government and
private groups have promoted sovbean for its
nutritional value, as a protein source, since
other sources snch as meat and eggs are
bevond reach of most people.
Moneymaker. Sovbean has been grown in
Nigeria for the past half century. The British
administration introduced a Malayan variety
as an export crop during the 19405, inan
area farmed by the Tiv people in Benue state.

where agroccological conditions favored
production. Late in the 1940s the British set
up a marketing board which purchased soy-
beans for export. unprocessed.

By 1900, when Nigeria achieved its inde-
pendence, it had become a major world
exporter of patm and grovundnut oil. Palm ol
and groundnut oil were being processed for
local consumption at village level and for
export. While sovbeans were still being,
grown for export, there appears to have been
no significant village-level processing or
consumption of soy products.

Over the following decades, during the
civil war and then the new wealth from
petroleum exports, sovbean furming
declined.

Latte in the 1960s civil war broke out,
which hindered internal transport and the
export of commodities. vs Department of
Agriculture records show average annual
sovbean exports from Nigeria of about
13.500 metric tons just before the civil war
(1964-1963). Production declined during
the war (1967-1970) to about 9,000 tons per
year. During the years after the war through
1970, average annual exports amounted to
3,500 tons. From 1977, export figures decline
to zero.

The petroletm “boom vears™ in Nigeria,
from the mid- 1970s to early in the 19805,
brought a prosperity which worked against
agricultural development. The naira was
overvalued, at greater than parity with the vs
dollar, making imports of oilseed products
less expensive than local equivalents. Exports
of sovbeans and edible oils ceased, and
exports of oilpatm kernels and groundnuts
declined. After having been an exporter of
edible oils for decades. Nigeria became an
importer—-increasing demand for oilseed
products was met by imports, which includ -
ed groundnut, palm, and sovbean oil,
sovmeal, and groundnut cake.

The imports of sov oil indicate that its
domestic aceeptance had begun, although
the cheap imports discouraged domestic
praduction. A small market 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 bean, the traditional ingredi-
ent. Although limited, this source of demad
for sovbean helped to maintain production.

New support for a market for local soy-
beans came about in the mid- 1980s, in the
form of governmental macroeconomic poli-
¢y, which pulled up the price of the crop. In
1980 the Nigerian government undertook a
structural adjustnient program (sar) to
stimulite economic recovery: The naira was
devalued by 75%, to 4. 00 naira per vs dollar.
Its vatue continued to stide, reaching 9. 25
naira per vs dolkar by 1991, Under sap, agri-
cultural prices were deregulated and impor-
tation of major food commodities bianned—
including staple grains, edible oils, and sov-
hean meal. The ban had its intended effect of
giving @ boost to local production of veg-
etable oil and oilseed cake. (Even though
imports of unprocessed sovbeans were not
barned. local sovbeans were more cheaply
available and hence reccived a boost from
the ban.)

Besides that policy pull, drought during
19831984 pushed up prices of all agricul-
tural commoditics, and increased substitu-
tion of soybeans in dadawa production
which could be supplied more easily than
Jocust beans. And during the mid-1980s, as
s tightened the economic belt, public
health and charity organizations cam-
paigned to promote consumption of sov-
beans for their nutritional value, Soybean
products began to become iucorporated in
traditional diets and processed foods.

With these market stimuli,  technical

Partially defatted soybean cake Is bagged at a Benve
factary for use as animal feed.
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advantage which sovbean enjoved canie inte
plav. By carlvin the 19305, 171y had achieved
aresearch breakthrough in collaboration
with Nigerian research and extension orga-
nizations, notably the Institute for
Agricultural Research. the National Cereals
Researed Institute. and the nstitute for
Agricultural Researcl and Training, u sei-
entists stceeeded in breeding high-vielding
sovbean varieties that could aceept the bac-
terizt found in African soils and nodulate with
them. Before this characteristic of “promis-
cuous nodulation™ had been transterred to
high-vielding sovbeians, the seeds had had to
be inoculiated hefore planting, in a process
that was too expensive and complicated to
permit small-scale African farmers to grow
sovheans.

Other problems had also been solved
theough breeding: curbing the tendency of
pods to shatter and disperse the beans befisie
thev could be harvested, and reducing the
time requirement for the crop to mature
which was too long to suit rainfall patterns in
SV reas.

Technological advinces from wm, together
with collaboration with national institutes in
adapting, the new varicties to local growing
conditions, enabled farmers to make use of
these improved varicties. Farmers could
respond to the increasing demand for
vilseeds by producing high-vielding soy-
beans, keeping their production costs low
and their prices competitive with tiwose of
imported sovheans. Expansion of sovbean
cultivation was feasible because it required
little Tabor and fertilizer, and it was compati-
ble with existing intercropping svstems. On
the other hand, groundnuts were suffering
from disease problems which linited their
exansion, and ofl palm-—-being d tree
crop—could not be easily expanded.
Sovhean production could thus increase as
its profitability became apparent.

Back to the futuzre. Several i surveys of
sovbean-growing villages in Benue state,
eastern Nigeria, and of sovhean marketing in
the town of Ihadan in sonthwestern Nigeria,
have shown how sovbean production has
flourished within a conducive policy envi-
ropment.

Benue wus chosen for the production
study because its history of sovbean cultiva-
tion, which dates from colonial days, affords
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a perspective on effects of policy changes on
production trends, and the Tiv farmers there
have become experienced sovbean growers

In 1989, sovbean was being cultivated in
75% of the 35 randomly selected villages, but
was more widespread in the Tiv area (96%)
than in the non-Tiv area (32%). Alinost one-
half the Tiv villages reported sovbean to be a
major ciash crop, whereas it had been so in
Jess than ore-third of those villages before
tie cvil war period, some 25 vears eatlier.

While profitability was the main reason
given for producing sovbeans in most of the
Tivand non-Tiv villages. the second most
popular motive was recognition of sovheans’
nutritional vaiue and food use, Sovbean was
substituted for locust bean in the preparation
of dadawa and for cowpeat in several dishes.
Itis cheaper per weight thin cowpea, and
muct more avitilable than locust bean.

A sample of 70 farmers grown,g sovbean
in 1990 had produced a totad of 30. 4 metric

TOTAL SOYBEAN PRODUCTION
BY 70 FARMERS IN BENUE,
NIGERIA
metric tons
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tons of sovbeans during 1989, The accompa-
nving diagram shows the farmers” view of
their own production from 1965 to 1989,
They clim that they produced half the cur-
rent harvest before the war. During the post-
witr period, their total production declined to
1.4 tons around 1975 and rose 104, 5 tons in
the 1982-1985 period. just before the naira
devaluation. Devaluation appeared to have
had a tonic effect——production had swollen
1o 15. 8 tons by 1987, And two vears later it
was nearly double that. This picture of pro-
duction trends fits the « s governmental
record for the 19605 and 19705,

The production survey results indieate that
farmers in the Tiv (castern) part of Benue
stitte were currently harvesting 30,000 metric
tons per vear, from virtuatly nothing after the
civil war, Expansion largely occurred
between 1986 and 1989, when three-quarters
of current producers began cultivating the
cropand many of the established producers
(two-thirds) expanded their production.
Sovbean was also spreading in the non-Tiv
(western) partof Benue, although at a slow-
er rate. Wiile the survey is hased on farmers’
memories, a clear picture emerges of large-
scale increase and trends consistent with the
Us data,

The urban market survey in Ibadan, the
town where i is located, revealed that sov-
beans were being sold i only two markets in
1987, butin 19 markets by 1990. Sovbean
retailers in those markets expanded from a
total of four to 419.

Before tie naira devaluation in 1985, only
aiie of the carrent enterprises in Nigeria had
been producing sov oit and seedeake, with an
annual capacity of S00 metrie tons. (Actual
production figures are not awailable. ) By
1989 six companies were producing oil and
seedeake, with over 117,000 tons per vear of
capacity, Other companies were using sov-
beans to make traditional and new foods,
including beverages. breakfast foous and
baby foods.

Pivot. The Nigerian experience illustrates
how government policy can., by turn, impede
production and the adoption of improved
varieties. then stimulte demand and
encourige farmers to adopt new varieties.
But, while the fortunes of sovbean over the
decades have pivoted on the nation’s eeo-
pomic and social policies, other elements



gave vital support to the phenomenal expan-
sion of the crop during the past four years.
any assessment of sovbean's future must ke
into account the policies as well as the other
economic and agricultural factors,

Import bans on oilseed products led
Nigerian mills to use focal vilseeds, while
currency devaluation made those oilseeds
more attractive in the market. But soybean
could become more competitive than tradi-
tional groundnut and oif paln because of
improved, high-viclding varicties. Research
had made these new technologies available
early in the 19805, but farmers took them up
only after demand had grown and when
prices would not be depressed by additional
production. So an expanding market gave a
push where policy pulled, and research pro-
vided the means for farmers to enlarge their
response.

I deciding to expand production, farmers
litve considered the merits of sovbean in
terms of their own cconomy. Sovbean may
not vield as much profit s do other crops fo
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 land is abundant but
labor is not. Less [abor is required in growing
sovbeans than that for groundnuts or rice.
Benue farmers also learned, after fertilizer
supplies grew scarce during the 1980s, that
sovhean vields an adequate harvest without
fertitizer.

Sovbein may appear to be less labor-
intensive because of the timing of its kabor
requirements in relation with the sehedule
for other crops. Soybeans are planted before
the peak period of groundnut and yam
planting, and are harvested before the vam
harvest peaks.

Besides timing, its compatibility in inter-
cropping with other crops attracts farmers.
In Benue, soybean is intercropped most with
sorghum, which is planted at low densities,
and to some extent with eassava, which
grows slowly and dominates the field after
the sovbean is harvested. Farmers find it
henefits companion crops as i ground cover
against weeds. Also, as @ nitrogen-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 soybean phe-
nomenon, it is clear that increasing industri-
al demand has driven the expansion of sov-
bean, within the framework of conducive
policy and with the right varieties for farm-
ers” resources and cropping systems.
Farmers could take advantage of improved
sovbean varieties, once cconomic policy had
made the market favorable for local produg-
tion. In turn, rapid growth of soybean sup-
plies after the mid- 1980s encouraged the
mills to rely on theny in oil and feedeake pro-
duction.

Whether sovbean crops and industrial
production can continue to develop in the
same direction will Largely depend on the
policy environment-—will the industry be
viable, if oit and feedeake import bans are
lifted? The market for local sovbeans has
shown signs of 4 strong growth potential, at
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 sovbeans as
asouree of good and low-cost nutrition,
while traditional alternatives have priced
themselves bevond the reach of most.

Promotion and policy initiatives appear to
be working hand in hand in other areas of
Alrica, to develop a soybean industry. In West
Africa, a Ghangian national committee is
campaigning 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
parts. Women's groups, antong others, are
supporting the national campaign with local
activities. In neighboring Cote d'Ivoire, the
government is stimulating production in the
Moist savanna.

In southern Africa, small-scale farmers in
Zambia have been expanding production of
soybeans with support from the government
and cotton growers” groups, which are also
promaoting household and commercial uti-
lization to provide a market for the crop. In
Zimbabwe, sovbean has long been a erop 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,
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and social. The current favorzble environ-
ment will enable increasing numbers of peo-
ple to enjoy the healthful benefits of this
golden bean,
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ACCELERATING

THE FLCW OF
CASSAVA
GERMPLASM

Cassava scientists at ura are develop-
ing ways to accelerate the delivery of
new cassava germplasm to national
programs. Biotechnological tech-
niques may be able 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.

In recent vears, 1ra has been breeding new
genotypes targeted on farming needs in the
main growing areas. Careful selection for
desirable characteristics over the years has
produced a large number of genotypes ready
for delivery to national programs, With the
help of “management” solations to reduce
delivery time requirements, (' cassava
program hopes to build its delivery rate of
improved germplasm up to 50 clones per
vear for eaci of the main zones in the region.

New impetus to step up the flow of
germplasm has come from the results of the
Collaborative Study of Cassava in Alrica
(cosea) released during 1990 and 1991, cosea
confirms that cassiva has become more than
just a backvard crop to keep hunger at
bay-—it is & cash crop for many farmers and
a low-cost food staple £, - town-dwellers.
From the results itis also clear that the num-
ber and extent of new varieties being culti-
vated by farmers trails behind the amount of
improved germplisim ready for use in in-
country research. Hence, cassava researchers
share anew concern to aceelerate the pace of
improvement research in Africa’s “cassava
belt™ countries (see map on p. 16).
Deiivering the goods. Germplasm
embodving a new genotype is usually c:a-
veved to national programs as a plantlet, in a
disease-free state inside a sealed flask. nra
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has developed this technology for transmit-
ting germplasm which satisfies phytosanitary
requirements. Plantlets are also an efficient
form for use in field research. because vege-
tative propagation is the easiest way to repli-
cate the particular set of genetic traits of a
desirable cassava vaiety.

Plantlets 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, after
which it may be declared virus-free and
ready to ship to 1 collaborators. (The chart
opposite depicts the time scale of the tissue
culture and virus-indexing process.)
Conventional virus elimination and indexing
take at least eight months, which puts a
brake on the flow of material to nationa
programs. But quarantine regulations must
be met, for he benefit of all concerned. so
any means 2 aceelerate the flow must
involve certification of healthy plantfets.

rra has begun to investigate allernatives to
the effective but lengthy indexing process.
The biotechnological techniques of poly-
merase chain reaction (#cr) and cosa probes
are promising applications. Such sereening
techniques may be able to help complete
virus indexing within a fraction of the time
previously required.

In addition to use of biotechnology to
speed up the virus indexing process, another

A delicate cassava plantlet ready for transplanting
and condifioning to u normal growing environment.

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

recipient country. Too often the tissue culture
materials are lost in transplanting to nursery
beds.

The plantlets arrive in flasks which have
provided i sterile, humid environment. They
are at a tender stage of development and
must be conditioned graduzlly to the drier,
harsher conditions of @ research nursery.
They must be permitted to adjust to a normal
growing environment, and to develop their
defenses against focal pathogens. Four to six
weeks are normally sufficient for a plantlet to
estabiish itself in a nursery bed under
research conditions.

With every shipment i provides “jiffy
pots™ with a transplanting medium of peat
moss and vermiculite, a highly water-
absorbent filler material. Each plantlet
should be transplanted into this medivm in
the jiffy pot as soon as it is removed from its
flask. The jiffy pot should in turn be planted
in a larger pot. or directly into the nursery
bed, where it will gradually decompose, leay-
ing the growing plantlet to continue its
development in the chosen research site.
Problems arise where the transition from
flask to pot and external environment is too
abrupt because of environmental or han-
dling problems. The consequence in many
instances is a plant survival rate too low to be
of benefit to the receiving program.

i has begon to address this manage-
ment problem by exploring ways to adapt
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 transplanted cassava with
some transitionat protection.

Long-term goals. The current adjust-
ments in rea's delery strategy are aimed at
two long-term goals. One is to extend the use
of improved cassava genotypes in research
programs in all cassava-belt countries. The
other is to develop national capability in
breeding improved varieties fro. 1 seed,
which permits a full range of genetic
exploitation.

ftra s bred niany new cassava genotypes
to produce high vields under different grow-
ing conditions in West and Central Africa’s
ain agroecological zones—the humid for-



THE CASSAVA TISSUE CULTURE
PROCESS FOR VIRUS Cassava stoke
ELIMINATION approximately 15¢m

Sprouting
in pors
in sreenhouse

1 S Heat treatment
in pots
in heat chamber

Apical tips removed from plantlets

Apical meristem culture
in laboratory

l tip size = 0.5-0.6mm

pleatlet size = 7—10cm

IS

Inifial mulliplication
4-5 single nodes
node size = lem

.+« ., ., Botchnumbered and divided
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S " Virus indexing

remaining nodes M test batch is tionsplanted, hardened, and
from some parent esfablished in pots, in isolation
stock are cultured, (20°-25°C) and subjected to thiee
multiplied, and ; virusindexing procedures:

—observation of virus symptoms

~inoculotion of other, indicator plonts
{e , Nicotiana oenthamiana) with sap
from cassava test plants

—fus4 (enzymelinked immunosorbent
assay)

maintained in vitro

plant size = 35-50cm

Quarantine inspettion and
phytosanitary cerlification

Certified plantlets for distribution
to national programs

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

Arcas typifving all these zones can be
found in Nigeria, so ur breeders have been
able to develop genotypes which cin be tac-
geted to similar environments in other coun-
tries with the same Kinds of requirements.
ey uses breeding sites in Nigeria represent -
ing the humid forest region (at Onne), the
forest-savanmat transition zone (Ibadan), the
moist savanna (Zaria), the dry savanna
(Kano), and the mid-altitudes (Jos)

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

Resistanee to particular diseases—for
example, cassava bacterial blight and African
gassavt mosiic disease—-and more recently,
resistance to the insect pests cassava mealy-
bug and cassava green mite, have been high
among breeders’ priovities. Early maturity of
the crop has become an important charac-
teristic in breeding cassava for farmers who
will sell their produce.

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

Eventually breeding research must gradu-
ate from the early test sites to targeted areas
of release, in order that clones of improved
genotypes can be adapted 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 nry's cassava
program is currently addressing.

Best from seeds. To make the best possi-
ble use of the vast genetic resources available
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from nrs, cassava breeders should be able to
work directly with seed populations. Cassiva
seeds contain the genetic range from which
breeders can select and produce new geno-
tvpes for their particular needs. Seeds are
also the easiest form for transmitting
germplasm from plce to pliace, and the
safest in terms of discase prevenzion. The dif-
ficulty, however, lies in coping with the vari-
ability in genetic traits expressed in cassava
from one generation to the nest—as well as
in providing for the gamut of fagilities and
expertise which is required in breeding from
seed.

Most national programs can take i semi-
finished, tissue-cultured product through the
final testing stages, and release it if it fills
their needs. But it takes five vears for urs. in
the first place, to select and produce @ geno-
tvpe as d tissue culture, for transmittal to a
national program. Moreover, the recipient is
restricted to the set of genetic treats expressed
in that plantlet. imy's goal is to enhance the
breeding capability of collaborating African
programs, to enable them to exploit the
available genepool on an independent basis
by using seeds. They can thereby save vears
in the selection of genetic material best suit-
ed to their needs.

With the help of technical support from
ima and allied institutions, a number of
countries have already developed the capa-
bility to use cassava seed in producing new
varicties for release to their farmers. The
prominent examples in the following para-
graphs have also been able to provide
germplasm or finished varieties to neighbor-
ing countries with similar needs.
® Cameroon has used improved cassava
seed from s and locally collected
germplasm to breed new varieties, which
vield in some cases more than double the
harvest of the best local varieties. An in-
country network was established among
research groups. development projects, and
farmers. to transfer technologies to farm
fevel and address issues in training, on-farm
testing, multiplication, and distribution.
Cameroon has shared its expertise and
germplasm with other Central African coun-
tries in networking activities, and has sent
some of its genetic materizls 1 Equatorial
Guinea and Central African Republic for
their research use.

e Rwanda has developed its own improved
cassava populations on an extensive scale,
from germplasni collected loeally and
imported from i and elsewhere, An in-

country network links development projeets
and activities throughout the country in
multiplying and distributing new cassava
varieties to farmers. Rwandan researchers
have disseminazed their material widely
among colleagues in the other 10 member
countries of the East and Southern Africa
Root Crops Research Network (gsarky),
which i helped to found in the mid- 1980s.
® Sierra Leone has imported ima-improved
cassava seed and used it together with seed
from their local collections. to produce
genotypes which are adapted to their agroe-
cological 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 wials and selection. Sierra
Leone teams have made advisory visits and
donated germplasm to Guinea, Guinea-
Bissau, and the Gambiz.

® Zaire has vtilized improved seed materi-
als from n in producing high-vielding and
disease-resistant varieties which became
popular with farmers for good eating quality
of tubers and leaves. Zaire has provided
germplasm 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 hos produced high-quality fubers
trom nra seed materials.

@ [naddition. national oot crops improve-
ment programs in Benin, Gabon, Ghana,
Liberia. Malawi, Nigeria, and Togo have also
effectively utilized seeds of ma-improved
cassava in breeding their own varieties for
widespread release in-country. Farmers from
these countries and others in West and
Central Afriea are participating with scien-
tists in testing clones of improved cassava
from 1w and national sources. Scientists,
farmers, and extension agents are being
trained in rapid multiplication techniques, in
order to increase availability of planting
naaterials of improved clones.

In developing its cassava improvement
program, ity has exchanged germplasm
with Centro Internacional de Agricultura
Tropical (cisr), which holds the world's
largest cassava germplasm collection. 1rs
and ciar are inrroducing genetic material
from different environments in South
America, the home of cassava. as well as
hybrids with Asian germplasm, for adapta-
tion in corresponding agroecological zones
in Africa.

Cassava improvement in Africa links many
countries at different stages of program
development, in collaborative efforts that
have already scored notable successes. In
order to accelerate the pace of selection and
release of new varieties for their farmers,
they should be working with a larger volume

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. 1Ta cassava scientists belicve that
their most important tusk now is to address
these practical needs of their coliaborators,
in enabling them to expand their own capac-
ities




PLANT HEALTH

MANAGEMENT

ua’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 on
svstems analvsis with simulation models, and
interventions in biological control. host plant
resistance, and habitat nnum;,umnl

Cussavu

@ A major praject on enviromment: 1l|\
sound, ecologically sustainable plant protec-
tion for cassava to begin in four African
countries and Brazil jointly with ciar.

® Cassava mealybug; followup work in
areas already controlled. Special eftorts to be
mounted in newl infested areas.

® Cassava green mite: releases of predators
in main agroccological zones,

Multiplication, release, and monitoring
activities to begin in several national pro-
grams.

® African cassava mosaic virus and cassava
bacterial blight diseases: rescarch on the epi-
demiology and nature of their threat to cas-
sava production.

Plnntcun

o Emphasis on Imsl plant resistance to and
epidemiology of black sigatoka disease.
o Assessment of impact of weevils and
nematodes and potential for biological con-
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trol. Project to continue providing basic eco-
logical, biological. and socioeconone datit
on most important production constraints in
.cnlul Africa and East African lu;,hl‘ln(ls

L l valuation nf research needs, based on
review of constraints and eapacities of
national programs.

® Research on resistance mechanisms and
potential of host plant resistance to stem bor-
ers. in combination with biological control.
® Maize streak virus: resistance genes to be
introduced into new varieties, particularly in
southern and eastern Africa.

® Sirjva: research on the biology and epi-
demiology or the parasitic weed and its dis-
tribution and impact.

o Downy mildew: research on taxonomy,
mass production, and host plant resistance.

Soybean

o Emphasis on frogeve leaf spnl and red
leaf bloteh diseases. Other diseases and pests
and their potential impact to be studied.

® Cowped pest complex: development and
execution of a sustainable. ccologically
sound cowpea protection project based on
data from many countries - Exploration,
quarantine, introduction, and experimental
release of natural enemies of cowpea thrips.

® Neem: use of neem oil against grasshop-
pers and cowpea pests to be developed.

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

® Aspergillus flavus: survey of incidence to
be conducted and aflatoxin extraction
method to be developed.
® Larger grain borer: ecosystems research
and exploration for natural enemies in
Mexico (arcea of origin) and Honduras as a
basis for a biological and integrated control
program.

- Other pests.and weeds -

PALY

o Locusts and grasshoppers: development
of microbial control of locusts and grasshop-
pers. Multiplication techniques for
pathogens to be developed for transfer to
national programs, Large-scale field trials
and adoptability studics to be conducted.

® MMango mealybug: followup on results of
biotogical control by one parasitoid. and
introduction of a new parasitoid from India
for arcas still infested. Impact to be assessed.
o Water hyacinth: introduction and release
of natural enemies to continte.

© \eeds: Assessment of biological control to
supprcss m:lj()r weeds.

& Nation: |l program supporl specit 1l fund-
ing available to assist 15 countries. Emphasis
on human resource development through
degree and technical training. In-country
training courses, involving researchers and
extension workers, to be offered in addition
to specialized courses at headquarters.

® Support services: insect museum and
seed health services to be developed.
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PLANT HEALTH

FOR

SUSTAINABLE

AGRICULTURE

Guided by a concern for practical
measures that national programs can
adopt and support, n1s 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
from the systems perspectives developed by
ceological thinking and experience. Plant
health is judged by the plant’s ability to real-
iz¢ its biotic potential within constraints
imposed by the various clements and condi-
tions in the growing environment. A plant’s
health can be measured by its susceptibility
to. or tolerance of, depredation by pests
(including insects, mites, nematodes, dis-
cases. and weeds). I such a perspective,
plant protection efforts take the form of
management of the agroccosystem con-
straints. The aim is to promote the plant’s

ability to achieve its optimaum health level
and, therefore, greatest possible productivity:

Ecotogically oriented plant protection is
bringing together ecologists, entomologists,
plant pathologists, and weed scientists to
address pest outbreaks as problems of
ecosystem management. Pest outbreaks
should not be treated incrementaly as prob-
lems for host plant resistance, biological
control, or agronomic practices and habitat
management. The need for self-sustaining
solutions 1o pest problems has motivated the
interdisciplinary effort. Interventions that
disrupt ecological functions are minimized
in favor of technologies which promote eco-
logrical stability and agroecosystem
resilience.

Such an approach also accommodates
tetions Lo restore and sustain the nztural
resource base. which is rapidiy becoming
degraded under crop production by inappro-
priate technologics. New pest problems are
fostered where intensified production is per-
mitted to erode environmental stability-—
especially by monocrapping varieties with a
marrow genetic base and high needs for fer-
tilizers and pesticides.

Right for Africa. This approach to plant
health management is particularly suited to
agroecosvstems in Africa, where small-seale
farmers produce a diversity of locally adapt-
ed crops with few resources other than their
own labor.

W, R i

Plant health management in such a set-
ling aims lo maintain good crop productivity
within the dyveamic balance of forces in the
agroccosystem, using : combination of plant
breeding and systems management strate-
gies. This ecological approach o crop pro-
tection secks to elininate the need to use
environmentally hazardous pesticides, whose
toxic residues jeopardize the integrity of the
food chain and purity of water resources.
Pesticides. a purchased input that would
constintly have to be renewed, can also be
an economic burden for farmers.

Moreover, the ecological approach works
to conserve and enhance the efficacy of the
pests  natural enemies. Pesticides generally
have aomore devastating impact on natural
enemy populbations than en 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 (es) as it
is currently practiced. iy integrates genetic
resistance, biological control and cultural
practices with the judicious use of pesticides.
Plant health is the logical evohution of py
toward a more sustainable ecologically and
cconomically sound approch.

I managing plant heatth from an ecolog-
ical perspective., the first step is to gain an
understanding of the dvnamics and the biot-
ic potentials of both plant and pests in the
farm setting, and their key interactions.
which will reveal opportunities for manage-
ment intervention. The research should be a
team effort, among scientists of various dis-
ciplines as weil 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 technologies to achieve plant
health---that is. to keep pest populations at
helow economic damage levels without any
additional intervention.

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

Researchers explain 1o a Beninoise former how o
“trap” crop planted beside the main cowpea trop
aftracts specific insect pests and thereby protects the
towpea,
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breeding improved varieties with resistance
to the two major diseases, African cassava
mosaic virus disease and cassava bacterial
blight. The results have been a lasting con-
trol over these former scourges.

But the need for a broader managemenit
strategy grew during the 1980s, us two exotic
pests, the cassava mealvbug and cassava
green mite, spread in devastating wives over
the countries of tropical Africa’s “cassava
belt”. The mealybug and mite come from the
same environments in South America as cas-
savit. There, their populations do not grow to
epidemic proportions because natural ene-
mies hold them in check. The solution for
insect and mite pests was found in biological
control, which approximates the original
ecological equilibrium between host plant.
pest, and natural enemy populations.

The suceess of irry's biological control
campaign against the cassava mealybug had,
by the 1990s. turned the project into a model
for environmentally sound and economieally
feasible protection for important food crops
in African farming svstems. The cumulative
experience with a dual strategy. of resistance
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. Research, training. and imple-
mentation of control activities for several
crop pests have helped evolve the current
management strategy for plant health aimed
atury's long-term goal of sustainable food
production. 1n 1979, the need for an added
dimension to resistance breeding led to the
formation of an Africa-wide biological con-
trol project at 17y, which had grown by the
mid- 19805 into the Biological Control
Program. In 1991 these developments culmi-
nated in the establishment of the interdisci-
plinary Plant Health Management Division,
which is dedicated to sustainable plant pro-
tection.

Sustainable plant protection technologies
can be grouped into three types of interven-
tions: biological control, host plant resis-
tance, and habitat management,
® Biological control can follow three strate-
gies: (a) classical biological control, where-
by ecologically adapted natural enemies are
introduced from the area of pest origin to the

20

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.

o Host plant resistance, using the introduc-
tion of various plant chzracteristics through
breeding, is widely used and was once the
backbone of plant protection research at i,
In recent vears this approach has been
strengthened through biotechnology appli-
cations, which hold promise of accelerating
transfer of useful genes within and across
plant species. Biotechnelogy may be able to
assist in overcoming natural barriers in the
improvement of plant resistance to pests.

o labitat management and agronomic
practices for enhancing crop production are
welt known, but those for controlling pests
are poorly documented. In Africa they hive
hardly begun to evolve as means for coping
with the threat of exotic pests and diseases,
although traditional slash-and-burn crop-
ping evolved partly to help overcome weed
problems. Systems research and good agro-
nomic practices already point to a few,
including selection of planting material free
of pathogen and pest contaminants, or high-
quality seeds. Fallow management can
reduce undesirable weeds. while maintaining
desirable refuges for natural enemies.

Many ecological and socioeconomic con-
straints to crop production also affect plant
health management. The weather varies
unpredictably. Water is insufficient in some
places or seasens. Farm sizes are small,
sometimes fragmented, with uncertain con-
ditions of tenure. Harsh living conditions
engender poor health among farmers.
Women farmers are subjected 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 to 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 which 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 developing other plant health
interventions, Such activities in eich country
will contribute to the development of envi-
ronmentally sound plant protection 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, ura
scientists have established two of its
natural enemies, 1ite-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
achievement marks a scientific break-
through: the first time that predatory mites
have been used in the tropics against a seri-
ous mite pest of 1 major subsistence crop.

Farmers, especially those who plant mite-
susceptible cassava varieties, will quickly be
able to appreciate the impact of this achieve-
ment in their fields. In South America,
rescarch has shown that natural enemies
protect cassava crops from one-quarter to
one-third of the losses normally intlicted by
the cassava green mite. In Africa, experi-
ments indicate that the pest attacks reduce
vields of improved cassava variaties by 30%
at 12 months after planting, and by more
after longer periods.

The cassava green mite (Mononychellus
fanajoa) is thought to have come to Africa
from Colombia, in a shipment of infested
cassava planting materials. First sighted in
Ugandain 1971, it quickly spread up and
dow the East African coast and within eight
vears had penetrated as far west as Nigeria.
Today it is found in almost all the countries
of Africa’s “cassava belt”, where more than

Typhlodromolus fimonitus, u predator mite of the cas-
sava green mite.

200 million people depend on cassava as a
staple food.

The toll is severe—up to 80% vield reduc-
tion in infested fields. The pest now threatens
production in arexs where cassava may be
the only food in drought vears. It feeds on the
undersurface of voung cassava leaves
throughout the vear, sometimes causing
them to mottle. dry out, and drop. Heavy
attacks can defoliate a plant, but rarely kil it.

Early efforts to control the cassava green
mite. during the 1970s, included use of
chemicals and preventive cultivation prac-
tices. as well as breeding to improve the cas-
sava plant’s resistance to the mite. Aftera
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 auring 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, which classical biological
control could redress.

Firstly: as an exotic pest. the cassava green
mite would presuniably have natural ene-
mies in its homeland which could be import-
ed to control the pest as they did back home,
Secondly, biological control posed an ecolog-
ically safe. pesticide-free solution. It also
seemed to be economically viable, given
focused leadership by 11, 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 to a control effort.

Similar reasoning had carlier led 17 sci-

entists to embark on an Africa-wide biologi-
cal control project against another major
pest, the cassava mealvbug (Phenacoccus
maniboti). The mealvbug is also native to
South America, but was first discovered in
Zaire in 1973, How and when it came to
Africa is not knuwn, but it spread rapidly
throughout the African cassava belt after its
discovery. The nra-led campzign began in
1980. Within 10 vears it reduced the cassava
mealybug threat to 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 wlong the leading edge of the dis-
persing population. It is also mobilized as a
training resource for strengthening of
national programs. (See article entitled “New
support to sustain the success™ in these
pages.)

In 1983 research began on the biological
control of the 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 project, serendipity led exploration
and selection at first—nothing was known
at that time about Neotropical natural ene-
mies of the cassava green mite. Unlike the
good fortune of the earlier project, however,
few of the initial enemy selections survived
their African releases for long, Why?

This puzzle prompted 1 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 to
ra’s in-depth understanding of the key
interactions in the African cassava agroe-
cosystem, gained over the preceding five
vears, in the search for enemies in equivalent
environments. Finally, by 1991, after adjust-
ing the foreign exploration protocol and
shifting emphusis to northeastern Brazil, i
scientists succeeded in establishing two
species of predaceous mites in a range of
African cassava habitats,

Getting the right mite. A complex of
efficacious natural enemies, 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 to the
extent it does in Arica, where efficient ene-
mies are absent and local varieties have not
been selected for mite resistance. The main
problem wis to select the right enemy species
that would fit iy the Mrican cassava agroe-
cosystems and do the job.

[n 1983 nma's Latin American sister insti-
tute. Centro Internacional de Agricultura
Tropical (c1xr), began cooperating with ey
inasearch for suitible enemies. Over the
next five vears, cir sent to 1 a seleetion of
promising species of predaceous mites of the
Phytoseiidae family from Colontbia.
Phytosciid mites have generally shown it
good capicny to control plant-cating mite
species. Apart from phytoseiids, other natural
enemies include spiders, insects., and

pathogens. But often thev are less effective
control agents since the - attack the cassava
green mite only when populations have
reached relatively high densities.

rrs engineered an elaborate international
network of activity to select and send phyto-
seiid populations from South America for
multiplication and release in Africa’s cassava
belt. AlF shipments of phytoseiid enemy mites
passed through quarantine facilities in
Europe before being forwarded to iir, fol-
lowing guidelines of the Inter-African
Phytosanitary Council of the Organization
for African Unity (0a0). iy developed proce-
dures to support mass rearing of phytoseiids
in Atrica, and protocols for packaging and
shipping them for experimental releases.

Field locations for African releases had to

Priority Search Zones
in South America

Priority one

Priority two

Priority Search Zones in Africa

- Prictity one
- Priority two

meet a combination of ecological require-
ments. The release sites were chiosen to pro-
vide whigh 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 miles.
Releases were often timed for the beginning
of the dry season, when the predators would
have the best chances for survival on an
increasing prev populition. Ideally, the sites
would be farmers” fields with more than 300
cassava plants of the siume variety. The cassa-
vit in the release fields would uswally not be
ready to harvest for another six to 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 @ tremendous team effort from
1984 10 1988, ey with its national collabor:-
tors released about 5. 5 million individval
mites, from seven different species of
Jolombian origin, in 10 African countrics.
Four of the species were found for a time
during dry seasons, but invariably disap-
peared during wet seisons—-none of the
predators ever became established.
Ecological keys. As iy and ciar scientists
studied conditions governing 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
potentially limiting ccological factors helped
to set crucial selection criteria: incidence of
candidate predators on cassava crops, their
prey preferences, and their climatic suitabili-
v

As a result of these agroecological systems
amalyses, exploration in South America
probed new areas which corresponded. in

Priority areas in the search for the natural enemies of
the cassava green mite in South America {obove)
which are homologous with indicated areas in African
cassova-growing countries (below).

These areas correspond with hobitots of the cassava
green mite on both continents, Priority one: lowland
forest-savanno transition and moist savanna {4-6
dry months per year). Priority two: lowland dry
savanna (7-9 dry months per year). Annual mean
temperature is greater than 22 Cin both areas.



environmental terms, with African areas
where the cassava green mite thrived. These
ecological “homologues™ were defined by
agrometeorological conditions; temperature,
solar radiation, rainfall, and soil moisture,

[0 the new exploration phase, 1rea and ciar
were joined by the Empresa Brasileira de
Pesquisa Agropecudria (evurai) of Brazil.
They focused on phyvtoseiids associated with
the pest in both time and space, and which
could feed and reproduce successtully on
this prey. By 1991 thes. explorations had
identified more than 30 phvtoseiid predators
and one pathogenic fungus as potential bio-
logical control agents.

The new strategy immediately vielded wse-
ful results. Esuiaps wits able to locate two
Brazilian predatory mites, Neoseinlus
iddaens and Tipblodromalus limonicus,
which ey multiplied and began to release
during 1989. Through 1990 about 19 mil-
lion of the Brazilian phytoseiids were
released ata total of 133 sites in six coun-
tries. with the help of national programs in
West Africa (Benin and Ghana), Central
Mrica (Zaire), East Africa (Burundi and
Renva), and southern Africa (Zambia),
another 1.1 million of the two species were
released in Benin, Burundi, and Zaire during
1991

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

sites. V. idaens and T limonicus were
recovered in West Africa (Benin and Ghana)
and East Africa (V. idaens in Kenya, 7/
limonicus in Burundi).

Confirmation that an introduced species
has established itself in a 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, habitat
disturbarice or non-biological catastrophes.
Known as the recovery frequency, this pro-
portion in Benin for V. idacis was 0. 61
(being recovery of V. dddaens in 61% of all
the release fields). Recoveries continued to
be made during a mean period of six months
and a maximum of (thus far) 18 months, (At
aconservative estimate of 2.5 generations
per month in the field. a sample recovered
after 18 months would be in its 45th genera-
tion.) For 7' limonicus, the recovery fre-
quency in Benin was 0.7, with awmean
recovery period of four months and a maxi-
mum of 11 months. (That would be its 28th
generition. )

The recovery frequencies for the
Colombian phytoseiids were significantly
lower and indicate that none was established.
The two highest recovery values for populi-
tions from Colombia were 0.50 for 7" limoni-
cus (CIENAGA) i only two fields and 0.47 for
N ddacus in more than 50 fields, but never
during the wet season. The results for
Brazilian and Colombian species and popu-

lations are compared in the accompanying
chart.

Recoveries from some but not all releases
suggest that the different populations of
predzttor mites had different degrees of suit-
abitity for specific local conditions. The most
important conditions seem to have been
availability of alternative prey and sufficient
humidity in the predators’ microenviron-
ment. The variation in recoveries also reveals
that phytosceiids of the same species designa-
tion are not necessarily the same ecological -
Iy—lifferent 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 distinet
species designations.

The first evidence of substantial impact of
I'limonicus on cassava green mite popula-
tions recently came from a release site at
Dogbo, Benin, on cassava which had been
cropped with maize followerd by cassava on
poor, sandy soil continuously for 15 vears. In
this first impact assessment of an experi-
mentally released phytoseiid, the predator
had significantly reduced its prey popukation
by 25% after only three months of interaction
in the field.

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

RESULTS OF CONTINENT-WIDE EXPERIMENTAL RELEASES OF ENEMY MITES IN AFRICA, 1234-1990

Species (population} Recovery frequency

Neoseivlus idaeus 0.611 - ) Brazilian origin
Typhlodromalys limonicus 0.734 ]
Amblyseivs cerialis 0.00 Colombian origin
Eusivs concordis 0.00

Galendromus annedtens 0.13

Neoseiulus anonymus 0.30 L '

Neoseiulus idoeus 0.471 ]

Neoseiulus californicus 0.28 L |

Typhlodromalus limonicus {ax) 0.201 |

Typhlodromalys imonicus {asr) 0.00

Typhlodromalus limonicus {ames)  0.50 i I

Typhlodromalys limonicus {pwray) ~ 0.00

Typhlodromalus imonicus (couma) ~ 0.33 1 e

Typhladromalus tenviscutus 0.00
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exotic phytoseiids are periodically started
from field specimens collected in Africa, in
order to maintain a well-adapted population
base. Other promising species and popula-
tions of phytoseiids from different
Neotropical locations continue to be import-
ed. 1o widen the pool of candidates for test-
ing. Frost-tolerant phytoseiids are being
identified for eventual release in the caseava-
producing highlands of central anc southern
Africa.

A fungus, too. Inanew experimental
direction, 17 has begun to pursue a
pathogenic fungus found attacking the cas-
sava green mite in Brazil. Selected strains of
species of the fungus Neozygites will be
introduced into Africa during the coming
three vears in a project to develop another
ecologically sound, self-sustaining control
for cassava green mite.

During the first vear. 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 of in-vitro pro-
duction techniques will enable Neozygites 1o
be moved to Africa.

In Benin during the second vear of the
project, the efficacy of the virious species
will be determined among mite populations
of different densities in different environ-
messiai combinations of temperature,
humidity, and light. Neozygifes cultures will
be multiplied in preparation for mass pro-
duction and experimental 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 vear. the selected
Neozygites strains will be released in Benin
at appropriately timed periods, to determine
the optimal climatic, agronomic, and eco-
logical conditions for subsequent on-farm
evaluations in other African countries.
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A BIOLOGICAL

SOLUTION TO

THE LOCUST

SCOURGE

Swarms of locusts and grasshoppers
are amoag the oldest threats to agri-
culture in recorded history, from
West Africa to China, causing
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 outbreaks, and
persistent chemical pesticides.

The use of persistent pesticides is, however,
no longer an acceptable solution, because of
the long-term toxic eftects of their residues
in the environment. Dieldrin, the most effec-
tive chemical for desert locust control, has
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 to risks of undesirable side
effects.

Classical biological control, whereby an
exotic natural enemy is introduced into the
pest’s environment and established for long-
term control purposes, has claimed only one
success: against the rice grasshopper in
Hawaii. Some insect natural enemies can
effectively control solitary pest popula-
tions—but not locusts in migriting swarms,
when they pose their greatest threat to crops.
While some of the locust’s natural enemies
may help terminate such swarms, they do
not appear ble to prevent them.

One biological possibility holds promise as
an environmentally friendly alternative to
toxic chemicats—a “biorational” solution to
the problein. Microbial pathogens can be
manipulated to suit various requirements of

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

large-scale application in place of chemical
pesticides. Potentially useful pathogens
include viruses, nematodes, protozoa, bacte-
ri+, 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 to be inter-
cepted. Bacteria, on the other hand, maust be
ingested by the pest before their action can
taxe effec.

In October 1989 1 joined the
International Institute of Biological Control
(nse) in the vk in developing innovative bio-
rational means to control locusts and
grasshoppers. . 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 1ria Biological
Control Center for Africa, and in Niger, with
the Département de Formation en Protection
des Végétaux. Four donor agencies agreed to
contribute to the three-vear program: the
Canadian [aternational Development Ageney
(cina), Directorate General for Development
Cooperation (nGis) of the Netherlands,



Overseas Development Administration (ons)
of the UK. and the US Agency for
International Development (1sain).
Biopesticide. From the outset the project
focused on two candidates from the insect-
infective group of fungi known as
deuteromycetes, which fulfill the require-
ments of a biopesticide: Mefarhizium and
Beanreria. The researchers aimed to find
species of those two fungal genera which
could:

® be produced cheaply with low-technology
facilities in developing countries.

® be 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
radiation and low relative humidity

® ciuse rapid mortality:

® e host-specific. unlike their chemical
predecessors, and not threaten other life in
the same environment—a vital desideratum
in a biopesticide.

In general, research planning adopted 4
“firefighting™ approach—that adult locust
swarms are the most viable target for inter-
vention before thev reach croplands. Ideally
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-
tates against that approach.

Field work began in Benin during October
1990, with ecological studies. Monthly sur-
vevs 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 fungj.
Of particular interest have been examples of
the fungi Metarbizium flavoriride and
Beauveria bassiana. Others doubtless
await discovery, but to date M. flareri -l is
the most effective as a biopesticide agent. It is
highly infectious and can easily be produced
on 4 large scale and formulated for acrial
spraving,

Project scientists have investigated )/

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

or conidia, are hydrophobic and thus diffi-
cult to disperse in water, but they can eusily
be suspended in oils. A solution of 4/,
Slavoriride conidiain oil adheres readily to
the pest. The oil protects the conidia from
desiccation by the air, and spreads to 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
both locust control organizations and farm-
ers, especially where water is scarce.
Spinning discs or cages are used to produce
aspray of fine, evenly sized droplets, usually
of an oil-based liquid such as kerosene
which resists evaporation.

The project research team at the 11 cen-
ter 121 Benin were able by 1991 to produce a
fungal pesticide, or mycopesticide. against
the grasshopper Zonocerus rariegatus, a
locally prevalent species which had shown
greater resistance to the fungus than others,
Conidia of M. flavoriride were cultured on
rice in plastic bags. then formulated in
groundnut oil with kerosene. Tests of the tox-
icity of the mycopesticide in the faboratory
and field vielded overall high mortality
among the target grasshopper and other
Sahelian species. including the desert locust
Schistocerca gresaria.

The first field trial took place in the Lama
forest in southern Benin, during December
1991, using rotary atomizers to spray the
mycopesticide on Z rariegatus populations
fecding 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 CAB International in
English and French. In order to introduce
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:

o further ecological studies on grasshop-
pers and pathogens

® development of mycopesticide production
facilities in colla® - rating countries

o field trials on Sahelian grasstoppers and
locusts

RESEARCH PERSDED) VES
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Spraying of the fungal conidia suspended in kerosens,

o environmental impact studies

Impact. While the research teum expects no
significant environmental hazards as @ result
of future spraying campaigns, the risks of
mycopesticide use must nonetheless be
assessed beforehand. The foremost concern
is the hazard to lite forms with valuable eco-
logical roles: the insects, reptiles, birds, and
other creatures which serve as pollinaiors,
natural enemies of pests, or benefactors in
other ways.

Experience in assessing environmental
risks with mycopesticides is limited, but the
pathogens involved wre not known to catise
environmental problems where they occur
naturally, No fungal infections have been
reported to have spread from locusts or
grasshoppers to other organisms. Moreover,
the environmental load of infective fungi
from spraying mav be less than that of natu-
ral epidemics. The strategy for risk assess-
ment for the mycopesticide will be to define
the potentially significant areas of risk, to
eliminate the inelevant ones, and to address
the remaining risks with existing testing and
evaluating procedures,

The focus of research will be consumption
of infeeted locusts and grasshoppers by birds
and other vertebrates, and effects on benefi-
cial insects or others which may multiply in
future in the absence of control by locusts or
grasshoppers. No adverse effects on people
are anticipated, in light of experience of
these fungal pathogens and experience with
arlier use. Potentially nauseating effects of
the solvents used in producing and applving
the fungi are to be minimized and carefully
monitored.

Apart from these mycopesticides, the bio-
logical alternatives to chemical pesticides
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being researched all take several days to kill
their hosts. This solution will work where the
pests are not in immediate threat to crops,
With the development of early warning net-
works at the locusts” origins. outbreaks can
in future be detected in time to enable treat-
ment with environmentally safe biopesti-
cides, far from the croplands we seek to pro-
tect.

Biorational. While classical biological
control remains the method of choice in crop
protection, that approach will not always suit
the nature of the problem nor vield good
results. A biorational means of control pro-
vides one alternative, entailing use of a plant
extract, i pathogen, or an insect. The biora-
tional researcher will need to do more work
in preparing i campaign than in organizing
ahiological control project. and much more
work thian for a chemical pesticide operation.
However, the gains should more than repay
the extra effort. With much-reduced envi-
ronmental danmage and no hard curreney
costs, these agents ought to be welcomed as a
new technology to relieve African agriculture
of an ancient scourge.

RESEARCH TO

DEFEAT THE

STRIGA THREAT

Professor S. N. C. Okonkuwo of the
University of Nigeria at Nsukka,
an authority on the blology of
Striga, Is investigating why ritro-
gen fertilizers are observed to
reduce Striga attack in the field.
Among Professor Okonkiwo’s con-
tributions from more than 20
years of Steiga research are tissue
culture systems that enable the
parasite to be grown apart from a
host—an essential technique in
tackling the complex problem of
this pest. In 1991, dizring a year's
cabbatical leave af u1s, he began
in-ritro studies lo assess the
effects of nitrogen on Striga in the
abseunce of a host.

Early findings from the studies
indicate that nitrogen does direct-
Iy inbibit Striga growth.
Confirmation of these results
could lead to development of some
Jerm of nitrogen as another option
for control of the parasitic “witch-
weed”. Such a solution would be
welcomed as cheaper and less
environmentally disruptive than
most herbicides.

In the following paragraphs,
Professor Okonkiwvo provides some
insights into the complexities of
the problem, and how current
research is approaching several
prospective solutions. The problem
in ihe West African savanna Is
described in subsequent pages,
together with the urs program to
defeat the Striga threal.

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

What is Strign? What does it do to a

Sarm. and how does it threaten agricul-

ture in Africa?

Professor Okonkwo: Sfriga is a parasitic
flowering plant which inhabits savannit
grasstands over much of Africa. Being a
green plant, with a shoot i roots, it is
sometimes called a “parasitic weed™. You
would not realize it was parasitic unless vou
dug it up and saw how its roots were
attached to the roots of its host plant. Of
greatest concern o us are those Striga
species which evolved a parasitic relationship
with monocots, or grain-bearing plants with
leaves having parallel veins-—cereals in par-
ticular. Other important Mriga species
formed evolutionary “attachments”, so to
speak, for broad-leaved plants—such as for
cowpea, or in Ethiopia and East Africa, for
tobiceo.

Being a parasite, Srige diverts its host’s
notrients o itself—in most cases so effi-
cienth: Jiat its effect on its hostis highly
debilitating, Farmers can experience losses
in their grain vields of about one-third, up to
their entire crop. depending on the extent of
the infestation. The threat to AMfrican agricul-
ture is therefore tremendous. 1t s especially
grave in the moist savanna of Nigeria and
other parts of West Africa, where maize is
supplanting other grain crops, the traditional
staples of sorghum and millet. Maize is
much more susceptible to Striga than they
are.,

Maize is @ “New World™ crop which has
not vet adapted to Srisa the way the indige-
nous grain crops have. Some sorghum qid
millet lines have developed a degree of toler-
ance or immunity to Striga, and farmers



have managed to live with the fevel of dam-
age that it does to those crops. Maize, howev-
er. is attracting farmers because it ¢an pro-
duce higher vields than the other grains,
when given the right amounts of fertilizer
and other inputs. And maize is such a versa-
tile commodity; it has many uses and brings
good incomes to farmers who have aceess to
the right markets. So, many furmers in the
moist savanna who can obtain the fertilizer
and seeds are switching to maize. The
expansion of i susceptible new hostin a rel-
atively brief time greatly inereases the poten-
tial for Striga 1o expand.

A crucial aspect to the threat lies in the
nature of Striga reproduction, First of all,
Striga seeds are microscapically small-—the
Iongest one ever measured, [ believe, was
half o millimeter. A Striga plant produces
thousands of them each season. They lie on
or under the soil surface and will not germi-
nate. until thev come into contact with a
chemical exuded by the roots of a suitable
host plant next to them. The newly germi-
nated Mriga produces rootlets, which are
able to dissolve the walls of the host plant’s
roots and penetrate to the conducting tissues.
These become the food source for the grow-
ing pardsite. So one part of the problem is
the lengevity of so many tiny seeds, which
can remain dormant for many vears and still
be able to germinate. The other part is the
devastating nature of the relationship
hetween the parasite and its host.

Do you see any possibility of a research
hreakthrough that could help stop this
mendee?

Professor Okonkwo: Research to conquer
the threat should take @ number of
approaches in order to vield a solution, or
combination of solutions. It would be wrong,
and unscientific. to rely on a single means
such as resistance breeding o provide a
soiution by itself. To succeed in an attack
against an enemy, vou should learn as much
s vou can about vour enemy’s resourees
before vou decide on vour 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 plant.
Field studies of Striga effects on crop vields
are also very important, to assess vield losses

and cultural practices which can reduce
them.

We need to know much more than we do
about the way the Sfriga plant functions,
Even the chemistry of germination is not vet
fully understood—it was onlv in 1972 that
we were able to characterize the main reac-
tion that stimulates germination. If we can
replicate this stinlus, we can trick the

Sriga into germinating in the absence of a

host. Without :host for its food supply, it
must die, for the seed stores only enough
food to carry the rootlet through its attach-
ment to it host. I we can in this manner
reduce the Striva seedbank in the soil, fewer
plants will emerge during the following sea-
son and the host crop will fare much better.

Among the areas in an integrated
approach which should vield an early break-
throtgh, judging from the current state of
proess, is breeding of resistance to Striga
in the host crop of maize. Resistance breed-
ing could provide st most cconomical and
practicable control measure, and its benefits
could be extended on a large seale,

Another important area, which interests
me personally, is the use of nitrogen fertilizer
as aStriga suppressant. The effect of nitro-
gen applications in farmers” fields, in redue-
ing the emergence of Srige, has been
observed for some vears, but we don't really
know vet what we ire seeing---are we
strengthening the host plant. which in turn
becomes better equipped o resist Sriga? Or
does the nitrogen act directly to suppress

Striga? Nitrogen applications could be

another practicable control measure, provid -
ed the recommended Tevels of nitrogen were
not too expensive, nor great enough to pol-
[ute the environment. They would have the
double advantage of increasing crop produc-
tivity, while innibiting Striga at the same
time, We are developing an in-vitro system
for assessing the cffects of varied levels of
nitrogen on Sriva.
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THE STRIGA PROBLEM IN
THE WEST AFRICAN
SAVANNA, AND IITA'S
PROGRAM TACTICS

The phenomienal 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 St fga, 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 ficlds.

Inrecent decades population pressure has
forced farmers to work the lund ever more
intensively. to keep their farms viable and
feed increasing numbers of people,
Fortuitously, the right circumstances had
materialized by the 1980s to enable farmers
to begin madernizing their agriculture;
appropriate technologies as inputs, an agri-
cultural extension system, growing urban
and industrial markets, and road networks
for transportation to those markets.

The right crop for this ripe economic situ-
ation was an improved maize, developed by
rra scientists during the 1970s—high-vield-
ing. resistant to the major diseases, and
highly adapted to growing conditions in the
moist savanna. Farmers have adopted maize
increasingly each vear over the past decade,
partly in place of the traditionally cultivated
sorghum and other crops.

Intensified farming of a single crop has upset
an age-old agroecological balance. Lengthy
fallow periods and a diversity of crops used
to restrict pests, including Striga species. 1o a
moderate presence and level of damage.
Intensification has reduced or eliminated the
fallows, along with their benefits of restoring
soil fertility and maintaining a seedbank of
competing flora. The combination of
reduced diversity. declining fertility, and a
particularly susceptible crop have opened the
environmental doors to Striga proliferation,



The Striga 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-
fion, and maize on 2 million. Cowpeit is
intercropped with all of those cereals.
Different species of Striga are estimated to
have infested 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
sugarcane.

Strategy and tactics. Eurly in the 1980s
1 scientists began to combat the problem,
initially througi breeding of improved maize
varieties resistant to Striga parasitism, and
later through other biological and agronom-
ic research. Tn 1989 1ra decided to combine
the diverse efforts in a coneerted thrust. By
1991 a multidisciplinary group had grown to
encompass 12 scientists working in related
approaches toward a common tnderstand-
ing of () what settings and conditions are
most propitious for ditferent Striga 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.

ria's Striga research group focuses on the
following areas of activity:
® Biology of Striga species
e Epidemiology and pepulation dynamics
® Host plant resistance
o Agronomic and cultural management
® Biological control
® Socioeconomic studies
® ‘[raining and technology transfer.

Scientists from many disciplines compose
the Striga group, which is based in 1ma’s
Plant Health Management Division. Other
scientists in the various 1ra programs for
crop improvement and resource and crop
management collaborate in Striga-related
socioeconomic studies, agronomic and cul-
tural management, and training and tech-
nology transfer activities.

Striga biology. Several S/riga species
indigenous to West Africa cause vield loss in
maize and other cereal crops to varving
degree: S, hermonthica, 8. asiatica, S.
aspera, and S. forbesii. Cowpea is suscepti-
bleto S. gesnerioides.

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

Control methodologies might be developed
by manipulating the dynamics of seed dor-
mancy and germination. Researchers have
succeeded in artificially stimulating the seed
to germinate. The Sfriga germling dies if it
does not encounter it root of 4 potential host
within a few millimeters in the ambient soil.
Similarly, certain plant species 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. «re being
put in on-farm trial packages.

An alternative strategy would be to protect
the host from attack by inhibiting Striga
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 nra during 1991 1o isolate and
count Striga seed in a given amount of sol,
before and after different experimental treat-
ments. Striga seed is especially difficult to
examine, since each seed weighs an average
of 5 millionth of 4 gram. Several legumes
were evaluated together with maize for their
combined effect in reducing the Stiiga seed-
bank in the soil, in comparison with fallow-
ing. Sovbean and a fodder legume
(Aeschynomene histrix) were found to
reduce 8. bermonthica seed levels in the
soil.

Epidemiology and population
dynamics. The occurrence of Striga
species in time and place, and their interac-
tions with hosts and other plants and organ-
isms, occupies much of the Sfriga research
group’s effort. In general, Sfriga species
occur 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 Sriga species do not,
however, occupy the same agroecological
habitats. The southern extent of 8. hermon-
thica is the moist savanna, while 8. asiatica
extends even farther south, into the forest

When Striga strikes some fields, formers must
abandon their crops.



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 S, aspera and S. forbesii appear to be
even more restrictive. The governing mecha-
nisms of those distributions are still poorly
understood. Eventually the explanations will
be useful in designing control schemes.

An “expert system” s being developed with
three interlinked models. 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
vield performance with adoptability of
Striga-specific technologies. (See paragraph
on “Sociveconomic studies™.)

Host plant resistance. Mechanisms of
resistance and its genetic sources have been
studied because resistant crop varieties are
promising economical technologies to add in
control packages. The group has developed a
method of Striga infestation for screenhouse
and field use which vields consistent infesta-
tions in resistance breeding trials. The
method was put to use in field studies of vield
losses in maize under different infestation
levels. On-farm trials investigated how
Mriga-tolerant maize varieties suppressed
Sriga damage in farmers” fields. The
Striga-twlerant lines showed significanty
greater vields under Sfriga pressure than
non-tolerant lines, while only slightly reduc-
ing Striga emergence. Farmers' reactions to
the irts materials have been favorable.
Agronomic and cultural practices.
The 1 group developed a survey methodol-
ogy to analvze the impact of Striga species in
the farming system and estimate crop vield
loss. Research characterized Striga environ-
ments with analyses of crop choices, crop-
ping patterns, prevalence of sorghum, and
production systems.

Strigar enviromments on farms in the
northern moist savanna in Nigeria have been
intensively studied over the past three vears,
collanoratively 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
analvzed to determine (a) whether some
farming svstems were less prone than others
to develop Striga problems, and (b) what
control strategics would be appropriate. Field
restlts show that cereal cropping with a high
proportion of sorghum is the most affected
by Striga of all svstems, because Striga pro-
duces sceds when sorghum is its host. A
combination of factors seems to militate
against Sfriga 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 S/riga infestation
levels.

Other research during 1991 showed that
intercropping of cowpea or sovbean with
maize reduced Striga emergence signifi-
cantly, in comparison with monocropping of
maize. Applications of the herbicide dicamba
together with nitrogen fertilizer significantly
reduced Sfriga emergence, flowering, and
seed production, which resulted in an
increased maize vield. A parallel experiment
with dicamba which involved traditional
weed control practices of remoulding, or
heaping soit onto the planted ridges. also
inhibited the emergence of Striga and vield-
ed maize crop increases. However, the same
treatments with sorghum did not significant-
Iv reduce 3/riga emergence.

Biological control. Biotic elements of the
Striga-maize system at Mokwa in Nigeria
are: being studied, on the evidence of Striga-
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 been isolated and are
being studied. In neighboring Benin, a 1991
survey revealed some biotic factors which
influence Striga fecundity throughout the
country. Striga growth appears to have
“plateaued” or started to Jecline iin some
areas of Benin.

Socioeconomic studies. The S/riga
research group has developed a model which
will predict the adoptability of different con-
trol measures with respect to their impact on
vield 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 Striga species. The
~doptability 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 svstems have been imple-
mented at national facilities in Burkina Faso,
Cameroon, Cote d'Ivoire, Nigeria, and Togo,
as well as at . The Pan-African Striga
Control Network (pascox: an information
netwark funded by the Food and Agriculture
Organization of the Unite. Nations) has pro-
pesed to expand the training to 12 additional
countries. The m group has begun to pre-
pare a manual on Sriga -maize research
methodology for this program.

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

Supplementary strategies. Current
control strategies rely on resistant crop vari-
eties, trap crops, and agronomic practices
such as crop rotations and weeding. The s
Sriga research group is also developing
germinaiion 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 S/riga population
dvnamics and socioeconomic conditions.
The aim is to 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-
lated into practicable technologies at work in
farmers’ fields within the coming three vears,
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technologies, emphasizing alley farming
under different socioeconomic conditions.
o Development of system simulation mod -
els, emphasizing, intercropping, nutrient

MA NAG E M E N T cveling in allev farming systems, and eco-
nomics/ecology of inland valleys.
1 HUMID ﬁORE_S'[- SYSTEMS

® fnvestigations of resource use and pro-

The Resource and Crop Management Division conducts

research on the physical and social dimensions of the ductivity problems in cassava-based inter-

farming environment and on technologies which cropping systems. - l

. . . - o [nvestigation of the adoption and impac

improve farm productivity on a sustainable basis, in col- % " o e adoptonandinpic
) ) . . of improved cassava varietics.

laboration with national programs in sub-Saharan ® Collaboration with national institutes, to

African countries. improve cassivat intercropping in alley farm-

ing systems.
‘SAVANNA SYSTEMS, ; ¢

e Characterization and classification of

RESEARCH DIRECTIONS

'RESOURCE MANAGEMENT p‘hosph‘:llc‘ucid soils, at the ng\\'llumid maize-based farming systems in the moist
S P R SN Sy Forest Station at Mbalmayo, Cameroon. savanni.

® Description, measurement, classification, @ Development of indices for measuring the - @ Tnvestigation of eftects of intensified

and mapping of the binlogical, physical. sustainability of small-scale cropping. miize farming on Sriga infestation.

chemical, and socioeconomic characteristics @ Development of multipurpose agro- © Development and testing of cultural

of the i mandate are. forestry systems which combine improved methads for control of S4riea and improve-

o Quantification of fundamental relation- soil and weed management, ment of soil fertility.

ships among factors contributing to the sus- - @ Development of economically viable and lNl‘ANb'.VAlI.EY"SYSTEMS N

tainahility of food production systems. sustainable fallow management systems N S S Y

Process studies (for example, biological reg- — incorporating herbaceous legumes. o Characterizetion and classification of

ulation of nutrient cyeling physical factors ® Assessment of agricultural sustainability infand valleys in West and Central Africa.

aftecting soil fertility, factors regulating under traditional and improved resource o Development of models of environmental

interplant competition) to cominue v non- - management methods. and socioeconomic processes in inland valley

acidic and acidic soils, including the los- ® On-farm testing and validation of new agroecological systems.

& Design of technologies or interventions to
improve land use and management prac-
tices.

TR T o W

The Collaborative Study of Cassavs in Africa is
investigating cassavo production impacts and
problems in 14 sub-Saharan countries.
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UNDERSTANDING
THE LIMITS OF
THE FARMER’S
ENVIRONMENT

AGROCLIMATOLOGY
AT lITA

In meeting the challenges of Africa’s
rapidly growing food needs, one
indispensable tool is a 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 technolo-
gies which can help farmers realize
the most from their efforts.

ry's resource and crop management strate-
gies are hased on such an understanding of
the agroecological environment and the ele-
ments governing production. The approach
hegins with compiling a range of informa-
tion about environmentat characteristics,
farming systems, and a range of socioeco-
nomic indicators.

Interdisciplinary groups of scientists use
this information in developing crop varictics
and farming practices to suit the environ-
ment which can increase farmers™ productiv-
ity but which do not compromise the pro-
duction potential for posterity. The goal is to
replace production methods which degrade
the resource base with methods that are
environmentally sustainable.

Data bases relevant to Africa on climate,
soils. vegetation including forest cover and
crops, topography, population, and other
sociocconomic and farming systems-related
information were compiled at i during
1990 and 1991, with help from the Centro
Internacional de Asricultura Tropical (c1ar),
the Food and Agriculture Organization of the
United Nations (£a0), and the United Nations
Environment Programme (1 \ep),

Historical daily weather data were
obtained for several African countries, for
use in determining the extent of climatic
change during the past 30 vears, Preliminary
anatlysis reveals that rainfall has decreased in
both amount and duration,

Year-to-vear variations in the weather
have a widespread environmental impact
which results in great variations in crop
vields. Hence, weather is the mai risk to be
taken into aecount in agricultural decision-
making. In the analysis of weather impact on
agriculture, and in many applications relat-
ed to soil management, water control, and

CALCULATION OF LEAF, STEM AND GRAIN DEVELOPMENT
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crop mang:zement, many vears of daily data
on rainfall, maximum and minimum tem-
peratures, solar radiation, and potential
evapotranspiration (the amount of water
needed to sustain vegetation in a particular
area) are required.

Since daily data are not available for many
African countries over sufficient time peri-
ods, i has developed “weather estima-
tors"—computer-based models which sim-
ulate aseries of daily values for rainfall,
maximum and minimum temperatures,
solar radiation, and potential evapotranspi-
ration for specific areas. based on existing
historical weather data using « set of loca-
tion-specitic limits. A weather “history™ for
the whole of Nigeria has, for example, been
estimated during the past two vears in this
manner.

The collection of actual and simulated
data has enabled ey and car researchers to
jointly develop continent-wide grids for
Africa and South America with an informa-
tion series for every 100 square miles of land
area. Nith primary information about rain-
fall and soil resourees, scientists can estimate
the waterholding capacity of the land and
hence the length of the growing period for
rainfed agriculture in that location. Water-
based transport also aepends on rainfall. A
variety of crop manageme. ¢ applications is
possible with the use of such information.

Using simulated daily data on agroecolog -
ical conditions, i crop model can overcome
the lack of actual data to serve research pur-
poses where no historical series exists. A
model which simulates crop vields under
various conditions, including weather and
farmer inputs, can help in assessing the risks
and determining management options in
producing a given crop in a particular loca-
tion.

1rr tested such a madel to simulate maize
production during the 1990 and 1991 grow-
ing seasons in Ibadan, an area characteristic
of the forest-savanna transition zone in
southwestern Nigeria. The model. developed
by the International Benchmark Sites
Network for Agrotechnology Transfer
(1sxat) at the University of Hawaii, was
designed to predict physiological processes of
plant growth and crop vield over daily time
periods, simulating the processes as they are
thought to occur in the real plant.
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Two consecutive vears of field observations
of a sole crop of maize showed excellent
agreement between simukations and actual
above-ground development of the biomass,
in terms of the drv weights of stem, leaf, and
grain of the maize throughout the two sea-
sons. The accompanving table shows how
the simulated calculations of leaf, stem, and
grain development over the 1991 cropping
season fali almost perfectly within the means
of actual performance.

Resource information system. During
its 25-vear history ura has accumulated sub-
stantial records on soils, crops. diseases,
pests. farming svstems, and economic factors
which characterize various parts of sub-
Saharan Africa. nmy's newly developed
resource information system (ris) has begun
to mike these data accessible by personal
computer.

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

For basic research uses throughout its
mandate area, nma has begun to establish a
minimum data set for access through the gis.
The minimum data set comprises climatic
variables, terrain and substrate variables,
production systems, and socioeconomic vari-
iables.

Besides information storage and retrieval,
Ris can analvze spatial and descriptive data
and establish 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
stitable environments for crops with specific
characteristics, and ecogeographic studies to
guide germplasm exploration and preserva-
tion. Survey results can be linked with basic
hiophysical 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 acrompanving map of coastal West
Africa characterizes the regional environ-
ment for inland vallev agroecosvstems. The
dots represent units of 100 square miles
each, colored according to soil type which
can indicate suitability for various kinds of
crops. The soil tvpes have been indicated
only for those areas which have other specific
characteristics—in terms of climate, popu-
fation 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
potential of inland valleys and in decision-
mking on land use and management.

ks provides an integrated base of wide-
ranging data which facilitates analysis of
resources, cropping svstems, population,
livestock, pests and pathogens, and many
other variables in nta's mandate areas. Rapid
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availability of useful information is helping
to focus development of new technologies
more precisely to suit specific needs among
irma's national partners in agricultural
research.

o Lithosols
o Luvisols
a Atrisols
A Ferralsols
Q Arrenosols

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



ON-FARM

RESEARCH

GOALS

ATTAINED

NIGERIAN SCIENTISTS
TAKE OVER VILLAGE SITE

On-farm testing of technologies is as
old as agricultural research itself,
but enly recently has it become
widely accepted as an essential step
for research institutes to take in the
search for adoptable technologies.
1TA’s commitment to on-farm
research, and to the principles of
farming systems research ingrained
in it, has beer extended to collabo-
rative activities with national pro-
grams. (See articte 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
Ibadan.

The farming systems approach to agricul-
tural research was evolved during the 1970s
and 1980s partly because research results
were not. 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 small farmer in applving
new technologies to overcome production
constratints.

Im scientists contributed to development

of farming systems concepts and methodolo-

gics, with characterization of the farmer’s
resource base and diagnosis of furming con-
straints. The tra farming svstems program
researched prototype technologies, with the
aim of niaking them available to national

Student researcher from University of Ibadan seeks
Ayepe farmer’s opinion.

agencies to modifv and adapt to the specific
conditions prevailing in their countries.

Early in the 1980s 1 began conducing
on-farm research in several locations, to test
new technologies and improved methodolo-
gics under the real conditions for which they
had been designed. Research sites and work-
ing relations with farmers were bwilt up from
1980 at Avepe, a village in Osun State (for-
merly part of Ovo State) in southern Nigeria.
A field house was constructed with space for
an office, a simple laboratory, and accom-
modation for temporary stays for up to cight
researchers, field staff, and students. A gen-
erator, a drinking-water well, small motor-
cycles, and other amenities were provided.
Site development was financed by the Ford
Foundation as a means to support ura in
building up a1 collaborative program in on-
farm research with national agricultural
research institutions.

From the outset, irrs developed the site
jointly with the departments of agronomy,
agricultural economics, and agricultural

extension of the University of [badan. The
University had been among the first national
institutions in Africa to adopt farming svs-
tems research concepts, and had conducted
innovative research in intercropping from
early in the 1970s. The Avepe site provided
the University with a training facility for its
students, many of whom conducted their
thesis research there under the joint supervi-
sion of University and 1 scicatists.

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

Responsibility for the site passes to two
committees, on policy and on research, and
to a site supervisor for operations and
rescarch from the University's agronomy
department. The policy committee is com-
posed of the heads of the participating
University departments, the director of nma’s
resource and crop management division,
and a representative of the Ministry of
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Agriculture and Natural Resources. The
research committee is composed of scientists
actively involved in field work at the site.

Avepe will thus continue to provide the
setting for training of University students
under real farm conditions. [tis likely also to
develop into @ major tool in the advancement
of farming svstems research among Nigerian
institutions. through the National Farming,
Svstems Research Network, The site is
expected to become a training facility for
teams from network member institutes.
Funding for the site continues to come from
the Ford Foundation, which also supports the
network, so sponsorship for the enfargement
of Avepe's role i< already in place.

Roles in the system. In the established
svstem for on-farm research, the role of an
international agricultural research institute
is to develop new materials and prototype
farming practices, which are further refined.
tested, and adapted by national agricultural
research institutions. Extension serviees and
development organizations usually help to
carry the testing and demonstration further
ineach particular country:

In this proeess, on-farm research s part of
every national research system's function of
adapting such technologics for wtilization
under local 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 conperate with state
agricultural development projects in con-
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ducting on-farm adaptive research.

Prototype innovations cannot, however, be
effectively developed without some exposure
to farming conditions. Scientists in the inter-
national centers need direct contact with
African farmers 1o observe farmers” con-
straints and problems. They need a field fab-
oratory 1o test how realistic their ideas wre-—
whether their technologies offer any real
advantage over what farmers are already
doing or using. On-farm testing can thus
help avoid the costly mistitke of pushing new
technology to the farm which farmers per-
geive is not being useful.

Moreover, national institutes create it
strong demand for training in on-farm
research techniques. International centers
cannot possibly respond 1o sueh training
demands unless they have firsthand experi-
ence on the farm,

Early in the 19805, therefore, irra began to
become inereasingly involved in research in
farmers’ fields and in the training of African
scientists in on-farm research methods.,

The procedures for on-farm research are
not rigid, and methodology is adapted to the
researcher’s own resources, capabilities, and
available disciplines.

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

® The institute must conduct its on-farm
research in close cooperation with extension
or development agencies. Since they wre in
the best position to disseminate the final

Quantilying the results of an Ayepe on-farm
experiment.

resultant technology to farmers, they should
be intimately involved in the on-farm testing
process. Early collaboration can prevent fric-
tion thai could arise between the two if
extension personnel feel that researchers are
intruding on their territory,

® The most refevant results will come out of
prasimal farmer involvement in the trials.
The researchers should find farmers who are
genuinely interested in testing the new tech-
nologies in their own fields. 1f the participat-
ing larmers 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 1983, the vear before Ayepe was
developed as a research site, scientists from
ey and the departments of agronomy, agri-
cultural extension and agricultural eco-
nomics at the Usiversity of [hadan, together
with Ministey of Agriculture and Natural
Resources officers, conducted an informal
“diagnostic” survey of farming systems in the
areat, The group developed preliminary
hypotheses about the main production con-
stratints, and held village meetings with
farmers to discuss options for field research
and interventions.

Over the vears the work at Avepe covered o
wide range of topics, including socioeco-
nomic and agronomic characterization,
studies of soils, vegetation, and crop pests,
testing of new or improved crop varieties.,
fertilizer and weed control practices, atley
cropping technologics. ind modelling stud -
jes to quantify production constraints.

The researchers maintained a high level of
farmer involvement in the work. Farmers
participated in design and management of
trials to s maximal extent. They met regular-
Iv with the rescarchers and extension officers
in each case to evalwate results and plan fur-
ther activities,

University students and their supervisors
participated in all aspects of the research at
Avepe. The evolving activity at the site
advanced farming svstems research as a dis-
cipline in Nigerian universities. The partici-
pating universities, the agriculture and natu-
ratl resources ministry, and e formed @ joint
research committee to review all research



activities. The committee assessed and
approved Ford Foundation grants made
available to students in support of wse and
rhi thesis work. Avepe has been the field site
for research for a total of 14 mse theses and
15 vho theses from 1985 through 1991,
Adoption. Among the events marking the
transter of Avepe custodianship was 2 sym-
posium, where the strengths and shortcom-
ings of previous work were reviewed. A tijor
concern was the low adoption rate of several
of the technologies tested in this on-farm
“faboratory™, The same complaintis heard
in iy other aveas as well, and is one
which agricultural research in Africa must
address.

The most suceessful technology has turned
out to be animproved cassava variety, s
30572 which is now widely grown in Avepe
asaresult of tests in farmers” fields. 1ts supe-
riority in vield is conspicuous, while multi-
plication by the farmers themselves poses no
problems,

Adoption of improved maize and fertilizer
fras heen very modest in Avepe, matinly
because supplies of inputs have not heen
readilv available. Sovbean. introduced as a
crop for houschold consumption, has found
asmall niche, but adoption is not
widespread. A vigorous effort seems to be
needed to promoete sovheans in the local diet
as an alternative or in addition to cowpeis.

The Avepe verdict on alley cropping is not
vetout, but farmers appear not to have found
it sufficiently attractive: - in combination
with the staple food crops of maize and cas-
savit- - to justify the extra labor inputs. Most
of the farmers had originally interplanted
hedgerows in their alley cropping trials with
improved oif palms atalow density, as a
“earrier crop™ to provide some tangible
return. Significantly; after harvesting the
food crops. several of them continued to
prune the hedgrows adjacent to the oil palms
while letting the rest of the field revert to fal-
low: They appear to consider the oil palm
maore important than the hedgerows.

The low rate of technology adoption at
Avepe mmught passibly be explained by
o [nnovations which ire not s good as
researchers fike o imagine.
® Extension and mput delivery systems
which are ineffective.

Above all, the innovation must be some-

thing worth adopting. If farmers see no value
in a new variety or fariming practice, nothing
can persuade them to adopt it. Researchers
and extension workers must be able to fden-
tifv a worthwhile innovation or ideat to devel-
op. in asystematic testing effort which can
expose its shortcomings. That is what on-
fitrm research is all about.

Extension services must be bothy strong
and effective. I many areas they are insuffi-
cient, or even completely lacking, The farm-
ers there may never be exposed to the advan-
tages of new varicties, fertilizer use, or new
soil management practices. In other areas,
nussive extension schemes hive been
installed with inputs delivering systems, but
have not made desired impact in agricultaral
production. Effectiveness can, therefore, be
s clusive a characteristic of extension sys-
tems as it s of the innovitions themselves —
and just as essentiatl,

New round. Thinking about new opportu-
nities keeps evolving, and s continues to
collaborate with scientists and students from
the University of adan in this process.
Avepe researchers miy ot as vet have iden-
tified 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 svmposium concluded that
researchers should concentrate their inter-
ventions on crops and cropping techniques
with highest potential in the area. Those
would include oil palins, vam (not tested in
carlier trials), and possibly sovbeans.

Village meetings were held during 1991 to
gather farmers” views on pssible interven-
tions. The farmers confirmed their interest in
such crops as plantains, oif palms, and yam.
Farmer participation will be further
strengthened with the formation of “interest
groups™ around specific technologics.,

since the symposium, researchers have
hypothesized as well that alley cropping may
have potential in the area, where pressure on
the tand remains moderae, if it allows pro-
duction of i frigh-value crop which cannot
be grown profitably otherwise. One such crop
is plantain or banana. Trials with improved
materials, resistant to black sigatoka diseatse,
will begin in an alley cropping scheme dur-
ing 1993.

ERRSKARCH PRRSPECTIVES
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MUCUNA

FARMERS TURN
EXPERIMENTERS WITH A
DUAL-PURPOSE
TECHNOLOGY

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

It all began in 1986, when im ana
Beninois scientists started on-farm research
in Benin on methods to restore soil fertility
and—at the same time—1to encourage
farmers to participate in the experimentation
process, 4s a means to develop practical,
adoptable technologics. One such technology,
the cultivation of a ground cover or live
mulch, Mucuna prariens var. wtilis,
enriches the soil with nitrogen. As mucuna
spreads ever the ground. it also has the wel-
come effect of smothering voung shoots of
“speargrass”, the noxious weed lmperata
cylindrica, which has widely infested the
impoverished soils of the region.

The popularity of mucuna has led to its
adoption by the national extension agency
for countrywide application, and to selection
by the Global 2000 project for demonstration
trials by 500 Beninois farmers. This success

is due in large part to the enthusiastic efforts
of the participating farmers to develop the
technology.

Farmers accepted mucuna after secing
how effective it was in combating two of their
main farming problems: restoring soil fertil-
ity so that maize vields improved, and halt-
ing the rampant speargrass by covering the
ground and preventing the weed from
receiving adequate sunlight. The farmers’
contributions over four vears of mucuna
research gave them a stake in the results,
motivating them to encourage others to use
it as a result of their experience.

Evolving project. Concern about declining
soil fertility led 1, early in 1986, 10 join with
the Direction de rechercie agronomique of
the Benin government and the Roval
Tropical Institute (xir) of the Netherlands in
a project on “Recherche appliquée en milieu
réel”. The objective was to develop alterna-
tive methods to restore fertility by enlisting,
farmers’ participation in a series of on-farm
research trials.

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

The initia; round of experiments involved

aset of maize trials planted in farmers’
fields, and several researcher-controlled
demonstrations of new soil-enriching tech-
nologies such as alley cropping, various
cover crops, and live mulch. The experi-
ments began in 1986, to be implemented
over the 1986 and 1987 cropping seasons. As
it turned out, these demonstration fields were
to have the greatest impact on farmers” deci-
sion-making,

Farmers met periodically with project sci-
entists and technicians, to discuss their expe-
riences in the series of experiments and to
participate in selecting new treatments for
the coming season. Group discussions were
very lively and farmers became well
inforined even about results from experi-
ences with options which they had not
selected.

Their curiosity to hear the impressions of
others about the different options seemed to
stimulate attendance at meetines. The greup
became so large that it hiad to be divided into
two. each of which included the full range of
options in its scope.

Impressed. In the demonstration plots, the
way that mucuna had smothered the ubiqui-
tous speargrass impressed many farmers,
Hence, in 1988 and 1989, a number of farm-
ers elected to grow mucuna as a planted fal-
low crop during the "short season” (so called
because it is the sherter of iwy rainy seasons
which are characteristic of the climate in this
part of Africa). Some farmers elected to grow
pigeon pea (Cujanus cajen) in their planted
fallow. The pigeon pea barely grew where
soils were very depleted, but mucuna seemed
to perform better in similarly poor soils.

The trials confirmed mucuna's value as a
weapon dgainst speargrass. Even more
important, the trials proved mucuna’s
capacity to restore fertility to the soil, result-
ing in greatly improved vields of maize dur-
ing the following season. The accompanving
chart of 1989 results shows that maize vields
on plots earlier planted to mucuna were, on
average, 80% greater than on continuously
cropped fand. Far smaller gains were
recorded for maize on plots planted earlier to
pigeon ped.

For 1990, the scientists and farmers next

Beninols researcher, farmer, and n1a researcher dis-
cwss mulching with mucuna,



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

The mucuna was o 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 vear’s first-
season maize crop. Mucuna would once
again be “refav planted™ in this manner, one
month after that crop.

The aim was to regenerate soil fertility to
an adequate degree after several vears of
either mucuna cover crops or acacia fallow:
Once the fertility of their fields had been
restored, the farmers could decide whether to
g0 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, a tenfold increase in maize vield
(from 200 to 2,000 Kilograms per hectare).

Even before those results had become evi-
dent. others 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 1
consequence of the demonstrated vield
increase, 20 additional farmers with iniertile
fields chose the mucuna option in 1991, they
obtained a threefold increase over the previ-
Ous vear's recruits,

National extension authorities were so
impressed with the results that they decided
to: vthe technology from 1991 in all the
agroecological zones of the country where
soils are depleted and imperata is 2 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 suceesstul, and a comparison between
arcas with characteristics favoring adoption
and areas where the technofogy was actually
successful.

Ingredients of success. Behind the suc-
cess in promoting adoption of mucuna to
date, a number of elements can be singled
out as being major contributory factors.

Faimers 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
19901991 set of trials had joined discussion
groups for cither completely depleted fields
or reasonably fertile fields. Consequently the
groups enjoyed a unity of purpose.

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

Moreover, farmers had wad a chance to see
demonstration plots showing the effects of
mucuna and other technologies before they
made a selection. They were not simply told
about hypothetical benefits and asked to
mike « blind choice.
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Finally, 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 an 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 had been so designed as
to bring out the benefits they had to offer.



INTERNATIONAL

COOPERATION

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

The principal means by which s strength-
ens agricultural researchy are training, infor-

tmation dissemination, germplism exchange,

and other rollaborative project activties
which convey u technologies.

Four meclianisms have been designed to
enhance usefulness of collaborative research
and training actvities, and enable iy to
respond with greater sensitivity to pere-ved
needs. They are;
® Networking, Collaborative networks
link s with national and regional research
institutions in Africa, to develop their
research capabilities.,
® Rescarch liaison scientists. Three
research lizison scientists, cach with specific
responsibilities for a group of countries, will

he placed in Ghama, Gote d'Ivoire and Congo.

o Resident scientist teams in specific
countries collaboriate with national colleagues
to meet research problems and needs, and to
strengthen research capabilities.

® Training. m dims to encourage
national programs and research networks
eventually to do for themselves all the train-
ing that is needed to support their own
research eftorts. Teaining at nrs will foeus on
promoting effective research teams where
both national programs and s are equal
partners.

17a scientist and counterpart Lesotho plant explorer appraise results of their cowpea collection efforts.
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CREATING THE
COWRPEA THAT
BUGS WON'T
BITE

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

Thiee vears ago the group was formed
from iriy's partnerships with several ltalian
institutes and with Purdue University; s,
Driving this collaboration is their common
quest: to create a cowpea constituted with
new genes that will enable it to resist insect
pests and ensure better vields tor millions of
farmers in the developing world. The first
signs thitt the goal was within reitch came
during 1991, with the momentous news thi
two of the partners had succeeded in trans-
forming the cowpeatin different ways.,

A key crop. Cowpea (Viona unguiculalea)
is 21 food legume, one of the few sources of
dietary protein for many African peoples liv-
ing in dry regions. Harvests are generally
much lower than the productive potential of
the plant, beciause no cultivated cowpea vari-
ety is resistant to the meany pod -boring, pod-
sucking. and storage insect pests which
abound in tropical Mrica. These pests have
long cluded crop breeders, who have been
able to incorporate genes for many other
insect il disease resistance traits into culti-
vitted cowpeits.

New biotechnological methods have, how-
ever, opened possibilities for improving a
crop by adding new genes o the existing
genotvpe - the genetic constitution of a
plant that detines its specific characteristics.
The candidate genes for this transformation
would be those which could endow a plant
with desirable characters that nature did not
originallv provide, iey's partners, well
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equipped and already experienced in refated
applications of biotechnology, bring the nec-
essary expertise to such a quest for a pest-
resistant cowpeit. They also share diverse
research mterests in the crop.

The search starts with the collected cow-
peit germplasm, the genotypes on which to
base further development. Careful evaluation
of the germplasm provides an inventory of
teaits, botanical and bicchemical. some of
which may be useful in creating the “ideal”
cowpeit. OF greatest value aare traits which
repel or discourage the pests from eating the
various parts of the plant:

@ pubescence or “hairiness™ on the plut
whiclvinhibits insect feeding or egg laving;
o impenetrable or hard pods o seed couts:
o unpalatable chemical components of
pods or seeds.

The targeted insects which cause the most
damage and are difficult to conteol are, in
order of researeh priovity: Yearwea pod-hor-
e, various pod -sueking bugs, bruchid stor-
age weevils, and thrips, which feed on the
cowpeit flower.

The collabortors are hunting the particu-
Far genes whiclyexpress inseet resistince
traits in wild Vignar, or other species that
iy or may not be closely related to cowpea.
The objective is to incorporate them into
high-vielding cowpea genotypes. At the end
of the queat, the group aims o hive pro-
duced cowpeits with resistance to the target
pests that they did not possess before, and
that will enable African farmers to increcse
their cowpea harvests severalfold.

Two ways. The two wis to create the
genetic improvement are by (1 “wide cross-
ex”, or crosshieeding of widely divergent
genotvpes of cultivated and wild Vigna: and
(23 genetic engineering, by which foreign
genes are incorporated into the cowpeit i
endow the progeny of that plant with new
characteristics. The accompanving diagram
shows how the work is divided among the
collaborating institutions along these two
paths to the genetically improved cowpea.

Wide crosses wre vbrids between different
species whose genotypes are normally
inconpittible with one another. The goal
behind the attempt to forge such interspecific
crosses is o introduce new genes which will
act together with the existing genes to pro-
duce an advantageous feature - such as a

durable form of resistance to insects or
pathogens.

Genetic engineering teehniques, on the
other hand, entail use of a single gene to
confer the desived trait on the setected
species. The new gene, carrving the bio-
chemical informeation responsible for the
trait, is foreibly introduced into the targel
genatvpe, either by aceelerated microparticle
technology G gene gun™) or a transfer pro-
cess intermediated by, for exanmple. the
microorganism Avrobacterivm inefa-
clens,

Generally, resistance based onisingle
geneis less aptto be durable than o poly-
genic resistance ~the pest or pathogen is
tore likety 1o survive and adapt if only
single resistinee mechanisin is present than
if it has multiple mechanisims f resistance to
overcome, To build @ more bro.A-based set
of resistance characters, several yenes for
resistance could be incorporated into the
new cowpea. The selectivity which is possible
i an engineered transformation would have
the added advantage of excluding “weedy”
or wild characters that tend to accompany
wide crosses.

Both paths to genetic improvement are
being explored. Seientists need to know the
limits to possible exploitation in each cise,
and to compare the efficacy of the two
appreaches, The experience should vield
valuable insights for work with other crops.
Werld collection. Since the 1970s 1 has
had the mand:te among international
research centers to develop a world collee-
tinn of cowpea germplasim. i sejentists
have worked with national research staf to
collect specimens of cultivated and wild
germplasm, describe their characters, evalu-
ate their usefulness as potential sources of
diseuse or pest resistance and other desired
tratits, and conserve them as genetic
resources for crop improvement and for the
benefit of posterity:

By the 1980s the collection of cultivated
cowpeat contained sources of resistance o
many insect pests and diseases, but none to
the major pests: the pod-borers and pod-
sueking bugs Wild species and close relatives

Cowpea embryo genetically transformed by owa par-
ticle gun = blue arens represent expression of intro-
duced marker gene.

of cultivated cowpea were the best sources to
explore for the desired genetic material. It
was elear that nrys wild Yiena collection
should be broadened. in order to represent a
greater proportion of the extant biodiversi-
tv--untif 1983 only 200 accessions of wild
Vigna had been collected. Moreover, 1ria's
seed storage and Taboratory facilities for
geaetic resources research needed to be
enfarged and modernized.

Once these prerequisites were satisfied,
could start o 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 improved knowledge in those
areas, scientists could begin to exploit the
cultivated and wild cowpea potentials for
resistince breeding, applying appropriate
tools including biotechnologs.

I 1984 the 1y Genetic Resourees Unit
began to tackle these needs in a project sup-
ported by the alian government, working
together with a consortium of four ltalian
institutes which shared complementary
research interests in cowpea:
® Dipartimento di Scienze Agronomiche ¢
Genetica Vegetale, Universita degli Studi di
Napoli. Portici (plant genetics)
® Istituto del Germoplasa, Centro
Nazionale delle Ricerche, Bari (germplasm
colwction, characterization, and evaluation)
e Istituto Nazionate della Nutrizione, Rome
(food safety; nutition)
® Dipartimento di Agrobiologia e
Agrochimica, Universita degli Studi della
Thseia, Viterbo (plant cell regeneration)

Scientists in the ftalian consortium were
interested in working with e for the oppor-
tunity to contribute to African agricultural
development, while expanding knowledge in
their scientific fields.

The ttalian and nra researchers joined
forces in order to strengthen their under-
standing of cowpea genetics and breeding, A
hiotechnology unit was established at s to
mike new knowledge and techniques avail -
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able to African colleagues. In 19809 new facil-
ities were added to the unit with [talian sup-
port. They also began their collaboration in
cowpea genetic improvement through wide
crosses and transformation with a foreign
gene. That vear the two groups were joined
by American researchers, mostly from
Purdue University in Indiana, ts+, to supple-
ment the project with work on storage pest
problems of cowpe.

At Purdue University, a group of scientists
had come together from different disciplines
during the 1980s to develop resistance chir-
acters for fighting insect pests of stored pulse

crops in Africa and Latin America. Cowpea
was a special focus of the group. which
began by investigating the chemical and
physical bases of resistance to storage wee-
vils, among others. One of the group's long -
term goals was to discover genes which
could help engineer insect resistance into
cowpea, Shared goals brought the Purdue
team into a collaborative relationship with
(i scientists by 1989. Scientists from Auburn
University and the University of Minnesota
also contributed to the germplasm charac-
terization and breeding efforts,

The ltalian, American, and s groups

merged into a group of collaborators in &
joint program on cowped biotechnology:
Thev agreed to tackle different issues and
problems according to their individua
expertise, building on cach other's advances
and in turn contributing to the goals of the
group.

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




originated. As 4 result, by the end of 1991 the
s world cowpea collection had added over
300 accessions of wild Vigna species. The
total world collection now counts over 16,000
aceessions from about 100 countries world-
wide. That includes over 15,000 cultivated
cowpea species and varieties, and some 1,500
aceessions of wild Vigna of which about 500
belong to the primary genepool of wild cow-
pea. The entire collection is preserved in
iys genebank, which was refurbished and
expanded with Ttalian support in 1986.
Characterizing germplasm. IITA, the
institutes at Bari and Portici, and Minnesota
University are investigating the

morpho physiological characters of Vigna
germplasm down to the level of chromo-
somes, for precise taxonomic classification.
Viena chromosomes have been poorly char-
acterized in the past. partly because of their
small size. Scientists are assessing insect
resistance in order to identity possible
sources of resistanee genes. They are also
studving the degree of refatedness between
wild und cultivated species, which may be
instrumental in estimating the feasibility of
combining genes from wild species with cul-
tivated cowpea.

Identifying resistance traits. Cowpea
and other Vigna species are being grown in
Nigeria and selected for the resistance they
exhibit to the target pests. mra entomologists
have shown that several wild Vigna species
have excellent resistance to pod-borers and
pod-sucking bugs.

At Bari, biochemists are investigating the
factors responsible for resistanice to storage
weevils. They wre analyzing levels of certain
compounds present in resistant and suscep-
tible cowpea seeds. Purdue entomologists
have demonstrated that witd cowpeas con-
tain sourees of resistance to weevils, They are
studving biochemical factors which cause
death or delay in maturity of weevil larvae.

Seientists at the University of Potenz,
ltaly; have contributed to the germplasm
charaeterization work. They have studied the
binchemical basis—flavor-producing com-
pounds, for example—-of resistance to
aphids, which inflict damage on the plant
and also carry cowpea viruses,
Interspecific hybridization. Early trials
at hwbridization among several species at
and Purdue either failed or produced infer-

tile progeny, so Portici geneticists have coit-
ducted microscopic investigations of the
phsiological and physical barriers to crosses
between cultivated and wild cowpea. Wide
crosses are continuing at i and Purdue,
with development of techniques for rescuing
embryos that would otherwise abort and for
identifving hybrids.

Portici scientists have joined s and
Purdue colleagues in exploring the poly-
ploidy phenomenon—plants with a multiple
set of the normal chromosome number.
Polyploidy, which can increase productivity
in vegetatively propagated crops such as cas-
sava, can also help to improve the suceess
rate in interspecific hybridization, by over-
coming the genetic barriers of incompatibili-
tv between cultivated and wild cowpea.

Geneticists at Minnesota re working with
s colleagues to develop @ cowpea hxa map
utilizing ReLps (restriction fragment length
polymorphisms), preliminary to identifving
and marking specific resistance genes for
possible transfer.

Examining resistance genes. During
the 1980s Purdue scientists began investigat-
ing genes responsible for enzyvmes which
interfere with insect digestive processes. The
idea was to induce malnutrition and eventu-
ally starvation by putting into the cowpea
certaun enzymes which would curtail the
pests” ability to digest its food. Purdue is also
experimenting with bioassay systems, 1o test
the effects on pests of consuraing those pro-
teins.

Meanwhile, the ltalian 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 (1sa) and irrs, they have joined
the search for new genes for pest resistance
and new methodologies for making those
discoveries.

Transforming the cowpea. In 1991 the
Portici researchers, following the wide cross-
es approach, confirmed that their techniques
of using Agrobacterivm as a vector have
vielded cowpea embryos which show signs of
transformation. And the group at Purdue
verified that microparticle bombardment
techniques with a “gene gun” nad produced
transformed embryos. Scientists from both
institutions are working closely together to
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eusure successful outcomes in these key
developments.

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

Aiding the efforts. urs scientists have
been working with Purdue and Minnesotu
colleagues to develop methods for identifying
hybrids by “fingerprinting™ pxa (deoxyri-
bonucicic acid). the chain-like molecule
carrving the code of genetic information that
is unique to each genotype. They have also
collaborated in developing 1 genetic map
using kerLps, which can help in specifving the
location of desirable genes on chromosomes.
The rere work will be useful as well in
breeding, verification of hybrids, and the
identification and characterization of
germplasni.

A Purdue team of entomologists and an
electrical engineer have invented 4 biomoni-
tor, which makes use of nltrasonic signals in
detecting hidden insects as they feed within
dry materials such as seed grains. The
biomonitor measures feeding behavior of
pests as they consume cowpeas or artificially
formulated grains. The goal is to 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 proteins may
become candidates for new breeding efforts.
Assessing food sarety. Transformed cow-
peas will contain new protein substances not
present in traditionally consumed varietics.
These new proteins must first be tested for
health hazards to consumers. Taste, texture,
and cooking factors are being tested as well,
to ensure that consumers will not object to
perceived changes in: their customary cui-
sine.

Food scientists at irma. the National
Institute of Nutrition in Rome, and Purdue
are studving *he safety, nutritional value,
palatability, an ' “cookability” of proteins
associated with . sect resistance in wild and
cultivated cowpeas.

Networking with users. As the activities
and first achievements of the cowpea collab-
orators show, bintechnology applications
afford a high degree of precision in the
design of a product. That capacity calls for
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Pod borer larva on cowpea collus in @ bioassay test of the effitacy of cowpea pest resistance characters.

the producers of the new technology to work
more closelv than ever with national agricul-
tural scicatists, who are in the best position
10 know the needs of thie ultimate users: the
cowpea farmers.

As hiotechnology telescopes the distance
between basic research and farmer use, the
character of the rescarch process shifts dra-
matically. Before biotechnology made short-
cuts available, crop improvements had to
evalve step by step. mvolving adaptation and
finetuning at several levels -—from advanced
laboratories to international centers, and
thenee to national programs for adaptation
to 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 cowpezt bintechnology collabora-
ton, iy will be able to usc its special rela-
tionships with national programs to advan-
tage. in the design of the biotechnological
product. iy wilk also be wble to bring,
matioral scientists within the operational

2

scope of this advanced research, through
training at its own biotechnology facilities
where the work is being done. While the
research and its benefits appear awesome,
they can come within the reach of national
programs in Africa through the continued
bridging role of their international center,
111,

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
1980s—a wave that was broken by
ira’s continent-wide biological con-
twrol campaign. In the wake of this
success, which national programs
helped to achieve, s is in turn
helping countries to build up their
capacity to manage their own biolog-
ical control programs against pests
of cassava and other crops. Boosting
national capability is the best way to
develop crop proteciion systems,
especially sustainable systems which
call for ecological awareness and a
well-coordinated balance of activi-
ties.

Biological control is a mainstav—togeth-
er with host plant resistance and habitat
management-—in the 1 scheme of good
plant health management. One of its main
attractions is its ceological soundness, in
controlling a pest which has gotten out of
hand by mobilizing its natural enemies
which will reduce the threat to 2 tolerable
fevel. [ts environmental advantages, not to
sav econemic ones, over the use of pesticides
are obvious. Moreover, awareness of the
adverse environmental effects of pesticides
has made donor agencies reluctant to
finance their usage and compelled govern-
ments to seek non-chemical options to
reduce crop losses.

The Africa-wide biological control cam-
paign reduced damage by the cassava
mealvbug in 93" of all fields to a level below
economic 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
policvmakers and researchers to develop

biological control and other environmentally

friendly alternative: to pesticides.

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

The special project first seeks to ascertain
governmental commitment to the goals of

sustainable crop protection. The success
story of cassava mealvbug control stimulates
enthusiasm, while participation in biological
control conferenc ;s and t=ining courses
usually convinees decision-makers and tech-
nical officers alike of the efficacy of the
approach.

Project activities follow four main chan-
nels: research, implementation, training, and
program strengthening, The guiding belief is
that such assistance should buttress resolve
within the nationat progam to conduct its
own activities 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
hasis for development. The project provides a
resource package or “biokit™ to each partici-
pating country, comprising;:
® uninsectary
o i vchicle
® cquipment for laboratory and office
® . in-country training course
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e operating funds of 4 negotiated amount.
During the first project vear. the cassava
mealybug, cassava green mite, mango
mealybug, banana weevil, und s - sty of
raize, the stom borer and Larger gra, horer,
were targeted in control activities among 1he
participating countries. The accompanying
chart summarizes preject activities by coun-
irvand by targeted pest,
Research. In general, assistance in applied
research began during 1991 with training
and helping local staff in identifving the sta-
tus of the specific pest in each country listed
in the table. tvext, the role of “beneficial
bioagents™, or natural enemies, and possibil-
ities for establishing them had to be assessed.
An appropriate strategy for pest management
was devised in each case, which might also
include host plant resistance, various cultur-
al practices and rational utilization of pesti-
cides. If 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 shortest transport
itinerarics determined, and the release itself
organized and completed. Subsequently, in
evaluating results of the control effort, three
developments had to be assessed: the estab-
lishment of beneficials, their spread. and
their impact on the pest and the crop. In the
case of cassava mealvbug and cassava green
mite, evaluzation surveys must extend over at
least three vears to be conclusive. Scientists
in the national programs were equipped to
conduct their own testing and monitoring of
beneficials under the guidance of i scien-
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 but one (hecause of
political unrest). Nine countries received
operating funds for field work and in-coun-
try training seminars. 1ra scientists advised
six national programs on how to organize
mass-redring of natural enemies locally.
During 1991 the programs in Burundi,
Rwanda, and Tanzania asked to have inscec-
taries installed for Epidinocarsis lopezi, a

Insectary in Rwanda containing “cassava trees”, part
of the biokit for developing the national program,
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parasitoid of the cassava mealybug, Besides
erecting a screenhouse in these countries,
i trained local staff in equipment use and
all facets 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-
cials, and other guests were invited to the
program stations to familiarize themselves
with the work and promote interest in the
project. In addition. two group training
courses were organized at the 1 Benin
Station, Cotonou, where biological control
scientists attended from 26 national pro-
grams. [ the first vear of project support,
four pho students and two visc students from
different countries began their studies. They
eventually will join the corps of trained sci-
entists in their respective national programs,
Strengthening: program
development. ims signed agreements dur-

ing the year with the nine countries listed in
the table, for strengthening of their pro-
grams. A project for support of five more
countries was approved by the Austrian gov-
ernment. An /ot project for additional
assistance to four national programs (Benin,
Cameroon, Ghana, and Nigeria) was submit-
ted to vxpe for funding approval {which was
granted in May 1992—Fd/.]. The jeint pro-
ject concerns environmentally sound, eco-
logically sustainable plant protection for cas-
SV,

SPECIAL PROJECT ACTIVITIES BY COUNTRY AND TARGETED PEST
Pest type q‘ W:\;\@% \@é.@@ { Govern n:ILAn :
@@ @Q <~\“‘. ‘:}qg\\ ¢ Q“\ && agreement

Country S @é\% SASASS/ 61 musio UNDP
Angola yes
Benin yes
Burundi g (@ yes yes -
Camercon yes
Central Alrican Republic  |a
(éte d'Ivoire 0o |o
Gabon fa} oo yes
Ghana o (06 @ yes | yes
Guinea a o o O oD opm o yes
Kenya o< yes
Malawi o
Namibia yes
Nigeria B @O | © yes
Rwando oo yes
Senegal 0o yes
Sierra Leone B op [900 yes
Tonzania 20| yes
Togo ©0 oo
Ugondo oo ] yes
Taire 000 ooROO) yes
Zombig B0
o research 4 Agreements between ma and national progroms for strengthening programs
< implementotion All the national programs reported to have speciol project activities
© Maining (in-<ountry) also received "strengthening” assistance Ffom the project
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RESEARCH
COLLABORATORS

AT THE CRITICAL STAGE
BETWEEM 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,
before they are released for
widespread demounstration 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 sys-
tem and environment. It is a crucial stage for
national research programs to manage,
because it involves adapting technologies
from various sources for indigenous use.

Scientists in different African countries
have evolved methods and procedures for
on-farm research, utilizing different models
accerding to their training and institutional
environment, As a result, on-farm research
approaches may vary considerably from
country to country. Some might be more
effective than others in meeting certain kinds
of problems.

As a means to enable those in different
countries to learn from the experience of
their peers in other programs, and to develop
a comprehensive body of knowledge about
on-farm research relevant to Africa, im has
helped to set up two groups of scientists for
collaboration in crop improvement and
cropping svstems research, for maize and
root crops:

@ (Collaborative Group on Maize-Based
Systems Research (comns), established in
1989.

e Collaborative Group for Root and Tuber
Improvement and Systems (cokris), estab-
lished in 1991.

The two groups of collaborators are com-
posed of member institutes involved in crop
improvement and-or cropping svstems



research, in both francophone and anglo-
phone African countries. Apart from i, 10
institutes in 6 countries form the cosus
membership. while 15 institutes in 13 coun-
tries compose cokTis., Four of those institutes
are members of both.

The two groups have a common 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
proficieney in specific areas of crop research,
through development of on-farm research
concepts, methodoiogies, and practices.

Both groups have agreed to coliaborate in
tackling issues of common concern among
their m ambers. At the same time they recog-
nize the heterogeneity as well as location-
specific nature of farming svstems. Hence,
their collaboration wilk focus on developing
new approaches and methodologies. rather
than testing the performance of individual
technologies.

Some of the research issues on their
respective agendas to investigate concern
various approaches to:
® maintenance of soil fertility through vari-
ous means, including intercropping with
legumes. alley cropping, planted fallows.
® weed control.
® on-farm evaluation of new crop varieties.
® postharvest processing and storage.
® improvement in analvtical techniques,
such as multivariate analvses,

Each group started with 2 plan to collabo-
rite on & research project. coss concen-

trates on soil fertility improvement and weed
control through testing of technologies
involving leguminous species. corris is also
interested in the use of leguminous species to
reverse deeline in soil fertility levels, but
focuses on the selection and testing of appro-
priate crop varieties for different farming
svstems.

Itinerant seminars. The two groups hold
annual workshops on a rotational basis at
member institutes. Participating scientists
critically review current work and approach-
es to farming systems research, and develop
new thinking on methodologies and tech-
nologies. The workshops constitute an itiner-
ant seminar, with a presentation of ongoing
work by the host institute for that vear and
progress reports from the other members.

From the beginning, both groups aimed at
providing technical support among their
member institutes through exchange of visits
or longer-term attachments. One instance of
a need for technical support is backstopping
for on-farm adaptive research in maize and
cassava being sponsored by the European
Economic .. mmunity in most of the cosps
and cokris member countries,

Both comss and corris have decided tha
the West Africa Farming Svstems Research
Network (warsks), with its documentation
center and established contacts, should con-
tinue to help coordinate their respective
activities. warsky has the resources to provide
them with an umbrella coverage in dissemi-
nating and receiving scientific information,
channelling funding and administrative sup-

ia and national program researchers evaluating
AFRETA on-farm research in Benin Republic

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

The fornmation of comss and corris, and
their accomplishments to date (see reports in
the following paragraphs), show that the sig-
nificar.ce of on-farm research has been rec-
ognized by the agricultural research com-
munity, To 1rea the link with national pro-
grams in this area of research activity is vital,
in two wavs: in extending the benefits of its
own knowhow in working with farmers, and
in expanding the pool of experience with
new technologies.

The discipline of on-farm research lies at
the heart of the adoptive research process.
On-farm research is central to the role of
national agricultural research systems, in
developing technologies for extension work-
ers to deliver to farmers, covss and coxris
are providing essential support to strengthen
this aspect of the ntional programs’ opera-
tions.

COMBS

The Collaborative Group on Maize-Based
Svstems Research (cosss) was formed in
1989 to bring together West and Central
African maize researchers in a working rela-
tionship. Its main goal is to develop and test
improved production techrologies for
maize-based cropping systems, guided by an
understanding of farmers” constraints and
opportunities. The group also aims to take
advantage of opportunities to transfer suc-
cessful technologies through the association
of most national programs with development
and extension organizations,

COMBS i concentrating on ways to inte-
grate leguminous species into farnting svs-
tems, in order to improve soil 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-
mientation stages.

The 1990 annual workshop in Ghana
evamined technological problems related to
this central topic. A 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-
ment and weed control-—an approach to
technology targeting™. The group has begun
to assemble a datibase of detailed fnr.. -
tion on more than 200 legume species.

The 19y workshop in Benin reviewed
muthodologies for expanding farmer partici-
pation in on-larn experimentatios he dis-
cussions were guided by recent experiences
of the Benin members in working with farm-
ers on legume-based technologies. (See arti-
¢le on farmer participation in the Resource
and Crop Management section of this
report.)

The national member institutions of cosss
are:

Benin:

Projet de recherche appliquée en milieu réel
(kaui) de ki Provinee de Mono, Direction de
recherche agronomique (bkv), Niaouli
Cameroon:

Institut de recherche agronomique (i),
Bamendit and 1k, Garoua

Cite d'lvoire:

Institut des savanes (1pgssa), Bouaké
Ghana:

Crops Research nstitute (crp. Ghana Grains
Development Project (6abr), Kumasi

Crops Research Institute (cki) Nvankpala
Agricultural Experiment Station (8ags),
Tamale

Nigeria:

Institute of Agricultural Research and
Training (ni&r), Obafemi Awolowo
University, Ihadan

[nstitute for Agricultural Research (1AR),
Samaru

Laire:

Serviee national de recherche appliquée et
volgarisation (sExakw ), Kinshasa

iy is represented i covis by scientists in
the Savanni Svstems Research Group.

CORTIS

corris wats formed in 1991 as @ means of
integrating two streams of root and tuber
crop research: breeding improvement and
crop management.

The corris goal is to encourage interaction
between scientists in both streams for addi-
tiona" impact, and to avoid duplication of
effort. The ultimate aim s to produce
improved technolagies 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 s, when two committees for breed-
ing and cropping svstems were elected. The
member institutes selected “Weed control
and soil fertility maintenance through the
use of leguminous species™ as i topic for
joint researeh. The new conunittees met to
develop an action plan in September, at the
ERona station of Cameroon’s Institut de
recherche agronomique (iky).

To begin research on the introduction of
legumes into root-and-tuber cropping svs-
tems, the members decided to characterize
their target zones and cropping systems
using procedures similar 1o those developed
by congs. 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 colluborate in
vartetal testing on farm, with the involve-
ment of breeders as well as agronomists and
farmers. The varieties to be tested will be
selected in conformity with farmers” needs,
with the aim that experimental results reflect
a positive response to the selection from
farmers. A framework for varietal targeting
and on-farm testing is being developed. A
training workshop on the topic is being
organized.

The national member institutions of cokris
are;

Benin:

Direction de recherche agronomique (i),
Niaouli

Cameroon:

Institut de recherche agronomique (1ra),
Nkolbisson and ks, Ekona

Cote d'Ivoire:

Institut des savanes (IDEssA)

Ghana:

Crops Research Institute (cri), Kumasi
Guinea:

Centre de recherche agronomique, Foulaya-
Kindia

Nigeria:

[nstitute for Agricaltural Research and
Training (1ar&T), Obafemi Awolowo
University, Ibadan

National Root Crops Research Institute
(Nrert), Badeggi

University of thadan
Kenya:
Coustal Agricultural Research Station,
Rikambata
Malawi:
Ministry of Agriculture, Bvumbwe Research
Station, Limbe
Mozambique:
Nationalt Agricultural Research Institute
(I513-Dasp), Maputo
Rwanda:
Institut des sciences agronomiques du
Rwanda (1saR), Butare
Sierra Leone:
Institute of Agricultural Research (1ar),
Freetown
Tanzania:
Ministry of Agriculture, Mwanza
Zaire:
Service national de recherche appliquée et
vulgarisation (sExarav), Kinshasa

iwra s represented in cokris by scientists in
the Humid Forest Systems Research Group.

The French name for coris is
Collaboration pour les systemes et Famelio-
ration des plantes 4 racines et tubercules
(COsaRT).



NETWORKS

Netwarks ire associations of scientists or multidisciplinary groups that have & common goal.
The tinis o complement reseirch programs within and across national boundaries. Network
ctivities can be limited to information exchange, or encompass collaborative planning,
implementing. and monitoring of research activities. Each participant in a network usually
assumies a speifie responsibility for the benefit of the network. International agricultural
research centers such as i, and other institutions in developed countries, support and com-
plement researchin the network member countrics,

I the following pages are reports on current activities of the three networks which nrs helps

1o coordinate:

o Alley Farming Network for Tropial Africa (wsery)
o Lt und Southern Africa Root Crops Research Network (sakky)
o The Soiband Plant Anaivtical Laboratories Network of Africa (spatxy)

AFNETA?
a village-level approach

The vear 199 represented the third vear of
the first phise of the ey research pro-
aranm C1989- 1990 The nijor objective of
the phase is to establishy the basic trials
required 1o assess or demonstrate the biolog-
ical feasibilit of the adley farming svstem.
The pliase is abso seen as the “experience-
building™ phitse for mostof the national pro-
gran scientists who have had little experi-
ence of alley farming, and therefore require a
period of orientation and familiarization
with its principles, methods, and practices.
Now thit this phase is coming to an end, the
tocus of the network is on how adoptable
allev frming is. Emphasis has thus shifted
from on-station trials o on-furm trials.,

Two tvpes of on-farm trials are being con-
ducted: G experimental on-farm research
which aims to validate the ditferent compo-
nents of on-farm reseatreh such s alley
farming, planted fallow traditional farming,
cteand (b developmental on-farm
rescitrely which sesses the adoptability of a
particular svstem such as allev farming,

The experimental tvpe of activity has
received much more attention and his con-
stituted the buth of on-firm researeh o date.
Trials on components of adley farming are

Discussing results of olley farm research with cooking
banonas ond leucaenc hedgerows neor Mityana, in
Uganda.

conducted at different sites with different
levels of farmer participation. 1 produces
results which can be anabvzed 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 nbjective, The goal is to get allev farms
estatblished on few farmers™ plots (masimum of
foo farmers) within a particular target area,
tor demonstration and practical purposes.
Farmers may be approached on individual
hiasis for this phase of activity. Researcher
input and involvement in actudl field work is
high at this carly stage, since farmers” under-

standing, perception, and commitment will as
vet be fow: The farmer, however, clears and
prepares the land, and plants his food crop,
before the researchers come in to organize the
establishment of the tree hedgerows.
Throughout the establishment period, the
researchers need tovisit the farmers regularly
to discuss management and operational issues
and observe progress of the trees.

The second step (intermeqiate). 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-
ment of alley frms 1t involves participation
of farmers in groups of between 10 and 15.
Farms established during the exploratory
phase are used as demonstration farms to
explain the concept, structure, and manage-
ment of the system to these new farmers.
They are able to see and understand the
experimental results and are able to play a
more directand increased role in the estab-
lishment of the hedgerows, Both researchers
and farmers are responsible for all field
activities during this phase and a lot of effort
goes into identifving farmers” concerns and
impressions.

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




methodologies are used to introduce the
concept to the farmers” community. for
assessment of its adoptability. Researcher
involvement in actual field operations is
completely withdrawn, and farmers take on
full responsibility for establishment and
management of their allev farms. The farm-
ers are made to see the alley farms as their
own plots rather than as research plots. They
are free 1o make modifications that they con-
sider necessary, and adjustments in the oper-
ation schedule, to fit their own circum-
stances. Isstes, both socioeconomic and bio-
logical. that might arise as @ result 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 considered as the nucleus of the
rescarch extension overlap in technology
transter.

Atthe end of this instructional and rela-
tionship-building process. farmers who indi-
cate their willingness and eagerness to be
involved in triads are enlisted and provided
with seedlings to establish their own alley
farms.

On-farm activities are being conducted by
11 national programs in the humid and sub-
humid zones where there is relatively more
experience and information on the system.
Most of the other sites are just getting started.
However, there is no doubt that on-farm
research is essential to assess the adoptability
of alley farming, During the second phiase of
the program, the network plans to concen-
trate wholly on this on-farm approach.

ESARRN:
solid grounds for root crops

Established in 1987 with 1T countries as
members, the East and Southern Africa Root
Crops Research Network (Esakky) aims to
increase cassava and sweet potato productiv-
ity among resource-poor farmers in East and
Southern Africa, through adoption of tech-
nologies which stabilize production and
optimize productivity while sustaining the
resource base. The first phase, which ends in
September 1992, aims to develop research
collaboration among national programs and
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support the transfer, exchange. and adoption
of improved varieties, agronomic practices.
postharvest, and other improved technolo-
gies for cassava and sweet potato production
and utilization. Collaborative research and
training are the chief mechanisms for
strengthening national programs, Expected
project outputs of the first phase are:

o An effective collaborative regional
research system supported by national pro-
grams;

® (ieneration of useful germplasm and
improved varieties adapted and aceeptable to
farmers and consumers;

o Benchmark database for cassava and
sweet potato production, cropping systems,
and production technologies:

e Characterization of postharvest handling,
rural processing, and utilization of cassava;
o Effective 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 States Agency for International
Development (vsain) and International
Development Research Centre (nwe). 1iva
provides technical backstopping on cassava,
while Centro Internacional de la Papa (cip)
supports sweet potato research.

Exchange of superior germplasm by the
national programs has gradually increased
since 1988 when Rwanda was the only coun-
try generating and distributing germplasm.
Multiplication and distribution of selected
high vielding 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 slips of sweet potato
and 800,000 cuttings of cassava by 1991,
Farmer adoption has been promoted by
numerous field davs on farmers” fields as
well as on-station. On-farm trials and
demonstrations promoted by the programs
in Uganda, Malawi, Zambia, Rwanda,
Mozambique, and Tanzania also offer oppor-
tunities for rapid farmer adoption. In
Rwanda, for example, an average vield of 25
tons/ha of fresh cassava roots is obtained
under improved management with improved
varieties compared with 10 tons-ha under
traditional management with local varieties.

e jointly sponsors the collaborative study
of cassava in Africa (coscs) which is
designed to address the sociveconomic
aspects of cassava production in major cus-
sava growing countries of Africa. Initially,
cosea surveys were conducted only in
Uganda and Tanzania. However, through
ESARRN, they have been expanded to include
Zambia, Kenva, Rwanda, Burundi, and
Malawi.

Through cosca useful information is being
obtained on the socral aspects of cassava and
sweet potato production. Preliminary results
of cosca studies indicate that five basic food
products can be obtained from cassava:
flours, granules, fermented paste, sediment
starches, and boiled fresh roots. In addition,
cassava leaves are caten as vegetable and fer-
mented drinks are made from the roots.
ESARRN also plavs an important role in the
characterization of postharvest handling,
rural processing, and utilization of cassava
and sweet potato in the region. Rar . sun-
drving and storage technologies which will
reduce postharvest losses of cassava are also
being developed in Uganda, and new foods
from fresh cassava roots are being tested in
Zambia and Malawi.

Although all network objectives have not
been fully realized, root crops now occupy an
important place in the national research pri-
orities of the region. This is reflected in both
government planning documents and budget
llocations. [n Malawi, root crops have been
designated the second most important crop.
Root crops have also assumed greater
importance in Rwanda, Zambia, Uganda,
and other participating countries.
Government has also paid more attention to
training. Since 1987, 14 national program
staff have been trained at vho level and 16 at
asc level. In addition, 907 national programs
staff attended in-country training courses
while 17 attended regional courses.

SPALNA:
towards bet'er analytical
services

Established in February 1991, the Soil and
Plant Analytical Laboratories Network of
Africa (searxa) is one of the first attempts at
collaboration among laboratories. It aims to



improve soil and plant analytical services to
support research in national agricultural
institutions in Africa. At present it has more
than 100 laboratories in 30 African countries
as members,

The network emerged from the training
courses on soil and plant analysis organized
by s sinee 1930, In discussions among par-
ticipants, it becaune evident that soil and
plant analysis laboratories in Africa face
similir problems which are difficult to solve
individually. The most important issues are:
® Equipment maintenance: Most of the
laboratories depend on imported equipment
which is very expensive and difficult to
maintain, due to nonavailability of spare
parts and lack of trained maintenance per-
sonnel.
® Training: No African university/polytech-
ni¢ offers courses in soil and plant analysis,
and use of Laboratory equipment. Hence
training is often on an ad hoc hasis.

e Supply of equipment, chemicals, and
consumables: Most of the equipment and
supplies needed are imported. Hence, there is
usually a delay in purchasing them, added to
the fact that supplies get mixed-up. lost,
expired before they arrive, ele.

o Quality control of data: Data from labo-
ratories in Africa are of low quality due to
equipment problems, low purity of chemi-
caiy, unskilled staff, fack of reference sam-
ples, etc.

® Collaboration: Laboratories in Africa are
deficient in so many areas. Hence it is diffi-
cult for them to function efficiently. The sim-
ilar nature of the problems and the inability
to solve them individually necessitates a col-
laborative effort.

® Infrastructure: Water and electricity
supply to African laboratories is very erratic
.and present a major constraint to the effi-
ciency of operations.

e Laboratory management: Laboratory
managers need o be exposed to new man-
agement technigues and tools, particularly in
laboratory information management.

spaLNa has selected an international coor-
dinator and a general secretary, and will
begin to publish a biannual newsletter early
in 1992,

With its varied experience in networking,
i is providing support to the establishment
of the network in various areus. 1ma helps

RESEARCH PERSPECTIVES
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Helping to improve equipment and tthlques in member laboratories.

design training courses and training meteri-
als relevant to the needs of network mem-
bers. Courses will be designed to improve the
skills of the technicians and train new tech-
nicians. Such courses will cover laboratory
management, quality control, equipment
maintenance, etc. The first course on equip-
ment maintenance will take place at the
University of Nigeria, Nsukka, in October
1992.

The network also hopes to centralize the
purchase of supplies in order to ensure that
high quality materials are available to its
menbers.

To encourage collaboration, check sam-
ples will be disiributed among aboratories
and a database of existing equipment and
expertise in equipment maintenance will be
established for member laboratories to con-
sult. To address the infrastructure problem, it
is hoped that eventually all collaborators will
be self-sustaining—Nhave their own power
generators or boreholes, for example.
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FOR THE RECORD -~ (.

IITA

STATEMENT OF FINANCIAL
POSITION

31 December 1991

Expressed in US $ thousands

Note:

* Prior to 1 Jonuory 1991, “Property, plont and equipment” was
stoted of acquisition cost and not depreciated. With effect fiom
1 January 1991, the CGMR introduced depreciation occounting
in order to comply with generally occepted occounting ston-
dards. Accumuloted depreciation an assets held ot 31 December
1990 has been deducted from the cost of fixed assets ot 31
December 1991 ond amaunts to US$25.5 millan, This togeth-
er with movements during 1991 accounts for the dectease in
the carrying value of assets between December 1990 ond
December 1991.

A
STATEMENT OF ACTIVITY

31 December 1991
Expressed in US $ thousands

Note:

* Expenditure on fixed assets during 1991 is accounted through
the bolonce sheet, following introduction of the new deprecio-
tion policy.
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ASSETS 1991 1990
Cash and shortterm deposits 10,196 8,644
Accounts receivable:
Conors 6,968 7.862
Others 218 363
Inventories 1,107 2,544
Other assets 201 209
Property, plant and equipment 32,241+~ 58,356
51,631 77978
LIABILITIES AND FUND BALANCES
LIABILITIES
Accounts payable ard other liabilities 6,533 7.639
Accrued solaries and benelits 2,047 3.071
Payments in advance—donors 3,578 3,074
13,058 14,684
FUND BALANCES
Capital 32,241 58.356
Capital development 2,109 1,224
Operating 4,223 3,714
51,631 77.978
REVENUE 1991 1990
Grants 34,274 35,333
Other income 306 613
34,580 35,946
EXPENSES
Research programs 21,072 21,694
Conferences and training 2,103 2,290
Informaticn services 760 1,039
General administratian 3,534 3,593
Genera! cperations 3,391 3,248
Property, plan: and equipment expenditures 3,054
Depieciation 3,466
Excnange {gains]/losses [255) 380
Tota! expenses 34,071 35,208
Excess of revenue over expenses 509 648




SOURCES OF FUNDS 1991 1990
Excess of revenue over expenses 509 648
Depreciation {1990 net capital additions) 3,466 3,054
Disposal of assets 282 -
Decrease in accounts receivable—donors 894 196
Decrease in accounts receivable—other - 140
Decreasa in inventories 1,437 1,083
Decrease in other assets 8
Increase in accrued salaries and benefirs 18
Increase in payments in advance~—donors 509
6,596 5648
APPLICATION OF FUNDS
Purchase of properry, olant, and equipment 2,863 3,454
Irc 2 naccounts receivaple cther 555
inCraqse it oMher assets - 31
Decrease in accounts payable and other liabilities 1,106 455
Decroasa in accrued salanes and benefits 124
Bacanse in paymaents in advance—donors 396
5,044 3,940
INCREASE IN FUNDS 1,552 1,708
CASH, BEGINNING OF YEAR 8,644 6.936
CASH, END OF YEAR 10,196 8,644
DONORS Core Special
Funding Project
Funding
Abican Development Bank 350
Ausia Q0 .
Belgium 1,007 785
Canada 1,752 156
Chirc 10 .
Commission of the European Communities in Nigeria 107 1,047
Denmark, 215 62
Finland 278 -
Ford Foundation 100 238
Frarce 670 .
Germany 1,285 500
Inaiaa 25 .
Intenaticoal Development Research Center - 754
Inrerratoral Fund for Agricultural Development - 40]
Faly 723 404
Jopan 2,901 -
Koren Republic of 50
MNetherlands 738 -
NMgera 48 3
Mo aay 732 .
Rocrateller Foundation 379 198
Saeden 322 .
Switzerland 831 362
United Kingdom 796 -
United MNations Development Program Q6 -
United States Agency for International Development 5,800 5,256
Uriversity of Hohenheim - 191
World Bank 3,390 .
Other contrioutions (BCP & ICRAF) 1,523
Closed and miscellaneous projects 36
Total 22,695 11,916

HTA

STATEMENT OF CHANGES IN
FINANCIAL POSITION

For the year ended

31 December 1991

Expressed in US § thousands

HTA
DONORS 1991
Expressed in US $ thousands
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