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Brief 19

ASSESSING THE IMPACT OF CROP GENETIC

IMPROVEMENT IN SUB-SAHARAN AFRICA:
RESEARCH CONTEXT AND HIGHLIGHTS

Melinda Smale

Genetic improvement of planting material (in a broad sense) is an important
component of agricultural growth for nations and regions in the process of
economic development. Asia’s Green Revolutions in rice and wheat are per-
haps the best-known examples of dramatic agricultural growth associated

with crop genetic improvement. Most experts agree that no such seed-based revolution
has occurred in Sub-Saharan Africa, despite frequent, though scattered, episodes of suc-
cess. Such change is crucial, however, given that an estimated 200 million people in Africa
can now be classed as undernourished—almost 20 percent more than in the early 1990s
(Benson 2004). Many of these individuals are smallholder producers of food crops.

Smallholder farmers are the subject of two parallel case studies that explore the
potential for integrating transgenic varieties of cooking bananas and maize into small-
holder agriculture in East Africa. Both bananas and maize are devastated by pests and
diseases in this region, particularly in the lowland tropical environments. Since chemical
treatment of these crops is not economically viable for most smallholder farm families,
varieties with genetic resistance could play a vital role in reducing their vulnerability to
crop failure. Hence, national research programs have targeted bananas and maize for
genetic transformation.

Crop Biotechnology for African Smallholders
A recent State of the World report authored by a panel of experts concludes that genetic
engineering and other biotechnologies should form part of an integrated agricultural
research and development program that gives priority to the problems of the poor, com-
plementing rather than substituting research in other areas, such as plant breeding and
disease management (FAO 2004). The public sector must continue to play a prominent
role in this research, supported by governments, public–private partnerships, and other
innovative strategies to mobilize research and technology delivery. The international
community should also lend priority to capacity building to rationalize regulatory pro-
cedures and conduct related agricultural research.  

So far, few genetically transformed varieties have been released to farmers in less
industrialized agricultural economies, and most are of cash crops, such as cotton and soy-
beans. Little can be gleaned from study of these cases regarding the potential for use of
transgenic varieties of food crops by smallholder farmers in Sub-Saharan Africa.
Smallholder producers of food crops in Sub-Saharan Africa are typically semi-commercial
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producers who face costly and uncertain market trans-
actions for seed and harvested products. A recent
expert survey revealed 40 biotechnology products in
the public research pipeline for Kenya, South Africa,
and Zimbabwe alone (Cohen 2005), but only in
South Africa have transgenic crop varieties actually
been released to farmers.

Given the above circumstances, any technology
assessment is by definition ex ante, or based on predic-
tion. The two case studies undertaken in East Africa
were selected from a range of biotechnology products
currently in the research pipelines, based on several
criteria. First, these technologies tackle economically
important, biotic constraints that are not easily
addressed through conventional plant breeding or
other methods of control. Second, they pose little risk
of endangering trade through exports to countries that
do not accept transgenic products. Third, each could
make a substantial difference in the welfare of small-
holder farmers by serving as a source of either food or
cash. A fourth consideration is the crop reproduction
system, which has implications for the risk profile of
the crop once it is genetically transformed. Banana
and maize plants have distinctive properties that affect
their breeding history, the probabilities of success of
new varieties, and the type of investments needed to
support their widespread adoption by smallholder
farmers. These properties, along with other essential
points of contrast between the two case studies, are
summarized in Box 1.

In both studies, data were collected from geo-refer-
enced, stratified random samples of farm households
across the major producing zones for the crops. For
banana, the sample consisted of 800 households (540
in Uganda and 260 in Tanzania) located in a continu-
ous area around Lake Victoria, where East African
highland bananas are the dominant genomic group.
In Kenya, 1,200 households were sampled in the five
major agroecological zones defined by the Kenya
Agricultural Research Institute (KARI). Analysis of
data from field interviews with farmers reveals their
perceptions and the impediments that must be over-
come for widespread adoption to occur. Analysis of
national databases and geographical information sys-
tems serve as a basis for estimating the overall magni-
tude of the economic benefits generated by the
research investment. Both approaches are used to
illustrate how benefits are likely to be distributed
among social groups. 

Can Past Experience Be Used to
Predict the Future?

Ex ante assessments must be made to some extent
based on past, or ex post, experiences. However, past
economic assessments of the national impact of crop
genetic improvement in Sub-Saharan Africa are incon-
clusive. Identifying localized or episodic successes in
terms of yield or farm family well-being is simpler
than measuring longer term impacts on national
yields and the economy. One reason is the method-
ological difficulty of separating the effects of seed
from other inputs and intervening factors, especially
when the focus of breeding efforts is to support yield
levels against pest and disease pressure. Another is that
broader social, political, and economic contexts medi-
ate the impacts of seed technical change. These con-
texts vary over time, in some cases abruptly.

For example, the state-based public research and
delivery systems that supported the diffusion of mod-
ern technologies during the decades following the
independence of many African nations later proved to
be fiscally unsustainable. Once dismantled, these
state-based systems have been partially replaced by a
patchy mosaic of firms and nongovernmental organi-
zations. Over the same time period, the relative
importance of agricultural earnings in the income of
poor households has declined, so that the effects of
seed technical change on employment and poverty
may have diminished (Meinzen-Dick et al. 2003).
Encouraged by donors, governments have sometimes
pursued a crisis-to-crisis approach to agricultural poli-
cy, particularly in food crops, leading to fluctuating
input–output price ratios faced by smallholders and
inconsistent technology recommendations. In the
meantime, the number of institutional actors has
grown and the configuration of institutions involved
in agricultural research and development, as well as
technology provision to farmers, has changed. Supply-
driven, commodity focused research is often viewed as
detrimental to crop and income diversification. The
need to work through civil society and other institu-
tions to enable the successful integration of technolog-
ical innovations in African agriculture has become
increasingly evident (Haggblade 2004).

Despite these changes, the paucity of public funds
in Africa, and its implications, cannot be understated.
Africa received only 6 percent of public agricultural
research expenditures in 1976 and 6 percent in 1995;
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Box 1. Points of Contrast in the Two Case Studies

Pest and disease resistance in 
East African highland bananas
East Africa is the largest banana-producing and consuming
region in Africa. Most production is by smallholder farm-
ers who grow bananas mainly for food, selling any surplus
in local markets. Banana exports are negligible at present.
Growing urban markets contribute to the importance of
the crop as a source of cash. Although the origin and cen-
ter of diversity for banana is believed to be Southeast Asia,
the East African highlands is recognized as a secondary
center of diversity. 

East African highland bananas are difficult to improve
through cross-breeding because they are all triploids (that
is, they possess three complete sets of chromosomes).
Plants with three genomes, rather than two or four, pro-
duce no pollen and are sterile. Farmers reproduce banana
varieties through vegetative propagation. Although profes-
sional breeding of bananas began during the 1920s, it was
not until recently that a major breakthrough was achieved
through the development of a hybridization technique by
the Fundación Hondureña de Investigación Agrícola
(FHIA). Genetic transformation is an attractive option for
enhancing bananas compared with cross-breeding. 

Major national breeding efforts began in Uganda only
11 years ago. Elite lines are selected from local and foreign
germplasm (both natural and recent hybrids from breeding
centers) and new genotypes are developed using both con-
ventional and genetic engineering methods. The best yield-
ing highland bananas have proved sterile and hence not
amenable to conventional breeding. Efforts to establish a
cell suspension and plant regeneration system are progress-
ing well. Suspension culture methods are now being opti-
mized for a wide range of varieties and arrangements to
initiate gene insertions are in their final stages.

Various pests and diseases affect banana production.
Weevils are the major banana pest in the East African
highlands. They prolong the maturation period, decrease
yields, and cause crop failure through the death of young
banana plants. Major losses also occur due to Black
Sigatoka, a recently introduced airborne fungal disease that
reduces the number of fruit per bunch and fruit weight.
Another fungal disease affecting bananas is Fusarium Wilt
(Panama Disease), which attacks the roots and persists in
the soil. Nematodes are also pests that affect banana roots.
These pests and diseases affect genomic and use groups dif-
ferentially. For example, East African highland cooking
bananas are more susceptible to black Sigatoka and weevils
than are exotic beer bananas, whereas exotic beer bananas
appear to be more susceptible to Fusarium Wilt than high-
land bananas.

Bt maize in Kenya

Kenya is one of the largest producers of maize in eastern
and southern Africa, and maize is by far the most impor-
tant food staple in Kenya. Average annual per capita con-
sumption of maize is one of the highest in the continent
(FAO 2005). Portuguese traders likely brought maize to
Africa centuries ago. By the 1930s maize was a major crop,
its popularity fueled by poor millet harvests and export
markets for starch. In most years, Kenya is self-sufficient in
maize but does not export it. Maize is both a food staple
and a cash crop for smallholder Kenyan farmers. 

Adoption rates for improved maize in Kenya are among
the highest in Africa, varying by production environment.
The spectacular maize breeding successes accomplished in
the early 1960s and 1970s through varietal hybrids bred
from local materials and unimproved, center-of-origin
materials are well documented (Gerhart 1975). Some have
contended that the yield potential of successive maize seed
releases in Kenya continued to rise since the 1970s but the
rate of increase declined; others have argued that small-
holder farmers are far from realizing the yield potential
because genetic advances have not been matched by
improved agronomic practices and efficient support servic-
es for smallholders located in marginal areas. As improved
maize diffuses into more marginal areas, the effects on
national yield levels are also numerically marginal. The sec-
ular decline in soil fertility in the intensive maize systems
of this region has been worsened by reduced application of
fertilizer and the abandonment of traditional methods of
soil regeneration. The removal of subsidies, in combination
with high transportation costs, has eroded the profitability
of using fertilizers, while pest and disease problems have
worsened with intensification and continuous maize plant-
ing (for detailed documentation of these points, and refer-
ences, see Smale and Jayne 2003).

Experts consider that the most appropriate means for
enhancing the maize productivity of smallholder farmers in
East Africa is to improve yield maintenance or yield stabili-
ty through better combinations of resistance and tolerance
traits. Estimated national crop losses from stemborers are
12–14 percent, depending on the measurement technique
(De Groote 2002; De Groote et al. 2003). Participatory
rural appraisals (PRAs) indicate that stemborers are the
most critical insect problem perceived by farmers (De
Groote et al. 2004). The effect on yield of enhanced resist-
ance obtained through genetic engineering is likely to be
greater than that achieved through conventional crossing
since the former method does not risk introducing other,
less desirable genes.



its overall rate of increase, at 1.5 percent per year, was
the lowest among all regions for the two decades.
Africa is the only region in the world where per capita
research spending (in terms of both total population
and agricultural workers) declined over that time peri-
od (Pardey and Beintema 2001).

Role of Social Science Research in
Technology Development
Given these challenges, social science research can
help identify ways to create an enabling environment
for improved crop varieties and practices before their
release. By diagnosing potential and existing impedi-
ments to adoption during variety development rather
than after variety release, we can increase the chances
that the variety will be successful in farmers’ fields.

For example, effective, demand-driven provision of
planting material is a critical ingredient to any suc-
cessful seed innovation—an issue explored in Brief 20.
The formal agricultural research and development
institutions that constitute the commercial seed sys-
tem in high-income countries deliver final products to
dispersed clients who demand them on a regular basis.
In contrast, farmers in marginal environments of
poorer countries in Sub-Saharan Africa often rely on
their own saved seed or village connections since seed
supplies through more formal market channels can be
unreliable. Another challenge common to any new
technology is that farmers must perceive its benefits in
their fields, and not just on the experiment station.
Not all new seed varieties are “popular” or widely
grown—especially in semi-commercial, smallholder
production in Africa, where farmers have multiple
objectives and work with combinations of biophysical
and economic constraints. Farmers may not discern
the benefits of inserting a particular trait, or may view
them as less important than some other disadvanta-
geous traits of the new variety relative to those of the
varieties currently grown. Findings from the applica-
tion of a trait-based model of farmer demand for
planting material are explored in Brief 22. 

For crop biotechnology, as with any introduced
technology, knowing the social determinants and
social consequences of its adoption is important for
designing policies to support its use. Although plant-
ing material may be neutral to the scale of the farm
operation (that is, there is nothing inherent in the
technology that implies large-scale farmers will have a
greater ability to use it than smallholder farmers), a
technology typically has an aspect that favors its adop-
tion by certain social groups. In the case studies sum-
marized here, the potential social impacts of crop
biotechnologies in farming communities and among
regions have been emphasized (see Briefs 21–23). 

An aspect of the enabling environment for techno-
logical intervention, which is also inherent in the biol-
ogy of the crops, is the broad taxonomic base for host
selection. A large number of farmer varieties, as well
as introduced varieties, are grown in banana groves
and on maize farms. The biological diversity of maize
and bananas in these environments is explored in
Briefs 24 and 25. 

As compared with conventional genetic technolo-
gies,1 genetically transformed seed presents a number
of unique challenges, such as the need to develop
appropriate regulatory frameworks for biosafety.
Governments have a public responsibility to invest in
assisting farmers to make informed choices regarding
genetically transformed seed and to take full advan-
tage of the technology if they choose to use it (Tripp
2001). Biosafety considerations in the context of the
two case studies are discussed in Brief 26. 

Research Highlights and Contrasts
Research findings from the two case studies reveal the
continued semi-subsistence orientation of many small-
holder producers of bananas and maize, confirming the
need for improved commercialization of planting mate-
rial and products. In Uganda, nearly a quarter of the
banana-producing households in the sample do not
participate in banana markets. The rate of commercial
sales appears to be much higher in the highlands of
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Tanzania (90 percent) than in the highlands of Uganda
(63 percent), and in both countries the highlands are
much more commercially oriented than the lowlands.
In Kenya, baseline data confirm that 59 percent of
households sold no maize during the survey season
(2002). Despite the orientation of farmers toward sub-
sistence production, analyses demonstrate that farmer
demand for planting material, use of recommended
practices, and supply of produce are responsive to
changes in prices and marketing costs. These results
indicate the potential of these food crops to generate
rural income in local markets. Investment in market
infrastructure would likely result in large payoffs for
both crops and countries, as would investment in
human capital and education.

Findings confirm that smallholder farmers value the
crop traits targeted by national researchers for genetic
transformation, and that the envisaged crop genetic
improvements are demand-driven. High adoption rates
for recently introduced banana varieties, particularly in
Kagera region of Tanzania, underscore the willingness
of farmers to experiment with new varieties in an effort
to avoid the devastation they have experienced from
banana pests and diseases. Farmers continually search
for resistant banana types, sometimes traversing great
distances. Evidence also confirms that use of the
Fundación Hondureña de Investigación Agrícola
(FHIA) hybrids reduces the vulnerability of Tanzanian
households to yield losses from pests and disease.
Differences in the severity of biotic pressures, the rela-
tive importance of cooking quality, and dissemination
strategies for improved planting material contribute to
the differences in adoption rates between Uganda and
Tanzania. Although use rates for new banana types are
much lower in Uganda, exposure to new banana vari-
eties and practices appears to have reduced inefficiency
in the production system. Further analysis is needed
over time, to see if rates of diffusion increase, benefits
are sustained, and income effects are observable.

Private seed companies play a much larger role in
the planting material system for maize than is the case
for cooking bananas. There are examples of private or
public–private provision of tissue-cultured banana
planting material, particularly among commercial grow-
ers marketing dessert bananas to urban consumers in
Kenya (Qaim 1999). Investment in innovative means
of transferring seed, growing practices, and information
dissemination through village associations and social

networks will expand farmers’ use of improved banana
technologies, particularly for cooking bananas. The
farmer-based dissemination programs that have already
been implemented in Uganda, though limited in their
impact in terms of numbers of farmers and communi-
ties, warrant closer examination as models for struc-
tured, yet decentralized, mechanisms of information
diffusion. 

Maize hybrids currently account for over 90 percent
of the maize area in the high-potential zones of Kenya,
although there is substantial variation in the proportion
of farmers growing hybrids, improved open-pollinated
varieties, and local varieties across the nation’s heteroge-
neous maize-producing environments. In the decade
since the last nationally representative survey was con-
ducted, changes have occurred in the use of maize
hybrids, particularly in the lowland tropics, where
adoption rates have nearly doubled. Nevertheless, maize
landraces that are recognized as potentially important
by both breeders and farmers continue to be grown in
some locations.

Findings demonstrate the potentially pro-poor
application of transgenic technology to bananas, partic-
ularly if a cooking variety is used as a host for trait
insertion. Decisions regarding which variety to use as
the host variety are likely to have social consequences.
For example, inserting resistance to black Sigatoka into
the variety Nakitembe would effectively target larger
households with more dependents, who are poorer in
cash transfers, livestock, and housing. These households
are concentrated in the central region of Uganda, the
historical locus of banana production, where disease
pressures are high but urban markets are more devel-
oped. In the context of maize, inserting Bt genes into a
maize landrace like Mdzihana would target poorer
farmers in a marginalized zone of Kenya, with poten-
tially important effects on their household food securi-
ty. In general, however, delays in crop genetic improve-
ment are likely to generate greater social costs due to
benefits foregone. 

Farmer demand for improved banana planting
material will increase when insertion and expression of
more than one resistance trait is achieved, in part
because of the difficulties farmers have in distinguishing
yield effects of different pests and diseases. This has
research cost implications in terms of technical con-
straints and time delays, and targeting too many traits
simultaneously could substantially curb net benefits.
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Application of the economic surplus approach
shows that in the case of maize, the marginal (per
hectare) value of inserting Bt into improved varieties
would be the same in the high and low potential zones
of Kenya. The high potential zone would generate most
of the total value of benefits from Bt, even though a
gene effective against the dominant stemborer species
in that zone has not been identified (De Groote et al.
2003). In the case of bananas, findings show that both
farmers and consumers stand to benefit greatly from
improvements in banana technologies (Kalyebara,
Wood, and Abodi 2006, forthcoming). The research
team formulated a number of scenarios in collaboration
with scientific experts. Results indicate that the option
of accelerating adoption of current best cultural prac-
tices and multi-use hybrids may have the highest pay-
offs and present the fewest implementation challenges,
largely because with technical constraints and the lack
of a biosafety regulatory framework lead to long esti-
mated time lags before new varieties can be made avail-
able to farmers. Yet, authors conclude that more needs
to be done urgently to raise the productivity of the
banana sector given its importance in the diet of
Ugandans, the large amount of agricultural land cur-
rently planted to relatively unproductive banana sys-
tems, and the biotic stresses that cause large economic
losses. From a scientific perspective, maintaining exist-
ing productivity levels already poses a challenge.
Emphasizing a combined biotechnology and conven-
tionally based strategy has several advantages, not least
of which is time.
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Trait-based genetic change is broadly defined as the selection of traits for inser-
tion and the choice of background planting material. For the technology to
materialize, growers must perceive the yield advantages of the inserted traits.
Field surveys confirm that farmers can readily discern stemborers and the loss-

es they cause to maize crops (De Groote et al. 2004). In contrast, farmers have greater dif-
ficulty observing hidden biotic agents, such as nematode infestation of banana roots. This
is further complicated by farmers incorrectly identifying the cause and effect of the pest or
disease; for example, farmers often attribute the visible damages caused by Fusarium wilt,
a soil-borne fungus, as well as nematodes, to weevils, and vice versa (Gold et al. 1993).
Aware of these challenges, Uganda’s National Agricultural Research Organization has tar-
geted more than one trait for insertion.

The choice of host variety also has implications for planting material systems. The type
of system used for planting material exchange reflects the characteristics of the crop, for
example its biology, reproduction system and improvement status. At present, the East
African cooking banana varieties targeted for transformation are farmers’ varieties, while
the maize varieties preferred for Bt transformation are hybrids or improved open-pollinat-
ed varieties. The fact that bananas are vegetatively propagated crops whereas maize is pre-
dominantly cross-pollinating underlies major differences in the structure of current and
future systems for disseminating planting material. The structure of planting material sys-
tems has implications for the public investments that will be needed to promote the sus-
tained use of improved transgenic varieties by smallholder farmers in Africa. 

Banana Planting Material
The planting material of a banana is not a seed but a “sucker” (shoot or plantlet) that
grows from and is a clone of the mother plant (mat). The sucker must be uprooted from
an existing mat to reproduce the variety and, because of its bulk, transports poorly. Once
farmers have acquired a new type, they can propagate it themselves and maintain its yield
advantages for many years if the material is kept free of pests and diseases. Farmer propa-
gation of bananas takes nearly two years. The frequency with which farmers require
replacement material is in part a function of their management practices. This is particu-
larly true for the management of diseases or pests that are soil- and root-borne, which
account for several of the major pests and diseases of bananas in East Africa.

Comparatively little is known about the mechanisms by which banana planting mate-
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rial circulates among farmers and communities.
However, historical records and personal interviews in
Tanzania indicate that banana growers have long sought
to counteract biotic pressures from plant pests and dis-
eases by procuring new, clean planting material for local
varieties both from within their communities and from
other, in some cases far-distant, communities. In many
instances this process has contributed to the spread of
pests and diseases, because farmers did not recognize
infested or diseased planting material or fully under-
stand the life-cycles and transfer mechanisms of pests
and diseases, especially given the continual evolution of
new races and pathogens. In areas along the shores of
Lake Victoria, growth in the rural population led to
intensified banana production to meet food and cash
needs, which was accompanied by a substantial deterio-
ration in the performance of local banana varieties.
Farmers tried other varieties cultivated outside Kagera
region, termed “exotic” banana varieties, obtained
through farmer-to-farmer exchange. These included
varieties introduced from Uganda, Rwanda, and
Burundi, and the coastal areas and southern highlands
of Tanzania (Figure 1). 

In the initial period after introduction, the exotic
varieties appeared to withstand most biotic pressures
and spread rapidly into areas where they replaced local

varieties; subsequently, however, they succumbed to
other banana pests and diseases. During the 1980s,
farmers diversified their production into other food
crops, including maize, roots and tubers, to compensate
for declining food and income from bananas. In mid-
1997, the governments of Belgium and Tanzania agreed
to co-finance the Kagera Community Development
Program (KCDP)—a major effort to infuse clean, high-
er yielding planting materials, including the first
banana hybrids in the world, bred by the Fundación
Hondureña de Investigación Agrícola (FHIA) and pro-
vided by the International Plant Genetics Resources
Institute (IPGRI). According to the KCDP report,
about 1 million banana suckers had been distributed
among farmers in Kagera region by 2002, following
testing. These high numbers were achieved through
direct (nursery to farmer) and indirect (farmer-to-
farmer) diffusion (Gallez et al. 2002).

Quantitative data from the Ugandan survey confirm
the significance of farmer-based systems for banana
planting material. The survey results revealed that the
most frequently supplied and received materials in these
transactions were endemic cooking varieties, since the
dissemination effort was targeted to specific communities
and included elite local materials. The vast majority of
planting material changed hands without the exchange

of money. When the quantity of
suckers supplied is taken into
account, the planting material of
non-endemic and noncooking
banana varieties (including banana
hybrids) dominated transactions in
Uganda. The suckers of hybrid
bananas were typically sold for cash.
On average Ugandan farmers trav-
eled 15 kilometers to reach the
point of acquisition, compared with
only 3 km in the Kagera region of
Tanzania. The maximum distance in
Tanzania, however, was 88 km! This
could be viewed as a large transac-
tion cost, given the limited means of
transportation for these farmers.

Ugandan farmers were also asked
about their willingness to pay for
planting material. Farmers in more
commercially oriented areas reported
a higher willingness to pay for plant-
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Figure 1. Introduction of exotic banana varieties to Kagera region
by farmers 

Source: Personal interviews with farmers in Kagera region conducted by M.S.R.
Byabachwezi and J. Nkuba.

Note: In each box, the name of the region is provided along with the name of the variety,
in parentheses, and the approximate period of introduction.The solid arrows indicate the
original introduction of the exotic varieties, while the broken arrows denote subsequent
exchange of planting material across regions.

Uganda
(Gros Michel 1970s)

Kilimanjaro and Tanga
(Mtwishe 1980s and

Mshale 1990s)

Tanzania coast region
(Kiguruwe 1980s)

Kilimanjaro and Tanga
(Mtwishe 1980s and

Mshale 1990s)

Rwanda and Burundi
(Bluggoe 1960s and
Pisang awak 1960s)

Tanzanian western
regions; Kigoma

(Bluggoe 1960s and
Pisang awak)

Kagera region



ing material, as well as those located in areas where elite
farmers’ varieties or banana hybrids had already been
introduced. In Tanzania, KCDP initially distributed
planting material free-of-charge and subsequently
charged 100 TShs per sucker. Given this approach, few
farmers were willing to pay for them (Table 1).

The sheer bulk of the planting material, and the fact
that bananas are propagated by cloning, limit opportu-
nities for small-scale seed enterprises, and some public
resources are always likely to be necessary for sustainable
diffusion of new banana varieties (De Vries and
Toenniessen 2001). NARO’s work has confirmed that
farmer-participatory selection and dissemination
improve farmer confidence in new banana varieties, and
help farmers to acquire skills and develop criteria to
select genotypes suitable for them. Planting material dis-
tribution systems designed by the farmers themselves
appear to be efficient schemes enabling step-by-step and
systematic diffusion of improved varieties to farming
communities. Furthermore, the overwhelming signifi-
cance of planting material and information in farmer-to-
farmer exchanges underscores the importance of village
social structures in determining whether new varieties
are taken up. The analysis undertaken by Katungi et al.
(2006 forthcoming) confirms that village social structure
influences whether individual farmers use recommended
practices for managing bananas.

In addition to the informal farmer-to-farmer
germplasm exchange discussed above, other farmer dis-
tribution systems for banana planting material have

been reported in Uganda (Nowakunda et. al. 2002). In
one such system, the four farmers hosting the original
evaluation banana plots initiated the formation of an
association to supply planting materials at a cost. The
formation of this association was driven by the belief
that when farmers are given free material, they do not
attach any value to it or care for the plants. In another
instance, an association was formed whereby the farmer
who received the evaluation plot was required to pass on
100 free suckers to another farmer, who in turn was
required to do the same. Under this system, after a
farmer has transferred the initial 100 suckers, he or she
is free to sell planting material, although priority is given
to association members. In a third example, farmers
organized themselves into a “community.” One of the
members of this community was selected to receive and
host the evaluation plot, which was to be maintained
purely as a “mother garden” belonging to the group.
Members were able to obtain free planting material
from the garden, which they subsequently multiplied in
their own banana groves. In a fourth instance, farmers
were not organized into groups. The original plot was
maintained as a mother garden/demonstration plot by
the contact farmer with the support and supervision of
the agricultural extension program of the subcounty.
Extension workers occasionally organized training work-
shops at the site, and, after attending these workshops,
farmers were given free planting materials. Although
plants from this garden were not for sale, some farmers
who obtained planting material from the mother gar-

Table 1— Selected characteristics of banana planting material transactions in Uganda 

Characteristic

Percent of farmers supplying materials within or outside village 60.31
Percent of farmers receiving materials introduced to the village 17.58

Total suckers supplied within or outside village 22,819

Total suckers received that were introduced to the village 2,662

Average number of suckers received per years of growing among farmers 5.79

Mean distance traveled to point of supply (km) 1.14

Mean distance traveled to point of acquisition (km) 15.17

Percent of suckers supplied for cash within or outside the village 11.29

Percent of suckers received for cash from outside the village 22.95

Mean willingness to pay among farmers for new planting material (Ugandan Shillings) 502

Source: Edmeades et al. 2006 (forthcoming).

Brief 20, page 3



dens did sell them or give away free samples. Of course,
farmers who have sufficient resources can purchase tis-
sue culture plantlets at commercial rates from a private
laboratory (AGT) based in Kampala or public laborato-
ries at Kawanda and Makerere University. Kawanda and
AGT are currently piloting community-based weaning
nurseries of tissue culture banana plants in central
Uganda, as another source of planting material.

Although a rigorous analysis has not been done,
banana researchers and extension staff believe that
farmer-participatory dissemination systems may be
more efficient than other systems for the dissemination
of cooking-type bananas for local consumption, partic-
ularly when compared to export-quality dessert
bananas, such as those produced in neighboring Kenya
for the urban market in Nairobi. One approach to sup-
plying improved planting material is to maintain large
planting stock nurseries in the project area for direct
sale to farmers and wholesaling to stockists; another is
to establish nurseries managed by “expert” farmers
through community organizations. 

Maize Seed Systems
Morris (1998) has aptly summarized the properties of
maize that influence the nature of seed genetic change.
Unlike banana planting material, maize seed is compact
and easy to store and transport. Maize is also predomi-
nantly a cross-pollinating crop, with high rates of
exchange of pollen among neighboring plants. Unless
carefully controlled, all of the maize plants in a given
field will differ genetically from the preceding genera-
tion and from each other. To maintain the significant
yield advantages offered by maize hybrids, farmers need
to purchase their seed annually and are therefore reliant
on a well-functioning commercial seed industry. The
converse is also true: a hybrid-based maize sector
requires large-scale commercial seed enterprises, whose
profits can be sustained only by strong seasonal
demand by farmers to renew their seed. Improved
open-pollinated varieties are popular, but farmers must
also renew their seed periodically. Given that farmers
do not need to purchase seed for these varieties annual-
ly, the economic incentive for commercial seed enter-
prises to produce them is limited. 

While most maize farmers in Sub-Saharan Africa grow
local varieties and reproduce their own seed, many have
grown hybrids at one time or another. Due to market
imperfections and cash constraints, farmers often save F1

(first-generation hybrid) seed, “recycling” it by planting
advanced generations. Such practices are widely reported
for countries in Sub-Saharan Africa, including Kenya.

High rates of cross-pollination mean that the advan-
tages of F1 seed of maize hybrids can degenerate rapidly
when farmers save and replant the seed, though evi-
dence suggests that in some cases advanced-generation
hybrids significantly outperform the varieties that the
farmer was growing previously—depending on the type
of hybrid (single, three-way, or top-cross) and the con-
trol that serves as the basis for comparison. Maize is one
of the most highly bred crops in the world, and in
industrialized countries, its seed industry is one of the
most highly concentrated in terms of the share of seed
sales held by leading private companies (Heisey,
Srinivasan, and Thirtle 2001).

Although the maize seed industry functions well
compared with those of other grains and legumes in
eastern and southern Africa, seed supply problems have
accompanied the still incomplete process of seed market
liberalization. Growth in seed sales in Kenya slowed in
the 1980s and has fluctuated during the past decade,
apparently provoked by inefficiencies and seed quality
problems with some private companies. 

Demand-driven provision of planting material is a
critical ingredient for genetic technical change in a crop-
ping system. De Groote, Owuor, and Doss (2004) cite
various reasons why Kenya has not met many of the
conditions for successful liberalization of the maize seed
sector. Although the mechanism for allowing companies
to release seed of new varieties has been changed to
encourage participation by private seed companies, and
the number of new firms in the market has in fact
increased, the market share of new companies has
remained small in high-potential areas where farmer
demand for seed is stable. The national market is still
dominated by a single company and a few varieties, and
improved maize sales have stagnated. Community-based
or alternative seed suppliers have emerged in the lower
potential areas, where farmer demand for purchased
seed is less consistent. Most of these community-based
efforts depend on external financing and are not consid-
ered to be sustainable. Concurrently, public support for
agricultural services, including research and extension,
has been severely curtailed and formal credit to farmers
has all but disappeared. Assuring the physical quality
(seed viability) of the planting material is one problem,
but its genetic quality (trueness to type) is another;
farmers tend to find the genetic quality of seed to be
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credible only if they or trustworthy neighbors have
grown the seed (Morris 1998). These are some of the
challenges that will need to be resolved by a combina-
tion of private and public funding if the potential for Bt
maize production in Kenya is to be met.
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GAUGING POTENTIAL BASED ON CURRENT

ADOPTION OF BANANA HYBRIDS IN TANZANIA

Jackson Nkuba, Svetlana Edmeades, and Melinda Smale

In the mid-1990s, new banana planting material was introduced into Tanzania in
response to increased pest and disease pressures on banana production and the
high levels of susceptibility of local endemic varieties, coupled with a lack of
chemical inputs to combat these constraints. The formal introduction of new

hybrid bananas into the region began in 1997 with the efforts of the Kagera
Community Development Program (KCDP). The goal of the program was to increase
farmers’ food and income security by improving banana productivity. About a dozen
new banana varieties were introduced to the Kagera region of Tanzania. Among them
were the first banana hybrids, bred by the Fundación Hondureña de Investigación
Agrícola (FHIA). New planting material was disseminated to farmers by KCDP and
government extension agents through trials, demonstrations, and “mother gardens.” In
particular, farmers themselves played a major role in diffusing new planting material, as
they have historically done in their search for disease-free, higher yielding bananas. 

On-farm testing of the new varieties commenced in 1997 and was conducted con-
currently with their multiplication and the dissemination of planting materials to farm-
ers in the region (Nkuba et al. 1999). The results of on-farm testing showed that on
average, the new banana varieties yielded a bunch weight of 18.9 kg, compared with 9.7
kg for local varieties (Nkuba et al. 2002; Mgenzi et al. 1997). Initial assessment revealed
that these varieties are acceptable to farmers for their multiple uses (consumption as
fruit; preparation by cooking, roasting, or drying; and fermentation for the production
of beverages) and good marketability. From 1997 to 2002, about 2.5 million suckers
(banana planting material) from the new banana varieties had already been distributed
to farmers.

An initial adoption study conducted in 2002 indicated that 29 percent of 177
households surveyed from the five districts of the Kagera region had planted at least one
new banana variety (Weerdt 2003). Rates of use were found to vary significantly among
agroecological zones within Kagera region, reflecting the severity of banana production
constraints. Before the introduction of the new banana types, the Bukoban high-rainfall
zones were worst affected in terms of pest and disease pressure on both local and exotic
bananas. At the time of the survey, 100 percent of farmers in the Bukoban high-rainfall
zone used new planting material, compared with only 6 percent of farmers in the
Karagwe–Ankolean medium-rainfall zone (Weerdt 2003). 

Statistical survey data from our research confirm that the use of banana hybrids is
greater in Tanzania than in Uganda, predominantly in the lowlands, where biotic pres-
sures are most severe. Although adoption rates in Tanzania are substantially higher than
in Uganda—about 50 percent of farmers in the Kagera region during the survey year—
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Tanzanian farmers who use the new varieties do not
allocate much more of their banana grove to new
types (16 percent) than do their Ugandan counter-
parts. The fact that 20 percent of farmers in Tanzania
grow banana hybrids in areas not exposed to dissemi-
nation programs reflects the strength of farmer-based
systems for exchanging new planting material. Such
exchanges generally do not involve monetary transac-
tions; rather, social relationships underpin exchanges. 

Critical knowledge gaps remain, however. For
example, although KCDP analyzed initial adoption
rates and acceptability in the areas of project interven-
tion, more systematic information is needed regarding
the extent and determinants of adoption, as well as
the social and economic impacts of growing hybrids
on farm families. Despite the large financial resources
devoted to development programs each year in
Tanzania, there is limited awareness of the actual
impact of such programs on the poor. This situation
poses basic questions about whether targeted interven-
tions have achieved the intended benefits. Although
banana growers in Tanzania have participated in a
number of extension and research programs, there is
little documentation on the impact of these programs. 

Impact Assessment
One desirable impact of introducing hybrids is to
reduce the vulnerability of households to production
losses from banana pests and diseases, since this can
have ramifications for consumption and income vul-
nerability. Reduced vulnerability could lead to higher
or more consistent consumption levels, either directly
through meeting subsistence needs, or indirectly,
through more regular or increased sales and market
purchases. Over time, introducing new hybrids could
make banana production and income less variable,
thereby improving the wealth status of the community,
in particular among those households that use banana
hybrids. 

In our study of the Kagera region, we used an econo-
metric model to identify the determinants of adoption of
the FHIA hybrids and to test whether using the hybrids
reduced farmer vulnerability and changed relative eco-
nomic standing. The results obtained were then used to
better understand the characteristics and production
potential of adopters compared with non-adopters in
areas exposed to the program interventions. In this single-

year cross-sectional study, we measured production vul-
nerability in terms of expected yield losses from pests and
diseases, calculated from simple yield distributions and
incidence levels elicited from farmers. Economic standing
of a household was measured as “relative deprivation”
(Stark and Taylor 1989), which was defined as the prod-
uct of the proportion of households in the village that are
richer than a given household, multiplied by their average
wealth. Wealth was calculated as the value of all assets
owned by the household, including equipment, imple-
ments, structures, livestock, and stored crops. 

Perhaps the single most important finding was that
growing new banana hybrids substantially and significant-
ly reduced expected yield losses from pests and diseases,
demonstrating the benefits of introducing banana hybrids
to smallholder farmers in Tanzania. Furthermore, the
analysis revealed that use of hybrids reduces relative depri-
vation, supporting the idea that with less vulnerability to
banana production households may be able to diversify
into other farm activities. Hybrid cultivars yield larger
bunches and, hence, increase the efficiency of banana pro-
duction per banana mat. Thus, if hybrids are used, fewer
mats can be planted to meet the consumption needs of
the household, leaving more land available for crop pro-
duction or pasture. 

The analysis also reveals that geographical location is
strongly related to the use of hybrids, with 96 percent of
households that grow banana hybrids residing in the low-
lands. The use of hybrids is more pronounced in low ele-
vation areas because pest and disease pressures are higher
in those areas, and program intervention therefore has the
highest impact. They are also the areas where formal dis-
semination of resistant planting material was undertaken
to mitigate constraints and improve yields and food secu-
rity of smallholder banana producers.

Comparing Adopters and 
Non-Adopters in Areas Exposed 
to Program Interventions
A comparison of households with a high statistical like-
lihood of growing banana hybrids and those with a low
likelihood of using them, in areas exposed to program
interventions, provides insights into adoption patterns
in the study villages (Table 1). The average expected
yield is considerably higher for potential adopters than
for those less likely to adopt the new hybrids, which is
not surprising given the larger bunch size of banana
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hybrids. The number of bunches consumed by
adopters is also greater, but consumption constitutes a
smaller fraction of the total banana output, so they sell
proportionately more. The absolute number of bunches
sold, and banana income, are similar for adopters and
non-adopters, perhaps reflecting differences in the com-
position of banana varieties sold. Farmers with a high
likelihood of using hybrids have higher farm incomes,
perhaps reflecting other crops sold and a greater asset
base in both livestock and farmland. Their average
household income, as measured by their cash expendi-
ture, is higher as well. They have larger family sizes, but
fewer family members are dependents. They also
received four times as many extension visits. The pro-
portion of households headed by men is similar for
adopters and non-adopters. 

Overall, these comparisons reveal important differ-
ences between farmers who have high and low probabili-
ties of adopting banana hybrids relative to the average
relationship described in the regression model. These dif-
ferences have implications for the dissemination and use
of new hybrids in the exposed areas of the Kagera region.

Emphasizing contact with relatively deprived households
(in terms of income and wealth) may increase hybrid
adoption rates and could have positive income effects for
poor households. The analysis also shows that adopters
have more acquired human capital, in terms of both for-
mal education and contacts with extension agents. More
targeted extension visits may therefore be a useful tool for
increasing adoption levels of hybrid bananas in the
exposed areas. 

Research findings have policy implications in favor of
ongoing efforts to develop new resistant varieties bred or
engineered to withstand pest and disease pressures. In
addition, smoothing production has implications for food
consumption and banana marketing. To sustain these
benefits, however, institutional aspects of disseminating
new varieties will need to be addressed. 
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Table 1— Mean comparisons between likely non-adopters and adopters in exposed areas 

Variable Non-adopters Adopters

Banana production and income

Average expected yield (kg) 15.45* 18.92*

Number of bunches consumed 95.75* 124.59*

Share of bunches consumed (percent) 79.06** 68.06**

Share of bunches sold (percent) 20.77** 32.39**

Number of bunches sold 71.52 67.73

Farm income (10,000 Tanzanian Shillings) 22.40* 43.08*

Banana income (10,000 Tanzanian Shillings) 5.86 5.91

Other characteristics of households

Household expenditure (10,000 Tanzanian Shillings) 23.00* 37.74*

Livestock value (10,000 Tanzanian Shillings) 8.53*** 53.05***

Mean household education level (years) 4.23*** 7.70***

Farm size (acres) 1.38* 1.95*

Household size 5.25* 6.39*

Ratio of dependents to total number of household members 0.55*** 0.32***

Number of extension service visits 0.95*** 4.04***

Proportion of male-headed households 0.68 0.77

Note: ***,**, and * denote statistical significance at the 1, 5, and 10 percent levels, respectively.



Brief 21, page 4

Agricultural Research and Development Institute,
Lake Shore–Maruku District, Bukoba, Tanzania. 

Nkuba, J. M., L. J. Ndege, and S. Mkulila. 2002. On-
farm testing and acceptability of improved banana
varieties in Bukoba district, Kagera region
(1997–2001). Field Note No. 144. Agricultural
Research and Development Institute, Lake
Shore–Maruku District, Bukoba, Tanzania.

Nkuba, J. M., A. S. S. Mbwana, C. Schouten, and S.
Mkulila. 1999. Testing improved banana varieties
in Bukoba district, Kagera region. Field Note No.
96. Kagera Community Development Programme,
and Agricultural Research and Development
Institute, Lake Shore–Maruku District, Bukoba,
Tanzania. 

Stark, O. and E. Taylor. 1989. Relative deprivation and
international migration. Demography 26 (1): 1–14.

Weedrt, J. 2003. Adoption of superior banana varieties in
the Kagera region: Accomplishment and constraints.
Bukoba, Tanzania: Kagera Community
Development Programme and Economic
Development Initiatives Limited. 

Further Reading

Kikulwe, E., K. Nowakunda, M. Byabachwezi, J.
Nkuba, J. Namaganda, D. Talengera, E. Katungi,

and W. Tushemereirwe. 2006. Development and
dissemination of banana technologies in Uganda
and Tanzania. Chapter 4 in An economic assessment
of banana genetic improvement and innovations in
the Lake Victoria region of Uganda and Tanzania, M.
Smale and W. Tushemereirwe, eds. IFPRI Research
Report. Washington, D.C.: International Food
Policy Research Institute (forthcoming).

Edmeades, S., M. Smale, Nkuba, J., E. Kikulwe, and E.
Katungi. 2006. Characteristics of banana-growing
households and banana cultivars in the Lake
Victoria Region of Uganda and Tanzania. Chapter
5 in An economic assessment of banana genetic
improvement and innovations in the Lake Victoria
region of Uganda and Tanzania, M. Smale and W.
Tushemereirwe, eds. IFPRI Research Report.
Washington, D.C.: International Food Policy
Research Institute (forthcoming).

Nkuba, J., S. Edmeades, and M. Smale. 2006.
Adoption of banana hybrids and impacts on yield
vulnerability in the Kagera region, Tanzania.
Chapter 9 in An economic assessment of banana
genetic improvement and innovations in the Lake
Victoria region of Uganda and Tanzania, M. Smale
and W. Tushemereirwe, eds. IFPRI Research
Report. Washington, D.C.: International Food
Policy Research Institute (forthcoming).

INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE

2033 K STREET, NW, WASHINGTON, DC 20006-1002 USA
TEL +1.202.862.5600   FAX +1.202.467.4439   EMAIL ifpri@cgiar.org   WEB www.ifpri.org

Copyright © June 2006 International Food Policy Research Institute and the International Plant Genetic Resources Institute. All rights reserved. Sections of this mate-
rial may be reproduced for personal and not-for-profit use without the express written permission of but with acknowledgment to IFPRI, CIMMYT, and IPGRI. To
reproduce the material contained herein for profit or commercial use requires express written permission. To obtain permission, contact the Communications Division
<ifpri-copyright@cgiar.org>.

Any opinions expressed herein are those of the author(s) and do not necessarily reflect those of IFPRI, CIMMYT, or IPGRI.

For further information, please contact Melinda Smale (m.smale@cgiar.org).

THIS WORK WAS MADE POSSIBLE IN PART BY SUPPORT FROM THE SWEDISH INTERNATIONAL DEVELOPMENT AGENCY (SIDA), SYSTEM-WIDE

GENETIC RESOURCES PROGRAM OF THE CGIAR, EUROPEAN COMMISSION,AND THE U. S. AGENCY FOR INTERNATIONAL DEVELOPMENT (USAID).



Brief 22, page 1

Brief 22

PREDICTING FARMER DEMAND FOR TRANSGENIC

COOKING BANANAS IN UGANDA

Svetlana Edmeades and Melinda Smale

In contrast to cross-breeding, genetic transformation allows for enhancement of
one trait in a variety while retaining other desirable traits or attributes. Host vari-
eties can be hybrids bred by scientists or endemic types maintained by farmers.
Varieties that are popular among farmers are those whose traits or attributes are

appreciated by farmers. Inserting a gene into a host variety that is already popular
among farmers will increase the transgenic variety’s chances of being successful. 

The large number of distinct banana varieties grown on farms in Uganda suggests
that insertion of transgenes into more than one background will be necessary for gener-
ating a broad-based impact on the productivity of the banana sector. Scientists at the
National Agricultural Research Organization (NARO) have identified several varieties
for initial transformation assays in order to represent the range of genomic and use
group diversity found among clone sets in Uganda. Each transformation event, howev-
er, has an associated cost. In addition, transforming too many varieties within one
genomic group could contribute to genetic uniformity for the trait and vulnerability to
pathogens that overcome the resistance imparted by the genetic transformation. Choices
will need to be made about the host variety or varieties into which the transgene will be
inserted. In turn, the choice of host variety will affect the distribution of benefits
among communities and farmers within communities.  

This point can be illustrated using an economic model to analyze the determinants
of farmer demand for planting material from seven potential host cooking-banana vari-
eties and then generate two pieces of information related to demand. Taking
Nakitembe—the most widely grown variety in the major banana-producing areas of
Uganda—as an example, first, client prototypes are identified by comparing the charac-
teristics of farm households with high and low predicted demands for the variety. This
exercise illustrates how the choice of host planting material can have social conse-
quences. Second, changes in total industry demand for planting material of a genetically
transformed host variety are simulated (a) when resistance traits are inserted, with vary-
ing degrees of effectiveness, and (b) when other supporting public investments are made
in extension, market infrastructure, and education. The simulation demonstrates how
the magnitude of the payoff resulting from research investment depends crucially on
other types of investments.
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Targeting Potential Varieties 
The seven varieties chosen for the analysis include two
that are both widely grown and targeted for assays
(Mbwazirume and Kibuzi), one that is widely grown
but not targeted for assays (Nakitembe), and four that
are targeted but not widely grown (Nakinyika,
Enjagata, Kisansa, Mpologoma). Mbwazirume is the
most extensively grown variety in high elevation areas,
and Nakitembe is the most extensively grown in areas
of lower elevation.   

Farmer demand for planting material includes a
decision to use the material and a decision about the
scale of use. Findings demonstrate that for banana
varieties, both consumption and production attributes
play prominent roles in these decisions. Given that
the majority of farm households in Uganda consume
bananas grown on their own farm as a staple food,
farmers’ opinions about the cooking quality of differ-
ent varieties explain a great deal about which varieties
they choose to grow and how much of each they
grow. Clearly, the importance of bananas as a food
staple is one reason why NARO has targeted cooking
varieties for transformation. In addition, results
demonstrate that farmers grow less of varieties that are
more susceptible to biotic pressures, such as black
Sigatoka disease or weevils. Hence, the resistant plant-
ing material now under development by NARO is
likely to be attractive to them.

Both the social and economic characteristics of
farm households determine their demand for planting
material. Larger households and households with a
higher proportion of dependents grow more banana
plants to meet their immediate consumption require-
ments. More experienced and educated farmers also
tend to grow more banana plants in their groves.
Women have at least as great a role as men in deci-
sions related to banana production and use, and
almost complete control over cooking-related issues.
More frequent contacts with extension agents appear
to induce farmers to grow more banana stands, per-
haps due to the acquisition of better knowledge about
each variety and production management practices.
Greater numbers of banana stands per farm household
are also found in low elevation areas, the historical
locus of banana production in the country, where
population densities are higher and plantations are
more heavily beset by pests and disease. Wealthier

households with more cash income grow fewer mats
of cooking varieties. Better-off farmers either purchase
cooking bananas to meet their consumption needs, or
they substitute other foods for cooking bananas. As
expected, larger banana groves are associated with
larger numbers of banana stands. Greater availability
of banana planting material of different varieties
reduces the demand for any specific variety, which is
reflected in the smaller numbers of stands planted to
particular banana types. Households located farther
from markets grow more banana stands, meeting their
immediate household consumption needs through
their own production. Farmers appear to respond to
increases in the farmgate price and better market
infrastructure by planting more banana stands and
selling more bunches.

Who Are the Clients for 
New Varieties?  
To illustrate the possible social consequences of scien-
tific innovation and supporting investments on farmer
“clients” or potential adopters, the characteristics of
farm households with high and low predicted demand
for transgenic planting material were compared. For
example, inserting resistance to black Sigatoka into
Nakitembe would effectively target larger households
with more dependents, who are poorer in cash trans-
fers, livestock, and housing. These target households
manage larger farms with a lower share of land allo-
cated to banana groves. They tend to spend more time
reaching banana markets, although they are not more
distant from them, perhaps because of poor transport
or road quality. These households are concentrated in
the central region, the historical locus of banana pro-
duction, where disease pressures and population den-
sities are high, but urban markets are more developed.
The results are consistent with our hypothesis that
transgenic cooking varieties are a potentially pro-poor
application of biotechnology. 

No differences in the profiles of farm households
most likely to use transgenic planting material are evi-
dent when gene insertion alone is undertaken.
However, when gene insertion is accompanied by
other investments, differences in market participation
emerge, with a lower proportion of households partic-
ipating as net sellers and a higher proportion engaging
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as buyers. This is perhaps driven by on-farm special-
ization that, coupled with reduced transaction costs,
may generate differential participation in markets. 

Simulations using the economic model demon-
strate the relationship between changes in the effective
resistance to biotic pressures and demand for planting
material. Figure 1 illustrates this relationship when a
single resistance gene (black Sigatoka) or multiple
resistance genes (black Sigatoka and weevils) have
been successfully inserted into suitable banana geno-
types, as well as when gene insertion is supported by
public investments. Public investments considered in
the figure are those related to market access, improve-
ments in human capital, and dissemination of infor-
mation dissemination. Values in Figure 1 represent
total aggregate demand, although they are lower
bound estimates because they are based on major
banana plots only. 

For a crop affected by a complex of biotic pres-
sures, the marginal effect on expected demand for
planting material will be much greater (in this case,
close to a 50 percent increase in the total number of
plants) when two or more resistance genes are success-
fully inserted and jointly expressed. However, these
findings depend on farmers’ ability to perceive the
yield advantages of the resistant varieties. In practice,
even if a gene-imparting resistance to a disease or pest
is inserted and expressed, farmers may not perceive its
effects, since disease or pest incidence tends to vary
across banana plantations, and the mechanisms under-
lying some biotic pressures (such as weevils) are better
understood than those underlying others (such as
black Sigatoka, a more recently introduced disease).
Where necessary, perceptions and understanding of
losses from pests and plant disease can be enhanced by
educating farmers.

Figure 1. Change in predicted aggregate demand for a selected variety
from effective trait insertion and other supporting investments,
for different levels of resistance perceived by farmers

Source: Edmeades and Smale (2006 forthcoming).

Note:The selected variety is Nakitembe. BS indicates insertion of a single black Sigatoka 
resistance gene, BS+WE indicates insertion of black Sigatoka and weevil resistance genes 
without supporting investments, and BS+WE+other indicates insertion of black Sigatoka and
weevil resistance genes with supporting investments.The intercepts for the three lines are
259,000 (BS), 233,000 (BS+WE), and 267,000 (BS+WE+other).



Supporting Research Success
through Other Public Investments  
Public investments in education, extension, and mar-
ket infrastructure can help to overcome impediments
to the use of new varieties, thereby reinforcing the
positive effect on variety demand induced by genetic
improvement. About half of the shift in demand for a
variety is attributable to the farmgate price response,
with education and extension having a smaller,
though important, influence on the magnitude of this
shift. Shortening the time taken for a variety to get to
the market has an offsetting but minor effect, by
enabling farm families to purchase food rather than
produce it. Improvements in market signals, such as
price differentials that capture quality differences
across banana bunches, could stimulate farmers to sell
more at the market, with important implications for
rural development. Improvements in road infrastruc-

ture or better means of transportation would have a
smaller relative effect than prices on the overall
demand in the short term. 
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PREDICTING FARMER DEMAND FOR Bt MAIZE

IN KENYA

Melinda Smale, Hugo De Groote, and George Owuor

The Importance of Maize Improvement in Kenya   

Agriculture is the leading sector in Kenya’s economy, providing employment to 
more than two-thirds of the population. Maize continues to be the major   

food staple, and Kenyans have one of the highest rates of maize 
consumption per capita in Africa. Kenya experienced spectacular maize

breeding successes in the 1960s and 1970s, with diffusion curves for hybrids as steep as
those of the U.S. Corn Belt in preceding decades (Gerhart 1975). In the past few
decades, however, a number of factors have contributed to stagnating national maize
production, including a secular (long-term) decline in soil fertility and decreasing pub-
lic research investments. Meanwhile, improved varieties of maize have diffused more
gradually into more marginal production environments where yield potential is lower.
Maize scientists in Kenya generally concur that better combinations of resistance and
tolerance traits are the key to boosting maize yields among smallholders, given that they
are unlikely to invest heavily in intensifying their production in the near future. 

Stemborers, in particular, inflict significant yield losses. Despite these losses, which
are estimated at 13.5 percent per annum—roughly equivalent to annual maize imports
(De Groote et al. 2004b)—only a very small proportion of farmers use insecticides to
control stemborers, mainly because of high costs and labor requirements. According to
participatory rural appraisals (PRAs) carried out in different regions of Kenya under the
project, Insect-Resistant Maize for Africa (IRMA), farmers perceive stemborers, along
with storage pests, to be the most important pest problem (De Groote et al. 2004a). 

Genetic transformation offers the opportunity to insert Bt-based resistance into a
number of Kenya’s maize varieties. The choice of host variety can have social conse-
quences as well as implications for the rate of return on research investment. This is
because Kenya’s maize hybrids and improved varieties have been bred to suit the specific
characteristics of the nation’s vast and disparate production environments. In addition,
within these environments, the farmers most likely to adopt Bt maize varieties differ in
terms of their levels of wealth, assets, education, and income. 

Kenya’s east is characterized by lowland tropics on the coast, and then, moving west-
ward, dry mid-altitude and dry transitional zones (Hassan 1998). Although these three
zones cover nearly 30 percent of the maize area in Kenya, they only produce an estimat-
ed 11 percent of the crop. The moist-transitional zone (NE, E, SE) straddles the high-
land tropics. Yields are considerably higher in these zones, which produce 80 percent of
the maize in Kenya on 30 percent of the area. The sixth zone, the moist mid-altitude



Farmers (percent) Maize area (percent)

High tropics 94 9 0 94 0 6

Moist transitional east 98 16 0 93 0 7

Moist transitional northeast 99 12 3 97 1 4

Moist transitional southeast 72 41 1 68 1 32

Moist mid-altitude 38 83 3 27 2 71

Dry transitional 21 77 17 16 12 73

Dry mid-altitude 9 72 32 6 28 66

Low tropics 63 46 20 52 13 35

Source: KARI/CIMMYT (2002/03).

Note: Farmer data total to more than 100 percent because farmers grow combinations of hybrids, improved open-pollinated varieties,
and local varieties.

Table 1—Adoption of improved maize in Kenya, by maize growing environment, 2002

region around Lake Victoria, contributes around 
9 percent of the nation’s maize (Figure 1). 

In the highland tropics and parts of the moist tran-
sitional zones, hybrids account for a large proportion
of the maize area planted and almost all farmers grow
at least some hybrids, although some farmers continue
to grow local maize. H511 and H614 are still the
most frequently grown hybrids in the high-potential
zones. Adoption rates remain lower in the more mar-
ginal maize producing environments. Local varieties
are most frequently grown by farmers in the drylands,
although improved open-pollinated varieties cover the
greatest percentage of the maize area. Comparison of
the results of surveys conducted in 1992 (Hassan
1998) and 2002 (IRMA baseline survey, described in
Brief 19 and reported here) indicates that the percent-
age of farmers growing hybrids in the coastal region
nearly doubled in that decade. Similar percentages
grew improved maize varieties in the dry transitional
zone in the survey years, but the use of improved vari-
eties in the dry mid-altitude zone appears to have
declined between 1992 and 2002 (Table 1). 

Determinants of Farmer Demand for
Host Varieties
In Kenyan maize, most potential host varieties for Bt
genes are hybrids and improved open-pollinated varieties,
although there are several local varieties that are recog-
nized by plant breeders and extensively grown by farm-

ers. This situation stands in contrast to that for East
African highland bananas, where most potential host
varieties are local. To examine the factors that influence
farmer demand for seed of potential Bt host varieties, 2
of the more than 40 maize varieties identified in the
IRMA baseline survey were selected as illustrative exam-
ples from among those most frequently grown by farm-
ers during the major rainy season. The first, H614, is a
hybrid cross first released in the 1970s, bred for the high-
potential maize growing environments at higher altitude
and with longer seasons. The second, Mdzihana, is a
local variety recognized by both maize breeders and
farmers for its distinctive traits, and grown only in the
coastal lowland tropics. Regression analysis was used to
predict use of the varieties and identify the determinants
of use. 

The coastal low tropics has remained a distinct maize
production zone for cultural reasons and because it is
marginal to the national economy. Cash incomes gener-
ated through off-farm work are relatively low, food in
the shops is in irregular supply, and farm households try
to attain a high degree of self-sufficiency in maize
(Waaijenberg 1994). Soils are sandy and poor, and rain-
fall is unreliable. The maize crop in this humid zone is
very susceptible to stemborers, molds, and maize weevils. 

A regression analysis was performed to identify the
determinants of variety use (Table 2). The more tolerant
a variety is to stemborers, the greater the proportion of
the maize area a farmer allocates to it. The effect on the
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share of maize area planted to the variety is even larger
when it is a local variety in the lowland tropics, in part
because local varieties have greater tolerance to stembor-
ers, and in part because yield losses from stemborer are
greater. These findings indicate that farmers would show
greater interest in using maize varieties that are resistant
to stemborers, whether a hybrid or a local variety. Higher
expected yields also contribute to greater demand for
hybrid seed. Commercial producers, such as those in the
highlands, will focus on using the most profitable maize
variety. Farmer interest in hybrid maize seed often
increases with their level of education; however, the ten-
dency for more highly educated male farmers to be
drawn away from agriculture in general, and from staple
food production to other cash crops, may reduce the
demand for hybrid maize seed. Households in which
educated individuals shift from cultivating maize to
other, more profitable, activities, spend less on maize seed
and tend to purchase maize with cash earned from other
sources. The local maize variety contributes to meeting
subsistence needs not covered by purchased, lower quali-
ty grain. The negative effect of education of male farmers
on demand for hybrid maize is contrasted by the positive
effect of education for female farmers, because women
remain heavily involved in the production of food. 

Wealth in livestock assets is positively related to
demand for maize seed in both high- and low-potential
zones but for different reasons. In the high-potential
zone, greater wealth is associated with higher shares of

maize area in the major hybrid. In the coastal region,
households with more livestock are found in the drier
areas located inland from the coast, where local varieties
outperform improved types. In the low-potential area on
the coast, the more important maize is in the cropping
system of the farm, the smaller the proportion of maize
area farmers allocate to the local variety, Mdzihana. For
example, input-market access increases the chances that
a farmer will grow the hybrid maize. A greater intensity
of hired labor in the village is associated with smaller
proportions of maize area planted to H614. One expla-
nation for this result could be that more labor is devoted
to cash crops than to maize because the economic
returns to labor are higher. 

Based on the econometric estimation, it is possible to
develop a profile of the farmers most likely to use the
variety if transformed (Table 3). Again, we use H614
and Mdzihana as examples. Inserting the Bt gene into
Mdzihana would target households with less family
labor, less educated men and women, and half the aver-
age income received through gifts and transfers. These
smallholder farmers have about one-fifth of their wealth
in livestock assets, and only 17 percent have income
from growing cash crops. They have less fertile land
than those who do not grow Mdzihana, but, neverthe-
less, they farm larger maize areas and are more depend-
ent on maize as a crop. Reducing crop losses may have a
greater impact on the welfare of individual households
in more economically marginalized zones. 

Table 2— Factors that influence farmer demand for seed of potential Bt host varieties 

Variable H614 Mdzihana

Expected yield + 0

Perceived tolerance to stemborers + +

Education of women (years) + 0

Education of men (years) – –

Value of cattle (Ksh) + +

Value of gifts and transfers (Ksh) 0 0

Share farmland in maize (percent) 0 –

Share of farmland with fertile soil (percent) 0 0

Previous extension contact 0 0

Hired labor in the village – 0

Market access + 0

Source: Owuor, Smale, and De Groote (2004).

Note: + indicates a positive association between the variable and farmer demand for seed, – indicates a negative association between the variable
and farmer demand for seed, and 0 indicates no statistical association between the variable and farmer demand for seed.



Clearly, the greatest rate of return to research invest-
ment would accrue from inserting Bt genes into maize
varieties grown in the high-potential zones. About 80
percent of the estimated value of crop losses to stembor-
ers in Kenya occurs in the moist transitional and high-
lands zones, where adoption rates for maize hybrids are
greatest and the nation’s surpluses are produced. By con-
trast, only 12.5 percent of the national value of crop
losses to stemborers occurs in the lower potential, dry
and lowland tropics. The estimated marginal value per
hectare from Bt insertion, however, is equal in the high-
and low-potential zones (De Groote et al. 2003).
Although maize yields are much higher in the high-
potential zone, losses to the stemborer species Chilo
partellus, against which the Bt genes currently identified
are very efficient, are considerably less. The distribution
of stemborer species indicates that the foremost species
in the higher potential zone is Busseola fusca, for which
an effective Bt gene has yet to be identified. 

The Kenya national maize program will have the
opportunity to insert Bt genes into a range of materials
at relatively low cost compared with some other crops.
However, the findings presented in this brief illustrate
the point, also made in Brief 22, that genetically trans-
formed varieties, like varieties improved by crossing or
selection, will typically have differential impacts across
farmers, social groups, and regions.
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Table 3— Profiles of farm households most likely to grow potential Bt host varieties 

Profile H614 Mdzihana

Adult household members 8.14 5.10

Education of men (years) 8.86 6.28

Education of women (years) 7.57 3.24

Annual gifts and transfers (Ksh) 18,817 9,667

Annual credit received (Ksh) 2,585 153

Value of cattle (Ksh) 29,116 5,964

Share growing cash crops (percent) 68 17

Farm size (ha) 2.83 4.11

Maize area (ha) 0.34 3.23

Share of farm area in maize (percent) 35.4 75.1

Share of farm area with fertile soil (percent) 5.6 1.0
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Number of banana varieties

Unit of analysis/elevation Minimum Maximum Mode Mean

Household, varieties

Low elevation 1 19 4 6.72

High elevation 2 27 6 9.07

Household, use groups

Low elevation 1 5 4 2.85

High elevation 1 5 3 3.36

Household, cooking varieties

Low elevation 0 14 4 4.01

High elevation 1 18 3 6.38

Village, varieties

Low elevation 13 32 20 22.41

High elevation 17 38 38 28.54

Note: Household subsample sizes are 419 in low elevation areas and 98 in high elevation areas; the total number of
communities is 27.
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BIODIVERSITY OF BANANAS ON FARMS IN UGANDA

Svetlana Edmeades, Melinda Smale, and Deborah Karamura 

Uganda is among the world’s leading countries in terms of banana produc-
tion and consumption. Bananas occupy the largest cultivated area among
staple food crops in Uganda and are primarily grown on small subsistence
farms (plots of less than 0.5 ha). In addition to being a major food staple,

bananas are an important source of income, with excess production sold in local mar-
kets. Average per capita annual consumption of bananas in Uganda is the highest in
the world, estimated at close to 1 kg per person per day. Bananas are consumed as
fruit; prepared by cooking, roasting, or drying; and fermented for the production of
banana juice and alcoholic beverages (beer, wine, and gin). 

Most of the banana varieties grown in Uganda are endemic (indigenous) to the East
African highlands—a region recognized as a secondary center of banana diversity. The
East African highland banana is a unique genomic group, selected over the centuries by
farmers. As many as 84 distinct varieties of endemic East African highland bananas,
classified into five clone sets, are grown by farmers in the region (Karamura 1998). In
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Table 1—Variety and use group diversity in number of banana 
varieties at the household and village levels



addition, several unimproved, exotic banana varieties
from Southeast Asia and a few recently developed
hybrids are also locally grown. Differences between
endemic and non-endemic varieties are associated with
differences in observable characteristics, genome, and
common use, but not with improvement status.

The biological diversity of bananas in Uganda is
understood at the taxonomic levels of genomic group,
use group, and variety. This diversity is impressive at
all geographical scales of analysis—the household farm,
the village, and the region. Although banana specialists
in East Africa have long made this observation, the
sample survey undertaken as part of the research
described here establishes this fact statistically for the
major banana-growing regions of the country. Survey
data confirm the high level of banana diversity both 
in the country as a whole and on individual farms
(Table 1). A total of 95 banana varieties are currently
grown among the households sampled in Uganda,
with the majority (86 percent) consisting of endemic
types. Banana varieties, which are locally named and
differentiated by characteristics that are observable to
farmers, were classified in this research into synonym
groups according to established banana taxonomy,
resulting in five groups or types defined by use (cook-
ing, beer-making, sweet, roasting, and multi-use).

Differences in consumption preferences, genetic
composition, and the manner in which that genetic
makeup interacts with the environment mean that no
single variety equally supplies the attributes demanded
by farm families (Bellon 1996). The typical household
in Uganda grows, on average, as many as 7 banana
varieties simultaneously in the banana grove, with a
maximum of 27. Farmers consider different banana
varieties to have distinct advantages and disadvantages
in regard to both consumption needs and production
requirements. Another reason farmers maintain so
many varieties simultaneously is that they serve as liv-
ing stocks, reducing the reliance of farmers on cumber-
some, longer distance exchanges of planting material to
obtain the desired range of varieties and traits. Many
households grow three or more use groups of varieties.
Endemic cooking bananas are the most widely grown
use group in the sample, with 97 percent of house-
holds growing at least one cooking variety. The diversi-
ty within this group is also striking. Most farm house-
holds grow three or more distinct cooking-banana vari-
eties, with an average of five. The number of distinct

varieties per village ranges from 13 to 38, with an aver-
age of 23. 

Major varieties appear to be fairly uniformly dis-
tributed across households. The varieties most fre-
quently grown by farmers are generally the same as
those that are most widely planted. Among them,
endemic cooking bananas predominate, highlighting
the greater importance farmers place on local banana
types compared with introduced varieties.
Nevertheless, even the most widely grown banana vari-
eties account for less than 10 percent of all banana
stands in the entire sample. This indicates the tremen-
dous clonal diversity maintained by farmers across the
major banana-producing regions of Uganda.

The criteria used to select among varieties depends
on the region and whether the farmer is oriented
toward subsistence or commercial production. Insight
into the specific traits that motivate farmer selection of
a given variety is limited and primarily derived from
on-station research trials rather than on-farm surveys.
The relationship between morphological or trait diver-
sity and the utility of these traits to farmers is also
poorly understood (Gold et al. 1998; Karamura,
Hartman, and Kaplan 1999). To address these limita-
tions, survey data were used to gain greater insight into
the role of farmers’ perceptions of the importance of
specific banana attributes in their decisions regarding
which varieties to grow, in particular the number and
mixture of varieties. 

A full taxonomy of banana clones was used to con-
struct measures of diversity (as defined by the number
and evenness) at the variety and use group levels on
farms of smallholder, semi-subsistence banana-produc-
ing households in Uganda. The relative importance
assigned to different attributes by farmers influences
the trade-offs they make when choosing the type and
number of varieties to grow, which is believed to affect
banana diversity on farms. Key attributes sought by
farmers include resistance to black Sigatoka, weevils,
and Fusarium Wilt, as well as cooking and beer-brew-
ing quality.

Diversity indexes were constructed and used in an
economic model to explore the associations between
the observed levels of diversity across varieties and use
groups and the importance that households place on
specific variety attributes. The findings underscore the
importance of variety attributes in explaining the deci-
sions of banana growers in Uganda. The higher the

Brief 24, page 2



number of attributes rated as very important, the
greater the number and evenness of varieties grown. In
addition, the more important cooking quality is to the
household, and the less important beer-brewing quali-
ty, the greater the diversity of use groups. This suggests
that a focus on beer brewing for cash, rather than
food, reduces the range of groups. Specialization by use
group has implications for resistance evolution in pests
and diseases and adoption of particular varieties
because use groups vary in resistance. Furthermore, the
differential vulnerability to pests and diseases among
varieties probably explains the effects of these biotic
stresses on the diversity of banana varieties and use
groups maintained by farmers. Vulnerability was meas-
ured in this study both in terms of farmers’ percep-
tions of the frequency of occurrence of pests and dis-
eases in their plantation and the relative importance of
the biotic stress. Although trade-offs across use groups
are found when cooking and beer-brewing quality are
considered, production traits are generally more
important than consumption attributes in explaining
variety diversity. Maintaining diversity could be a
deliberate strategy for managing abiotic and biotic
pressures in this relatively labor-intensive production
system with low levels of chemical inputs. 

Results
The survey results indicate that wealthier farmers hold-
ing more value in livestock assets are more likely to
grow larger numbers of distinct varieties and use
groups, which are more evenly distributed. An associa-
tion was also found between the experience of the pri-
mary household decisionmaker  on banana production
and the variety and diversification of use groups. By
contrast, the decisionmaker’s gender is not associated
with the diversity. The availability of large stocks of
diverse banana planting material in the community is
positively associated with greater number of varieties
on individual farms. When the range of variety attrib-
utes demanded by subsistence farmers is limited, dis-
semination of planting material (either improved or
landrace) can have a positive effect on crop biological
diversity. The results also suggest positive associations
between the age of the plantation and both variety and
use group diversity. The older the plantation, the
longer the time span families have had to accumulate

diverse banana types within and over generations of
managers. Market sales induce farmers to grow a wider
and more even range of banana varieties and use
groups. Buying bananas is associated with less variety
diversity and more use group diversity because farmers
depend less on their own stocks for food. 

Bananas are vegetatively propagated, and a unique
system of reproduction and dissemination of planting
material exists among farmers. Banana production in
Uganda is primarily driven by subsistence needs rather
than commercial goals. On the one hand, the over-
whelming importance of attributes and the extensive
biological diversity on farms in Uganda suggests that
newly improved banana varieties will not displace local
varieties in the near future. Still, judicious introduction
of newly improved banana varieties will be important
if, in addition to relieving productivity and market
constraints to banana production, protecting biological
diversity in the East African highland banana is of policy
concern. 

Genetic transformation is one way to maintain the
diversity of types that farmers recognize and find use-
ful, since this technique maintains the original traits of
a variety while adding additional desired trait(s) (Sági,
Remy, and Swennen 1997). On-farm diversity has
implications for adoption of transgenic bananas. Even
if many farmers adopt a new variety, the variety may
constitute only a small share of the total banana popu-
lation because no single variety dominates with respect
to all uses or attributes. On the other hand, uneven,
spatially discontinuous adoption could be beneficial in
terms of managing pest and disease evolution, extend-
ing the usefulness of the inserted trait and the econom-
ic advantage farmers earn from adopting transgenic
varieties.
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BIODIVERSITY OF MAIZE ON FARMS IN KENYA

Melinda Smale, Hugo De Groote, and George Owuor 

In recognition of the importance of genetic resources, international agreements,
such as the Convention on Biological Diversity (CBD) and the International
Treaty on Plant Genetic Resources for Food and Agriculture (ITPGRFA),
encourage national governments to support the sustainable use and management

of genetic resources on farms and in gene bank collections. To design initiatives to sup-
port the local management of crop biological diversity in farming communities, an
understanding of the social and economic factors that determine the observed levels is
needed.  

Diversity among either improved varieties or local varieties, or both, can generate
private value to farmers and public value to society. In difficult growing environments
where market opportunities are limited, such as the less-favored areas of Kenya, farm-
ers manage production risk ex ante through diversifying crops and varieties. Substantial
spillovers of materials bred for high-potential environments into less favorable environ-
ments have occurred, although most improved varieties do not outperform local vari-
eties for all attributes of importance to farmers (Hassan et al. 1998). Farmers often
choose to grow improved and local varieties simultaneously because the genetic traits
in one category complement those found in another. Kenyan maize breeders also con-
sider that some local varieties growing in harsher environments hold potential value for
local adaptation and specific traits.

In zones with high productivity and good markets, such as the highlands of Kenya,
commercial farmers may better meet their objectives by growing the single most high-
yielding maize variety and reallocating land from food crops to more profitable cash
crops. Even here, however, diversity remains important. The genetic structure of
improved varieties is developed by plant breeders, and the risk associated with wide-
spread cultivation of the same variety is uniformity in traits conferring resistance to
biotic pressures. Uniformity in plant resistance mechanisms makes the crop vulnerable
to mutations in pests or pathogens, and if a mutation emerges that overcomes the
resistance, an epidemic may ensue. Consequently, some plant breeders seek to cross
multiple sources of resistance into the same varieties (through race nonspecific or hori-
zontal resistance strategies). Reducing crop vulnerability to yield losses benefits both
farmers and society in general.

By comparison, the genetic structure of local varieties is shaped by farmer selection
and natural selection processes. Often, these varieties are managed as more genetically
heterogeneous units. Nonetheless, their sources of genetic resistance to a particular pest
or disease may be narrow. 
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Maize Gene Pools in Kenya

The origins of maize in Kenya provide insights into
the varieties cultivated today. The most generally
accepted hypothesis is that after being taken from the
Americas to Europe in 1494, maize was introduced to
the African continent through several routes during
the 16th century. There are few written accounts about
the diffusion of maize. Linguistic evidence suggests
that the crop penetrated the interior of tropical Africa
from the coastal lowland tropics, as part of the
Portuguese trade with East Africa (Miracle 1966). On
the East African coast, maize was given many names,
including the Swahili name muhindi (the plant of
India), and pemba, the name of the island in the
Indian Ocean on which 16th century Portuguese
planters cultivated food plants (including maize) to
supply their garrison. Although maize was probably
known throughout Kenya by the 1880s, up until
World War I it seems to have been important as a sta-
ple food only along the coastal lowlands in the south-
eastern corner of the country. Maize’s transition to a
major crop in Kenya occurred during World War I,
when disease in millet led to famine, and millet seed
was consumed rather than planted. 

M. N. Harrison, Kenya’s chief maize breeder during
the colonial period when the first plant breeding pro-
gram was initiated, classified the nation’s maize types
into four pools (Harrison 1970). By the turn of the
century, the Caribbean flint types of maize dominated
the crop area along the East African coast and had
spread inland along trade routes, although maize con-
tinued to be a minor crop. The rise in the importance
of maize occurred after the introduction of a different
gene pool from South Africa, derived from white dent
types brought there earlier from North America.
Harrison reports that through crib selection by
European farmers, “Kenya Flat White” emerged as a
recognized, reasonably stable population. Harrison
reported two other minor types. The first, identified as
Cuzco, was a high altitude race with strong purple pig-
mentation that originated from Peru. Called Githigu
in Kikuyu, Cuzco is believed to have been brought by
missionaries before World War I, and a variety by the
same name is still grown in Kenya. The second minor
type, called Local Yellow, was declining in use at the
time Harrison noted it. This type was as attributed to
a combination of early introductions of Caribbean

flint types and later introductions of yellow dents from
the Americas via South Africa. 

The first improved maize variety released in Kenya
was the Kitale Synthetic II (an open-pollinated maize
variety [IOPV] released in 1961), based on inbred
lines from the Kenya Flat White complex. The chief
maize breeder “felt the need to widen the genetic base
of the Kitale program,” and while “nothing of value”
had come from earlier testing of U.S. Corn Belt,
European, South Africa, Rhodesian, and Australian
materials, “the great diversity of center-of-origin mate-
rial from similar ecological conditions to those of East
Africa, close to the Equator with a wide range of alti-
tude, had never been tried” (Harrison 1970, 38). In
1958, Harrison returned from a trip to Mexico and
Colombia, funded by the Rockefeller Foundation,
with exotic breeding material. After screening them, he
made numerous top-crosses of exotic materials with
Kitale Synthetic II, the most outstanding of which was
a cross with an unimproved Ecuadorian landrace
(Ecuador 574). The result was Kenya’s first varietal
hybrid (H611), released in 1964. Since that time,
H611 has been the basis of all hybrids developed by
the national program. 

The Insect-Resistant Maize for Africa (IRMA) base-
line survey confirms that more than 40 distinct maize
varieties are currently grown across maize-growing
ecologies in Kenya. Kenyan smallholders generally cul-
tivate both local and improved varieties but utilize only
a few varieties per farm. Maize diversity is much higher
across farms within a community. This finding rein-
forces the argument that, both because of social factors
and the genetic properties of maize, understanding the
determinants of local crop biodiversity at the scale of
the community is important for the design of national
conservation programs envisaged in the CBD. 

Statistical associations provide insights into factors
that enhance the prospects for the sustainable manage-
ment of maize biological diversity for present and
future generations in Kenya. If anything, wealth,
income, and educational levels in communities are
associated with a greater richness and equitability in
the spatial distribution of maize varieties. More inten-
sive local labor markets reduce diversity, probably
because of the rising opportunity costs of time as the
local economy develops. 

Results suggest that maintaining diversity among
modern varieties is important in the high-potential
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Table 1— Maize varieties grown in Kenya during the major rainy season

Zone Hybrids Improved open-pollinated varieties Local varieties

High tropics CG4141 Katumani 6-Choge
H511 Cheberon
H512 Githigu
H614 High shoot
H622 Miezi 3
H625 No.8
H526 Nyamula
H627 Nyandarua

Moist transitional H511 Katumani 6-Choge
H513 Maseno double-cobber Cheberon
H614 Endere
H622 Githigu
H625 Kuria local
H626 Maisukha
H627 Miezi 3
H628 Migori
H629 No.8
PH1 Nyamaragoli

PH3253 Nyamula
PH9401 Rachar

Dryland Hybrid 1
Moist mid-altitude H511 Katumani Amanyala

H513 Anzika
H614 Msamaria
H622 No.8
H625 Nyamilambo

PH3253 Nyamula
Nyauganda

Oking
Ongech
Opapari
Otalii
Rachar
Sipindi

Dryland tropics CG4141 Katumani Kangundo
H511 Makueni Kikamba
H513 Kinyanya
H625
H627
H628

PH3253
Dryland mid-altitude CG4141 Dryland Composite 1 Kikamba

H511 Katumani Kinyanya
PH3253 Makueni

Low tropics PH1 Coast Composite Kanjerenjere
PH4 Katumani Mdzihana

Mengawa
Mgiriama
Mungindo

Mwangongo
Zongo

Source: KARI/CIMMYT (2002/03).

Note:The variety list is drawn from a statistical sample and is not a census of all varieties grown.While the representation is good, some varieties
grown may not be listed.
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zones, while maintaining diversity among local vari-
eties is of greater importance in the low-potential
zones. One key conclusion is that variations in the
travel time to the nearest market reduces the spatial
evenness of both the local and improved maize vari-
eties, albeit for opposite reasons. Farmers growing local
varieties are even more reliant on saved seed and their
own genetic materials to meet their needs when they
live farther away from markets. Farmers growing
improved varieties, by contrast, have higher transac-
tions costs in procuring seed when they are located
further from markets, leading to slower rates of hybrid
seed replacement and lags in variety change, both of
which negatively impact yields. Kenya Seed Company’s
pan-territorial, uniform pricing policy for maize masks
important differences in transaction costs and seed
types, potentially distorting the variety choice decisions
of farmers. While other companies have different pric-
ing strategies, their market share, while increasing, is
estimated at less than 10 percent.

The range of farmer-managed, local materials
grown by Kenyan farmers attests to their continued
private value despite the economic development of the
country and high adoption rates for improved maize
varieties. Supporting local management of more spa-
tially diverse maize materials in Kenya could be accom-
plished by different means depending on the improve-
ment status of the varieties. In the case of improved

maize varieties, public investments could be directed to
the seed industry to stimulate development of high-
quality seed and improve both seed production and
local seed supply in order to meet both spatial and
temporal seed demand for a broad range of improved
varieties. In the case of local varieties, the lower poten-
tial zones might be considered as possible sites for
community-based on-farm conservation programs.
Any such programs should be designed to enhance the
private value of local varieties through innovative
breeding or other community-based initiatives, since a
greater proportion of households in low-potential areas
are food-deficient and have limited nonfarm income.
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BIOSAFETY AND BIODIVERSITY RISKS

Melinda Smale, Hugo De Groote, and José Falck-Zepeda

What is Biosafety Risk?

The potential biosafety risks of transgenic varieties have generated 
controversy in the international community. According to the U.S. National
Research Council (2002), these risks include (1) the flow of transgenes, (2)
evolution of resistance in the targeted pest population, (3) plant escape and

establishment of self-reproducing populations, (4) effects on nontarget species, and (5)
health hazards (NRC 2002).A conceptual profile of biosafety risks for the two case stud-
ies is provided in Box 1.  

Many experts consider that evolution of resistance is not a biosafety risk, per se, but a
consequence of genetic uniformity. When many farmers grow varieties with the same
sources of genetic resistance to a pest or disease—either because it is very popular among
farmers or too few varieties are supplied by the seed industry—the probability of a muta-
tion in the pest that overcomes the resistance increases. Once resistance has been over-
come, the chances of epidemic-scale crop losses increase markedly. Developers of tech-
nologies and regulators tend to address this challenge by implementing strategies that
reduce pressures for mutation, such as refuges where susceptible varieties or crops that
host the targeted pest continue to be grown, thereby increasing the useful life of varieties
in the hands of farmers. 

Maize and Banana Case Studies
Maize has a considerable risk of gene flow through cross-pollination, particularly when
landholdings are fragmented, varieties are planted contiguously, and farmers recycle,
exchange, or mix maize seed. In addition, the dominance of the Bt genes augments the
risk of genetic uniformity in the trait. Moreover, because Bt genes are single genes that
cause heavy pest mortality, they augment the pressures for mutation. In the highland
areas of Kenya, where the adoption rate for a single maize hybrid (H614) is very high,
virtually all farmers will be growing the F1 or advanced-generation Bt hybrid within a
few years—primarily because H614 already accounts for a dominant share of the maize
area. In the zones where the productivity potential of maize is lower and improved maize
varieties are less popular, farmers ascribe greater importance to losses to stemborers. They
are also likely to recycle, mix, and select for stemborer resistance in their local materials,
which could contribute to gene flow and uniformity in the Bt genes. The Insect-Resistant
Maize for Africa (IRMA) program’s 2002 baseline survey data demonstrated that the
array of maize materials grown in many of the ecologies, as well as continuing crop diver-
sification in response to economic opportunities, may provide sufficient natural refugia
for the stemborers, delaying the evolution of resistant strains. In some commercial maize-
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Box 1. Biosafety Risks Associated with Transgenic East African Highland Bananas 
and Bt Maize in Kenya

Pest and disease resistance in 
East African highland bananas

1. FLOW OF TRANSGENES

No flow of transgenes is possible among East African
highland bananas because they are sterile triploids. Gene flow
is possible among tetraploids, such as recently developed
hybrids, although normally these reproduce through self-
propagation.

2. EVOLUTION OF RESISTANCE

Genetic uniformity in a trait increases the probability of a
mutation in the pest population or disease pathogen that
overcomes resistance and makes the crop more vulnerable to
an epidemic if the mutation occurs.

Ironically, it is clonal propagation and the system for dis-
seminating plant material, rather than gene flow, that engen-
der the risk of resistance evolution for transgenic bananas.
The risk of resistance evolution in the targeted pest popula-
tion may be great with the soil and root borne problems of
banana, since mats move slowly with new roots in a given
location and farmer propagation reproduces the same trait.
Large-scale multiplication schemes, such as those envisaged
for tissue culture systems, would contribute to genetic unifor-
mity in the trait.

3. PLANT ESCAPE

Wild diploid bananas have been found only in Asia. The
diploid bananas known to exist in Tanzania and Uganda are
not wild plants, but cultivated and edible types that have no
female seeds and are sterile. 

4. EFFECTS ON NONTARGET SPECIES

Nothing is known yet about the risks to nontarget species
of transgenic banana varieties.

5. HUMAN HEALTH

Nothing is known yet about the risks to human health of
transgenic banana varieties.

Bt maize in Kenya

Maize has a high risk of gene flow through cross-pollination,
particularly when landholdings are fragmented; varieties are
planted contiguously; and farmers recycle, exchange, or mix
maize seed, as is the case in most of Sub-Saharan Africa. 

The dominance of the Bt genes augments the risk of genetic
uniformity in the trait. However, this risk is also increased by
a lack of variety diversification. For example, in the highland
areas of Kenya, where the adoption rate for a single maize
hybrid (H614) is very high and has been for some time, many
farmers will be growing the F1 or advanced-generation H614
with Bt-resistance within a few years, simply through seed
replacement. In zones where the productivity potential of
maize is lower and improved maize varieties are less popular,
farmers ascribe greater importance to losses from stemborers
and would be keen to try stemborer-resistant varieties. They
are also likely to recycle, mix and select for this resistance trait
in their local materials, contributing to gene flow and genetic
uniformity in the trait. Bt genes are single genes that cause
heavy pest mortality, thereby augmenting the pressures for
mutation. On the other hand, differences in genetic back-
grounds among improved and unimproved materials in
coastal areas should contribute to the continuing evolution of
diversity. Higher levels of stemborer resistance in some of
these materials might also act as a buffer against pressure for
stemborers to mutate to overcome this resistance.

There are no wild relatives of maize in Africa.

Bt genes are very specific, and preliminary evidence suggests
the risks to nontarget arthropods in Kenya are negligible

The potential risks of Bt genes to human health are associated
with the genes themselves, as well as those genes used as con-
structions for insertion and markers. To date, no studies have
found health risks associated with Bt maize that are not also
associated with conventionally bred maize (GAO 2002). In
any case, scientists working on Bt maize in Kenya now focus
on “clean” events—that is, the insertion of the gene and the
subsequent removal of the mechanism used to insert it, elimi-
nating risk to consumers.



growing areas, although additional extension effort
could be geared toward training farmers about the
importance of refugia (De Groote et al. 2004), the
enforceability of refugia, and the associated costs to pro-
ducers in terms of annual yield losses and management
time, are genuine concerns. 

No flow of transgenes is possible among East African
highland bananas because they are triploids that are gen-
erally sterile. Gene flow can occur among tetraploids,
such as the recently developed hybrid bananas, though
normally these reproduce through self-propagation.
Ironically, it is clonal propagation and the system for
disseminating plant material, rather than gene flow, that
engender the risk of resistance evolution for transgenic
bananas. Large-scale multiplication schemes, such as those
envisaged with tissue culture, would contribute to genet-
ic uniformity in the resistance trait. The risk of resistance
evolution in the targeted pest population may be great
with the soil and root borne problems of banana,
because banana plants are vegetatively propagated and
are grown for long periods of time in the same grove. 

Both the problem of genetic uniformity and its solu-
tions, however, are well known to conventional plant
breeders. Solutions include pyramiding genes with vari-
ous resistance mechanisms, combining genetic resistance
and crop management practices, and ensuring that a
wide range of varieties with differing resistance levels
and mechanisms are available to farmers. Aside from the
physical characteristics of the surrounding agroecosys-
tem, resistance evolution is influenced by seed policy
and other factors that determine the varieties farmers
choose to grow.

Neither maize nor bananas have wild relatives in
Africa; hence there is no risk of gene flow to wild rela-
tives from transgenic varieties of these plants. It is often
said that the spread of transgenic crop varieties will
cause farmers to abandon potentially valuable landraces.
However, the risk that transgenic varieties will replace
landraces is no greater than that of conventionally bred
varieties replacing landraces. Rather than destroying
diversity, genetic transformation could potentially main-
tain the diversity of types that farmers recognize and
find useful, because it adds desired traits while leaving
other characteristics unchanged (Sági, Remy, and
Swennen 1997). 

The East African highlands is a secondary center of
diversity for banana. Findings in Uganda suggest that
farmers diversify among varieties as a means of combat-
ing pests and disease and satisfying multiple end-uses,

including consumption and sales (see Brief 24). Farmers
may also maintain many banana varieties simultaneously
because they serve as living stocks, reducing farmer
reliance on cumbersome, long-distance exchanges of
planting material (see Brief 20). The propagation and
growth cycle of bananas also contributes to farmers hav-
ing higher numbers of varieties per grove than would be
the case for an annual crop like maize. 

Although maize is not endemic to Africa, maize
breeders in Kenya do recognize some local maize vari-
eties as distinctive and as potential sources of valuable
traits for crop improvement. Surveys conducted in
Kenya suggest that farmers continue to grow local maize
varieties as a result of consumption preferences, agro-
nomic attributes, or the subsistence orientation of pro-
duction (see Brief 25). Concern regarding the “irre-
versibility” of Bt gene flow into local varieties has led the
IRMA project in Kenya to establish a collection of such
varieties in the national gene bank. 

Nothing is known about the risks to nontarget
species or human health of transgenic banana varieties,
since the technology is still in its developmental stages.
Bt genes are very specific, and preliminary evidence sug-
gests the risks to nontarget arthropods in Kenya are neg-
ligible. The perceived risk of Bt genes to human health
are associated with the genes themselves, as well as those
used as constructs for insertion and markers. Bt genes
were isolated in 1901 by a Japanese biologist and were
rediscovered in 1911 by a German scientist. Bt toxin has
been applied by French organic farmers since 1920. To
date the only health risks identified as being associated
with Bt maize are the same as those associated with con-
ventionally bred maize (GAO 2002). IRMA scientists
working on Bt maize in Kenya now focus on “clean”
events—that is, the insertion of the gene and the subse-
quent removal of the mechanism used to insert it, elimi-
nating potential risks to consumers. 

Regular discussions with Kenyan farmers, con-
sumers, and institutions at annual stakeholder meetings,
group discussions, and other forums, reveal that farmers
are generally very enthusiastic about Bt maize, while sci-
entists, consumers, and the general public are cautiously
optimistic. A survey in Nairobi showed that consumers
generally trust the regulatory agencies, and relatively few
consumers object to the use of genetically modified
crops for food (Kimenju et al. 2005). Interestingly, upon
learning that the Bt gene is dominant (and can therefore
be recycled), farmers requested that the IRMA project
also consider transformation of their local varieties 
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(De Groote et al. 2004). Ultimately, Kenyan farmers
and consumers will decide whether the benefits out-
weigh the costs when they accept or reject transgenic
varieties. The Kenyan government has the responsibility
to ensure that they are well informed. 

Biosafety Regulations
Biosafety frameworks, laws, and regulations in develop-
ing countries have been developed in response to the
implementation of the Cartagena Protocol on Biosafety.
The Cartagena Protocol, a supplement to the
Convention on Biological Diversity, addresses the safe
transfer, handling, and use of living modified organisms
(LMOs), especially those that may have an adverse effect
on biodiversity, taking into account risks to human and
animal health. Biosafety processes inspired by this proto-
col focus specifically on transboundary movements of
materials. The aim of these international agreements is
to ensure that countries have the capacity to assess risks
involving modern biotechnology.

In Kenya and Uganda, biosafety (and biotechnology)
policies, acts, and regulations are in different degrees of
development and implementation. Initial applications in
Kenya for conducting confined field trials of genetically
modified maize and cassava have been submitted to the
National Biosafety Committee. Only the maize trial has
been approved so far. In Uganda, an application to con-
duct confined field trials of genetically modified bananas
is expected to be submitted soon. 

All biosafety regulatory processes are precautionary
by definition. As such, the process of evaluation of a
particular technology goes beyond demonstrating effec-
tiveness to demonstrating reasonable safety. There are
costs associated with the additional testing needed to
demonstrate food/feed and environmental safety. If reg-
ulations are too stringent or uncertain, the cost of gener-
ating additional information will be high, and possibly

prohibitive, ultimately stalling further development of
products. Alternatively, meeting stringent regulatory
requirements may delay the release of a product, increas-
ing the length of time required for the biotechnology to
reach producers, reducing their expected benefits of the
technology.
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