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Foreword
 

The Board of Trustees -rnd the staff of ii have pleasure inpresenting to you the annual report for 1990. 

0u report gives an overview of the progress we have made in research and other program activities dunng
 
1990. high lighting significant results in each program. Improved crop raneties well suited for the Vawious stress
 
conditios oftropical Africa have been developed, while we continue to provde national systems ,nd farmers
 
with sustainable plant protection technologies. Research on sustainable production systems in fragile tropical
 
environnents which involve alley fan ning techniques continues to produce encouraging results, as is learly
 
demonstrated in tests and adoption of alley farming under farmers conditions.
 

Resuarch and training act vrtes have continued to be rmplemenea according to the objectives and proposals / 
laid down inour medium-term plan for the period 1989 1993. Funding limitation, howevc-, forced LISduring Nicholas E.Mumba 
1990 to limit ,rstaff-years inresearch to 55, vs-a-vs the 66 envisaged in the medium-termthe number of se 

plan. Notwithstanding the prospects for continuing restrction in funding for the foreseeable future, we wll
 
endeavor to increase our research capacity through internal shifts and by attracting special projects A.
 

The year 1990 was marked ray ,number of events that will have a direct bearing on i.,activites inthe short r 
and long term. They include. 

* The submission of the reports of the extemal review panels to the ;,m,,nro-term imeeting. While a number
of suggestions were made for further improvements in research activites and in the program structure, the 
reviews and the comments by various donors were positive and an encouragement for the way the staffofA , 
is carrying Out its responsib lites I; 

- The opening of the savanna station at Kano in northern Nigena, the establishment of the humid forest station Lukas Brader 
at Mbalmayo in southern Cameroon, and the opening of abiotechnology laborato - at our headquarters at 
Ibadan. 

- The endorsement by the crri of a regon-wide, agroecologically oriented ("ecoregronal") approach to 
agncultural research and the reconfirmation of the need for closer cooperation with national agricultural 
research systems, as well as the admission of a numLer of new international centers to the system. 

was again fortrunate to 
agricultural research. The award recognizes our contrb itons to the biological control of the cassava mealybur. 
- iri,; eceive. this time jointly with oi, the Ktng Baudouin award for excellence in 

- The electon of Nicholas E.Mumba in July 1990 as clairman of the Board of Trustees for atwo-year period, 
replacing Luis B.Crouch who had resigned for reasois of health. 

- The appoint! nent of Lukas Brader as Director General for afive-year term "tom I December 1990. 

The trustees and staff of i ',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 Inthe countries concerned. We trust that the donors 
of the caur,will continue to respond with confidence in ,.ind continue their support, which helps to bring 
us closer to the goal of eliminating hunger and improving t,)e well-being of the peoples of tropical Afrnca. 

Nicholas E.Mumba Lukas Brader 
Chairperson, Board of Trustees Director Gene: al 
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new maize has broken the subsistence mold of 

agriculture in northern Nigeria, enabling farmers 
to begin modernizing their age-old practices with 

intensified farming. 

The main elements for intensification were inplace by 
the end of the 1970s: nationwide road links and an 
agricultural extension system. Maize became the crop 
which activated the process during the 1980s-the 
extension services were there to t;romote its cultiva-
tion, and the harvests could be tninsported from 
northern fields to southern markets.With an impoved 
maize vanety in that setting, well adapted to that 
environment, farmers at last had a crop technology 
which could earn them enough cash to buy the 
fertilizerand hire the field hands ecsential forinternified 
farrr'ig. 

With the process inmotion,agricultural scientists have 
begun exploring ways to help strengthen or enhance 
it.The prime conccr ishow 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 cycle. The 
issue, ioreover, is not simple economics, but an 
understanding of the right mixtures of crops and 
rotations in order to maintain productivity over the 
long term. The sustainability of the intensified system 
involves siabilization of the increases in farmers' har
vests ,nd their well-being, which is the goal of all 
development efforts. 

Beginnings 
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
1980s, not increased along with the increasing regional 
population. 

Agricultural productivity has improved markedly in 
the moist savanna zone (or, Guinea savanna) of 
northern Nigeria. Receot surveys there by iTA and the 
Institute forAgricultural Research (IAR) ofAhmadu Bello 

A new maize 
modernizes 

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 
periods have become abbreviated. Farmers have 
asserted that they are better offthan before, attributing 
their well-being to greater profitability of farming. 

Severdl elements combined to pnme the agricultural 
"take-off in northern Nigeria. A good road network. 
linking t,.2northern and southern parts of the country, 
was builtwith revenues from oil production duringthe 
1970s Dunng the same period an extension program 

was organized as part of the Word Bank-assisted 
agncultural development projects, initially inthe north 
at three centers. With an extension system inplace 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 remined to trigger the dynamic was the 
nght crop technology. 

The traditional cash crops ofthe north weregroundnuts Maize harvests 
and cotton. Neither was profitable enough to attract bring a cash 
farmers' interest in expanding production. But by late economy to 
inthe 1970s, irrA had developed ahigh-yielding maize savanna farmers. 

w ..... - '- .
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variety, TZB, by building on two composite breeding 
lines of Nigeria's Feder alDepartment of Agricultural 
Research. Inexperimental trialsthe newvarietyyielded 
consistently one-and-a-half to two times as much as 
local varieties. Also, it was resistant to the fungal 
diseases of rust, blight, and ear rot, and highly adapted 
to growing conditions in the savanna. 

The agricultural development projects introduced rzB 
to northern farmers and demonstrated how to obtain 
high yields using fertilizer. When the farmers found 
that the maize gave them afar 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 to IARand 
IITAresearch, maize had been grown inthat zone a- a 
backyard crop in the 1970s. by 1989, maize had 
become a major food crop invirtually all villages, and 
a major cash crop in more than two-thirds of them, 
Most ofthis maize was the high-yielding Tz-in over 
half of the villages surveyed by 1AR and iTA, almost no 
local maize varieties were being cultivated. Improved 
maize had overtaken and changed the role of its 
predecessor. 

Sorghum, traditionally the favorite food crop, is still 
planted over a greater area than maize. However, 
since T-zs outyields local varieties of sorghum and 
millet, the other staple cereal in the region, TZBcan 
reduce the land requirement for feeding farmers' 
families. Many farmers have found that, by growing TZB 
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 which they can use to reinveL in cash crop 
production. 

The characteristics which enabled TZBto make farming 
so commercially viable are its high yields andattractive 
appearance. Experiments on farmers' tields show that 
TZB, with mnderate levels of fe tilizer,yields 21-115% 
more than local maize. Its grain quality, with a pearly 
white color and resistance to the disriguring ear rot, 
make it compatible with local food preferences. For 
the new maize to have played such arole at all, iTA and 
AR scientists believe, it had to be able to show a 

substantial advantage overexisting option-a minor 
improvement would have been unlikely to succeed 
on the scale that TZB has. 

Sustaining the phenomenon 
How long-lived will the phenomenon be? Can inten
sification with T7B be replicated n savanna areas of 
other countnes? 

Whether intensification can be replicated isan easier 
question to answerrhan how long-lived it will be. The 
first requirement for intensification is a set of favorable 
economic preconditions--transportaor links, tech
nical advice, fertilizer-as well as afavorable growing 
environment. The secc.,,d requirement is the right 
crop technology---a crop variety well-adapted to the 
erivironment with an all-around performance good 
enough to attract farmer commitment to providing 
the inputs. Inextricably linked with these two sets of 
requirements is a third: suitable quality of the crop, 
which determines its marketability. Demand for the 
product must provide a satisfactory return to the 
farmer-investor. 

Replication to some extent already seems to have 
occurred, and Nigeria's neighbors appear to be emu
lating hersavanna success,although confirmatory data 
have yet to be collected. TzB and derivative varieties 
are reported to have been expanding in the 
Cameroonian savanna, under strong demand from 
breweries, benefiting from an extension network and 
fertilizer supply line that had been set up for cotton. 
Wcstwards, in Benin, Ghana, and C6te dlvoire, pro
duction ofTiB and its derivatives also appears to have 
been expanding. 

Initial iTA investigations have, however, revealed that 
there may be aproblem with the technology. TZB 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 Nigeria. And specifically in Benin, 
there may also be aneed to breed for asofter, more 
floury grain texture to suit consumer preferences. 

Inassessing how far the phenomenon might develop 
inNigeria or how long it could last, there are again the 
market factors and the status of favorable precondi
tions to be considered. First ofall, market demand fo,
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maze as a food, ano as abasic 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 dnd critical issues: economic 
sustainability, in terms of the profitability of maize 
production; and ervironmental sustainability, inkeep-
ing up soil fertility and keeping down pests and 
diseases. 

Theforemosteconomicproblemloomswithfertilizer, 
amainstayofintensification.TheNigeiangovemment 
has hitherto subsidized fertilizer prices in order to 
encourage agricultural 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. 

iiTA scientists believe that high fertilizer prices will 
induce a reduction inmaize hectarages and an increase 
inthe areas platnted to sorghum (for food needs) and 
the cash crops of groundnuts or cotton. Since those 

crops are less productive than TZB, the returns to 
farmniig will diminish. Farmers will be able to afford 
fewer nf the inputs required for intensified farming. 

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

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

Several research institutes inBenin, Cameroon, C6te 
d'voire, Ghana, Nigeria, and Zaire have joined forces 
with ITA 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. 

7 



systems research (COMBS), 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 inhelping 
to "balance" the total crop system. Since legunies 
attract different pests and diseases, they can prevent 
the build-up of cereal pests and diseases. 

irTAis examining the possibilities of forage legume 
rotations with the Nigerian Animal Production Re-
search Institute (NAPRI) , as livestock is a crucial compo-
nent of savanna farming. IITA and IARare investigating 
why traditional !egumes,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 inorder to stimulate new 
demand. 

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

Agroforestry, incorporating leguminous shrubs, has 
tested well inmany combinations with maize overthe 
past decade inforest-fringe areas, and isbeing adapted 
to the moist savanna in ongoing trials in many coun
tries. (See "Alleys across Africa" 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 livesock feeds 
and brewery products. High-yielding maize, which has 
given farmers in northern Nigeria an opportunity' to 
produce commercial-scale harvests, is a crop with the 
potential to feed further regional development. 



-The research horizon
 

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 importart crop for the 
farmers of that vast region, and forthe more than 200 
million people, farm families and citydwellers, who 
depend on it for theirdaily 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 Nigeria, 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 Afnca, undertaken by iiTA in a joint etfort 
with other institutes, donors, and governments. 

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 
demand. If the environmental and economic conse-
quences are not to get out ofhand, crop scientists and 
national policymakers must see to it that farmers have 
suitabletechnologies,both improved cassava varieties 
and cultivation practices, thatwill enable them to keep 
pace with the growing needs and to sustain the 
expanded production without exhausting the soil. 

The need for aclear view of the impact of improved 
cassava varieties and of economic pressures on pro
duction led iiTAto organize a study together with 
others,on cassava farming and food systems inAfrica. 
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 technologieswhich, 
inturn,farmers need to use to achieve national food 
production goals. 

for cassava as a 
cash crop 

Resources Institute of the Overseas Development 

Administration, UK,and the Rockefeller Foundation, as 
well as national teams in the participating countries: 
C6te d'lvoire, Ghana, Nigeria, Zaire, Uganda, and 
Tanzania. Those countries were cnosen because they 
embrace the range of imp )rt3nt 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 compnses 250 repre
sentative villages. 

Significance 
The significance of cassiva for the economic develop
ment of African countries cannot be overestimated. 
Cassava root flesh iseaten as a starchy staple dish, to 
which is added soups or sauces of other foods for 
variety. Cassava leaves are also eaten as avegetable in 
miny pla:es. Cassava crops are areliable food source 
formost ofthe year. Insome placestheyare harvested 
continuously throughout the year-, tiding farmers over 
the "hungry season" after other crops have be:n 
planted but are not yet mature, Famine rarely occurs 
where cassava iswidely grown, because cassava can Cassava goes to 
produce a harvest even under erratic rainfall or market in a big 
drought and inpoor soils. Its high productivity per unit way, in rapidly 
of land and labor have rewarded scientific efforts to developing areas 
improve yields and increase production, and hold where farmers 
promise of further gains in helping to meet national have improved 
economic goals. varieties. 

Collaborating inthe study with ITAare Centro Inter
nacional de Agricultura Tropical (dAT), the Natural 
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Market needs for 
increased 
production are 
drivingfarmers' 

selection ofcassava 
varieties to grow. 

- 47."4 , 

Some key areas for future c.-op 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-
tenzation ofcassava processing, distnbution, and con-
sumption. Phases IIand IlI,to extend through 1992, 
focus on crop yields, farm size, resource management, 
farmer decision-making, postharvest processing, qual-
ity factors,and socioeconomic factors, including health, 

Breeding objectives will be formulated on farmc 
preferences inselecting cassava vaneties for their own 
cultivation which have emerged from the COSCA 
findings. Farmers who live inareas with good access to 
markets, or who live in areas of high population 
density, look pnmarily for high yields, early crop 
maturity, and effective resistance to diseases and 
insect pests. These needs reflect a growing market 
onent:stion e1 farmers and economic pressures to 
increase production. Varietes that can store long 
underground, or "sweet" varieties that produce low 
levels of cyanide, do not appear to be critical needs. 

By implication, processing quality incassava 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 eventually narrow this 
range down to 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 will have to 
satisfy market demand for processing imp-ovements. 

Trends 
Farmers affirmed that cassava production had in
creased during the past 20 /ears, in 70% of the 250 
villages which cost;, surveyed. The), believed that the 
increases had been stimulated by afavorable market, 
incidence of food scarcity oir famine, population growth, 
declining so Ifert:bty, and drought. Intheir eyes, then, 
the key determinants appear to have been climate, 
demographic pressure and improved maket access. 

Cassava production appears to be increasing relatively 
more invillages in the humid tropics, as opposed to 
the drier climatir zones of the savanna or the mid
atitudes. Within the humid zones, production is 
increasingatagreaterrateinvillageswherepopulaton 
density is relatively high and where market access is 
relatively good. (See figure I, opposite ) Where pro. 
duction is increasing, it is replacing mainly other 
cultivated crops, as opposed to tree crops or fallow 
crops. Where cassava is replacing other cultivated 
crops, fallow periods are declning, which is leading to 
decline in soil fertility. 

Cassava is widely produced with purchased inputs, 
such as hired labor. irproved planting matenals, 
fertilizers, 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 fam'ers, the 
study reports the presence of such ,aneties innearly 
90? of 61 villages visited, and their cultivation by many 
farmers in nearly 60% of those villages. Improved 
vaneties oLityielded local varieties by margins ranging 
75-300% in specific villages where yields were 
evaluated. In the five other survey countries apart 
from Nigeria, however-, no such developments were 
observed, because investment in research, multip
cation, and distribution of planting matenals had not 
been made. 

The study cites a significant degree of tumover inthe 
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I. Production trends insampled villages, according to: 

high Population density low 
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2.Age of harvest insampled villages, according to: 
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\ 
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S moncan 

S,2system. 

cassava varieties which farmers grow, as they replace 
existing varieties with new ones that possess desired 
attributes such as disease resistance, high yields, or 

sweet varieties being cultivated isdeclining, although 
over70% of all varieties grown still are sweet varieties. 
High-cyanide varieties are ,udged by farmers to be 
superior in pest resistance, yield, and underground 
storage, although not in early matunty. 

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

Dynamics 
For the first time on such a large scale, COSCA has 

substantiated the importance of cassava forfarmers as 
a cash crop. Farmers have begun to respond to the 
market dynamics with an approach to intensified 

cassava farming. Cassava, once characterized as the 
"poorman's crop", isbeingthrust into an enlarged role 
inproviding alow-cost food source forgrowing 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 inthe study,as well as 

the resource and crop management technologies that 
ensure sustainability of an intensified farming 

good Market access poor 



This package can 
double the income 
from the harvest 

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 IITA has 
found with two new projects dunng 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 returns to cassava farmers in 
the form of productivity and income can also begin to 
improve p 

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 
iITA has nalyzed existing cassava processing systems, 
inorder to define the problems and the directions for 

Monya farmers technology development. Postharvest losses as a 
use an JrA- whole can exceed 40% of the harvested crop, half of 
improved grater in which is attributable to processing The contributing 
processing fresh factors are field conditions, charact enstics of the crop 
cassava for making variety, and lack of efficient tools or knowledge of 
gari. efficient methods, as well as workers' attitudes, 

Processing alone requires more time than harvesting 

and handling operations. The labor input isestimated 
at 82 person-days fora harvest of 10 tons per hectare. 
More than 80% of that time requirement is contnb
uted by wo!- ,n and children. 

The IIT, postharvest research unit has, since 1988, 
developed an equipment package for the main stages 
in cassava processin-. The package includes apeeling 
knife, machines for gi ating, dewatering, chipping, dry
ing, gt,'-ding, and siftirg cassava, and astove with fryer. 
Each of them take- the cassava one step further 
toward aparticular food preparation. All of them are 
being tested inpilot locations in Nigeria. Designs are 
modified during field tests, to adapt the equipment to 
the work setting. The unit isdeveloping 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 communityprofilesare recorded, includingincome 
sources, cropsand areas planted, production potential, 
expenditures, and activities other than farming. Such 
basic information islater used inasses-:-a the impact 
of technology utilization, or the qualit) f life before 
and after the technology isintroduced. 

Moniya. A group of 18 women at Moniya, near IITAon 
the northern edge of Ibadan, 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 the must 
spend inprocessing activity. The equipment package 
for Moniya, where cassava had been processed by 
pooled family effort, contained a grater, chipping 
machine, dewatering device, sifters, stove/fryer, and 
grinder. Subsequently other equipment, such as new 
peeling tools and abaking oven, was installed there for 
testing. 

The Moniya group began operating the center 
essentially as afood exchange scheme, taking on some 
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contract processing as well. Farmers gave their fresh 
cassavatuberstothecenterinexchangeforprocessed 
cassava. Duringthe latterpart of 1990, operations had 
improved so much that the center began processing 
cassava on acommercial basis. By the end of the year, 
commercial processing had exceeded the volume of 
exchange and contract processing combined. 

After six months ofoperation, 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 
arrangement ofthe 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 I awyer. This rural village inOyo state, with 26 
households, isthe site ofanother community process-
ing center, which farmers set up to increase their 
income through improvements in their customary 
processing activities, Farmers here grow avariety of 
food cropsbesides 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 had 

. 

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 doubled. 

Product quality has also improved, which has at
tracted higher prices. Aba Lawyer farmers no longer 
need to travel to distant markets inorder to sell their 
produce--bulk buyers now go to the village for its 
high-quality gari, and pay the same price as the farmers 
would receive for it intown, 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 'Jeginning to participate 
more actively in community tljnctions. They have set 
up their own day-care facility fo~ryoung children, who 
are starting to learn the alphabet at an early age. Few 
now ne J to leave Aba Lawyer in search of better 
opportunities. 

Left: At Moniya, 
frying the grated 
and dr..d cassava 
on an irA-designed 

~ - stnve saves fuel and 
time in making gari. 

Right: Built-in 
sieves separate 
large from small 
particles ofcassava 
flour in this TA
designed grinder at 
Aba Lawyer. 
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Making a home 
for the soybean 
inAfrica 

F rornthe beginningof soybean research atiTA, 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 iITA'S soybean re
search has been the need to add protein in African 
diets using avegetable 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 varieties 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 atmospheric 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 American-bred soybeans 
were not congenial hosts to African bacteria and did 
not form nodules where bacteria could reside. During 
the 1970s and 1980s, however,IITAscientists bred high
'ielding 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 inthewarm, moist environmentoftropical 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. 
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Othercharacteristics needed improvement-theten-
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 tacklethe particular problems of adapting soybeans 
for cultivation in different environments and different 
agroecologica 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 should there
fore be able to mature within that period, leaving a 
margin for planting considerations. The, should also 
be able to fit into existing crop rotation systt.ms and 
intercropping systems which combine legumes with 
cereals such as sorghum, millet, and maize. 

Most importantly, however,scientific attention had to 
turn 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 fanm families have 
grown and eaten soybeans. Not until the twentieth 
century, however, was the crop adapted to other 
environmentsbyscientistsinthe United States, Canada, 
China, Brazil, and Australia. Their research has enabled 
soybeans to be grown not only intemperate countries 
but also in the subtropical-to-subtemperate zones of 
southern Brazil, central and northern India and 
Queensland. Australia. AvailaL;lity of home-level as 
well as industrial processing methods and export 
markets has fed demand for soybeans, and hence 
production of the crop, inthose countries, 

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

Having succeeded in adapting the crop to tropical 
conditions, IITAsoug!.t to create technologies for 
processing soybeans, enlisting the support of the 
International Soybean Program (iNTsoy, at the Uni
versity of Illinois, USA), the Nigerian government and 
other donors. In 1985, IITAacquired ascrew press for 
oil extraction and adry extruder for making soy flour. 
A food technologist joined the staff.InOctober 1985, 
IITAheld the tropical soybean workshop, which con
cluded that ine 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 equipmentand process
ing methods geared to household and small-scale 
business enterprises. Together with the Institut -f 
Agricultural Research and Training (IAR&r) at nearby 
Moor Plantation in Ibadan, 1ITAlaunched aproject with 
funds from the International Development Research 
Centre (IDRC) of Canada and afood technologist sent 
by the Japan International Cooperation Agency (JicA). 
The goal isto develop new recipes which enhance the 
nutrition arid taste of traditional dishes, maKe use of 
implements already inthe typical Nigerian home, but 
do not increase the time or cost of preparing tradi
tional foods. 

Among the project's successes inadding soybeans to 
basic dishes is soy flour, oi paste, in the various 
vegetable sauces which accompany a starchy staple 
(such as pounded yam or cassava). New methods of 
,rrocessing soy milk have eliminated the hand-burning 
hazards and rcduced time-consuming labor,and have 
been s,::cessfullyintroduced. "Soygari" (cassavameal 
with added soy flour that has a 10% prutein content 
as against less than I% protein of traditional Nigerian 
gari) has been developed and introduced. "Soyamusa", 
a neN extruded, inexpensive baby food of plantain 
and soy, has been tested with the help of the National 
Horticultural Research Institute (NiHORT; also inlbadan). 
Several recipes utilizing soy milk residue have been 
developed. The project also evaluated the perform
ance of screw presses foroil extraction made inAfrica. 

Nigerian impacts 
In 1984 soybean was virtually unknown, being neither 
grown nor used, in Nigeria's Oyo state where iiTA's 
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Students learn campus headquarters is located. As a result of the 
about soybean DRC-funded project, ITAand iAR&T have introduced 
processing on c visit the soybean infour local government areas of Oyo. A 
to the National recent survey has revealed that about one-third of all 
Cereals Research farmers inthese areas are growing soybeans. Among 
Institute, which soybean growers, theaverageareaplantedtosoybean 
spearheads is nearly one-quarter of a hectare. Over half of the 
soybean research in growers cook ard eat soybean intheir home. Those 
Nigeria. who eat soybear, consume an average of 1.4 kilograms 

of soybean per week per family. These figures reflect 
avery i apid rate ofadoption of soybeans as acrop and 
a food. 

From surveys conducted in Nigeria's Benue state, 
where traditional soybean vaneties 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. "g 
improved seed is increasing. The surveys, conducted 
by a volunteer of the Canadian University Service 

Overseas (cuso), have also ;evealed 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. 

IiTAhas also helped otherAfrican countnes to produce 
improved soybean varieties Zaire and Ghana have 
released IITA varieties for farmers to begin planting. 
The genetic backgrounds of soybean varieties have 
been improved. Soybean yields of up to 2.5 tons per 
hectare have become possible with improved ITA 
varieties that have been tested in many African 
countries. More than 25 African countries are in
volved in annual trials to test ITAsoybean varieties for 
suitability for local conditions. 

For soybeans to realize their full potential as aprotein 
source in 1Afr'can diets, research must continue into 
new products and adaptive uses in traditional diets. 
The path for such research has been marked by the 
1ITAand iAR&T collaboration. With development of 
new projects in other countries infuture, the promise 
of soybeans seems likely to be fulfilled. 
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A cornucopia to come -


The irrA rice research program closed at the end of 
1990, and all rice genetic improvement was trans-
ferred to IITA'Ssister institute, the West Africa Rice 
Development Association (WARDA). Some of i1TA's 
achievements of 20 years of rice improvement are 
summarized in these pages. 

arket trends show a growingtaste forrice in most 
African countries, and are creating pressure for 
farmers to cater to this need. The reasons are 

deeperthanjustamenuchcice-theyreflectchanges 

in traditional ways of life as societies urbanize and 
industrialize, and diets follow suit. 

Rice is a crop that, after harvesting, is processed less 
labonously than most crops; stores longer and more 
conveniently, especially in a crowded living space: 
lerds itself to easier, .-nore versatile meal preparation; 
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 hist:ory, new hope 
Rice isan ancient crop in Africa. But over its 3,500-year 
history here it has made little headway in exploiting 
lands suitable for itF cultivation or feeding the numbers 
of people it could. Cultivation technologies did not 
become ericient enough over time to reducethe 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 cornucopia for 
Africa, provided farmers have the right varieties and 
the knowhow to produce rice there. 

rice research and
 
future prospects
 

With a limited market because of its cost., 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 international 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. Govemments were( ompelled to take practical 
steps to make the local ice farmers' labor more 
productive and their rite more competitive with 
impots. 

Beginning in the 1970s African g wenments began to 
address the ob.r-icles to expanding rice production. 
International organizations have backstopped their Improved upland 
efforts in different ways. Large-scale development rice has spread 
projects were among the first attempts to stem across Nigeria's 
imports, but met start-up problems. Nevertheless, forest and moist 
once managerial measures have overcome the savanna belts, 
problems, such projects should lay the ground work earning price 
forlong-term dev.'opment ofthe production potentiai premiums for 

quality and early 
Research approaches havo set several countries on maturity before the 
the track to a durable solution. Rice research in Africa lowland crop 
has generally aimed at improving efficiency under reaches the market. 
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Prime rice-growing 
wetlands exist 
among Afica's 
inland valleys, but 
farmers need to 
have the right 
technologies to 
exploit their intensified cultivation, with fertilizer and good weed 
potential, control. The objective is to produce nce varieties with 

ample yields which can resist or tolerate the speciic 
diseases, insect pests, and environmental stres.,.2s 
present in each area. 

Rice research inAfrica within the CGIARsystem has been 
conducted by three organizations: over the past 20 
years from both iTA and the West Afrca Rice Devel-
opment Association (WARrA); and for the past 30 
years from the Intema'ional Rice Research Institute 
(RRI).WARDA'S lapability has been strengthened, so iTA 

has since 1987 been gradually transferring its rice 
research activity to its sister institute. The goal of 
completing the handover by 1990 has been accom-
plished. iTA will continue, however, to collaborate 
with WARDA and IRRi in development of improved 
technology packages for nce-based cropping systems. 
1iTA's expenence inthe region issummanzed in the rest 
of this article, 

Two decades 
To harness the regional potential, iT b̂egan research 
in 1970 into vaneties for efficient production in the 
different growing environments of West and Central 
Africa. IITAbreeders sought to develop insect- and 
disease-resiszant varieties that, together with 
improvements infarming methods, would yield more 
generousharveststhanpossiblewithtraditionalvarieties 
and methods. The farming ecologies they targeted 
were the rainfed uplands, inland valleys (which are 
seasonally flooded), and the irrigated paddies. 

Uplands. In its first experiments in breeding upland 
rice during the mid- 1970s, TA found thatAsian genetic 
types adapted poorlytotheacid,nutrient-poorAfrican 
soils and succumbed to diseases. So IITA'Sprogram for 
upland rice began building 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) 
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of France. Sreeders improved the yield potential and 
shortened the plant, while producing longer grains 
with a higher market value- -atthe same time 
preserving the excellent stress and disease resistance 
of the source material. 

Perhaps the greatest impact of the upland nce work 
has been the spread of the varieties ITA 150 and rA 
257 aLross the forest and moist savanna belts of 
Nigeria. Through aggressive seed production by the 
federal government and state agncultural develop
ment projects, seed has reached the farmers and the 
varieties have met with an enthusiastic reception. ITA 

257 has taken on such colorful local names as "Canada", 
"three-month nce",and"Wanikiran" (meaning"ante
lope" inthe Tiv language, for its rapid maturation and 
brown husk color resembling antelope skin). Ira257 
has also been released in Sierra Leone. The shor
growth cycle ofI A 150 and ITA 257 gives quick returns 
oninvestmentforfarmersandimprovestotalincome, 
because the two varietios 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 eams pricepremiums. 

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 inland 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 
remainedunder-utilizedbecauseoftheenvironmental 
hurdles they pose forfarmers: watercontrol problems, 
rough soil tillage, uneven establishment of the crop 
after planting, difficult 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, inthe absence ofpublic health measures. 

,TA began its breeding program for the inland valleys 
early inthe 1980s. The aim was aplant 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-toxc areas, 
farmers grow their nce on ridges which permits air to 
reach the roots, and oxidize the ambient ron into a 
form harmless to the plant. ITA scientists have inves-
tigated this practice and have shown that it helps 
increase yields threefold ---or even more, with resist-
ant i1Avarieties. Inthis case as inothers, i --, has adapt
ed its technologies, or reearch products, to local 
farming systems as well as national or regional needs, 

Excellent varieties for inland valley cultivation are 
reaching final testing stages in national research pro-
grams. They are poised to make a significant mpact 
over the next decade and also enable .,,.iA to hegin 
its work inthe area with superb elite materials. 

Irrigated. Work on irigated varieties began eary in 
the 1970s, and succeeded remarkably during tihe 
following decade. The Nigerian government has re-
leaed five varieties for use in large-scale riigatio;' 
projects Two of them are spiroading in Cameroon, 
one iscommercially grown in Ghana. while a third is 
important in Benin mostly in large-scale projects. 

iinbreeders developed rligatedvariet,es fi-om a base 
ofhigh-yteding semi-dwaf types frormi,,,adding genes 
for resistance to African pests and stiesses from local 
varieties. A landmark in i-rgated rice development is 
the 1977 release of Suakoko 8" in Liberia. The first 
African irproved variety to sLIcceed in resisting iron 
toxicity from the soil, it was developed by ii.- and the 
Central Agricultural Research Institute of Libera, uti-
lizing an Asian traditional variety as the gereti : source 
of resistance. 

Fruits of collaboration 
Many scientists in African country programs have 
ra-,1. their quahifications at universities and in the 
field with 11A sponsorship or project involvement. IITA 
has developed its research and training around the 
needs of rice-prodiong coLintries, and designed 
projects with their scentists, to ensure good feedback 
as well as to build up their manpower -fron tech
nicians to full, fledged ,hu)s 

Ofall 11A'S country relationships inrice, 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 197-1 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 arid Agriculture Organization of the 
United Nations (i.o). 

Sierra Leone and r.' have benefitted inmany lasting 
ways. Eight Sierra Leonian scientists completed mas
ter's degree programs. Twenty technical staff receiv'_ 
training atii -,. Eight vaieties were released during the 
period, most of whlich are still beng used by farmers. 
Two of them were lines developed by i -%breeders. 

ii,'s special relat onship with Sierra Leone did not end 
wti the project. From 1981 to 1989, 17 more var-i
etieswerereleased.Curi-entlyaSiera Leonianbreeder 
is finishg a coctoral fellowship at , -,, studying the 
genetics of resistance to rice yellow mottle virus. 

New directions. In working with iii;, inrice research 
for western and central Africa, iii.. will lend its germ
plasrin collection, laboratory' and field facilities for 
continued expeinmentatioi. Crop management re
search at ;' will continue to study ways to improve 
land use in inland valleys, the prime areas for future 
rice development. 

As countries in eastern and southern Africa call for 
assistance indeveloping their rice programs, irA, can 
extend its facilities for research support to those 
farther regions. Together with ;kP,ii; A has offered its 
technical supporl to the members of the International 
Network for the Genetic Evaluation of Rice (Ir-Ju[R-

Africa). 

At the end of the research pipeline, farmers are 
e1pected to turn research products ito the harvests 
of tomon'ow The challenge to scientists lies as well in 
improving the farming environment. in helping farm
ers to move into anew horizon where they can make 
a profitable enterprise of it. 
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IITA and the CGIAR
 

I ITA was established in 1967 as an international responsibility wth IITA,by means of training, informa
research institute with headquarters on a 1,000- tion, and other outreach activities. 
hectare farm at Ibadan, Nigeria and with links with 

national programs in many countries of sub-Saharan 4. To improve food quality and availability, including
 
Africa. It became the first African link in aworldwide food storage, processing, and marketing.
 
network of international agricultural research centers
 
known as the Consultative Group on International IITAconducts research and training activities at its
 
Agricultural Research (CGIAR). The Federal Republic af headquarters and stations inWest and Central Africa,
 
Nigeria provided the land for the headquarters and and inccnjunction with regional and national programs
 
experimental farm at Ibadan, while the Ford and in many parts of sub-Saharan Africa. As a means to
 
Rockefeller foundations provided the initial planning enhancethepracticalrelevanceofitscropimprovement
 
and financial support. research Lu farming conditions, ,iTAhas begun to
 

decentralize its research from its headquarters to
 
IITAhas four objectives: locations inthe various agroecological zones where its
 
I. To improve agricultural production systems for the mandated crops are grown.
 

African humid and subhumid tropics which can be
 
sustained without degradation of the environment. IITAmaintainsvital linkswith national agricultural research
 

programs, through various forms of cooperative 
2. To improve the performance of selected food research and training arrangements. By developing
 
crops which can be integrated into improved and new technologies with IIrA, adapting them to local
 
sustainable production systems. conditions, and taking them to farmers, national
 

programs can translate research into increased food 
3.To develop national agricultural research capabilities production.
 
including human resources on a basis of shared
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rITAprograms 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 

IITAis a nonprofit, international agricultural research 
and training institute supported primarily by the CGIAR. 
IFTAemploys about 180 scientists and professional staff 
members from over 40 countries and about 1,400 
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 opened in 
1990 in the dry savanna zone at Kano, northern 

Nigeria, incollaboration withAhmadu Bello University's 
Institute for Agricultural Research. A station at coastal 

Cotonou, Republic of Benin, houses the biological 
control program.A 1,000-hectare, humidforeststation 
began operating in 1990 at Mbalmayo, Cameroon, in 
collaboration with Institut de la rechercheagronornique 
(IRA).Several collaborative projects were underway in 
sub-Saharan Afncan countries dunn. 1990. 

Founded in 197 1.the CGIAR is an informal association 
of about 40 public and pnvate sector donors, which 
include government agencies, international organiza
tions, and private foundations. During 1990 they 
provided about US$ 235 million incore funding. The 
CGIAR supports 16 international 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 (rAO), 
and the United Nations Development Programme 
(UNDP), the CGTARoperates without a formal charter, 
relying on a consensus derived from a sense of 
common purpose. 

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

The CGiAR IS serviced by an executive secretariat, 
which isprovided by the World Bank and located in 
Washington. A Technical 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 external 
reviews by independent scientists invited to serve on 
specially constituted panels, TAC is supported by a 
secretariat provided by the three cosponsors ofCGIAR 
and located at FAOheadquarters in Rome. 
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The CGIARmeets twice a year.once in Washington in 

October or November, and once elsewhere in May. 

The meetings review program activities undertaken 

bythe centers, discuss agdcultural 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 

griculture in Africa poses unique problems for 

research and development. In all but a few parts 
of the continent, agricultural production is not 

growingasfastasthepopulationis, 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-
ticesinAfrica.Thetypicalfarmercombatsproblemsof 
infertile soils, pests and the weather by planting 
mixtures of up to 20 crops, which mature at different 
times, balancing the possibilities of failure insome with 
success inothers. 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 ingaining an understanding of 
the farming environment, its physical and socio-
economic dimensions, and of the production systems

Mixed cropping of fordifferent crops. With such an understanding can be 
cassava, cocoyam, 
and maize helps builtthemeansofenabling farmerstoproduceenough 
this farmer combat food for agrowing population, while conserving the 
pests and poor natural resource base so that future production will 
weather possibilities, not be curtailed, 

' . ~ 
1 Z ,• 

To meet this challenge, iITA'sresource and crop 

management program conducts research on both 
fronts: resource sustainability and farm productivity. 
IITA research has shown that the time frame for 
realization of results, in the form of practical 
technologies, may be afew 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, &sin the development of the alley farming 
concept itself The ultimate concern is to improve 
smallholder 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 ofthe program's research activity are 
complementary: (I) resource management and (2) 
crop management. 

(I) Resource management research studies the 
resource base, which consists mainly of soil and soil 
fauna, water, sunlight, labor and mechanical energy 
inputs, and agrochemicals. Research findings help in 
developing new technologies-sucrh 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 agricultural research systems inAfrica for use 
by farmers. They include:

Alley farming. A means of sustaining soil fertility and 

an alternative to shifting cultivation, alley farming isan
agroforestry system in which multipurpose trees 

(usually legumes) are planted inrows while food crops 
are planted in the "alleys" between the trees. 
r 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 soil degrafation 
and, in many cases, to suppress weeds. 
• Land clearing and development. When land must 
be cleared by machine, soil disturbance and subsequent 
erosion can be kept to aminimum with such irrlernents 
as the shear blade, which cutsthe vegetation at ground 
level. Minimum or zero tillage with the use of cover 
crops, mulches, and herbicides is required when land 
iscleared in this way. 
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- Tillage methods. Studies at ITAand elsewhere have 

shown the advantages ofminimum orno-tillage farming. 
* Fertilizer and soil additives. Fertilizer regimes have 
been developed which can enhance crop growth and 
not cause soil acidification or toxicity problems. 
- Improvedfal'ows.Someresearchhasbeendoneto 
improve fallow management practices that would be 

more efficient in restoring soil fertility than are 
unmanaged bush fallows. 

(2) Crop management research combines the prod-
ucts of resource management and of crop 
improvement, conducted by other ITAprograms, into 
sustainable cropping systems which have greater
productiityyetarecompatiblewiththe smallholder's 

resources and ohjectives. This synthesis of crop 

management is, in essence, the product of the 
concerted efforts of all iTA programs. 

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

* Savanna systems (for maize-based cropping). 
* Inland valley systems (for nce-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. 

- Soybeans adapted for growing as a second-season 
crop, in association with cassava. 
* Maize vaneties with durable disease resistance, 

Feedback on farm-level problems from the systems 
research groups is helping to set the right emphasis in 
the research agenda of resource management 
researchers and breeders. Examples include 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 IITA 
goals in general. 7. 77 

Resource management research 

Maps -nd models. In 1990 ITA began cooperative 
working arrangements in agroclimatJogy, modelling, 

and a geographic information system with national 
and international institutes.A database of daily rainfal 
data for nine tropical Afncan countries was established. 
Software for data analysis and quality control was 
developed which enabled IITAto share the data. Computerized 

generation ofmaps 
,IA'S agroclimatologist developed a resource is based on data 
information system ( Ps) which can generate maps for areal units 10 

showing specified environmental and socioeconomic miles square. 

conditions. The Risdatabase cames information which 
charactenzes the African continent ;. IO-mile-sn' jare 

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 designed for smallholder farmers to 
use, they must involve little or no additional expense 
by users. Such research requires a long lead time for 
results to crystallize into clearcut applications. 

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

Expenments began dunng 1990 to charactenze the 
acidic soil at ,TA'S new humid forest station at 
Mbalmayo, central Cameroon, near the capital city of 
Yaound6. Soil physical properties, such as bulkdensity, 
temperature, and water infiltration rate, were measured 
undcr different crop management practices. 

25 



Alleys across Africa 

The promise of alley farming isbeing put to the test in 
apioneering research scheme which links 21 countries 
across tropical Africa. Coordinated bythe Alley Farming 
NetworkforTropical Africa (ArNErA), 52 ofthe planned 
total of95 experiments were in the ground by the end 
of 1990. The accompanying table summarizes all the 

Changes in the main constituents and physical projectsbytypeofresearchandtargetagroecological
 
properties ofsoils were investigated inNigeria, as they zorie ineach country humid forest, forest-fringe-to
occurred followingland clearing, cropping, and fallowing. moist-savanna (subhumid), dry msvanna (semi-arid),
 
The causes of these changes will also shape new soil aidmid-altitudes (highlands, 800-1,5C meters above
 
and vegetation management practices which will sea level).
 
improve soil fertility.
 

AFNETA itself was established in 1986 with technical 
Sustaining fertility. ITA research on improving acid guidance from iTA, the International Council for 
soils has followed two different but complementary Research in Agro-Forestry (ICRAF),and the Inter
approaches. Soil amendment is one, utilizing lime, national Livestock Center for Africa (ILCA). Project 
fertilizers, and similar matenals to combat acidity and funding is being provided by the Canadian Intemat
aluminum toxicity inthe soil. Even low applications of ional Development Agency (CIDA), the International 
lime can reduce toxicity, permitting crop yields to Development Research Centre (iDRC),and the Inter
increase, national Fund for Agricultural Development ('FAD). In 

1990 AFNETA membership grew to 47 institutions in 25 
Asecondapproachtosoilennchment--usingprunings countries. AFNETAfosters research and development 
from shrubs or trees - can be taken independently or of alleyfarmingtechnologies utilizing members' pooled 
together with amendments. An alternative to effortsandexpenence.Theaimistobuildafoundation 
amendments is required because lime or fertilizer is of research for prototype alley farming systems as a 
frequently not available to farmers, key means to sustain agricultural production inAfrica 

for the foreseeable future. 
Alley cropping or farming is an agroforestry system 
which takes this second approach, sustaining soil The collaborative projects coverthe primary areas of 
fertility while reducing the need for fallow periods. research issues in a progressive sequence: 
Selected shrubs ortree species (usually nitrogen-fixing 
legumes) are planted in rows with food crops in the I. Screening for selection of multipurpose
"alleys" between the hedgerows. Soil nutntion is shrub and tree species. 
improved with nitrogen and other nutrients from The hedgerows must suit avariety ofpurposes in the 
prunings of the hedgerow trees which are left on the differe, t zones: providing organic matter for soil 
ground to decompose. Other contributions of alley renewal, forage for livestock poles for climbing crops 
cropping to the soil include moisture conservation, and other uses, and firewood. Multipurpose tree 
weed suppression, and erosion control. "Alley screeningtrialsbegan at28 sites overall agroecological 
cropping" becomes "alley farming" when the hedgerow zones in 14 countries. Each trial involves 10-15 local 
prunings are grown to feed livestock and the woody orexotic specieswhich are assessed undercontinuous
 
stems are used as firewood or stakes for climbing growth and alley farming management.
 
crops. Altogether, the alley farm mimics the restorative
 
processes of bush fallows concurrently with crop 2. Alley farming management.
 
production. (See "Alleys across Africa", opposite.) Once suitable hedgerow species have been identified,
 

studies of system management and productivity can 
Alley cropping has evolved from ITA research since the evaluate effects of hedgerow management interms of 
1970s, primarily for renewal of the non-acidic soils of different spacing and time factors, tree responses to 
the forest-savanna transition zone, but more recently fertilizer use, management of hedgerow prunings and 
for similar soils elsewhere and forest-zone acidic soils their contributionsto soil fertility, comparisons among 
as well. Currently, long-term trials are investigating: various alley cropping systems, and integration oftree 
. what tree species are best for particular conditions cropping and fallowing systems with alley farming. The 
or locations (such as acidic or non-acidic soi:s, or in management trials commenced at 43 sites over all 
combination with various food crops orcover crops), zones in 17 countries. 
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3. Livestock Integration. on-farm for fine-tuning the technologies, assessing 
Trials focusing on livestock benefits are concerned efficiencyand productivityunderfarmers'management 
with two aspects, The first isproduction of forage by and determining farmers' interest, acceptability, and 
the hedgerows and pasture crops inthe "alleys". The potential adoptibility oft.chnologies.Some 18 projects 
second isthe fodder value from forage, in terms of overthe range ofzones in 9 countries hve started, or 
digestibility protein content, othercharacteristics, and plan to start, by 1992. With increasing experience, 
the consequential gains in livestock productivity, more countries will take up this kind of research, 
Livestock integration projects were fielded at six sites following the general thrust ofnetwork activity. 
over three of the agroecological categories (all 
excepting the dry savanna) in three countries. In The four types of projects are designed to provide 
addition, some factors relating to livestock issues are comparable data sets for agroecological conditions 
beingtested inthe species screening and management across tropical Africa. Each collaborating scientist in 
trials-for example, the foddervalueof certain species, the 35 participating national institutes iscollecting data 
and fallows management for producing fodder, on a minimum set of variables at each site, which 

include site conditions, hedgerow characteristics, pest 
4. On-farm research and socioeconomic damage, and crop yields, among others. During the 
assessment. fourth year ofoperations, AFNETA will assess the results 
Finally, research and development mustbe conducted to date at an intemational conference on alley farming. 

AFNETA collaborative projects with national research piograms, 1989-1993 

Type of research project Agroecological zones 

Humid Subhumid Semi-arid Highlands 

Tree species selection Ghana I Benin 2 Benin I Malawi I 
Guinea I C6te dlvoire I Burkina Faso 2 Uganda I 
Liberia I Ethiopia I C6te dlvoire I 

Ghana I Ethiopia 2 
Guinea I Ghana I 
Senegal I Mali 2 
Togo 2 Senegal I 
Zaire I Togo I 

Zambia 2 

Farm management Cameroon 3 Benin I Burkina Faso 3 Kenya I 
Ghana I C6te d'voire I C~te d'lvoire I Malawi I 
Guinea I Ethiopia I Ethiopia I Uganda 2 
Liberia I Guinea I Ghana I 
Nigeria 4 Malawi 2 Kenya I 
Sierra Leone I Nigeria 2 Mali 2 

Sierra Leone I Togo I 
Tanzania 3 Zambia 2 
Togo 2 
Zaire 2 

Uvestock integration Cameroon 2 Benin 3 - Rwanda I 

On-farm and Cameroon I C~te dlvoire I Burkina Faso I Kenya 
socioeconomic C6te divoire I Nigeria 4 C~te dlvoire I Rwanda I 
research Nigeria 3 Sierra Leone I 

Tanzania I 
Zaire 2 
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* what management practices are most efficient for 
different objectives, and 
* how alley farming affects soil fertility and crop 
productivity, 

For example, results of 1990 trials on both acidic and 
non-acidic soils suggest that some hedgerow 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-yearneriod, maizecropswithout fertilizeryielded 
as much as non-alley-cropped maize which received 
45 kilograms of nitrogen fertilizer each year. Four 
hedgerow species were involved: Acioo, Alchorneo, 
Glincidia, and Leucoeno. 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 
isweed control, usually, manual task Weed scientists 
areinvestigatingculturalandchemicalmeanstoreduce 
the labor requirement in weeding. 

Cultural practices, such as planting of a fast-growing 
covercrop orhedgerow trees, as inalley 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 isplowed back into the soil at the end 
of the growing season. 

The legume Pseudovigna orgenteo, less of a climber 
than other herbaceous legumes, was assessed as a 
live-mulch cover crop with maize. In 1990 trials it 
controlled weeds adequately. Crotlanoa verrucoso 
suppressed weeds in trials grown with other crops. 
Maizegrownin 1990trialsinthesameplots subsequent 
to the Crotolono crop, which had been plowed under, 
required less weeding and less nitrogen fertilizer than 
maize in plots without previous Crotolona cultivation, 

The economics of resource management 
A seriesofstudies, beginningwith southeastern Nigeria 
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 inWest and Central Africa, iiTA 
scientists should be able to design technologies or 
interventions appropriate to the problem situation. A 
study inCameroon will begin in 199 1. 

The Nigerian phase has shown that economic 
pressures, other than changes inpupulation density, 
result indiminishing retums to farming, chieflythrough 
degradation of the soil. Rising demand for food crops 
from urban areas, the rising cost of farm labor,and in
migrationofnewfarmersareothersourcesofpressure 
which stimulate such reactions as shortened fallows, 
increased fertilizer use, the closing of common use 
phvileges of forest lands, and changes in land tenure 
and tree tenure arrangements. For example, farmers 
inareas where the population density isthinning may 
rotate their land under long-term faiiows because 
farming activity is reduced. Alternatively 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 ahigh labor demand 
will not be acceptable. 

Meanwhile, iTA resource economists in 1990evaluated 
therelativeeconomicbenefitsfromso: -- osioncontrol, 
in southwestern Nigeria, using three systems: alley 
croppingwith Leucoeno (in2-meterand 4-meterwidths 
betweenhedgerows),notillage, and bush fallow (with 
3-year and 9-year fallows). The study gauged the 
theoretical "profitability" of those alternatives using a 
capital budgeting approach with a 10% interest charge, 
and taking into account the long-run and short-run 
impacts of soil erosion on agricultural productivity. 
Where population density is low and access to 
forestlands"costless", the 9-yearbush fallow system is 
most profitable, followed by 4-meter-wide alleys, no 
tillage, 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 
alleys, and finally the 9-year and 3-year bush fallows, 
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Crop management research 

Humid forest systems 
In Nigeria, maize grown during the second rainy 
season (August-October) is a minor crop, usual;y 
planted with cassava and bringing low yields (up to 500 
kilograms per hectare). Farmers consider whatever 
they can harvest to be abonus inaddition to the more 
secure cassava. On-farm trials in 1990 showed that the 
elimination of stem borer as athreat to maize could 
bring about an eightfold increase inyields. (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, which may not make the proposition attractive 
enough formost farmers. Final conclusions await the 
results ofa model which incorporates 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 countries, which produce two-
thirds of Afnca's cassava, became available in 1990. 
(See Research Highlights article "The research horizon 
for cassava as a cash crop".) COSCA provides bench-
mark information on factors influencing the spread of 
rew cassava vaneties, farmers' culti,-iuri and pro-
cessing practices, and research needs, 

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

Savanna systems 
iTA'ssavanna systems research group is studying the 
intensification process of maize cultivation inthe moist 
q;'vanna and its problems. (See Research Highlights 
article "A new maize modernizes savanna farming".)
The group ischaracterizing the various maize-growing 
environments, and studying the impact of and the 
means to control the parasitic weed striga. 

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

The aim isto develop amodel to explain the different 
genotype/environment (Gx E)interactions of maize 
cropping inthe humid forest and moist savanna zones, 
which could help streamline the testing process inthe 
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 ,TA-improved varieties. 

The striga ("witchweed") problem is the shared 
concern of the savanna group and scientists from the 
Institute for Agncultural Research at Ahmadu Bello 
University, in northem Nigeria. They began intensive 
monitoring for striga inthe fields of 63 farmers in five 
villages, inastudyof the parasiticweed's impacton the 
evolving maize production system. Field teams survey 

cassava farmers in 
The first joint analysis reveals that "witchweed" Ak'fo, in Nigeria's 
infestation builds up increasingly in fields planted with conductingOyo state, intheits original host, sorghum, the longer that sorghum is Africa-wide study of 

planted there. The same holds true for maize, indicating trends in cassava 
that striga is adapting itself to living off maize. The production and 
popular system of sorghum and maize intercropping consumption. 
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is therefore highly conducive to striga's spread. The the water table inthe lower parts of vallys or valley 
risk of striga infestation increases with lateness in bottoms is near or above the soil surface during the 
planting date, so early planting can help maize tc wet season. 
escape striga attack. Farmers' cultivation practices can 
help in allaying the threats. In planting cowpeas or Inland valleys are found throughout Africa, covering 
cotton in combination with maize, farmers usually do >tween 10 and 20 million hectares inthe moist and 
much weeding which destroys emerging striga and dry svanna zones of West Africa, and about 130 
reduces its buildup. (See striga inset on page 46.) million hectares in all of tropical Africa. 

Inland valley systems Water availability makes an environment favorable for 
Inland valleys are the relatively shallow and narrow rice-growing in the inland valley swamps during the 
valleys along the upper reaches of streams and rivers, rainy season, and for cultivation of other crops during 
Inlength they can extend up to 25 kilometers, inwidth the dry season. The great interest in the swamps stems 
from 10 meters inthe uppermost stretches to about from their potential for sustainable production of rice, 
800 meters in downstream tracts. Often swampy, as the wetland rice systems of Asia have shown over 
inland valleys mark the convergence of drainage ofthe many centuries.Theirpotential ingeneral forincreasing 
runoff and seepage from adjacent uplands. Inaddition, food crop production isimportant for aregion where 

Food for thought from second-season cropping 
What shou!d you plant duringthe second rainy season been consistent with recent records, which show that 
each year? Ifyou are afarmer insouthwestern Nigeria, maize of a medium maturity period (about I10 days) 
you look ;or a crop to sow in July or August and fails for lack of rain every four or five years. 
harvest in November to earn you sk-ne cash, since 
you have already taken care of most food r.eeds Cowpea was another second-season crop with a 
during the first rainy season, March-July. checkered career, because serious pest problems 

have permitted only very low yields. Spraying had 
irrAscientists interested in crop management in this becomean essentialpartofsuccessfulcowpeagrowing. 
region duringthe second season tried out some ofthe The challenge for farmerswas the regimen ofspraying, 
options, with farmers' cooperation, for three years apart from the costs involved. 
from 1986 in the villages of Ayepe and Alabata, Oyo 
state. Three food crops appeared to make the best Soybean was new to both villages, although it had 
bet maize, cowpea, and soybean. For farmers, they been vigorously promoted in the region by the 
could add to cash income as well as family nutrition, government as anutritious crop forMmilyconsumption 
For the research team, theywould afford irsights into and saletonewmarkets.The research team introduced 
farmer management of crop varieties that had been it in the two communities differently, in Alabata as a 
bred to suit the needs of this forest-fi inge region. crop to be marketed, in Ayepe as a household food 

ingredient to improve protein consumption. Farmers 
Maize was already being grown as a second-season in both places agreed to try it out. 
crop, but only by one in ten farmers. So few were 
interested in maize because of the uncertainty of The scientific harvest 
rainfall and the certainty ofpests, mainly two species After several years the irrAteam reaped conclusions 
of stem borer insects; and, to some extent, maize on the second-season potential of the three crops 
streak virus. Their scepticism was warranted-more under farmt r management, and insights for breeders 
than half ofsecond-season maize-growers reaped no on future rsearch. 
harvest in 1988, Farmers' concern about rainfall has 
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Research directions
 
Resource management 
. Description, measurement, classification, 
and mapping work on the biological, 
physical, chemical, and socioeconomic 
characteristics of the inTAmandate area. 
- Quantification of fundamental rela-
tionshipsamongfactorscontributingtothe 
sustainability of food production systems. 
Process studies (for example, biological 
regulation ofnutrient cycling,physical factors 
affecting soil fertility, factors regulating 
interplant competition) to continue on 
non-acidic and acidic soils, including the 
low-phosphateacidsoilsatthenewhumid 
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. 
• Developmentofeconomicallyviableand 

sustainable fallow management systems 
incorporating herbaceous legumes. 
- Assessment of agricultural sustainabiliiy 
under traditional and improved resource 
management methods. 
• On-farm testing and validation of new 
technologies, emphasizing alley farming 
underdifferentsocioeconomicconditions. 
• 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. 

Investigationoftheadoptionandimpact 
of improved cassava varieties, 
• Collaboration with national institutes, to 
improve cassava intercropping in alley 
farming systems. 

-avanna systems 
• Characterization and classification of 
maize-based farming systems inthe moist 
savanna. 
- Investigation of the effects of intensified 
maize farming on striga infestation. 
- Development and testing of cultural 
methods for control of striga and 
improvement of soil fertility. 

Inland valley systems 
- Characterization and classification of 
inland valleys inWest and Central Africa. 
• Development of models of envir
onmental and socioeconomic processes 
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 Soybean needed no sprays or fertilizers,and the yields 
borer problem persisted, Hence, maize trials were were as good as with cowpea. But the market 
conductedunderprotectionofapesticide, tomeasure experience wis not similar---in Alabata, no active 
the yield potential in the case that resistant varietes marketforthe soybeans materialized,and thefarmers' 
become available. To beat the unpredictable beginning expectations could not be realized, -fence, Alabata 
of the rainy season, planting had to start late, so an farmers professed themselves disappointed with the 
early-maturing variety ensured crop matunty by late in crop and uninterested infurther cultivation. InAyepe, 
October. At harvesttime, farmers realized almost as however, soybean harvests were consumed by the 
much about four-fifths from the second season's grower and the crop may have retained asmall niche. 
crop as they had from their first, with the benefit of To the 1iTAteam, soybean clearly commands interest 
protection against stem borers. iiT maize breeders as a food crop for growers' consumption, with some 
are reckoning these results intheir calculations of the possibility of commercialization. But until market 
possiblegains from breedingforstem borerresistance channels are developed, and until grain quality and 
and other goals. home processing are improved fortraditional types of 

u-, sovhean is unlikely to occupy much of a place in 
Cowpea crops were protected by three or four this regional setting. 
insecticide sprayings, an operation which posed no 
hurdle for 'he farmers. Their highest yield was about The cassava factor. In both villages, cassava usually 
1,500kilogramsofgran perhectare; theirlowest, one- accompanied maize grown during the second rainy
 
tenth ofthat. Even with an average yield ofaround 700 season. Cassava seemed to be the insurance crop,
 
kilograms farmers could realize a return on their while the maize if successful would provide a bonus.
 
investment, because of the high market prices fe.
 
cowpea during the study years. Spraying matenals Farmers often grow cowpea with cassava, and will
 
were no problem because the research team supplied likely grow soybean again and combire it with cassava
 
all the items, against cash payment. But the value from as well. Experience has taught them the value of
 
this experience for the team remains to be gleaned-- insuring their investment, while their entrepreneunal
 
whether farmers will in future take the trouble to spirit still leads them to risk a new crop for new gains.
 
purchase their own supplies from the nearby town.
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the amount harvested each year has to feed a 
proportionately greater number of people than the 
yearbefore. lnlandvalleysaffor-dachanceto supplement 
the harvests of the main producing areas, and to help 
satisfy the growing demand for nce 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 of land area occupied by inland valleys 
in West and Central Africa, and the proportion 
already being cultivated, 
- Identification of the reasons why inland valleys are 
littleusedforcropping, thechangesinlanduseinthem 
over time, and what tnggers changes in land use. 
- Classification of the different types of inland valleys 
in the region and selection of representative 
experimental sites. 

• Identification and assessment of problems with 
different forms ofland use inthevalleys, intermsofthe 
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 niand valleys, 
and testing and modification ofthe technologies at the 
experimental sites. 

The group began to tackle the first three objectives 
durng 1990, with a time frame of about three years for 
completion of the expected results. The main problems 
with increasing croo production in inland valleys 
emerged from a detailed review of the literature in 
1990.Weed competition with crops was the greatest 
problem, followed by low soil fertility, and variable 
water availability. Availability of suitable types of rice 
for those ecosystems was not a major problem. 
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Root, tuber, and plantain
 
improvement
 

he starchy staples of cassava, yam and plantain 

supply food energy for most of tropical Africa's 
400 million people each day. Cassava, atuber-like 

root crop, provides for half the energy needs of over 
200 million people. Yam is consumed by some 150 
million peoplewithin this region--although production 
costs have put yam beyond the reach of the poorest. 
Plantain is a mainstay food forabout 70 million people. 

The iTA 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, infulfilling those 
aimsandindevelopingprocessingsystemsforcommun-
ityindustnesandhouseholds.(SeeResearchHighlights 
article on postharvest processing. page 12.) 

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

Among the staple root and cereal crops, cassava 
tolerates drought best, isthe most productive inpoor 
soils and requires the least labor incultivation, But the 

labor requirement inprocessing after harvest isvery 
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 isexpected to 
play an ever greater role in feeding the expanding 
cities as Afncan economies develop. 

Tailoring breeds to suit needs. iTA began breeding 
high-yielding varieties inthe I970s, starting out with a 
few local varieties, some Latin American introductions 
and one line resistant to cassava mosaic virus disease 
that had been developed inEast Afnca. More genetic 
materials for this research came from African sources 

as well as Latin America, the home of cassava. Over 

the past 20 years ITA 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 iTA gave to its sister institute in Latin Amenca, 
Centro Intemacional de Agncultura Tropical (CIAT), Its 

best 21 lines. CiATcrossed some of those l;nes with 
Latin Amencan and Asian lines to improve them with 
other traits. In 1990, CAT returned over 87,000 hybrid 
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 Afnca (see map on page 2): 
• humid forest and forest-savanna transition (high
 
rnifall)
 
- 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 staple food, 
cassava is being 
Jiverse farming and 
food systems. 
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,TA'S goal for cassava has been to adapt the crop to 
conditions in these agroecological zones and to the 
farming and food systems there.Breeding scheme, 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 nutritional value (through more carotene), 
and reducing the potential for cyanide inthe flesh. (See 
"Mites meet ahairline defeat" and"Cyanide incassava" 
inrets in these pages.) iJTA'S improved c.z.,,a is 
resistant to the two major diseases ofAfrican cassava, 
mosaic virus and cassava bacterial blight, 

Five improved lines of cassava germplasm, being 
tested in several zones in Nigeria, were evaluated 
during 1990. The new lines, with pest resistance and 
preferred consumer qualities, showed high and stable 
yields over the three-year trials. Intemational testing, 
in collaboration with six West Afncan countries, 
entered its second yearofoperations, ofidentifyingllTA 
lines suited to the particular agroecological conditions 
ineach 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 eastem Nigena. (See 
accompanying 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 iTA-improved cassava and local varieties 
in farmers' fields ineastern Nigeria, 1990 
Vainety Yield (tons per hectare) 

0 10 20 30 
TMS 30572 360% 
TMS 3055S I 356% 

Local 100% 

Disease score 

TMS 30572 

TMS 30555 

Local I=., 0-aA 
, , 

IM Afncan cassavamosaic virus r-cassava bactenial blght 

Cyanide in cassava -
Cyanide poisoning from cassava is rare, although 
hundreds ofmillions of people depend on cassava as 
astaple food. New findings about cyanide incassava 
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 inwhich cassava isprepared for 
eating. 

The cassava plant does not accumulate cyanide in its 
tissues. Cyanide incassava is a breakdown product of 
areaction which takes place inthe course of preparing 
the leaves or roots for eating. (See the accompanying 
diagram.)..The plant accumulates two compounds 
k ;,- ,, nia 6 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, indifferent 
concentrations in different parts of the plant For 
example, thepeelorcortexofthecassavarootretains 
muchmorelinamadn/lotaustralinthandoestheedible 
portion of the root, the pith. 

Cyanide isproduced when linamarin and lotaustralin 
are hydrolyzed by the enzyme called linamarase. 
Normally 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 inthe cell walls of the 
plant However,whenthe plant isdamaged bybruising, 
grating, orbiting, orexample, the integrity ofthe cells 
islost and the content of the vacuoles comes into 
contact with the cell wall compoients, including 
linamarase. The enzyme will hydrolyze the two 
compounds, producing acetone cyanohydrin which is, 
at aPH above 5.0,converted to acetone and hydrogen 
cyanide. 

Cassavavarieties 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 varieties, which 
store agreater proportion of the two compounds in 
the peel. Inany case, the concentration of linamarin/ 
lotaustralin varies considerably within each part of 
every plant 

Fit to eat 
When the roots are grated or "chipped" inthe first 
steps ofpreparing cassavato eat,most ofthe linamarin 
and lotaustralin is converted to free cyanide-the 

smaller the chips, the greater the conversion. Being 
volatile, the cyanide will evaporate, especially when 
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it's not there, it just happens 
heated (The boiling point of hydrogen cyanide is 
25.7°c.) The same process occurs when cassava 
leaves are pounded and then boiled, 

. However, fermentation of the grated cassava, an 
intermediate stage before frying inthe preparation of 
West African gari, itself contributes little to 
detoxification. The difference between residual cyanide 
contained innon-fermented gan, and gari fermented 
for four days, isnot significant 

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

Inthe making of the Nigerian lafun or Central African 
kwanga, peeled orunpeeled pieces ofcassava are first 
left to ferment inwater for several days. During this 
period almost all of the linamarin and lotaustralin is 
eliminated from the fermenting cassava through 
leaching, or convcrted by enzyme activity to cyanide, 
which evaporates. Heating of the fermented dish 
removes the remaining cyanide. 

Inthe preparation of fresh cassava roots to be eaten 
without fermentation, such as inGhanaian ampesi, the 

pieces are simply boiled for 10to 3Ominutes.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 intothe water.The smallerthe size ofcassava 
pieces putto boil,thegreaterthe leaching oflinaman 
lotaustralin. 

Paths to improvement 
Large differences inlinamarase activity do exist among 
cassava varieties. Breeders can take advantage ofthe 
high-activity trait by breeding itinto new varieties for 
processing. Cassava varieties will thereby acquire this 
capacity to expedite the degradation of linamarin/ 
lotaustralin to cyanide and, eventually, its elimination. 

irrA breeders used to aim at producing "low-cyanide" 
varieties by selecting for low levels of linamarin/ 
lotaustralin in the roots. Henceforth, they will in 
addition testvarieties forthe presence ofthe enzymes 
responsible for synthesizing those two compounds in 
the first place. Low-cyanide varieties inthe future will 
be bred fora minimal potentialfor cyanideproduction,
for low linamarin levels and high enzymatic activity to 
break down what linamarin there is. 

Cyanide in cassava - a breakdown product of two chemical compounds stored in cassava plant cells 

Reaction catalyzed by 
li rnaGrase 

pH > 5 

0000(11,0gUa
Acetone 

0000 
Acetone 

cyanohydrin 

Hydrogen cyan5de 
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!,Mites meet ahairline defeat 
* Itisinvisibletothenakedeye,)'etthegreenspidermite 
counts as one ofcassava's greatest enemies, 

The cassava green mite (Mononychellus tanajoo), adry 
season pest, feeds on the fluids of individual cells on 
the undersides ofyoung cassava leaves 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 
Africa nearly 20 years ago, on the outskirts of Kampala, 
Ug3nda. Itwas thought to have been astowaway on 
some cassava cuttings imported from Colombia. Eight 
years later it had migrated up and down the eastem 
African region and penetrated Nigeria to the west By 
1985 ithad reached Guinea-some 5,000 kilometers 
west ofwhere it ostensibly started. Today it isfound 
in almost all the 39 countries of tropical Africa's 
"cassava belt", 

Whenthe mite beganto infestWestAfrica early inthe 
1930s, irrA soughtto control itthroughtwo approaches: 
breeding varieties which could resist the pest's attack 
and biological control utilizing the mite's natural 
enemies. 

A resistance capablity 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 tted and 
released to their farmers cassava varictics dcenvcd 
from iTAmaterials: Cameroon, Gabon,Liberia, Nigeria, 
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 
horizon for cassava as acash crop".) 

Enriched endowment. Incrossing cultivated varieties 
with wild Manihot species, ITA breeders have disco-
vered spontaneous cassava "polyploids"-plantswith 
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 I0 years ofresearch, the list 
is short but potent On top is, logically enough, 
"hairiness"-resistance to the cassava green mite is 
linkedwith pubescenceordensityofhair-liketrichomes, 
on the leafs 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 amechanical 
barrier to the mites' feeding. Confirmation of these 
findings has come from 1990 field and laboratory 
studies of improved, high-yielding irrA cassava with and 
without resistance characteristics. 

Other qualities on the list are less easily described, but 
show up tangibly instatistical assessments. They are: 
tolerance of the plant 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 f ndings have also confirmed the 
measurable effectiveness of these characteristics in 
discouraging mite attacks, 

irrA-improved cassava, which is high-yielding and 
resistant to various diseases and pests including the 
cassava green mite, has been given to cassava programs
in10 countries insub-Saharan Africa fortesting under 
their own environmental conditions. IITAplans further 
study of mite resistance in cassava, as a facet of a 
broader pest management v 'hich involves biological 
and other forms of control, in the main ecological 
zones of the African tropics. 

enormous vigor and variation in plant architecture. 
Theyofferhopeforfurtherincreas inIcia,broader 
environmental adaptation, and new breeding 
possibilities, which include transfer of useful genes 
from wild Manihot to cultivated species. In 1990 the 
first polyploids were tested in three zones-the 
humid forest, moist savanna, and mid-altitude zones. 

In the past decade JITA has developed laboratory 
techniques which reduce time consumed in the 
research process. Disease-free cassava plantlets are 
being produced intest tubes by culturing bits of plant 
tissue. They can be easily shipped, after testing for 
absenceofviruses,to fellowworkersinothercountries. 
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Procedures for culturing mature embryos from 
interspecific crosses are being adapted for the rescue 
ofvery young embryos which might otherwise be lost. 

Embryos have been generated from young leaf tissues 
of several IITAcassava varieties in a liquid culture 
medium. Tissue culturists are exploriig different ways 
to develop plantlets from these ,matic embryos. 

Bread without wheat. IITA food technologists have
produced bread with a flour mixture of cassava (80%) 
and soybean (20%), together with other materials 
produced inAfrican countnes. Low-cost (using cassava 

instead of imported wheat) and nutritious (using 
eggwhite and soybeans), such a bread should answer 
agrowing demand. To the flour isadded marganne, to 
produce aspongy texture and trap airwhich prevents 
the bread from collapsing after it has risen. The 
research isfcnded by the Belgian government. 

Research for bread-making also involves breeders, 
who select improved cassava vaneties with particular 
flour-making properties. 1iTA's partners in flour studies 
include Katholieke Universiteit Leuven, Belgium, with 
Belgian government support. 

A green vegetable, too. Cassava leaves are also eaten, 
insauces which supplement the staple dish, providing 
nutrients inthe form of protein, vitamins, and minerals, 
Inpreparing cassava leaves for eating, in a 1990 study, 
the first, traditional step of pounding the leaves was 
confirmed to be crucial ineliminating cyanide. 

,, 

The loafon the 
right was made 
with cassava flour, 
eggwhite, and 

margarine(locallymade in African 

countries), and has 
f a light texture with 

" a fine crumb 
structure. 

, 
€2. 

The middle loaf 
was made with 
cassava flour and 

xanthan gum, an 
imported additive 
which is less 

Cassava germplasm was screened for linamarase successful and 
activity,which iskey to the cyanide elimination process. economically not 
Large differences in linamarase were found among the best solution. 
vaneties, a useful dstinction in breeding of new The lefthand loafisan experimental 
vaneties for safe processing of both leaves and roots, control with no 

additives.
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 Cassava leaves 
proved to be highly susceptible to the fungal disease are a popular
of black sigatoka. About 15 years ago, black sigatoka vegetable inZaire. 

was accidentally introduced into Afnca and has spread 
with such virulence that it appears to threaten all 
existing plantain varieties. None of the 116 varieties in 
iTA'Sgermplasm coilection has shown resistance to or 
tolerance of the disease. 

IITAlaunched the first breeding program for African 
plantain in 1987, with the primary aim of producing 
resistance to black sigatoka. Thegenetic improvement
work at TA's high-rainfall station inOnne, southeastem 
Nigeria, has succeeded beyond all expectations. During 
the three years since breeding commenced, 200 
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hybrids between plantain and wild banana have been 
established. Among them, 24 hybrids of 8 different 
families showexceptional promise,with acombination 
ofgood bunch qualitiesand resistance to black sigatoka 

Sevenplantainhybridsandacoo'.,igbananahybrid, 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 IITA'Splant 
tissue culturists succeeded in doubling the life of 
plantain cultures intest tubes, to one year or more. 

Research at Onne has turned up five cooking bananas, 
a distinctly different sister group to plantains, which 
showed black sigatoka resistance ortolerance. During 
1990 IITAproduced 5,000 plants ofthe resistant cooking 

bananas and distributed them in Nigeria to family 
farmers and to agricultural institutions for further 
multiplication and distribution. This exercise istesting 
whether consumers will accept the taste and cooking 
qualities ofthese bananas, as an alternative to plantains. 

Yam is a preferred i 
but expensive 
staple, which needs A., 
improvement 
research inorder to 
make it more 
economical to 
grow, handle, and 
process. 

Laboratory tests for cooking quality in 1990 showed 
thatcooking 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 arid 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 afull belly and general well
being, yam (Dioscorea species) requires much laborto 
cultivate. Cultivation isexpanding northward into the 
forest-savanna transition zone, as land in yam's native 
forests becomes scarcer under increased cropping. 
The promise of significant returns to research, as well 
as the importance of yam in the diet and inthe social 
culture itself, more than justify iTA'Scontinued effort. 
(See"Tomorrow'sroleforyamancestors"insetinthis 
section.) 

The goals of yam breeding are to: 

38 



Research directions
 
Cassava Manipulation ofploidy levels andevaluation 
- Breeding of cassava genotypes for oftheresultinggenotypestobecontinued. 
agroecological zones: the humid forests, 
coastal zone, moist savanna, and mid- Cassava, plantain, yam 
altitudes zone. • Resistance levels to several pests to be 
- Evaluation and improvement of exotic increased, as part of anew integrated pest 
breeding materials from specific agro- management strategy. 
ecological conditions in Africa and Latin - Efficiency cfbreeding methodologies to 
America. be improved, especially for yams and 

plantains. 
Cassava, plantain •Cytogenetic and biotechnological 
- Investigation ofthe reproductive biology techniques to be applied in characterizing 
and the processes of polyploidization, genotypes, elucidating phylogenetic 

relationships, and improving efficiency in 
selecting for desirable genotypes. 
* Investigations of the inheritance, 
biochemistry and/or physiology of 
agronomic and quality characteristics, and 
stress reactions ofthe plantto be continued. 
• Basic research to be conducted in 
partnership with advanced laboratories on 
somatic embryogenesis, somatic hyb
ridization, anther and pollen culture, and 
genetic transformation and regeneration. 

* Increase tuber fed 
* Ma e aras look and taste better to consumers and 
keep on ,er before spoi ng 
- B. 'd up .,renet'cre'Sstarrce to major dseses and 
rierratodes 
- Ilmir teasiero'e tie tuber's shape norder to ma. e 
to han.est and handle. 
Ihe firrtsteps towardattaining these goalsare col!ecting 
yarn gerinplasro. charactenzing it and evaluating the 
results for usefulness, and preserving it for breed,ng 
research. ,.'-preser-es 1.200 samples of yam genetic 
materal intest tubes, and others inthe field. 

B,; 1-)88breeder- had succeeded in their quest to 
podjce hi,,h-yeldng varieties of "water" yam that 
can resut toliar necrosis, a disease which causes 
prernat re oss of leaves. Tests of water- yam and 
wnite' arn n four different zones in 1990, with the 

Nitonal Root Crops Rese.rch Institute I!) ir.in 
Nigera., have shown yields of 30 tons per hectare. 
which ismore than half aqain as large as yields of the 
best local vanetes. 

A newaid to yam characterization was confirmed wth 
tne 1990 results oftissue culture research. Biochemical 
profles of five yam enzymes were clearly defined 
under electrophores&s 

International collaboration 
Cassava. /am, and plantain gernplasm has been 
echanged aon Latin American, Asian. and African 
(cis';avaoniy cointr iesduring more than two decades. 

In Cameroon. Rwanda.and Zaire since the I970s, 
h'.%is trained over 10 scientists. 1.000 technicians 

ind e - tervoorr agents, and 1,000 farmers' association 
riember', in is lari'nr;t-ever collaborative root crop 

piojects. In Nigeri . r. ii arrd the National Seed 

Service have woriked with ". n developing and 
releasing 'mproved casava and sweet potato. :, 
scentists have been workng on root crop improvement 
in those countries, iswell is ,nGhana and inMalawi. 

International collaborative testing of cassava has 
become a regular part of research procedure. Aparl 
from that activty, during 1990 , distributed over 
75.000 true cassava seeds to research programs in 20 
African countnes for their evaluation and selection 
under local conditions. Virus-free plantlets of 39 
cassava ines in test tubes were distributed to 16 
African countries, In the same way, 7 plantain lines 
were shipped to 8African countries. Five white yam 
vareties were propagated and sent to 21 African and 
Pacficcountries marking amilestone inyam research. 

Networking scientist, technicians and polcymakers 
throughout tropical Africa have promoted root crop 
research through information exchange, study tours, 
and other activities, ,;,variously participates in and 
helps coordinate activities of the Eastern and Southern 
African Regional Root Crops Network (FsAs N), the 
Cassava Biotechnologi Network. the African Plant 
Biotechnology Network and the International Plant 
Biotechnology Network. . ','collaborates with the 
International Network for the Improvement of Bananas 
and Plantans (t.c'). 

During 1989 [,,,turned over its responsibility for the 
improvement of sweet potato to a sister institute, 
Centro Intermatonal de laPapa (cii,). 
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Tomorrow's role for yam ancestors
 
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. irrA analysis of yam g*, ,etic material has shed 
newii'i~ton the 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 tropical zones of the 
world--three species in West Africa (D. rcundata, b. 
cayenensis,D. dumetorum), two in Southe.:st Asia (D. 
alata,D.esculenta), and one inAmerica (D.crifida). The 
"yam zone" inWest Africa, stretchin6 eastward from 

the Bandama river in central C6te dlvoire to the 
western flanks of the Cameroon mountains, yields 
about 90% of thc world's yam harvests. (This :one 
includes the most densely populated parts of tropical 
Africa.) Nigeria alone is esporsible for some 70% of 
global harvests, and probably cradles the center of 
origin ofAfrica's varieties: in the several valleys along 
the Niger river. Over the many centuries of 
domesticating the yarn, the various peoples who 
cultivated thecrop developed complex social systems 
that gave yam a prominent role. 

Scientists have devoted relatively little research to 
yams for several reasons. Most varieties rarely flower, 
which limitsopportunities forbreeding by conventional 
methods.The countries which depend onyam cannot 
afford budgets ofthe scale required forbasic 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 

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

rTAscientistshaveappliedtheanalyticaltechniquesof 
restrictionfragment length polymorphism (PFLP)to elu
cidate the relationship between the two types ofyam 
most widely consumed in the African yam zone: the 
"white" yam (D. rotundata) and "yellow" yam (D. 
coyenensis). They analyzed chloroplast DNA and ribo
scmal DNA in26 plant samples from cultivatedvarieties 
and wild species. From the similarities evident in the 
genetic structures, they concludedthat the white yam 
was most probably domesticated from one of three 
wild species: D. abyssinica, D. proehensilis, or D. 
liebrechtsina. The yellow yam was most likelya hybrid 
of the white yam and one species from another set of 
wild relatives: D.burkiliona, D.minutiflora,D. smilacifolia, 
or D. togoensis. 

Since those wild progenitors normally reproduce 
themselves sexually, breeders are hopeful that the 
"shyflowering" habit ofcultivated yarn 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 objectiveforagr-ultural scientists. rrA began, 
during 1990, to add wild yarn 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 lovland forests, which are rapidly being 
cut down forfarming byan expandingrural population. 
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Grain legume improvement
 

rotein-rich grain legumes (pulse crops)-mainly 

cowpea, peanut, bambara groundnut, field beans, 
and, inrecent years, soybean-are important in 

many parts of Africa where diets are otherwise scanty 
inprotein 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 
legumesarekeycomponentsofsustainableagriculture 
in the savannas of Africa. 

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

Cowpea 
Cowpea (Vigno unguiculota) in Africa is traditionally 
grown as asubsistence crop.ltisdrought-tolerantand 
thnves 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 
(dried 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 
African countries IITA. withand Cowpea varieties 
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. iTA has the global responsibility 
among international institutes to conduct research on 
cowpea.I 

Reducing risks. The aim of cowpea research at ITAis 
to reduce the risks incultivation forthe farmer, whose 
productivity and income will thereby inciease. 

ITAscientists look at cowpea as part of a cropping 

system with its particular requirements for audptation 
to various stresses and for resistance to insect and 
disease pests. From 1988, the main breeding objectives 
have been: 
- Adaptationinform, structure, andorganicfunctioning, 
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 resisiance to be bred into 
vaneties adapted to local growing conditions. 

Because conventional breeding and sources fgenes 
from cowpea cuiections 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. 
dekindtiono) for resistance to pod-boring and pod- Akara, a fried cake 
sucking bugs have been advanced to the sixth ofcowpeo flour, is 
generation. Some of the results looked promising in a popular street 
1990 field evaluations, food in Nigeria. 

R 

. 
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Put ing cowpea viruses on the map
 
Virus diseases are a universal source of concern in 
cowpea research and production, yet virologists are 
only beginningto know enough about them to be able 
to design an adequate strategy against them. 

Eight viruses have been reported to afflict cowpea 
(Vigna unguiculata) in various parts of Africa, with 
varyingdamagetocrops inthefield. National programs 
have invested to different degrees inresearch on their 
occurrence and control.But no one as yet has put this 
knowledge together, to show what geographical or 
ecological relationshipsmight explain theiroccurrence 
inany particular place, or what viruses might threaten 
plans fordeveloping new cowpea varieties fordifferent 
rp'as. What drivesi-A's virologiststo investigatethese 

issL'es isthe need to prevent future epidemics, through 
br~ilding resistance into new cowpea varieties and 
improving crop management practices. 

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

Thesuveys rolluwedthe field performance ofelite rrA 
cowpea lines, especially their susceptibility tothe four 
viruses andtheiradaptation ingeneral totheirgrowing 
environment The surveys encompassed locations in 
western Africa (Benin, Burkina Faso, Cameroon, Ghana, 
Niger,Nigeria, Togo) and southern Africa (Botswana,
Mozambique, Swaziland, Zambia), where national 
programs had planted virus disease "nurseries" of 
cowpea lines having known s, sceptibilityorresistance 
to those vin.,ses. Disease y;nptoms in the nurseries 
would show the local occurrence of the viruses and 
would help, inthe case of elite lines, inevaluating the 
effectiveness of resistance breeding. 

All four viruses may be found among cowpeas inthe 
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 drysavanna and Sahel--as 

well as from the mid-altitude zones ofsoutheastern 
Africa. In these latter zones, where most of the 
continent's cowpea isgrown, only the cowpea aphid
borne mosaic virus appears to afflict the crop. 

Inaddition, surveys inEast Africa about 20 years ago 
have documented occurrences of cowpea yellow
mosaic virus in Kenya and Tanzania, and cowpea 
aphid-borne mosaic virus inboth those countries and 
Uganda. These occurrences follow the general 
agroecoogical pattern found inirrA surveys. 

Survival.All fourviruses survive the dry seasons, when 
no cowpeas are grbwing, by shifting abodeto asimilar 
crop orweed species, orto awild relative of cowpea. 

Cowpea aphid-borne mosaic virus has been found in 
asubspecies, V.unguicuiaa subsp. Dekindiona, whirh 
isaclose wild relative of cultivated cowpea.The virus 
can "preserve" itself inthe seeds of this wild cowpea,
and reemerge with the new growing season. The 
same virus, or aclosely related strain, isalso found in 
African yam bean, which isgrown inthe moist savanna 
and forest-savanna transition zones of central and 
eastern Nigeria. 

From evidence that some strains of cowpea yellow 
mosaic virus infest leguminous weeds, such as V. 
reticulata orother Vigna species, irrA virologists assume 
that the virus survives the dry seasons bytaking refuge 
insuchspecies inthe humid forests and forest-savanna 
transition zone, or wet valleys inthe savanna. 

While no wild reservoir has been found for cowpea
mottle virus, bambara groundnut (V subterrnea) 
provides ahandy alternative host species forthe virus, 
which is transmitted through its seeds. Bambara 
groundnut is grown together with cowpea in the 
moist savanna. 

Inlightofthe dynamism shown bytheseviruses intheir 
survival over the agricultural year, the accompanying 
map ofvirus occurrence inagroecological zones has 
added value forthe virologist and plant breeder, as a 
framework on which to mark seasonal associations 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 ofresistance needed forimproved production in 
specific regions. 
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Research directions
 
IInvestigation ofthebiologyoftheparasitic with the Semi-Arid Food Grains Research * Development of ways and means of 

weed stnga, leading to implementation of and Development (SAFGRAo)cowpea net- combining soybean wrth traditional fuod 
a striga control project, under a cross- workand supportforthe SouthernAfrican preparations, for domestic and small-scale 
program team. The strigd populationto be Development Coordination Conference industrial use, to continue inNigeria and 
reduced and resistance to be bred into (sADcc) cowpea project. Ghana with national programs, supported 
cowpea as well as maize varieties. bythe International Development Research 

Soybean Centre (IDRc) and the Japan International 
Cowpea • Breedingtocombine resistancetoinsect Cooperation Agency OicA). Simple, low
- Improvementoflocalcowpeagenotypes pests and early maturity (to provide an cost processes also to be developed for 
to continue, incorporating a stable 80-130dayrangeof maturities)withother soybean products simulating meat, fish, 
resistance to diseases and insect pests; for desirable traits, for different zones. and cheese. 
mixed cropping with cereals (millet, * Identificationofsourcesofresistanceto * Jointresearchon;rtercroppingsorghum 
sorghum, and maize) inthe savanna. frogeye leafspotdisease, andofthe different and soybean, and on crop rotation systems 
- Improvement in cowpea grain types strains of the causal organism. Mode of with soybean, to continuewith the Institute 
with awide range of maturity periods to inheritanceofresistancetobedetermined. for Agricultural Researrh (iAR), Zaria, 
continue;tomeetdiverseneedsindifferent • Maintenancebreedingtoretainthetraits Nigeria, and the International Crop 
agroecological zones. of stable and high yield, good nodulation Research Institute forthe Semi-Arid Tropics 
- Technical support fornational programs with bacteria inthe soil, resistance to the (icRisAT), with field testing inthe Nigenan 
and networks of cowpea scientists in main diseases, nine-month storage dry savanna. 
western, central, and southern Africa; capability of seeds, resistance to buckling * Investigation of soybean production, 
emphasizingtechnologiesforincorporating 
resistanceto diseases and insect pests into 

under the weight of high pod yields, and 
resistance of pods to shattering and 

utilization, and marketing by Nigerian 
farmers and small-scale industries. 

localvarieties. Priority givento collaboration dispersing seeds before harvest. 
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With advanced laboratories in Italy (University of 

Naples and the Germplasm Institute, at Ban) and the 

USA (Purdue University), IlTAin 1987 began bio-

technology research for resistance to postflowering
 
insect pests and to the cowpea bruchid, a storage 

weevil. The Italian government has supported this 

basic research. IITAhas contracted the biotechnology 

research with Purdue University as ajoint project. 


Genetic mapping has started at the University of 

Minnesota, Purdue University, and IITA,using the 

restriction fragment length polymorphism (RFLP)meth-

od. To date, 69 linkages of the genetic code have been
 
markedoncowpeaDNA.BotanicalclassificationofVigna 

species also continues on an RrL' basis. When the map 

is completed, the research team will identify which 

markers pertain to which particular traits-primarily 

the desired genes for resistance to insect pests and 

diseases, 


The results will prepare the way for producing new 

hybrds-and make the crop less risky and more 

profitable to farmers inthe tropics. 


Soybean 

IITA 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 Africa".) 


In setting research aims, iTAgrain legume scientists
 
have given priority to: 

" Resistance to the main diseases and insect pests. 

" Maturity periods which accord with climate and 

cultivation pattems ineach agroecological zonewhere 

soybean is grown. 

* Prc.essins technologies suitable for home and small-
scale industrial use. 

Ifpeople knowwhat foods soybean can be used inand 
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 

productionaresimilartothoseformaizeandsorghum: 
the moist savanna and "mid-altitude" zunes in the 
savanna in particular. 

In 1990, several lines were identified with ahigh level 
of resistance to the fungal disease of frogeyc leaf spot 
and to bacterial pustules, both ofwhich are spreading 
and becomingeconomicallydamagingin most soybean
growing areas, Over half the potential yield of one 
susceptible local variety was lost to frogeye leaf spot 
intrials, while theimprovedresistantvarietymaintained 
its high yields under heavy disease pressure. 

Dietary need. The importance of improving the 
protein content of African diets has been the guiding 
principle of work on soybean utilization. 1iTAscientists 
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 Nigeria, soy flour is becoming very 
popular in home cooking. 

Research on medium-scale industrial processing has 
ledfourcompaniesinGhanaandNigeriatocollaborate 
with IiTAin designing and building screw presses for 
soybean oil extraction. By 1990, three companies in 
Nigeria were using such locally made screw presses. 

Soybean has become an attractive crop in tropical 
African countries. The main obstacles to successful 
cultivwticihavebeenoverromewith patientresearch 
by FTAand collaborating partners over the past 20 
years. Soybean is relatively high-yielding and easy to 
grow in comparison 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. 
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Maize research
 

aize isan attractive crop for small- and large-scale similarity, which indicates that the ITAresistance can 

farmers alike. Ittakes relativelylittlelabor to grow, be expected to remain durable. 
yet returns high yields, especially if fertilizers are 

used. Inthe Nigerian moist savanna zone, maize (Zea 
mays)isenjoying a"boom" as acash crop, and istaking 

Collaborating programs in other African countries are 

beginning to use the research technologies inorderto 

Maize harvests are 
increasing icn 
western Africa'smoist savanna

over much of the southern range of the millet and adapt the results to their own settings. Zaire joined here, in Burkina 
sorghum belt, (See Research Highlights article "A new Togo in 1990 as one of the first countries to succeed Faso. 
maize modernizes savanna farming".) 

iTA'Smaize research program aims to developvarieties 
that will reduce the risksof intensified production for 
farmers. Maize scientists can do so through: 

IImproving their understanding ofthe main pests and 
environmental stresses, through "pathosystem" 
research. 
- Breeding resistance to those pests and stresses into 
high-yielding plant types with good grain quality and 
the nght mix of growing characteristics. 

National program scientists Inthe region collaborate 
closely with iiTAscientists Inall aspects of this research. 
New technologies from these joint efforts will thus be 
acceptable to target user groups. 

Durable prize-winner 
iJTA'sdevelopment of resistance to maize streak virus, 
which won the King Baudouin award for international 
agricultural research in 1986, 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 
leafhopper Cicadulino, 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 iTA resistance. Against that possibility, 
wild grasses showing symptoms of the virus were 
collected during 1990 inNigeria. None 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 western, eastern, 
and southern Africa have shown aremarkable genetic 
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Please save the savanna from that witch
 

Tawny maize fields ripple in the wind at harvesttime, 
across the moist savanna ofnorthern Nigena. Twenty 
years ofmaize breeding forAfrica have yielded varieties 
well-adapted to this region, and farmers have found 
that they cai t,, new mart'ets with their expanding 
harvests. This scene is ripe for devastation by the 
"witchweed" stnga, against which maize has little na-
tural defense. But IITAbreeders 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, 

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

Thethreat to maize isgreatest of all. Most of the other 
crops which striga preys on evolved inAfrica together 
with the parasite, and thus developed a measure of 
genetic resistance long ago. Maize came to the African 
savannaonly3Oyearsago,andhaslittlenativeresistance. 
Whatever protection science can give it must come 
from extenal sources. 

Althoughitisaplant, strigaresemblesafungalpathogen 
in many ways. It produces hundreds of thousands of 

inusing IIT.A-style screening for maize streak virus with 
minimal facilites. ,,alsoassisted Cameroon and Ghana 
in developing their screening capability. 

"Witchweed". The parasic weed Sirio hierontluci 
threatens the new suc-esses of maize intne Nigerian 
savanna, the zone holding hghest potential for large-

,scale maIee prodLctron. , rd is a growin threat in 

Zaire. Researcha ndtbre rnt forresut,anceor toleranc 
to striga, on the pat hosste'o riodIl, hiie h,'h prior-ity 
in ' naze on. (S,cr Plea,v iwvr the savanni 

from that h vtset abo,,eI 

Downy. lIh' ,rt'ro, 'rl ; rr!n i'/,l iii.est.zorne 

maize ;s dio.-s, m'lde ,. ,a tinr,, , Pit,, 'fi( tedil'riy 

suffer a 100 x) a n, ld.,rci r,c alnnotforni. Fie 

disease has become epicleric in ,oijthern Nigerra 
by 1990. it had struc.kin sevewrn states In central Zaire. 

downy mildew v, h. ewii becnoikn, epideric. 

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 ahaustorium, 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 countries has found several 
means ofcontrollingstriga,such as nitrogen applications 
at a high rate, herbicides, managed fallows, and 
fumigation of the soil to induce asuicidal germinat;on. 
These means are too costly for African farmers, so in 
1982 IITAlaunched d bedrch for control technologies 
which suit the region. 

IITAbreeders have screened thousands cf maize lines 
from all over the world for genetic material resistant 
to or tolerant of the most widespread species in 
Nigeria, Stngo hermonthico. Selection for tolerance or 
resistance has succeeded-moderate levels are already 
available in hybrid and open-pollinated varieties of 
differentgraintypes and maturtyperiods,well-adapted 
to savanna growing conditions. 

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

Excellent genetc resistance is available, however, 
developed jointly by i', and Nigera's In~ttute of 
Agncultur-al Reearclhand Training (:.'.,&),and breed
ers continue to work on improvements rn var-etles for 
the forest zone. In trals of large (half-hectare) plots, 
yjeld, of the resistant vanetes are not redced. while 
suscept ble varieties ,hc are wide zrown are 
se-,erellaffected..% helped , hold ,taworkshop 
(tilrng 1990 to ,nforo IoCal ,rtthies about the 
ep den c inl ho A to conbat it wat resistant variet es. 

F- ing, ,ire notoriois for ther ,ilbiity to evolve new 
trsn that can oercorme esti n, types of genetic 

,
re'sstilnce. Undertar rid of ,i fi ngts' potentil for 

r thlbori or viriibihty of strirn car help in prr'ventig, 

a breakdown of the resistanre. In 1990 ,,':, began a 

worldwide study with the Univerity of Califoona at 
Divis o strain variability of downy niidew, on maize 
and sorghum. 
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seed continues to build up inthe soil, a risk to future 
crops. Hence, anew phase had to open inthe quest 
for protection, to indude amulti-sided attack on the 
striga plant Rreeders were joined by other scientists: 
agronomists, pathologists, economists, biologists, 
computer modellers-to orchestrate aset of plant 
characteristics for maize, farming practices, and 
biologicalcontrol activities, reinforced byimnprovements 
inscientific knowledge and research techniques,which 
together will control the striga threat 

In the first year of shared effort, 1990, the earlier 
breeding advances were complemented with new 
research on farming practices which promote or dis-
courage the pest,andwith models ofstriga population 
dynamics andofthe suitability ofcontrol terhnologies. 

Resistance breeding continues togetherwith research 
in the other striga disciplines. Pr.orities for research 
activity are listed below, 

Research priorities 
- Exp--,A 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 inthe forest zone. With the 
help of avisiti-g scientist from the Republic of Benin, 
D.KKossou, studies of Sitophilus grain weevils found 
that maize stored on the cob-the traditional 
method-suffers lessdamage from weevils than shelled 
maize. The longer husk leaves of traditional varieties 
hug the cob more tightly than do the shorter, looser 
husks of modem varieties, thus affording the stored 
earbetter protection from pests, Accordingly,breeding 
strategy in 1990 included selection for longer husks, 
andcharacteristicsthat contnbutetoweevilresistance 
inthe grain itself, 

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

9 Increase the level oftolerance/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 
farmers are currently copingwith striga,and howstriga 
isadapting to the recent changes incropping patterns 
inthe savanna. That will yield more clues for control 
methods. 
* Studythemechanismsbywhich nitrogen appearsto 
inhibit striga, and find ways to increase the efficiency of 
control using small, economic doses of nitrogen 
fertilizer. 
* Identify more trap plant'species that cause suicidal 
germination of striga and are economically, iable for 
savanna farmers. 
* Gain abetter understanding of the basic biology, life 
cycle, and epidemiology of striga, to reveal novel 
opportunities for its control. 
* Assess the potential ofbiological control strategies 
against striga, utilizing insects and nematodes. 
- Explore the opportunities for using biotechnology 
to (a)transferresistance genesfrom indigenous grasses 
into maize, and (b)measure strain variability instriga 
populations atthe molecularlevel, to assess its chances 
of overcoming resistance through genetic change. 

with national and international institutes in Togo, 
Benin, and Nigeria to find ways to head off the threat. 
Organisms possibly useful in biological control are 
being hunted in South America, where the pest 
originated. 

Biological and ecological studies of other pests-stem 
borers and ear borers-and their natural enemies 
continued during 1990. Resistance to stem borers 
poses one ofthe most difficult challenges to breeders. 
Breeding for forest-zone maize included resistance to 
these pests, with several maize populations showing 
modest progress inselection. To date, only moderate 
levels ofresistance arewithin reach; hence, IITAbreeders 
are explonng the possibilities for biotechnological 
means to obtain a novel type of resistance. 

3ieting. Low nitrogen levels in the soil and the high 
costofnitrogen fertilizers persuaded TAin 1988totry 
breedingvarieties which require lessnitrogen to grow. 
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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 inusing soil nitrogen 
are being analyzed. 

Good eating? Eating quality has not been abig issue in 
developed countries, where maize is fed to livcstock 
or used as an industrial material. It is a key issue for 
research in Africa, however, where maize is a main 
dish in people's daily diet, 

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

Inbreeding work,conversion ofthe grain type ofsome 

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. 

improved varieties to asofterkernel continued, utilizing 
the "floury" gene from traditional, unimproved types 
of maize. A soft grain ispreferred inmany areas for its 
ease in milling and high flour yield. Started in 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 inthe hands of the breeder,who utilizes 
them in developing new varieties with the desired 
characteristics. The breeder works with two types of 
maize: open-pollinated varieties, which farmers can 
propagate on theirfarms each year,and hybrid varieties, 
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, agenetic resource in 
developing new hybrids or open-pollinated varieties. 
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Research directions
 
* Improvement in understanding of the transfer of technologies for screening for toregionalgrowingconditions, emphasizing
biology and control of striga, through a resistance to maize streak virus and striga. high yields with stable resistance to foliar 
cross-program project with a twofold •Improvement inunderstanding ofsmall- and ear diseases and maize streak virus,
approach: to reduce the striga population scale farming systems, through close resistance to stem borers and storage
and improve host plant resistance, collaboration between ITA'S maize insects, improved grain types and a range 
- Strengthening of national programs and program and savanna systems group. of maturity periods,to meet the needs of 
regional maize networks, emphasizing * Developmentofmaizevarietiesadapted the lowland and mid-altitude tropics. 

Outreach projects 
An maize scientist is linking colleagues in Sahelian 
countnes in a regional network sponsored by the 
Semi-And Food Grains Research and Development 
(GRAicD) project. Institutions inthedifferent countnes 
serve as "lead centers" for particular research topirs, 
and share their findings with the rest of the network. 
In 1990 ITA'S SA i RAI) maize coordinator assembled 
tnals of early-matunng, drought-tolerant varieties and 
distributed them among 16 countnes in West and 
Central Africa. Fiealso organized vanous study tours, 
exchange visits, and training programs for scientists 
and tecicians. 

InCameroon, an II A maize breeder has worked with 
the National Cereals Research and Extension (NCRi) 
project for seven years, helping to train counterpart 
scientists as they developed high-yielding varieties for 
the mid-altitudes zone, where most Cameroonian 
maize is grown. iiiA assistance has helped racili to 
succeed in develop:ng maize genetic materials to the 
final testing stages. 

In Zaire, the national program has recommended an 
irA improved vanety, "Babungo 3", to replace an 
earlier variety susceptible to maize streak virus, for the 
vast southern Shaba mid-altitudes. In the last year of 
collaboration with the bilateral aid project, Recherche 
agroromique appliqu6e et vulgarisation (Riv), an ITA 
breeder and entomologist completed their work in 
developing high-yielding vanettes resistant to maize 
streak virus, using iiiA matenals. The shared efforts 
have heiped to stabilize yields especiallyin late plantings, 
which are customary for poor smallholders with little 
labor at their disposal. Babungo 3's streak resistance 
pays off in late plantings because the disease builds up 
as the season progresses. 

Reaching the farm. IrA 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 

availabie where the demand is. 

InNigena,Hi .hashelpedestablishtwosuccessfulseed 
companies and, in 1990, was requested to support a 
national project to strengthen seed multiplication and 
distiibution, by supplying breeder's seed of downy 
mildev-resistant vaneties and assisting with training in 
seed production. 

Rice with maize is 
asuccessfulcombination for 
some farmers in 
northern Nigeria. 
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Rice research
 

D unngitslastyearofexistence, the TA rice research 

program concentrated onconservingtheadvanced 
germplasm, or genetic materials, it has developed 

overthe past 20 years, and on duplicating the collection 
for transfer to the West Africa Rice Development 
Association (WIRDA) at Bouak6, C6te d'Ivoire. Some 
breedingworkdunng 1990maintainedthe momentum 
of improvement research during this transfer period. 

WARDA is placing a breeder of irrigated rice at IiTA, 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 i1TA'Sinland-valley research group with 
WARDA'S program. 

Breeding. For inland valleys, 24 promising new 
advanced breeding lines were identified during 1990, 
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 
irrigated areas, six new lines were selected. One 
irrigated line shows moderate resistancetoriceyellow 
mottle virus disease. Enough of its seed has been 

Rice research head 

at Nit,E molehin, 
studies the African 
rice gall midge 
problem inan ttTA-
designed -' 

screenhouse at 
Badeggi. 

-. 
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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 distributed to them fur testing and selection 
under local conditions intheir own environments.The 
Rwandan and Cameroonian programs received 
products of1rrA genetic crosses with global sources for 
cold tolerance, for adaptaL.on to their mid-altitude 
zones. Similarly, populations of advanced breeding 
lines for resistance to iron toxicity were sent to C1te 
dIvoire, 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 ineastern Nigeria. Together, ITA 
and the National Cereals Research Institute (Ncai) at 
Badeggi, IITA'Schief local collaborator innce, mounted 
a campaign against the pest from 1989 onward. 

IITAhas 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 
an gapwrfreprmns oa fIIlclnd manpower for experiments. A total of II 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 collaborator- was 
held at Ikot Obong, the most badly attacked area that 
year, in the eastern state of Akwa Ibom. 

Networking. iiTAcontinued to support rice improve
ment work for the region by providing research 
facilities to the International Network for Genetic 
Evaluation ofRice (INGER-Africa), which isbased at the 
International Rice Research Institute (iRP). During 1990, 
27African countries received seeds ofupland, lowland, 
irrigated, and mangrove swamp types ofrice. NGERwill 
analyze the results of their trials, for their use in 
breeding work. 
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Biological control
 

iological control at 1ilAB began in 1979 as an urgent wasp in Africa promised prompt, self-perpetuating, 

experiment to combat the cassava mealybug and and self-regulating mealybug control. 
the cassava green mite, two unwelcome
 

immigrants from South America. Uncontrolled, the The biological strategy was also attractive because of
 
two pests were spreading rapidly ir Africa's cassava its simplicity. Success indistnbuting E. lopezi required
 
belt-an area larger than the United States of noeffortfromnetworksofextensionagents, norfrom
 
Amenca--threateningyieldlossrsashighas80pe-cent indivdual farmers. 1iA entomologists bred many
 
to the sub-Saharan r'egion's most important crop, a thousands 
 of wasps, which were broadcast from
 
staple food of some 300 million people. The airplanesorreleasedonthe-groundwithgovernmental
 
conventional, chemical response- --frequent dousings collaboration in the affected countries.
 
with potent insecticides -would have been ec ,logically
 
brutal, socially unacceptable, expensive, and most Biological control of the cassava mealybug worked
 
probably unworkable. from the start: the introduced wasps, multiplied at 111A
 

and released in cassava-growing regions, readily

A biological alternative, enlisting nature's own agents established themselves in the African environment
 
and mechanisms to keep pest populations intolerable and promptly set about reducin mealybugdepredation
 
balance, appealed to 11A as the "right" solution. On by half or- better, to vrtually subeconomic levels in
 
their home ground in South Amenca, mealybug and many areas By 1990, natural enenies of the mealybug
 
mite populations are naturally controlled by such had been released at about 160 sites in 20 tropical

antagonists as parasitic wasps and lady beetles. African countries. The parasitic wasp E. lopezi has
 

made itself at home over more than 2.7 million square
 
A decade of Africa-wide research and campaign 
 kilometers in the 25 countries of the continent's
 
action was crowned in 1990 with the King Baudouin cassava belt.
 
award for intemato, al agncultur-al research, shared
 
vith irA's sister insti_!te Centro Internacional de Over the past few years control efforts have aimed
 

Agncultura Tropical (CIAT). Meanwhile, theiiAbiological iicreasingly at eastern and southern Africa, the last
 
control program has come to play a key role in irA areas of the mealybLig's invasion. Dunng 1990, national
 
research strategy. The application ofbiological control programs in eight countries conducted mealybug
 
strategy to other crop/pest problems must rest on a surveys, releases of natural enemies, and follow-up
 
full understanding of the ecology and life cycle of the activity with riA guidance and -upport. Good control
 
vanous pests and their antagonists. In 1990, computer with E.lopezi is reported from nost treated areas. In
 
programs at irA simulated the workings of such eco- four countries of Nest and Central Africa, national
 
systems, and included all living and environmental programs made follow-up assessments with I1A 
components that the crop and pest interact with. Field assistance in 1990. Biological control scientists started
 
and laboratory research are adding to th.s new holistic to investigate a few of the mealybug predators which
 
understanding of ecosystems, which wil form the have established themselves in only some of the
 
basis for sustainable systems of plant protection being ecologies in which cassava grows.
 
designed. (See "Plant protection" inset in this article,
 
overleaf) Stalking the spider mite
 

The spider mite Mononychellus tonajoa, or cassava
 
Making a meal ot mealybug larvae green mite, isthe most important pest of cassava after
 
The mealybug (Phenacoccus monihoti) is present at the mealybug, and likewise came to Afnca from the
 
low levels in its native ecosystem. Arduous field Amencan tropics. Exploration for natural enemies in
 
,esedrch in South America had identified that pest's its home ground dunng the 1980s tumed up more
 
primary natural antagonist: Epidinocarsis lopez, a than 50 mite predators and one pathogenic fungus as
 
parasitic wasp. which lays its eggs inmealybug larvae, potential agents of biological control-of which 10
 
The wasp's larvae consume their mealybug hosts as predaceous mite species were brought to Africa for 
they develop, The successful establishment of this experimental release. 
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Plant protection 

sustaining protector as well as plant 
All living organisms, plants, and animals on earth are 
related bytheirinteractions: whattheytake 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 
others within its sphere of interaction, 

A plant's interactions as part ofacropping system are 
depicted inthe accompanying diagram. Farmers are 
part of those interactions as they exploit the plant 
world inorder 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 forthe indefinite future, ifwe want to 
keepthings within ourcontrol ecologically andto stay 
on top within the system. 

Pestlplant 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 aplant indifferent ways, 
which vary according to the plant's growing habit, its 
stageofdevelopment and its environmentand climatic 
conditions. 

The plant's ability to withstand pest attacks and 
compensate for damage depends on many aspects 
which govern 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 
mechanismitmayhave,typeofgrowinghabit(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 isvery significant for the plant 
in compensating for damage and recovering. The 
cassava mealybug. for example, taps the plant's sap, 

After seven years of campaign effort, twoofthemites, 
Neoseiulusidaeus and Typhlodromalus limonicus, both 
from northeasten 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 
bythevariegated and the elegant grasshoppers, on the 
other hand, which feed directly on the leaves and bark 
over ashort season, might be more 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 oft ecassava plant iscrucial 
to its response to attack and recovery. If plant growth 
isaffected by a leaf-feeding enemy (the grasshopper, 
or the cassava green mite) or asap-sucker (cassava 
mealybug), the plant will respond by producing new 
leaves on lateral shoots. How fasttl's 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 isdeveloping 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, inthe absence ofpests and diseases in 
a favorable environment, the late-brancher is the 
superior yielder. But in that same sett-ng the early
brancher produces proportionately more organic 
matter, in the form of stems and leaves, which can be 
left inthefields afterthe harvest and help inmaintaining 
soil fertility. 

the numbers ofcassava green mite. During wet seasons 
when their target species becomes scarce, both find 
altemative food: N.idaeus another mite species, and T 
limonicus aplant product exuded by cassava leaves, 
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Consequences 
When cassava plants grow poorly, mealybugs do not 
growbig.lntum, the parasitic waspE lopezi,whichl-A 
has released in an Africa-wide program to control 
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 varieties-those 
"susceptible" and those "resistant" to pest attack. 
Susceptiblecassavavarietiesshowthehighestdensities 
of cassava mealybug in the field, but the lowest 

The ecological basis of agriculture: 

F+ 

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 varieties have the lowest mealybug 
densities, which show the highest extent of 
parasitization. 

Basic research 
Such basic research will guide future iFTAstrategies 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 technologies. Everyone 
involved in manipulating the sphere of cropping 
interactions should also contribute in interpreting 
feedback and building up understanding of the 
interactive system. 

HyperparasitoidsI ~HIGHERS 
TROPHIC 

Parasitoids/Predators/Pathogens LEVELS 

Governen, iTer .ns.cts.Mites/ SECOND 

Othern Pathogens
~~~Others 

Parasitic weeds/ 
, 

TROPHIC 
EE 

.. h. ........ 

' ndPlants LEVEL 

SoIi/late'r 
SOCIOECONOMIC AGRONOMIC 

PLANE PLANE ECOLOGICALPLANE 

The predaceous mites appear to have become With this breakthrough, current losses of as much as 
established inEast Africaas well: N. djrius inKenyaand one-quarter to one-third of the cassava har\est can 
T. irnonicus in Burundi. possibly be saved, according to Souto American 

experience. National programs inotner countries are 
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Research directions 
- Reorganization of plant protection * Maize pest complex: importation and for pathogens to be prepared for transfer 
activitiesinstitute-wideintoanewbiological testing of natural enemies of larger grain to national programs. 
and integrated plant protection program. borer and others. Field trials to begin for - Selective support to national biological 
- Cassava mealybug: follow-up work in systemsmanagementpractices.mostlycrop control programs. Special funds available 
areas already controlled. Special efforts to rotation. Striga research: basic systems to assist eight countnes, with additional 
be mounted inthe few remaining pockets. analysis, and identification and analysis of requests pending. 
Technical assistance inrearing to be given factors influencing outbreaks, to be * Technical training (five-week sessions) 
to national programs. conducted. for 48 specialists during 1991 under a 
- Cassavagreenmite:releasesofpredators - Banana and plantain pest complex: trainingprojectsponsoredbytheOrganiza
inmain agroecological zones. Multiplication, completion of diagnostic survey in East tion forAfrican Unity (oAu) and funded by 
release, and monitoring activities to begin Africa and initiation in West and Central United Nations Development Programme 
in several national programs. Integrated Africa. (UND) and Food and Agri-culture 
control projects for mites and for cowpea - Weed biological control projects: Organization (ro). New project to be 
pests to begin in three or more countries, initiation of preliminary research, including prepared for 1992, 
Degree and technical training to reach 25 Imperato and Chromolcena. - Training to contnue for Msc and PhD 
and 50 people, respectively. • Locust and grasshopper project: degrees; at least four new students per 
o Exploration, quarantine, introduction and advanced implementation of field trials. year. 
experimental release ofnatural enemies of Development of multiplication techniques 
cowpea thrips. 

releasng new batches of predators in different 
agroecological zones, and are studying the biology, 
behavior, and ecology of the cassava green mite and 
its natiral enemies, 

To the onginal pair ofenemy targets. 11;, has added the 
complexes of cowpea pests and maize pests, the 
mango mealybug, and:ocusts and grasshoppers, which 

are pests of a number of crops in the savannas. 
Possibilities for blological control of the parasitic 
weeds Stoiqu and Imperot, and the banana and 
plantain weevil, are being explored, 

Now findink, from ecosystem analysis indicate that 
classical biolog cal control is 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 superimpo,ed with thrips during 1990. Studies of 
postflowerng pests, diseases, and stiga have 
commenced, to provide data for a corrprehensive 
plant/pest model. 

The maize pest complex, including stem borers, cob 

borers, diseases. and weeds, especially stiga, poses a 
devitatng threat as maize cultivation intensifies in 

r;'oest and savanna zones across West and Fast Africa. 

Research is revealing the extent of thedamage caused 

by stem borers and cob borers in West Africa. 

Research on stem borers was extended to eastern 
and southern Africa in 1990 at the request of 
governments. Centro Internaconal de Mejonrmnento 
de Malz y Trlgo (cr's' -) and ;' -% are planning a joint 
control program against the larger grain borer, an 
insect pest introduced from Mexico or-Centrl Anrenca 

to East and West Africa a decade ago and which now 
causes significant losses in stored maize rn many 

African countries. 

Using campaign methods and natonal programs fror 
the cassava mealybug project, control of the miango 

mealybug has succeeded from C6te cIvoire to Zaire, 
with few exceptons. [et,i[led folow-up stud,e, are 
assessing biological and economic rmpacts. I he few 
remaining pest pockets ire ,io being studied in 

preparation for i fina! assault in 1991 with I re' 
natural enemy introduced fromr Ircia. 

Microbial control of ocusts and grissioppe,, ,,vas 
planned during 1990 as jount project .ith the 

International Insttute of Noloical Cotol, . 
Laboratory and field tests ire nder wy to dentify 
effective fungi, bactena, and other pithogers. Simple 

multiplication and application technirures ire being 
devcioped for national progranri use, lIhe bology and 
ecology of grasshoppers and their iratra! enemies are 

being studied. 
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Research support services
 

Genetic resources 
ThegeneticresourcesunitisresponsibleforrrA'sgerm-
plasm collections of food legumes, cereals, and root 
and tuber crops. IITAhas aworld mandate to preserve 
and document gerrmplasm ofcowpea and yam, and of 
the African land races of two cultivated rice species, 
Oyza glabernma and 0. sotiva. To improve the genetic 
diversity available to plant breeders, rA's genetic 
resources specialistscollaborate 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, 2,000 of yams 
(Dioscoreo species), 1,400 of soybean (Glycine mox), 
1,200 of maize (Zea mays), 2,000 ofbambara ground-
nut, and hundreds ofmiscellaneous species.Aseparate 
collection inthe root,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 eastern 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 
cassavawill continue there during 199 1.Inthe Republic 
ofBerin, acollaborative survey with national scientists 
collectedatotal of 751 samples ofcultivated 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 1990revealedaclearseparationof0. stiva 
into two groups, corresponding to the indica and 
japonica differentiation inAsian rice. Differentiation in 
0. glabemma has not yet been established. 

Collaborative studiesarebringingtolighttheextentof 
diversity in the primary gene pool of cowpea and in 
the genetic evolution of the species. Findings indicate 
that wild Vigno 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 min'e. (See the grain legume
 
improvement article,)
 

Genetic inheritance. Knowledge ofhow plants inherit
 
specific traits or characteristics can provide useful
 
examples for application inrelated species, or help in
 
developing strategies for using the genetic materials
 
concerned.
 

IITAscientists have begun to study how the genetic 
immunity of 0. glabemma to rice yellow mottle virus 
isinherited, inorder to gain an understanding of how 
the high susceptibility of 0. sativa to the virus can be 
supplanted with immunity. For cowpea, ITA 
entomologists have found that hairiness 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 
ThenewlimA biotechnologyresearch laboratoryfunded 
mainly by the Italian government, was formally 
dedicated in November 1990. The unit will heip in 
linking African research needs and facilities with 
advanced laboratories in developed countries. The 
dedication of the unit coincided with aworkshop on 
the theme of "Biotechnology: enhancing research on 
tropicalcropsinAfna",with 120 participants from 24 
countries. The workshop heard 50 papers during eight 
technical sessions. Recommendations were adopted 
which will guide IITA in setting priorities for its 
biotechnological research activities. 

Some objectives of ITA'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. 
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The unit isparticipating inthe collaborative studies to 
explore possibilitiesoftransferringthe resistance genes 
from the wild species V oxeillata and others to 
cultivated cowpeas. Since an increasing number of 
wild species wiil be used inbreeding programs, several 
wild cowpeas have been tested for virus resistance. 
Excelleit sources of resistance to cowpea mottle virus 
have bcen identified in V vexillota, whereas only 
toleran "e to this virus has been found so far in certain 
cultivat dcowpeas. Itshould be possible to select wild 
specie! as donors with combined resistance to insect 
pestsaiidviruseswheneverwidecrossesarepossible. 

Work or yam germplasm during 1990, wikh the root, 
tuber, and plantain improvement program, involved 
study Of DNA variability in yam, using RFLPanalysis. It 
res~ited 0 a new understanding of the origins and 
evolution ofcultivatedyamspecies. (See "Tomorrow'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 (CDNA). Moreover, the sensitivity 
and specificityofdiagnostic tests can be highly improved 
by the use of these reagents. In collaboration with 
Agriculture Canada, Vancouver Station, 12 cowpea 
aphid-bome mosaic virus isolates from Nigeria have 
been used in characterizing 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. HTAishelping national programs on the 
use ofmonoclonal antibodies intheirown laboratories 
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 thatvirus. Further 
studies are inprogress to characterize geminivinises in 
weed species, 

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

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

Virology at iirA 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 varieties, (See 
"Putting cowpea viruses on the map" inset on page 
42.) Quarantine aspects of crop improvement and 
intemational transfer of improved germplasm also fall 
within this field. 

The second concemsvirus purification,characterization, 
and detection techniques. The unit maintains pure and 
characterized virus isolates that are used in testing 
breeding lines for resistance.When an unknown virus 
is found or a know, vines has assumed an unfamiliar 
form, the UTAvirologists try to identify and purify it, 
develop antisera, and describe the pathogen interms 
ofisolatecharacteristics forreferenceandcomparison. 

Achievements. During 1990, the unit continued to 
testtheresistanceofelitecowpeaandricegenotypes 
from the breeding programs to newly recognized 
viruses or virus strains. 

Collections of wild rice as well as 0. sativa germplasm 
resistant to rice yellow mottle virus were tested 
againstthe ITAstandardisolateofthisvirusandanother 
isolate obtained from a rice-growing region within 
Nigeria. An isolate earlier obtained from 0. 
longistaminato was ;ncluded inthe studies. 

Results have shown that the new isolates of rice 
yellow mottle virus do not differ significantly from the 
'TA standard isolate for resistance screening purposes. 
However, there were significant differences between 
isolates in respect of reactions to certain accessions of 
0. longistaminato, 0. barthii, 0. glabemma, 0. punctata, 
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and 0. eichingeri, the originally African Oryza species. 

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

IITAvirologists made significant progress during 1990 
in characterizing viruses occurring in bananas and 
plantains (Musa species). The cucumber mosaic virus 
was found to be the most commonly encountered 
and has been shown to be responsible forconspicuous 
chlorosis and mosaic symptoms. 

Some apparently new viruses isolated from 1TA's man-
dated crops and associated weed species were 
characterized orpunfied 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 (IDRC), Canada, is assisting national 
programs inAfrica in identifyirg viruses intheirmajor 
food crops. Once national program scientists have 
been trained in the use of monoclonal antibodies, 
they should be inabetter 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 
to incorporate appropriate virus resistance inimproved 
crop varieties. 

Biometrics 
The biometrics unit advises all ITAscientists and grad
uate students doing thesis research here on the 
applicationsofmathematicsandstatisticstoagricultural 
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 andteachesthe statistics compon
ents of most IITA training courses, and conducts 
occasional, more spec'alized courses in statistics and 
statistical computing. As resources permit, the irTA 

bionetrician provides assistance to other research 
institutions and to Nigerian universities. 

During 1990thestatistical classification ofexperimental 
sites continued, using results from 18 internationally 
conducted series of maize trials. 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 liTA's mathematical 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. 

InMarch 1990, the ITAbiometrician 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 IITAresearchers and 
their collaborators for various physical and chemical 
properties, which ultimatelyaffectthe successofcrops 
grown in the originating 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 ofgood 
laboratory practices. 

Research farms 
The research farms unit carries responsibility for the 
development and management of IrTA'sexperimental 
farms and test locations in the various agroecological 
zones of West Africa: at Onne, Kano, and Ikenne in 
Nigeria, Cotonou in the Republic of Benin, and 
Mbalmayo inCameroon, and numerous smaller sites 
inall zones. 

The research farms staff collaborates with resource 
management scientists on studies of soil-conserving 
tillage methods. For sustainability of 1iTAfarms, most 
trials are planted with no-till methods that reduce soil 
erosion and degradation. Gully erosion iscontrolled 
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 

West African phoseoloidesasafallowcropforseveralyearshasbeen 
research farm found effective, 
managers learn 
survey techniques The unit also multiplies improved crop varieties 
in the 1990 course, developed by TA scientists and their collaborators, 

distributing up to 50 tons of seed annually to 
government seed services, seed companies, and farmers 
inNigeria and other African countries. At Ibadan, the 
research farms unit maintains ademonstration area, 
wherethelatestcropvarietiesandfarmingtechnologies 
were demonstrated to around 1,000 visitors during 
1990. 

WestAfricantraining.Athree-weekcoursewasheld 
in1990, 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 International Crop Research Institute forthe Sem-
Arid Tropics (ICRISAT)assisted IT-Ain running the 
course. Follow-upvisits, several months after, reveale, 
the considerable usefulness of the course. Simi'ir 
courses are planned for 1991 and 1992. 

A screenhouse construction team isbeing organized 
to cater for the numerous requests for assistance in 
constructing ITA-designed screenhouses for the 
institute's research sites and national research farms. 
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International cooperation
 

he special role of international cooperation at irrA 

is to enhance the collaborative process with 
national agricultural research systems of adapting 

and applying improvedtechnologies forfarmers'needs. 

Cooperation strategies... 
The principal means by which ITAstrengthens agri-
cultural research are training,infonnation dissemination, 
gerrnplasm exchange, and other collaborative project 
activities which convey ITA technologies, 

Fourmechanisms have been designed forthe strategies 
inthe ITAmedium-term plan (1989-1993) to enhance 
usefulness of collaborative research and training 
activities, and enable TA to respond with greater 
sensitivity to perceived needs. They are: 
. Networking. Collaborative networks link ITAwith 
national and regional research institutions inAfrica, to 
address common problems and issues. 
- Research liaison scientists. The medium-term plan 
providesforthreeresearchliaisonscientists, eachwith 
specific responsibilities for agroup 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 ITA 
research programs. Short-term fellowships are also 
arranged for visiting scientists from national programs 
for collaborative research over periods of up to 12 
months. 

During 1990, ITAoperated 19 special projects insub-
Saharan countries with 46 scientists, whose technical 
support was designed to strengthen national capacities 
to conduct adaptive research. Examples of on-going 
collaborative projectsare described inthe next section 
on achievements, Salient funding features are given in 
table I on the next page. 

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

AFNETAorganized atrainers' workshop forfourregional 

and one national center during 1990, and published 
three issues of The Afnetan newsletter. AFNETA 
commenced collaborative research projects with 20 
African countries aimed at the development of 
sustainable cropping systems based on alley farming 
principles. (See "Alleys across Africa" inset, page 26.) 

ESARRNactivities during 1990 included germplasm 
exchange, workshops, and scientific exchange visits 
among member institutions. InMalawi, ITA cassava lines 
were hybridized with the best local selections. ITA 
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 IITA. 

The SAFGRAD research supportedmaize network 
several of its member countries intesting of improved 
germplasm and crop management techniques. It 
sponsored technical training and exchange visits. 

The SAFGRAD research received Training coursecowpea network 
feedback on -i2 regional trials. Those repeated in participants 
national programs during 1990 performed well. demonstrate yam 
National scientists benefited from group training, flour sifting with 

11TA-designed
exchange visits, and interaction with ,TAscientists in equipment at a 
research planning. New varieties continued to gain farmers' field day, 
wideacceptanceinWestAfricancountriesafterbeing at Iwo, Nigeria. 
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Table I. Bilateral and multilateral special projects, 1990 

Project 

Institution-building 	 NCREII/Cameroon (terminated December 1990) 
RAv/Zaire (terminated September 1990) 

Resident scientist teams 	 Ghana grains development 
Ghana smallholder 

Cameroon root crops (terminated June 1990) 
Congo kindamba 
SADCCcowpea project 

Research networks 	 SAJGRAD 


ESARRN 


AFNETA 

Other research 	 On-farm/adaptive research 
Soybean utilization 

Legume viruses 
Utilization of cassava flour 
Dynamics of soil organic matter 
Postharvest technology 

Training projects 	 Human resources development 
Women agricultural professionals 
(East/Southern Afnca) 
Women agncultural professionals 

(West/Central Africa) 
Totals 

Donor(s) 

USAJD 

USAID 

CIDA 

IFAD 

GCF 

TAD 

EEC 

USAJD 

USAID/IDRC 

CJDA/IDRC 

USAJD 

DANIDA 

IFAD 

EEC 

IDRC 

1DRC 

AGC.r 

AGCO 

FF 

UNDP 

OF 

Fr 

Total Life budget 1990 budget 

staff US$ million US$ million 

19 14.31 3.93 
11 8.12 1.44 

1.12 0.11 
0.80 0.25 

2 0.70 0.12 
- 0.40 0.11 
3 1.78 1.34 

2 4.08 1.15 
2 2.70 0.40 

2 3.17 0.66 
1.00 

0.07 0.46 
1.20 

3 2.79 1.53 
0.16 0.05 
0.46 0.13 
0.64 0.23 
0.16 0.12 

0.21 0.15 

0.78 0.35 
0.28 0.17 

0.79 0.34 

46 45.72 13.04 
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developed inthe network including Suvita-2 which 
was developed in Burkina Faso and is being widely 
cultivated inMali. 

Research liaison. Dunng 1990, the irrA research liaison 

scientist helped to start operations for an on-farm 
adaptive research project on cassava, cowpea, maize, 
nice, and soybean varieties which had been developed 
in an earlier EEC-supported project. Fourteen West 
and Central African countries are participating with 
trials of a selection of the crops, most ofwhich began 
during the year. Two research projects on cowpea 
insect pests also commenced in the dry savanna of 
Nigeria, in collaboration with the Institute for 
Agricultural Research, Samanu: a survey, as a basis for 
control measures, and a minimum pesticideprotection/ 
yield-loss trial. 

iTA finished its tenth year of continuing involvement 
with Cameroon's NCREproject, which has had adouble 

impact: helping Cameroon to strengthen its own 
research capacity and to become a producer of 
technologies which can benefit otherAfrcan countries 
as well as itself. The iTA team of scientists works on 
four staple cereal crops-maize, rice, sorghum, and 
milet-at stations in Cameroon's six different 
agroclimatic zones. Among many research achieve-
ments to date, two maize and five nce varieties have 
been improved, adapted, and released to farmers. 
Twenty-one staff scientists have received fellowships 
for higher degree study,while many more technicians 
have received training at iIT. 

Completion ofiTA's role in Zaire's i~v project (1985-
1990) marked the seventeenth year of collaboration 
with Zairian research programs that have produced 
high-yielding, disease-resistant cassava,maize, andgrain 
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. 

iTA completed its part in Cameroon's national root 
crops improvement program in June 1990. The 
program succeeded in developing a large quantity of 
improved cassavaand sweet potato as planting material 

Acronyms cIted Inthe text 

AFNETA Alley Farming Network for Tropical Africa 

AGCD General Administration for Cooperation and Development 

OCr Centro Intemacional de Agricultura Tropical 
CIDA Canadian International Development Agency 

Centro Intemacional de la Papa 

coscA Collaborative Study of Cassava inAfrica 
CtA Technical Centre for Agncultural and Rural Cooperation 

OANiDADansh International Development Agency 
1rc European Economic Community 
ESARRN East and Soutl-.n Afnca Root Crops Research Network 
AO Food and Agnculture Organization of the United Nations 

FF Ford Foundat:on 
IBSRA International Board for Soil Research and Management 
iCRA International Council for Research inAgro-Forestry 

iCMRAT International Crops Research Institute for the Semi-Arid Tropics 
DRC International Development Research Centre 

iLCA International Livestock Center for Africa 
iN[RAP International Network for the Improvement ofBananas and Plantains 

Nci Natonal Cereals Research and Extension Project 
Rv Applied Agncultural Research and Outreach Project 
SADCC Southern Afnican Development Coordination Conference 
SAFGRADSemi-And Food Grains Research and Development Project 

UNoP United Nations Development Programme 
USAID United States Agency for International Development 
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for further multiplication and distribution to farmers, 
The improved cassava showed yields twice as high as 
those of local varieties although 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, I1TAgermplasm was screened 
for selection of early-maturing, high-yielding,disease-
resistant cowpea varieties which combine erect or 
semi-erect plant type, acceptable seed color, and 
cooking quality,suitable forthe maize-cowpea rotation 
systeminGhana.ITAandlocalgermplasmwasscreened 
forthe development ofhigh-yielding, bruchid-resistant 
varieties. The project has resulted iinrelease of three 
cowpea varieties. Exotic soybean varieties 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. 

Inthe Ghana smallholder rehabilitation and develop-
ment program, highlights of 1990 included selection 
of four UTAcassava varieties for trials in farmers' fields 
by Ghana's crop services/extension department . 

Twentyvarieties of"poundable" cassavawere selected 
from seedlings for further evaluation. The program 
sponsored in-country and external training courses, 
including a I0-week root crops course. 

The soybean utilization project aims to develop and 
introduce improved soybean utilization technology 
for use in households and in small-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 I in 1987 to 419 
in 1990, Extruded soybean products were introduced 
for home use in selected areas and development of 
small-scale processing technology continued, 

The SADCC cowpea research project was launched 

during 1990 with the signing ofan agreement between 
ITA and the Mozambique government. The project 
aims to develop cowpea genotypes with suitable 
resistance and eating quality characteristics. Research 
began at Maputo and nurseries were distributed to all 
national collaborators. 

IlTAisworking 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 
developingtechnologiesforwheatlessbreadforAfrican 
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 ITA the responsibilities for 
research -:.,.. -self-development inhuman resources. 
Such a collab .rative orientation in training should 
enable national programs increasingly to carry out 
their own research and training. 

Training inresearch forAfrican agricultural professionals 
has always formed an essential part of ITA'Soutlook. 
No proposal to develop or transfer technology from 
ITA fails to consider the training objectives of the 
participating countries. 

1ITA'Sstrategic 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 g the proportion of core ITA resources 

devoted to training. 
• Improving training materials. 
• Increasing women's participation intraining. 

Since 1971 IiTA has organized individual and group 
training for close to 7,000 researchers, most ofwhom 
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 
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Africa, irTAinitiated the graduate research fellowship 
program in 1988, to support graduate students in 
conducting their research with IITAscientists. During 
1990, 14 new graduate fellowships were awarded, 3 
ofthemtowomen.Sixfellowsconcludedtheirresearch 
at ITA.During the year ;ITAscientists supervised 50 PhD 
and 30 Msc trainees, of whom 16 were women. 

Internships 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 
,1TA,which collectively amounted to 55 weeks of 
training. Some 179 persons participated inregiulidl or 
in-country courses in Benin, Ghana, Guinea, Malawi, 
Niger, and Sierra Leone. (See table 2 for a summary 
of courses and trainees.) 

The majorityofgroup course participants wereAfricans, 
of whom 80% came from West and Central Africa. 
The trainees came from 32 African countries: 18 in 
West and Central Africa, 13 elsewhere in the region. 
About 29% ofall group course participants at iTA came 
from French-speaking countries. 

Of the total of 190 trainees at Ibadan, ,TAprovided 73 
with scholarships, principally from West and Central 
Africa. FAc and UNDP provided funding for the 61 
trainees at Cotonou. Demand for off-campus training 
came principally through two networks: AFNETA and 
ESARN. 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 10 of the courses given 
during 1990 in various locations. Together with 
University of Arkansas staff, ,TAmade 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 rTAgroup training 
cours-s,while 19women(I I%) participated in regional 
or in-country courses. Of the 80 graduate trainees at 

IITAin Ibadan, Cotonou, and elsewhere during 1990, 
16 were women (25%). 

In 1990 IITAobtained 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 PhD degrees in African universities. iITA
 
will collaboratewith Winrock International 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. ITA isaware that simply increasing numbers is
 
not enough. Genderperspective and gendersensitivity
 
must become part of training curricula. 1ITAis 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, IiTAhas worked with CiAT and op in a joint 
training project on human resource development for 
generation and transfer of root and tuber crop 
technologies, funded by UNDP. iTA also collaborates 
with ICRAF,ICLA, INIBAP, CTA, University ofIBSRAM, iCRISAT, 
Arkansas, and other institutions in course planning, 
development of training materials, course presentation, 
and evaluation. 

Future directions in training. ITA'Straining 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 isincreasingly organized, conducted, and 
sustained by those programs, with the goal of 
strengthening national and regional capacities for 
research and training. 

IITA's approach to the "trainirg of trainers" in national 
programs is evolving and varied according to the 
needs and opportunities in those programs. Training 
of researchers to train others isa central part of iTA's 
decentralization strategy. For full-time training officers 
innational programs, iTA arranges two-to-three-month 
attachments to enable them to work alongside ,irA 
training staff to acquire on-the-job experience. 
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Table 2. ilTA group training in 1990 

irA Ibadan 

Advanced soil and plant analysis 
Alley farming for research trainers 

Biotechnology training workshop 
coscA village and institution-level cassava survey 
Cowpea and soybean research and technology transfer 
Maize research and technology transfer 

On-farm eypenmentation 
Plantain researcn and technology transfer 

Research farm management 
Root crops research and technoloi" transfer 

Sustainable food production systems 

Ibadan subtotal 

IITACotonou
 
Biological control (3courses) Cotonou subtotal 


Regional/in-country
 
Alley farming research (anglophone West/Central Africa) 

Alley farming research (francophone West/Central Africa) 


Alley farming research (Nigeria) 

Root and tuber crop production research (Guinea) 

Root and tuber crop production research (Malawi) 

Root and tuber crop production research (Sierra Leone) 

Training and communication skills (UNDi: regional) 


regional/in-country subtotal 

Group training total 

Weeks Trainees Countries* 
total women 

4 13 2 10
 
3 20 0 5
 

I 18 5 8
 
2 16 2 7
 
6 18 3 10
 
8 16 3 II
 

2 19 I 9
 
3 13 4 8
 

3 17 0 5
 
8 24 2 12
 

3 16 3 10
 
51 253 51
 

12 61 6 23
 

2 29 0 5
 
2 24 4 10
 
2 27 2 1
 
2 18 0 


2 34 4 I
 

I 31 2 I
 

2 16 7 5
 
13 179 19 32
 

68 430 50 32
 

*Total number of countries ineach instance 
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Information services
 

igerian print and electronic media representatives 1990, as a result of increased awareness of services 

were enlisted as supporters of agricultural and revision of lending policy. 
development, in the newly formed media forum 

foragriculture.While most members ofthe forum are Training in library management and automation was 
joumalists, some are researchers,extension personnel, given to staff of other libraries, and to some lecturers 
policyrnakers, and agricultural information specialists, and students ofhigherinstitutions inNigeria.Assistance 
Members represent a wide range of organizations to national research institutions continued inthe form 
involved inagricultural development, including research of literature searches, Interlibrary loans, preparation 
institutes, banks, farmers' organizations, extension and supply of bibliographies, donations of duplicate 
agencies, and commercial farms. publications, and provision of general information. A 

total of 182 entnes was contributed to the , c is data-
Through the forum, 11A is trying to involve both pubic base and 332 of them have already appeared in 
and private sectors indissemination of findii gs by the (RI,.i-;i the International agricultural information 
vanous agrncultural research organizations in Nigeria, system coordinated by the Food and AgrIculturu 
thereby helping to pronote farmers'adoption of new Organization of the United Nations (I A()). 
and improved :echnologies. The for-Lm launched the 
food action mcdia service (rr) dunng 1990, with Publications. Dur-ng 1990. four editors were 
three arms: IAr-Is'ulletins for the print media; Ir lII responsible for issuing 51 publications with a total of 
for television, ano Radio iAr.sfor radio. about 2,700 pnnted pages. Another 35 titles were 

being processed at the close of the year. The editors 
iTA achievements received extensive coverage dunng ir:ormally reviewed and edited several thousand manu
1990 in Nigena and, to some extent, internationally, script pages of scientific and administrative documents. 

International coverage included feature programs of The publications unit acts as secretariat for the iiIA 

the Bntish Broadcasting Seivice (uIc) and Deutsche publications review panel, which received 63 
Welle (the Voice of Germany). Selections from iiIA's manuscripts during 1990 for review before submission 
press coverage were reproduced inthree volumes of to scientific Joumals, or presentation at conferences. 
,A In the News which have been distributed widely. 

Graphics output during 1990 amounted to some 
irA participation in fairs, exhibitions, and other public 4,000 pages of camera-ready artwork. The printshop 
events in Nigeria included, for the first time, the produced approximately 2.5 million plate impressions 
Kaduna international trade fai-,and the Shell Petroleum during 1990, being about 200,000 impressions pe,
health and environment week in Warn. Many month on average. 
businessmen, farmers, and representatives of agro
allied industnes visited iiiA toobtain advice, information, Dunng 1990 staff photographers went on 180 field 
and samples of improved seeds. About 60 groups of shoots. They processed some 10.000 slides of their 
students from polytechnic institutes and faculties of own shots and those of other rIIAstaff. Nearly 5,000 
agriculture visited 1IA during 1990. color pnnts and 20,000 black and white pnnts were 

produced. Users of the slide collection, including 
Libraryservices.Thein-housedatabasewasenhanced trainees and editors both local and foreign, made a 
through the addition of 3,029 retrospective and 9,359 total of 155 consultations with the staffto select slides 
current records of various types of publications. The for lectures, demonstrations, or publications. 
library acquired 1,898 books and 5,218 joLimal issues. 
Four additional databases on compact disk (ci)-ilor) Mailing list entries were updated and new addressees 
were acquired. Use of library facilities during 1990 was recruited with a questionnaire survey. The unit began 
reflected inthe 115 recipients of selectivedissemination selective dissemination services with mailings ofCowpeo 
services, and 93 scientists who receive the wekly Genetic Resources to 1,500 addressees, as well as a 
journal service contents, The number of books regular mailing of the first issue of the periodical 'A 

bon-owedincreast'd from 10,138in 1989to 17,152in Reseorch to 7,000 addresses. 
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IITA 

STA'rEMENT OF FINANCIAL POSITION 
31 D.-cember 1990 

Expressed inus$ thousands 
ASSETS 1990 1989 
Cash and short-term deposits 8,644 6,936 
Accounts receivable: 

Donors 7,862 8,058 
Others 363 503 

Inventories 2.544 3,627 
Other assets 209 178 
Property, plant and equipment 58,356 55,768 

77,978 75,070 

LIABILITIES AND FUND BALANCES 

LIABILITIES 
Accounts payable and other liabilities 7,639 8,094 
Accrued salaries and benefits 3,071 3,053 
Payments in advance donors 3,974 3,465 

14,684 14,612 
FUND BALANCES 
Capital 58,356 55,768 
Capital development 1,224 976 
Operating 3,714 3,714 

63,294 60,458 

77,978 75,070 
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IITA 

STATEMENT OF ACTIVITY 
For the year ended 31 December 1990 

Expressed in o'$ thousands 

REVENUE 1990 1989 
Grants 35,333 31,218 

Other income 613 619 
35,9,16 31,837 

EXPENSES
 

Research programs 21,694 18,342 

Conferences and training 2,290 1,883 

Information services 1,039 1,432 

General administration 3,593 3,522 

General operations 3,248 2,886 

Property, plant and equipment 3,054 3,631 

Exchange (gains) / losses 380 (263) 

Total expenses 35,298 31,436 

Allocation to capital development fund 648 401 

Allocation to operating fund 

35,946 31,837 
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IITA 

STATEMENT OF CHANGES IN FINANCIAL POSITION 
For the year ended 31 December 1990 

SOURCES OF FUNDS 

Excess of revenue over non-capital expenses 

Decrease in accounts receivable - donors 

Decrease inaccounts receivable other 

Decrease in Inventories 

Decrease in other assets 

Increase in accoiirts payable and other liabilities 

Increase in accrued salaries and benefits 

Increase in payments in advance -donors 

APPLICATION OF FUNDS 
Purchase of property, plant and equipment 

Increase in other assets 

Decrease inaccounts payable and other liabilities 

Decrease in accrued salaries and benefits 

INCREASEI(DECREASE) IN FUNDS 

CASH, BEGINNING OF YEAR 

CASH, END OF YEAR 

Expressed inus $ thousands 

1990 1989 

3,702 4,035 

196 432 

140 60 

1,083 834 

59 

1,096 

18 

509 349 

5,648 6,865 

3,454 4,634 

31 

455 

588 

3,940 5,222 

1,708 1,643 

6,936 5,293 

8,644 6,936 
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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 inNigeria 91 738 
Denmark 151 77 
Finland 251 

Food Industry Crusade Against Hunger 25 
Ford Foundation 100 98 
France 295 

Gatsby Charitable Foundation 203 

Gemlany 1,420 53 

India 24 
Intemational Development Research Centre 734 
Intemational Fund for Agricultural Development 923 
Italy 632 808 
Japan 2,963 
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 Intemational Development 5,485 6,615 
University of Hohenheim 175 
World Bank 4,073 13 

Other contributions 319 

Closed and miscellaneous projects 7 

Total 22,528 12,805 
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Professional staff
 

Management and support services 

Executi namgement 


L Brader, PhD, director general 


L D. Stifel, PhD, director general * 


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

J.Cramer, BA,executive assistant to director general 

J.H. Davies, Bsc, director, office of the director general 
I.P.Eckebil, 'hD, deputy director general, international cooperation 

K S. Fischer, PhD, deputy director general, research 

F.C.McDonald. ri, assistant to deputy director general, research 
W. P.Powell, Bsc, deputy airector general, management 

Administrative aird auxiliary services 

C. A. Enahoro, manager, Ikeja guest house 

C. Inniss-Palirer, specialist english teacher 

A. Jackson, d "uty head, international school of ITA 

N. Jackson, head, international school of ITA 

A. . Middl, ton. usc, manager, international house 

R. I.Olorcde. security manager 

D. J.Sewell, manager, aircraft operations 

0. r!,olola, ^cA, audit senior 

Budget and finance 

D. A. Governey, ICA, director, budget and finance 

B.A. Adeola, Fas, accountant 

0. E,Adepolu, ACA. senior analyst, accounting procedures 

A. A. Akinbola. sc, senior technical analyst 

C. A. Babalola, ACA,senior analyst, accounting procedures 

P.0. Balogun, (CCA, finance manager 

), E. Bolannwa, i-1nA,payroll accountant 

P.0. Etuk. i-si8.,budget and planning coordinator 

E.D. Greene, r.mc,materials manager I 

G. R McIntosh, Cr-IA,procedures manager, financial information 
systems 

R.Obikudu. FIA, materials manager 

S.J.Udoh, AMNIM, chief accountant 

D. Wheeler, cPA,project manager, financial information systems 

Computer services 

L.J.McDonald, LH, computer manager 

N. N. Eguzozie, Bsc,computer programmer 

T. D. Oluyemi, iIc, computer programmer 

Human resources 

J.Thackway. iiA, director, human resources 
T.A. Akintewe, mi, senior medical officer 
J.0. Badaki, mim,employee relations manager 
J.B.Elegbe, msc, manpower development manager 
F.0. A Osinupebi-Cole, iD,medical officer 

Information services 

S.M.A. Lawan, .o0,dir -tor 

Y.A. Adedigba. MA,head, library ser-ices 
A. 0. Adekunle, MSC,editor 

R.0. Adeniran, MLS,principal librarian 
K Atkinson, risc. editor and head, publications 

A. A. Azubuike, MLS,pnncipal librarian 

T. Babaleye, rIcA, public information manager 

E.Nwulu, Msc,audiovisual specialist 

B.0. Ojurongbe, 6sc, production manager 
T.T.Owoeye, i-ir s,editor 
J.0. Oyekan, Bsc, head, public affairs 
D.R. Mohan Raj, PhD, senior science wnter and editor 
F.N. Ubogu, t-iLs,principal librarian 

R. Umelo, BA,editor 

Physical plant services 

J.G. H. Craig, director 

E.0. Akintokun, research vehicle services officer 

A. K. Bhatnagar assistant director 

A. C. Butler, building and site services officer 
P.G. Gualinetti, construction site engineering services officer 
E.Ojinere, heavy equipment/fabncation services engineer 

A. Oyede, electncal services engineer 

S.W. Quader, electronic services officer 
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Research and support services 

Biological control program 

H. R. Herren, frho, director 

D. T. Akibo-Betts, East/Southern Africa regional coordinator * 

J.B.Akinwumi, risc. engineer 

W. N. 0. Hammond, ihD, entomologist, West/Central Africa regional 

coordinator 

T. M. Haug, risc, mass reanng specialist 

B.M(gevand, msc, r ite and mass reanng specialist 

P.Neuenschwander, rhD, entomologist 

F.Schulthess, rho, broecologist 

A. Wodag neh, i'hD, training officer, FAO 

J.S.Yaninek. rho, entomologist 

Associate experts 

C. Boavida, risc.ecologist 

H. M. Dreyer,aisc, ecologist 
C. Gold. rho, associate scientist 

. Tamo. r-:c, ecologist 

Postdoctoral fellows 

A. Paraiso, isht, pathologist 

T. G. Shanower, rho), entomologist 

Grain legume improvement program 

S.R. Singh, riho, director * 

K. F.Cardwell, rh[), plant pathologist 

P.Q. Craufird, rho, crop physiologist, Kano station 

K.E. Dashiell, r'hD, breeder 

D. A. Florini, vht), plant pathologist 

L. F.N. Jackai. rhD, entomologist 

0. Nakayama, iho, JICA expert (soybean postharvest scientist) 

B.R. Ntare. rfhD,breeder and liaison scientist to ICRiSAr,Niger 

G. 0, Myers, rhi), breeder 

H. 0. Ogundipe, mc,food technologist 

B.B Singhi, rhD, breeder and officer-in-charge. Kano station 

I.Watanabe, rhD, plait physiologist, Kano station 

Postdoctoral fellovw 

C. N. Akem, irho, pathologist/breeder 

Maize research program 

M. Winslow, Phodirector 
N. A. Bosque-Perez. rho, entomologist 

S.K.Kim, rhD, breeder 

J.G. Kling, rhD, breeder 

1.H. Mareck. rhD, breeder 

Postdoctoral fellows 

A. E.Awad, rho, striga biologist 

T. Mesfin. rho, vector entomologist 

0. M.Olanya, rhD, plant pathologist 

Visiting scientists 

L Everett, PhD, maize breeder 

S. N. C. Okonkwo rhD, stnga biologist 

Resource and crop management program 

D. S. C. Spencer, rhD, director 

I.0. Akobundu, rho, weed scientist 

A. N. Atta-Krah, rhD, coordinator, ArriTA
 

K Dvorak. rho, agncultural economist
 

H. C. Ezumah, rhD, agronomist t 

M. P.Gichuru,ihD, agronomist 

A. E.lkpi, rho, economist* 

A-M. N. Izac, rhD, agricultural economist, inland valley systems 
S.S.Jagtap, rho, agroclimatologist 
B. T. Kang, rhD, soil scientist
 

K Mulongoy, rhD, soil microbiologist
 

H. J. W. Mutsaers, rho, agronomist, humid forest systems
 
N, Sanginga, r-hD,assistant coordintor. AfrAITA
 

J.Smith, frhD, agncultural economist, savanna systems 

M. J.Swift, rhD, leader, resource management research 

B.Vanlauwe, bsc, junior expert 

G. K Weber, rhD, agronomist, savanna systems 

Collaborative study of cassava inAfnco 

F.I.Nweke, rhD, agncultural economist, team leader 

G. R Mullins, rhD, East/Southern Afioca regional coordinator* 

Y. C. Prudencio, r'ho, regional coordinator 

Postdoctoral fellows 

R.J. Carsky. rhDagronomist 

G. Fairchild. rho, soil microbiologist 

Y. Mohamoud. rhD, agronomist 

R.A. Poison. PhD, agncultural economist 
E.Tucker, rhD, weed scientist 

Visiting scientists 

S.Hauser. rhD, agronomist
R.Markham. rho. entomologist 

Associate experts 

J.Foppes, Ir,agricultural economist, Onne station 
M. C. Van der Meersch, I, microbiologist 

Rice research program 

K Allun, rhD, coordinator. iNGR.AficaeRJ liaison scientist 

T. M. Masajo, rhD, program leader and breeder* 

Postdoctoral fellow 
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R C. joshi, rhD,entomologist Virology unit 

Root, tuber, and plantain improvement program H. W. Rossel, Ir,virologist 

S.K.Hahn, rho, director International cooperation 

R Asiedu, ,hD,plant breeder Support services 

F.Gauhl, rhD, plant pathologist S. Auerhan, interpreter/translator 

S.Y. C. Ng. Msc, tissue culture specialist . Auvard. interpreter/translator 

D. S.0. Osiru, 'ho, plant physiologist * S.Barley. interpreter/translator 

C. Pasberg-Gauhl. '~ho.lantpathologist E.F.Deganus, Fic,project development coordinator 

M. C. M. Porto, 'hi), CIAf IAphysiologist/breeder O. B.Hounvou, rnterpreter/translator 

G.D. Sery, PhD,West/Cet' ,IAfrca regional coordinator, INSIACP, 
C.Lord.interpreter/translator
Onne station * 
E.Molinero. head, interpretation/translation 

Onne station ' coordinator, monitonng and evaluation 
R.L. A. Swennen, rho. agronomist/breeder and officer-in-charge, 

0. M. Ogunyinka, r,,c. 

D.R.Vuylsteke, Ir, tissue culture scientist B. F. Sail, inter-preter/translator 

Postdoctorclfelo~v~s J.C. Sentz, 'hi), Is,',[iliaison scientist 
J. B.Suh, 'hD,research I aison scentist 

M. Bokanga, 'hi), biochemist A. P.Unyo, 'h.,project development coordinator 

A. G. 0 Dixon, iho., breeder 

food technologist/biochemist Training programG. Eggleston, ihoi, 

R. Terauchi, 'ho),yarngeneticist " H. Gasser, F'hi, director, training 

1.L. Gulley. jho. group training coordinator
Visiting scieritists 

R.Zachmann, 'hi). matenals specialisttraining 

K.V. BarII.cytogeneticist 

.,Ikotun, fho), ' Cooperative programspathologist 

H. Kanno, 'ho,entomologist, ii7;, CCiA/CIMrY-r/irrA Ghana grains development project, Ghaa* 

A. M. Hossain, ifho),grain legume breederPostharvest unit 

L S.Halos. r,,c.research specialist Gatsby charitable foundation/islA/Cameroonian national root crops 

Y.W. Jeon, rho, postharvest technologist improvement program (cNRcP), Cameroon 
J.B.Abaka-Whyte, ',hi,breeder and project leader 

M. 0. Akoroda, rh[r,agronomist/breeder 
Analytical services laboratory 

EEC/IITA/sDCc cowpea project 
laboratory services supervisor). L.Pleysier, ,hi), 

R.Amable, hi),cowpea agronomist 
Biometrics J.D.Nak, ih[). legume breeder 

P.Walker, rA, biometncian IFAD/rITAGhana smallholder rehabilitation and development program 

Biotechnology research unit 0. 0. Okoli, ,h,breeder and root crops coordinator 

G. Thottappilly, 'ho. virologist Semi-arid food grains research and development (SAFGRAD)project, 

Genetic resources unit Burkina Faso 

N. Q. Ng. ,hD,head, genetic resources unit J. M. Fajemisin, i,h,pathologist/breeder, project leader and maize 
network coordinatorS.Padulosi, Dott, plant explorer 
N. Muleba, 'hi).agronomist and cowpea network coordinator 

Research farms unit 
USAID/ORdITA East and Southern African root crops research 

P.D. Austin, isc,research farms development officer network (ESARRN),Malawi 
D. C. Cooper, rc, head, research farms unit M. N. Alvarez, rho, breeder and network coordinator 

research farms engineerP.V. Hartley, misc, J.A. Otoo, 'ho, agronomist 

usIDa/rrA/National cereals research and extension (NCRE)project, 
Cameroon 
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Consultants
 

E. A. Atayi, ThD, chief of party and agricultural economist F.M. 0. Agbo, wild yam collection 

S.W. Almy, r'ho, social economist * A. Agboola, research evaluation 

D. C. Baker, rho,agricultural economist M. S.Alam, maize research 
V. Balasubramaniam, rhD, agronomist C. L. A. Asadu, research evaluation 
N. F.Beninati, PhD, maize breeder P.Ay. cassava research 

0. P.Dangi. rhD,breeder R.A. Boxall, grain storage research 
L Everett, Pho, breeder I B.Drukker, biological control 
M.P.Jones, rhD, breeder C. S.Gold, biological control 
M. Kamuanga, PhD,agricultural economist L. S. Halos, postharvest technology 

J.Kikafunda-Twine, rhD,agronomist * V. T. John, rice pathology 

D. McHugh, risc. socroeconomst J.A. Kwarteng training materials 
0. A. Osiname, rho, farming systems agronomist A. W. Moore, editing 

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

A. C. Roy, frho, agronomist * C. Parker, stnga biology 

J.T. Russell, hr),etenson agronomist * L W. Rooney, maize research 

L.Singh, Pho, breeder * C' ', .. i;sava research 

T.C. Stiwell, rhD, deputy chief of party 

H. Talleyi,,id, I I-, cereals agronomist 

C. Y.Yamoah, ihD, soil scientist/agroforester 

USAID/IITAApplied agricultural research (RAv)project, Zaire 

F E.Brockman, rho, chief of party ,-uj agronomn.st 

M. S,Alan), iho, ento nologist * 

C. D. S.Bartlett,'hi,,:igncultural economist 

T.Berhe, rhD, agronomist . 

L.H. Camacho, rho, breeder 

B.Chiti-BabU. farin manager 

A. D. Flonn.,rh, regional outreach specialist 

K. M. Johnson, rho, breeder 

D. Kerta,outreach specialist 

G. F.Montalban,plant superintendent 

A. 0. Osiname, Ihi). agronomist I 
° M. Seye, MA, administrative officer 

D. A. Shannon, Ih),agronomist * 

W. 0. Vogel, rhD,agricultural economist 

IITABenin station 

J.N. A. Quaye. NA, leader, management unit and oTicer-in-charge 

M. N. Versteeg, rho, agronomist and leader 

PirACameroon station (Mbalmayo) 

S. L. Claassen, usc, farm manager 

P.G. Gillman, rhD. soil chemist 

N. R.Hulugalle, P'iD.soil physicist 

Postdoctorol fellows 

D.Russell, rho, anthropologist/Rockefeller fellow 

N. W. Menzies, rhD, soil chemist 

t On sabbatical Leftduring the year (IApril 1990 - 31 March 199 1) 74 



Publications by IITA staff
 

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

Akobundu, I.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. irA, Ibadan, Nigena. 

Akpokodje, G.O., J.A. Odebiyi, R.S. Ochieng, and H.R. Herren. 

1990. Functional responses of Neosetulus idaeus and lphse;js 
degenerans(Acanna: Phytoseivdae) feeding on the cassava green mite, 
Mononychellus tonoloa (Acanna: Tetranychidae). Bulletin de la soci6t6 
entomologique suisse 63: 327-335. 
Akundabweni, L.S., C. Peter-Paul. and B.B. Singh. 1990. Evaluation of 

Akudawen,C .S. nd .B SighPeerPau. 190.Evauaionof 

elite lines of cowpea (Vignc unguiciloto (L.) Walp.) for leaf/fodder plus 

grain (i.e.. dual purpose). Tropical Agnculture 67(2): 133-13b. 

Almazan, A. 1990. Utilization of cassava and its products. Pages 113-

120 in Cassava in tropical ,fnca: a reference manual. ITA,Ibadan. 

Nigeria. 

Atta-Krah, A.N. 1990. A , .,: .ith leucaena: effect of short 
grazd falow oilci p yilds ExpnmettilE.oilfet 

grazed fallowsi i oi fe" " c oP yields. Expenmr t 
A.'ncuiur- 26&I- i U 

Atta-Krah, A.N. I,, 'i .. alabtt ,.,d use of fodc i shrubs and trees 
in tropical Africa. Pagl 110- 162 in Shrubs aii 're ludders for farm 
animals, edited by C. Devendra. Proceedings of a Workshop in 
Denr isar, Indonesia, 24-29 Jul 1989. .Dc-276e. International 
Development Research Centre, Canada. 
Atuahene-Arnankwa, G., M.A. Hossain, and A. Assibi. 1990. 

Groundnut production and improvement in Ghana. Pages 45-48 in 

Summary Proceedings. First ,,ilAT Regional Groundnut Meeting for 

West Afnca. 13-16 Sep 1988, i-knAt Sahelian Center, Niamey, Niger. 

AyanbaA.,andD.SJeninsn. 990 Deompoitin o CabonI 4Ayanaba, A., arndD.S.Jenkinton. 1990. Decomposition ofCarbon-14 

labelled ryegrass and maize under tropical conditions. Soil Science 
112-115.Society of America Journal 64: 

Azubuike, A.A. 1989. Systems analysis imperatives for computer 

Azubuike, A.A. 1990. Document subject matnx as a factor of 

precision in computenized information Systems. IAAD Quartery 

Bulletin 35(2): 81 -85. 

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

Balasubramanian, V., and L. Se~tayange. 1990. Area harvests 

equivalency rAtio for measunng efficiency in multiseason intercropping. 
Agronomy Journal 82: 519-522. 

Barone, A., and N.Q. Ng. 1990. Embryological study of crosses 
between Vigno unguiculato and V iexilkato Pages 151- 160 in Cowpea 
genetic resources, edited by N.Q. Ng and L.M. Monti. ITA,Ibadan, 
Nigeria. 

Bitterli, R. 1990. Making better tables, journal of Agronomic
Education 19(2): 137-I-iI. 

Bosque-Prez N.A.. and l.W. Buddenhagen. 1990. Studies on 
epidemiology of virus diseases of chickpea in California. Plant Disease 

74(5): 372-378. 

Bosque-Prez, N.A., and J.H. Mareck. 1990. Distrbution and species 

composition of lepidopterous maize borers in southern Nigena.
Bulletin of Entomological Research 80: 363-368. 

Carsky, R.J.,and W.S. Reid. 1990. Response of corn to zinc 
fertilzation. Journal of Production A'....3 :502-507. 

Carsky, RJ.. W.S. Reid. A.R. Suhri. iii U.J. Lathwell. 1990. 
Screerinr . ime green m,siures as . .gen souirces to succeeding 
n- re p.i e on mithod lan iid oilc128: 

l211i2d 

della Gat~a, C., A.R. Piergiovani, N.Q. t !g, P.Perrino, and 
E.arole199Iypi htrecsinawidokd 

Carnov'Ale. 1989. 1h,/psin inhlbitoi it eis in raw ai,d cooked 
cowpea (Vign. Ul.c tI) seeds. Leber ,ittel Wi ,nschaft und 
Icnchnolig.. 21(6): I-3. 

Dixon, A.G.O., P.J.Bramel-Cox, and T.L Harvey. 1990. Diallel 
analysis of resistance in sorghum to greenbug biotype E:antibiosis and 
tolerance. Crop Science 30: 10551059a 

Dixon, A.G.O., P.J.Bramel-Cox, and J.C. Reese. 1990. Feeding 
behaviour of biotype E greenbug (Homoptera: Aphididae) and its 

relationship to resistance in sorghum. journal of Economic 

Entomology 83: 241-2-16. 

Dixon, A.G.O., P.J.Bramel-Cox, J.C. Reese, and T.L. Harvey. 1990. 

Mechanisms of resistance and their interactions intwelve sources ofresistance to biotype Fgreenbug (Hornoptera: Aphdidae) in 
sorghum. journal of Economgc Entomology 83: 234-240. 

Dodo, H.W., W.A. Hill, K. Mulongoy, S.O. Adeyeye, and S.K. Hahn.
1990. Population of nitrogen-fixing bactena in sweet potato fibrous 
roots. Pages 99-104 in Maximiser [a fixation biologique de l'azote 

pour la production agricole et forestire en Afnque. lll6me 

Conf6rence de Isi. 7-12 Nov 1988, Dakar. S&6ngal, edited by M. 

Gueye, K. Mulongoy, and Y. Dommergues. Collection Actes de ISRA, 
Vol. 2 no. 2, Dakar, S6n6gal. 

Ehul, SK, T.W. Hertel. and P.V. Preckel. 1990. Forest resource 
depletion, soil dynamics and agncultural productivity in the tropics. 

journal 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 measunng the 
sustarinability and economic viability of farming systems. icrri Research 
Monograph No. 3. itA, Ibadan, Nigena. 28 pp. 

Esiobu, N., K. Mulongoy, and C. Van Hove. 1990. Nitrogen 
contnbution of Azollo and Sesbon a tostioto to nce. Page 656 in 
Nitrogen ixatton, achievements and objectives, edited by P.M. 
Gresshoff, L.E.Roth, G. Stacey, and W.E. Newton. Chapman and Hall, 
New York. 

Ezumah, H.C. 1990. iaize (Zi.,j irvs) genotypes for interciupping 
witi cassava (Minhiot ,srilenta) in southern Nigeria. I Yield 
responses. Discovery and Innovation 2(2): 63-72. 

Ezumah, H.C., J.Arthur, D.S.O. Osiru, and J. Fajemisin. 1990. Maize 
(Zenmays) genotypes for intercropping with cassava (Manihot 
esculent) in southern Nigeria. 2. Growth morphological changes a 
yield advantages. Discovery and Innovation 2(2): 73-79. 

Ezumah, H.C., and T.L. Lawson. 1990. Cassava and maize 
inter-cropping system the effects of varieties and '" pen'lations. 
-. i .il of Ag mrnni,, Crrn Sioence I,4 -32. 

Ezumah, H.C., and H.J.W. Mutsaers. 1990. On-farm researi. Pi , 
139-167 in Cassava In tropical Africr a reference manual. i,,, Ibadan, 
Nigena. 

Ghuman, B.S., and R.Lal. 1990. Nutirent addition into soi; by leaves 
of Cossi wi-I i and Ghicii Ii. sC)ruin growth on an alfisol in southern 
N,ger Agroforestry S~sterns 10 131-1313. 

Gichuru. M., and B.T. Kang. 1990. Potential woody speoes for alley 
croppin? on acid soils. Pages 85-87 ,n Agrf iCo.estry land-use systems: 
proceedings of a speOal session on agroforestiy land-use systems. 
American Society of Agronomy Annual Meeting, International 
Agronomy Section, 28-29 Nov 1988. Anaheim, California. Edited by 
F.Moore. Nitroigen Fixing Tree Associaton. Wairnanalo. Hawaii, i,,. 

Gichuru, M.. and K. Mulongoy. 1990. Effect of inoculation with 
Rhizobur, Papplicat-on and liming on eady growth of leucaena 
(Leucueno leucocephallo Lam. de Wit). Pages 72-80 in Maximiser la 
fixation bologique de l'azote pour la production agi i.uoe et forestrire 
en Afnque. lll16me Confyrence dol--e . 7-12 Nov 1988, Dakar, 
S~nrgal, edited by M. Gueye, K.Mulongoy. and Y. Dommergues. 
Collection Actes de Ios, Vol. 2 no. 2, Dakar, Srn~gal. 

Goergen, G., and P.Neuenschwander. 1990. Biology of 
Prochiloneuwus insolitiis (Alam) (Hymenoptera, Encyrtildae). a 
hyperparasitoid on mealybugs (Homoptera, Pseudococcidae): 
Immature morphology, host acceptance and host range in West 
Africa. Bulletin de la socit& entomologique suisse 63: 317-326. 

Gueye, M., K. Mulongoy, and Y. Dommergues (eds.). 1990. 
Maximiser la fixation biologique de I'azote pour- la production agncole 
et forestre en Afrique. Illime Confirence de lssrinr, 7-12 Nov 
1988. Dakar, S~n~gal. Collection Actes de i,. . Vol. 2 no. 2, Dakar, 
S6n~gal. 

Gumedzoe, M.Y., D.Y. Sunu, G. Thottappilly, and A. Asselin. 1990. 
Importance du virus de la marbure du nib et do virus de la 
mosaique jaune du nib6 au Togo. Phytoprotection 71: 85-91. 

76 

Hahn, SK., and R.Asiedu. 1990. Breeding. Pages 21-28 in Cassava in 
tropical Africa: a reference manualir, Ibadan, Nigena. 

Hahn, S.K., K.V. Bai, and R.Asiedu. 1990. Tetraploids 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. AT,,Ibadan. Nigena. 
248 pp. 

Hahn, S.K., F.E. Caveness, K.M. Lema, and R.L. Th6berge. 1990. 
Breeding cassava and sweet potato for pest and disease resistance in 
Afnca. Pages 66-72 in Integrated pest management for tropical root 
and tuber crops, edited by S.K.Hal F.E.Caveness ir. lbadan, 
Nigena. 

Hain, S.K. . D. Vuylsteke, and R. Sweinen. 1990. First reactions to 
ABB cooking bananas distributed in outheasten Nigeria. Pages 306
315 in Sigatoka leaf spot disease, ,.' ban, ', dcited by RA. Fullerton 
and R.H. Stover. Proceediiigs of in liternatir sIworkshop in San 
Jos6, Costa Rica, 28 Mar- I i. 1:989. Intematoi a: Network for the 
Impiov.iment of Banana and Plantain i ,.1). Montpellie,- ..'ce.i 

Hakoda, H., J. Inouye, and N.Q. Ng. 1990. Investigatior on the 
isozyme genotype and KCk> -... ince of seedlings in .'tncan deep 
water nce, Oryzo 1,l.-beirn Ste del. Japanese Journali 'Crop Science 
59(l): 198-199. 

Hammond, W.N.O., and P. Neuenschwander. 1990. Sustained 
biological control of the cassava mealybug Phenococcus mniihoti 
(Hom: Pseudococcidae) by Eprlinocisis lopezi (Hym.: Encyrtidae) in 
Nigena. Entomophaga 35: 515-526. 

Hennessey, R.D., P.Neuenschwander, and T. Muaka. 1990. Spread 
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