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Tie Board of Trustees and the staff of uia have pleasure: in presenting to you the annual report for 1990

Ou repo-t gives an overview of the progress we have made in research and other program activities during
1990, hig lighting significant results in each program. Improved crop varicties well suited for the vavious stress
conditiorss of tropical Africa have been developed, while we continue to provide national systems und farmers
with sustainable plant protection technologies. Research on sustanable production systems in fragite tropical
environments which involve alley fanaing techniques continues to produce encouraging results, as 1s <learly
demonstrated in tests and adoption of alley farming under farmers’ conditions.

Rescarch and training actvities have continued to be implemeriea according to the objectives and proposals
lad down in our medium-term plan for the period 1989+ 1993. Funding lmitations, however, forced us Auring
1990 to himit the number of se. nor staff-years in research to 55, vis-a-vis the 66 envisaged in the medium-term
plan. Notwithstanding the prospects for continuing restriction in funding for the foreseeable future, we will
endeavor 10 increase our research capacity through internal shifts and by attracting speciat projects

The year 1990 was marked oy > number of events that will have a direct bearing on 414 activities in the short
and long term. They include:

* The submission of the reports of the externat review panels to the ceae nug-term meeting, While a number
of suggestions were made for further improvements in research actvities and in the program structure, the
reviews and the comments by various donors were positive and an encouragement for the way the staff of iia
15 carrying out its responsibilities.

* The opening of the savanra station at Kano in northern Nigeria, the establishment of the humid forest station
at Mbalmayo in southern Cameroon. and the opening of a biotechnology laboratoy at our headquarters at
Ibadan.

* The endorsement by the coar of a regon-wide, agroecologically orented (“ecoregional”) approach to
agncultural rescarch and the reconfirmation of the need for closer cooperation with national agricuitural
research systems, as well as the admission of a number of new internationai centers 1o the system,

* nia was agan fortunate to < eceive, this time jointly with ciat, the King Baudouin award for excellence in
agricultural research. The award recognizes our contributions to the biological control of the cassava mealybur,,

* The election of Nicholas E. Mumba in July 1990 as chairmman of the Board of Trustees for a two-year period,
replacing Luis B. Crouch who had resigned for reasens of health.

* The appoint:nent of Lukas Brader as Diector General for a five-year term rom | December 1990.

The trustees and staff of w1+ feel confident in shouldering our research and training agenda in addressing the
needs in the humid and subhumid regions of sub-Saharan Africa. Our agenda. moreover, increasingly involves
close cooperation with our agricultural research partners in the countries concerned. We trust that the donors
of the carr will continue to respond with confidence n Lz and continue their support, which helps to bnng
us closer to the goal of ehminating hunger and improving te well-being of the peoples of tropical Africa,

frp ==

sl
Nicholas E. Mumba Lukas Brader
Chairperson, Board of Trustees Director Gene: at

Foreword

Nicholas E. Mumba

Lukas Brader
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new maize has broken the subsistence mold of

agniculture in northemn Nigenia, enabling farmers

to begin modemizing their age-old practices with
intensified farming.

The main elements for intensification were in place by
the end of the 1970s: nationwide road links and an
agncultural extension system. Maize became the crop
which activated the process dunng the 1980s—the
extension services were there to dromote its cultiva-
tion, and the harvests could be transported from
northemn fielcs to southern markets. With animproved
maize variety in that setting, well adapted to that
environment, farmers at last had a crop technology
which could eam them enough cash to buy the
fertilizer and hire the field hands e<sential for intensified
farming.

With the process in motion, agricultural scientists have
begun exploring ways to help strengthen or enhance
it. The prime concerr is how to sustain intensification- —
how to enable farmers to continue gaining high
enough profits from highly productive crops to buy
the required inputs for the next season's ~ycle. The
1ssue, . 1oreover, is not simple economics, but an
understanding of the right mixtures of crops and
rotations in order to maintain productivity over the
iong term. The sustainability of the intensified system
involves siabilization of the increases in farmers’ har-
vests and their well-being, which is the goal of all
develocment efforts.

Begirnings

In most of West and Central Africa, population
density has increased rapidly during the past 20 years.
The increasing pressure on the land has caused most
farmers to shorten their customary fallow periods.
The result has been decline in crop yields, since no
other measures to sustain farm productivity have
compensated for the reduced fallows, and since the
availability of farm labor had, at least through the mid-
}980s, not increased along with the increasing regional
population.

Agncultural productivity has improved markedly in
the moist savanna zone {or, Guinea savanna) of
northern Nigena. Recent surveys there by ita and the
Institute for Agnicultural Research (1ar) of Ahmadu Bello

A new maize

modemizes
savanna farming

University have shown increases in use of improved
maize, fertilizer, and improved management practices,
such as animal traction and effective weeding, as fallow
penods have become abbreviated. Farmers have
asserted that they are better off than before, attributing
their well-being to greater profitability of furming,

Several elements combined to prme the agncultural
“take-off" in northemn Nigeria. A good road network,
linking tix2 northern and southern parts of the country,
was built with revenues from oil production during the
1970s During the same period an e».cension program
was organized as part of the World Bank-assisted
agncultural development projects, initially in the north
at three centers. With an extension system in place to
introduce new technologies and supply fertilizer to
farmers, and with roads to serve these inputs and
delivery of the produce to markets in the populous
south, all that remained to tngger the dynamic was the
nght crop technology.

The traditional cash crops of the north were groundnuts
and cotton. Neither was profitable enough to attract
farmers' interest in expanding production. But by late
in the 1970s, 1A had developed a high-yielding maize

Maize harvests
bring a cash
economy to
savanna farmers.




vanety, 728, by building on two composite breeding
lines of Nigena's Feder 1l Department of Agricultural
Research. In experimental trals the new variety yielded
consistently one-and-a-half to tv/o times as much as
local vaneties. Also, it was resistant to the fungal
diseases of rust, blight, and ear rot, and highly adapted
te growing conditions in the savanna.

The agricultural deveiopment projects introduced Tz8
to northem farmers and demonstrated how to obtain
high yields using fertilizer. When the farmers found
that the maize gave them a far more profitable return
than other cash crops, they began to expand produc-
tion rapidly.

During the next decade, the spread of maize in the
moist savanna was phenomenal. According tc IAR and
ITA research, maize had been grown in that zone as a
backyard crop in the 1970s. By 1989, maize had
become a major food crop in virtuaily all villages, and
a major cash crop in more than two-thirds of them,
Most of this maize was the high-yielding Tz8—in over
half of the villages surveyed by 1ar and 1T, almost no
lccal maize vaneties were being cultivated. improved
maize had overtaken and changed the role of its
predecessor.

Sorghum, trac'itionally the favoritc food crop, is still
planted over a greater area than maize. However,
since Tzs outyields local vaneties of sorghum and
millet, the other staple cereal in the region, Tz8 can
reduce the land requirement for feeding farmers’
families. Many farmers have found that, by growing Tzs
for household consumption, they can free additional
land for cash crops. With the surplus over food needs
being marketed, farmers have increased their cash
income whict. they can use to reinvest in cash crop
produrtion.

The characteristics which enabled 728 to make farming
so commercially viable are its high yields and attractive
appearance. Experiments on farmers' fields show that
128, with mnderate levels of fertilizer, yields 211 15%
more than local maize. Its grain quality, with a pearly
white color and resistance to the disfiguring ear rot,
make it ccmpatible with local food preferences. For
the new maize to have played such arole at all, ita and
IAR scientists believe, it had to be able to show a

substantial advantage over existing options—a minor
improvement would have been unlikely to succeed
on the scale that 128 has.

Sustaining the phenomenon

How long-lived will the phenomenon be! Can inten-
sification with 128 be replicated n savanna areas of
other countries?

Whether intensification can be replicated is an =asier
question to answer than how long-lived it will be, The
first requirement forintensification is a set of favorable
economic preconditions-—transportauon links, tech-
nical advice, fertilizer—as well as a favorable growing
environment. The secc..id requirement is the right
crop technology—-a crop vaniety weli-adapted to the
ervironment with an all-around performance good
enough to attract farmer commitment to providing
the inputs. Inextricably linked with these twa sets of
requirements 1s a third: suitable quality of the crop,
which determines its marketability. Demand for the
product must proviG2 a satisfactory retwumn to the
farmer-investor.

Replication to some extent already seems to have
occurred, and Nigena's neighbors appear to be emu-
lating her savanna success, although confirmatory data
have yet to be collected. 7z8 and derivative vaneties
are reported to have been expancing in the
Cameroonian savanna, under strong demand from
breweries, benefiting from an ex*ension network and
fertilizer supply fine that had been set up for cotton.
Wastwards, in Benin, Ghana, and Céte d'lvoire, pro-
duction of Tz8 and its Cerivatives also appears to have
been expanding.

Initial 1TA investigations have, however, revealed that
there may be a problem with the technology: 7z may
need to be adapted to the lighter soils that exist in
moist savanna areas west of Nigena, if it is to perform
as well as it did in Nigena. And specifically in Benin,
there may also be a need to breed for a softer, more
floury grain texture to suit consumer preferences.

In assessing how far the phenomenon might develop
in Nigeria or how leng it could last, there are again the
market factors and the status of favorable precondi-
tions to be considered. First of all, market demand for



maize as a food, ana as a basic ingredient in brewery
products and animal feeds, continues to absorb pro-
duction increases. The livestock and poultry industries,
for example, prefer maize as a feedstock because it
produces more weight gain per unit weight of feed
than do most other sources of carbohydrates.

The question of sustaining intensification, moreover,
spotlights two distinct and critical issues: economic
sustainability, in terms of the profitability of maize
production; and ervironmental sustainability, in keep-
ing up soil fertility and keeping down pests and
diseases.

The foremost economic problem looms with fertilizer,
amainstay of intensification. The Nigerian govemment
has hitherto subsidized fertilizer prices in order to
encourage agnicultural development, but is now com-
mitted to the removal of that subsidy for economic
reasons. Fertilizer prices are expected to double or
triple when that occurs,

ITA scientists believe that high fertilizer prices will
induce areduction in maize hectarages and an increase
in the areas plarited to sorghum (for food needs) and
the cash crops of groundnuts or cotton. Since those

crops are less productive than Tzs, the retumns to
farmiing will diminish. Farmers will be able to afford
fewer of the inputs required for intensified farning.

Environmental sustainability becomes a problem when
cereals dominate the cropping regime, as sorghum and
maize do in the moist savanna. Cereal dominance
drains the soll of nutrients, because cereals demand a
high level of solil fertility to be productive. And cereal
dominance leads to a build-up of specific pests—
insects, fungal diseases, nematodes, the parasitic waed
striga, among others—because a similar pest and
disease complex preys on all cereals. An ominous
threat lies in the proximity of sorghum, historically
striga’s main host, with rnaize, also highly susceptible.
The combination appears to be hastening the spread
of the pest. (See stnga inset on page 46.)

Achieving sustainability

To counter the effects of anticipated fertilizer price
increases, ITA is examining ways to improve the effi-
ciency of the maize plant's use of nitrogen.

Several research institutes in Benin, Cameroon, Céte
d'lvoire, Ghana, Nigeria, and Zaire have joined forces
with TA in a collaborative group on maize-based

The right
combination of

factors on northern

Nigeria’s moist
savanna has

permitted maize to

floutish like no
uther cash crop.



Legumes which
provide fodder can
play a key role in
the savanna, in
countering the
effects of cereal
dominance.

systems research (comss), to explore ways to help
promote sustainability by expanding the role of nitro-
gen-fixing legumes in the cropping system. Legumes
restore soil fertility with nitrogen from their residues
or direct deposits.

Nitrogen-fixing legumes also hold promise in helping
to “balance” the total crop system. Since legumes
attract different pests and diseases, they can prevent
the build-up of cereal pests and diseases.

ITA is examining the possibilities of forage legume
rotations with the Nigenan Animal Production Re-
search Institute (NAPRi), as livestock is a crucial compo-
nent of savanna farming, 1A and 1R are investigating
why traditional legumes, such as cowpea, are not more
widely grown, and whether there are problems which
crop scientists could tackle. They are also adapting
soybean for cultivation in the moist savanna, and
improving ways to utilize it in order to stimulate new
demand.

Agroforestry, incorporating leguminous shrubs, has
tested well in many combinations with maize over the
past decace in forest-fringe areas, and is being adapted
to the moist savanna in ongoing trials in many coun-
tries. (See "Alleys across Afiica” inset on page 26.)

The present prospects for maize are still bright, as
research on both striga and legumes has demon-
strated progress. Growing urban populations hold a
promising market for maize products. Industrial de-
mand for maize is already evident in livesiock feeds
and brewery products. High-yielding maize, which has
given farmers in northern Nigeria an opportunity to
produce commercial-scale harvasts, is a crop with the
potential to feed further regiona! developinent.

PAUR TR




The research horizon
for cassava as a
cash crop

frica’s cassava belt stretches across the conti-

nent from the west coast, between Senegal and

Angola, to the east coast, between Somalia and
Mozambique—the green core of the African tropics.
Cassava is the single most important crop for the
farmers of that vast region, and for the more than 200
million people, farm families and citydwellers, who
depend on it for their daily energy.

For many farmers, cassava has become more than a
staple food. Sold fresh, or processed in a storable
form, it is a source of income as well. Improved
varieties of cassava have enlarged this role of the crop
in Nigena, and show signs of spreading in other
countries. New information on the cash-crop role of
cassava has come from the first large-scale study of
cassava in Africa, undertaken by 174 1n a joint etiort
with other institutes, donors, and govemnments.

Improvements in the crop and in its cultivation are
required for more than the greater well-being they
may bestow on farm families, according to the land-
mark study. Urban populations and their food needs
are increasing, and farmers are straining soil resources
ever more to support their own and the market
dernand. If the environmental and economic conse-
quences are not to get out of hand, crop scientists and
national policymakers must see to it that farmers have
suitable technologies, both improved cassava varieties
and cultivation practices, that will enable them to keep
pace with the growing needs and to sustain the
expanded production without exhausting the soil.

The need for a clear view of the impact of improved
cassava varieties and of economic pressures on pre-
duction led 1Ta to organize a study together with
others, on cassava farming and food systems in Africa.
Called the collaborative study of cassava in Africa
(cosca), it covers the production, processing, market-
ing, and consumption of cassava and other important
crops associated with cassava-based systems. The aim
of cosca is to collect information that will enable
agricultural researchersto produce technologies which,
in turm, farmers need to use to achieve national food
production goals.

Collaborating in the study with ima are Centro Inter-
nacional de Agricultura Tropical (ciaT), the Natural

Resources Institute of the Overseas Development
Administration, u, and the Rockefeller Foundation, as
well as national teams in the participating countries:
Cote d'lvoire, Ghana, Nigenria, Zaire, Uganda, and
Tanzania. Those countries were chosen because they
embrace the range of imp srtant conditions—climate,
population density, and market access—which shape
cassava systems, and because they could provide
scientists to help execute the study. Moreover, they
collectively produce 70% of Africa’s cassava harvest
each year. The study sample comprises 250 repre-
sentative villages.

Significance

The significance of cassava for the economic develop-
ment of African countnies cannot be overestimated.
Cassava root flesh is eaten as a starchy staple dish, to
which is added soups or sauces of other foods for
variety. Cassava leaves are also eaten as a vegetable in
miany plazes. Cassava crops are a reliable food source
formost ofthe vear. In some places they are harvested
continuously throughout the year, tiding farmers over
the "hungry season” after other crops have bezn
planted but are not yet mature. Famine rarely occurs
where cassava is widely grown, because cassava can
produce a harvest even under erratic rainfall or
drought and in poor soils. Its high productivity per unit
of land and labor have rewarded scientific efforts to
improve yields and increase production, and hold
promise of further gains in helping to meet national
economic goals.

Cassava goes to
market in a big
way, in rapidly
developing areas
where farmers
have improved
varicties.



Market needs for
increased
production are
driving farmers’
selection of cassava
varieties to grow.

Some key areas for future crop improvement re-
search are already suggested in findings from the
analysis of cosca’s first phase of data collection, on
production in 1988/89. Other components of phase
I are still being analyzed, and include a broad charac-
terization of cassava processing, distribution, and con-
sumption. Phases Il and lil, to extend through 1992,
focus on crop yields, farm size, resource management,
farmer decision-making, postharvest processing, qual-
ity factors, and soctoeconomic factors. including health.

Breeding objectives wilt be formulated on farme -
preferences in selecting cassava vaneties for their own
cultivation which have emerged from the cosca
findings. Farmers who live 1n areas with good access to
markets, or who live in areas of high population
density, look primanly for high yields, early crop
maturity, and effective resistance to diseases and
insect pests. These needs reflect a growing market
orientation ot farmers and economic pressures to
increase production. Varieties that can store long
underground, or “sweet” varieties that produce low
levels of cyanide, do not uppear to be critical neads.

By implication, processing quality in cassava should be
an important related breeding issue. At present,
however, a wide range exists in processed forms of
cassava, each with its particular taste or texture which
appeals to specific consumer groups. Perhaps the
influences of urbanization will everitually narrow this
range down 1o a manageable number of quality

vanations, when research will be able to address issues
in quality preferences. In the short term, therefore,
improvement in processing technologies wil have to
satisfy market demand for processing improvements.

Trends

Farmers affrmed that cassava production had in-
creased during the past 20 years, n 70% of the 250
villages which cosca surveyed. They beleved that the
increases had been stimulated by a favorable market,
incidence offood scarcity or famine, population growth,
declining soll fertility, and drought. In their eyes, then,
the key determinants appear to have been climate,
demographic pressure and improved market access.

Cassava production appears to be increasing relatively
more in villages in the humid tropics, as opposed to
the drier cimatic zones of the savanna cr the mid-
alttudes. Within the humid  zones, production is
increasing atagreaterrate invillages where population
density 1s relatively high and where market access is
relatively good. (See figure |, opposite ) Where pro-
duction 15 increasing, 1t is replacing manly other
cultivated crops, as opposed to tree crops or fallow
crops. Where cassava is replacing other cultivated
crops, fallow periods are declining, whizh 1s leading to
decline in soil fertility.

Cassava 1s widely produced with purchased inputs,
cuch as hired labor. improved planting matenals,
fertiizers, and mechanized land preparation. Those
observations hold more in areas of high rather than
low population density, and in areas of good rather
than poor market access. In Nigena, where state
agncultural development projects have multiplied and
provided improved cassava varieties to fammers, the
study reports the presence of such varieties in nearly
90% of 64 villages visited, and their cultivation by many
farmers in nearly 60% of those villages. Improved
vaneties outyelded local varieties by margins ranging,
75~-300% n speafic villages where yields were
evaluated. In the five other survey countries apart
from Nigeria, however, no such developments were
observed, because investment in research, multipl-
cation, and distribution of planting 1natenals had ot
been made.

The study cites a significant degree of turnover in the



|. Production trends in sampled villages, according to:
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2. Age of harvest in sampled villages, according to:
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cassava varieties which farmers grow, as they replace
existing varieties with new ones that possess desired
attributes such as disease resistance, high yields, or
early maturity. The proportion of low-cyanide or
sweet varieties being cultivated is declining, although
over 70% of all varieties grown still are sweet vaneties.
High-cyanide varieties are ,udged by farmers to be
superior in pest resistance, yield, and underground
storage, although not in early matunty.

In areas of high population density, all farmers reported
that they harvest their cassava at or before |2 months
after planting (see figure 2), whereas 10% of the
farmersin low-density areas harvest their crop after | 2
months. Similarly, nearly 45% of farmers in areas with
good market access reported tnat they harves: their
cassava at less than 12 months after planting, whereas
less than 0% of those in areas of poor inarkzt access
do so.

Dynamics

For the first time on such a large scale, cosca has
substantiated the importance of cassava for farmers as
a cash <rop. Farmers have begun to respond to the
market dynamics with an approach to intensified
cassava farming. Cassava, once characterized as the
“poorman‘scrop”, isbeing thrustinto an enlarged role
in providing a low-cost food source for growing urban
populations.

As economic pressures shorten the fallow periods
and accelerate soil degradation processes, cassava
farmers need to be able to increase their production
in a sustainable way. Research should develop the
varietal improvements indicated in the study, as well as
the resource and crop management technologies that
can ensure sustainability of an intensified farming
system.



This package can

double the income
from the harvest

Moniya farmers
use an Ta-
improved grater in
processing fresh
cassava for making
gari.

rocessing technology can determine how much

cassava farmers will benefit from their labor.

Well-designed equipment in a well-organized
system can significantly improve farm families’ income
from their cassava harvest, even double it, as 1T has
found with two new projects during 1990.

Research and development of postharvest technol-
ogy is a broad subject area covenng all operations in
processing, storage, and utilization of a food crop. In
cassava processing. the first challenge is to solve the
mechanical problems of excessive product losses and
labor input, and of poor product quality. With such
basic improvements, the retums to cassava farmers in
the form of productivity and income can also begin to
improve.

In Africa, cassava is processed largely by women, so
research gains hold a special significance for the well-
being of farm women and their families.

New directions

ITA has “nalyzed existing cassava processing systems,
in order to define the problems and the directions for
technology development. Postharvest losses as a
whole can exceed 40% of the harvested crop, half of
which is attributable to processing The contributing
factors are field conditions, charactenstics of the crop
variety, and lack of efficient tools or knowledge of
efficient methods, as well as workers' attitudes.

Processing alone requires more time than harvesting
and handling operations. The labor input is estimated
at 82 person-days fora harvest of |0 tons per hectare.
More than 80% of that time requirement is contrib-
uted by wor »n and children.

The 1A postharvest rasearch unit has, since 1988,
developed an equipinent package for the main stages
in cassava processing,. The package includes a peeling
knife, machines for g ating, dewatering, chipping, dry-
ing, grindling, and siftirg cassava, and a stove with fryer.
Each of them takes the cassava one step further
toward a particular food preparation. All of them are
being tested in pilot locations in Nigeria. Designs are
modified during field tests, to adapt the equipment to
the work setting. The unit is developing the package
together with end users in each community, which
helps enhance the utility of the various machines.

Selection of the pilot test locations has been based on
local needs or problems, which are first assessed in a
comprehensive survey. Interviewers are locally
recruited and trained. They keep records of available
equipment, system capacities, and operational
requirements, among other data. Family information
and community profiles are recorded, including income
sources, crops and areas planted, production potential,
expenditures, and activities other than farming, Such
basic information is later used in assesi~g the impact
of technology utilization, or the quality f life before
and after the technology is introduced.

Moniya. A group of 18 women at Moniya, near ita on
the northern edge of lbadan, have called thamselves
the "Stop Hunger" group and decided to set up a
community center for processing cassava. Their aim
was to improve the quality of the food they and their
families consume. and to reduce the time they must
spend in processing activity. The equipment package
for Moniya, where cassava had been processed by
pooled family effort, contained a grater, chipping
machine, dewatering device, sifters, stoveffryer, and
grinder. Subseyuently other equipment, such as new
peeling tools and a baking oven, was installed there for
testing.

The Moniya group began operating the center
essentially as afood exchange scheme, taking on some



contract processing as well. Farmers gave their fresh
cassava tuberstothe centerin exchange for processed
cassava. During the latter part of 1990, operations had
improved so much that the center began processing
cassava on a commercial basis. By the end of the y«ar,
commercial processing had exceeded the volume of
exchange and contract processing combined.

Aftersixmonths of operation, the centerhad reduced
losses under the family processing system by 50%,
while the labor requirement had been reduced by
70%. These savings result from a combination of the
amangement of the facilities, training, attitudinal changes,
as well as the new technology package. The new
system has improved product quality, and leaves the
women with more free time to devote to other
activities.

Aba | awyer. This rural village in Oyo state, with 26
households, is the site of another community process-
ing center, which farmers set up to increase their
income through improvements in their customary
processing activities. Farmers here grow a variety of
food crops besides cassava, but depend on processing
their cassava into “gan” meal for their cash income.
The technology package for the village contained
grater, chipping machine, grinder, farm cart, stove/
fryer, sifters and dryer.

Six months after the new system and equipment hac

been introduced, processing labor inputs had been
reduced by 72%, and fuel consumption by 30%.
Processing losses had declined by 55%. The conse-
quent increase in productivity has tripled production
volumes, and family incomes have doublec.

Product quality has also improved, which has at-
tracted higher prices. Aba Lawyer farmers no longer
need to travel tc distant markets in order to sell their
produce—bulk buyers now go to the village for its
high-quality gan, and pay the same price as the farmers
would receive for it in town, effectively paying them a
premium for quality.

The quality of life has improved dramatically for the
community. The village environment is clean and
looks prosperous, income-generating activities are
expanding, the villagers are “eginning to participate
more actively in community functions. They have set
up their own day-care facility for young children, who
are starting to leamn the alphabet at an early age. Few
now riee 4 to leave Aba Lawyer in search of better
opportunities.

Left: At Moniya,
frying the grated

and 2ii2d cassava
on an ima-designed

stove saves fuel and

time in making gari.

Right: Built-in
sieves separate
large from small

particles of cassava

flour in this uta-

designed grinder at

Aba Lawyer.
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Making a hcme

for the soybean
in Africa

4

romthe beginning of soybean research atia, early

in the 1970s, breeders have seen soybean as an

ideal crop for tropical Africa. As a legume, it
converts nitrogen from the air into a form that it can
use, and thus has no need of applied fertilizer. It also
provides a nitrogen source for the next crop, if its
leaves and roots are plowed into the soil after the
grains are harvested. As a food crop, it provides an
inexpensive source of protein and fats to improve the
quality of traditional diets. Soybean cake, a byproduct
of oil production, also makes a high-protein animal
feed. But the main impetus behind 1Ta's soybean re-
search has been the need to add protein in African
dietsusing a vegetable legume, because animal sources
of protein cannot easily be increased in the present
setting.

During the mid-1970s, breeders overcame plant
charactenstics that had blocked earlier attempts at
adapting American-bred vareties to the tropics.
Soybean plants, like most legumes. use nitrogen from

the air for nourishment in a process called nitrogen
fixation, The roots of legumes are invaded by bacteria
which capture atmosphenic nitrogen and convert it to
a form which is useful for the nutrition of the host
plant. Unlike other legumes indigenous to Africa, such
as the cowpea, the roots of Amencan-bred soybeans
were not congenial hosts to African bacteria and did
not form nodules where bacteria could reside. Duning
the 1970sand | 980s, however, iTascientists bred high-
;elding soybeans that accepted the bacteria found in
African soils and improved nodulation.

Besides the problem of poor nodulation, seeds of
American soybeans quickly lost their ability to germi-
nate inthe warm, moist environment of tropical farms.
In storage from harvest of one year to planting the
next, very few seeds would retain their ability to
germinate and grow. ITa breeders improved the
soybean's “storability” under African ambient condi-
tions. The two biggest obstacles to soybean produc-
tion in tropical Africa were thus largely removed.




Othercharactenstics needed improvement—the ten-
dency of pods to shatter and disperse the beans
befcre they could be harvested; the tendency of the
stems of improved varieties to buckle under the
weight of high pod yields; and vulnerability to a few
tropical insect pests and diseases.

Apart from those basic problems, researchers needed
to tackle the particular problems of adapting soybeans
for cultivation in different environmants and different
agroecological zones. For example, in the dry and
moist savannas where soybeans grow best, the rainfall
each year spans a period of some 90 to 180 days.
Improved soy varieties for the savannas shou!d there-
fore be able to mature within that pericd, leaving a
margin for planting considerations. The should also
be able to fit into existing crop rotation systems and
intercropping systems which comtine legumes with
cereals such as sorghum, millet, and maize.

Most importantly, however, scientific attention had to
tumn to new objectives concerning the processing and
utilization of soybeans by African consumers. Farmers
would have little incentive to grow the crop if they
could neither use it themselves nor sell it to others.

Utilization research

For thousands of years, East Asian farm families have
grown and eaten soybeans. Not until the twentieth
century, however, was the crop adapted to other
environments by scientists in the United States, Canada,
China, Brazil, and Australia. Their research has enabled
soybeans to be grown not only in temparate countnes
but also in the subtropical-to-subtemperate zones cf
southern Brazil, central and northern India and
Queensland, Australia. Availatility of home-level as
well as industrial processing methods and export
markets has fed demand for soybeans, and hence
production of the crop, in those countries.

Most of the available processing techniques, however,
are not appropriate for tropical Africa, Asian homes
make soybean foods using techniques and equipment
not found in African households. Most of the industnial
processing techniques developed in Europe and the
Americas require large capital investments, Refatively
few researchers have investigated soybean processing
or utilization methods from the African perspective.

Having succeeded in adapting the crop to tropical
conditions, iITA sougit to create technologies for
processing soybeans, enlisting the support of the
Intemational Soybean Program (inTsov, at the Uni-
versity of lllinois, usa), the Nigerian govemment and
other donors. In {985, 1TA acquired a screw press for
oil extraction and a dry extruder for making soy flour.
A food technologist joined the staff. In October 1985,
it held the tropical soybean workshop, which con-
cluded that tne main obstacle preventing rapid ex-
pansion of soybean producticn in Africa was that
consumers lack the means of processing and using
them at household or village level.

The research first focused on equipment and process-
ing methods geared to household and small-scale
business enterprises. Together with the Institut ~f
Agricultural Research and Training (aR&T) at nearby
Moor Plantation in Ibadan, 174 launched a project with
funds from the International Development Research
Centre (i0rc) of Canada and a food technologist sent
by the Japan Intemational Cooperation Agency (ica).
The goalis to develop new recipes which enhance the
nutrition arid taste of traditional dishes, maxa use of
implements already in the typizal Nigerian home, but
do not increase the time or cost of preparing tradi-
tional foods.

Among the project’s successes in adding soybeans to
basic dishes is soy four, or paste, in the various
vegetable sauces which accompany a starchy staple
(such as pounded yam or cassava). New methods of
Jrocessing soy milk have eliminated the hand-burning
hazards and rduced time-consuming labor, and have
been si:zcessfully introduced. “Soy gari” (cassava meal
with added soy flour that has a 10% prutein content
as against less than [% protein of traditional Nigerian
gan) has been developed and introduced. “Soyamusa”,
a ne\ extruded, inexpensive baby fcod of plantain
and soy, has been tested with the help of the National
Horticultural Research Inciitute (MHORT; also in Ibadan).
Several recipes utilizing soy milk residue have been
developed. The project also evaluated the perform-
ar.ce of screw presses for oil extraction made in Africa.

Nigerian impacts
In 1984 soybean was virtually unknown, being neither
grown nor used, in Nigeria's Oyo state where iTA's
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Students learn
about soybean
processing on ¢ visit
to the National
Cereals Research
Institute, which
spearheads
soybean research in
Nigeria.

campus headquarters is located. As a result of the
iDrRC-funded project, 1Ta and 1AR&T have introduced
the soybean in four local govemment areas of Oyo. A
recent survey has revealed that about one-third of all
farmers in those areas are growing soybeans. Among
soybean growers, the average area planted to soybean
1s nearly one-quarter of a hectare. Over half of the
growers cook ar.d eat soybean in their home. Those
who eat soybeari consume an average of 1 4 kilograms
of soybean per week per family. These figures reflect
averyapid rate of adoption of soybeans as a crop and
a food.

From surveys conducted in Nigena's Benue state,
where traditional soybean varieties have been culti-
vated by the Tiv tribe, farmers show a strong prefer-
ence for seed of the improved varieties over the
traditional variety, and the number of farmers plant. -
improved seed is increasing. The surveys, conducted
by a volunteer of the Canadian University Service

Overseas (cuso), have also revealed that almost nine
in ten villages in eastern Benue have increased their
soybean production over the past five years, and
more than half of them consider the crop to be a
major cash earner.

T4 has also helped other African countries to produce
improved soybean varieties. Zaire and Ghana have
released A varieties for farmers to begin planting,
The genetic backgrounds of soybean vaneties have
been improved. Soybean yields of up to 2.5 tons per
hectare have become possible with improved na
varieties that have been tested in many African
countries. More than 25 African countries are in-
volved in annual trals to test 1T soybean varieties for
suitability for local conditions.

For soybeans to realize their full potential as a protein
source in Airican diets, research must continue into
new products and adaptive uses in traditional diets,
The path for such research has been marked by the
uTA and 1AR&T collaboration. With development of
new projectsin other countries in future, the promise
of soybeans seems likely to be fulfilled.



The A rice research program closed at the end of
1990, and alf rice genetic improvement was trans-
ferred to ITA's sister institute, the West Africa Rice
Development Association (wWARDA). Some of uTA's
achievements of 20 years of rice improvement are
summarized in these pages.

arket trends show a growing taste for rice in most
African countries, and are creating pressure for

Rl farmers to cater to this need. The reasons are
deeperthan just amenu cheice—they reflect changes
in traditional ways of life as societies urbanize and
industrialize, and diets follow suit.

Rice is a crop that, after harvesting, is processed less
laboriously than most crops; stores longer and more
conveniently, especially in a crowded living space;
lerds itself to easier, more versatile meal prep.dration;
and appeals to a new appetite for quality. Rice also
holds, for farmers, the economic virtue of yielding
more profit as cultivation is intensified—once they
make the initial investment in developing the paddies
and water control, they can intensify production and
gain more in yields from the added inputs than they
could with other crops.

Scientists should guide farmers' steps in breaking new-

ground for rice in Africa, for the market is pointing to
a new direction for agriculture to take.

Ancient history, new hope

Riceisan ancient crop in Africa. But overits 3,500-year
history here it has made little headway in exploiting
lands suitable for its cultivation or feeding the numbers
of people it could. Cultivation: technologies did not
become ericient enough over time to reduce the cost
of production or to encourage demand to grow, so
rice was long regarded as a rich man's cereal,

Rice cultivation in Africa has to date spread only over
some 5 million hectares. But, paradoxically, at least
200 million hectares of wetlands exist—good rice-
growing environments—which are not being planted
to other crops. They could become a comucopia for
Africa, provided farmers have the right vaneties and
the knowhow to produce rice there.

A cornucopia to come —

rice research and
future prospects

With a limited market because of its cos, African rice
production grew slowly and could not match the
competition from cheap imports, which became avail-
able during the 1970s and 1980s as a result of
consumer demand. African purchases of rice came to
absorb one-quarter of all rice in intermational trade,
draining substantial amounts of foreign exchange
from the continent. The supply of cheap rice in the
home markets limited the returns to farmers on local
food crops, thus deepening poverty in the producing
areas. Governments were « ompelled to take practical
steps to make the local ice farmers' labor more
productive and their rire more competitive with
imponts.

Beginningin the 1970s African g vernments began to
address the obstacles to expanding rice production.
Intemational organizations have backstopped their
efforts in different ways. Large-szzle development
projects were among the first attempts to stem
imports, but met start-up problems. Nevertheless,
once managerial measures have overcome the
problems, such projects should lay the ground work
forlong-term dev. ‘opment of the production potentiai.

Research approaches havz set several countries on
the track to a durable solution. Rice research in Africa
has generally aimed at improving efficiency under

Improved upland
rice has spread
across Nigeria's
farest and moist
savanna belts,
earning price
premiums far
quality and early
maturity before the
lowland crop
reaches the market.




Prime rice-growing
wetlonds exist
amony Africa’s
inland valleys, but
farmers need to
have the right
technologies to
exploit their
potential.

intensified cultivation, with fertilizer and good weed
control. The objective is to produce rice varieties with
ample yields which can resist or tolerate the specific
diseaszs, insect pests, and environmental stres;iz2
present in each area.

Rice research in Africa within the CGIAR system hasbeen
conducted by three organizations: over the past 20
years from both uta and the West Africa Rice Devel-
opment Association (waArDA); and for the past 30
years from the International Rice Research Institute
(ire1). waRDA's capability has been strengthened, so 1ma
has since 1987 been gradually transfermng its rice
research activity to its sister institute. The goal of
completing the handover by 1990 has been accom-
plished. ima will continue, however, to collaborate
with warDA and R in development of improved
technology packages for rice-based cropping systems.
ITA's experience in the region is summarized in the rest
of this article.

Two decades

To hamess the regional potential, ITa began research
in 1970 into vaneties for efficient production in the
different growing environments of West and Central
Afnica. iTa breeders sought to develop insect- and
disease-resisiant varieties that, tcgether with
improvemcnts in farming methods, would yield more
generous harvests than possible with traditional varieties
and methods. The farming ecologies they targeted
were the rainfed uplands, inland valleys (whick are
seasonally flooded), and the imigated paddies.

Uplands. In its first experiments in breeding upland
nce during the mid-1970s, 1ma found that Asian genetic
types adapted poorly to the acid, nutrient-poor African
soils and succumbed to diseases. So iTA's program for
upland rice began bui'ding on a base of traditional
African genetic material, together with some valuable
materials from similar areas in Brazil and from the
Institut de recherches agronomiques tropicales (iRAT)

of France. Sreeders improved tha yield potential and
shortened the piant, while producing longer grains
with a higher market value--at the same time
preserving the excellent stress and disease resistance
of the source matenal.

Perhaps the greatest impact of the upland nce work
has been the spread of the vaneties ma 150 and A
257 across the forest and moist savanna belts of
Nigeria. Through aggressive seed production by the
federal government and state agricultural develop-
ment projects, seed has reached the farmers and the
vaneties have met with an enthusiastic reception. iTa
257 has taken on such colorfutlocal names as “Canada’”,
“three-monthnce”, and “Wanikiran" (meaning “ante-
lope" in the Tiv language, for its rapid maturation and
brown husk color resembling antelope skin). ita 257
has also been released in Sierra Leone. The short-
growth cycle of 1A | 50 and 17a 257 gives quick returns
oninvestment for farmers and improves total income,
because the two varieties are ready for harvest when
prices are at their annual peak in July/August, well
before the lowland crop reaches the market. Their
excellent eating quality also eamns pnice premiums.

Inland valleys. In a revision of research strategy, up-
land work was scaled down after 1987 so that
resources could be concentrated on the rich potential
of the infand valleys. Such valleys are scattered across
the region, from the coastal forests northward as far
as the dry savannas, usually watered by streams which
rise and fall with the rainy seasons. They are relatively
fertile and ideally suited for rice, but to date have
remained under-utilized because of the environmental
hurdles they pose for farmers: water control problems,
rough soil tillage, uneven establishment of the crop
after planting, cifficult weeding in soggy soils. Tradi-
tional farmers find it hard to modify their bush-fallow/
slash-and-bum farming regime to these wetlands. The
threat of water-bome diseases has also discouraged
exploitation, in the absence of public health measures.

1A began its breeding program for the inland valleys
earlyin the 1980s. The aim was a plant type that could
compete with weeds, tolerate physical stresses, resist
iron toxicity and diseases such as blast fungus and
yellow mottle virus, and show a high yield.



Farmer management of the crop is crucial in getting
the best yield. In some swampy iron-toxic areas,
farmers grow their nce on ridges which permits air to
reach the roots, and oxidize the ambient iron into a
form harmless to the plant. uta scientists have inves-
tigated this practice and have shown that it helps
increase yields threefold —-or even more, with resist-
antutavaneties. In this case asin others, i« has adapt-
ed its technologies, or recearch products, to local
farming systems as well as national or regional needs.

Excellent vanctes for land valley cultvation are
reaching final testing stages n nationat research pro-
grams. They are poised to make a significant impact
over the next decade and also enable warpa to begin
its work in the area with superd elite matenals.

Irrigated. Work on 1 migated vareties began carly in
the 1970s. and succeeded remarkably dusing the
following decade. The Nigenan government has re-
leased five varieties for use n large-scale wrigation
projects. Two of them are spreading in Cameroon,
one 1s commercially grown in Ghana, while a third is
important i Berin - mostly in large-scale projects.

nabreeders developed irmgated vaneties from a base
ofhigh-yielding semi-dwarftypes fromisa, adding genes
for resistance to African pests and stresses from locat
vaneties. A landmark in irnigated rice development is
the 1977 release of “Suakoko 8" in Libena. The first
Afncan improved vanety to succeed in resisting iron
toxicity from the soil, it was developed by 4 and the
Central Agncultural Research institute of Libena, uti-
lizing an Asian traditional variety as the geret : source
of resistance.

Fruits of collaboration

Many scientists in Afrcan country programs have
ramer therr quahfications at universities and in the
field withuta sponsorship or project involvement. ITA
has developed its research and traiming around the
needs of rice-producing countries, and designed
projects with their scentists, to ensure good feedback
as well as to build up their manpower- -from tech-
nicians to fully fledged rhids.

Ofallnia’s country relationships innce, that with Sierra
Leone stands out. Rice is Sierra Leone’s most impor-

tant staple, yet the country can produce only half of
what it needs. In 1974 a pathologist and agronomist
joined national program scientists at Rokupr to
strengthen the country’s research capability and in-
crease its rice production, In a six-year project funded
by the Food and Agnculture Orgamization of the
United Nations (i 20).

Sierra Leone and 114 have benefitted in many lasting
ways. Bight Sierra Leonian scientists completed mas-
ter'sdegree programs. Twenty technical staff recevzd
traiming atur +. Eight vaneties were released dunng the
period, most of which are stlt being used by farmers.
Two of them were Iines developed by i1+ breeders.

11 A's special relat onship with Sierra Leone did not end
with the project. From 1981 to 1989, 17 more vari-
ctieswerereleased. Currently a Sierra Leonian breeder
is finishing a coctoral fellowship at 14, studying the
genetics of resistance to nice yellow mottle virus.

New directions. In working with 14 in rice research
for western and central Afica, ut+ will fend its perm-
plasm collection, laboratory and field faclities for
continued expenmentation. Crop management re-
search atira will continue to study ways to improve
land use i inland valleys, the pnime areas for future
rice development,

As countries in eastemn and southem Africa call for
assistance in developing their rice programs, ura can
extend its facilites for research support to those
farther regions. Together with i, nis has offered its
technical supportto the members of the International
Network for the Genetc Evaluation of Rice (iNGEr-
Afnca).

At the end of the research pipeline, farmers are
expected to tum research products .nto the harvests
oftomornrow. The challenge to scientists hes as well in
improving the farming environment, in helping farm-
ers to move Into a new honzon where they can make
a profitable enterpnse of it.
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ITA was establisned in 1967 as an intemational

research institute with headquarters on a 1,000-

hectare farm at Ibadan, Nigeria and with links with
national programs in many countries of sub-Saharan
Africa. It became the first African link in a worldwide
network of intermational agnicultural research ceiters
known as the Consultative Group on Intemational
Agricultural Research (cciar). The Federal Republic of
Nigenia provided the land for the headquarters and
experimental farm at Ibadan, while the Ford and
Rockefeller foundations provided the initial planning
and financial support.

iTA has four objectives:

|. Toimprove agricuttural production systems for the
African humid and subhumid tropics which can be
sustained without degradation of the environment.

2. To improve the performance of selected food
crops which can be integrated into improved and
sustainable production systems,

3. To develop national agricultural research capabilities
including human resources on a basis of shared

responsibility with uTa, by means of training, informa-
tion, and other outreach activities.

4. To improve food quality and availability, including
food storage, processing, and marketing,

WA conducts research and training activities at its
headquarters and stations in West and Central Africa,
andin cenjunction with regional and national programs
in many parts of sub-Saharan Africa. As a means to
enhance the practical relevance ofits crop improvement
research w farming conditions, 1T has begun to
decentralize its research from its headquarters to
locations in the various agroecological zones where its
mandated crops are grown.

ITAmaintains vital links with national agnicultural research
programs, through various forms of cooperative
research and training arrangements. By developing
new technologies with A, adapting them to local
conditions, and taking them to farmers, national
programs can translate research into increased food
production.

Board of Trustees

IITA and the CGIAR

Nicholas E. Mumba, Charperson
Permanent Secretary, Ministry of Agneutfture,
Lusaka, Zambia

Luis B. Crouch, Charrperson®
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E. O. Ayo*
Director General, Federal Ministry of Agnculture
and Natural Resources. Abuja, Nigena

Ayo Banjo
Vice-Charcellor, University of Ibadan, Ibadan,
Nigeno

Randolph Barker
Professor, Department of Agncultural Economucs,
Comell University, Ithaca, New York, USA

Lukas Brader
Duector General, HiTA, Ibadan, Nigena

Mayra Buvinic
Director, Intematonal Center for Research on
Women, Washington, DC, USA

Robert K. Cunningham
Agncuttural Research Consultant, Harpenden,
Heryw.  *wre, England

Susanna B. Hecht
Graduote School of Architecture and Urban
Planming. University of Califoria. Los Angeles. USA

Freeman L. McEwen
Dean, Ontano Agncultural College. University of
Guelph, Guelph, Ortano, Canada

Keiko Nakamura

Director, Department of Social an Natural
Environmental Research, Mitsubishi Kaser Institute
of Life Science, Tokyo, japan

Arnor Njos
Director Generar, Center for Sail and Environmental
Research, Aas-Nih, Norway

O. Odegbaro

Acting Director, Department of Agncultural
Sciences, Federal Ministry of Science and
Technology, Lagos, Nigena

Gerardo Perlasca
Agricultural Consultant, Como, ltaly

Laurence D. Stifel*
Director General, IITA, Ibadan, Nigeria

Bakary Touré*
Rector, National University of Cote d'lvoire, Abidjan,
Céte divore

Theo M. Wormer
Professor (rtd), University of Amsterdam,
Amsterdam, Netherfands
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Luigi Monti
Cytogenetcist. University of Naples, italy

General Olusegun Obsanjo (Rtd.)
Former Head of State, Federal Republic of Nigeria

* Term ended dunng 1990
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UTA programs comprise:

* Resource and crop management
(emphasizing soil resources and farming systems
with rassava, maize, and rice)

Root, tuber and plantain improvement
(focusing on cassava, yam and plantain)

Grain legume improvement
(focusing on cowpea and soybean)

Maize research

Biological control
(emphasizing environmentally sound plant
protection)

Research support
Genetic resources
Biotechnology
Virology
Biometrics
Analytical services
Research farms

International cooperation and training
(emphasizing self-development of national
agricultural research systems)

Information services
Public affairs

Library

Publications

ITA is a nonprofit, intermational agricultural research
and training institute supported primarily by the cGiaR.
iTa employs about 180 scientists and professional staff
members from over 40 countries and about [,400
support staff, mostly from Nigeria, Most ofthe staffare
located at headquarters, where 300 hectares of the
1,000-hectare campus have been developed for
experimental fields. An 80-hectare research station
lies in the high-rainfall coastal zone at Onne, in
southern Nigeria. A 30-hectare station was openedin
1990 in the dry savanna zone at Kano, northem
Nigenia,in collaboration with Ahmadu Bello University's
Institute for Agricultural Research. A station at coastal

Cotonou, Republic of Benin, houses the biological
control program. A |,000-hectare, humid forest station
began operating in 1990 at Mbalmayo, Cameroon, in
collaboration with Institut de la recherche agronomique
(ra). Several collaborative projects were under way in
sub-Saharan African countries during [990.

Founded in 1971, the caiar is an informal association
of about 40 public and private sector donors, which
include government agencies, intermational organiza-
tions, and private foundations. Dunng 1990 they
provided about US$ 235 million in core funding. The
CGIAR supports | 6intemational research centers, whose
collective goal is to improve the quantity and quality
of food production in developing countries.

Cosponsored by the World Bank, the Food and
Agriculture Organization of the United Nations (rA0),
and the United Nations Develonment Programme
(unpP), the caiar operates without a formal charter,
relying on a consensus dernved from a sense of
common purpose.

Each caiar-affiliated center is independent and
autonomous, witk its own structure, mandate, and
objectives, and is overseen by its own board of
trustees. Some centers focus on one or two
commoadities for which they have global mandates,
while others have regional or ecological mandates for
one or more commodities. Still others perform
specialized functions in such fields as food policy,
genetic resources, azroforestry, imgation management,
and the strengthening of national agricultural research
in developing countries.

The caiar 15 serviced by an executive secretariat,
which is provided by the World Bank and located in
Washington. A Techaical Advisory Committee (TAC),
comprising a chairman and 18 scientists, is drawn
equally from developed and developing countries. TAC
makes recommendations on research programs and
priorities, and monitors performance through annual
program and budget reviews and periodic exteral
reviews by independent scientists invited to serve on
specially constituted panels. TAC is supported by a
secretanat provided by the three cosponsors of cciar
and located at Fa0 headquarters in Rome.
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The cclArR meets twice a year: once in Washington in
October or November, and once elsewhere in May.
The meetings review program activities undertaken
by the centers, discuss agricultural research needs, and
adopt strategies to address the needs, as well as
review proposals on funding and management issues.
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Resource and crop

management

Mixed cropping of
cassava, cocoyam,
and maize helps
this farmer combat
pests and poor
weather possibilities.
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griculture in Africa poses unique problems for

research and development. In all but a few parts

of the continent, agricultural production is not
growingas fast as the population is, while soil resources
are being depleted, threatening future production.
This syndrome has defied quick solution, despite
decades of development activity and some billions of
dollars worth of external assistance.

The difficulty in getting a grip on the problems stems
from an incomplete understanding of farming prac-
ticesin Afnica. The typical farmer combats problems of
infertile soils, pests and the weather by planting
mixtures of up to 20 crops, which mature at different
times, balancing the possibilities of failure in some with
successinothers.Moreover, shifting cultivation practices
used to provide the farmer with low but stable crop
yields. But that traditional system can no longer sustain
such yields under growing population pressure and
shortened fallow periods.

The challenge lies first in gaining an understanding of
the farming environment, its physical and socio-
economic dimensions, and of the production systems
for different crops. With such an understanding can be
built the means of enabling farmers to produce enough
food for a growing population, while conserving the
natural resource base so that future production will
not be curtailed.

To meet this challenge, iTA's resource and crop
management program conducts research on both
fronts: resource sustainability and farm productivity.
ITA research has shown that the time frame for
realization of results, in the form of practical
technologies, may be a few years-—in the selection of
a cover crop to suppress weeds, for example, or a
hedgerow species in alley farming-—or more than a
decade, <s in the development of the alley farming
concept itself. The ultimate concern is to improve
smaltholder farming systems in the three main
agroecological zones of tropical Africa (see map on
page 2): the humid forest, the moist savanna, and the
inland valleys.

The two streams of the program’s research activity are
complementary: (1) resource management and (2)
crop management.

(!) Resource management research studies the
resource base, which consists mainly of soil and soil
fauna, water, sunlight, labor and mechanica! energy
inputs, and agrochemicals. Research findings help in
developing new technologies—such as farming
practices aimed at soil conservation, weed control,
and no-tillage crop production.

The major research products are prototype
technologies which are increasingly being tested by
national agncultural research systems in Africa for use
by farmers. They include:

* Alley farming. A means of sustaining soil fertility and
an altermative to shifting cultivation, alley farming is an
agroforestry system in which multipurpose trees
(usuallylegumes) are plantedin rows while food crops
are planted in the "“alleys” between the trees.

¢ Mulches and cover crop systems. Fast-growing
leguminous cover crops are planted to provide a
constant soil cover before, during, and after the
cropping phase, in order to reduce soit degradation
and, in many cases, to suppress weeds.

* Land clearing and development. When land must
be cleared by machine, soil disturbance and subsequent
erosion can bekept to aminimumwith suchimilerments
asthe shear blade, which cuts the vegetation at ground
level. Minimum or zero tillage with the use of cover
crops, mulches, and herbicides is required when land
is cleared in this way.



* Tillage methods. Studies at 17A and elsewhere have
shown the advantages of minimum or no-tillage farming.
* Fertilizer and soil additives. Fertilizer regimes have
been developed which can enhance crop growth and
not cause soil acidification or toxicity problems.

* Improved faliows. Some research has been done to
improve fallow management practices that would be
more efficient in restoring soil fertility than are
unmanaged bush fallows.

(2) Crop management research cornbines the prod-
ucts of resource management and of crop
improvement, conducted by other iTa programs, into
sustainable cropping systems which have greater
productivity yet are compatible with the smaltholder's
resources and objectives. This synthesis of crop
management 1s, in essence. the product of thc
concerted efforts of all iTA programs.

Multidisciplinary teams of scientists examine the factors
which inhibit or could promote production in the key
cropping systems in each of the three main
agroecological zones. The threeresearch groups cover:
* Humid forest systems (for cropping systems based
on cassava).

* Savanna systems (for maize-based cropping).

* Inland valley systems (for rice-based cropping).

Technologies which will enhance farmers' crop
management practices in a sustainable way have been
identified over the past six years. They include:

» Cassava varieties with durable disease resistance,
well adapted to the cassava/maize system.

* Soyb.cans adapted for growing as a second-season
crop. in ussociation with cassava.

* Maize vaneties with durable disease resistance.

Feedback on farm-level problems from the systems
research groups Is helping to set the nght emphasis in
the research agenda of resource management
researchers and breeders. Examplesinclude problems
in establishing leguminous trees in alley cropping
systems; the relative contribution of trees and
herbaceous legumes in improved fallow management
systems; weed control problems in no-tillage, cassava-
based systems in which herbicides are not used.

The results of the past year's research are outlined in

these pages, together with their significance for ima
goals in general.

Resource management research

Maps cnd models. In 1990 iTa began cooperative
working arrangements in agroclimat.logy, modelling,
and a geographic information system with national
and international institutes. A database of daily rainfall
datafornine tropical African countries was established.
Software for data analysis and quality control was
developed which enabled 1T to share the data.

nTa's agroclimatologist developed a resource
information system (Rris) which can generate maps
showing spectfied environmental and socioeconomic
conditions. The Ris database carries information which
charactenzes the Afncan continent in 10-mile-sqriare
areal units. The information is important ir. analysis,
planning, and sample survey work.

Soil management

Effective technologies for soil improvement a-e the
result of well-considered research. Since the
technologies are cesigned for smallholder farmers to
use, they must involve little or no additional expense
by users. Such research requires a long lead time for
results {0 crystallize into clearcut applications.

Sail erosion studies continued in Nigena (on non-
acidic soil types) and Cameroon (on acidic soils) under
tillage, no tillage, and bare faliows, with support from
the official German aid agency G7z. Generally, soif loss
has been much greater from the acidic than from the
non-acidic soils, under all treatments. Acidic solls are
more easily eroded and are lower in nutrierits than
non-acidic soils. Moreover, the subsoil under acidic
solls is not as nch in basic minerals as the subsoil under
non-acidic types. Acidic solls are typical of the humid
forest, while the soils of the forest-savanna transition
and savanna zones are non-acidic.

Expenments began during 1990 to charactenze the
acidic soll at iTA’s new humid forest station at
Mbalmayo. central Cameroon, near the capital city of
Yaoundeé. Soil physical properties, such as bulk density,
temperature, and water infiltration rate, were measured
under different crop management practices.

Computerized
generation of maps
is based on data
for areal units 10
miles square.
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Changes in the main constituents and physical
properties of soils were investigated in Nigenia, as they
occurredfollowing land clearing, cropping, and fallowing,
The causes of these changes will also shape new soil
and vegetation management practices which will
improve soit fertility.

Sustaining fertility. 17A research on improving acid
soils has followed two different but complementary
approaches. Soil amendment is one, utilizing lime,
fertilizers, and similar matenals to combat acidity and
aluminum toxicity in the soil. Even low applications of
fime can reduce toxicity, permitting crop yields to
increase.

Asecondapproachto soil enrichment--using prunings
from shrubs or trees-- can be taken independently or
together with amendments. An alternative to
amendments is required because ime or fertilizer is
frequently not available to farmers.

Alley cropping or farming is an agroforestry system
which takes this second approach, sustaining soil
fertility while reducing the need for fallow periods.
Selected shrubs or tree species (usually nitrogen-fixing
legumes) are planted in rows with food crops in the
“alleys” between the hedgerows. Soil nutntion is
improved with nitrogen and other nutrients from
prunings of the hedgerow trees which are left on the
ground to decompose. Other contributions of alley
cropping to the soil include moisture conservation,
weed suppression, and erosion control. “Alley
cropping” becomes “alley farming' when the hedgerow
prunings are grown to feed livestock and the woody
stems are used as firewood or stakes for climbing
crops. Altogether, the alley farm mimics the restorative
processes of bush fallows concurrently with crop
production. (See “Alleys across Africa”, opposite.)

Alley cropping has evolved from ima research since the
1970s, primarily for renewal of the non-acidic soils of
the forest-savanna transition zone, but more recently
for similar soils elsewhere and forest-zone acidic soils
as well. Currently, long-term trials are investigating;

* what tree species are best for particular conditions
or locations (such as acidic or non-acidic sols, or in
combination with various food crops or cover crops),

Alleys across Africa

The promise of alley farming is being put to the test in
apioneering research scheme whichlinks 2| countries
acrosstropical Africa. Coordinated by the Alley Farming
Network for Tropical Africa (ArNeTa), 52 of the planned
total of 95 experiments were in the ground by the end
of 1990. The accompanying table summarizes all the
projects by type of research and target agroecological
zone in each country: humid forest, forest-fringe-to-
moist-savanna (subhumid), dry ravanna (semi-arid),
and mid-altitudes (highlands, 800~ ,50C meters above
sea level),

APNETA itself was established in 1986 with technical
guidance from u7a, the International Council for
Research in Agro-Forestry (icrar), and the Inter-
nationa! Livestock Center for Africa (ica). Project
funding is being provided by the Canadian Internat-
ional Development Agency (ciba), the Intermational
Development Research Centre (iDrc), and the Inter-
national Fund for Agricultural Development (fap). In
1990 ArneTA membership grew to 47 institutions in 25
countries. AFNCTA fosters research and development
ofalley farming technologies utilizing members' pooled
effortsand experience. The aim isto build a foundation
of research for prototype alley farming systems as a
key means to sisstain agricultural production in Africa
for the foreseeable future.

The collaborative projects cover the primary areas of
research issues in a progressive sequence;

l. Screening for selection of multipurpose
shrub and tree species.

The hedgerows must suit a variety of purposes in the
differe/it zones: providing organic matter for soil
renewal, forage for livestock, poles for climbing crops
and other uses, and firewood. Multipuipose tree
screening trials began at 28 sites over all agroecological
zones in |14 countries. Each trial involves 10-15 local
orexotic species which are assessed under continuous
growth and alley farming management.

2, Alley farming management.

Once suitable hedgerow species have been identified,
studies of system management and productivity can
evaluate effects of hedgerow management in terms of
different spacing and time factors, tree responses to
fertilizer use, management of hedgerow prunings and
their contributions to soil fertility, comparisons among
various alley cropping systems, and integration of tree
cropping and fallowing systems with alley farming, The
management trials commenced at 43 sites over all
zones in | 7 countries.



3. Livestock integration.

Trials focusing on livestock benefits are concemed
with two aspects, The first is production of forage by
the hedgerows and pasture crops in the “alleys”. The
second is the fodder value from forage, in terms of
digestibility protein content, other charactenistics,and
the consequential gains in fivestock productivity.
Livestock integration projects were fielded at six sites
over three of the agroecological categories (all
excepting the dry savanna) in three countries. In
addition, some factors relating to ivestock issues are
beingtestedinthe species screening and managem.ent
trials—for example, the foddervalue of certain species,
and fallows management for producing fodder.

4, On-farm research and socioeconomic
assessment.
Finally, research and development must be conducted

on-farm for fine-tuning the technologies, assessing
efliciencyand productivity under farmers' management,
and determining farmers' interest, acceptability, and
potential adoptibility oftechnologies. Some |8 projects
over the range of zones in 9 countries hive started, or
plan to start, by 1992. With increasing experience,
more countries will take up this kind of research,
following the general thrust of network activity.

The four types of projects are designed to provide
comparable data sets for agroecological conditions
across tropical Africa. Each collaborating scientist in
the 35 participating national institutes is collecting data
on a minimum set of variables at each site, which
include site conditions, hedgerow characteristics, pest
damage, and crop yields, among others. During the
fourth year of operations, AFNETA will assess the results
to date at an intemnationa! conference onalley farming,

AFNETA collaborative projects with national research piograms, 1989-1993

Type of research project  Agroecological zones

Humid Subhumid Semi-arid Hightands
Tree species selection Ghana | Benin 2 Benin | Malawi 1
Guinea | Céte dlvoire | Burkina Faso 2 Uganda |
Libena | Ethiopia | Cote d'ivoire |
Ghana [ Ethiopia 2
Guinea | Ghana |
Senegal | Mali 2
Togo 2 Senegal |
Zaire | Togo |
Zambia 2
Farmm management Cameroon 3 Benin | Buikina Faso 3 Kenya I
Ghana | Cote divoire | Cote dlivoire | Malawi |
Guinea | Ethiopia | Ethiopia | Uganda 2
Liberia | Guinea | Ghana 1
Nigena 4 Malawi 2 Kenya |
Sierra Leone | Nigeria 2 Mali 2
Sierra Leone | Togo !
Tanzania 3 Zambia 2
Togo 2
Zaire 2
Livestock integration Cameroon 2 Benin 3 — Rwanda I
On-farm and Cameroon | Cote dlvoire | Burkina Faso | Kenya I
socioeconomic Céte d'ivoire | Nigeria 4 Céte d'lvoire | Rwanda !
research Nigeria 3 Sierra Leone |
Tanzania 1
Zaire 2
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* what management practices are most efficient for
different objectives, and

* how alley farming affects soit fertility and crop
productivity.

For example, results of 1990 trials on both acidic and
non-acidic soils suggest that some 1edgerow trees
compete with the crops for soil nutrients, because
they have lateral roots which spread near the soil
surface. The solution is to select hedgerow species
with deeper rooting patterns. In other trials over a
nine-year nenod, maize crops without fertilizer yielded
as much as non-alley-cropped maize which received
45 kilograms of nitrogen fertilizer each year. Four
hedgerow species were involved: Acioa, Alchomea,
Glincidia, and Leucaena. All but Acioa recycled sig-
nificant amounts of the minerals copper. iron,
manganese, and zinc back to the soil with prunings
which, in the long term, should boost yields further.

Weeds. Often the biggest demand on farmers’ labor
is weed control, usually .. 'nanual task. Weed scientists
areinvestigating cultural and chemical means to reduce
the labor requirement in weeding.

Cuttural practices, such as planting of a fast-growing
covercrop orhedgerow trees, as in alley farming, offer
the more efficient solution in the long run, Cover
crops can serve as a live mulch: a protective layer of
vegetation which can control weeds, reduce
evaporation, prevent erosion, lower daytime soil
temperatures, and enrich the soil with organic matter.

A leguminous cover crop offers the additional
advantage of providing a source of nitrogen for the
next crop, if it is plowed back into the soil at the end
of the growing season.

The legume Pseudovigna argentea, less of a climber
thar other herbaceous legumes, was assessed as a
live-mulch cover crop with maize. In 1990 trals it
controlled weeds adequately. Crotolaria vermucosa
suppressed weeds in trials grown with other crops.
Maize grown in 1990 tralsin the same plots subsequent
to the Crotolaria crop, ‘which had been plowed under,
required less weeding and less nitrogen fertilizer than
maize in plots without previous Crotolaria cultivation.

The economics of resource management

Asenes of studies, beginning with southeastern Nigenia
in 1990, is documenting the complexity of farmers’
resource problems and their responses to them, With
the knowledge gained from these studies, which will
cover farming systems in West and Central Africa, imA
scientists should be able to design technologies or
interventions appropriate to the problem situation, A
study in Cameroon will begin in 1991.

The Nigerian phase has shown that economic
pressures, other than changes in pupulation density,
resultin diminishing returns to farming, chiefly through
degradation of the soil. Rising demand for food crops
from urban areas, the rising cost of farm labor, and in-
migration of new farmers are other sources of pressure
which stimulate such reactions as shortened fallows,
increased fertilizer use, the closing of common use
privileges of forest lands, and changes in land tenure
and tree tenure arrangements. For example, farmers
in areas where the population density is thinning may
rotate their land under long-term faiows because
farming activity is reduced. Altemnatively they may
overuse some farmland, permitting only short fallows,
because there is not enough labor to bring heavily
overgrown land back under cultivation. In such a
situation, new technologies with a high labor demand
will not be acceptable.

Meanwhile, ITA resource economistsin 1990 evaluated
the relative economic benefits from son ~~osion control,
in southwestem Nigeria, using three systems: alley
cropping with Leucaena (in 2-meter and 4-meterwidths
between hedgerows), no tillage, and bush fallow (with
3-year and 9-year fallows). The study gauged the
theoretical “profitability” of those altematives using a
capital budgeting approach witha 10% interest charge,
and taking into account the long-run and short-run
impacts of soll erosion on agncultural productivity.
Where population density is low and access to
forestlands “costless”, the 9-year bush fallow system is
most profitable, followed by 4-meter-wide alleys, no
tilage, 2-meter-wide alleys, and the 3-year fallows.
Where land values are rising and fallows become an
economic "luxury” because of lost production
opportunities, the 4-meter alley cropping system is
most profitable, followed by no-till, 2-meter-wide
dlleys, and finally the 9-year and 3-year bush fallows,



Crop management research

Humid forest systems

In Nigeria, maize grown during the second rainy
season (August-October) is a minor crop, usualy
planted with cassava and bringing low yields (up to 500
kilograms per hectare). Farmers consider whatever
they can harvest to be abonusin addition to the more
secure cassava. On-farm trialsin 1990 showed that the
elimination of stem borer as a threat to maize could
brng about an eightfold increase in yields. (See “Food
for thought from second-season maize” inset in this
article) But the cost of production per unit of maize
produced appears to be reduced only by up to one-
quarter, whichmay notmake the proposition attractive
enough for most farmers. Final conclusions await the
resultsofa model whichincorporates farmers' decision-
making and the production increase that could be
induced by a lower unit cost.

Results from the collaborative study of cassava in
Africa (cosca) in six countnies, which produce two-
thirds of Afnica’s cassava, became available in 1990.
(See Research Hightights article “The research horizon
for cassava as a cash crop”.) cosca provides bench-
mark information on factors influencing the spread of
rew cassava vareties, farmers’ cultivation and pro-
cessing practices, and research needs.

Other 1990 studies yielded information about the
kinds of farmers that adopt iTA-improved cassava, in
southwestern Nigenia. Younger farmers who produce
marketable surpluses on holdings bigger than 0.6
hectares were more likely to adopt the improved
cassava than subsistence farmers. Activities of extension
agents among subsistence producers had a significant
effect on their adoption of the improved variety.
Migrant farmers were early adopters.

Savanna systems

ITA's savanna systems research group is studying the
intensification process of maize cultivation in the moist
savanna and its problems. (See Research Highlights
article A new maize modemizes savanna farming".)
The group is characterizing the various maize-growing
environments, and studying the impact of and the
means to control the parasitic weed striga.

Characterization takes a twofold approach: the maize
genetic types and the various environments in which
they are cultivated. Biophysical and socioeconomic
data are compiled in a geographic information system,
Different maize varieties, each with its own mix of
charactenstics, are matched to the environments in
which they yield best.

The aim s to develop amodel to explain the different
genotype/environment (G x ) interactions of maize
cropping in the humid forest and moist savanna zones,
which could help streamline the testing process in the
breeding of improved maize. In 1990, savanna group
scientists, together with colleagues from the maize
improvement program, began to test a maize growth
model, incorporating six iTa-improved varieties,

The strga (“witchweed™) problem is the shared
concern of the savanna group and scientists from the
Institute for Agricultural Research at Ahmadu Bello
University, in northern Nigeria. They began intensive
monitoring for striga in the fields of 63 farmers in five
villages, in a study of the parasitic weed'simpact on the
evolving maize production system.,

The first joint analysis reveals that “witchweed"
infestation builds up increasingly in fields planted with
its oniginal host, sorghum, the longer that sorshum is
plantedthere. The same holds true for maize, indicating
that stnga is adapting itself to living off maize. The
popular system of sorghum and maize intercropping

Field teams survey
cassava farmers in
Ak-ifo, in Nigeria's

Oyo state, in
conducting the
Africa-wide study
trends in cassava
production and
consumption.

of
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is therefore highly conducive to striga's spread. The
risk of striga infestation increases with lateness in
planting date, so early planting can help maize tc
escape striga attack. Farmers’ cultivation practices can
help in allaying the threats. In planting cowpeas or
cotton in combination with maize, farmers usually do
much weeding which destroys emerging striga and
reduces its buildup. (See striga inset on page 46.)

Inland valley systems

Inland valleys are the relatively shallow and narrow
valleys along the upper reaches of streams and nvers,
in length they can extend up to 25 kilometers, in width
from [0 meters in the uppermost stretches to about
800 meters in downstream tracts. Often swampy,
inland valleys mark the convergence of draina e of the
runoffand seepage from adjacent uplands. In addition,

the water table in the lower parts of vall:ys or valley
bottoms is near or above the soil surface during the
wet season.

Infand valleys are found throughout Africa, covering
cetween 10 and 20 million hectares in the moist and
dry sovanna zones of West Africa, and about 130
million hectares in all of tropical Africa.

Water availability makes an environment favorable for
rice-growing in the inland valley swamps during the
rainy season, and for cultivation of other crops during
the dry season. The great interest in the swamps stems
fron their potential for sustainable production of rice,
as the wetland nce systems of Asia have shown over
many centunes. Their potentialin general forincreasing
food crop production isimportant for a region where

Food for thought from second-season cropping

What shou'd you plant during the second rainy season
eachyear! If you are afarmerin southwestern Nigeria,
you ook Jor a crop to sow in July or August and
harvest in November to eam you some cash, since
you have already taken care of most food t.eeds
during the first rainy season, March-July.

ITA scientists interested in crop management in this
region during the second season tried out some of the
options, with farmers’ cooperation, for three years
from 1986 in the villages of Ayepe and Alabata, Oyo
state, Three food crops appeared to make the best
bet: maize, cowpea, and soybean. For farmers, they
could add to cash income as well as family nutrition,
For the research team, they would afford ir<ights into
farmer management of crop varieties that had been
bred to suit the needs of this forest-fiinge region.

Maize was already being grown as a second-season
crop, but only by one in ten farmers. So few were
interested in maize because of the uncertainty of
rainfall and the certainty of pests, mainly two species
of stem borer insects; and, to some extent, maize
streak virus. Their scepticism was warrarted—more
than half of second-season maize-growers reaped no

" harvest in 1988, Farmers' concem about rainfall has

been consistent with recent records, which show that
maize of & medium maturity period (about | 10 days)
fails for lack of rain every four or five years.

Cowpea was another second-season crop with a
checkered career, because serious pest problems
have permitted only very low yields. Spraying had
becomean essential part of successful cowpea growing.
The challenge forfarmerswasthe regimen of spraying,
apart from the costs involved.

Soybean was new to both villages, afthough it had
been vigorously promoted in the region by the
govemmentas anutritious crop for family consumption
and saleto newmarkets. Theresearch teamintroduced
it in the two communities differently: in Alabata as a
crop to be marketed, in Ayepe as a household food
ingredient to improve protein consumption, Farmers
in both places agreed to try it out.

The scientific harvest

After several years the iTA team reaped conclusions
on the seccnd-season potential of the three crops
under farmer management, and insights for breeders
on future research,



Research directions

Resource management

* Description, measurement, classification,
and mapping work on the biological,
physical, chemical, and socioeconomic
charactenstics of the 1TA mandate area.

* Quarntification of fundamental rela-
tionships among factors contributing to the
sustainability of food production systems.
Process studies (for example, biological
regulation of nutnient cycling, physical factors
affecting soil fertility, factors regulating
interplant competition) to continue on
non-acidic and acidic soils, including the
low-phosphate acid soils at the new humid
forest station at Mbalmayo, Cameroon.

* Development of indices for measuring
the sustainability of small-scale cropping.
* Development of multipurpose agro-
forestry systems which combine improved
soil and weed management.

¢ Development of economically viable and

sustainable fallow management systems
incorporating herbaceous legumes.

* Assessment of agricultural sustainabiliy
under traditional and improved resource
management methods.

* On-farm testing and validation of new
technologies, emphasizing alley farming
under different socioeconomic conditions.
¢ Development of systems simulation
models, emphasizing intercropping, nutrient
cycling in alley farming systems, and
economics/ecology of inland valleys.

Humid forest systems

* Investigation of resource use and
productivity problems in cassava-based
intercropping systems.

* Investigation of the adoption and impact
of improved cassava vaneties.

+ Collaboration with national institutes, to
improve cassava intercropping in alley
farming systems.

avanna systems

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

* Investigation of the effects of intensified
maize farming on stnga infestation.

* Development and testing of cuttural
methods for control of striga and
improvemenit of soil fertility.

Inland valley systems

» Charactenization and classification of
inland valleys in West and Central Africa.
* Development of models of envir-
onmental and socioeconomic pracesses
in inland valley agroecological systems,

* Design of technologies or interventions
to improve land use and management
practices.

Maize clearly would never be profitable while the stem
borer problem persisted. Hence, maize tnals were
conducted under protection of a pesticide, to measure
the yield potential In the case that resistant variet.es
become available. Tobeat the unpredictable beginning
of the rainy secason, planting had to start late, so an
carly-maturing variety ensured crop matunty by late in
October. At harvesttime, farmers realized almost as
much --about four-fifths --from the second season’s
crop as they had from their first, with the benefit of
protection against stem borers. iTA maize breeders
are reckoning these results in their calculations of the
possible gains from breeding for stem borer resistance
and other goals.

Cowpea crops were protected by three or four
insecticide sprayings, an operation which posed no
hurdle for the farmers. Their highest yield was about
1,500 kilograms of grain per hectare; theirlowest, one-
tenth of that. Even with an average yield of around 700
kilograms farmers could realize a retum on their
investment, because of the high market prices fe
cowpea during the study years. Spraying matenals
were no problem because the research team supplied
all the items, against cash payment. But the value from
this expenience for the team remains to be gleaned-—
whether farmers will in future take the trouble to
purchase their own supplies from the nearby town.

Soybean needed no sprays or fertilizers, and the yields
were as good as with cowpea. But the market
experience was not similar--in Alabata, no active
market for the soybeans materialized, and the farmers'
expectations could not be realized. Hence, Alabata
farmers professed themselves disappointed with the
crop and uninterested in further cultivation. In Ayepe,
however, soybean harvests were consumed by the
grower and the crop may have retained a small niche.
To the 11A team, soybean clearly commands interest
as a food crop for growers’ consumption, with some
possibility of commercialization. But until market
channels are developed, and until grain quality and
home processing are improved for traditional types of
use sovhean is unlikely to occupy much of a place in
this regional setting.

The cassava factor. In both villages, cassava usually
accompanied maize grown during the second rainy
season. Cassava seemed to be the insurance crop,
while the maize if successful would provide a bonus.

Farmers often grow cowpea with cassava, and will
likely grow soybean again and combir.e it with cassava
as well. Experience has taught them the value of
insuring their investment, while their entrepreneurial
spirit still leads them to risk a new crop for new gains.
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the amount harvested each year has to feed a
proportionately greater number of people than the
year before. Inland valleys afforda chance to supplement
the harvests of the main producing areas, and to help
satisfy the growing demand for rice among African
consumers. (See Research Highlights article “A
comucopia to come™.)

ITA's research group for the inland valleys, made up of
scientists from several disciplines to ensure a broad
and deep consideration of the problematique, drew
up the following research strategy in 1990 for the
coming five or six years.

* Measurement ofland area occupiedby inlandvalleys
in West and Central Africa, and the proportion
already being cultivated.

* Identification of the reasons why inland valleys are
little used for cropping, the changes in land use in them
over time, and what triggers changes in land use.

* Classification of the different types of inland valleys
in the region and selection of representative
expenmental sites.

* |dentification and assessment of problems with
different forms ofland use in the valleys, in terms of the
sustainability of production and farmers' well-being,
* Development of computer-based models of the
environmental and socioeconomic processes in the
agroecological systems of inland valleys.

* Design of technologies or interventions to improve
land use and management practices for inland valleys,
andtesting and modification ofthe technologies at the
experimental sites.

The group began to tackle the first three objectives
during 1990, with a time frame of about three years for
completion of the expected results. The main problems
with increasing cron production in inland vallevs
emerged from a detailed review of the literaturc in
1990. Weed competition with crops was the greatest
problem, followed by low soail fertility, and vanable
water availability. Availability of suitable types of rice
for those ecosystems was not a major problem.



Root, tuber, and plantain

iImprovement

he starchy staples of cassava, yam and plantain
supply food energy for most of tropical Africa’s
400 million people each day. Cassava, a tuber-like
root crop, provides for half the energy needs of over
200 million people, Yam is consumed by some 150
million people within this region-—although production
costs have put yam beyond the reach of the poorest.
Plantain is a mainstay food for about 70 million people.

The A root, tuber, and plantain improvement
program breeds improved vaneties of cassava, yam,
and plantain, focusing on problems of

* pest resistance

+ adaptation to specific environmental conditions

* processing and eating quality.

The program works closely with national programs
throughout tropical Afnca, and with many research
groups from other parts of the world, in fulfilling those
aimsandin developing processing systems for commun-
ity industnes and households. (See Research Highlights
article on postharvest processing, page 12.)

Cassava

Cassava (Manihot esculenta) is native to South
Amenca and was domesticated at least 10,000 years
ago. In the sixteenth century AD the Portuguese first
brought cassava to Africa, where it flounshed in the
humid, forested lowlands.

Among the staple root and cereal crops, cassava
tolerates drought best, is the most productive in poor
soils and requires the least labor in cultivation, But the
labor requirement in processing after harvest is very
high, equalling the labor put into crop production,

Because of its low cost and convenience in food
preparation after processing, cassava will remain the
biggest single source of calones for the foreseeable
future, especially for the poor. Cassava is expected to
play an ever greater role in feeding the expanding
cities as Afncan economies develop.

Tailoring breeds to suit needs. 17a began breeding
high-yielding vaneties in the 1970s, starting out with a
few local vaneties, some Latin Amencanintroductions
and cne line resistant to cassava mosaic virus disease
that had been developed in East Africa. More genetic
matenials for this research came from African sources

as well as Latin America, the home of cassava. Over
the past 20 years uTA cassava specialists, working in
multidisciplinary teams with colleagues in national
programs, have developed high-yielding, pest-resistant
varieties with good processing and eating qualities,

In 1987 utA gave to its sister institute in Latin Amenca,
Centro Intemacional de Agncultura Tropical (CiaT), its
best 21 lines. ciaT crossed some of those fines with
Latin Amencan and Asian lines to improve them with
other traits. In 1990, ciaT returned over 87,000 hybnd
seeds to ITA’'s collection of cassava germplasm, or
genetic matenal for breeding purposes. Evaluation of
breeding lines produced from those seeds has since
begun.

Cassava, unlike yam and plantain, can be grown in a
range of environments in the tropical and adjacent
subtropical zones of Afnica (see map on page 2):

* humid forest and forest-savanna transition (high
ranfall)

* coastal areas (high rainfall, sandy soils)

* moist savanna (moderately humid to semi-and)

» mid-altitudes (800--1,500 meters above sea level;
moderately humid to semi-arid).

Africc’s most widely
grown siaple food,

cassava is being
adapted to suit

Jiverse farming and

food systems.
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uTA's goal for cassava has been to adapt the crop to
conditions in these agroecological zones ard to the
farming and food systems there. Breeding schemes for
these zones are dedicated to improving resistance to
pests (particularly the cassava green mite and cassava
mealybug), increasing the yield, enhancing cooking
quality and nutntional value (through more carotene),
andreducing the potential for cyanide in the flesh. (See
"Mites meet a hairline defeat” and "Cyanide in cassava"’
ineets in these pages) ITA'S improved assava is
resistant to the two major diseases of Afncan cassava,
mosaic virus and cassava bacterial blight.

Five improved lines of cassava germplasm, being
tested in several zones in Nigena, were evaluated
during 1990. The new lines, with pest resistance and
preferred consumer qualities, showed high and stable
yields over the three-year trals. International testing,
in collaboration with six West African countries,
entered its second year of operations, of identifying ita
Iines suited to the particular agroecological conditions
in each country.

Two improved lines produced more than three times
the harvests of local varieties, in a 1990 survey of
farmers’ fields in five states of eastern Nigena. (See
accompany‘ng diagram.) Such high yields are due in
large part to resistance to the major cassava diseases,
as attested by comparative disease scores.

Comparative performances of nta-improved cassava and local varieties
in farmers’ fields in eastern Nigeria, 1990
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Cyanide in cassava —

Cyanide poisoning from cassava is rare, although
hundreds of millions of people depend on cassava as
a staple food. New findings about cyanide in cassava
and the detoxification process are helping to explain
why poisoning is so rare. They also suggest new
breeding strategies to improve cassava, determined
by the different ways in which cassava is prepared for
eating.

The cassava plant does not accumulate cyanide in its
tissues, Cyanide in cassava is a breakdown product of
areaction which takes place in the course of preparing
the leaves or roots for eating, (See the accompanying
diagram.). The plant accumulates two compounds
kiiowsi as wnain.uin and lotaustralin, in the proportion
of 10 to I. They are synthesized in the leaves and
stored ir. the cytoplasm of the plant’s cells, in different
concentrations in different parts of the plant. For
example, the peel or cortex ofthe cassava root retains
much more linamatin/lotaustralin than does the edible
portion of the root, the pith.

Cyanide is produced when linamarin and lotaustralin
are hydrolyzed by the enzyme called linamarase.
Nommally linamarin/lotaustralin do not come into
contact with linamarase in the living plant, because
they reside inside vacuoles within the cell's cytoplasm,
while linamarase is localized in the cell walls of the
plant. However, when the plantis damaged by bruising,
grating, or biting, or example, the integrity of the cells
is lost and the content of the vacuoles comes into
contact with the cell wall components, including
linamarase. The enzyme will hydrolyze the two
compounds, producing acetone cyanohydrin whichiis,
atap+above 5.0, converted to acetone and hydrogen

Cyanide.

Cassava varieties can be classified as "high-cyanide” or
"low-cyanide”, High-cyanide varieties seem to
accumulate more linamarin and lotaustralin in the
edible pith than in the peel orroot bark. The opposite
seems to be true with low-cyanide vaneties, which
store a greater proportion of the two compounds in
the peel. In any case, the concentration of linamarin/
lotaustralin varies considerably within each part of

every plant.

Fit to eat

When the roots are grated or “chipped" in the first
steps of preparing cassava to eat, most of the linamarin
and lotaustralin is converted to free cyanide—the
smaller the chips, the greater the conversion. Being
volatile, the cyanide will evaporate, especially when



“it's not there, it just happens

‘heated.' (The. boiling point of hydrogen cyanide: is
257°c) The same process occurs when cassava
leaves are pounded and then boiled.

. However, fermentation. of the grated cassava, an
" intermediate stage before frying in the preparation of
-West African gari, itself contributes little to
detoxification, The difference between residual cyanide
contained in non-fermented gari, and gani fermented

for four days, is not significant. )
~—

Detoxification of cassava prepared whole or in large
pieces follows different pathways.

In the making of the Nigerian lafun or Central African
kwanga, peeled or unpeeled pieces of cassava are first
left to ferment in water for several days. During this

“pericd almost all of the linamarin and lotaustralin is
eliminated from the fermenting cassava through
leaching, or converted by enzyme activity to cyanide,
which evaporates. Heating of the fermented dish
removes the remaining cyanide.

In the preparation of fresh cassava roots to be eaten
without fermentation, such as in Ghanaian ampesi, the

pieces are simply boiled for 10to 30 minutes. As soon
as the temperature reaches 70°c, the linamarase is
inactivated. Cyanide thus has no chance to form. In
boiling, about half of the linamarin and lotaustralin is
leached into the water. The smaller the size of cassava
pieces putto boil, the greaterthe leaching of finamarin/
lotaustralin,

Paths to.improvement

Large differences in linamarase activity do exist among
cassava varieties. Breeders can take advantage of the
high-activity trait by breeding it into new varieties for
processing. Cassava varieties wifl thereby acquire this
capacity to expedite the degradation of linamarin/
lotaustralin to cyanide and, eventually, its elimination,

ITA breeders used to aim at producing "low-cyanide”
varieties by selecting for low levels of linamarn/
lotaustralin in the roots. Henceforth, they will in
addition test varieties for the presence of the enzymes
responsible for synthesizing those two compounds in
the first place. Low-cyanide vanieties in the future will
be bredfora minimal potential for cyanide production,
for low linamarin levels and high enzymatic activity to
break down what linamarin there is.

Cyanide in cassava — a breakdown product of two chenucal compounds stored in cassava plant cells

Reaction catalyzed by
linamarase
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.Mites meet a hairline defeat

 ltisinvisible tothe naked eye, yet the green spidermite
- counts as une of cassava’s greatest enemies.

- The cassava green mite (Mononychellus tanajoa), a dry
. season pest, feeds on the fluids of individual cells on

the undersides of young cascava feaves and the tips of
new shoots. The plants rarely die, but suffer severe
defoliation and stunted growth which also stunts the
cassava roots, halving their r ormal yield.

- Native to South America, the mite was first sighted in

Africanearly 20 years ago, on the outskirts of Kampala,
Uganda. lt was thought to have been a stowaway on
some cassava cuttingsimported from Colombia. Eight
years later it had migrated up and down the eastem
African region and penetrated Nigeria to the west. By
1985 it had reached Guinea—some 5,000 kilometers
west of where it ostensibly started. Today it is found
in almost all the 39 countries of tropical Africa's
“cassava belt”,

Whenthemite beganto infest West Africa early inthe

1930s, 1A sought to control it through two approaches:
breeding varieties which could resist the pest's attack,
and biological control utilizing the mite's natural
enemies,

A resistance capabilty bred into the plant appeals
from several angles: economical for farmers, non-
contaminating and therefore kind to the consumer
and the environment, yet compatible with other
control methods, biological or chemical,

By 1990, seven African countries had tested and
released to their farmers cassava varictics derived
from T materials: Cameroon, Gabon, Libena, Nigena,
Rwanda, Sierra Leone, and Zaire. The spread of
improved varieties has been documented in a few
countries by the collaborative study of cassava in
Africa. (See Research Highlights article ' The research
honzon for cassava as a cash crop'’)

Enriched endowment. In crossing cultivated varieties
with wild Manihot species, iTa breeders have disco-
vered spontaneous cassava “polyploids"—plants with
one-and-a-half or two times the normal complement
of 36 chromosomes. These natural polyploids show

And what qualities can be conjured up to fit such an
unlikely assignment? After 10 years of research, the list
is short but potent. On top is, legically enough,
"hairiness"—resistance to the cassava green mite is
linked with pubescence ordensity of hair-like trichomes,
on the leaf's upper and lower surfaces, the basal
section of the leaf stem, and the growing tip of the
plant. Breeders have found that the greater the
hairiness, the less the damage inflicted by mites; and
vice versa. Trichomes appear to pose a mechanical
barrier to the mites’ feeding. Confirmation of these
findings has come from 1990 field and laboratory
studies ofimproved, high-yielding Ima cassava with and
without resistance characteristics.

Other qualities onthe list are less easily described, but
show up tangibly in statistical assessments. They are:
tolerance of the plart to infestation; antibiosis, or a
metabolic product of the plant which can repel mites;
and non-preference for the particular cassava variety
by mites. The recent findings have also confirmed the
measurable effectiveness of these characteristics in
discouraging mite attacks,

Ima-improved cassava, which is high-yielding and
resistant to various diseases and pests including the
cassava green mite, has been givento cassava programs
in 10 countries in sub-Saharan Africa for testing under
their own environmental conditions. 17 plans further
study of mite resistance in cassava, as a facet of a
broader pest management v ich involves biological
and other forms of control, in the main ecological
zones of the African tropics.

enormous vigor and variation in plant architecture.
They offer hope for furtherincreases in yicids, broader
environmental adaptation, and new breeding
possibilities, which include transfer of useful genes
fromi wild Manihot to cultivated species. In 1990 the
first polyploids were tested in three zones—the
hurnid forest, moist savanna, and mid-altitude zones.

In the past decade iTa has developed laboratory
techniques which reduce time consumed in the
research process. Disease-free cassava plantlets are
being produced in test tubes by culturing bits of plant
tissue. They can be easily shipped, after testing for
absence ofviruses, to fellow workers in other countries.



Procedures for culturing mature embryos from
interspecific crosses are being adapted for the rescue
of very young embryos which might otherwise be lost.

Embryos have been generated from young leaf tissues
of several #Ta cassava vaneties in a liquid culture
medium. Tissue culturists are exploning different ways
to develop plantlets from these *umatic embryos.

Bread without wheat. 17a food technologists have
produced bread with a flour mixture of cassava (80%)
and soybean (20%), together with other materials
produced in African countnes. Low-cost (using cassava
instead of imported wheat) and nutntious (using
eggwhite and soybeans), such a bread should answer
a growing demand. To the flour is added margarine, to
produce a spongy texture and trap air which prevents
the bread from collapsing after it has risen. The
research is funded by the Belgian government,

Research for bread-making also involves breeders,
who select improved cassava vaneties with particular
flour-making properties. 174's partners in flour studies
include Katholieke Universiteit Leuven, Belgium, with
Belgian government support.

Agreen vegetable, too. Cassava leaves are also eaten,
in sauces which supplement the staple dish, providing
nutrients in the form of protein, vitamins, and minerals.
In preparing cassava leaves for eating, in a 1990 study,
the first, traditional step of pounding the leaves was
confirmed to be crucial in eliminating cyanide,

Cassava germplasm was screened for linamarase
activity, whichis key to the cyanide elimination process.
Large differences in linamarase were found among
vaneties, a useful dstinction in breeding of new
vaneties for safe processing of both leaves and roots.

Plantain

West and Central Africa produce about 60 percent of
the world's plantains (Musa species). Because of its
long history of widespread Musa cultivation, the
region has been host to the evolution of at least 116
different varieties so far identified.

Plantain fits well into the agroecological conditions of
the humid forest zone. And as a backyard crop which
receives kitchen and garden wastes for its fertilizer
needs, it can provide a year-round source of food.

Long thought to be disease-free because of an abiding
resistance to the main banana diseases, plantain has
proved to be highly susceptible to the fungal disease
of black sigatoka. About 15 years ago, black sigatoka
was accidentally introduced into Africa and has spread
with such virulence that it appears to threaten all
existing plantain varieties. None of the | 16 varieties in
WTA's germplasm coilection has shown resistance to or
tolerance of the disease.

1A launched the first breeding program for African
plantain in 1987, with the primary aim of producing
resistance to black sigatoka. The genetic improvement
workatta's high-rainfall station in Onne, southeastern
Nigena, has succeeded beyond all expectations. During
the three years since breeding commenced, 200

The loaf on the
right was made
with cassava flour,
eggwhite, and
margarine (locally
made in African
countries), and has
a light texture with
a fine crumb
structure.

The middle loaf
was made with
cassava flour and
xanthan gum, an
imported additive
which is less
successful and
economically not
the best solution.
The lefthand loaf is
an experimental
controf with no
additives.

Cassava leaves
are a popular
vegetable in Zaire.
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Yam is a preferred
but expensive
staple, which needs
improvement
research in order to
make it niore
economical to
grow, handle, and
process.
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hybrids between plantain and wild banana have been
established. Among them, 24 hybnds of 8 different
families show exceptional promise, with a combination
ofgood bunch qualities and resistance to black sigatoka.

Seven plantain hybrids and a coo#agbanana hybnd, all
resistant to sigatoka, began trials in 1990 to assess
performance, fruit quality and consumer acceptance
in comparison with those of regular plantain.

Indefinite preservation of germplasm is vital to the
success of all breeding plans. During 1990 ita's plant
tissue culturists succeeded in doubling the life of
plantain cultures in test tubes, to one year or more.

Research at Onne has tumed up five cooking bananas,
a distinctly different sister group to plantains, which
showed black sigatoka resistance or tolerance. Dunng
19901mA produced 5,000 plants of the resistant cooking
bananas and distributed them in Nigena to family
farmers and to agricultural institutions for further
multiplication and distribution. This exercise is testing
whether consumers will accept the taste and cooking
qualities ofthese bananas, as an altemative to plantains.

Laboratory tests for cooking quality in 1990 showed
that cooking bananas and plantain hybrids have not yet
attained the standards of regular plantain which are
generally preferred. Cooking bananas become very
soft and sweet on ripening, whereas ripe plantains
remain relatively firm and half as sweet. Plantain
hybrids come halfway toward the preferred quality:
their medium firmness and sweetness provide an
acceptable fried product, but an unacceptable boiled
product.

Yam

A crop synonymous with a full belly and general well-
being, yam (Dioscorea species) requires much labor to
cultivate. Cultivation is expanding northward into the
forest-savanna transition zone, as land in yam's native
forests becomes scarcer under increased cropping.
The promise of significant retums to research, as well
as the importance of yam in the diet and in the social
culture itself, more than justify 1ma’s continued effort.
(See “Tomorrow's role for yam ancestors” inset in this
section.)

The goals of yam breeding are to:




Research directions

Cassava

* Breeding of cassava genotypes for
agroecological zones: the humid forests,
coastal zone, moist savanna, and mid-
altitudes zone.

* Evaluation and improvement of exotic
breeding materials from specific agro-
ecological conditions in Africa and Latin
America.

Cassava, plantain
* Investigation of the reproductive biology
and the processes of polyploidization.

Manipulation of ploidy levels and evaluation
ofthe resulting genotypes to be continued.

Cassava, plantain, yam

* Resistance levels to several pests to be
increased, as part of a new integrated pest
management strategy.

* Efficiency cfbreeding methodologies to
be improved, especially for yams and
plantains,

* Cytogenetic and biotechnological
techniques to be applied in characterizing
genotypes, elucidating phylogenetic

relationships, and improving efiiciency in
selecting for desirable genotypes.

* Investigations of the inheritance,
biochemistry and/or physiology of
agronomic and quality characteristics, and
stress reactions ofthe plant to be continued.
* Basic research to be conducted in
partnership with advanced laboratories on
somatic embryogenesis, somatic hyo-
ridization, anther and pollen culture, and
genetic transformation and regeneration.

* Increase tuber yields

* Make yams look and taste better to consumers and
keep fonger before spoiling

* Budd up genetc resistance to major diseases and
nematodes.

* Improve the tuber’s shape in order to make it easier
to harvest and handle.

The first steps toward attaining these goals are collecting
yam germplasm, charactenzing it and evaluating the
results for usefulness, and preserving 1t for breeding
research. 1 a preserves 1,200 samples of yam genetic
matertdl :n test tubes. and others in the field.

By 1988 breeders had succeeded in ther guest to
produce hign-yielding varieties of “water” yam that
can resit folar necrosis, a disease which causes
premature loss of leaves. Tests of water yam and
“white” yam in four different zones in 1990, with the
National Root Crops Research Institute (t.wcw) in
Nigeria, have shown yields of 30 tons per hectare.
which s more than half again as large as yields of the
best local vaneties.

Anew aid to yam charactenzation was confirmed with
the 1990 results of tissue culture research. Biechemical
profites of five yam enzymes were clearly defined
under clectrophoresis.

International collaboration

Cassava. yam, and plantan germplasm has been
exchanged among Latin American, Asian, and African
(Cassavaonly) countnes dunng more than two decades.

tn Cameroon. Rwanda, and Zarre since the 1970s,
<2 has trained over 40 scientists, 1,000 technicans
and e«tension agents, and 4,000 farmers’ association
members inats largest-ever collaborative root crop
projects. In Nigena, rkerand the National Seed

Service have worked with "+ i developing and
reieasing mproved cassava and sweet potato. @'+
scientists have been working onroot crop improvenient
n those countries, as well asin Ghana and in Mataw..

International collaborative testing of cassava has
become a regular part of research procedure. Apart
from that activity, dunng 1990 =+ distributed over
75,000 true cassava seeds to research programs in 20
African countnes for ther evaluation and selection
under local conditions. Virus-free plantlets of 39
cassava hnes in test tubes were distnbuted to 16
African countries. In the same way, 7 plantain lines
were shipped to 8 African countries. Five white yam
varieties were propagated and sent to 2| Afnican and
Pacficcountnes  marking amiestone inyam research.

Networking scientists, technicians and policymakers
throughout tropical Africa have promoted root crop
research through information exchange, study tours,
and other activities, 14 variously participates in and
helps coordinate activities of the Eastern and Southern
African Regional Root Crops Network (Fsarrn), the
Cassava Biotechnology Network, the African Plant
Biotechnology Network and the International Plant
Biotechnology Network. a4 collaborates with the
International Network for the Improvement of Bananas
and Planta.ns (it usap).

During 1989 1A turned over its responsibility for the
mprovement of sweet potato to a sister institute,
Centro Internationat de la Papa ().
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Discovery of the genetic forebears of the two most
widely grown food yams of West Africa opens the
way to new research for breeding improved yam
varieties. Ira analysis of yam ge.etic material has shed

_newiightonthe relationship betweentoday's cultivated

yams and their wild relatives, and suggests leads for
improvement work.

Different species of the yam (genus Dioscorea) ori-
ginated independently in three tropica zones of the
world-—three species in West Africa (D. rc*undata, L.
cayenensis, D. dumetorum), two in Southe.st Asia (D.
dlata, D. esculenta), and one in America (D). aifida). The
"yam zone" in West Africa, stretchin eastward from
the Bandama river in central Céte d'lvoire to the
western flanks of the Cameroon mountains, yields
about 90% of thc world's yam harvests. (This zone
includes the most densely populated parts of tropical
Africa.) Nigeria alone is resporsible for some 70% of
global harvests, and probably cradles the center of
origin of Africa’s vaneties: in the several valleys along
the Miger river. Over the many centuries of
domesticating the yam, the various peoples who
cultivated the crop developed complex social systems
that gave yam a prominent role.

Scientists have devoted relatively little research to
yams for several reasons. Most vaneties rarely flower,
whichlimits opportunities for breeding by conventional
methods. The countries which depend on yam cannot
afford budgets of the scale required for basic research.
Other staple crops exist, such as cassava, which can
less expensively meet the rising demand for food
caused by population growth.

New approaches have created new opportunities for
breeding research to penetrate such problem areas.
Analysis of yam DNA and genetic structure can point

‘Tomorrow's role for yam ancestors

the way to improvement of varieties, in terms of
improved vyields, resistance to pests (diseases,
nematodes, and insects), and other desirable
characteristics.

A scientists have applied the analytical techniques of
restriction fragment length polymorphism (rrp) to elu-
cidate the relationship between the two types of yam
most widely consumed in the African yam zone: the
“white” yam (D. rotundata) and “yellow" yam (D.
cayenensis). They analyzed chloroplast bNA and ribo-
somalpna in 26 plant samples from cultivated varieties
and wild species. From the similarities evident in the
genetic structures, they concluded that the white yam
was most probably domesticated from one of three
wild species: D. abyssinica, D. praehensilis, or D.
liebrechtsiana. The yellow yam was most likely a hybnd
of the white yam and one species from another set of
wildrelatives: D, burkilliana, D. minutiflora, D. smilacifolia,
or D. togoensis.

Since those wild progenitors normally reprocuce
themselves sexually, breeders are hopeful that the
“shy flowenng" habit of cultivated varn can be overcome
through use of genetic material from them. Other
desirable genetic traits may likewise be introduced
into the domesticated species, through both
conventional and biotechnological methods of gene
transfer.

Because wild species hold new value for improvement
work, their conservation becomes an evermore
important objective for agr ~ultural scientists. ira began,
during 1990, to add wild yar: species to its collection
of cultivated yam genetic materials. The task is all the
more urgent because the habitat of most wild yams
lies within the lowland forests, which are rapidly being
cut down forfarming by an expanding rural population.



Grain legume improvement

rotein-rich grain legumes {pulse crops)—mainly
== " cowpea, peanut, bambara groundnut, field beans,

and, in recent years, soybean—are important in
many parts of Africa where diets are otherwise scanty
in protein and other essential nutrients. Because they
can produce their own nitrogen requirements from
the air and can leave a substantial deposit in their
stems and leaves as fertilizer for the next crop, these
legumes are key components of sustainable agricufture
in the savannas of Africa.

A's grain legume improvement program conducts
research to improve cowpea and soybean crops and
their utilization by small-scale farmers in the rarge of
agroecological zones from the humid forest to the dry
savanna (see map on page 2).

Cowpea

Cowpea (Vigno unguiculata) in Africa is traditionally
grown as a subsistence crop. It is drought-tolerant and
thrives in poor soils.

In the mixed farming systems of the arid Sahelian
regions, cowpea is the main legume and a major
source of human food and livestock fodder. It is a
secondary crop in the moist savanna or semi-and
zones, grown together with other food or fiber crops:
millet, sorghum, maize, cassava, and cotton.

In food preparation, cowpea is utilized as dry seed,
green seed, green pods, and green (young and tender)
leaves. Livestock, particularly cattle, eat the haulms
(dned stems and leaves, gathered after the seeds are
harvested).

Cultivation of the crop has become more attractive
with the results of research by national programs of
Afncan countries and ita. Cowpea varieties with
improved yields, early maturity, and resistance to
some diseases and insect pests are being grown over
larger areas and in more different zones than before,
from arid to humid. 1Ta has the global responsibility
among intemational institutes to conduct research on
cowpea.

Reducing risks. The aim of cowpea research at iTA is
to reduce the nisks in cultivation for the farmer, whose
productivity and income will thereby increase.

nTA scientists look at cowpea as part of a cropping
system with its particular requirements for acaptation
to various stresses and for resistance to insect and
disease pests. From 1988, the main breeding objectives
have been:

* Adaptationin form, structure, and organic functioning,
for suitability in intercropping with cereals.

* Improved drought and heat tolerance, especially for
the millet cropping system of the semi-arid zones.

* Multiple pest and disease resis:ance to be bred into
vaneties adapted to local growing conditions.

Because conventional breeding and sources - f genes
from cowpea culiections have not been successful
against insect pests in some cases, the program is
placing greater reliance on genetic improvement
through crossbreeding with wild species—or “wide
crosses”. Wide crosses with a wild cowpea (V.
dekindtiana) for resistance to pod-boring and pod-
sucking bugs have been advanced to the sixth
generation. Some of the results looked promising in
1990 field evaluations.

Akara, a fried cake
of cowpea flour, is
a popular street
food in Nigeria.
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:_'Pu't',ting cowpea viruses on the map

-Virus diseases are a universal source of concem in

.. cowpea research and production, yet virologists are
“ only beginning to know enough about themto be able
1o design an adequate strategy against them.

Eight viruses have been reported to afllict cowpea
(Vigna unguiculata) in various parts of Africa, with
varying damage to crops inthe field. National programs
haveinvested to different degrees in research on their
occurrence and control. But no one as yet has put this
knowledge together, to show what geographical or
ecological relationships might explain theiroccurrence
in any particular place, or what viruses might threaten
plans for developing new cowpeavarieties for different
2reas, What drives ima's virologists to investigate these
issvies is the need to prevent future epidemics, through
b:ilding resistance into new cowpea varieties and
improving crop management practices.

From their surveys in Nigeria and selected places
elsewhere in v.estemn and southeastern Africa during
the past 15 years, ia virologists have discovered that
agroecological factors seem to delimit the occurrence
of cowpea viruses throughout the continent. The
resufts have been compiled in the accompanying map,
which shows where the four most important cowpea
virus diseases have been encountered within the
distinctive African agroecological zones: thres viruses
transmitted by beetles (cowpeayellow mosaic, cowpea
mottle, and southem bean mosaic) and one virus
carried by aphids (cowpea aphid-bome mosaic). The
zones are denoted on the map by length of growing
season, according to available sunshine and rainfall,

The suiveys folluwed the field performance of clite ira
cowpea lines, especially their susceptibility to the four
viruses and their adaptation in general to their growing
environment. The surveys encompassed locations in
westemn Africa (Benin, Burkina Faso, Cameroon, Ghana,
Niger, Nigeria, Togo) and southemn Africa (Botswana,
Mozambique, Swaziland, Zambia), where national
programs had planted virus disease “nurseries” of
cowpealines havirig known sssceptibility or resistance
to those viruses, Disease ;inztoms in the nurseries
would show the local occurrence of the viruses and
would help, in the case of elite lines, in evaluating the
effectiveness of resistance breeding,

. All four viruses may be found among cowpeas in the
- humid forest, forest-savanna transition, and moist

savanna lowlands of West Africa. The three beetle-

“transmitted viruses appear to be absent, however,

from the drier zones—the dry savanna and Sahel—as

well as from the mid-altitude zones of southeastern
Africa. In these latter zones, where most of the
continent’s cowpea is grown, only tha cowpea aphid-
bome mosaic virus appears to afflict the crop.

In addition, surveys in East Africa about 20 years ago
have documented occurrences of cowpea yellow
mosaic virus in Kenya and Tanzania, and cowpea
aphid-bome mosaic virus in both those countries and
Uganda. These occurrences follow the general
agroecological pattem found in 1A surveys.

Survival. All four viruses survive the dry seasons, when
no cowpeas are growing, by shifting abode to a simifar
crop or weed species, or to a wild relative of cowpea.

Cowpea aphid-bome mosaic virus has been found in
a subspecies, V. unguicuiata subsp. Dekindtiana, which
is a close wild relative of cultivated cowpea. The virus
can “preserve” itself in the seeds of this wild cowpea,
and reemerge with the new growing season. The
same virus, or a closely related strain, is also found in
African yam bean, which is grown in the moist savanna
and forest-savanna transition zones of central and
eastemn Nigeria.

From evidence that some strains of cowpea yellow
mosaic virus infest leguminous weeds, such as V.
reticulata or other Vigna species, Ima virologists assume
that the virus survives the dry seasons by taking refuge
insuch species in the humid forests and forest-savanna
transition zone, or wet valleys in the savanna.

While no wild reservoir has been found for cowpea
mcttle virus, bambara groundnut (V. subterranea)
provides a handy alterative host species for the virus,
which is transmitted through its seeds, Bambara
groundnut is grown together with cowpea in the
moist savanna.

Inlight of the dynamism shown by these viruses intheir
survival over the agricultural year, the accompanying
map of virus occurrence in agroecological zones has
added value for the virologist and plant breeder, as a
framework on which to mark seasonal assaciations as
well. New information about virus occurrences and
climate change can help to chart virus behavior,
enabling breeders to endow new varieties with the
kinds of resistance needed for improved production in
specific regions,
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Research directions

* Investigation ofthe biology ofthe parasitic
weed striga, leading to implementation of
a striga control project, under a cross-
program team. The striga population to be
reduced and resistance to be bred into
cowpea as well as maize varieties.

Cowpea

* Improvement oflocal cowpea geriotypes
to continue, incorporating a stable
resistance to diseases and insect pests; for
mixed cropping with cereals (millet,
sorghum, and maize) in the savanna.

* Improvement in cowpea grain types
with a wide range of maturity periods to
continue; to meet diverse needs in different
agroecological zones,

* Technical support for national programs
and networks of cowpea scientists in
western, central, and southemn Africa;
emphasizing technologies forincorporating
resistance to diseases and insect pests into
local varieties. Priority given to collaboration

with the Semi-Arid Food Grains Research
and Development (saFGRaD) cowpea net-
workand support for the Southem African
Development Coordination Conference
(sabcc) cowpea project.

Soybean

*» Breedingto combine resistance toinsect
pests and early maturity (to provide an
80-130day range of maturities) with other
desirable traits, for different zones.

* Identification of sources of resistance to
frogeye leafspot disease, and ofthe different
strains of the causal organism. Mode of
inhentance of resistance to be determined.
* Maintenance breedingto retainthe traits
of stable and high yield, good nodulation
with bacteria in the soil, resistance to the
main diseases, nine-month storage
capability of seeds, resistance to buckling
under the weight of high pod yields, and
resistance of pods to shattering and
dispersing seeds before harvest.

* Development of ways and means of
combining soybean with traditional fuod
preparations, for domestic and small-scale
industrial use, to continue in Nigeria and
Ghana with national programs, supported
bythe International Development Research
Centre (iorC) and the Japan Intemational
Cooperation Agency (jica). Simple, low-
cost processes also to be developed for
soybean products simulating meat, fish,
and cheese.

* Joint research on iritercropping sorghum
and soybean, and on crop rotation systems
with soybean, to continue with the Institute
for Agricultural Research (1aR), Zaria,
Nigeria, and the International Crop
Research Institute for the Semi-Arid Tropics
(icrisaT), with field testing in the Nigeran
dry savanna.

* Investigation of soybean production,
utilization, and marketing by Nigerian
farmers and small-scale industries.

Cowpea viruses predominant in selecied
African locations
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With advanced laboratories in ltaly (University of
Naples and the Germplasm Institute, at Ban) and the
usa (Purdue University), uta in 1987 began bio-
technology research for resistance to postflowering
insect pests and to the cowpea bruchid, a storage
weevil. The ltalian government has supported this
basic research. 1T has contracted the biotechnology
research with Purdue University as a joint project.

Genetic mapping has started at the University of
Minnesota, Purdue University, and iTa, using the
restriction fragment length polymorphism (rsLP) meth-
od. To date, 69 linkages of the genetic code have been
marked on cowpea bNa, Botanical classification of Vigna
species also continues on an rrLp basis. When the map
is completed, the research team will identify which
markers pertain to which particular traits—primanly
the desired genes for resistance to insect pests and
diseases.

The results will prepare the way for producing new
hybrids—and make the crop less risky and more
profitable to farmers in the tropics.

Soybean

uTa has always attached great importance to
improvement of soybean (Glycine max) for the trop-
ics, and more recently to research on soybean
processing and its utilization in human diets. (See
Research Highlights article “Making a home for the
soybean in Afnca™.)

In setting research aims, iTa grain Jegume scientists
have given priority to:

* Resistance to the main diseases and insect pests.
* Maturity periods which accord with climate and
cultivation patterns in each agroecological zone where
soybean is grown,

* Proressing technologies suitable forhome and small-
scale industrial use,

If people know what foods soybean can be usedin and
how to make them, this nutritious legume (40%
protein and 20% oil) will generate a strong demand in
the marketplace. Farmers will need to produce greater
amounts of soybean for the benefit of all,

The best agroecological environments for soybean

production are similarto those for maize and sorghum:
the moist savanna and "mid-altitude” zunes in the
savanna in particular.

In 1990, several lines were identified with a high leve!
of resistance to the fungal disease of frogeyc leaf spot
and to bactenal pustules, both of which are spreading
and becoming economically damagingin most soybean-
growing areas. Over half the potential yield of one
susceptible local vanety was lost to frogeye leaf spot
intrials, while the improved resistant vanety maintained
its high yields under heavy disease pressure.

Dietary need. The importance of improving the
protein content of African diets has been the guiding
pnnciple of work on soybean utilization. iTA scientists
have aimed to improve technology for household and
small-scale uses, as well as the food products made
with such technology.

Soy flour has been used to improve the protein
content of low-protein traditional foods without
increasing the cost or the cooking time, and without
changing the appearance or taste of the dishes. In
many parts of Nigena, soy flour is becoming very
popular in home cooking.

Research on medium-scale industnal processing has
led four companiesin Ghana and Nigeria to collaborate
with ITA in designing and building screw presses for
soybean oil extracticn. By 1990, three companies in
Nigenia were using such locally made screw presses.

Soybean has become an attractive crop in tropical
African countnes. The main obstacles to successful
cultiveticn have been overrome with patient research
by wTa and collaborating partners over the past 20
years. Soybean is relatively high-yielding and easy to
grow in companson with other legumes. Consumers
are beginning to find uses for soy products at home as
a food, and at a commercial level as vegetable oil,
livestock feed, baby food, and other food products.



aize is an attractive crop for small- and large-scale

farmers alike. It takes relatively little labor to grow,

yet returns high yields, especially if fertilizers are
used. In the Nigerian moist savanna zone, maize (Zea
mays) is enjoving a"boom" as a cash crop, and is taking
over much of the southern range of the millet and
sorghum belt. (See Research Highlights article "A new
maize modernizes savanna farming”.)

ITA's maize research program aims to develop vaneties
that will reduce the nsks of intensified production for
farmers. Maize scientists can do so through:

* Improving their understanding of the main pests and
environmental stresses, through “pathosystem”
research.

* Breeding resistance to those pests and stresses into
high-ytelding plant types with good grain quality and
the nght mix of growing characteristics.

National program scientists ;n the region collaborate
closely with iTa scientists in all aspects of this research.
New technologies from these joint efforts will thus be
acceptable to target user groups.

Durable prize-winner

uTA's development of resistance to maize streak virus,
which won the King Baudouin award for international
agricultural research in {986, is a well-known example
of the “pathosystem"” approach. In a 10-year team
effort, entomologists and virologists studied the life
cycle and ecology of the virus and its vector, the
leathopper Cicaduling, to provide bre=ders with the
tools to devise novel screening techniques and a
breeding strategy which identified a highly stable kind
of resistance. The success of this effort lies in the
durability of the resistance, which was based on a
combination of many genes.

New strains of maize streak virus could evolve from
viruses in native grasses surrounding maize fields, and
overwhelm the 1T resistance. Against that possibility,
wild grasses showing symptoms of the virus were
collected dunng 1990 in Nigeria. t done of the viruses
isolated from those specimens was as virulent as the
maize isolate itself, and none was able to overcome
the resistance in the maize. Moreover, samples of
maize streak virus collected from westem, eastern,
and southem Africa have shown a remarkable genetic

similarity, which indicates that the 7a resistance can
be expected to remain durable.

Collaborating programs in other African countnes are
beginning to use the research technologiesin order to
adapt the results to their own settings. Zaire joined
Togo in 1990 as one of the first countries to succeed

Maize research

Maize harvests are
increasing in
western Africa’s
moist savanng—
here, in Burkina
Faso.
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Please save the savanna from that witch

Tawny maize fields ripple in the wind at harvesttime,
across the moist savanna of northern Nigena. Twenty
years of maize breeding for Africa have yielded vaneties
well-adapted 1o this region, and farmers have found
that they can tan new markets with their expanding
harvests. This scene is ripe for devastation by the
"witchweed" striga, against which maize has little na-
tural defense. But A breeders have already delivered
varieties with moderate resistance to the weed, and,
teamed with other scientists, seem well on their way
to developing effective striga control for the savanna.

Stnga parasitizes the region’s main cereals (sorghum,
millet, maize, upland rice) as well as grain legumes
(cowpea, soybean, groundnut). The whole crop can
be Inst in a severely infested field, forcing the farmer
to abandon it.

The threat to maize is greatest of all. Most of the other
crops which striga preys on evolved in Africa together
with the parasite, and thus developed a measure of
genetic resistance long ago. Maize came to the African
savannaonly 30 years ago, and haslittle native resistance.
Whatever protection science can give it must come
from external sources.

Althoughitis a plant, striga resembles a fungal pathogen
in many ways. It produces hundreds of thousands of

Inusing 17 A-style screening for maize streak virus with
minimal facilities. 1~ also assisted Cameroon and Ghana
in developing their screening capability.

"Witchweed". The parasitic weed Strga herrmonthicy
threatens the new successes of maize in the Nigerian
savanna, the rone holding highest potentual for large-
scale maize production, and 15 a growing threat in
Zarre Researchandbreeding for resistance or tolerance
to stnga, on the pathosystem maodel, have high priority
nira's mavte work, (See “Please save the savanna
from that witch™ inset above )

Downy. The pathogen carrentiy ravaang forest-zone
maize s downy mildew, 1 tangus, Plants miccted early
suffera 1007 105, :n yield, since ears cannot form, The
disease has become epidermic in southern Nigeria
by 1990.1t had struckn several states. In central Zarre,
downy mildew i likewise becoming epidermic,

tiny seeds, each weighing only 5 micrograms, in just
one square meter of an infested field The seeds
remain dormant until chemically triggered by the host
plant to germinate. The striga root attaches itself to
the roots of the host plant with a haustorium, a foot-
like appendage similar to fungal attachments, The
“witchweed" can then flourish at the expense of its
host, which it slowly poisons.

Research in advanced countnes has found several
means of controlling striga, such as nitrogen applications
at a high rate, herbicides, managed fallows, and
fumigation of the snif to induce a suicidal germination,
These means are too costly for African farmers, so in
1982 1A launched a search for control technologies
which suit the region.

ITA breeders have screened thousands cf maize lines
from all over the world for genetic matenal resistant
to or tolerant of the most widespread species in
Nigena, Striga hermonthica. Selection for tolerance or
resistance ihas succeeded—moderate levels are already
available in hybnd and open-pollinated varieties of
different grain types and maturity periods, well-adapted
to savanna growing conditions.

But these resistant or tolerant varieties still
accommodate some striga in their midst, so striga

Excellent genetic resistance s avalable, however,
developed jontly by # 4 and Nigerna's In,ttute of
Agnicultural Research and Traming (:+#&+), and breed-
ers continue to work onimprovements in varieties for
the forest zone. In trals of large (half-hectare) plots,
yields of the resistant varieties are not reduced, while
susceptible varieties  which are wadely prown  are
severcly affected. o« helped «#& hold a workshop
dunng 1990 to nform local authonties about the
epidermic and how to combatitwith resistant vaneties.

Funge are notorious for ther ability to evolve new
strans that can overcome exsting types of penetic
resistance. Understanding of a fungus’s potental for
mutat:on or varability of strain can help in preventing
a4 breakdown of the resistance. In 1990 4 began a
worldwide study wath the University of Califortua at
Davis on stran vanability of downy mildew, on maize
and sorghum.



seed continues to build Up in the soil, a risk to future
crops. Hence, a new phase had to open in the quest

for protection, to include a multi-sided attack on the
" striga plant. Rreeders were joined by other scientists:
agronomists, pathologists, economists, biologists,
computer modellers—to orchestrate a set of plant
characteristics for maize, farming practices, and
biological control activities, reinforced by insprovements
inscientificknowledge and research techniques, which
together will control the striga threat.

In the first year of shared effort, 1990, the earier
breeding advances were complemented with new
research on farming practices which promote or dis-
courage the pest, and with models of striga population
dynamics and of the suitability of control terhnologies.

Resistance breeding continues together with research
in the other striga disciplines. Priorities for research
activity are listed below.

Research priorities

» Exp~~the work to include other important striga
species, particularly S. asiatica and S. aspera.

* Increase the number and diversity of field sites by
developing more collaborative links with affected
countries.

Grain drain, Stored maize suffers huge losses from
insect pests, particularly in the forest zone. With the
help of a visiting scientist from the Republic of Benin,
D. K. Kossou, studies of Sitophilus grain weevils found
that maize stored on the cob-—the traditional
method—suffers less damage from weevils than shelled
maize. The longer husk leaves of traditional vaneties
hug the cob more tightly than do the shorter, looser
husks of modern varieties, thus affording the stored
ear better protection from pests. Accordingly, breeding
strategy in 1990 included selection for longer husks,
and charactenstics that contnbute to weevil resistance
in the grain itself.

In the past decade another storage pest of maize, the
larger grain borer (Prostephanus truncatus), entered
West Africa from Central America. It has become a
serious problemin Togo, and has spread to neighboning
Ghana and Benin. Two iTA programs, on maize
improvement and on biological control, are working

* Increase the level of tolerance/resistance to striga,
and broaden its genetic base by screening land races
and wild relatives of maize.

= Improve our understanding of resistance
mechanisms, and devise screening techniques for
them.

* Continue on-farm diagnostic studies to learn how
farmersare currently coping with striga, and how striga
is adapting to the recent changes in cropping patterns
in the savanna. That will yield more clues for control
methods.

* Studythe mechanisms by which nitrogen appears to
inhibit striga, and find ways to increase the efficiency of
contro! using small, economic doses of nitrogen
fertilizer.

* Identify more “trap plant” species that cause suicidal

germination of striza and are economically * iable for
savanna farmers.

= Gaina better understanding of the basic biology, life
cycle, and epidemiology of striga, to reveal novel
opportunities for its control.

» Assess the potential of biological control strategies
against striga, utilizing insects and nematodes.

* Explore the opportunities for using biotechnology
to (a) transfer resistance genes from indigenous grasses
into maize, and (b) measure strain variability in striga
populations at the molecular level, to assess its chances
of overcoming resistance through genetic change.

with national and intermational institutes in Togo,
Benin, and Nigena to find ways to head off the threat.
Organisms possibly useful in biological control are
being hunted in South Amenca, where the pest
onginated.

Biological and ecological studies of other pests—stem
borers and ear borers—and their natural enemies
continued dunng [990. Resistance to stem borers
poses one of the most difficult challenges to breeders.
Breeding for forest-zone maize included resistance to
these pests, with several maize populations showing
modest progress in selection. To date, only moderate
levels ofresistance are within reach; hence, ima breeders
are exp.onng the possibilities for biotechnological
means to obtain a novel type of resistance.

3Bieting. Low nitrogen levels in the soil and the high
cost of nitrogen fertilizers persuaded wain 1988 totry
breeding vaneties which require less nitrogen to grow.
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Green or new
maize provides
food to be eaten
fresh, not stored,
during the “hungry
season” before
other crops are
mature enough to
be harvested.
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Yields of trial lines under high and low applications of
fertilizer are being compared, and measurements
which reflect the plant’s efficiency in using soil nitrogen
are being analyzed.

Good eating? Eating quality has not been a big issue in
developed countries, where maize is fed to livestock
or used as an industnal material. It is a key issue for
research in Afnca, however, where maize is a main
dish in people’s daly diet.

ITA started to characterize maize varieties in 1990 for
their grain trats—such as oil content, ease in milling,
types of starch. The first year's work reveals that maize
contains enough genetic variation to enable breeders
to produce different combinations of grain quality
charactenstics. Oil content appears to be high in most
varieties, so they would be prone to deteriorate in
storage. Breeding can overcome such a defect.

In breeding work, conversion of the grain type of some

improved varieties to a softer kernel continued, utilizing
the "floury” gene from traditional, unimproved types
of maize. A soft grain is preferred in many areas for its
ease in milling and high flour yield. Startedin 1987, this
project benefited from the work of Ghanaian visiting
scientist Baffour Badu-Apraku, who reported in 1990
on his genetic findings from his year-long stint.

Uses. The results of pathosystem research find their
practical use in the hands of the breeder, who utilizes
them in developing new varieties with the desired
characteristics. The breeder works with two types of
maize: open-poliinated vaneties, which farmers can
propagate on their farms each year; and hybndvaneties,
which yield better but which cannot produce their
own seed for the next year's crop. The two com-
plement each other in breeding strategies. From
open-pollinated populations come lines with genes
for specific traits, Desirable genes can be “fixed" in
these lines into unchanging form, a genetic resource in
developing new hybrids or open-poliinated varieties.




Research directions

* improvement in. understanding of the

biology and control of striga, through a

cross-program project with a twofold
- approach: to reduce the striga population

and improve host plant resistance.

* Strengthening of national programs and

regional maize networks, emphasizing

transfer of technologies for screening for
resistance to maize streak virus and striga.
* Improvement in understanding of smali-
scale farming systems, through close
collaboration between nTa's maize
program and savanna systems group.

* Development of maize varieties adapted

toregional growing conditions, emphasizing
high yields with stable resistance to foliar
and ear diseases and maize streak virus,
resistance to stem borers and storage
insects, improved grain types and a range
of maturity periods, to meet the needs of
the lowland and mid-altitude tropics. -

Outreach projects

An maize scientist is linking colleagues in Sahehan
countries in a regional network sponsored by the
Semi-And Food Grains Research and Development
(sarGraD) project. Institutions in the different countnes
serve as “lead centers” for particular research topics,
and share their findings with the rest of the network.
In 1990 mA’s saiGra maize coordinator assembied
trials of early-matunng, drought-tolerant vaneties and
distributed them among 16 countries in West and
Central Afnca. He also orgamzed vanous study tours,
exchange visits, and training programs for scientists
and technicians.

In Cameroon, an 1A maize breeder has worked with
the National Cereals Research and Extension (Ncai)
project for seven years, helping to train counterpart
scientists as they developed high-yielding vaneties for
the mid-altitudes zone, where most Cameroonian
maize s grown. A assistance has helped nckr to
succeed in developing maize genetic materials to the
final testing stages.

In Zaire, the national program has recommended an
ira improved variety, “Babungo 3", to replace an
earlier vanety susceptible to maize streak virus, for the
vast southemn Shaba mid-altitudes. In the last year of
collaboration with the bilateral aid project, Recherche
agronromique appliquée et vulgansation (Rav), an ita
breeder and entomologist completed their work in
developing high-yielding vaneties resistant to maize
streak virus, using ura matenals. The shared efforts
have he'pedtostabilize yields especially nlate plantings,
which are customary for poor smallholders with little
labor at their disposal. Babungo 3's streak resistance
pays offin late plantings because the disease builds up
as the season progresses.

Reaching the farm. wia provides breeder's seed,
training, and technical advice to seed producers
nominated by governments, as a way to help push
new varieties out the end of the research pipeline
toward farmers' fields. Seed companies help to extend
the impact of the research by making the new varieties

available where the demand is.

In Nigeria, n1ahas helped establish two successful seed
companies and, in 1990, was requested to support a
national project to strengthen seed multiplication and
distribution, by supplying breeder’s sced of downy
milde ~v-resistant vaneties and assisting with training in
seed production.

Rice with maize is
a successful
combination for
some farmers in
northern Nigeria.
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Rice research

Rice research head
at nery, E Imolehin,
studies the African
rice gall midge
problem in an n1a-
designed
screenhouse at
Badeggi.
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uringits last year of existence, the ITarice research
program concentrated on conserving the advanced
germplasm, or genetic materials, it has developed
over the past 20years, and on duplicating the collection
for transfer to the West Africa Rice Development
Association (warDA) at Bouaké, Céte d'Ivoire. Some
breedingwork during 1990 maintained the momentum
of improvement research during this transfer period.

WARDA is placing a breeder of irrigated rice at uta, in
order to take advantage of the field and laboratory
facilities and keep in close contact with Nigeria,
WARDA's biggest rice producer. The breeder will also
help in linking uTA’s inland-valley research group with
WARDA'S program.

Breeding. For inland valleys, 24 promising new
advanced breeding lines were identified during 1950,
which have high-yield potential, good eating quality,
resistance to the fungal diseases of blast and hull
discoloration, and, in some, resistance to iron toxicity.
For upland areas, five new lines were selected. For
imigated areas, six new lines wers selected. One
imgatedline shows moderate resistanca torice yellow
mottle virus disease. Enough of its seed has been

prcduced for interested countries to test on their
own. New germplasm sources of resistance to the
virus have become available from Kenya.

Many national programs were drawn closer into the
breeding process as second-generation rice hybrids
were distrbuted to them fur testing and selection
under local conditions in their own environments. The
Rwandan and Cameroonian programs received
products of A genetic crosses with global sources for
cold tolerance, for adaptation to their mid-altitude
zones. Similarly, populations of advanced breeding
lines for resistance to iron toxicity were sent to Cote
dvoire, Ghana, Guinea, Liberia, Nigeria, and Sierra
Leone afte- review and selection of the seed by their
own breeders.

Gall midge. The African rice gall midge was first
recorded in Nigeria 35 years ago, but did not become
a major pest until 1988 when it devastated 50,000
hectares of rice fields in eastern Nigeria. Together, uTa
and the National Cereals Research Institute (Ncai) at
Badeggi, 1TA's chief local collaborater in rice, mounted
a campaign against the pest from 1989 onward.

A has spearheaded research on the ecology of the
pest and its natural enemies, and begun developing a
strategy for managing the threat. Ncri leads the dev-
elopment of rice varieties resistant to the pest's attack.
State agricultural development projects provide land
and manpower for experiments. A total of | local,
state, federal, and international agencies, as well as
individual farmers, have linked up with network activity,
sharing information and conducting joint surveys,
training, and public awareness drives. In 1990, the first
“monitoring tour” for all Nigerian collaborators was
held at lkot Obong, the most badly attacked area that
year, in the eastern state of Akwa Ibom,

Networking. ia continued to support rice improve-
ment work for the region by providing research
facilities to the Intemational Network for Genetic
Evaluation of Rice (INGER-Africa), which is based at the
International Rice Research Institute (irwi). During 1990,
27 African countries received seeds of upland, lowland,
imgated, and mangrove swamp types of rice. INGER will
analyze the results of their trals, for their use in
breeding work.
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iological control atura beganin 1979 as an urgent

expenment to combat the cassava mealybug and

the cassava green mite, two unwelcome
immigrants from South Amenca. Uncontrolled, the
two pests were spreading rapidly ir Africa's cassava
belt—an area larger than the United States of
Amenra—threatening yield losse s as high as 80 percent
to the sub-Saharan region’s most important crop, a
staple food of some 300 million people. The
conventional, chemical response---frequent dousings
with potentinsecticides -—would have beenec Jlogically
brutal, socially unacceptable, expensive, and most
probably unworkable.

A biological altemative, enlisting nature’s own agents
and mechanisms to keep pest populations in tolerable
balance, appealed to nia as the "rght” sclution. On
their home ground in South Amenica. mealybug and
mite populations are naturally controlled by such
antagonists as parasitic wasps and lady beetles.

A decade of Afnca-wide research and campaign
action was crowned in 1990 with the King Baudouin
award for intematioal agncultural research, shared
with nia’s sister instiicte Centro Internacional de
Agncuttura Tropical (cia1). Meanwhile, the i1 a biological
control program has come to play a key role in n1a
research strategy. The application of biological control
strategy 10 other crop/pest problems must rest on a
full understanding of the ecology and hife cycle of the
vanous pests and ther antagonists. In 1990, computer
programs at nia simulated the workings of such eco-
systems, and included all living and environmental
components that the crop and pest interact with. Field
andaboratory research are adding to th:s new holistic
understanding of ecosystems, which will form the
basis for sustainable systems of plant protection being
designed. (See "'Plant protection” inset in this article,
overleaf)

Making a meal ot mealybug larvae

The mealybug (Phenacoccus manihoti) is present at
low levels n its native ecosystem. Arduous field
vesedrch in South America had identified that pest's
primary natural antagonist: Epidinocarsis lopezi, a
parasitic wasp, which lays its eggs in mealybug larvac.
The wasp’s larvae consume their mealybug hosts as
they develop. The successful establishment of this

wasp in Africa promised prompt, self-perpetuating,
and self-regulating mealybug control.

The biological strategy was also attractive because of
its simplicity. Success in distributing E. lopezi required
no effort from networks of extension agents, nor from
individuat farmers. A entomologists bred many
thousands of wasps, which were broadcast from
airplancs orreleased on the ground with governmental
collaboration in the affected countries.

Biological control of the cassava mealybug worked
from the start: the introduced wasps, multiphed at na
and released in cassava-growing regions, readily
established themselves in the African environment
and promptly set aboutreducing mealybug depredation
by half or better. to virtually subeconomic levels in
many areas. By 1990, natural enemies of the mealybug
had been released at about 160 sites in 20 tropical
Afncan countries. The parasitic wasp E. lopezi has
made itself athome over more than 2.7 million square
kilometers in the 25 countries of the continent's
cassava belt.

Over the past few years control efforts have aimed
ncreasingly at eastern and southemn Afiica, the last
areasofthe mealybug's invasion. Dunng 1990, national
programs in eight countries conducted mealybug
surveys, releases of natural enemies, and follow-up
activity with uia guidance and support. Goed control
with £ lopezi is reported from most treated areas. In
four countnes of West and Central Africa, national
programs made follow-up assessments with 1A
assistance in 199C. Biological control scientists started
to investigate a few of the mealybug predators which
have established themselves in only some of the
ccologies in which cassava grows.

Stalking the spider mite

The spider mite Mononychellus tanajoa, or cassava
green mite, 1s the most important pest of cassava after
the mealybug, and likewise came to Africa from the
Amencan tropics. Exploration for natural enemies in
its home ground dunng the 1980s tumed up more
than 50 mite predators and one pathogenic fungus as
potential agents of biological control—of which 10
predaceous mite species were brought to Africa for
experimental release.

Biological control
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Plant protection —
‘sustaining protector as well as plant

All living organisms, plants, and animals on earth are
related by theirinteractions: what they take from each

--other and the environment, and what happens as a

consequence of taking. The different demands of
each one have implications for the activity of all the
cthers within its sphere of interaction.

A plant's interactions as part of a cropping system are
depicted in the accompanying diagram. Farmers are
part of those interactions as they exploit the plant
world in order to harvest crops. If scientists want to
help farmers to increase their harvest., the first step
should be to understand all the related elements in
the cropping system being manipulated. On the basis
of this understanding, scientists can devise efficient
ways to increase the “take” and to sustain that
improved harvest for the future.

We human beings need to know how to sustain our
improvements for the indefinite future, if we want to
keep things within our control ecologically and to stay
on top within the system.

Pest/plant interactions

In solving a pest problem, the importance of an
understanding of the whole picture of plant/pest
interactions becomes apparent. Both pest and its
natural enemies interact with a plant in different ways,
which vary according to the plant's growing habit, its
stage ofdevelopment. andits environment and climatic
conditions.

The plant's ability to withstand pest attacks and
compensate for damage depends on many aspects
which govem its growth—among them, length of its
growing cycle (particularly of the plant parts that are
damaged), the number and kind of diseases and/or
insect pests attacking it, any form of resistance
mechanismitmay have, type of growing habit (whether

~ annual or perennial, early- or late-branching, or leafy/

non-leafy), its age, vigor, and the actual soil and other

environmental conditions which prevail,

. The way the pest feeds is very significant for the plant
“in compensating for damage and recovering. The
" cassava mealybug, for example, taps the plant's sap,

After sevenyears of campaign effort, two of the mites,
Neoseiulus idaeus and Typhlodromalus limonicus, both
from northeastern Brazil, have become established in
Benin, West Africa, and have already brought down

which can be highly detrimental over a long period
because it reduces plant growth. The damage caused
by the variegated and the elegant grasshoppers, on the
other hand, which feed directly on the leaves and bark
over a short season, might be mare easily overcome,
depending on the length of exposure to the pest and
growing habit ofthe plant (whether profusely branching
and leafy or not).

Indeed, the growing habit of thie cassava plant is crucial
to its response to attack and recovery. If plant growth
is affected by a leaf-feeding enemy (the grasshopper,
or the cassava green mite) or a sap-sucker (cassava
mealybug), the plant will respond by producing new
leaves on lateral shoots. How fast this response comes,
and how many shoots the plant produces, depend on
its growing habit.

Growing habit: key factor. Generally, among cassava
species, two different types of growing habit can be
distinguished: a late-branching type and a profusely
branching type.

The first type, whose branches form late, tends to
produce the right amount of leaves it needs for the
roots it is developing underground. The second, early-
branching type tends to put out far more leaves than
it needs for producing its potential volume of root
flesh. This latter type can, therefore, afford to lose
more of its leaves to pests or drought, for example,
without sacrificing its root growth, than the first type
can.

As growing conditions improve, the late-branching
type does not produce more branches or leaves;
instead, its energies go to developing the root. The
early-branching type, however, does produce more
branches and leaves with improvement in growing
conditions. So, in the absence of pests and diseases in
a favorable environment, the late-brancher is the
superior yielder. But in that same setting the early-
brancher produces proportionately more organic
matter, in the form of stems and leaves, which can be
leftinthe fields afterthe harvest and help in maintaining
soil fertility.

the numbers of cassava green mite. During wet seasons
when their target species becomes scarce, both find
alternative food: N. idaeus another mite species, and T.
limonicus a plant product exuded by cassava leaves.



Consequences

When cassava plants grow poorly, mealybugs do not
grow big, Intum, the parasitic wasp E. fopezi, which iTa
has released in an Africa-wide program to contro!
mealybug populations, spawns males inside its host
mealybug larvae, if the hosts are small. (It spawns
females if the hosts are large enough to support the
usually greater demands of female development.)
Naturally, the fewer females that are produced, the
smaller is the population of parasites and the better
the mealybug fares.

Thus, poor plants show higher degrees of mealybug
infestation and of plant damage than dr es vigorously
growing cassava. The efficiency of biological control is
reduced on plants with severely reduced growth.

The plant and the biological control agent are also
directly related in respect of cassava vaneties—those
“susceptible” and those *resistant” to pest attack.
Susceptible cassava varieties show the highest densities
of cassava mealybug in the field, but the lowest

parasitization rates; because the “quality” of the
mealybug populations (smaller-sized mealybugs)
reduces parasite fecundity by inducing the wasp to
breed males rather than females. On the other hand,
resistant cassava vaneties have the lowest mealybug
densities, which show the highest extent of
parasitization.

Basic research

Such basic research will guide future 1A strategies for
crop protection and help in planning for farmers to
exploit agricultural production in an efficient and
sustainable way.

The practical side of crop protection involves sharing
of the research results as feedback to breeders,
agronomists, and other scientists who are participating
in the design of new farming technnlogies. Everyone
involved in manipulating the sphere of cropping
interactions should also contribute in interpreting
feedback and building up understanding of the
interactive system,

The ecological basis of agriculture:
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The predaceous mites appear to have become
established in East Africaas well: N idaeus in Kenya and
T. hrnonicus in Burundi,

With this breakthrough, current losses of as much as
one-quarter to one-third of the cassava hanest can
possibly be saved, according to Soutr Amencan
expenence. National programs in otner countries are
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Research directions

* Reorganization of plant protection
activities institute-wide into anew biological
and integrated plant protection program.
* Cassava mealybug: follow-up work in
areas aiready controlled. Special efforts to
be mounted in the few remaining pockets.
Technical assistance in rearing to be given
to national programs,

* Cassavagreenmite:releases of predators
inmain agroecological zones. Multiplication,
release, and monitoring activities to begin
in several national programs. Integrated
control projects for mites and for cowpea
pests to begin in three or more countries.
Degree and technical training to reach 25
and 50 people, respectively.

* Exploration, quarantine,introduction and
expenmental release of natural enemies of

* Maize pest complex: importation and
testing of natural enemies of larger grain
borer and others. Field trials to begin for
systems management practices, mostly crop
rotation. Striga research: basic systems
analysis, and identification and analysis of
factors influencing outbreaks, to be
conducted.

* Banana and plantain pest complex:
completion of diagnostic survey in East
Africa and initiation in West and Central
Africa.

* Weed biological control projects:
initiation of preliminary research, including
Imperata and Chromolaena.

* Locust and grasshopper project:
advanced implementation of field trials.
Development of multiplication techniques

for pathogens to be prepared for transfer
to national programs,

* Selective support to national biological
control programs. Special funds available
to assist eight countries, with additional
requests pending.

* Technical training (five-week sessions)
for 48 specialists during 1991 under a
training project sponsored by the Organiza-
tion for African Unity (0au) and funded by
United Nations Development Programme
(unor) and Food and Agri-culture
Organization (fa0). New project to be
prepared for 1992,

* Training to continue for Msc and rhp
degrees; at least four new students per
year.

cowpea thrips.

54

releasing new batches of predators in different
agroecologicaf zones, and are studying the biology,
behavior, and ecology of the cassava green mite and
its natural enenves.

To theoniginal pair of enemy targets. it A has added the
complexes of cowpea pests and maize pests, the
mango mealybug, andiocusts and grasshoppers, which
are pests of a number of crops i the savannas,
Possibilities for biological control of the parasitic
weeds Stnga and Imperaty, and the banana and
plantain weevil, are being explored.

New findings from ecosystem analysis mdicate that
classical biolog cat control 1s a possibility for many
species of the ccwpea pest complex. Natural enemies
of thnps, major cowpea pests, were identified. A
computer mode of the plant has been developed and
was superimposed with thrips dunng 1990. Studies of
postflowering pests. diseases, and striga have
commenced. to provide data for a comprehensive
plant/pest model.

The maize pest complex, including stem borers, cob
borers, diseases, and weeds, especially striga, poses a
devastating threat as maize cultivation intensifies in
‘0 estand savanna zones across West and East Africa,
Kesearch)s revealing the extent of the damage caused
by stem borers and cob borers n West Africa.

Research on stem borers was extended to eastern
and southern Africa in 1990 at the request of
governments. Centro Internacional de Mejoraniento
de Maiz y Trigo (crmv) and 52+ are planning a joint
control program against the larger gran borer, an
insect pest ntroduced from Mexico or Central Amenca
to East and West Afiica a decade ago and which now
causes significant losses i stored maize 1in many
African countries.

Using campaign methods and national programs from
the cassava meadlybug project, control of the mango
mealybug has succeeded from Cote d'lvore to Zae,
with few exceptions. Detaded follow-up studies are
assessing biofogical and economic impacts. The few
remaining pest pockets are aso bemg studied in
preparation for a final assault in 1991 with a new
natural enemy introduced from India.

Microbual controt of locusts and grasshoppers was
planned during 1990 as a jont project with the
International Institute of Biological Control,
Laboratory and field tests are under way to identify
effective fungy, bactena, and other pathogens. Smple
multiphcation and application techrmiques are being
devtioped for nationat program use. The biology and
ecology of grasshoppers and ther natural enemves are
being studied.




Genetic resources

The genetic resources unitis responsible foria's germ-
plasm collections of food legumes, cereals, and root
and tuber crops. iTa has a world mandate to preserve
and document germplasm of cowpea and yam, and of
the African land races of two cultivated rice species,
Oryza glabermima and O. sativa. To improve the genetic
diversity available to plant breeders, 1TA’s genetic
resources specialists collaborate with national programs
in Africa to collect the wild relatives of cultivated
species.

The unit maintains a germplasm collection of 15,200
accessions of cowpeas (Vigna species) and 1,500 of
wild Vigna, 12,500 of rice species, 2000 of yams
(Dioscorea species), 1,400 of soybean (Glycine max),
1,200 of maize (Zea mays), 2,000 of bambara ground-
nut, and hundreds ofmiscellaneous species. A separate
collection in theroot, tuber, and plantain improvement
program holds 2,000 lines of cultivated and wild
cassava (Manihot esculenta), 1,000 clones of sweet
potato and over 400 clones of plantain and banana
(Musa species) in in-vitro cultures.

Exploration and collection. In Nigeria during 1990,
eight wild yam species were surveyed and collected in
eight of the southern and eastem states, along with
cultivated species from Gongola state. An exploration
project in Ghana collected samples of wild cowpea,
and cultivated yams and cassava. Exploration for
cassava will continue there during | 991.Inthe Republic
of Benin, a collaborative survey with national scientists
collected a total of 751 samples of cultivated legumes,
cereals, and root and tuber species and their wild
relatives.

Germplasm diversity. Study of agrobotanical and
physiological characteristics of the two African rice
speciesin | 990 revealed a clear separation of O. sativa
into two groups, corresponding to the indica and
japonica differentiation in Asian rice. Differentiation in
O. glabemima has not yet been established.

Collaborative studies are bringing to light the extent of
diversity in the primary gene pool of cowpea and in
the genetic evolution of the species. Findings indicate
that wild Vigna has much to contribute to cowpea
improvement. Some of the genetic materials are

potential sources of resistance to pod-sucking bugs,
flower thrips, and leaf miner. (See the grain legume
impro/ement article.)

Genetic inheritance. Knowledge of how plantsinherit
specific traits or characteristics can provide useful
examples for application in related species, or help in
developing strategies for using the genetic materials
concemed.

ITA scientists have begun to study how the genetic
immunity of O. glaberima to rice yellow mottle virus
is inherited, in order to gain an understanding of how
the high susceptibility of O. sativa to the virus can be
supplanted with immunity. For cowpea, 17a
entomologists have found that hainness of the pod
can discourage pod borers and pod-sucking bugs, so
the plant geneticists are investigating how the hairy
trait can be bred into cowpea varieties which are
smooth.

Biotechnology research

The new A biotechnology research laboratory, funded
mainly by the ltalian govermment, was formally
dedicated in November 1990. The unit will heip in
linking Asfrican research needs and facilities with
advanced laboratories in developed countries. The
dedication of the unit coincided with a workshop on
the theme of “Bictechnology: enhancing research on
tropical crops in Afnica”, with |20 participants from 24
countnes. The workshop heard 50 papers during eight
technical sessions. Recommendations were adopted
which will guide 1TA in setting priorities for its
biotechnological research activities.

Some objectives of uTA's commodity improvement
programs cannot be easily realized by conventional
breeding; for example, host-plant resistance to insect
pests, which requires biotechnological transfer of
genes from wild species or even unrelated organisms
to cultivated plants.

The unit has four broad areas of research:

* cell and tissue culture

* cytogenetics and wide crosses

* diagnostics

* restriction fragment length polymorphism (RfLP)
techniques.

Research support services
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The unit is participating in the collaborative studies to
explore possibilities of transferring the resistance genes
from the wild species V. vexillata and others to
cultivated cowpeas. Since an increasing number of
wild species wiil be used in breeding programs, several
wild cowpeas have been tested for virus resistance,
Excelleat sources of resistance to cowpea mottle virus
have bren identified in V. vexifata, whereas only
toleran e to this virus has been found so far in certain
cultivat :d cowpeas. It should be possible to select wild
species as donors with combined resistance to insect
pests and viruses whenever wide crosses are possible.

Work or. yam germplasm dunng 1990, with the root,
tuber, and plantain improvement program, invelved
study of bna vanability in yam, using rrLp analysis. It
resuited 10 a new understanding of the origins and
evolution of cultivated yam species. (See ' Tomomrow's
role for yam ancestors” inset on page 40.)

Recent developments in biotechnology permit the
production of reagents for detection of pathogens, in
the form of monoclonal antibodies and cloned
complementary DNA (cONA). Moreover, the sensitivity
and specificity of diagnostic tests can be highly improved
by the use of thesc reagents. In collaboration with
Agricufture Canada, Vancouver Station, 12 cowpea
aphid-bome mosaic virus isolates from Nigenia have
been used in charactenizing strains of the virus using
polyclonal and monoclonal antibodies. A panel of
mouse monoclonal antibodies was also raised. Using
this system, four serotypes of the virus have been
differentiated. iA is helping national programs on the
use of monoclonal antibodies in tieir own laboratones
to identify locally prevalent strains of the cowpea
aphid-bome mosaic virus,

With the Scottish Crop Research Institute, Dundee,
many weed species and crops with typical whitefly-
transmitted diseases have been tested using a panel of
monoclonal antibodies developed against African
cassava mosaic virus. Several plants reacted with
monoclonal antibodies samples which can detect
whitefly-transmitted geminiviruses. However, these
geminiviruses were not identical with that virus, Further
studies are in progress to characterize geminivinises in
weed species.

With the University of lllinois, Panicum streak virus has
been characterized and compared with maize streak
virus.

Virology

The virology unit conducts research on virus diseases
occurring in ITA's mandated crops in Africa. The unit's
activities are closely linked with the work of breeders,
pathologists, and entomologists in each of ITa's crop
improvement programs.

Virology at ita focuses on two different but
complementary fields of interest. The first includes
studies on the etiology and epidemiology of virus
diseases as well as research which supports the
development of new disease-resistant vaneties. (See
“Putting cowpea viruses on the map" inset on page
42.) Quarantine aspects of crop improvement and
international transfer of improved germplasm also fall
within this field.

The second concems virus punfication, charactenzation,
and detection techniques. The unit maintains pure and
charactenzed virus isolates that are used in testing
breeding lines for resistance. When an unknown virus
is found or a knowi virus has assumed an unfamiliar
form, the uta virologists try to identify and purify it,
develop antisera, and describe the pathogen in terms
ofisolate characternistics for reference and companson.

Achievements. Duning 1990, the unit continued to
test the resistance of elite cowpea and rice genotypes
from the breeding programs to newly recognized
viruses or virus strains,

Collections of wild rice as well as O, sativa germplasm
resistant to rice yellow mottle virus were tested
against the ima standard isolate of this virus and another
isolate obtained from a rice-growing region within
Nigeria. An isolate earlier obtained from O,
longistaminata was included in the studies.

Results have shown that the new isolates of rice
yellow mottle virus do not differ significantly from the
nTa standard isolate for resistance screening purposes.
However, there were significant differences between
isolates in respect of reactions to certain accessions of
0. longistaminata, O. barthi, O. glaberrima, O. punctata,



and O. eichingeri, the originally African Oryza species.

Comparative studies of locally occurring strains of the
cowpea aphid-bome mosaic virus have shown that
the types of viruses which occur in the main cowpea
growing areas of the dry savanna differ, to some
extent, from isolates of this virus routinely used at ITa
for resistance screening studies. The majority of
accessions, however, have reacted in a comparable
manner.

A virologists made significant progress during 1990
in charactenzing viruses occurring in banznas and
plantains (Musa species). The cucumber mosaic virus
was found to be the most commonly encountered
and has been shown to be responsible for conspicuous
chlorosis and mosaic symptoms.

Some apparently new viruses isolated fromuta's man-
dated crops and associated weed species were
charactenzed or purified forthe production of antisera
to be used for diagnostic purposes. Several antisera
have also been made available to national program
scientists on their request.

A project with the International Development
Research Centre (ibrc), Canada, is assisting national
programs in Africa in identifyirig viruses in their major
food crops. Once national program scientists have
been trained in the use of monoclonal antibodies,
they should be in a better position to conduct reliable
virus identification specific to their own areas. After
locally prevalent virus strains have been identified, iTa
and national program breeders can adopt strategies
toincorporate appropriate virus resistance inimproved
crop varieties.

Biometrics

The biometnics unit advises all iTa scientists and grad-
uate students doing thesis research here on the
applications of mathematics and statistics to agriculturat
research. Scientists and students are assisted by the
unit in designing surveys and experiments, analyzing
and interpreting data, using statistical information in
publications and presentations, and applying
appropriate mathematical and statistical techniques in
their particular research,

The unitalso designs and teaches the statistics compon-
ents of most 1T training courses, and conducts
occasional, more specialized courses in statistics and
statistical computing. As resources permit, the ITA
biometrician provides assistance to other research
institutions and to Nigerian universities.

During 1990 the statistical classification of experimental
sites continued, using results from 18 intemationally
conducted series of maize trals, Data from three
large-scale sample surveys were filtered and analyzed,
while other varied and nonroutine experiments were
also analyzed.

The unit depends on continuous improvements in its
computer software to keep up with the volume and
complexity of nra’s rmathematical and statistical work.
In 1990, further extension and improvements were
made to programs for the analyses of smaller sample
surveys, genetics studies, and design generation,

In March 1990, the 1TA biometrician attended the first
East African biometrics group meeting at Nairobi,
Kenya.

Analytical services

The analytical services laboratory analyzes soil, plant,
and water samples submitted by TA researchers and
their collaborators for various physical and chemical
properties, which ultimately affect the success of crops
grown in the onginating areas. Plant samples are
analyzed for primary and secondary nutrients, and for
micronutrients, which determine plant growth and
indicate species adaptibility to the environment.

Training in soil and plant analysis was given to 30
laboratory supervisors, technicians, research scholars,
and students.

Acquisition and processing of data will be further
automated in order to establish a laboratory
information management system,

The soil and plant analytical laboratories network of
Africa (spaLNA) was inaugurated in 1990. The network
will help improve soil, water, and plant analytical
services in Africa, through equipment maintenance
and repair services, supply of chemicals and spare
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parts, training, quality control, and promotion of good
laboratory practices.

Research farms

The research farms unit carmies responsibility for the
development and management of ITA's expenmental
farms and test locations in the various agroecological
zones of West Africa: at Onne, Kano, and lkenne in
Nigeria, Cotonou in the Republic of Benin, and
Mbalmayo in Cameroon, and numerous smaller sites
in all zones.

The research farms staff collaborates with resource
management scientists on studies of soil-conserving
tillage methods. For sustainability of 1Ta farms, most
tnals are planted with no-till methods that reduce soil
erosion and degradation. Gully erosion is controlled
by the use of graded contour banks. Sheet erosion is
minimized with the use of no-till planting and also of
tied ridges for root and tuber crops. Good soil
structure and acceptable levels of organic matter are
maintained by planted fallows of Mucunc utilis every
second or third year; but where soil erosion and
degradation are extreme, the use of Pueraria
phaseoloides as a fallow crop for several years has been
found effective.

The unit also multiplies improved crop varieties
developed by A scientists and their collaborators,

distributing up to 50 tons of seed annually to
govemment seed services, seed companies, and farmers
in Nigeria and other African countries. At Ibadan, the
research farms unit maintains a demonstration area,
where the latest crop varieties and farming technologies
were demonstrated to around 1,000 visitors dunng
1990.

West African training. A three-week course was held
in 1990, on surveying for soil conservation, maintenance
and calibration of machinery, and farm workshop
planning and management. The goal was to improve
support for experimental farms of national research
programs in the region. Seventeen research farm
managers participated, who came from five countries
of West Africa. The University of Arkansas, usa and
the Intemnational Crop Research Institute for the Sem-
Arid Tropics (icrisaT) assisted #TA in running the
course. Follow-up visits, several months after, revealer!
the considerable usefulness of the course. Similar
courses are planned for 1991 and 1992.

A screenhouse construction team is being organized
to cater for the numerous requests for assistance in
constructing iTa-designed screenhouses for the
institute's research sites and national research farms.



he special role of interational cooperation at #Ta
is to enhance the collaborative process with
national agncultural research systems of adapting
and applyingimproved technologies for farmers' needs.

Cooperation strategies . . .

The principal means by which iTa strengthens agn-
cultural research are training, information dissemination,
germplasm exchange, and other collaborative project
activities which convey ITa technologies.

Four mechanisms have been designed for the strategies
intheitamedium-term plan (1989-1993) to enhance
usefulness of collaborative research and training
activities, and enable 1TA to respond with greater
sensitivity to perceived needs. They are:

* Networking. Collaborative net.vorks link i1mA with
national and regional research institutions in Africa, to
address common problems and issues.

* Research liaison scientists. The medium-term plan
provides for three research liaison scientists, each with
specific responsibilities for a group of countries.

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

* Training. The training program comprises graduate
research fellowships, short-term courses, and short-
term attachments to acquire specific skills in 1TA
research programs. Short-term fellowships are also
arranged for visiting scientists from national programs
for collaborative research over periods of up to 12
months.

Duning 1990, i7A operated |9 special projects in sub-
Saharan countries with 46 scientists, whose technical
supportwas designed to strengthen national capacities
to conduct adaptive research. Examples of on-going
collaborative projects are described in the next section
on achievemnents, Salient funding features are given in
table | on the next page.

.+. and achievements

Networking projects include the second phase of
SAFGRAD, and ESARRN and AFNETA. These networks have
elected steering committees which coordinate and
plan their activities.

AFNETA organizeda trainers' workshop for four regional
and one national center during 1990, and published
three issues of The Afnetan newsletter. AFNETA
commenced collaborative research projects with 20
Afnican countries aimed at the development of
sustainable cropping systems based on alley farming
pnnaiples. (See “Alleys across Africa” inset, page 26.)

ESARRN activities during 1990 included germplasm
exchange, workshops, and scientific exchange visits
among memberinstitutions. In Malawi, ITa cassava lines
were hybridized with the best local selections. 1ma
provided additional lines in tissue culture form for
multiplication for various projects. Two graduate
students completed their Msc degrees with ESARRN
support. Altogether 47 technicians were trained in-
country and at ITA.

The safGraD maize research network supported
several of its member countries in testing of improved
germplasm and crop management techniques. It
sponsored technical training and exchange visits.

The safGRaD cowpea research network received
feedback on «2 regional trials. Those repeated in
national programs during 1990 performed well,
National scientists benefited from group training,
exchange visits, and interaction with uTA scientists in
research planning. New varieties continued to gain
wide acceptance in West African countries after being

Training course
participants

Intemational cooperation

demonstrote yam

flour sifting with
ura-designed
equipment at a

farmers’ field day,

at lwo, Nigeria.
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Table I. Bilateral and multilateral special projects, 1990

Project Donor(s) Total Life budget 1990 budget
staff US$ million US$ million
Institution-building NeRe [l/Cameroon (terminated December (990) USAID 19 1431 393
rRav/Zaire (terminated September 1990) USAID 1 8.12 1.44
Resident scientist teams  Ghana grains development CDA ! 1.12 0.1t
Ghana smaltholder IFAD ] 0.80 025
Cameroon root crops (terminated June 1990) GCF 2 0.70 0.12
Congo kindamiba IFAD - 040 0.1
SADCC cowpea project EEC 3 1.78 1.34
Research networks SAFGRAD USAD 2 4.08 115
ESARRN USAID/IDRC 2 270 0.40
AFNETA CIDA/IDRC 2 317 0.66
USAID - 1.00 -
DANIDA - 007 046
IFAD - 1.20 -
Other research On-farm/adaptive research EEC 3 279 1.53
Soybean utilization IDRC - 0.16 005
Legume viruses IDRC - 046 0.13
Utilization of cassava flour AGCO - 0.64 0.23
Dynamics of soil organic matter AGCD - 0.16 0.2
Postharvest technology FF - 021 0.15
Training projects Human resources development UNDP - 078 035
Women agricultural professionals FE - 0.28 0.17
(East/Southem Africa)
Women agricultural professionals FF . 0.79 034
(West/Central Africa)
Totals 46 45.72 13.04
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developed in the network, including Suvita-2 which ~ Acronyms cited in the text

was developed in Burkina Faso and is being widely
cultivated in Mali. AFNETA  Alley Farming Network for Tropical Africa

. - accd G I Administration for C ti d Develo t
Researchliaison. Dunng 1999, the ira research liaison eneral Administration for &ooperation and Developmen
scientist helped to start operations for an on-farm  cA1  Centro Intemacional de Agncultura Tropical
adaptive research project on cassava, COWpea, maize,  cpa Canadian Intemational Development Agency
rice, and soybean varieties which had been developed
in an earlier eec-supported project. Fourteen West
and Central African countnes are participating with ~ cosca  Collaborative Study of Cassava in Africa

trials of a selection of the crops, most of which began 14 Technical Centre for Agncuttural and Rural Cooperation
during the year. Two research projects on cowpea
insect pests also commenced in the dry savanna of
Nigeria, in collaboration with the Institute for tfC European Economic Community

Agricultural Research, Samaru: a survey, as a basis for  gapan East and South..m Afinca Root Crops Research Network
controlmeasures, anda minimum pesticide protection/
yield-loss trial.

cP Centro Intemacional de la Papa

panDA  Danish Intermational Development Agency

FAO Foed and Agriculture Organization of the United Nations
FF Ford Foundation
1TA finished its tenth year of continuing involvement  jaseam  International Board for Soll Research and Management

with Cameroon'’s NCRE project, which hashad a double

impact: helping Cameroon to strengthen its own
research capacity and to become a producer of ICRsAT  Intemauonal Crops Research Institute for the Semi-Arid Tropics

ICRAF intermational Council for Research in Agro-Forestry

technologies which canbenefit other Africancountries e Intermational Development Research Centre
as well as itself. The 1A team of scientists works on
four staple cereal crops—maize, rice, sorghum, and
millet—at stations in Cameroon's six different CaA International Livestock Center for Africa

agroclimatic zones. Among many research achieve-  aap  International Network for the Improvement of Bananas and Plantains
ments to date, two maize and five rice vaneties have
been improved, adapted, and released to farmers,
Twenty-one staff scientists have received fellowships ~ Rav Applied Agncultural Research and Outreach Project

for higher degree study, while many more technicians  sapcc  Southem Afncan Development Coordination Conference
have received training at 7.

IFAD International Fund for Agncultural Development

NCRE National Cereals Research and Extension Project

sarGrap  Semi-And Food Grains Research and Development Project

Completion of iTa’s role in Zaire's rav project (1985~ unor United Nations Development Programme

1990) marked the seventeenth year of collaboration  usap  United States Agency for Intemational Development
with Zainan research programs that have produced

high-yielding. disease-resistant cassava, maize, and grain

legume varieties. Hundreds of village groups received

planting materials and training through extension

agencies linked with the rav research effort. ita collab-

oration with Zairian scientists continues on cassava

problems, including crop improvement and plant pro-

tection, and on maize, soybean, and cowpea research.

ira completed its part in Cameroon's national root
crops improvement program in June 1990. The
program succeeded in developing a large quantity of
improved cassava and sweet potato as planting matenal
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for further multiplication and distribution to farmers.
The improved cassava showed yields twice as high as
those of local varieties. aithough some problems with
root rot, “cookability’ and taste remained for further
investigation. Improved sweet potato was an over-all
success in performance and acceptability. Researchers
and technicians received in-service training, 2,400
farmers were trained, and 500 extension agents
attended training courses.

In the legume component of the Ghana grains
development project, iTa germplasm was screened
for selection of early-matuning, high-yielding, disease-
resistant cowpea vaneties which combine erect or
semi-erect plant type, acceptable seed color, and
cooking quality, suitable for the maize-cowpea rotation
systemin Ghana.imaand local germplasm was screened
for the development of high-yielding, bruchid-resistant
vaneties. The project has resulted in release of three
cowpea vaneties. Exotic soybean vaneties were also
screened for the selection of high-yieldir~ early-to-
medium-maturing varieties which combine traits
favorable for tropical cultivation, including disease
resistance. Researchers and technicians received in-
service training and 30 extension staff attended in-
country training courses.

In the Ghana smallholder rehabilitation and develop-
ment program, highlights of 1990 included selection
of four ima cassava varieties for trials in farmers' fields
by Ghana's crop services/extension department .
Twenty varieties of “poundable” cassava were selected
from seedlings for further evaluation. The program
sponsored in-country and extemal training courses,
including & |0-week root crops course.

The soybean utilization project aims to develop and
introduce improved soybean utilization technology
for use in households and in smali-scale processing
enterprises in rural Nigeria. A marketing survey
measured the acceptability of soybeans in Ibadan
produce markets, revealing that the total number of
soybean retailers had increased from | in 1987t0 419
in 1990, Extruded soybean products were introduced
for home use in selected areas and development of
small-scale processing technology continued.

The sapcc cowpea research project was launched

during 1990 with the signing of an agreement between
A and the Mozambique govermment. The project
aims to develop cowpea genotypes with suitable
resistance and eating quality charactenistics. Research
began at Maputo and nurseries were distributed to all
national collaborators.

WTais working with the Katholieke Universiteit Leuven
in formulating a cassava flour for making bread.
Preliminary work in 1989 had included screening of
cassava clones for making composite flours and
developing technologies forwheatless bread for Afncan
consumers. The project completed its second year in
1990, and a second phase is being developed.

Self-development

To realize the potentials in their own programs,
national agricultural research institutions in tropical
Africa are sharing with A the responsibilities for
research 2wa 1 rself-development in humanresources.
Such a collaborative orientation in training should
enable national programs increasingly to carry out
their own research and training.

Trainingin research for African agricultural professionals
has always formed an essential part of utA's outlook.
No proposal to develop or transfer technology from
ImA fails to consider the training objectives of the
participating countries.

ITA's strategic plan (1989-2000) set the following
guidelines for development of its training program:

* Shifting emphasis at iTa from group to individual
graduate training,

* Decentralizing group training to national programs.
* Raisir y the proportion of core A resources
devoted to training.

* Improving training materials,

* Increasing women's participation in training,

Since 1971 wta has organized individual and group
training for close to 7.000 researchers, most of whom
have come from African countries.

Individual training seeks to enhance research abilities
through doctoral, master’s and non-degree levels of
training tailored to specific needs in national programs.
To promote the increase of graduate researchers in



Africa, iTA initiated the graduate research fellowship
program in 1988, to support graduate students in
conducting their research with i scientists. During
1990, 14 new graduate fellowships were awarded, 3
of themtowomen. Six fellows concluded theirresearch
atimA. Dunng the year i scientists supervised 50 pho
and 30 msc trainees, of whom |16 were women.,

Intemships provided specialized training in research
during 1990 for 21 intems (one of them a woman)
from national programs, ranging in length from two
weeks to six months.

Group training. During 1990, 251 technicians and
scientists participated in 14 group training courses at
A, which collectively amounted to 55 weeks of
training. Some 179 persons participated in regiunal or
in-country courses in Benin, Ghana, Guinea, Malavvi,
Niger, and Sierra Leone. (See table 2 for a summary
of courses and trainees.)

Themajority of group course participants were Africans,
of whom 80% came from West and Central Africa,
The trainees came from 32 African countries; 18 in
West and Central Africa, |3 elsewhere in the region.
About 29% ofall group course participants at uta came
from French-speaking countries.

Ofthe total of 190 trainees at Ibadan, ima provided 73
with scholarships, principally from West and Central
Afnca. Fa0 and unpop provided funding for the 61
trainees at Cotonou. Demand for off-campus training
came principally through two networks: AFNETA and
esarrN. The networks funded training for about 10%
of their participants.

Evaluation activities, part of a new evaluation and
impact assessment process being established in the
training program, covered |0 of the courses given
during 1990 in various locations. Together with
University of Arkansas staff, ira made follow-up visits
to participants in the 1989 group course in research
farm management from Ghana, Gambia, and Nigeria.

Women in training. During 1990, 31 women (over
12% of the participants) took part in 1Ta group training
cours~s,while | 9women (| | %) participatedin regional
or in-country courses, Of the 80 graduate trainees at

uTA in Ibadan, Cotonou, and elsewhere during 1990,
| 6 were women (25%).

In 1990 wma obtained funds for a project to train
African women for leadership roles. Ten agricultural
professionals from West Africa will receive grants to
study for msc or pho degrees in African universtties. 1ma
will collaborate with Winrock Intemational in executing
this Ford Foundation-funded project. Awardees will
participate in Winrock's African women leaders in
agriculture and environment program.

Besides the efforts to include women participants in
training, 1TA is aware that simply increasing numbers is
not enough. Gender perspective and gender sensitivity
must become part of training curricula. i is studying
ways to program its training activities and materials
which will promote its objectives for women in
agricultural research,

Collaboration with international centers. For sev-
eral years, uTa has worked with ciaT and ¢ in a joint
training project on human resource development for
generation and transfer of root and twber crop
technologies, funded by unpp. TA also collaborates
With ICRAF, ICLA, IBSRAM, INIBAP, ICRISAT, CTA, University of
Arkansas, and other institutions in course planning,
development oftraining materials, course presentation,
and evaluation.

Future directions in training. 1TA’s training program
aims to help national programs and research networks
eventually to do for themselves all the field-level
training that is needed to support their own research
efforts. National programs and iTA together offer
training that is increasingly organized, conducted, and
sustained by those programs, with the goal of
strengthening national and regional capacities for
research and training,

iTa's approach to the "training of trainers” in national
programs is evolving and varied according to the
needs and opportunities in those programs. Training
of researchers to train others is a central part of 1Ta's
decentralization strategy. For full-time training officers
in national programs, IiTA arranges two-to-three-month
attachments to enable them to work alongside ta
training staff to acquire on-the-job experience,
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Table 2. nra group training in 1990

Weeks Trainees Countries*
total women
utA lbadan
Advanced soil and plant analysis 4 13 2 10
Alley farming for research trainers 3 20 0 5
Biotechnology training workshop | 18 5 8
cosca village and institution-level cassava survey 2 16 2 7
Cowpea and soybean research and technology transfer 6 18 3 10
Maize research and technology transfer 8 16 3 il
On-farm experimentation 2 19 | 9
Plantain researcn and technology transfer 3 13 4 8
Research farm management 3 17 0 5
Root crops research and technolog~ transfer 8 24 2 12
Sustainable food production systems 3 16 3 10
Ibadan subtotal S5t 253 51 -
itA Cotonou
Biological control (3 courses) Cotonou subtotal 12 6l 6 23
Regional/in-country
Alley farming research (anglophone West/Central Africa) 2 29 0 5
Alley farming research (francophone West/Central Africa) 2 24 4 10
Alley farming research (Nigena) ? 27 2 |
Root and tuber crop production research (Guinea) 2 18 0 |
Root and tuber crop production research (Malawi) 2 34 4 |
Root and tuber crop production research (Sierra Leone) ! 31 2 |
Training and communication skills (unbp; regional) 2 16 7 5
regionalfin-country subtotal 13 179 19 k)]
68 430 50 32

Group training total

"Total number of countries in each instance



igerian print and electronic media representatives

i were enlisted as supporters of agricultural

development, in the newly formed media forum

for agriculture. While most members of the forum are

journalists, some are researchers, extension personnel,

policymakers, and agncultural information specialists.

Members represent. a wide range of organizations

involved inagnculturat development, including research

institutes, banks, farmers’ organizations, extension
agenaies, and commercial farms.

Through the forum, 1A 1s trying to involve both public
and private sectors in dissemination of findings by the
vanous agricultural research organizations in Nigena,
thereby helping to promote farmers’ adoption of new
and improved ‘echnologies. The forum launched the
food action media service (ia#s) dunng 1990, with
three arms: A1 Bulletins for the print media; i A5t
for television, ang Radio At for radio.

1A achievements received extensive coverage durng
1990 in Nigena and, to some extent, internationally.
Intermational coverage included feature programs of
the Bntish Broadcasting Service (8ic) and Deutsche
Welle (the Voice of Germany). Selections from nia's
press coverage were reproduced in three volumes of
ita m the News which have been distributed widely.

iTA participation in fars, exhibitrons, and other public
events In Nigera included. for the first time, the
Kaduna international trade fair, and the Shell Petroleum
heaith and environment weeck in Warri. Many
businessmen, farmers, and representatives of agro-
alled industries wisited i1 A to obtain advice, information,
and samples of improved seeds. About 60 groups of
students from polytechnic institutes and faculties of
agneulture visited ma duning 1990.

Library services. The in-house database was enhanced
through the addition of 3,029 retrospective and 9,359
current records of various types of publications. The
Iibrary acquired 1,898 books and 5,218 journal issues.
Four additional databases on compact disk (¢0-roM)
were acquired. Use of library facilities during 1990 was
reflectedinthe 1 | 5recipients of selective dissemination
services, and 93 scientists who receive the weekly
journal service contents. The number of books
borrowed increased from 10,138in 198910 17,152 in

1990, as a result of increased awareness of services
and revision of lending policy.

Training in library management and automation was
given to staff of other libraries, and to some lecturers
andstudents of higherinstututions in Nigena. Assistance
to national research institutions continued in the form
of Iiterature searches, interlibrary loans, preparation
and supply of bibliographies, donations of duplicate
pubhcations, and provision of general information. A
total of 482 entnes was contributed to the Acius data-
base and 332 of them have already appeared in
AGRINDEx—the international agnicultural information
system coordinated by the Food and Agriculture
Organization of the United Nations (1 A0).

Publications. During 1990, four editors were
responsible for issuing S1 publications with a total of
about 2,700 printed pages. Another 35 titles were
being processed at the close of the year. The editors
ir'ormally reviewed and edited several thousand manu-
script pages of scienufic and administrative documents,
The publications unit acts as secretanat for the n1a
publications review panel, which received 63
manuscnpts during 1990 for review before submission
to scientific journals, or presentation at conferences.

Graphics output during 1990 amounted to some
4,000 pages of camera-ready artwork. The printshop
produced approximately 2.5 million plate impressions
dunng 1990, being about 200,000 impressions pe.
month on average.

Dunng 1990 staff photographers went on 180 field
shoots. They processed some 10,000 slides of their
own shots and those of other it staff. Nearly 5000
color pnnts and 20,000 black and white prints were
produced. Users of the slide collection, including
trainees and editors both local and foreign, made a
total of 155 consultations with the staff to select slides
for lectures, demonstrations, or publications,

Mailing list entnes were updated and new addressees
recruited with a questionnaire survey. The unit began
selective dissemination services with mailings of Cowpea
Genetic Resources to 1,500 addressees, as well as a
regular mailing of the first issue of the periodical “1a
Research to 7,000 addresses.

Inforrmation services
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IITA
STATEMENT OF FINANCIAL POSITION
31 D2cember 1990

Expressed in us$ thousands

ASSETS 1990 1989
Cash and short-term deposits 8,644 6936
Accounts receivable;
Donors 7862 8,058
Others 363 503
Inventories 2544 3,627
Other assets 209 178
Property, plant and equipment 58,356 55,768
77978 75,070
LIABILITIES AND FUND BALANCES
LIABILITIES
Accounts payable and other liabilities 7,639 8,094
Accrued salaries and benefits 3071 3,053
Payments in advance - donors 3974 3465
. 14,684 14612
FUND BALANCES
Capital 58,356 55,768
Capital development 1,224 976
Operating 3714 3714
63294 60458
77978 75,070
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nTA
STATEMENT OF ACTIVITY
For the year ended 3| December 1990

Expressed in us§ thousands

REVENUE 1990 1989
Grants 35333 31,218
Other income 613 619
35,946 31,837

EXPENSES
Research programs 21,694 18342
Conferences and training 2,290 1,883
Information services 1,039 1,432
General administration 3.593 3522
General operations 3,248 2.886
Property, plart and equipment 3,054 3,634
Exchange (gamns) / losses 380 (263)
Total expenses 35298 31436
Allocation to capital development fund 648 401

Allocation to operating fund -
35946 31,837
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A
STATEMENT OF CHANGES IN FINANCIAL POSITION
For the year ended 31 December 1990

Expressed in us $ thousands

SOURCES OF FUNDS 1990 1989
Excess of revenue over non-capital expenses 3702 4,035
Decrease in accounts receivable — donors 196 432
Decrease in accounts receivable - other 140 60
Decrease in Inventories 1,083 834
Decrease in other assets - 59
Increase i accourts payable and other liabilities - 1,096
Increase in accrued salares and benefits 18 -
increase in payments in advance ~ donors 509 349

5648 6,865

APPLICATION OF FUNDS

Purchase of property, plant and equipment 3,454 4,634
Increase in other assets 31 -
Decrease in accounts payable and other liabilities 455 -
Decrease in accrued salaries and benefits - 588

3940 5222
INCREASE/(DECREASE) IN FUNDS 1,708 1,643
CASH, BEGINNING OF YEAR 6936 5293
CASH, END OF YEAR 8,644 6936
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DONORS 1990

Expressed in us§ thousands

Donors Core funding Special project funding
African Development Bank 350 -
Australia 119 -
Austria 90 500
Belgium 548 544
Canada 1,698 145
China 10 -
Commission of the European Communities in Nigeria 9l 738
Denmark 151 77
Finland 251 -
Food Industry Crusade Against Hunger - 25
Ford Foundation 100 98
France 295 -
Gatsby Charitable Foundation - 203
Germany 1,420 53
India 24 -
Intemational Development Research Centre - 734
International Fund for Agricultural Development - 923
Italy 632 808
Japan 2963 -
Netherlands 761 596
Nigeria 57 6
Norway 731 -
Rockefeller Foundation 531 -
Sweden 327 -
Switzerland 792 224
United Kingdom 823 -
United Nations Development Programme 206 -
United Nations University - 2
United States Agency for Intermational Development 5,485 6,615
University of Hohenheim - 175
World Bank 4,073 13
Other contrbutions - 319
Closed and miscellaneous projects - 7
Total 22,528 12,805
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Frrofessional staff

Management and support services
Executivz inanugement

L. Brader, rho, director general

L. D. Stifel, vhp, director general *

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

J. Cramer, A, executive assistant to director general

J. H. Davies, gsc, director, office of the director general

. P. Eckebil, tho, deputy director general, intermational cooperation
K. S. Fischer, rho, deputy director general, research

F. C. McDonald, t15, assistant to deputy director general, research
W. P. Powell, s5c, deputy director general, management

Administrative and auxiliary services

C. A Enahoro, manager, lkeja guest house

C. Inniss-Palrrer, specialist english teacher

A. Jackson, deuty head, international school of ira
N. Jackson, he:ad, international school of iTa

A. R Middleton, sc, manager, intermational house
R. 1. Olorc.de, secunty manager

D. ). Sevcell, manager, arcraft operations

Q. olola, Aca, audit seror

Budget and finance

D. A. Govemey. fca, director, budget and finance

B. A. Adeola, tcis, accountant

O. E. Adepoju, Aca. senior analyst, accounting procedures
A. A. Aknbola, ssc, senior technical analyst

C. A Babalola, aca, senior analyst. accounting procedures
P. O. Balogun, fcca, finance manager

J. E. Bolannwa, t18, payroll accountant

P. O. Etuk, mua, budget and planning coordinator

E. D. Greene, ¢, matenals manager *

G. R Mcintosh, cra, procedures manager, financial information
systems

R. Obikudu, 1, matenials manager
S. }. Udoh, Arhar, chief accountant
D. Wheeler, cea, project manager, financial information systems *

Computer services

L. J. McDonald, us, computer manager

N. N. Eguzozie, 85¢, computer programmer
T. D. Oluyemi, +15¢, computer programmer

Human resources

J. Thackway., 1A, director, human resources

T. A. Akintewe, to, sentor medical officer

J. ©. Badaki, maa, employec relations manager

J. B. Elegbe, Msc, manpower development manager
F. O. A Osinupebi-Cole, Mp, medical officer

* Left dunng the year (1 Apnl 1990 ~ 31 March 1991)

Information services

S. M. A Lawani, ., dir ztor

Y. A. Adedigba, Ma, head, library services

A. O. Adekunle, Msc, editor

R. O. Adeniran, Mcs, principal libranan

K. Atkinson, msc, editor and head, publications
A. A. Azubuike, s, principal libranan

T. Babaleye, r+ica, public information manager
E. Nwuly, Ms¢, audiovisuat specialist

B. O. Ojurongbe, s¢, production manager

T. T. Owoeye, ris, editor

J- O. Oyekan, ss¢, head, public affairs *

D. R. Mohan Raj, rhp, senior science wnter and editor
F. N. Ubogu, 15, pnncipal ibranan

R. Umelo, A, editor

Physical plant services

J. G. H. Craig, director

E. O. Akintokun, research vehicle services officer

A. K. Bhatnagar, assistant director

A. C. Butler, building and site services officer

P. G. Gualinettt, construction site engineering services officer
E. Ojinere, heavy equipment/fabrication services engineer *
A. Oyedey, electncal services engineer

S. W. Quader, electronic services officer
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Research and support services
Biological contro! program

H. R. Herren, rhp, director
D. T. Akibo-Betts, East/Southern Africa regional coordinator *

J. B. Akinwumi, t15¢, engineer

W. N. O. Hammond, rhp, entomologist, West/Central Afnca regional

coordinator

T. M. Haug, msc. mass rearing specialist

B. Mégevand, tsc, rinte and mass reanng specialist
P. Neuenschwander, rhp, entomologist

F. Schulthess, rhp, bioecologist

A. Wodageneh, vho, training officer, FAO

). S. Yaninek, rhp, entomologist

Associate experts

C. Boavida, t1sc, ecologist

H. M. Dreyer. tsc, ecologist

C. Gold. rho, associate scientist
M. Tamo, ¢, ecologist

Postdoctoral fellows

A. Pararso, rho, pathologist

T. G. Shanower. rho, entomologist

Grain legume improvement program

S. R Singh, #ho, director *

K. F. Cardwell, rh, plant pathologist

P. Q. Craufurd, vhp. crop physiologist, Kano station

K. E. Dashiell, +ho, breeder

D. A Florim, *ho, plant pathologist

L. E. N Jackat, rhp, entomologist

O. Nakayama, #ho, JICA expert (soybean postharvest scientist)
B. R. Ntare. rhp, breeder and haison scientist to icrisat, Niger *
G. O. Myers, vhn, breeder

H. O. Ogundipe, *1sc, food technologist

B. B Singn, rhp, breeder and officer-in-charge, Kano station

I. Watanabe, vho, plant physiologist, Kano station

Postdoctoral fellow

C. N. Akem, rhn, pathologist/breeder

Maize research program

M. Winslow, rhodirector

N. A, Bosque-Perez, rhp, entomologist
S. K Kim, vho, breeder

). G. Kling, pho, breeder

J. H. Mareck, rho, breeder

Postdoctoral fellows

A. E. Awad, vhp, striga biologist
T. Mesfin, vhp, vector entomologist
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O. M. Olanya, rhp, plant pathologst

Visiting scientists

L. Everett, php, maize breeder
S. N. C. Okonkwo ¢hp, stnga biologist

Resource and crop management program

D. S. C. Spencer, php, director

1. O. Akobundu, rhp, weed scientist

A. N. Atta-Krah, rhp, coordinator, AfETA

K. Dvorak, rhp, agricultural economist

H. C. Ezumah, rho, agronomist +

M. P. Gichuru, php, agronomist

A. E. Ikpi, ho, economist *

A-M. N. lzac. rhp, agncultural economist, inland valley systems
S. S. Jagtap, ¢hp, agrochmatologist

B. T. Kang, rho, soil scientist

K. Mulongoy, rho, soil microbiofogist

H. J. W. Mutsaers, rhp, agronomust, humid forest systems
N. Sanginga, #hp, assistant coordirator, ALTA

J. Smith, rho, agncultural economist, savanna systems

M. ). Swift, rho, leader, resource management research
B. Vanlauwe, Bsc, jumior expert

G. K. Weber, php, agronomist, savanna systems

Collaborative study of cassava in Afnca

F. I. Nweke, rhp, agncultural economist, team leader
G. R Mullins, rho, East/Southern Afiica regional coordinator *
Y. C. Prudencio, rho, regional coordinator
Postdoctoral fellows

R. J. Carsky, Phpagronomist

G. Fairchild, php, soil microbiologist *

Y. Mohamoud, rhp, agronomist

R. A. Polson, rhp, agncultural economist

E. Tucker, thp, weed scientist

Visiting scientists

S. Hauser, rhp, agronomist

R. Markham, rhp, entomologist *

Associate experts

J. Foppes, Ir, agricuftural economist, Onne station *
M. C. Van der Meersch, Ir, microbiologist *

Rice research program

K. Alluri, php, coordinator, inGer-Africa/iRe liaison scientist
T. M. Masajo, rhD, program leader and breeder *

Postdoctoral feflow

1 On sabbatical * Left during the year (1 Apnil 1990 - 31 March 1991)



R. C. Joshi, rho, entomologist

Root, tuber, and plantain improvement program

S. K. Hahn, rhp, director

R Asiedu, vho, plant breeder

F. Gauhl, rho, plant pathologist

S. Y. C. Ng. msc, tissue culture specialist

D. S. O. Osiru, vho, plant physiologist *

C. Pasberg-Gauhl, vhn, plant pathologist

M. C. M. Porto, rhn, ciat :1a physiologist/breeder

G. D. Sery, rho, West/Ce:i ' * Afnca regional coordinator, inmar,

Onne station *

R L. A Swennen, rhp. agronomist/breeder and officer-in-charge.

Onne station *

D. R Vuylsteke, Ir, tissue culture scientist
Postdoctora! fellows

M. Bokanga, rhi, biochemist

A.G. O Dixon, vhp, breeder

G. Eggleston. rhn, food technologist/biochemist
R. Terauchi, rhi, yam geneticist *

Visiing saientists

K. V. Bai, +ho, cytogenetiost *

T. lkotun, #ho, pathologist *

H. Kanno, rhp, entomologst, jica *
Postharvest unit

L. S. Halos, 11c, research specialist

Y. W. Jeon, rh, postharvest technologist

Analytical services laboratory

J. L Pleysier, vhp, laboratory services supervisor

Biometrics

P. Walker, M4, biometncian

Biotechnology research unit

G. Thottappilly, #h, virologist

Genetic resources unit

N. Q. Ng, rho, head, genetic resources unit
S. Padulosi, Dott, plant explorer

Research farms unit

P. D. Austin, 8sc, research farms development officer
D. C. Couper, tc, head, research farms unit
P. V. Hartley, nsc, research farms engineer

* Left during the year (1 Apnl 1990 - 31 March 1991)

Virology unit
H. W. Rossel, Ir, virologist

International cooperation

Support services

S. Auerhan, interpreter/translator *

B. Auvard, interpreter/translator

S. Balley, interpreter/translator *

E. F. Deganus, sc, project development coordinator
Q. B. Hounvou, interpreter/translator

C. Lord. interpreter/translator

E. Molinero, head. interpretation/translation

O. M. Ogunyinka, t15¢. coordinator, monitonng and evaluation
B. F. Sall, interpreter/translator

J. C. Sentz, vho, usw haison scientist *

J. B. Suh, php, research haison scientist

A. P. Unyo. rhn, project development coordinator

Training program

H. Gasser. rh, dwector, training

| L. Gulley, rho, group traning coordinator

R. Zachmann, pho, traning matenals specialist

Cooperative programs

cipA/amMmMyT/ita Ghana grains development project, Ghara

A. M. Hossain, rho, grain legume breeder

Gatsby charitable foundation/ita/Cameroonian national root crops
improvement program (cnRcip), Cameroon

}. B. Abaka-Whyte, #ho, breeder and project leader *

M. O. Akoroda, #hn, agronomist/breeder *

Eec/ITA/SADCC cowpea project

R Amable, rhi), cowpea agronomist

J. D. Naik, rhp, legume breeder

IFAD/ITA Ghana smallholder rehabilitation and development program

O. O. Okoli, vhv, breeder and root crops coordinator

Semi-arid food grains research and development (saFGraD) project,
Burkina Faso

J M. Fajermisin, #ho, pathologist/breeder, project leader and maize
network coordinator

N. Muleba, pho. agrononist and cowpea network coordinator

usaip/iprc/uta East and Southern African root crops research
network (EsARRN), Malawi

M. N. Alvarez, rho, breeder and network coordinator
J. A. Otoo, vho, agronomist

usan/ita/National cereals research and extension (Ncre) project,
Cameroon
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Consultants

E. A Atayi, rhp, chief of party and agricultural economist F. M. O. Agbo, wild yam collection
i S.W. Almy, rhp, social economist * A Agboola, research evaluation

D. C. Baker, rho, agricultural economist M. S. Alam, maize research

V. Balasubramaniam, rho, agronomist * C. L. A Asadu, research evaluation

N. F. Beninati, rhp, maize breecer P. Ay, cassava research

O. P. Dang,, rho, breeder * R A. Boxall, grain storage research

L. Everett, rho, breeder * B. Drukker, biological control

M. P. jones, rho, breeder * C. S. Gold, biological control

M. Kamuanga, rhp, agncultural economist L. S. Halos, postharvest technology

J. Kikafunda-Tvane, rho, agronomust * V. T. John, rice pathology

D. McHugh, t1s¢, socioecononust J. A. Kwarteng, training matenals

O. A. Osiname, rho, farming systems agronomist A. W. Moore, editing

J. A. Poku, php, extension agronomist S. Nokoe, training materials

A. C. Roy, vhp, agronomust * C. Parker, striga biology

). T. Russell . vhn, extension agronomust * L. W. Rooney, maize research

L. Singh, vhp, breeder * C o vomie vassava research

T. C. Stilwell. tho, deputy chief of party
H. Talleyrand, #1.0, cereals agronomist

C. Y. Yamoah, vhp, soil scaentist/agroforester

usap/ita Applied agricultural research (Rav) project, Zaire

F. E. Brockman, rho, chief of party a~u agronomust |
M. S. Alam, vhoy, entonologist *

C. D. S. Bartlett, rhiy, agncultural econormst *
T. Berhe, +ho, agronomust *

L. H. Camacho, rho, breeder *

B. Chiti-Babu, farm manager *

A. D. Florny, vho, regional outreach specialist *
K. M. Johnson, rhy, breeder *

D. Kenta, outreach speciahst *

G. F. Montalban, plant superintendent *

A. O. Osiname, rho, agronomist *

M. Seye, MA, adnunistrative officer *

D. A. Shannon, +ho, agronomist *

W. O. Vogel, rhn, agncultural economist *

uTA Benin station

J. N. A, Quaye, ma, leader, management unit and oTicer-in-charge
M. N. Versteeg, rhp, agronomist and leader

iira Cameroon station (Mbalmayo)

S. L Claassen, ris¢, farm manager

P. G. Gillman, rho, soil chemist

N. R Hulugalle, i, soil physicist

Postdoctoral fellows

D. Russell, vhp, anthropologist/Rockefeller fellow
N. W. Menzies, rhp, soil cherrist
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Publications by [ITA staff

Contributions by ura staff to scientific literature that
became available during 1990; including journal articles,
papers in monographs or conference proceedings, and
edited monographs.

Akobunduy, 1.0. 1990. The role of weed control in integrated pest
management for tropical root and tuber crops. Pages 23-29 in
Integrated pest management for tropical root and tuber crops, edited
by S.K. Hahn and F.E. Caveness. A, Ibadan, Nigera.

Akpokodje, G.O., J.A. Odebiyi, R.S. Ochieng, and H.R. Herren.
1990. Functional responses of Neosewlus idaeus and Iphiseiis
degenerans (Acanna: Phytosendae) feeding on the cassava green mite,
Mononychellus tangjou (Acanna: Tetranychidae). Bulletin de la société
entomologique suisse 63: 327-335.

Akundabweni, LS., C. Peter-Paul, and B.B. Singh. 1990. Evaluation of
elite lines of cowpea (Vigna unguiculata (L) Walp.) for leafffodder plus
grain (ie., dual purpose). Tropical Agnculture 67(2): 133-136.

Almazan, A. 1990. Utilization of cassava and its products. Pages 13-
120 in Cassava in tropica’ vfrica: a reference manual. 114, Ibadan,
Nigena.

Awa-Krazh, AN. 1990. A, . v .ath leucaena: effect of short
grazed fallows on solf fer” - . crop yields, Expenmenta!
Asrcuiture 2601, 1-iU

Atea-Krah, AN, 1920 - .vailabinty wid use of fode -+ shrubs and trees
i troprcal Africa. Pages 140-162 in Shrubs ai i *ree 1odders for farm
animals, edited by C. Devendra. Proceedings of a Workshop in

Denr 1sar, Indonesia, 2+4-29 Ju! 1989. iprc-276¢. Intemnational
Development Research Centre, Canada.

Atuahene-Amankwa, G., M.A. Hossain, and A. Assibi. 1990.
Groundnut production and improvement in Ghana. Pages 45-48 in
Summary Proceedings, First icusat Regional Groundnut Meeting for
West Afnca, 13-16 Sep 1988, 12risat Sahelian Center, Nlamey, Niger.

Ayanaba, A., and D.S. Jenkinson. 1990. Decomposition of Carbon-14
labelled ryegrass and maize under tropical conditions. Soil Science
Society of Amenca Journal 64: [12-115.

Azubuike, A.A. 1989. Systems analysis imperatives for computer
catalogue design. Libn 39(3): 237-250.

Azubuike, A.A. 1990. Document subject matnx as a factor of
precision in computenzed information systems. it Quarterly
Bulletin 35(2): 81-85.

Azubuike, A. A., and M. A. Greaves. 1990. The reference services of
a research library. Intemational Library Review 21(3): 337-346.

Balasubramanian, V., and L. Selcayange. 1990. Area harvests
equivalency rutio for measunng efficiency in multiseason intercropping,
Agronomy Joumnal 82: 519-522.

Barone, A., and N.Q. Ng. 1990. Embryological study of crosses
between Vigna unguiculata and V. vexidiata. Pages 151-160 in Cowpea
genetic resources, edited by N.Q. Ng and LM. Monti. 114, Ibadan,
Nigena.

Biteerli, R. 1990. Making better tables. Journal of Agronomic
Education 19(2): 137-141,

Bosque-Pérez, N.A., and |.W. Buddenhagen. 1990. Studies on
epidemiology of virus diseases of chickpea in Californta. Plant Disease
74(5): 372-378.

Bosque-Pérez, N.A., and J.H. Mareck. 1990. Distnbution and species
composition of lepidopterous maize borers in southem Nigenia.

Bulletin of Entomological Research 80: 363-368.

Carsky, R.J., and W.S. Reid. 1990. Response of com to zinc
fertilization. Joumnat of Production A+ -+ =2 3: 502-507.

Carsky, RJ., W.S. Reid, A.R. Suhc:. . U, Lathwell. 1990,

Screering - ume green manures as . ' gen sources 1o succeeding
non-le . =+ rops. lll. The buned bag method. Plant und Soil 128:
275-25°

della Gauza, C., AR, Piergiovani, N.Q. I'!g, P. Perrino, and

E. Carnovale. 1982. T1ypsin inhibitor ievets in raw and cooked
cowpea (Vign-. uguicuuta) seeds. Leber  sttel Wissenschaft und
echnolog. 21(6): 1-3.

Dixon, A.G.O., PJ. Bramel-Cox, and T.L. Harvey. 1990. Diallel
analysis of resistance tn sorghum to greenbug biotype E: antibiosis and
tolerance. Crop Science 30: 1055-1059.

Dixon, A.G.O., PJ. Bramel-Cox, and J.C. Reese. 1990. Feeding
behaviour of biotype E greenbug (Homoptera: Aphididae) and its
relationshup to resistance in sorghum. Joumal of Economic
Entomology 83: 241-246.

Dixon, A.G.O., PJ. Bramel-Cox, ).C. Reese, and T.L. Harvey. 1990.
Mechanisms of resistance and their interactions in twelve sources of
resistance to biotype E greenbug {(Homoptera: Aphididae) in
sorghum, Joumal of Economic Entomology 83: 234-240.

Dodo, H.W., W.A, Hill, K. Mulongoy, S.0. Adeyeye, and S.K. Hahn.
1990. Population of nitrogen-fixing bactena in sweet potato fibrous
roots. Pages 99-104 in Maximuser la fixation biologique de 'azote
pour la production agncole et forestiére en Afnque. llléme
Conférence de 'anstir, 7-12 Nov 1988, Dakar, Sénégal, edited by M.
Gueye, K. Mulongoy, and Y. Dommergues. Collection Actes de I'SRA,
Vol. 2 no. 2, Dakar, Sénégal.

Ehui, S.K., T.W. Hertel, and P.V. Preckel. 1990. Forest resource
depletion, soil dynamics and agncultural productivity in the tropics.
Journa! of Environmental Economics and Management 18: 136-154.

Ehui, S.K., B.T. Kang, and D.S.C. Spencer. 1990. Economic analysis of

soil erosion effects in alley cropping, no-till and bush fallow systems in
southwestern Nigena. Agricultural Systems 34: 349-368.
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Ehui, SK.. and D.S.C. Spencer. 1990. Indices for measuring the
sustainability and economic wiability of farming systems. rcrie Research
Monograph No. 3. ur4, Ibadan, Nigena. 28 pp.

Esiobu, N., K. Mulongoy, and C. Van Hove. 1990. Nitrogen
contnbution of Azolla and Sesbania rostrata to nce. Page 656 in
Nitrogen fixation, achievements and objectives, edited by PM.
Gresshoff, LE. Roth, G. Stacey, and W.E. Newton. Chapman and Hall,
New York.

Ezumah, H.C. 1990. Maize (Zeu mays) genotypes for intercropping
with cassava (Manihot esculenta) in southermn Nigeria. 1. Yield
responses. Discovery and Innovation 2(2): 63-72.

Ezumah, H.C., J. Arthur, D.S.O. Osiru, and J. Fajemisin. 1990. Maize
(£ea mays) genotypes for intercropping with cassava (Manhot
esculenta) in southern Nigena. 2. Growth morphological changes a o
yield advantages. Discovery and Innovation 2(2): 73-79.

Ezumah, H.C., and T.L. Lawson. 1990. Cassava and maize
intercropping system - the effects of varieties and ~+ * peoulations.
'nuimal of Agrenomy e C Crap Science 1A% 344 42,

Ezumah, H.C., and HJW. Mutsaers. 1990. On-farm researun, Pages
139-167 1 Cassava in tropical Afrcy a reference manual, 14, Ibadan,
Nigena.

Ghuman, B.S., and R.Lal. 1990. Nutrient addition into soil by leaves
of Cassi sieined and Ghncidie, sepum growth on an alfisol in southern
Nigeri. Agroforestry Systems 10: 131-1133,

Gichuru, M., and B.T. Kang. 1990. Potential weoody species for alley
cropping on acid soils. Pages 85-87 in Agre iovestry land-use systems:
procecdings of a speciat session on agroforestry land-use systems.
Amencan Society of Agronomy Annual Meeting, Intemational
Agronomy Section, 28-29 Nov 1988, Anaheim, California. Edited by
E. Moore. Nitrogen Fixing Tree Association. Waimanalo, Hawat, usa.,

Gichuru, M., and K. Mulongoy. 1990. Effect of inoculation with
Rhizotwm, P applicaton and iming on early growth of leucaena
(Leucaena leucocephaly Lam. de Wit). Pages 72-80 i Maximiser la
fixation brologique de I'azote pour ka production agieuie et forestiére
en Afnque. llléme Conférence de I'saprir, 7-12 Nov 1988, Dakar,
Sénégal, edited by M. Gueye, K. Mulongoy, and Y. Dommergues.
Collection Actes de I'ska, Vol. 2 no. 2, Dakar, Sénégal.

Goergen, G., and P. Neuenschwander. 1990. Biology of
Prochdoneurus insohtus (Alan) (Hymenoptera, Encyrtidac), a
hyperparasitoid on mealybugs (Homoptera, Pseudococcidae):
immature morphology, host acceptance and host range in West
Africa. Bulletin de la société entomologique sussse 63: 317-326.

Gueye, M., K. Mulongoy, and Y. Dommergues (eds.). 1990.
Maximiser la fixation biologique de l'azote pour la production agncole
et forestitre en Afnque. Illeme Conférence de I'anursr, 7-12 Nov
1988, Dakar, S¢énégal. Collection Actes de Fivra, Vol. 2 no. 2, Dakar,
Sénégal,

Gumedzoe, M.Y., D.Y. Sunu, G. Thottappilly, and A. Asselin, 1990.

Importance du virus de la marbure du niébé et du virus de la
mosaigue jaune du niebé au Togo. Phytcprotection 71: 85-91,
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Hahn, S.K., and R. Asiedu. 1990. Breeding. Pages 21-28 n Cassava in
tropical Africa: a reference manualata, Ibadan, Nigena.

Hahn, S.K., K.V. Bai, and R. Asiedu. 1990. Tetraptods tnploids, and
2n pollen from diploid interspecific crosses with cassava. Theoretical
and Applied Genetics 79: 433-439.

Hahn, S.K., and F.E. Caveness (eds.). 1990. Integrated pest
management for tropical root and tuber crops. it4, Ibadan, Nigena.
248 pp.

Hahn, 5.K., F.E. Caveness, K.M. Lema, and R.L. Théberge. 1990.
Breeding cassava and sweet potato for pest and disease resistance n
Afnca. Pages 66-72 i Integrated pest management for tropicat root
and tuber crops, edited by SK. Hal F.E. Caveness. i1+, Ibadan,
Nigena.

Hann, S.K., D. Vuylsteke, and R. Sweinen, 1990. Fust reactions to
ABB cooking bananas distributed in southeastern Nigena. Pages 306-
3151n Sigatoka leaf spot disease: «* banar 1. - dited by RA. Fullerton
and RH. Stover. Proceedings of an mternatic 1l workshop in San
José, Costa Rica, 28 Mar- 1 7+ 1989, Intematior at Network for the
Improvement of Banana and Plantain (rissr), Montpellier : .ce.

Hakoda, H., . Inouye, and N.Q. Ng. 1990. Investigatior on the
isozyme genotype and KCit - -~ wtince of seedhngs in tncan deep
water nce, Oryza glabernma Steudel. Japanese Journal ¢  Crop Science
59(1): 198-199.

Hammond, W.N.O., and P. Neuenschwander. 1990, Sustaned
biological control of the cassava mealybug Phenacoccus manihots
(Hom: Pseudococcidae) by Epidinocarsis lopezr (Hym.: Encyrtidae) in
Nigena, Entomophaga 35: 515-526.

Hennessey, R.D., P. Neuenschwander, and T. Muaka. 1990, Spread
and current distnbution of the cassava mealybug, Phenacoccus
manihot: (Homoptera: Pseudococcidae), n Zarre, Tropical Pest
Management 36(2): 103-107.

Herren, HR. 1990. The Afiica-wide Biological Control Program.
Pages 33-41 i Integrated pest management for tropical root and
tuber crops, edited by SK. Hahn and F.E. Caveness. ir», Ibadan,
Nigeria.

Herren, H.R. 1990, Biological control as the prmary option in
sustainable pest management: the cassava pest project. Bulletin de la
société entomologique suisse 63: 405-413,

Herren. H.R. 1990. Coordination of biological control efforts against
the larger § -ain borer. Pages 137-145 in Biological control of the
larger grain porer: proceedings of an 14/fA0 coordination meeting,
Cotonou, Republic of Benin, 2-3 Jun 1989. Edited by RH. Markham
and HR. Hemren. lITA, Ibadan, Nigena.

Hulugafle, N.R., 1990. Alleviation of soil constraints to crop growth in
the upland alfisols and associated soil group of the West African
Sudan savannah by tied ndges. Soil and Tillage Research 18; 231-247.

Hulugalle, N.R., and B.T. Kang. 1990. Effect of hedgerow species in
alley cropping systems on surface soll physical properties of an Oxic
Paleustalf in southwestem Nigena. Journal of Agricultural Science
(Cambridge, UK) 1 14: 301-307.



Hulugalie, N.R., ). de Koning, and PJ. Matlon. 1990. Effect of rock
bunds and tied ndges on soil water content and soil properties in the
Sudan savannah of Burkina Faso, Tropical Agnculture 67(2): 149153,

Hulugalle, N.R., R. Lal, and M. Gichuru. 1990. Effect of five years of
no-tillage and mulch on soil properties and tuber yield of cassava on
an acid Ultisol in southeastern Nigeria. Expenmental Agriculture 26:
235-240.

Hulugalle, N.R., and M.C. Palada. 1990. Effect of seedbed
preparation method and mulch on soil physical properves and yield of
cowpea in a nce fallow of an inland valtey saamp. Soil and Tillage
Research 17: 101-113.

Ikotun, T., P. Neuenschwander, |.S. Yaninek, and W. Hammond.
1990. Crop protection. Pages 69-81 in Cassava in tropical Afrca: a
reference manual. a1+, Ibadan, Nigena.

tkotun, T., and D.S.0O. Osiru. 1990. Production constraints. Pages |-
10 in Cassava in tropicat Africa: a reference manual, i1+, Ibadan,
Nigena.

Inouye, )., H. Hakoda. .4 N.Q. Ng. 1989. Preliminary studies on
some ecological chary tenstics of Afican <! water nice (Oryza
glabernma Steud.) ' anese Journal of Agr .o e 33(3): 158-163.

lzac, A-M. N., K.A. Anaman, and R. Jones. 1990. Biologicat and
ECONONVC O ™d N . Apica) grazing ecosystery in Australia,
Agncultee o osyste e and Eroronment 30: 765-279,

Jackai, LE.N. 1990. Screening of corvne az o resistance to Clavigralia
tormentosicoils Stal (Hemiptera: Coreidae). Jonmal of Economic
Entomology 83(2): 300-305.

Jackai, L.EN,, R.S. Ochieng, and J.R. Raulston. 1990. Mating and
oviposition behavior in the legume pod borer, Maruca testulahs
Entomologia expermentalis et applicata 56: 179-186.

Jackai, L.E.N., AR Panizzi, G.G. Kundu, and K.P. Srivastava. 1990.
Insect pests of soybean in the tropics. Pages 91-156 in Insect pests of
tropical food legumes, edited by SR. Singh. John Wiley and Sons,
Chichester, ur.

Jones, M.P. 1990. Rapid evaluation of salt tolerance of mangrove-
swamp rice vaneties. Tropical Agriculture (Trnnidad) 67(3): 199-202.

Kang, B.T., and V. Balasubramanian. 1990. Long-term fertilizer tnals
on affisols in West Afnica. Pages 20-25 i Transactions, t4th
International Congress of Sail Saience, Vol. IV, 12-18 Aug 1990,
Kyoto, Japan.

Kang, B.T., L. Reynolds, and A.N. Atta-Krah. 1990. Alley farming.
Advances in Agronomy +3: 315-359.

Kz..g B.T. and R). Van Den Beldt. 1990. Agroforestry systems for
sustained crop production in the tropics, with special reference to
West Afnica. Pages 13-33 i Agroforestry land-use systems:
proceedings of a special session on agroforestry land-use systems.
American Society of Agronomy Annual Meeting, International
Agronomy Section, 28-29 Nov 1988, Anaheim, Calfornia, Edited by
E. Moore. Nitrogen Fixing Tree Assocaation, Wamanalo, Hawau, wsa.

Kwatia, ). 1990, Storage of fresh cassava. Pages 83-86 in Cassava in
tropical Afnca: a reference manual. 114, Ibadan, Nigena,

Kwatia, J., and W.Y. Jeon. 1990. Cassava processing, Pages 87-111 in
Cassava in tropical Afnica: a reference manual. 14, Ibadan, Nigera,

Laghetti, G., S. Padulosi, K. Hammer, S. Cifarelli, and P. Perrino.
1990. Cowpea (Vigna ungurculata [L.] Walp.) germplasm collection in
southemn Haly and preliminary evaluation, Pages 46-57 in Cowpea
genetic resources, edited by N.Q. Ng and LM. Mc.t. IITA, Ibadan,
Nigena.

Latanzio, V., V. Linsalata, G. Maruca, R. Marullo, B.B. Singh, S.R.
Singh, and P. Perrino. 1990. Preexisting phenols and resistance to
aphid in cowpea (Vigna unguculata [L.) Walp.). Pages 128-134
Cowpea genetic resources, edited by N.Q. Ng and LM. Mont, ura,
Ibadan, Nigena.

Lawani, $.M., and T.E. Odemwingie. | 990. Communication for
sustainable agncuiture. Proceedings of a workshop sponsored by the
International Inst:tute of Tropical Agncuiture (114) under the auspices
of the Media Forum for Agriculture, Ibadan. Nigera, 10 Apr 1990. uta,
Ibadan, Nigena. 55 pp.

Lawani, S.M., and T.E. Odemwingie. 1990. Mcdia foruni for
agnculture. Proceedings of the inauguration ceremony, Ibadan,
Nigena. 10 Apr 1990. .1+, Ibadan, Nigena. 39 pp.

Lawson, T.L., and B.T. Kang. 1990. Yicld of maize and cowpea in an
alley cropping system in refation to avalable light. Agncultural and
Forest Meteorology 52. 347-357

Liya, S.M.. K. Mulongoy, C.T.I. Odu, and A.A. Agboola. 1990. The
influence of some parameters of soil fertihty on early growth of
Leucaena leucocephals and Cassia siamea. Pages 250-256 n Maxamiser
1a fixation biologique de Fazote pour la production agncole et
forestiere en Afnque. Hlleme Conférence de I'aairs, 7-12 Nov 1988,
Dakar, Sénégal, edited by M. Gueye, K. Mulongoy, and Y.
Dommergues. Collection Actes de Fira, Vol. 2 no. 2, Dakar, Sénégal.

Liya, S.M., C.T.L. Odu, A. A. Agboola, and K. Mulongoy. 1990.
Estmation of N fixation by nitrogen-fixing trees in the subhumid
tropics using "N dilution and difference methods. Pages 190-192 in
Use of stable isotopes in plant nutntion, soil fertdity and
environmentar studies. International Symposium, [-5 Oct 1990,
Vienna, Austna. Intermational Atomic Energy Agency, Vienna, Austna,

Marconi, £., G. Lombardi-Boccia, E. Carnovale, and N.Q. Ng. 1990.
Nutritional evaluation of witd and cultivated species of cowpea. Pages
101-110:n Cowpea genetic resources, edited by N.Q. Ng and LM,
Monti. 17A, Ibadan, Nigena.

Markham, R.H. 1990. The role of quantitative ecology and systems
analysis in the biological control of larger grain borer. Pages 35-50 n
Biological control of the larger grain borer: proceedings of an iTafrao
coordination meeting. Cotonou, Republic of Benin, 2-3 Jun 1985.
tdited by RH. Markham and HR. Herren. ITA, Ibadan, Nigena.

Markham, R.H. and H.R. Herren (eds.). 1990. Bological control of
the larger grain borer: proceedings of an 11a/ta0 coordination
meeting, Cotonou, Republic of Benin, 2-3 Jun 1989, lITA, Ibadan,
Nigena. 171pp.
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Markham, R.H. and H.R. Herren (eds.). 1990. La lutte biologique
contre le grand capucin du mais: comptes rendus d'une réunion de
coordination uTa/fa0 tenue les 2 et 3 juin 1989 a Cotonou,
(République du Bénin). Iita, Ibadan, Nigera. {7 pp.

Meiracker van den, RAF., W.N.O. Hammond, and J.J.M. van
Alphen. 1990. The role of karomanes in prey finding by Diomus sp.
and Exochomus sp., two cocainellid predators of the cassava mealybug,
Phenacoccus manthoti. Entomologia expenmentalis et applicata 56:
209-217.

Mulongoy, K., and |.O. Akobundu. 1990. Agronomic and economic
benefits of nitrogen contnbuted by legumes in live-mulch and alley
cropping systems. Pages 625-632 in Nitrogen fixation, achievements
and objectives, edited by P.M. Gresshoff, LE. Roth, G. Stacey, and
W.E. Newton. Chapman and Hall, New York.

Mulongoy, K., and S.K. Ehui. 1990. Biological mtrogen fixation and
nitrogen transfer in multiple cropping in tropical Africa. Pages 174-191
m Maximuser la fixation biologique de I'azote pour 'a roduction
agneole et forestiere en Afrique. llleme Conférence de I'sagts, 7-12
Nov 1988, Dakar, Sénégal, edited by M. Gueye, K. Mulongoy, and Y.
Dommergues. Collection Actes de s, Vol. 2 no. 2, Dakar, Sénégal.

Mulongoy. K., and A.E. Goli. 1990. Nodulation and growih of
bambara groundnut (Vigna subterranca) in three soils. Pages 27-33in
Maxnuser 1a fixation biologique de 'azote pour la production agricole
et forestiére en Afnque. leme Conférence de 'aaeti, 7-12 Nov
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