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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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