


The Internaticnal Institute of Tropical
Agriculture (4} was founded in 1967 as an
international agricultural research institute with
a mandate for specific food crops, and with
ecolugical and regional responsibilities to
develop sustainable procluction systems in
Alrica. It became the first African link in the
worldwide network of agricultural research
centers known as the Consultative Group on
International Agricultura! Research (CGiar],
formed in 1971

14 is governed by an international board
of trustees and is staffed by approximately
150 scientists and other professionals from
about 40 countries and 1,500 support staff.
Most of the staff are located at the Ibadan
compus, while others are at stations and work
sites in other parts of Nigeria and in the
countries of Benin, Comeroon, Céte d'Ivaire,
Ghana, Malawi, Mozambique, Tanzania,
Uganda, and Zambia. Funding for ima comes
from the cciar and bilaterally from natianal
and private donor agencies.

i conducts research, training, and
germplasm and irformation exchange
activities in parinership with regional and
national programs in many parts of sub-
Scharan Africci. ™ e research agenda
addresses crop improvement, plant health,
and resource and crop menagement within a
farming systems framework. Research focuses
on smallhelder croppirg systems in the humid
and subhumid tropics of Africa ond on the
fallowing major food crops: cassava, maize,
plantain and banana, yam, cowpea, and
soybean.

The goal of 174’ research and training
mission is ta improve the nutritianal status and
well-being of low-income people of the humid
and subhumid tropics of sub-Saharan Africa,

Global links. Cosponsored by the World
Bank, the Food and Agriculture Organization
of the United Nations (Fa0), and the United
Nations Development Programme (UNDP), the
ComR is an informal association of over 40
governments, international organizations, and
private foundatians. The CGIar provides the
main financial support for i1 and 17 other
international centers around the world, whose
collective goal is fo improve the quantity and
quality of food production in developing
countrier.,
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The Year in Perspective

Lukas Brader, Director General, in an IITA yam research plot

Agriculture is the foremost component of the
cconomy in stub-Saharan Africa, as with other de-
veloping regions. It has a crucial role to play in self-
sustaining, batanced development of the economy,
which can happen only when people across all
sectors have adequate food and skills to enable
them to do meaningful work.

Sub-Saharan Africa is the only region in the
world where the population increases faster than
food production. The: region’s current 2% rate of
annual growth in focd production, as against the
3% annual growth in population, stems from a
30-year decline in per capita food production.

Al a 49 annual growth rate, however, food
production would be sufficient by the year 2000 to
feed ail the region’s peoples. That level of produc-
tion couli’ also provide work and stimulate other
sectors of the economy. But it must be based on
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"% resource-conserving technolo-
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= ojes, if itis to be sustainable.

E HTA is committed to advanc-
ing sustainable agricultural de-
velopment in the region through
research and related activities,
together with national and inter-
national collaborators. We have
developed high-yielding crops
and ccologically sound technolo-
gies Lo sustain soil fertility and
protect those crops. Signs that we
are working in the right direction
have come from many sources,
including our success in winning
the biennial King Baudouin

Award, most recently in 1994 for

our plantain research.

“Millions of small African
farmers and their families, for
whom plantains are a nutritious

and tasty basic food, will henefit from 1ITA’s ad-
vances,” said Ismail Serageldin, chairman of the
Consultative Group on International Agricultural
Research (CGIAR), who presented the award in
Washington, DC, on 24 October 1994, “This is
truly a milestone contribution toward stemming the
long-term decline of per capita food production in
sub-Saharan Africa.”

The Technizal Advisory Committee to our global
system of 16 CGIAR centers gives the King
Baudouin Award every 2 years to the center which
has produced work with the most promising poten-
tial for impact. HTA has won that award 3 of the 7
times that it has been granted:
¢ In 1986, for the development of maize resistant
to the maize streak virus, the cause of one of the
most economically damaging crop diseases in sub-
Saharan Africa.

o)
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o In 1990, jointh with the Centro Internacional de
Agricuitara Tropical (CIAT), tor the hiological con-
trol ot the cassava mealvbug in tropical Africa,
which threatened to devastate cassava crops across
the continent with its rapid spread.

o In 1994, 1or the development of hvbrid plantain
resistant to black sigatoka, a tungus which causes a
disease that threatens plantain crops

worldwide; and for advances in AMusa \
sencetics which can faciiitate breeding of
new varieties to counter other production
constraints,

All three awards have iccognized work
which retlects an ecologically sound
crop-manacement strategy that minimizes
the need 1o pesticides, and enhances
sustainatnlin m food crop production in
an area ol the world that requires it
urgently.

QOur research on the airborne black sigatoka fungus (at
right: spore trap] will prevent devastation of plantain
crops; while our research into processing of plantain
and cooking-banana foods has generated new interest
(below) in their commodity potential.
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NTA also made important progress in other arcas
during 1994 toward the goal it shares with its part-
ners in sub-Saharan Africa—to improve the nutri-
tion and well-being of Tow-income people through
agriculiral research.,

Crop improvemeni ITA'< breeders advanced
work on crops other
than plantain. Cr I
laborative research
& with national pro-
grams carried many

high-vielding, im-

proved varieties of

CAsSaVA, COWPEa,

and soybean ¢lose

to the stage of re-
lease to farmers.

Registration of new

plaintain and maize

varieties put them
into the public
domain.

Bieeding of
maize for resistance
to the parasitic plant
Striga hermonthica,
and to the stem and
ear borer Eldana

saccharina, made substantial progress.

Cowpea work also showed excel-
lent progress, in improving farmers’
local varieties by introducing resistance
to important pests, diseases, and para-
sitic plants. Nonconventional ap-
proaches to cowpea breeding, involv-
ing biotechnology and wide crossing to
find and incorporate resistance to
postflowering insect pests, got well
under way.

New ground in biotechnology was
broken for sub-Saharan Africa. Close
cooperation with the Nigerian govern-
ment yielded biosafety guidelines for
the country that mark a dramatic first
for the region. Following a year-long
consultative process in which the
guidelines were drafted and developed
jointly, we held a workshop in January
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1995 on the implementation oi the —
biosatety guidelines, which was
attended by senior staft and heads of
relevant departments and research
institutions in Nigeria. Critical sup-
port came tfrom the Stockholm Envi-
ronment Institute and the Biotech-
nology Advisory Commission.

Plant health During 1994, we
continued to advance crop protec-
tion programs with ecologically
sound practices. Our project in West
Alrica with the United Nations De-
velopment Programme (UNDP),
Fcologically
Sustainable
Cassava Plant
Protection
(FSCaPP), tin-
ished its diagno-
sis of plant
protection prob-
lems. The results
of surveys made
with scientists
from Cameroon
and Nigeria and
international
specialists are

i

. . i ; :
Grasshoppers (above) and locusts can lay waste to cultivated
fields. Qur sustainable solution is to use spores of the fungus
M. flavoviride (in solution. at left) in a biopesticide that, in
1994, showed its efficacy in Mali.

With our general mandate for suslainable
agriculture, we cannot confine integrated pest
management research to mandate crops alone,
Pest problems need to be considered in their
entirety. We have thus pursued a novel strategy

the basis for z to control the most serious grasshopper pest in
activities of 3 the humid forest zone of Afiica, the “elegant”
researchers, 2 grasshopper (Zonocerus variegatus).
extension work- "~ In 1994 we greatly enhanced our ability to
ers, and farmers in the next few years which will produce spores of the fungus Metarhizium
promote envirenmentally sustainable practices. tlavoviride, which has demonstrated effective con-
An ecologically based strategy in biological trol of the grasshopper. Our yields of spores per
control of the cassava green mite brought success- — kilogram of substrate were increased fivefold and
ful establishment and spread of two predatory mites — mass preduction tenfold; both of those develop-
from Brazil: Typhlodromalus aripo, in 8 sub-Sa- ments considerably reduce production costs. We
haran countries over an estimated 1,500 square improved storage methods of dry spores under
kilometers, and T. manihoti, in 2 of those countries  ambient conditions.
over an estimated 100 square kilometers. Experiments and modcling quantified the grass-
In maize, our scientists confirmed the seedborne  hopper mortality caused by spore residue in the
nature of downy mildew disease, caused by the field. Results suggest that spore applications may
fungus Peronosclerospora sorghi. We can now not be needed every year. The effectiveness of this
refine our strategy to control the spread of the dis- fungus in controlling the grasshopper under field
ease, which causes considerable damage in the conditions was demonstraled for the first time in
region. Mali, in cooperation with national program scientists.

3
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Resource and crop management Sustainable
production systems require that natural resources
receive adequate attention in etforts to improve the
productivity and management of crops. HTA scien-
tists have over the years studied how soils become
degraded, especially through changes in the soil
organic matter content, and how vegelation man-
agement can help restore fertility. The aimis to
cnable farmers to maintain soil productivity
through organic processes that replenish soil nutri-
ents and reduce dependence on commercial fertil-
izers.

During 1994, rescarch in soil productivity in-
cluded studies of nitrogen-use efficiency in alley
cropping, as well as competition for nutrients be-
tween trees in the hedgerows and crops in the
alleys. While the nitrogen contribution of the trees
was high (120-250 kilograms per hectare each
year), the nitrogen actually used by the associated
crop was low. The findings suggest that improve-
ment of the management system-—in terms of the
timing and methods of
applying the prunings—
is an issue which de-
serves our attention,

In a fallow manage-
ment study in the forest/
savanna transition zone,
herbaceous legumes
fared betler than trees in
improving soil physical
conditions. That finding
reinforces interest in
those Teguminous cover
crops tor fallowing
purposes. Progress was
made in selecting le-
gumes (woocly, herba-
ceous, and grain-yield-
ing) that effectively
utilize soil mycorrhizac.
Such legumes would
consequently use phos-
pharus efficiently and
could tolerate soils with
a low phosphorus con-
tent,

Studies of the dy-
namics of soil organic

matter continued to focus on how plant residues, as
they decompose, contribute to nutrient uptake by
growing crops. Because farmers remove above-
ground plant residues for use as fodder and
fuehwood, the root residucs serve as the main
source of new nutrients in soil organic matter.
Roots are known to store considerable quantities of
plant nutrients.

A recent study at HTA Tound that roots with a
high nitrogen content and Tow carbon-to-nitrogen
ratio make a good nitrogenous fertilizer. A selection
of roots of agroforestry tree species was “incu-
bated” for two months in the subsoil. The effect on
a maize crop planted in the same field was like that
of a natural fertilizer, in improving biomass yield as
well as uptake of nitrogen, phosphorus, potassium,
calcium, and magnesium by the maize. The infor-
mation from this study deepens available knowl-
edge in this area.

The Collaborative Study of Cassava in Africa
(COSCA) continued analysis of the data it has

Judicious use of trees and herbaceous legumes helps farmers to replenish Sﬁent soils and increase food
production. The ITA/ICRAF nursery at our High Rainfall Station at Cane, s
purpose trees for collaborative research needs.

own here, provides multi-

QU NwULU



DIRECTOR GENERAL’S REPORT.

Agroecological zones
of humid and subhumid tropical Africa

m Humid forest
n Moist savenna
{

Mid-oltitude sovanno and woodlands

! «
C] Dry savanna and Sohel

ITA stations

1" Ibadan, Higeria (headguarters)

2 Onne, Nigeria 5 Mbalmaya, Cumeraon

3 Cotonou, Benin 6 Ferkessedougau, Cte d'Ivaire
4 Kano, Nigeria 7 Nomulonge, Ugando

amassed on factors affecting cassava production
and consumption across the continent. Critical
information has emerged about attributes farmers
want in their cassava varieties, as well as the dy-
namics of the cassava ecconomy. These results can
increase the usetulness of our work in cassava
improvement and utilization.

Equipment was designed at HTA over the past
few vears to improve utilization of crops—includ-
ing chippers, crushers, grinders, polishers, shellers,
and stoves. The results of this highly practical line
of research were disseminated through training in
1994 to farm communities and consumer groups,
such as nongovernmental organizations and small
businesses, which can manufacture the equipment
localtly. The bencefits from different applications of
the equipment were analyzed to guide further de-
velopment.

Training courses created capability in use of
geographic information systems in 14 countries of
sub-Saharan Atrica, while remote sensing tech-
niques were applied by lITA scientists working with
national scientists to complete characterization and
ground-verification of inland valleys in 6 countries.

The Alley Farming Network for Tropical Africa
(AFNETA) and the Soil and Plant Analytical Labora-
tories Network of Africa (SPALNA) were both very
active in training and in dissemination of skills and
information critically needed in African agricultural
research.

Global concerns Global concern about envi-
ronmental conservation at the 1992 “Earth Summit”
prompted the CGIAR to reorganize the research
programs of its centers along the lines of
agroecological zones or regions (“ecoregions”).
[ITA started evolving an ecoregional program for
the humid and subhumid tropics of sub-Saharan
Alrica, to include all interested national programs
and CGIAR centers. |See map of Africa’s
agroecological zones, above.|

HTA recast its program activities into 23 ecore-
gional projects, which will begin operating in
1995. While projects are ecoregionaliy conceived,
HTA will retain its discipline-based divisional struc-
ture for the time being, to sustain professional
perspectives.
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On the budgetary side, the
yedr began tor HTA with the
prospect of a severe financial
crisis, caused by donor reduc-
tions in the tunding which sup-
ports all CGIAR centers. Closer
to- home, our host sovermment
Nigeria introduced a fixed ex-
change rate tor its currency, the
naira. These pressures were
partly alleviated by the devalua-
tion of the CEA franc twhich
helped reduce the cost of HTA'S
operations in the francophone
countries of \West Africa), and by
svstemwide measures taken by
the CGIAR.

Nevertheless, the crisis called
tor severe tactics, including
climination of some staff posi-
tions and postponement of some
recruitment, with adverse conse-
quences to the tow of our work.
\We canall be happy that the
vear ended on a brighter note in
this respect, owing to additional
grants and other income, than
had earlier been anticipated.

Frmers bear the burden of risks;

7
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The CGIAR-wide budgetary
problems of 1994 are part of a
global phenomenon of inad-
equate support for agricultural
development. Reduced funding
for research in recent years has
already borne serious conse-
quences. The weakness of na-
tional research institutions in
sub-Saharan Africa inhibits the
effectiveness of research efforts.
That weakness stems directly
trom lack of governmental sup-
port to the critical agricultural
component of national econo-
mies.

Developed countries support
their agricultural research—and
manitestly benefit from the re-
sults=—to a much greater degree
than do developing countries. In
developed countries as a whole,
agricultural research expendi-
tures represented 2.01% of agri-
cultural cne for the period 1980~
1985. For sub-Saharan countries,
the economies of which depend
so heavily on agriculture, that

, ; . R
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itis up to us fo provide them with the means to succeed.

percentage was 0.54 for the
same period.

The experience of developed
countries shows how agricultural
research can improve economic
development—but only when
research systems are well orga-
nized and adequately supported.
I the global chatlenge to double
food production by the year
2020 s to be met, donor and
recipient governments alike must
play their partwith policies that
encourage agricultural activities,
and with facilities and infrastruc-
ture to support them.

The farmers themselves have
shown they are willing to take
risks in adopting new technelo-
gies to increase their productiv-
ity, when conditions appear to
support success. Itis up to the
rest of us involved to provide the
right technologies and economic
environment for them to
succeed.

BENSON FADARE










Deep roots, many branches, should
make a stable savanna intercrop

Drought, together with competi-
tion from cereals in intercropping
systems, depress yields from cow-
pea in the dry (Sudan} savanna.
IITA, with technical and funding
support since 1990 from the Jo-
pan International Research Cen-
ter for Agricultural Sciences
(JIRCAS), has been developing
improved cowpea varieties with
droughttolerance and greater suit-
ability for intercropping with ce-
reals. The work is taking place
mainly at the Kano Station, in
Nigeria's dry savanna where the
cowpea grain is an important
source of dietary protein for
people and the stems and leaves
are fodder for livestock.

The cowpea appears to rely
on two strategies in adapting to
dry growing conditions. One is
prevention of water loss, through
closure of the stomata or pores of
the leaf surface. The ITA/JIRCAS
team first fested this capacity by
screening 900 cowpea lines for
drought tolerance at seedling
stage, during the 1990/91 dry
season. By 1994 several lines
had been selected which consis-
tently gave good grain yields and
biomass, when grown under con-
ditions of low moisture.

The researchers thereupon
compared the root characteris-
tics of droughttolerant cowpea
lines with those of drought-sus-
ceplible lines, as a test of the
plant’s reliance on a second strat-
egy to survive drought: to take
advantage of greater moisture
availability deeper down in the
soil, by means of a wellbranched
root system. The drought-tolerant
cowpeas indeed had better root
development, in terms of long
and numerous branches, at

greater soil depths than had the
drought-susceptible lines.

Among the best is the cow-
pea germplasm line TVu 11979
[pictured here in comparison
with a drought-susceptible line),
which shows both drought toler-
ance at seedling stage and root
development at later stages.

Farmers in the dry savanna
traditionally intercrop their cere-
als and cowpeas, thereby opti-
mizing their returns from land
and labor resources in the short
growing saason with erratic rain-
fall. The nature of the cereal/
cowpea competition and its ef-
fects on cowpea growth and
yield were investigated. Yield
of cowpea grain was greatly
reduced when a cowpea inter-
crop was planted 3 weeks after
a millet crop, compared with
cowpea planted simultaneously
with the millet.

Besides time of planting, the
number of leafy branches that
the plant developed was signifi-
cantly related with grain yield.
Cowpea intercropped with mil-
let simultaneously, or planted as
a sole crop, developed 4
branches per plant, on average;
while cowpea sown 3 weeks
after the millet bore between
0.5 and 2 branches each. Evi-
dently, shading during the
cowpea's early growth stages
limits branching, and ulfimately
yield.

ITA and JIRCAS are currently
working o combine selection of
droughttolerant, deeply rooting
cowpea lines with good grain
and fodder yields, and other
desirable characteristics, in lo-
cal infercropping systems with
cereals.

DIRECTOR GENERAL’S REPORT
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Leafy branches proclaim the high drought tolerance of
cowpea germplasm line TVu 11979 {top), in compari-
son with a susceptible line in the same field that has
practically succumbed to drought.

9
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Counterattack on two fronts

For 20 years an enemy
of cassava in Africa, the
cassava green mite now
faces formidable barri-
ers in confinuing its dep-
redations, because of ad-
vances in biological con-
trol and host plant resis-
tance.

BioconTroL IITA
biological control re-
search has identified and
established several
predators of the pest in
cassava-growing areas
across Africa.  Surveys
during 1994 which fol
lowed up earlier releases
confirmed the survival of
two mife species of the
genus Typhlodromalus in
West Africa and one
Neoseiulus species in
Eastand Southern Africa.
T. manihoti was found in
Ghana 41/, years after
its initial release. Aston-
ishingly, . aripo covered
an estimated 1,500 square kilometers after only 11 months.
(See “Tide of battle turns against the major mite pest”,
page 42.) In East Africa, N. idaeus was found in Kenya
21/ years after first release and in Zambia, not far from
the Zairean berder, nearly 1 year after release. Predators
from past releases elsewhere are expecied to have sur-
vived and to add fo these successes when confirmed.

Hos~ 2.aKT RESISTANCE IITA breeders achieved a
long-erm b-ecling objective in 19+ 4: cassava genotypes
which combine resiciaice to cassava green mite with other
desired fraifs, such as appropriate agronomic and food
qualities. The results of extensive multilocational festing
showed high levels of resistance. Improved, high-ielding
genotypes with this resistance, and their seed progenies,
were distributed fo 18 national programs in sub-Saharan
Africa during the year,

The mechanisms of resistance appear fo consist in:

* antibiosis {i.e., a part or product of the plant that defers
the mite’s growth and development]

* non-preference (lack of appeal to the mite}

* tolerance of the plant for the mites’ depredations.

¢ 9
-
g

Unblemished, dark green leaves affirm resistance to the cassava green mite of the IITA cassava vari-
efy on the right side. Leaves of the susceptible variety are motiled and the growing tips deformed.

iy

High density of the hairlike trichomes {on the leaf's
lower surfaces and the growing tip of the plant), and greater
length of trichomes, resulted in greater resistance of the
cassava plant fo damage from the mite. The ability of the
plant to “stay green” or retain its canopy under dry condi-
tions, an indicator of drought tolerance, also figured posi-
tively in relation with mite resistance.

Cassava leaves with a high calcium content and low
phosphorus and starch content showed low levels of dam-
age; perhaps indicating greater thickness of cell walls which
could resist the mite. High levels of 5 amino acids (isoleu-
cine, tyrosine, phenylalanine, glutamate, aspartate) in the
leaves were also associated with reduced damage.

The research indicated that genes which control cassava
green mite resistance are independent of genes for resis-
tance to cassava diseases. Hence, genotypes can be
selected for disease and mite resistance traits separately
and crosses made between the cultivars for multiple pest
resistance.

MOYO BOLARIN
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tions in reducing damage to maize.
* Success in rearing e\olic parasi-
toids Cotesia sesamiae and C.
tlavipes on stem borer Sesamia
calamistis reveals a promising new
pestparasitoid association.

¢ Postrelease studies of Teretrioso-
W1 nigrescens, a predator of the
Larger grain borer (Prostephanus
truncatus) previously released by
GTZ in Togo and dispersed into
southwestern Benin, showed that
the predator was spreading rapicly.
Data from pheromone traps and tra-
ditional maize stores demaonstrated
impact on pest populations.

INTEGRATED STRIGA CONTROL Prom-
ising solutions in habitat—and par-
ticularly soill—management are ex-
plored in this multidisciplinary ap-
proach to control Striga species and
other parasitic plants.
* About 130 chemical compounds
from both hosts and non-hosts were
tound to be active in seed germina-
tion of Striga species. They were
isolated and will he tested for use,
ultimately, in rapid screening sys-
tems.
* The role of people in dissemina-
tion of sced of Striga species (in
mixtures with crop seedy was clari-
fied.
* Non-host screening technology
was greatly simplified and became
available to national programs.
Building on carlier progress and
use of a standardized artificial field
infestation technique, HTA maize
breeders increased levels of resis-
tance to the parasitic plant Striga
hermonthica, in both hybrid and
open-pollinated maize cultivars. Re-
sults from 1994 trials under Striga
infestation show that grain yields of
some open-pollinated cultivars
(populations and synthetics) ap-
proached those of the most resistant
hybrid in ITA"s anti-Striga arsenal.
Besides their encouraging yields,
the new maize cultivars showed im-
provement in the capacity to reduce

[2

emergence of Striga plants above
ground. ITA has, since 1993, re-
doubled its eftorts to select maize
with this trait, in order to reduce the
amount of Striga plants that tlower
and add their seed to the soil. The
capacity to activale—or, conversely,
to discourage-—the germination pro-
cess in Striga is controlled geneti-
cally,

I M FOR LEGUMES From 1995, the
special project Protection
écologiquement durable du niché
(PEDUNE) will become part of the
larger HTA project on IPM for le-
gumes.

o lsolates of Bacillus thuringiensis
from Aubum University were highly
effective in Killing first instars of the
pod borer AMaruca.

o Parasitoids of Megalurothrips spp.
from Malavsia were taken to
Wageningen Agricultural University
for qquarantine testing. First offspring
on Al sjostedti showed promise tor
usefulness of this new association,

e Sclerotia of Daculiochaeta ply-
cines were detected on soybean
seed obtained from pods intected
with red leaf blotch, indicating a po-
tential for seed transmission.

IPM for Musa Parallel activitics
are being conducted in the East Afri-
can highlands on banana, under the
East and Southern Africa Regional
Center (ESARC), and in lowland
West Africa on plantain.,

* Completion of characterization
surveys on banana in Uganda en-
hanced understanding of pest distri-
bution and damage severity.

* Sigatoka/plant ineractions sup-
gested that rescarch on stations
should move to farmers” fields, pref-
crably in “benchmark” sites.

o Fungal pathogens effective against
banana weevil were identified in
laboratory studies and were tested
for field-persistence and possible
delivery systems.

Biocontrol

Biological control is achieved either
through introduction of beneficials
against pests in the farming system,
or through application of indigenous
fungi, as tested against locusts and
grasshoppers. The latter project, in
collaboration with many institu-
tions, will soon he expanded to
most of Africa.

All biological control activities
against the cassava green mite and
the cassava mealybug have heen
combined with the project on Eco-
logically Sustainable Cassava Plant
Protection (ESCaPP) and other
smaller special projects and are re-
ported under IPM.

e For the first time, control of
Sahelian grasshoppers by the fungus
Metarbizium tlavorice was demon-
stratedt in Mali.

» Mass production rate of the fun-
gus AL tlavoviride was increased
tenfold. Yield of Al flavoviride
spores per kilogram of substrate was
increased fivetold. Consequently,
costs of formulated spores plum-
meted from $40 to less than $8 per
hectare. Storage of dry spores was
improved so that spores remain vi-
able for several months.

o Experiments and subsequent mod-
elling demonstrated impact of spore
residue (i.c., pest mortality) in the
field. Consequently, spore applica-
tions may not be needed every year.
o The parasitoid Anagyrus
mangicola was finally established
among the last high mango mealy-
bug infestations in Benin, namely
those in big towns, particularly in
the north. That parasitoid has in-
creased the impact of the previously
established, coexisting
Gyranusoicdea tebygi,

* Two serendipitously introduced
parasitoids of the spiralling whitefly,
Encarsia ¢haitiensis and £,
guadeloupae, were found to have
improved whitefly control after hav-
ing spread throughout Benin.

For full spellings of abbreviated names, see inside of back cover.
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CONSORTIA of international and na-
tional rescarch and development
groups have evolved in recent years
around spedific issues and areas of
concern. During 1994, RCMD par-
ticipated in the development of
three ecoregional initiatives:

* Global Initiative on Alternatives to
Stash-and-Burn awith ICRAF the co-
ordinator and IITA responsible for
the Congo Basin henchmark area)

¢ Inland Vallev Consortium (with
WARDA as leader and IITA a con-
tributor in characterization and GIS
applications)

¢ Ecoregional Program for the Hu-
mid and Subhumid Tropics of Sub-
Saharan Africa iwith ITA the con-
vening center),

BENCHMARK AREAS arc geographical
areas that are defined according to
important prob.iems and opportuni-
ties for specific research domains.
They are large enough 1o capture
the essential biophvsical and socio-
cconomic characteristics. Research
partners, including development-
oriented NGOs, can collaborate in
benchmark areas to enhance results
and avoid duplication (described in
“New research partnership in the
moist savanna”, page 28).

In Cameroon, IITA and the na-
tional agronomic research institute
defined and characterized a bench-
mark area of 15,000 square kilome-
ters in the forest margins, which rep-
resents a resource-use gradient that
extends from hunting and gathering
in remote Torest communities to in-
tensive production in urban periph-
eries.

Resources invested in diagnostic
studies and applied technology de-
velopment in benchmark areas in-
creased, while resources for charac-
terization of agroecosystems were
reduced, in ITA’s resource and crop
management research activities.
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Moist sAVvANNA \With concentra-
tion on the northern Guinea sa-
vanna, research themes were:

o agroecosysteny diagnosis. Data
were analyed tor a T4-country char-
acterization study. Results from
Central Africa showed the impor-
tance of market access for tec hno-
logical innovation in farmers” lives,
» <oil productivity. (See “The year in
perspective” which precedes these
highlights.)

o vegetation management. A com-
puter-based “expert system” for se-
lection of feguminous technologics,
LEXSYS 1, was published and dis-
tributed among collaborators in re-
search on sustainable, cereal-based
cropping systems.

e cropping systems. The proportion
of nitrogen fixed by soybeans in the
soil ranged from 14% to 60%, de-
pending on cultivar. (See “Natural
technologies Tor sustainable food
procluction” on page 33.} Regarding
Striga control, soybean performed
well on Striga-infested fields.

Humib FORECT The program devel-
oped a concept for protecting fragile
forest ecologies and improving
farmer welfare, through cultivation
of short-fallow systems and diversifi-
cation in forest products. Rescarch
themes are:

* agroccological dynamics. Forest
clearing had an immediate adverse
effect on soil biota, such as earth-
worms and termites, which are vital
elements in sustainable
agroecosystems. Effects of burning
off unwanted vegetation, a prevalent
farmer practice, were analyzed in
relation with soil chemical and
physical properties, and subsequent
crop growth.

¢ development strategies. Studies of
alternatives to slash-and-burn
agriculture showed that diversifica-
tion in non-timber forest products

will not be easy Tor forest-zone
communitics to develop, owing to
insutficient local demand and high
marketing costs.

e <oil and plant management. Re-
search on the problem weed Chro-
molaena revealed that shading and
targeted slashing may be used 1o re-
duce its competition with crops.
First results of a trial for improve-
ment of soil organic maller content
showed that mulches can do as
much for root growth as liming.

o production systems. Alley crop-
ping research confirmed that there is
a need for a short fallow period,
even for land under alley cropping.

AGROECOLOGICAL STUDIES A mono-
graph was published on ITA meth-
odology for characterization of in-
land valleys, based on remote sens-
ing imagery (described in “Zooming
in on backyard resources,” page
243 HTA helped establish GIS capa-
bility in 14 countries by means of a
workshop, provision of hardware
and software, and follow-up training
in-country.

New direction

New director of the Plant Health
Management Division is Peter
Neuenschwander, entomologist,
who succeeds fellow entomologist
Hans R. Herren. Founding director
of ITA's Benin Station and Biologi-
cal Control Center for Africa at
Cotonou, Benin, Dr Herren left HTA
after 15 years of service to become
director of the International Center
of Insect Physiology and Ecology
(ICIPE).

Doyle Baker, cconomist, was ap-
pointed director of the Resource and
Crop Management Division. He
succeeds fellow economist Dunstan
S. C. Spencer, who left IITA in 1993
after 7 years as RCMD director.

For full spellings of abbreviated names, see inside of back cover.



New
Musa from
Africa

FROM VISION TO REALITY
Africa’s hybrid to beat the sigatoka scourge

Deep in the river delta country of plant genetics that open new ways the hybrids were developed with
southeastern Nigeria, at HITA's Onne  to overcome other production disease resistance and with high and
rescarch station for tarming in the hurdles—the triumph is the breed- stable fruit yields. That was only half
high-rainfall tropics, a handful of ing of plantain hybrids with sced the time which the researchers had
researchers “did what the experts from a sterile crop, an incredible set themselves to achieve their ob-
said could not be done,” in the feat which has not yet been jectives. And that about halves the
words of one well-wisher. In their matched in 75 years of effort else- expectation of 8-12 years for devel-
hands, the ingredients of good s¢i- where in the world! oping a new cultivar of most food
ence—inspiration, sound knowl- And on top of that, in anincred-  crops.

edge, judicious risk-taking, and ibly short time—wwithin just 5 years,

good uck-——were combined in
the right measures to produce hy-
bridt plantain-banana cultivars for
African farmers that can resist
black sigatoka, a fungal discase
that is one of today's worst
threats to plantain and banana
crops worlchwvide.

The development of the high-
yiclding hybrids brought IITA the
1994 King Baudouin Award, for
the most outstanding achieve-
ment in international agricultural
rescarch in the past 2 years. The
new resistant hybrids can be re-
feased to farmers after trials are
completed among the 10 coun-
tries currently testing them. They
are expected to replace existing
susceptible and lower-yielding
varieties within the next decade.

Of all the high points that
characterize this award-winner—
the tens of millions of consumers
who will benefit, the miniscule
investment in rescarch (US$2
million), the new insights into the

Plantain afflicted with black sigatoka can reduce yields to virtually nothing, as IITA scientist
Rony Swennen and o Nigerian farmer noted in 1988.

WILLAM CAMPBELL



NEW MUSA FROM AFRICA

Threat The black sigatoka discase
itselt grew to threaten plants of the
genus AMusa falmost all plantain and
banana cultivars; worldwide within
the short time of 30 years. Caused
by the fungus Atvcosphacrella
tijiensis Morelet, the disease was
whence it spread to other Pacific
lslands, Asia, and—10 vears laler—
Atrica and Central and South
America.

Spores of the tungus are dis-
persed by wind and waler, so no
tropical place on carth is beyond
their reach. The fungus establishes
itsell in AMusa leaf tissues and causes
brown streaks (o appear. They
spread and turn black, finally cover-
g end destroving the leat. (See
photos, overleat.)

This necrosis can destroy most of
the Teaves of a plant and sharply re-
duce photosynthesis. As a result, the
plant can produce only small
bunches of truit. An infected planta-
tion can lose one-third to one-halt
of its expected harvest. That threat
to the economy and nutrition of Af-
ricans south of the Sahara is a se-
vere one: an estimated 70 million
people in the region consume the
crop as one of their staple foods.
The gross value of plantain and ba-
nana harvests in sub-Saharan Africa
exceeds that of other staples such as
maize, rice, and cassava.

All plantains traditionally grown
by West African farmers are suscep-
tible to the discase, as are many of
the most widely grown bananas in
castern Africa. Fungicides can arrest
the spread of the scourge, but their
cost puts them well beyond reach of
the African smallholders who grow
and consume the crop. The risk of
environmental contamination
through long-term use also argues
against reliance on chemical means.
Itwas clear from the onset that the
only satisfactory solution would be
development of “iscase-resistant
cultivars.

16

In Africa,
black sigatoka
was first detected
in 1974 in Zam-
bia, southern Ar-
rica, by FAQ ex-
pert Roman
Racmahkers. In
1980) it was re-
ported in Gabon,
on Central
Africa’s west
coast, where it
may have heen
introdluced some
years carlier with
planting materials
imported from
Asia. The disease
spread from
Gabon to its
neighbors
Cameroon,
Congo, and Zaire,
In 1986, lITA
aAgronomists
George Wilson
and Rony
Swennen discov-
ered the charac-
teristic leaf spots
on plantain in a Nigerian farmer’s
field, which were contirmed to be
symptoms of the dreaded disease by
pathologist lvan Buddenhagen.
Shortly therealter positive reports
from farther west in Ghana and Cote
d’Ivoire attested that black sigatoka
was becoming pandemic.

Any new disease that threatens a
staple food crop in Africa warrants
concern carly on, hecause disease
can spread rapidly under tropical
conditions and because any threat
to the subsistence of farmers and the
urban poor can escalate into eco-
nomic catastrophe. Early in the
1980s African governments began
encouraging lITA to start a cam-
paign to control black sigatoka. ITA
was well placed to do so, since Wil-
son had begun plantain rescarch in
1973 together with Edmond de

Pollination of female plamain at ITA station at Onne, Nigeria,
by staff member John Echoi.

Langhe, a former plantain re-
searcher in Central Africa, as a spe-
cial project in cooperation with
IFAD, Ghent University (1973~
1976), and Catholic University of
Leuven (1976-to date); the latter
two collaborators with Belgian gov-
ernment funds. They convinced IITA
management to undlertake the work
and laid down the research strategy
for years to come.

New breed 1n 1987 IITA accepted
the responsibility of breeding plan-
tains and cooking bananas for Africa
with resistance to black sigatoka dis-
case. Work on Musa genetic im-
provement had commenced the pre-
vious year with crosses between
plantains and wild banana. The goal
was to build into the plant, over a
10-year period, black sigatoka



resistance and other characteristics
that could overcome its worst prob-
lems among, discases, pests, and en-
vironmental stresses, and produce
high vields with preferred cooking
qualities.

A tallback strategy was also
adopled, to promote a substitute for
consumers should the disease re-
duce the supply of plantains before
resistant hvbrids could become
widely available. Cooking bananas
that were already resistant to the
discase were introduced from the
INIBAP transit center at the Catholic
University of Leuven and propa-
gated rapidly, with INIBAP support,
in small plastic containers. They
were oftered as planting material to
Nigerian farmers and organizations
together with advice and demon-
strations on how to prepare accept-
able dishes trom the fruit.

The success ol the enterprise
seems clear in retrospect, but in the
making it was an unconventional
and risky venture. It is a story of
people and place—the scientists
who pursued their vision, in a par-
ticular environment that had its own
advantages and stresses.

Wilson, Swennen, and tellow
agronomist Paul Devos, the Tirst
plantain rescarchers at HITA, had jo-
cused on questions of crop manage-
ment and crop physiology—what
made smallholder farming of plan-
tains ccologically sustainable? Why
would large-scale plantations rap-
idly lose productivity? The agro-
nomic understanding they devel-
oped, of local plantain farming sys-
tems and farmers” needs, and their
physiological knowledge of the
plant, provided a solid foundation
for the breeding program which
evolved in response to the growing
threat.

Devos and Swennen studied the
taxonomy of plantains and bananas
and collected Musa germplasm from
late in the 1970s. Difierent AMusa
types have been cultivated in Africa
for more than 2,000 years. They
have evolved into ditferent cultivars
or “landraces” in particular areas or
locales, partly through selection of
preferred food qualities by the farm-
ers growing them.

This “farmer-guided” evolution
has also virtually eliminated the fer-
tility or seed-bearing capacily of

Tissue-cultured Musa crosses in the laboratory at Onne station, held by IITA technician

Leonard Oragwa
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temale plants of most o the
landraces. Seedlessness makes them
casier 1o eat, but extremely difficult
10 breed. By 1986 the IITA collec-
tion included 113 landraces, almost
all those known 1o exist worldwide.
Fortunately, some of thenmy were ca-
pable of producing enough seed o
use in improvement breeding,

Wild or cultivated hananas
which already exhibited discase re-
sistance were selected as males for
crossing with the seed-fertile fe-
males. Pollen from the selected
males was applied to the flowers of
the newly opened bracts of the se-
lected females (see photo, opposite)
in experimental plots at Onne sta-
tion, in a schedule designed to fertil-
ize flowers at their most receplive
time for selting seed.

Plantain females were selected
as parents for their high tertility, for
their seed-producing capacity. The
most frequently used male parent
was the wild banana “Calcutta 47
(Musa acuminata subspecies
burmannicoides). It produces large
quantities of fertile pollen. It has a
high level of black sigatoka resis-
tance which it readily transmits to
its progeny.

The use of Calcutta 4 as parent
stock was a radical departure from
conventional practice—it is not cul-
tivated, nor is it improved, and it
produces small, inedible fruits. UIt-
mately, the wild Caleutta 4 did not
transmit inferior fruit qualities to its
progeny. The success with Calcutta
4 as a parent deposed the prevalent
theory that the poor fruit ize, or any
other characteristic expressed by the
wild male parent, would necessarily
be transmitted to its progeny.

Speedy solution Time was al a pre-
mium for the rescarchers, since
black sigatoka appeared to be gal-
loping across the region. The tacties
of executing crosses between the
landraces had to be faster than the
usual 2 years hetween generations.

17
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Multilocational trials ot tbadan campus show the effectiv
ITA plentain hybrid {at right), in comparison with a suceptible cultivar (left); happily demonstrated

+

by IITA scientists from Onne {from left: Rodomiro Ortiz and Shaun Ferris).

Application of cellular biotechnol-
ogy, using various tissue culture
techniques, accelerated the pace of
work of the breeding program.

Tissue culture involves labora-
tory work with Atusa germplasm to
a greater degree of precision than
possible in nature. Tissue culture
techniques permit rapid multiplica-
tion of selected stocks, improvement
in sced germination through embryo
culture, and sate movement of
germplasm across nationas borders.
All the genetic material in the IITA
Musa collection could be hrought
into play practicably through tissue
culture.

Tissue culture development fell
to Dirk Vuylsteke, an agronomist
who joined Swennen in 1982 and
became a germplasm enhancer in
the process. By 1984 the tissue cul-
wre fab was fully operational at
Onne. lITA thus pioneered Musa
breeding in a “test tube” environ-
ment.

Onne—the place—also figured
in the constellation that spelled suc-
cess for the venture. In 1979 IITA
transterred its plantain research from

I8

Ihadan headquarters to high-rainfall
riverine country near Port Harcourt,
at Onne, next door to the Rivers
State Institute of Agricultural Re-
search and Training, with Swennen
as the first on-station scientist. The
climate there was better for devel-
oping crops and farming systems
typical of Africa’s humid forest
zone. Located off a service road for
coastal petro-industries, the remote
station was operating without regu-
lar water and electricity supply, and
only radio communications with
headquarters. The annual budget for
plantain research was $35,000.
The operational stresses appar-
ently had a tonic effect, together
with environmental influences on
the plantain and banana plants, and
produced the miracle of objectives
accomplished in half the time esti-
mated. The Onne team observed
that environmental influences at
Onne encouraged seed set in plan-
tain, particularly the 10-month rainy
season each year and a high phos-
phorus content in the soil.
Fertilization and sced set, the
outcome of successful pollination,

eness of black sigatoka resistance of an

15 varies with humidity levels,

total rainfall, solar radiation,

5 and temperature. The re-

" searchers used weather data in
targeting the optimal period for
towering and, consequently,
seed set. Planting dates were
adopted accordingly. They
also found that success in pol-
lination varies with time of
day, as the female sexual part
insicle the blossom changes
shape. The end of the dry sea-
son, just before onset of the
rains, proved the most fecund
time to obtain hybrids.

Seed production succeeded
beyond imagined limits. The
Onne average across the year
was 2.4 seeds per bunch. In
one instance, pollination at
optimal time for tlower recep-
tivity produced a bunch of fruit

with 203 seeds! Such rates could

never have been predicted, consid-
cring that the research record else-
where shows less than 1 seed per
bunch.

Luck, too, played its part, as the
essential companion to scientific
endeavor, in speeding progress at
Onne. The best 14 hybrids were
produced during the period 1988-
1990, with the champion of all the
hybrids, TPMx 548-9, among the
first batch harvested in 1988.

How it happened All that had
driven the accomplishment was in-
disputable, but the theoretical ge-
netics of the process had yet to be
explained. It was vital for future
Musa breeding efforts to have a ge-
netic blueprint for the plantain hy-
bridization. So in 1992, geneticist
Rodomiro Ortiz joined IITA and be-
gan to unravel the complex genetics
of the achievement.

IITA registered its first set of 14
improved plantain hybrids in the
public domain, by publication in
the international journal
HortScience (28.9:957-959, 1993),



for unrestricted use by interested ag-
ricultural rescarch or development
programs. Another set ot hybrids
from the period 1988-1993, suit-
able as breeding stock, was also de-
scribed in HortScience 13001147 -
149, 1095),

In those prolitic 5 vears of breed-
ing work, more than 30 genetic
sources of black sigatoka resistance
were identitied among BTA's collec-
tion of Musa germplasm., HTA re-
search also found 37 cualtivated vari-
eties of plantain that were capable
ot bearing seed, nearly one-third of
all existing landraces—contrary to
the beliet that plantain is a crop dif-
ficult to improve!

Plantain crosses produced
around 10,000 seeds annually, al-

ITA scientist Dirk Vuylsteke with banana farmers in Ugandn,
where he is ITA’s Musa breeder at the East and Southern
Alrica Regional Center ([ESARC) at Namulonge.

though only 40", of them contained
awell-developed, viable embryo.
Test-tube germination of the embirvo
succeeded in 5% 10 307 ot the
cases. In all, HTA researchers man-
aged to establish several hundred
hybrids in the field.

Taste tests, to study the potential
acceptability of the hybrids to con-
sumers, found almost no difference
in taste between the hybrid TMPx
548-9 and the popular plantain
Obino FEwai (its “mother”y; al-
though their fruit color ditiered.

HTA'S partner programs in 9 sub-
Saharan African countries and 1 in
Latin America are collaborating in
field trials of the plantain-banana
hybrids. The continentwide trials are
assessing stability of fruit yields over
successive harvests,
and the durability
of the resistance—
whether the resis-
tance breaks down
OVET SUCCESSIVe
generations.

ITA and each
country program
are devoting re-
searchers, funds,
and material re-
sources for the joint
testing, ensuring
that the benefits of
research meet their
objectives and are
shared. IITA is help-
ing national pro-
grams to develop
their tissue culture
laboratories as well,
which will handle
multiplication and
distribution of hy-
brid planting mate-
rials for farmers,
once the hybrids
have proven them-
selves in the field
trials.

While preparing
for the ultimate use
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of the new hvbrids A has tried to
estimate how ereat the economic
impact o the research might be.
The gross value of current plantein
production in Africa is about

LSS 2.8 billion per year, according
to World Bank tigures. The TMPx
stock can potentially increase that
vield by 2257, taking into account
results trom black sigatoka resis-
tance, carlier lowering, and higher
bunch weight. The annual gross
value of production would thus rise
to about $9 billion, if all the area
currently under susceptible plantain
stock is replanted with resistant hy-
bricls and current prices remain con-
stant,

The total costs to IITA of plan-
tain-hanana hybrid breeding over
the 1988-1993 period, including
scientific manpower and research
support, was $2 million. The gain
from that investment could be $6.2
hillion. So, for every $1.00 invested
in research, the return to the African
cconomy would be $3,100.00. Even
it only half the currently planted
area is replanted with hybrids, the
gain from cach dollar’s worth of re-
search would he $1,550.00. Similar
considerations would apply for Cen-
tral and South America, because the
black-sigatoka-resistant hybrids hold
much promise for cultivation in that
region.

Whatever calculations are even-
tually confirmed in reality, the
drama of the achievement remains
as encouragement for other re-
searchers—to stick to their goals, no
matter what adversity they encoun-
ter, if they believe they have the
right ideas and can translate them
into real steps of progress. That is, in
essence, the story of science itself.

19


http:3,100.00

Tailoring the product to taste

While the plantain-hanana hybrids
have saved plantain from annihila-
tion, HTAis still working on ways to
make the hybrid product and cook-
ing bananas as appealing to con-
sumers as possible. Naturally,
people preter what they have been
accustomed to eating. Can, how-
ever, the flavor, testure, and other
qualities of the new products some-
how be made more palatable?

That's what IITA's plantain and
banana improvement program is
asking itselt. Their postharvest re-
search activities aim to determine
farwhat are the qualities about hy-
brids and cooking bananas that
people tind interior to traditional
plantains; and thwhether those
qualities can be enhanced, so that
the new products are acceptable as
ditferent but desirable toods,

In Ghana, for example, a taste
panel at the Crops Research Institute

"Mus-akara” (fried patties of seasoned cooking banana and cassava medl}, about to be served up by IITA scien-
tist Shaun Ferris, to the family that grew the fruit in an on-farm trial. At left, cooking banana chips are frying.

N

in Kumasi tound that “ ruru” made
with the hybrid is preferred to that
with traditional plantain, because
the hybrid has a smoother texture.
(Furu is a mash or paste which Gha-
naians cook with pounded plantain
and cassava in equal measure.)

In Nigeria, traditional plantain
norms of taste, feel, and look still
prevail. ITA's taste panel at Onne
research station found, in trials dur-
ing 1992-1994, that the traditional
product heads the list in virtually all
tood preparations, although the hy-
brids are considered palatable.

Up market Postharvest researchers
are experimenting with possible
new products from the hybrids:
bread, wine, vinegar, and other
foods as well as soap and industrial
starch. Hybrid plantain chips have
already proved popular in trials.
Basic studies are investigating

!

the physico-chemical properties of
the difierent hybrid cultivars, as well
as the sensory impressions of con-
sumers. Fruit durability (“shelt life”,
ripening, handling/storage aspects)
and palatability (tavor, texture, re-
sponse to cooking procedures) are
the key qualities that breeders will
in future have to develop.

The reseachers aim to draw up a
quality profile for cach of the hy-
brics in comparison with local plan-
tain. Breeders will use the data in
screening new hybrids tor desired
characteristics.

The cooking bananas, too, have
yet to make a broad impact among
consumers. All the selected cooking
bananas outyield traditional plan-
tains, producing heavier bunches
with more fingers. Their shape, size,
and color are, of course, considered
inferior to those of plantain—apart
from issues of taste and texture.

Feedback from
farmers does, how-
ever, hint that the
public can eventu-
ally accept cooking
bananas. Many
farmers themselves
are satisfied to
grew the bananas
for their own con-
sumption. One
farmer reports that
his wife can now
sell his excess pro-
duction at the mar-
ket for hali the
price of plantain;
whereas it had had
no sale value when
she first took it to
market in 1989.

EQUI NWULU



A MUST FOR MUSA PROTECTION
Ecosystems Management

Bananas and plantains are a way of
fife tor many millions of farmers in
the high-raintall areas of topical Al-
rica south of the Sahara. Among the
earliest food crops ever domesti-
cated, they came to Africa over
2,000 years ago rom southeastern
Asia, where they originally evolved.

Such a hroad range of them has
evolved in Atrica, under cultivation,
that the Great Lakes region of east-
e Africa is considered a secondary
center of diversity for bananas, and
Woest Africa a secondary center tor
plantains.

Today, tor an estimated 70 mil-
fion Atricans, bananas and plantains
are consumed in many ditferent
ways as staple foods, composing
more than 10% ol their carbohy-
drate intake. I the humid tropics
across the continent, they are
planted by almost everyone in vil-
lages, towns, even urban peripher-
ios—in hackyard gar-
dens or field planta-
tions of up to | hect-
are in area, mostly
together with other
food crops.

From an economic
and environmental
point of view, plan-
tains and bananas are
vital parts of sustain-
able cropping sys-
tems. Planted on
highland slopes or
river deltas, they help
prevent soil erosion
and provide mulch.
They are also the
most economical
sources of dietary

energy, in lerms of cost per area cul-
tivated or weight harvested. For
most farmers they provide an impor-
tant income source, akin to a bank
accountwhen the need for cash
ATises.

I recent decades, however,
plantairs and bananas have become
more difficult to produce and more
espensive tor consumers to buy:.
Farmers have intensified production
to keep pace with the growing
population, but soils have become
degraded as a result and output has
actually declined in some areas.
Pressure from pests such as banana
weevils and nematodes (which at-
tack the stem and roots, respec-
tively) has accompanied intensified
production.

To fathom the diverse environ-
mental changes that impact the
health of plantain and banana crops
in sub-Saharan Africa, lITA began

rescarch on plant health manage-
ment of Musa in the 1990s.

Needed: eco-understanding 1ITA’s
carlier work on pest problems had
aimed at crop improvement with
resistance to diseases tfor example,
see preceding article on black
sigatoka resistance). The plant
health problematique emerging in
Musa, however, calls for new un-
derstanding of the ecosystems sur-
rounding agriculture, especially the
forces acting on agriculture. The
goal is solutions to pest problems
through biological control and other
practical means, that can be sus-
tained within the dynamics of the
ccosystem.

As a first step, HTA began by in-
vestigating the extent and economic
impact of Musa pests and diseases.
For East Africa, surveys were
completed in 1993 in Uganda to

Bananas are the dominant crop in the farmers’ lives and landscape in the highlands of Uganda.

DIRK VUYLSTEKE



Makirg banana beer: juice from matured,
green beer culfivars is processed by high-
land farmers in East Atrica.

diagnose the pest and disease con-
straints m production
ol highland bananas.
The East African sur-
veys led similar work
in West Alrica, on
lowland production
of plantains, which
began in Ghana in
1993 and Nigeria in
1994,

Basic biological
and ecological re-
search is accompa-
nying the diagnostic
surveys, investigating
the specific interac-
tions and effects of
pests and diseases on
plantain and banana
crops.

DIRK VUYLSTEKE

The current research is evolving
an approach toward the total eco-
system, whereby crops are seen in
the totality of their interrelations
with other parts of the ccosystem.
The aim is analvsis of constraints
and ways to modity them so that
crop production can rise to an opti-
mal, sustainable level,

Plant health research in Uganda
on bighland bananas has already
throv, v some light on the problems
accompanving the declines. First of
all, the crop has long been culti-
vated in a sustainable system in
Uganda. Well-managed stands can
be found that exceed 100 years in
age. In traditional banana-growing
areas, production has declined with-
out clear cause; although part of the
reason appears to be deterjorating
soil fertility (irom intensitied land
use under growing population num-
bers), compounded by increasing
weevil and nematode attacks. Black
sipatoka disease recently arrived in
Uganda.

With traditional landraces in de-
cline, Ugandan farmers have begun
to replace them with newly intre-

cuced types, or such annual crops
as Cassava, sweel potato, and
maize. Similarly, in Rwanda and
Burundi, farmers have switched
some of their hanana production
from highland landraces to newly
introduced cultivars.

In some areas, declining produc-
tion has discouraged Ugandan farm-
ers from expending effort in manag-
ing their highland bananas and
brewing types,

Presumably in response 1o per-
sisting market demand, cooking ba-
nana production has expanded in
other, unatiected areas and has ex-
tended to new areas. The Ugandan
government is very concerned that
the forces behind the decline in tra-
ditional growing arcas do not drive
bananas from the new areas.

Uganda agenda ITA and the
Ugandan National Banana Research
Program (UNBRP) began collaborat-
ing in 1990, with Rockefeller Foun-
dation funding support. The plan
was to complete a rapid rural ap-
praisal of crop health and produc-
tion conditions as farmers perceive

Matooke bananas, mature yet green, are being peeled for boiling or steaming as the preferred stoE|e food
throughout southern Uganda (such as pictured here, at Namulonge) and elsewhere in the Great La

es region.

DIRK VUYLSTEKE
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Residents of @ Rlvers State village in Nigeria want to know about what ails their plon-
tain gardens that don't produce as well as hoped. IITA pathologist Friedhelm Gauhl,
ona duogno:’nc survey of plantain diseases and pests, peels a piece of corm (under-

ground stem} to demonstrate weevil damage.

them, a diagnostic survey, and re-
search on intervention strategies and
technology development. UNBRP
and IITA were responsible for pest
and disease assessment. UNBRP un-
dertook the identification and
taxonymy of the bewildering array
of cultivars under local names.

The rapid rural appraisal and in-
terviews with farmers were con-
ducted at 25 sites in southern
Uganda during 1991. They sought
to determine farmers’ perceptions of
banana production constraints and
management options.

Farmers universally identified
soil problems of declining iertility as
their main production constraints.
They cited banana weevil and ants
(the species Ondontomachas troglo-

dytes Santschi) as the main pests,
without recognizing nematodes and
discases as separate causes of de-
cline. Since most farms had been
reduced to less than 1 hectare in
area, farmers believed that soil and
pest problems worsened under in-
creasing population numbers.

The farmers described the best
management options available to
them as a shift from highland
landraces, including cooking ba-
nanas, to introduced types or to an-
nual food crops. The newer culti-
vars, including beer bananas,
seemed to tolerate soil and pest
problems and require less manage-
ment. With limited cash or labor re-
sources, most farmers felt con-
strained to direct them to cash crops

NEW MUSA FROM AFRICA

{cofiee, horticultural crops). Only
farmers in the most commercial of
growing areas regularly practiced
cultural controls tor banana seevil,
such as trapping or destruction of
crop residues.

The NTA-Ugandan team com-
pleted their diagnostic survey in De-
cember 1993, They collected data
on banana pests and diseases from
24 villages. The results reveal that
banana systems are extremely vari-
able and complex. Maps have been
composed from the data on distribu-
tion and impact of banana pests, in-
cluding weevils, nematodes, leaf
spot discases, and Fusarium wilt.
Analysis of the results and comple-
mentary studies on station and farms
continues into 1995,

The team interviewed farmers to
discuss results emerging from the
survey. The farmers also completed
a quesll()nmnc about their manage-
ment responses to banana pests and
diseases as well as their sources and
treatment of planting material.

1994 the team conducted a rapid
rural appraisal that focused on
farmer selection of cultivars.

With the completion of the high-
land banana survey in Uganda, new
knowledge about the extent and se-
verity of pest damage to different
cultivars enables HTA to begin de-
velopment of control strategies and
technologies. Survey results will be
interpreted in the context provided
by IITA rescarch in related disci-
plines: genetics and breeding, bio-
technology, agronomy, and
postharvest uses.

The disciplinary research is di-
rected toward the development of
sustainable systems of plantain and
banana production and use. The
ultimate vision is a crop that resists
pests and discases and is cultivated
by smaltholders, who use improved
genotypes and practices to produce
high and stable yields.
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ZOOMING IN ON BACKYARD RESOURCES
Satellite Imagery Pinpoints the Potential
of Inland Valleys

Sometimes the path out of a prob-
lem begins close to home. That is
the case with the need to grow more
food in West and Central Africa. Al-
though much of the arable land is
already cultivated and water re-
SOUrces are scarce, sizeable torest
and savann areas semain
underexploited in tarmers” “back-
yards”—in the infand vallevs that lie
along small streams.

nfand valleys hold a rich poten-
tial for food production which agri-
cultural researchers believe can be
unlocked with the right kinds of
technologies. Inland valleys here
refer to the narrowy, shallow valleys
at the upper reaches of watersheds,
HTA is studying inland valleys, com-
prising some 36 million hectares,
which are spread across 14 coun-
tries in West and Central Africa.

In inland vallevs, more water is
available and the soils more fertile
than in the uplands bordering them.
Those conditions are favorable for
intensive cropping. The potential of
inland valleys for production gains
is especially great in the moist sa-
vanna zone, where most West and
Central Atrican watersheds begin,
and where the upland environment
can support only one crop each
year.

Land use is key in identifying ar-
eas of research concern. lITA has
A

developed a methodology
to characterize and map
inland valleys and their
adjacent uplands, accord-
ing to land use, based on
remote sensing data.

High-resolution satellite
images from the American
Land Observation Satellite
with a Thematic Mapper
sensor (Landsat TM) and
the French satellite Le
systéme pour 'observation
de la terrewith a High-
Resolution Visible sensor
(SPOT-HRV) provide the
data for mapping. The im-
ages provide data which
can be interpreted in terms
of crops and other vegela-
tion cover, moisture avail-
ability, the physical char-
acteristics of inland val-
leys, the roads and settle-
ments that may exist,
among other features. HTA
researchers verify the data
through systematic checks
on the ground, or “ground-
truthing.”

[ITA's concepts and
techniques are facilitating
the research activities of
the main international and
national institutions inter-
ested in West and Central
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The Landsat TM image outlined on the map extends
across 3.12 million hectares of (in west-to-east order)
Togo, Benin, and Nigeria. It includes 2 agroecological
zones, as marked on the map: moist savanna (southern
Guinea type; soils are luvisoE) and derived savanna
(or forest-savanna transition zone; also luvisols).



hu.uu-tlllh

In|and valley bottoms are highlighted {and up|0nds b|acked
?the framed area in the

preceding map. Valley bottomland comprlses almost 0.28
million hectares (?%) of the total 3.12 million hectares in
the frame. Land-use data reveal that only 8% of those val-
ley bottoms is being cultivated which tesfifies to the great
potential for i increasing food produchon in those ecosys-
tems. {The “window” is enlarged in the illustration below.)

out) in this Landsat TM image o

Alrican inland valleys. At a meeting
in June 1993, WARDA, France’s
CIRAD, Wageningen Agricultural
University and Winand Staring Cen-
ter in the Netherlands, and national
programs of Benin, Burkina Faso,
Cote d'lvoire, Ghana, Mali, Nigeria,
and Sierra Leone agreed to cooper-
ate with HITA inits holistic approach
to characterization of inland valleys
with remote sensing techniques.

FAO of the United Nations has
proposed extending the work 1o
characterization and classification
of inland valleys in East and South-
ern Africa, using the methodology
that HTA had developed.

The rest of this article describes
how lITA’s methodology helps in
analyzing the production potential
of inland valleys.

Broad in area, deep in details It
became apparent during the 1980s
that infand valleys research needed
the capability to deal with a diverse
range of critical detail over large
areas, in something more than a
case-hy-case approach.

Yet, the approach
had to lead to produc-
tive solutions for the
unique features or
characteristics of cach
inland valley. Very
few of them are alike,
in terms of soil fertil-
ity, water availability,
or local cropping sys-
tems. Research in any
one valley is not likely
to produce results
which would be valid
for another.

To cnable research
results to be effec-
tively applied in a
range of different val-
leys, researchers have
to capture those differ-
ences ina common
frame of reference—a
set of characteristics
broad enough to describe the diver-
sity of features to be found among
them all. Once characterization is
accurate and complete, problems

RESOURCE MANAGEMENT

for research can be detined inways
that are amenable o analysis and
action.

Several practical considerations
suided decisions about how to pro-
ceed with valley characterization.,
First, the technology for mapping
needed to cover a vast arca with a
consistent set of details, to include
measurements of the valley bottoms
and streams, and to show the recent
status of roadways and settlements.
Existing maps, based on topographi-
cal measurements and aerial pho-
tography, were inadequate and out
of date.

Second, the researchers” aim to
help farmers exploit the valleys also
guided their job of characterization.
They needed to discover the reasons
behind intensive development in the
most productive valleys. To do so,
they had to examine land use across
the landscape: valley holtoms,
slopes and fringes, and uplands.

Fortunately, satellite imagery en-
abled researchers to study inland
valleys on a continental scale and in

A window from the Leve! Il image (see above} is enlarged to show land-use classes within
this area of nearly 50,000 hectares. The characterization revedls that cultivation (in grey,
white, and cyan/blue areas) increases with proximity to sefflements and roads {in tan and
navy-blue color-coded areas). {The window here is enlarged in the next image, overleaf.)
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NalHsy bottom area = 330 ha : . :
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A window of 3,370 hectares, from the Level |l image (overleaf), is enlarged to show a total
330 hectares of valley bottoinland and 612 hectares of valley fringes; while uplands have
been masked.

A circle {lower right) within this enlargement represents the area around ground-ruth
site no. 68 which appears in the photographs at right. The white areas inside the circle
represent dense cultivation (currently barren because of the dry season], which appear in
the upper photo of the vallzy fringes. The magenta/red color within the circle represents
grassy uncultivated areas that appear in the lower photo of the valley bottom. Partially cul-
tivated areas in the picture show up as yellow in the satellite image.

1 Significant farmlands, uplands
2 Scatteréd farmlands, uplands:
3 Savanna vegetation, uplands
4 Wetland/Marshland, uplands
5 Dense forest, uplands
6 V.dense forest, uplands .,
7 Significant farmlands, fringes. ;s *.
8 Scattered farmlands, fringes* -
9 Insignificant farmlands, fringes:
10 Significant farmlands, bottoms
B! Scattered farmlands, bottoms
B 2 Insignificant farmlands, bottoms
@13 Water

14 Built—up area or settlements

15 Roads ‘
B 16 Barren land or desert

a rapid time frame. Without the aid
of satellites, the process of compil-
ing such maps would have been ex-
tremely difficult, costly, and time-
consuming,

Each Landsat frame captures
3.12 million hectares (about the size
of Belgium). Each SPOT-HRV frame
covers (.36 million hectares. (Three
of them would cover Jamaica.) Sat-
ellite images are composed of pix-
els, each of which reflects an area of
0.09 hectare (30 x 30 meters) in a
Landsat TM image, or from 0.01 to
0.04 hectare (10 x 10 to 20 x 20
meters) in a SPOT-HRV image. A
single Landsat TM frame ceai.ins
230 million pixels.

HTA characterization methods
call for reproducing the imagery at 3
different levels of magnification:
® LEVEL | FOR AGROECOLOGICAL ZONES
— maps on a continental or
“macro-" scale of, typically,
1:5,000,000 or greater. (See the
general ecoregional map, page 5.)

* LEVEL I FOR REGIONAL AREAS —
maps on a “meso-" scale (ranging
from 1:100,000 to 1:250,000),
which permits discrimination of
some important production-related
factors: land-use patterns, socioeco-
nomic conditions (settlement pat-
terns and roads), valley morphology
(shape, size, slope), watershed fea-
tures. To study characteristics at this
scale, high-resolution (down to
20x20 meters) satellite images are
useful. (Sec the 3 Level-ll images,
overleaf and at right.)

® LEVEL IH FOR RESEARCH SITES — maps
at “micro-" scales of 1:50,000 or
less (on the order of aerial photo-
graphs), for identification of re-
sources which relate to dry-season
cropping. Very high resolution (be-
low 20 x 20 meters) satellite images
are appropriate at this scale.

For regional study lITA research-
ers classified the satellite images in
a scheme of 16 categories of land
use in valley bottoms and fringes,
uplands, and other areas. (See the 3



Ground-truth site no. 68 The lower photograph shows the inland valley bottom ond, be-
yond it, part of its northern fringe. The upper picture shows the northern fringe at close

range. (The photographer’s direction in each case is denoted by the arrows inside the circle

in the satellite image, at left.) The grcssK field in the lower photo is typical of uncultivated

valley bottomland in the entire area of t

e Level Il satellite frame under study. The northern

fringe in the upper photo shows desiccated farmlonds during the dry season.

DS »

images with accompanying legend
in these pages.) The percentage of
land cover afforded by 10 diiferent
categories—including vegetation
such as trees, shrubs, grass, crops—
were also established for each land
use class.

Researchers check the details of
image-based characterization during
ground-truth missions, to a random
selection of sites within the satellite
picture. They correlate the data with
their observations on land use,
canopy cover, width of valley hot-
toms and fringes, volume of the
stream flow, and local water control
systems. They record information on
cropping patterns, habitation and
roadways, and dry-season moisture
availabitity, which may also come
from interviews with local residents.

10

In ground-truthing, researchers
take readings of geographical posi-
tion (latitude and longitude) from
the satellite-hased Global Position-
ing System, in order to
“georeference” their satellite data
with precise geographic coordi-
nates. Wherever available, conven-
tional {topographical) maps of the
particular area can also supplement
the data with observed detail.

Current state 1ITA and collaborat-
ing scientists have used their meth-
odology to produce maps at re-
gional (Level Il) scale and identify
promising areas for “benchmark”
research. (See following ariicle,
from page 28.) Of greatest interest
to the researchers, the characteris-
tics on the maps describe the inland
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valleys and the conditions vital for
agricultural production.

Researchers can, in areas with
characterishics that mark specific
stages or types of agricultural devel-
opment, take benchmark measure-
ments which help them assess the
usetulness of new technologies in
those particular areas, or how the
technologies might he further
adapted to make them useful. The
resuits of benchmark-area research
can indicate the suitability of differ-
ent technologies for farmers in other
inland valleys that share similar
characteristics.

During 1994, IITA researchers
teamed up with ILRI livestock spe-
cialists and WARDA rice scientists
to establish benchmark sites in Ni-
geria for multidisciplinary work in
technology testing over the next sev-
eral years.

IITA rescarchers established the
availability of vast percentages of
uncultivated inland valleys. For ex-
ample, only 8% of all the valley-
bottom areas (280,000 hectares)
shown in the first image (p. 25) has
been cultivated.

Almost all this area can be ex-
ploited for cultivation if appropriate
low-input technologies are devel-
oped for water control. At the same
time, environmental concerns about
biodiversity conservation and about
methane emission from cultivated
wetlands must be addressed, in or-
der to balance people’s needs for
food with quality of life.

Realtime satellite images are cur-
rently used in some valley studies to
gain an idea of the dry-season po-
tential in the particular case. ITA
researchers are exploring possibili-
ties for upland crops to be grown in
inland valley hottoms during the dry
season, when inland valley bottoms
may be the only places with enough
moisture to support crops.

27



New Research Partnership in the

Moist Savanna

Maize markets hboomed in Nigeria
during the 1980s, as farmers in the
moist savanna zone eot hold ot
HTA-improved varieties and fertil-
izer and multiplied their yields. The
madize boom realized the dreams of
the crop breeders—now it is the
turn of agronomists to examine the
sustainability of this phenomenon.
How have tarmers intensified their
crop production? \What improve-
MENts i resource management
technigues would help them make it
sustainable?

To investigate these questions,
carly in the 1990s IITA tocused on
the potential for crop increases in
the northern part of the maoist sa-
vanna zone, known as the northern
Guinea savanna. Conditions there

Small savanna farms have profited from the maize boom, but researchers are concerned that production

practices may imperil the resource base.
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are good for cereals and other me-
dium-duration annual crops. The
annual growing period lasts from 5
to 6 months. Annual rainfall ranges
from 900 to 1,300 millimeters. Solar
radiation is tavorable for cereals, at
more than 500 calories per square
centimeter daily, on average; while
the cool nighttime temperatures
help maize, for example, to con-
serve energy by reducing respiration
rates.

Savanna soils are, however,
sandy and contain little organic
matter or nutrients such as nitrogen
and phosphorous. They compact
easily and form crusts, so that rain-
water runoff erodes the face of every
slope.

As farmers try to coax ever more

crops from the soil, deficiencies of
potassium, sultur, and zinc are
likely to occur. Without fallows to
restore organic matter and plant nu-
trients, soil fertility declines. With
the land under unrelenting pressure,
the parasitic weed Strica hermon-
thica invades sorghum and maize
tields to devastating effect.

HTA has started with several col-
laborators o test new technologies
in two large areas of the northern
Guinea savanna. The work involves
farmers more extensively than ever
before, in assessing the usefulness of
technologics to meet their needs for
modernized agriculture.

Interaction with farmers in large-
scale testing, over the next few
years, is expected to ennance the
screening and re-
finement of tech-
nologies, and re-
duce lead times in
adapting them to
specific farming
conditions. It should
also enable national
collaborators to ex-
pand research rela-
tions with farmers.

Ultimately, in-
volvement of farm-
ers will ensure the
usefulness of the re-
sults and help ce-
ment their commit-
ment in the quest
for sustainable pro-
duction systems.

MOYO BOLARIN



ITA and ILRI researchers discuss with Bauchi farmers what the community would gain by participating in

the technology trials.

Benchmarks With an agenda of
technological development, re-
scarchers need to work with farmers
to take benchmark measurements,
for tracking improvements in the
productivity of technologies being
tested. In 1994 1ITA designated two
“benchmark arcas” in the northern
Guinea savanna with the character-
istic physical and economic features
of the region’s agricultural environ-
ments. In those two arcas, all parties
with an interest in the problems—
including rescarchers, development
agencies, and farmers—began to
adapt HITA technologies to the reali-
ties of the farm landscape.

In the real conditions of hench-
mark areas, researchers can work
out hypotheses to help them deter-
mine what technology can work
where, and under what conditions.
Hypothetically, for instance, farmers
in areas closest to settlements,
roads, markets, or farmlands already
successfully developed, would be
most likely to intensify their produc-
tion in future, using purchased
chemicals or labor. Farmers in
poorly developed areas would need
different types of technology to in-

crease production, depending on
soil and other hiophysical condi-
tions.

The areas for henchmark re-
search are farge enough (10,000 to
20,000 square kilometers) to cap-
ture the diversity in characteristics,
both biophysical and socioeco-
nomic, that typify a region or part of
it. The farming systems, constraints,
and opportunities in cach bench-
mark area have been clearly defined
in a characterization exercise, so
that rescarch results can be applied
fater in similar areas targeted for de-
velopment.

IITA distinguishes two main
drives behind agricultural growth:
cither a population “push” or a mar-
ket “pull”. In “population-criven”
areas, the need to feed more mouths
prods farmers to increase their pro-
duction. n “market-driven” areas,
the possibilities for selling produce
are attractive enough to enable
farmers to increase production.

Next in importance in the char-
acterization is the way in which
farmers are increasing their produc-
tion: either by expanding the area
they plant or intensifying cultivation
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¢ oon existing plots. Both

Z tvpes of characteris-

" tics —what is driving
orowth and how
prowth is taking
place—have a bearing
on the selection of
new technology that
would enhance the
growth process.

Technology needs
are further ditferenti-
ated by the range of
prevailing physical and
economic conditions,

Benchmark arcas have

to be able to provide

clear evidence Tor suc-

cess in technology de-

velopment—which

new crop varieties and

farming practices
would work to improve farm pro-
ductivity, and under what condi-
tions.

Two benchmark blocks were
chosen in different states: one in
Bauchi, the other in Kaduna. IITA
conducted both rapid and periodic
surveys of farmers’ resource flows in
the Bauchi and Kaduna blocks dur-
ing 1994, with help from WARDA
and ICRAF on special topics. The
aim was to collect baseline data for
use in planning technology testing
at farm level and, in future, to assess
the impact of technologies devel-
oped for those areas.

Bauchi In Bauchi, in north-central
Nigeria, poor soil productivity and
poor road access to markets lead to
relatively high prices for inputs and
low prices for the resulting harvests.
Growth in agriculture thus tends to
be driven by population pressure.
Three villages in the Bauchi block
were chosen during 1993 for bench-
mark research into population-
driven growth.

HITA had worked in the area
since 1989 on maize and cowpea
farming systems and postharvest
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technologies, collaborating at vari-
ous times with the Institute for Agri-
cultural Research of Ahmadu Bello
University, Zaria and the Bauchi
State Agricultural Development
Project. In one of the villages,
Bajama, IITA began postharvest re-
search in 1992 with the support of a
local NGO, the Kunsumok Commu-
nity Development Association.
Since 1994, ICRAF has worked with
[ITA to assess the needs for multi-
purpose trees in the area.

Each Bauchi tarmer or farm
worker has to produce, on average,
enough food to support 2 people,
on approximately 0.8 hectare of
land. Women farmers generally
have one-third to one-half less farm-
fand than men have. The subsis-
tence character of life in Bauchi is
revealed in the high proportion
(90%) of their harvest swhich farm
families consume.

Family size averages more than
9 people, varying from over 6 to 13.
The wide difference in farm labor
available to each family will influ-
ence the technology options to be
developed for the various illage
sites.

So great is the pressure on the
land in Bauchi, that only 15% of the
cultivated fields has ever been fal-
lowed. At the same time, less than
5% of the fields is manured. Har-
vested crops are entirely removed
from the fields for threshing, in the
traditional way. No residues are
plowed back or returned as mulch,
except in household gardens. Soil
nutrients are thus exported and not
replaced through fallows or manure.
So, soil fertility inexorably declines,
shrinking harvests.

To counter this decline, IITA be-
gan testing improved ways of rotat-
ing and intercropping grain le-
gumes, such as cowpea, soybean,
and groundnut, with cereals during
1994, as one type of solution in the
Bauchi block. Screening of herba-
ceous legumes continued, while

30

Here in Bauchi, innovative equipment creates opportunities for men and women to share
farm chores.

TOP: The men's knapsack will release its burden of ripe maize, after a tug on the fies
at the bottom. The woman's apron can hold 20 kilograms or more, was tailored locally at
low cost, and is popular with men, too! IITA introduced the cart-and-digger combination
(handle detaches from barrow to expose rake-like tines that help dig up root crops) in
1991 with Ford Foundation support, and it still is going strong.

BOTTOM: Threshing is no longer a dull or heavy job, wiﬁw ITA’s multi-thresher. Now
both men and women want fo get into the act! Postharvest design engineer Y. W. Jeon
shows how o feed it ears of maize to be husked and shelled. Capacity is 500 kilograms
per hour of maize, or lower volumes of grain legumes, rice, or millet, with a 5-horsepower
diesel or gasoline motor.
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Potential sites for benchmark research in the states of Kaduna, Nigeria; northern Guinea
savanna. {Landsat TM path: 189, row:53; northern portion.)

plans were made to test some
agroforestry systems.

A special survey of postharvest
activities and equipment in Bauchi
during 1994 revealed that each
farmer produces an average of 0.21
metric ton of cereals and 0.11 met-
ric ton of grain legumes each year.
The cereals undergo 10 processing
stages at most before they are
cooked for eating, while grain

Cowpea fraders flash handfuls of bills on an energetic dO( in the marketplace of Kasuwan Magani, putting
a focus on the way market access stimulates technologica

Py

fegumes require only 6. From 60%
to 80% of the harvest is ground at
community mills, which are mostly
motorized. Households have their
own manual equipment to grind
small quantities, as needed.

In the eyes of IITA postharvest
researchers, villagers’ needs for im-
provements are highest for maize,
sorghum, cowpea, and groundnut
processing. With the villagers' help

changes in savanna farming.
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they are evaluating the economic
aspects of crop processing, espe-
cially labor use and input costs/ex-
penditures, to compare efficiency of
existing methods with proposals for
new technologices.

Kaduna In the Kaduna-Zaria subre-
gion to the west of Bauchi, by con-
trast, market forces have promoted
agricultural intensification. Farmers
there enjoy better bencefit/cost ratios
for two reasons. Appropriate tech-
nologies (improved maize varieties
and nitrogenous fertilizers) are avail-
able. Road connections to neighhor-
ing villages and proximity to the
Kaduna state capital provide better
access to markets than in Bauchi.

A location to begin market-
driven research was selected in
1994: the village of Kasuwan
Magani. In the selection process this
time, surveys were complemented
by remote sensing applications by
the inland valleys research group
(see preceding story on inland val-
leys; and photo, right). The village
also has the attraction of inland val-
leys which can be cultivated during
wet and dry seasons.

In Kasuwan
Magani, cach farmer
has more than 3 con-
sumers to feed. The
average household
consists of 12 mem-
bers, with less than 4
working farmers. Aver-
age farm size is much
larger than in the
Bauchi block, at 1.5
hectares, distributed
over 13 separate plots.

An idea of produc-
tive capacity was
gained from surveys in
other, similar villages
in the northern Guinea
savanna. Those sur-
veys estimated that
each farmer produces,
on average, a harvest
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of 5 metric tons of cereal crops and
0.1 metric ton of grain legumes.

Kasuwan Magani shows the es-
sential characteristics of market-
driven farm production. Maize and
rice occupy half the planted area,
while fittle sorghum is grown. The
emphasis reveals that the farmers
grow food crops to sell as well as to
consume themselves. While they
grow a greater variety of crops than
farmers in Bauchi, they plant fewer
crops in each field at atime, aiming
at market sale. Hired hands provide
more than half the work required in
all the farm operations.

Prominent among the cowpea
types grown is the local variety,
achishuru. A cash cron, it is planted
carly in the rainy scason and har-
vested 2 months later, without ap-
plication of any agrochemicals. Its
prevalence and timing suggests that
it plays a role in sustaining cultiva-
tion of cereals and other crops in
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ITA, ILRI, and national program staff assess prospects for collaboration
The inland valley bottomland is almost lush with plantain, maize, sugarcane and other crops,
despite the time of year: dry season, in March.

b Tl -

fields which are otherwise not left to
fallow.

Greater use of grain legumes or
cover crops as “fallows,” concur-
rently with regular farming, might
help the farmers of Kasuwan Magani
to boost their harvests. Research
during 1994 included screening of
leguminous cover crops to enhance
soil fertility. Trials of improved
maize and cassava varicties also be-
gan, and cowpea storage. In 1995,
HTA will begin to quantify the nitro-
gen contribution of achishuru in
sustaining soil fertility under inten-
sive cropping.

Partnership The Kaduna State Agri-
cultural Development Project has
assisted [ITA in most of the activities
at Kasuwan Magani. ITA worked
mainly with the Kaduna ADP in as-
sessing the several possible sites
suggested by remote sensing cvi-
dence (see photo) and in making

in Kasuwan Magani.

contacts among local farmers
and communitics. Another Nige-
rian partner, the Minna State
Technology University, has
agreed to start nurseries in 1995,
for the supply of multipurpose
tree species for trials at both
Bauchi and Kaduna benchmark
sites,

Among the international cen-
ters, WARDA and ILRI joined the
group during 1994. WARDA re-
searchers launched joint trials
with farmers while ILRI assessed
possibilities for livestock projects
in 1995,

WARDA teamed up with farm
families in making the selections
for the researcher/farmer-man-
aged trials of 12 improved variet-
ies of rice. Men and women
farmers helped select varieties on
the hasis of yield and general
field performance. Farm women
selected some varieties for their
food quality, based on cooking
and taste tests.

In these ways, to date, re-
searchers have enlisted farmers in
studying how well existing tech-
nologies suit the northern Guinea
savanna, and whether they should
be modified or new ones designed.

IITA with its partners in bench-
mark areas is well-placed to de-
velop technologies for the northern
Guinea savanna. Once an idea is
proved in the field to be an efiective
solution to a crop production prob-
lem, HTA passes the technology to
other researchers in the savanna to
adapt to local conditions.

In this way the henchmark sites
are a focal point for all collaborators
examining the field performance of
technologies in farmers’ cropping
systems. As the need for adaptation
or modification becomes apparent,
each collaborator can contribute
according to its specialties.
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Natural Technologies for Sustainable
Food Production

Natural principles for resource man-
agement should be the least costly
and most reliable means of helping
farmers to overcome soil problems
and increase their harvests. HTA re-
search has focused on three systems
in particular for the moist savanna
zone. They provide technologies
which protect the soil against ad-
verse climatic conditions and in-
crease crop yields.

I 1994 ITA-led research began
adapting them, together with other
technologies, for use in the savanna
benchmark sites:

LIVE MULCH SYSTEMS—

low-growing cover crops are
planted to suppress weeds, prevent
erosion, and fix nitrogen in the soil
which nourishes the food crop that
shares the same field. A live mulch
does not compete substantially with
the food crop. That allows farmers
to improve their soils at the same
time that they produce their tradi-
tional crops.

SHORT-TERM FALLOW CROPS—
tast-growing herbaceous legumes
are planted as ground cover 1o fix
large amounts of soil nitrogen and
smother aggressive weeds. Some
need 1o be grown as sole crops (un-
like a live mulch). Some are relay-
planted with food crops, to mini-
mize competition (see photo of
mucuna, overleaf). Some erect spe-
cies can be mixed with food crops
and not jeopardize the harvest. As a
crop for short-term fallows, they en-
rich the soil with deposits of nitro-
gen that can help improve yields
during the next season.

ALLEY CROPPING (HEDGEROW CROPPING)~
multipurpose shrub or tree legumes
are planted in rows between food
crops. The leguminous species add
nitrogen to the soil, while leaf litter
and prunings contribute organic
malter. The leaves and branches
also provide fuelwood, livestock
fodder, and staking material for
climbing plants. The dense rows

protect the soil against erosion and
the crops against foraging livestock.
Alley cropping is designed to sustain
crop production over the long term,
especially on sloping land.

To these technologies are added
improved crop varicties, and crop
management practices which in-
clude measures to protect plant
health. They are combined selec-
tively, for farmer-managed trials un-
der specific conditions in the bench-
mark sites.

Mucuna One leguminous cover
crop has already become popular in
West African countries where it has
been introduced: “velvet bean”
(Mucuna pruriens; see photo,
overleal), in alternation or relay-
planted with maize.

In Benin, for example, farmers
have accepted mucuna as a short-
term fallow for two reasons. It en-
riches exhausted farmlands with ni-
trogen within only 1 or 2 scasons of
planting. Also, its canopy over-

Farmers in the bench-
mark research area
of Kasuwan Magani
usually remove crop
residues after harvest-
ing and burn the re-
mainder. Erosion and
depleted farmland
are apparent results
here. Farmer-re-
searcher parficipatory
frials need fo reverse
this deferiorating situ-
ation with soil-restor-
ing systems described
above.
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whelms the farmers” old enemy
“speargrass” (Imperata cylindrica),
preventing the new shoots of the
noxious weed from receiving
enough sunlight to proliferate.

The effectiveness of mucuna
hinges on particular conditions and
interactions in the soil, IITA is inves-
tigating how mucuna becomes es-
tablished in inhospitable soils and
how it contributes its nitrogen. This
rescarch explores new territory. The
results should help in reinvigorating
spent soils in the West African sa-
vanna.

Another valuable lesson for re-
searchers from Benin's rapid adop-
tion of mucuna lies in the farmers’
motivation. Farmers were willing to
relinquish traditional cropping prac-
tices when the rewards from adopt-
ing different practices appeared to
be substantial.

In this case, the rewards did not
come immediately with the crop,
but lay in the productivity of subse-
quent food crops. That “delayed”
reward in itself shows that farmers
are ready to take a long-term view
of their risks.

Roots The roots of mucuna, as
with all leguminous species, are in-
vaded by bacteria in the soil known
as rhizobia, which infect the roots
and cause them to form swellings or
nodules. Successtul infection en-
ables the nodules to bind, or fix, ni-
trogen from the atmosphere and to
leave it in the soil as nitrogen de-
posits when the plant dies.

Soil microbiologists at IITA have
suggested that mucuna nodulates
cffectively with the slower-growing
rhizobia of the genus Braclyrhi-
zobium. Fasler-growing species of
the genus Rhizobium are able to
form noclules with mucuna, but they
are ineffective in fixing nitrogen.

After the right rhizobia have
been identified, a puzzle remains
unsolved: what allows a mucuna
crop in one farmer’s field to pro-

i

duce successful nodules with a lot
of nitrogen, while in another field
(or another part of the same farmer’s
field) the nodules on the mucuna
roots have little nitrogen to show?
The specific nature of the relation
between a rhizobial strain and a
mucuna variety needs to be investi-
gated further, so that scientists can
help farmers to realize henefits from
effective use of mucuna.

Apart from the right rhizobial

strain, availability of phosphorus in
the soil also influences how well
mucuna nodulates and fixes nitro-
gen. Insufficient phosphorus limits
the plant’s ability to nodulate and
fix nitrogen.

Where phosphorus is scarce,
farmers may he able to rely on an-
other microorganism, those fungal
associates of rhizobia known as ve-
sicular-arbuscular mycorrhizae
(VAM), which can assist the plant to

A field of ”green old,” as farmers in Benin call mucuna. Farmers value its soil-enriching

benefits an

practices.
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weed-smothering canopy. The rapid, widespread adoEItion of mucuna in
Benin puts fo rest notions that traditional farmers find it difficult o ¢

ange traditional

MOYO BOLARIN



take up whatever amounts of phos-
phorus are available. Again, it is a
matter of identifying those strains of
VAM present in the soil which are
compatible with the mucuna.

The crux, for the scientist and
ultimately for the farmer, is that
enough of the right strains of rhizo-
bia should inhabit the area to be
planted. If the concentration is too
low, it can be raised through inocu-
fation of the mucuna seed with
rhizobial cells betore planting. ITA
researchers helieve that inoculation
is warranted where the concentra-
tion in the soil falls below below 10
rhizobial cells per gram of soil.

Bottom line ' When mucuna and
rhizobia nodulate to best effect, the
farmer can expect to capture from
60 to 200 kilograms of atmospheric
nitrogen in each hectare. This yield
comes from mucuna planted alone
in a field, at 12 weceks after sowing.

When mucuna is planted to-
gether or in tandem with another
crop, it grows less prolifically and
usually fixes atmospheric nitrogen at
a reduced rate (about 40% less than
mucuna grown alone, in recent [ITA
experiments).

In either case, the farmer benefits
from nitrogen deposits which re-
duce his or her need to purchase
nitrogenous fertilizer. For example,
a maize harvest from a field earlier
planted to a mucuna crop was
approximately the same as that from
an equivalent field which had not

benefited from mucuna, but which
had reccived 120 kilograms per
hectare of nitrogen fertilizer.

A mucuna/maize rotation system
can thus help reduce farmers” ex-
penditures, while enabling them to
increase production on the same
plot of land.

A soy solution In separate work in
1993 to test how well soybean
nodulates with the rhizobia which
naturally occur in farmers' fields,
researchers from HTA and NiFTAL
have shown that it nodulates with
cowpea rhizobia and that nitrogen
accumulates in the usual way. The
harvests (of HITA-improved soyhean)
were also similar, whether or not
the seed had been inoculated with
rhizobial spores.

The evidence that the “tropical-
ized” soybean can nodulate promis-
cuously with indigenous rhizobia
rounds out IITA’s pionecering re-
scarch of two decades earlier,
which adapted soybean to the farm-
ing conditions of West Africa. While
local rhizobia have evolved to suit
cowpea, their efficacy with im-
proved soybean has been demon-
strated.

The research also provided the
opportunity to demonstrate that soy-
bean/maize rotation systems are
useful for farmers who can purchase
fittle fertilizer, if any. The results
also show that lITA-improved soy-
bean has a favorable impact on the
yield of a succeeding maize crop.

RESOURCE MANAGEMENT

Maize yields increased after a
soybean crop (see accompanying
chart) even though all the harvested
soybean plants were removed from
the field to be threshed elsewhere,
following local custom. No soy
plant residues were left above
ground which could have served as
natural fertilizer. The reason why
the soybean/maize rotation hen-
efited the maize crop needs to he
studied.

The findings of nitrogen-from-
soybean research need to be as-
sessed with results from work in the
benchmark arcas, as well as earlier
on-farm research, in order to show
how these findings can best be ap-
plied in relation with existing tech-
nologics.

HTA and its national and interna-
tional collaborators have created
options for savanna farmers 1o im-
prove their soil fertility, while in-
creasing their food production. The
available soil-enriching technolo-
gies, together with other innovative
practices for farmers in resource and
crop management, need to he
implemented in sub-Saharan Africa,
as means 1o reverse the regional
trend of declining growth in food
production. The results of adoption
and promise of new findings ensure
that the twin effort to improve food
security and sustain environmental
resources will be part of new
farmer-researcher participatory en-
deavors.



Abundant Future for African Cassava

While food shortages in sub-Sa-
haran Africa regularly capture world
headlines, the good news is that the
yields of new varieties of cassava,
one of the region’s main foods, have
risen in Nigeria al the same time as
populations have rapidly increased,
farming methods intensified, and
market conditions improved.

TA scientists expect that the Ni-
gerian experience can in future be
repeated in all cassava-growing ar-
eas of sub-Saharan Airica—provided

that conditions are as favorable as
those in Nigeria, where farming and
market opportunities have enabled
farmers to adopt the improved tech-
nologics.

This prognosis for cassava comes
as the culmination of a 6-year sur-
vey of cassava production in 15
countries across sub-Saharan Africa.
The Collaborative Study of Cassava
in Africa (COSCA) was organized in
1988 with funding from the
Rackefeller Foundation. COSCA is

based at IITA, which works in the
field with CIAT, the Natural Re-
sources Institute of the UK, and the
national programs of each survey
country.

COSCA survey results can sug-
gest for us the future of cassava be-
cause of their consistency and the
wide scope of conditions they repre-
sent.

Dynamics The essential fact to un-
derstand about the dynamics of Afri-

ERIC TOLENS

Bundles of cash of-
ferings greet ifiner-
ont cassava traders,
“parcolis,” arrivin
in Kinshasa from tEe
Bandundu-Kikwit
region to the east.
Cassava is no less
commercial a crop
than any other, here
in Zaire; a popular
staple for its profein-
rich leaves as well as
its root flesh.



Farmers' use of purchased inputs,
according to their access to markets

On foot
{over 10 km)

Motor vehide
{any distance)

Mechanization
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can cassava production is that cas-
sava is cultivated as a commercial
crop, no longer just as a subsistence
crop. On average, 45% or a bit less
than half of a village's harvest is
sold, not consumed by the grower.
Farmers buy fertilizer and hire labor
to help them produce cassava,
much as they do for other field
crops. The extent of mechanization
in transporting the harvest, and pro-
cessing it, is as high for cassava as
for the others, too.

The consequences of commer-
cialization for cassava root yield are
clearly positive. The more farmers
usc fertilizers for cassava, the grea-
ter its average root yield. The same
holds true for use of hired labor.

Farmers” use of purchased inputs
stich as chemical fertilizer, hired la-
bor, and mechanized services ap-
pears to increase as the farmers gain
better access to markets and cash
returns for their harvests. Hence cas-
sava yields also grow with improve-

ment in farmers” accessibility to
markets. (See chart at left.)

Root yields are, therefore, sub-
stantially higher in areas with high
commercial opportunitics than in
less commercial areas.

Farmers in the more commercial
areas, however, often follow two
counterproductive practices that
work against high yields:

I. They harvest cassava early for

A

sales purposes, before the root has
reached maximum size.
2. They space the cassava at densi-
ties which often are above optimal
for plant growth or yield.
Nonetheless, with all the influ-
ences and interactions taken to-
gether, farmers with better access to
markets tend to produce better
yields.

-,“ . . . Y

These farmers in southern Benin, who live close to markets, have not permitted their cas-
sava roots to “bulk” or fill out to the maximum extent possible, preferring to plant their crop
at a high density in the field and to harvest it early for sale. This pattern is typical of many
farmers continentwide who enjoy good market access.
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Malthusian  The Malthusian apoca-
lypse is not borne out in the COSCA
analysis of how population pressure
actually impacts on cassava yields.
Population density as well as
cassava varieties may differ from
place to place, but the cassava yield
across the sub-Saharan region has
stayed ata consistent average level.
COSCA has calculated that general
average to be 11.9 metric tons of

Mostly light-skinned cassava roofs are on display in many Ni-
gerian markets, reflecting the growing prevalence of improved,
high-yielding variefies that have spread throughout the country

during the past 20 years.
2t ‘ :

Rl

fresh roots per cultivated hectare.

The reason why the gross cas-
sava yield stays much the same,
across areas experiencing ditferent
population pressure, becomes clear
with an understanding of how farm-
ers intensify their use of the land.

First of afl, increases in popula-
tion density force farmers to make
changes in their production system.
They adopt new farming practices in
order to enlarge
their cassava har-
vests from a given
land arca. They re-
place traditional
practices with new
ways which in-
crease their produc-
tivity, intensifying
their systems in a
modernization pro-
cess.

Under pressure
to feed more
mouths with each
harvest, Nigerian
farmers have cur-
tailed their practice
of fallowing fields as
ameasure 1o restore
fertility. However,
they have also taken
up other, beneficial
practices—such as
grazing of livestock
and use of the or-
ganic manure sup-
ply to fertilize their
cassava fields.
Farmers appear to
manure their cas-
sava fields to a
greater extent in vil-
lages with high
population density
than in less popu-
lated villages. (See
chart, above.)

Another sign of
intensifiec land use
shows up in the
practice of burning

Farmers' adoption of productivity-
enhancing practices, according to
demographic pressure

POPULATION DENSITY
High Low

Organic manuring

- 16

Livestock grazing
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63 46
Bush burning

EREYes [No

stubble or fallow growth (the
“bush”) to prepare the land for new
cultivation. Bush burning is a means
of clearing land and fertilizing it
with the residual ashes that declines
as population density increases, as
fields are no longer fallowed, and as
other signs of agricultural intensifi-
cation materialize.

Organic manuring in itself is not
enough to raise yields in densely
populated villages, because of the
counterproductive plant densities
and early harvests of cassava which
are popular with farmers under the
pressure to intensify.

So, while increases in population
density do not directly raise or
lower cassava yields, many other
changes occur as a result in the cas-
sava production system which can
help to raise yields.

Showcase COSCA researchers
view Nigeria as a test case which




Cassava root yield, of local and improved genotypes in Nigeria,
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shows that farmers will, when con-
ditions permit, replace their tradi-
tional varieties with new, high-
yielding varieties that meet their
needs. COSCA discovered that
some farmers had planted improved
varieties in 90% of the Nigerian sur-
vey villages, while many or most
farmers were growing them in
nearly 60% of the villages. The re-
sulting increase in the national har-
vest from the greater yield, it has
been calculated, can feed an addi-
tional 27 million people.

High yields are the chief attrac-
tion—generally 50% more, or
one and one-half times the
yield of local varieties. The
notion of “yield” requires
some scrutiny here, however;
what market-oriented Nige-
rian farmers like about the im-
proved varieties is that the
roots bulk or fill out faster
than those of local cassava.
The improved root attains its
peak weight at around 15
months after planting, while
the traditional type can take
up to 24 months. (See graph,
above.) If time in the ground
were not important to farmers
eager to sell their produce,
they would find little to
choose between the final peak
weights of the two types.

Improved cassava became

available in Nigeria from the mid-
1970s. TA’s philosophy, as es-
poused by S. K. Hahn who devel-
oped most of the improved varielies
being cultivated in Nigeria, was to
breed varieties which would pro-
duce high yields for ordinary farm-
ers. They could not afford to pur-
chase much labor, pesticides, or fer-
tilizers. ITA’s improved varieties
could therefore approach their full
yield potential in the existing farm-
ing systems.

In 1971, lITA began to breed
cassava for high root yield together

_CASSAVA PROSPECTS

with resistance to two devastating
discases: African cassava mosdic
virus disease and cassava bacterial
blight. By 1974, IITA and Shell Pe-
troleum Development Co. of Nige-
ria Ltd. joined forces to enlist farm-
ers 1o help test the improved, high-
yielding cassava varieties in their
fields.

Nigeria's improved cassava can
be said to date from this time. Nige-
rian breeders, at their own research
institutes, have since that time been
able to select high-yielding, pest-
resistant varieties adapted to local
growing conditions from a range of
breeding materials, in order to rec-
ommend the best varieties to be re-
leased to farmers through the exten-
sion system. Many of the improved
breeding materials originated from
lITA.

HTA has continued to endow
cassava with other desired features
and make new genotypes available
to national programs throughout
sub-Saharan Africa, from which se-
lections are made of varieties suit-
able for local growing environ-
ments. HTA breeders are developing
what some have dubbed the “super

ITA researchers have developed the so-called ”suFer cassava” with multiples of the normal chro-
mosome count, which enhances the possibilities o
’&‘L ML = mee N ST il

further genefic improvement of the crop.
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cassava:” varictics with multiples of
the normal chromosome count. The
additional chromosomes, generated
by crossing regular cassava with
wild species of the plant, enhance
the possibilities of further genetic
improvement of the crop.

Oil helped The spread of improved
varieties throughout the country
since the 1970s was possible be-

Mechanized grating of cassava enables growers to produce more
of the crop than they did when they depended on manual grating.
Cassava &rmers are always limited in what they can produce by
their capacity to process the fresh roots, which spoil soon ofter

arvest,

cause of Nigeria's petroleum-based
economy, unique among the large
African countries, and its domestic
stability after the 3-year civil war
ended in 1970.

Among the other countries
which COSCA surveyed, Cote
d'Ivoire, Ghana, and Tanzania like-
wise enjoyed peace and stability at
the same time, but were plagued
with various economic adversities.

The foremost
problem was
poor prices for
their primary
exports (cocoa,
coffee, colton,
sisal), which be-
gan to slide in
1975. Nigeria,
on the other
hand, could af-
ford to build in-
terstate high-
ways and ex-
pand higher
education and
research institu-
tions, all of
which fueled
agricultural de-
velopment.
Availability
of petroleum
products un-
doubtedly pro-
moted the de-
velopment of
€assava Process-
ing technology
in Nigeria as
well. More than
two-thirds of the
cassava harvest
“is consumed in
different pro-
cessed forms,
which allow the
staple to be
stored and
transported con-
veniently. For
example, farm-

ers in half of Nigeria's cassava-pro-
ducing villages have their cassava
grated by machine, a key improve-
ment in processing gari, a popular
torm of cassava meal. By contrast,
only 15% of Ghanaian villages have
mechanized their grating, while
none of the survey villages in other
countries have done so.

In 1986, Nigeria’s National Seed
Service began distributing improved
cassava planting materials. Within 3
years they had supplied enough ma-
terials to the state agricultural devel-
opment projects (ADPs) to plant

A COSCA cameo
COSCA conducted three different

surveys of cassava production and
processing aspects, from 1989 to
1992, in West Africa (in Céte
d'Ivoire, Ghana, Nigeria), Central
Alrica (Zaire), and East Africa
(Tanzania, Uganda). Together those
countries produce about two-thirds of
Africa’s cassova and represent the
range of climatic and economic
conditions that govern cassava.

The study was expanded in 1991
to include another 9 countries, whose
surveys were completed in 1992;
Liberia and Sierra Leone in West
Africa; Cameroon and Congo in
Central Africa; Kenya, Burundi, and
Rwanda in East Africa; and Malawi
and Zambia in Southern Africa. In
each country, one survey embraced
both production and processing.

Any study of cassava must focus
on the climate, population, and
market system—including facilities
for transportation (by road, river,
railway), storage, and processing—
of the area being investigated.
COSCA created its own maps of
climatic zones, population Jt)ansity,
and market infrastructure of sub-
Saharan Africa, based on data from
standord sources.
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over 9,000 hectares and support
ADPs in setting up more than one-
quarter million demonstration plots
of IITA-improved cassava.

Farmers received improved
planting materials as well from
NGOs, such as religious missions,
UNICEF, and the Nigerian Cassava
Growers” Association. Oil compa-
nies helped in the desire to improve
the welfare of focal communities in
areas where they were extracting
and processing petroleunm. Even
newspapers involved themselves in
the propagation of improved cas-

By overlaying the three maps, researchers could identify zones with
conditions optimal for producing cassava. From the zones in the original
6 COSCA countries, 285 representative production areas were identified
and one village in each was selected randomly. In each village, 3
smallholder farms {none exceeding 10 hectares) were interviewed, one
each according to production level (high, medium, small).

Cameroonian researchers interview cassava farmers at Kiribi in 1992 for COSCA.

.

sava varieties, by publicizing their
usefulness and availability.

Ready? 1t Nigeria's experience
holds for the rest of sub-Saharan Af-
rica, vields of improved cassava va-
rieties can similarly rise, even as
populations increase and farmers
reduce the time they allow their
fields to fallow.

National research programs al-
ready exist which can provide for
widescale multiplication and distri-
bution of planting materials. How-
ever, they lack budgels to support

field operations. Other circuny
stances which gave Nigerian farm-
ers their opportunity must also pre-
vail, to some extent—such as politi-
cal stability, market infrastructure,
and distribution networks that link
farmers with consumers

Alworsl, yields need not fall be-
fow the preseat average levels.
Changes taking place in farm com-
munities encourage new farming
practices which, at the very least,
help to maintain current yields.

MOYO BOLARIN

All the members of the COSCA
study team must feel gratified
that cassava scientists in Africa
are now aware of the aspira-
tions and problems of cassava
producers, processors, and
consumers; and that the scien-
tists are seriously addressing
those issues. | am convinced
that cassava's roles—first and
foremost as a cash crop for
producing households, then as
a low-cost carbohydrate
source for urban consumers
and as food security in vulner-
able areas—will become en-
hanced. The potential of the
crop for improving the welfare
of Africa’s peoples will be real-
ized. Felix Nweke, COSCA
team leader.



Tide of Battle Turns Against the Major Mite Pest

The year 1994 brought new victo-
ries in the war against cassava’s big-
gest remaining pest in Africa, the
cassava green mite. [ITA’s biological
control program confirmed that it
had established, in West Africa, an-
other Brazilian predator of that
originally South American pest and
that the new predator had made re-
markable inroads into the enemy’s
lerritory.

The second Typhlodromalus
mite, T. aripo, joined the ranks of
mite-eating mites that IITA has es-
tablished in Africa. The first preda-
cious mites to be successfully intro-
duced in Africa were T. manihoti
and Neoseiulus idaeus. (See TA
Annual Report 1991.)

The cassava green mite (Mononychellus tanajoa)
causes leaf damage comparable fo the effects of
Alrican cassava mosaic disease, and can reduce crop
yield by one-third or more in high-yielding varieties.

T. aripo survived the move from
a site in its native Brazil to Benin,
where it became established in the
field during 1993 after a year’s ex-
perimentation in rearing the species
at lITA’s Biological Control Center
for Africa. lts fast takeoif in the field
reflects precision in species selec-
tion for the African environment in
which it will perform.

T. aripo appeared to establish
itself and start spreacling outside of
Benin just as easily as inside. During
1994 it was shipped to 8 countries,
to all the major compass points of
sub-Saharan Africa. It became estab-
lished at all locations and showed
signs of spreading within the year.

In another exciting development
outside Benin during the
year, T. manihoti survived
in Ghana for the fiith year
since its release there in
May 1990. It had spread
more than 5 kilometers in
all directions from its
original release field n2ar
Mankesim, covering an
area greater than 100
square kilometers. And in
fields which the predator
had colonized, popula-
tions of the cassava green
mite pest werere reduced
by about two-thirds.
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Front-runner T. aripo
has emerged in 1994 as
the front-running predator
among the 3 mites im-
ported to fight the cassava
green mite
(Mononychellus tanajoa)
from Brazil. It has shown
the fastest rate of spread
from field to field across

broad areas of Benin.

During 1994, from its original
release site to the field where it was
established, thence to the farthest
point it was found, T. aripo migrated
a total distance of 30 kilometers in
Benin. The cumulative total area of
all release sites in Benin over which
it spread is 1,500 square kilometers.
Its rate of spread within a cassava
plantation, once it has become es-
tablished in a given field, is being
studied.

lts efficacy as a predator has also
been phenomenal. The population
of cassava green mites in one of the
release fields crashed by 90%, from
nearly 100 mites per leaf to less
than 10, by the end of the year.
Such efficiency is good news for
farmers, since damage from the cas-
sava green mite generally amounts
to a 30-50% crop loss; the recorded
yield loss ranges from 10% to 80%.

T. aripo has cvidently adapted
itself well to prevailing conditions,
wherever it has been released in the
lowland humid and semihumid
tropics. It inhabits the tips of cassava
shoots where it is protected from
extremes of temperature and humid-
ity. In this microenvironment it sur-
vived a 6-month dry season with a
severe cool period (during the “har-
mattan”) in 1994,

Making allowance for the occur-
rence of settlements and roads,
which hinder dispersal, the rate that
T. aripo is spreading across West
African agroecological zones (from
humid forest to dry savanna) is cal-
culated to range from 2 to 47 years,
depending on the area of the zones
of spreading. In each locale, the rate
of spread will be influenced by the
number of release sites, the
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occurence of cassava fields, the
weather, the density of the

predator’s prey, and many other
considerations. Wher-

ever cassava is an impor-
tant crop, the message
for national programs is
to make as many re-
leases of T. aripo as they
can.

GEORGE GOERGEN

Unique IITA’s use of
predatory mites in the
campaign against the
cassava green mite is the
first success of its kind
anywhere—the first time
that mites have been es-
tablished in new tropical
environments, a new
continent, to conqucer a
mite problem of a staple food crop.

A few well-known predatory
mites have been used in temperate
zones of developed countries, to
eliminate other mites that destroy
high-value crops, in special environ-
ments such as greenhouses and or-
chards. But those solntions are not
lasting. Often the predators must be
reintroduced, according to the crop
production cycle.

The second Typhlodro-
malus mite fo Eecome
established in Africa, T.
aripo lives in the grow-
ing tips of the cassava
plant {pictsred at left)
where it is protected
from extremes in fem-
perature and humidity.

Microscopic views
show T. aripo in its
habitat in the shoot tip
{at right), and close up
(below), yet hardly hint
at its capacity to put an
end fo 20 years of dev-
astation in Africa’s cas-
sava fields by the cas-
sava green mite.

The achievement is
based on classical prin-
ciples of biological control

that concern the checks and bal-
ances governing ecological stability
in any environment, If a pest is in-
troduced into a new environment
and becomes a problem, its natural
enemies can be found in its original
home and introduced into the new
environment, to reduce the problem

to a scale similar to that at the origin.

From 1984, when work began
on the problem, ITA’s biological

control program gained
a great deal of knowl-
edge about M. tanajoa in
Africa, much more than
is known about this mite
species in its South
American home where it
is not a serious pest. That
knowledge became the
hasis of a series of
searches for natural enemies that
succeeded after trials with some
Brazilian and Colombian candi-
dates.

The decade of research has been
repaid beyond straightforward finan-
cial calculation: by a permanent so-
lution to a devastating problem for
millions of farmers, who have no
resources to combat it otherwise.

GEORGE GOERGEN
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LEGACY WITH A PROMISING FUTURE
National Cereals Research and Extension
in Cameroon

From 1980 unti! carly in 1994, different growing conditions condi-  countries with similar agricultural
Cameroon's National Cereals Re- tions in the country. NCRE pro- needs.
search and Extension (NCRE) Project  duced these new crop varieties and The Cameroonian extension sys-
developed 14 improved varieties of - saw their impact in farmers’ fields tem introduced these new varieties
maize, 7 of sorshum, and 17 of rice,  within 14 years, important achieve- — of staple crops to farmers. Since
and an improved local variety of ments that the country has heen then, the country’s agronomic
millet, suitable for cultivation under  able to share with neighboring research institute (IRA) has been
&g
$
=
The lay of the land =

Lying just north of the equator where West and Central
Africa meet, Cameroon is one of Africa’s environmentally
most diverse countries. The span of agroecological
conditions ranges from coastal humid forest to semiarid
plains, from tropical montane forest and grasslands to
rugged highlands that reach alfitudes of 4,000 meters
above mean sea level. Annual rainfall ranges from 5,000
millimeters, in the coastal forests of the southwest around
Douala, to 300 millimeters in the north by Lake Chad. OF
the country’s 12 million people, about three-quarters lives
on less than one-fifth of the land: in the coastal lowlands
and western highlands. Agriculture employs from 70% to
90% of the people in each region, all but a fraction being
small-scale farmers with fewer than 3 hectares of land.

In the highlands of North West Province Fiflaniliie



responsible for annual seed mainte-
nance and production services.

In step with cercals improve-
ment, NCRE strengthened the
technical capability of all levels of
[RA staff, through training on the
job, in short-term courses, and in
advanced degree programs abroad.
Cameroonian researchers and tech-
nicians were trained and equipped
to develop take advantage of new
scientific advances, enabling them
on their own to or adapt technolo-
gies that farmers need in
Cameroon'’s diverse agroecological
environments.

Al the start of the project there
were only 7 cereals rescarchers in
Cameroon: 2 with a PhD, 4 with the
Ingénieur agronome degree, and 1
with an MSc. NCRE sponsored over-
seas training for an additional 11
PhD, 29 MSc, and 4 BSc stuclents,

as well as 105 technicians in non-
degree courses. They remain the
heart of the country’s cereals re-
search establishment.

Goal By 1994, NCRE was winding
down, having achieved its primary
goal of increasing food production,
by enhancing the ability of research
and extension services to develop
new crop varieties and transmit
them to farmers,

NCRE spent some US$64 million
during its 14 years of activity. The
United States Agency for Interna-
tional Development (USAID) gave
$35.2 million in grants (55% of
project expenditure) anct $3.2 mil-
lion (5% in loans, while the
Cameroonian government providecd
the rest ($25.6 million; or 40%).

By the project’s end, all cereal
research units were being operated

A PROJECT POSTSCRIPT

by fully trained staff in functional,
well-equipped experiment stations.
Some $3.7 million had been spent
in constructing laboratories, offices,
warchouses, seed-storage cold
rooms, and stafl housing, to supple-
ment the IRA infrastructure wher-
ever required. Another $2.7 million
had been spent on equipment and
supplics.

ITA provided general project
management with 39 international
staff members (or 150 person-years)
utilizing NCRE funds. Technical
support in crop research came from
IITA for maize; IRRI, CIAT, and
WARDA for rice; and ICRISAT for
sorghum and millet.

Focus NCRE focused on breeding,
cultivation practices, crop protec-
tion, and economic aspects of pro-
duction of the four cereals. More

Farmers in Cameroon’s western highlands await transport for their maize, a variety developed by INCRE for agroecological conditions in
the midaltitude zone.

MARK WINSLOW



than one-half of the research budget
was devoted to crop breeding.

The agronomic and economic
components were integrated in a
system of liaison units placed in the
principal zones. The units were re-
sponsible for diagnosing production
contraints, linking station research-
ers with farmers, and communicat-
ing the researchers’ recommenda-
tions to extension agents. They also
evaluated the impact of extension
activities.

Maize is the favorite cereal of
Cameroonians and the most impor-
tant economically, being cultivated
on approximately 600,000 hectares
from which is harvested about 1
million melric tons of grain yearly.
NCRE created two breeding units in
1982, to tackle different production
problems in lowland and highland
maize-growing areas in the forest,
savanna, and midaltitudes zones.

The lowland breeding program
was based in the capital of
Yaounde, where it developed 14
open-pollinated varieties for com-
mercial and subsistence farmers in
the northern, central, and southern
parts of the country. Of those variet-
ies, 3 were released in Chad, and 2
in the Central African Republic.

The highland breeding program
was based at Bambui station in
North West Province. Although this
highland savanna country comprises
only 10% of the land area, it con-
tains about 25% of the population
which produces 60-70% of
Cameroon’s maize. NCRE devel-
oped 6 varieties for highland condi-
tions and improved another 2 that
IRA had earlier released.

High and dry Sorghum and millet
are produced mostly in the dry sa-
vanna of the two northernmost
provinces, where low rainfall se-
verely restricts farming possibilities.
The most serious constraints for
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farmers are drought and the para-
sitic weed, Striga hermonthica.

NCRE developed and released 7
sorghum varieties, 2 of which show
significant resistance to Striga.
Another is drought-resistant. A local
millet variety was improved and re-
leased undler the name
“Gouzouma”.

Rice, while less important in the
national diet than maize and sor-
ghum, is growing in popularity. Lo-
cally adapted varicties are needed
to compete with imported supplies.
NCRE hased its rice breeding pro-
gram in Dschang, West Province,
where it developed and released 11
varieties for irrigated conditions and
6 for upiand conditions in the forest,
savanna, and midaltitudes zones.

These varieties have been
adopted by the parastatal coopera-
tives which dominate the internal
rice trade. Grower and consumer
acceptance has been good and
NCRE'’s latest varieties are success-
fully competing with imports in lo-
cal markets.

Key to success A key to NCRE's
successful operations were the 4
Testing and Liaison Units (TLUs),
one in each of Cameroon’s main
agroclimatic zones. TLU teams of
ecornmists and agronomists worked
with the local extension service to
test and recommend improved culti-
vation practices to farmers.

The TLU in the savanna high-
landls of North West Province identi-
fied problems in the predominant
farming systems based on maize
and root crops, then developed rec-
ommendations to alleviate them.

Both the TLU in South West
Province’s forest and highlands, and
the TLU in the semiarid North Prov-
ince, concentrated on characteriz-
ing the farming systems. They
sought to improve station research-
ers” understanding of farmers’ situa-

tions, so that research could address
the most important problems.

The South West TLU also de-
vised a market price recording sys-
tem, which gave farmers useful in-
formation on crop prices. That en-
abled them to plan changes in
planting and harvesting dates and to
sell their produce at the best pos-
sible prices.

Evaluation of the henefits of
NCRE’s work was the most difiicult
task for TLUs, because they had no
means of acquiring reliable produc-
tion data on a large scale. Their own
surveys provided some positive evi-
dence, such as the 1992 adoption
survey by the TLU in Center Prov-
ince which found that two-thirds of
local farmers had grown at least one
of the new maize varieties.

Glimpses of the impact of NCRE
research have also come from other
official organizations. Cotton-pro-
ducing SODECOTON has docu-
mented acceptance of NCRE maize
varieties and recommended prac-
tices by 25,000 farmers in North
Province. Average maize yields in
that province tripled during the
1982-1992 decade.

Results of a 1983-1985 survey in
North West Province by MIDENQO, a
parastatal development agency,
show that its contact farmers in-
creased maize yields to 3.2 metric
tons per hectare, from a benchmark
average of about 1.8 melric tons,
using an NCRE package of varieties
and cultivation practices. Another
survey in 1988 revealed that 46% of
farmers in the province were using
NCRE technologies.

A durable legacy of the project is
its publications: more than 300 sci-
entific papers and 700 extension
bulletins and leaflets. They form a
record of NCRE work for the henefit
of researchers in Cameroon and
neighboring countries that face simi-
lar problems.



FOR THE RECORD

Major resource allocations

1994

4,1% Cowpea & Soybean
Mrize 2.6% / 5.1% Rools C Tubers
Research Support 8.1% —————— 4,0% Plontain & Bonono

International
—— 4.8% (ooperation

Plant Health Management 15.9%
_—~—— 3.6% Information Services

-——— 3.7% Traini
Resource & Crop Management 13.3% i o ranmg

13.9% Depreciation
Adminishation & Operations 20.9% ———~.__
1993 / 3.1% Cowpea & Soybeon
Haize 2.5% / 4.0% Rools & Tubers
Research Support 7.9% 1.5% Plontain & Banano
International

——5.2% Cooperation
— 3.4% Information Services
h——— 4.0% Training

Plont Health Management 16.7% —

Resource & Crop Monagement 14,4% —

— 13.9% Depreciotion

Administration & Operotions 23.4% —

NOTE:

The core budget is used to fund those research-elated aclivities essential in meeting the cGiar objecives for developing countries.

3

Core funding 1990-1994

Volues in US S millions
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Abbreviations used in the text

ABU Ahmadu Bedo University [Nigenaj

AFNETA Alley Farming Netaork for Tiopical Africa
AGED Adminisiiation génerale de fa cooperanen au
développement (Belgum)

AIDAB Austianan intemnational Deselopment Bureay
ANU Ausliahan Diatonal Uni,ers,

AsB Global lnitatve on Allematves 1o Slashand Burm
Auw Agncutturai Universiry, Wageninaen
BaDc/FoC Belyan Aaency tor Deveiopment
Cocperaton, Fund for Development Ceoperanon
BIONET BioNET—ITTEPNATIOMNAL Consubiatine
Group— a Giobal Nerwork for Biasystemancs
BMZ Bundesministenum rur Jusammenarben
{Germany}

caBl Commonweaith Agnculural Bureay Intemational
UK}

€G1AR Consuliative Group on Interational
Agriculiural Research

cIAT Ceniro Internacional ae Agncultuia Tropical
cioa Caradian International Developraent Agency
ammYT Cenrro Internacional de Mejoramento de
Maiz y Tngo

<Ip Ceniro internacionat de la Papa

CIRAD Centre de cacoeranon memnahonae en
recherche agronomique pour le developremen
iFrance]

¢p Colegio de Postgraduados {Mexicol

CrBP Centre iégronole banamiers et plantains

crl Crops Research Institute {Ghana)

esiro Commonwealh Scientific and Industral
Research Organization

cuso Canadian Universiies Service Overseas
DANIDA Danish International Development Agency
oFpV Département de formanion en prolection des
végetaux [Benin)

pGIs Diectoraat Generaal voor Internationale
Samenwerking (Metherlands)

DRA Duection de la recherche agronomique (Benin,
Central African Republic)

EAP Escuela Agncola Panamencana {Honduras)
EARNETT £asi Afiican koot Crops Research Network
eeC European Economic Community

EMBRAPA £inpresa Brasiléira de Pesquisa
Agropecuaria

ESARC East and Southern Alrica Regronal Center
ESARRN Fast and Southern Africa Root Crops
Research Network

escapp Ecclogcally Susiainable Cassava Plant
Protection [i14)

ETH fidgenossisch Technische Hochschufe
|Switzerland)

FAO food and Agnculture Orgamization of the United
Nations

FF Ford Foundation

FHIA Fundacion Hondurena de Inveshgacion Agucola
{Hondusas)

FRI Food Research Institute {Ghana

G¢F Gatsby Chantable Foundation

GGDP (>hana Grains Development Progrom

GIS eCgrapnic inlImanon sy slem

612 Gesciscnar fur Technische Zusammenarbent
{Germany!

1AEA Intemancnan Alomic Erergy Agency

1AR Insimte tor Agecsiural Pesearch, Samarn
ithgeral

IARKT Inattute of Aqncultural Researen and Traming
Nigenal

IARCS irkapanonal aqncultural rosearch cenier
ICIPE Irtemnational Center of insect Physioligy and
Ecoleay

1CRAF international Cenre for Research in
Agroforestey

ICRISAT Intenatonal Crops Research Institute for the
Semi-And Trepics

1DEFOR Inshitut des forets (Cote d'lvowre}

IDESSA Inshtut des savanes (Cole d'lvoire)

1pR¢ Inieinanonal Development Research Centre
1ER Institut o économie rurale (Malil

iFAD Inieinational Fund for Agniculiuial Development
PRI Internanonal Food Policy Research Institute
8¢ Internatonal Inshiute of Biological Contiol (i)
IE Intznanonal lnsttute of Entomology i)

M Intermnational inaahon Management Inshitgle
IR International Livestock Research Inshiute

INERA Insntut natonal d études er de recherches
agricoles {Burkina Fasol, Institut notional pour ['étude
et la recherche agronomique |Zaire}

INIA Inshtuto Nacional Investigagao Agronomica
[Mozambique)

INIBAP Internananal Metwark for the Improvement of
Bananas and Plantain {France)

INIEAP Instituto Nacional de Investgaciones
Farestales y Agropecuanas iMexico)

INRAN Institut national de recherches agronomiques
de Nfge(

1PGRI Inteinational Plant Genetic Resources Instiute
A Institut de o recherche agronomique (Camercon)
IRAZ Institut de recheiche agronomique et
coctechnique (Butund)

IRR! International Rice Research Institute

18F Instiute of Soif Fertility (Netherlands)

i john Innes Centre (UK)

JIRCAS Japan Intemnational Research Center for
Agneulturat Sciences

KuL Katholieke Unersiteit. Leuven (Belgium)
185A/FAST (aborarone de biotechnologie ef science
des alments, Facullé des sciences et tachmques
[Céte d'lvorre)

MARD! Malaysian Agricullural Research and
Development Inshitute

NAERLS National Agriculiuial Extension and Research
tiaisan Service [Nigena)

NAES Nyankpola Agnculiuial Expenment Siation
Ghana)

NARO National Agricultural Reseaich Organisation
[Ugandal

NARS nanonal agiculiural reseaich sysiems

NCRE National Cereals Research and Extensicn
[Cameroon)

Ner1 Natonal Cereals Research Inshiuie {Nigenal
NGO nor\'qovemmcn'()l onjamzahon

NIFOR Miqenan tosiute of Cni Palin Rusearch and
Training

NIFTAL Mioqgen treaton o liopical Agneoltural
legumes

NIHORT Manoral Insitute fon Formculiuial Research
ang Traming {igena)

Nras MNotonal Flant Quatantine Serace

NRCRI Nemonal Root Crops Pesearch Institute
{Nigeria)

NRI Natural Resources Institute (UK)

Nss MNational Seed Service (Nigenal

oav Organization for Atncan Uniy

0ba Overseas Development Administration (UK)
ORSTOM Institut francais de recherche sc:ennh'que
pour le développement er coopération

PASCON Pan-Atncan Stiga Control Network

pGI Plant Germplasm Instiute (Italv)

RF Rockefelier Foundation

RRPMC Rogronal Research Project on Maize and
Cassava (IITA}

RVAU Ro,al Vetennary and Agncuttural University
{Denmaik)

SAA Sasakawa Africa Asscciation

SACCAR Southern Africa Center for Cooperation in
Agnicultural Research

saD¢ Southern Afica Development Community
SAFGRAD Semi-Aiid Food Grains Research and
Development [Pioject)

sat Savannah Agriculiural Research Institute (Ghanal
SARRNET Scuthein Africa Reot Crops Research
Network

sDC Swiss Development Corporation

ssA subrSaharan Alnca

TARC Tiopical Agncultural Research Center {Japan}
1s8F Tropical Soil Biology and Fermbty Progiam

U University

uac Uniled African Company {} wgenal

ue University of Californio

Ut University of Ibadan

UNB Unwersité nationale du Bémn

UNBRP Uganda Mationa! Banana Research Program
UNBP United Nations Development Pregramme
uNicer United Nations Children’s Fund

UNN University of Nigeria, Msukka

usAtp United Stales Agency for Intemnational
Development

UsDA/ARS United Slates Department of Agriculture/
Agriculiural Reseaich Service

utc United Trading Company {Nigerial

vs0 Volunteer Serace Orgamization {UK)

WARDA West Afiica Rice Development Association
WECAMAN West and Cential Africa Maize Network
w1l Winrock Internationat
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Pollination of female plantain at IITA High Rainfall Station at Onne, Nigeria, by pollinator Christopher P. Ukpe.
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On-farm trials of ITA black-sigatoka-resistant, plantain-banana hybrid variety, TMPx 548/9, at Kpite near Port Harcourt, Nigeria.



