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Limits to biofortification: farmer perspectives on a vitamin A
enriched Banana in Uganda
Matthew A. Schnurr, Lincoln Addison and Sarah Mujabi-Mujuzi

ABSTRACT
Biofortifying staple crops with enhanced nutritional content has
been touted as a means of addressing micronutrient deficiency
and has emerged as a key component of the Green Revolution for
Africa (GR4A). In Uganda, biofortification efforts have centered on
utilizing genetic modification (GM) as a means of enhancing the
East African Highland Banana, known locally as matooke. This
paper draws on three data sets to evaluate whether this
technological fix synchs with existing farming systems. We argue
that the positive scenario outlined by proponents rests on a
number of assumptions related to the health, social and economic
contexts facing producers.
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Introduction

2016 was a landmark year for proponents of biofortification, who trumpet breeding for
enhanced nutritional content in staple crops as the best means of addressing micronutri-
ent deficiency. Four of the campaign’s most prominent scientists, including HarvestPlus
founder Dr. Howarth Bouis, were recipients of the World Food Prize, feted for ‘dramatically
reducing hidden hunger for millions’ (World Food Prize 2016). In addition, one of the cam-
paign’s most significant accomplishments – the Vitamin A enriched Orange Fleshed Sweet
Potato – was cited by TIME Magazine as one of the twenty-five best inventions of 2016
(TIME 2016). These high profile accolades have reinvigorated calls for a Nutrient Revolution
to fight global micronutrient deficiency, with the goal of expanding the production of bio-
fortified crops to reach one billion people by the year 2030.

This global enthusiasm for biofortification has spread to Sub-Saharan Africa, where
breeding programs targeting hidden hunger have emerged as a key component of the
broader push towards a Green Revolution for Africa (GR4A). At the most recent Forum
for the Future of Agriculture, former UN Secretary General and Board Chair Emeritus of
the Alliance for a Green Revolution in Africa, Kofi Annan, underlined the urgency of addres-
sing malnutrition in Africa and called for investment in ‘nutrition-smart’ strategies, citing
the Orange Fleshed Sweet Potato as a template for how biofortified crops can enhance
nutritional outcomes amongst children and pre- and post-natal women (Annan 2017).
The Bill and Melinda Gates Foundation (BMGF) – the single largest driver of GR4A –
have similarly identified nutrition as a critically under-funded element of the development
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portfolio, and have earmarked nearly US $40 million to support the biofortification of
sweet potato, rice and cassava across Africa, alongside tens of millions in corollary pro-
graming (BMGF 2003, 2005, 2011).

In Uganda, biofortification efforts have centered on utilizing genetic modification (GM)
as a means of enhancing the East African Highland Banana, known locally as matooke.
Matooke is, in many ways, an ideal crop for biofortification via GM: it is produced both
as a staple food and a cash crop, it is grown primarily by small-scale farmers, and it repro-
duces vegetatively, meaning that once purchased farmers will own its offspring and not be
subject to restrictive intellectual property regimes, while the chances of unintended gene
flow are virtually nil. The need is great: current estimates suggest that more than a third of
children under the age of six and women aged 15–49 suffer from Vitamin A deficiency
(VAD), which leads to significant health failings including blindness, lethargy, and poorly
functioning immune systems. Experimental efforts to biofortify matooke with Pro-
Vitamin A were initiated in 2005 under the banner of Banana21 – the banana for the
twenty-first century (Banana21 2016).

The biofortified banana exemplifies many of the principles of the New Green Revolution
of Africa. It is a product of philanthrocapitalism, the conflation of neoliberalism and philan-
thropy that embraces a cutting-edge business approach to addressing the world’s most
urgent issues (Brooks 2013; Desai and Kharas 2008). Imbued with an unqualified faith in
the power of technology to effect social change, philanthrocapitalism is propelled by a
desire to remake the world in its own image, alongside a healthy dose of self-interest
that furthers donor interests via corporate branding, tax relief and access to new
markets (Thompson 2014). The biofortified banana encapsulates this new paradigm of
agricultural development, in which development donors have stepped in to address a
market failure by investing in the creation of vitamin-enriched banana, designed to
enhance household nutritional outcomes and expand farmer’s livelihood opportunities
by providing a new product that will accelerate their market penetration.

This article examines the potential for the biofortified banana to restructure Ugandan
agricultural systems.1 We contribute to this critical literature by foregrounding the per-
spectives of Ugandan banana producers, who are the intended beneficiaries of this biofor-
tification program. This emphasis on farmer perspectives is crucial because the goal of
nutritional enhancement will only be realized if this new technology is widely adopted
by farmers and provides demonstrable benefits to their farming systems. Our analysis chal-
lenges the optimism surrounding the biofortified banana by demonstrating that the loca-
lized concerns of producers clash with the projected benefits of the technology. While
many studies point out that improved varieties are often developed and released
without sufficient consideration of local complexities (Brooks 2011), few studies actually
delineate the disconnect between donor priorities and farmer realities. Our findings
reveal three domains where farmers’ ecological and socio-economic circumstances may

1Uganda boasts one of the largest experimental programs dedicated to GM crops on the continent. Schnurr (2013) unravels
the network of corporate actors, development agencies, policy officials, and research scientists who have aligned to
support biotechnology at the expense of other possibilities, which, according to Martiniello (2015), reflects the govern-
ment’s commitment to developing technological fixes to issues of food insecurity. And yet, this domestic support for
agricultural technological interventions remains fractured. The now-ten-year-old Biosafety Bill was finally passed by Par-
liament in December 2017 and sent to President Museveni for approval. The President declined to sign the bill into law,
citing concerns over contamination of indigenous varieties and patent rights. The bill has now been returned to legis-
lators to undertake reviews and amendments.
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lead them to reject biofortified bananas: 1) the emphasis on biofortification clashes with
farmer preferences for disease-resistant and pest-resistant traits, 2) the host varieties
that have proven most amenable to gene insertion are not favored by farmers, and 3)
the proposed delivery system may serve as an obstacle to adoption, especially for
poorer farmers.

The biofortified Banana

The East African Highland Banana, known locally as matooke, is unlike the Cavendish
banana familiar in North America and Europe, in that it is harvested while it is still
green and consumed cooked, as opposed to raw.2 In traditional preparations the
banana fingers are peeled and steamed, then mashed and left to simmer over an open
fire wrapped in banana leaves for between four to six hours. This process leaves a thick,
yellow mash that is similar in consistency to mashed potatoes, and is often eaten along-
side beans, groundnut sauce or meat. Banana is an enormously important crop in east
Africa, with more than twenty million people across Uganda, Kenya, Tanzania, Rwanda
and Burundi relying on it for both food and livelihoods (Karamura et al. 2012). In
Uganda, banana occupies somewhere between 20% and 30% of all land under cultivation.
Ugandans consume more bananas per capita than anywhere else in the world, accounting
for more than thirty percent of the country’s total daily caloric intake (Smale and Tushe-
mereirwe 2007).

The biofortified banana project was initiated in 2005 as a collaboration between the
Queensland University of Technology (QUT) and the Ugandan National Agricultural
Research Organization (NARO), with funding provided by the Bill and Melinda Gates Foun-
dation’s Grand Challenges in Global Health. A team led by renowned biotechnologist Dr.
James Dale was able to isolate and extract the phytoene synthase gene APsy2a from the
Fe’I type Asupina banana variety native to Papua New Guinea, which confers high levels of
pro-Vitamin A. This gene was transplanted into the matooke host, with the goal of enhan-
cing pro-Vitamin A levels to a threshold of 20 micrograms per gram, which would rep-
resent 50% of the estimate average requirement for the program’s two target
demographics of children under five years of age and pre- and post-natal women (Paul
et al. 2017).

The first laboratory trials were initiated in Queensland in 2007, and field trials were
planted at Uganda’s Kawanda Agricultural Research Institute in 2010. Preliminary results
suggest that the biofortified banana has been able to achieve pro-Vitamin A levels that
are between two and four times higher than conventionally bred equivalents – levels
that persist in multi-generational trials (Paul et al. 2017). Food preparation experiments
suggest that only minimal amounts of this enhanced nutritional content is lost via
cooking, with pro-Vitamin A retention after steaming and boiling exceeding 70% (Bresna-
han et al. 2012). The next step in the trials is to evaluate how these biofortified versions
perform is different agro-ecological conditions, with multi-locational trials scheduled to
begin later this year. The biofortified banana is expected to be ready for commercial
release by the year 2021.

2While biofortified version of the sweet banana (known locally as sukalindizi) is also under experimentation, this article
deals only with the case of matooke banana.
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While the scientific evaluation of these experimental efforts has been exhaustive, there
is a paucity of research investigating the socio-economic considerations that will shape
farmer decisions to adopt this new GM variety. What little research that does exist is
rooted in a linear understanding of adoption pathways, which assumes that farmers are
rational actors who will choose to adopt the biofortified banana as a beneficial technology.
This research tends to rely on large-scale surveys and economic modeling to understand
how and why farmers will adopt a biofortified banana, with particular emphasis on iden-
tifying the farmer characteristics such as wealth, gender and age that influence adoption
patterns (Edmeades and Smale 2006; Kikulwe et al. 2011; Kikulwe, Wesseler, and Falck-
Zepeda 2011). Others have sought to quantify the potential benefits the biofortified
banana could offer to Ugandan farmers. Researchers relying on the measure of Disabil-
ity-Adjusted Life Years (DALYs), a metric that estimates the cost-effectiveness of health
intervention, calculate that a biofortified banana would result in a savings of 400 000
DALYs, with a benefit–cost ratio of 16 and a 31% rate of return. Comparing these measures
with established World Health Organization and World Bank criteria, these researchers
conclude that the biofortified banana is ‘a very cost-effective intervention’ (Fiedler,
Kikulwe, and Birol 2013, 27).

This narrow focus on adoption pathways misses a crucial part of the story. As Glover,
Sumberg, and Andersson (2016) emphasize, understanding the adoption of a new agricul-
tural technology must begin with an understanding the agricultural system into which the
technology is being introduced. Farmers will choose to adopt the biofortified banana if it
makes sense given the various ecological, economic and cultural realities they encounter
on a daily basis. Yet no one has actually spoken with farmers in order to evaluate their per-
ceptions and perspectives on this new technology. As one proponent of agricultural bio-
technology admits: ‘the scientific and development community has so far assumed that
the public and consuming populations in the target markets will accept these new
traits. Right now, the best that we can say is that acceptance is indeterminate’ (Philips
2016, 157).

Our article addresses this gap by drawing on these distinct modes of data. The first is a
random, representative data set that includes 166 banana farmers from across the coun-
try’s main growing regions. Our starting point for this sample was Uganda’s most recent
Census of Agriculture which provided the geographic breakdown of the country’s
banana growers: one-half were located in the western region, one third in the central
region and one sixth in the eastern region. We then undertook random sampling at the
level of the district, sub-country, parish, village and individual households to create a stra-
tified sample that mirrored this geographic distribution. We ended up visiting three dis-
tricts in the western region (Ntungamo, Isingiro, Kyenjojo), three districts in the central
region (Wakiso, Buikwe, Nakaseke) and one district in the eastern region (Kamuli). 97 of
participating farmers were female and 70 were male. Over 85% of these farmers had
not completed formal schooling beyond secondary. Participants were mostly small-
holders; the average farm size was 6.48 acres (SD = 12.78), with 54% of farmers having
fewer than three acres. Farmers were generally quite poor, with average expenditures
per week of USD $15.80 (SD = $23.10) spread out across an average of eight dependents
per household (SD = 4.90). An additional one hundred farmers were invited to ten separate
gender-specific focus groups designed to offer participants a chance to comment and
elaborate on the results achieved via the on-farm ranking exercises. These farmer
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perspectives were then cross-referenced with information gleaned from over seventy
expert interviews undertaken with research scientists, development donors and govern-
ment officials, undertaken between 2011 and 2017. Informants were recruited by snowball
sampling: each interview concluded with a request that the individual recommend anyone
else with knowledge or interest in banana farming who might be interested in participat-
ing in this study. Participants were asked a series of semi-structured questions around
matooke farming systems, nutrient deficiencies, and farmer preferences. All interviewees
quoted in the paper consented to participate.

Do Ugandan farmers want a biofortified banana?

What is absent within the enthusiasm for a biofortified banana is any trait-specific evalu-
ation of whether the chosen characteristic of nutritional enhancement resonates with
farmer priorities. We set out to measure farmer demand for the full suite of potential
GM traits by asking farmers to rank the relative importance of crop characteristics.
Table 1 shows how farmers rank crop characteristics according to a scale between 1
and 14, with 14 conveying greater importance. The mean scores show which characteristic
is given more importance overall. Farmers rank nutrition relatively low, as the 11th most
important priority. A Wilcoxon signed rank test was undertaken, which demonstrates
that the score given to nutrition is significantly lower than eight other growing consider-
ations (as designated by the subscript ‘higher’). These findings reveal that farmers priori-
tize traits associated with yield and marketability (e.g. larger bunches, faster growing), and
disease and pest resistance (e.g. resistance to Banana Bacterial Wilt, resistance to Black
Sigatoka) over nutritional enhancement.

Farmers gave varying explanations for why they rated nutrition so low when asked
about these preferences in focus groups. One female farmer in Buikwe district emphasized
that nutrition was not a trait that translates into higher prices when sold at the market:
‘they don’t tell the vitamin content by just looking at the banana. The price of the
bunch is based on the size and not on vitamin content’. When pressed on whether she
would value better nutrition when serving matooke to her own family, this farmer

Table 1. Farmer rankings of crop characteristics (As compared to nutrition).
Characteristic Mean Std. Deviation Z Scores

Bunch size 10.68higher 4.02 −7.742, p < .001
Drought tolerance 10.64higher 3.64 −8.543, p < .001
Resistance to Banana Bacterial Wilt 10.48higher 4.03 −7.065, p < .001
Resistance to Fusarium Wilt 9.87higher 4.32 −5.807, p < .001
Fast growing 9.44higher 3.79 −6.786, p < .001
Resistance to Banana weevil 9.26higher 3.89 −5.455, p < .001
Size of individual bananas 9.20higher 3.37 −6.257, p < .001
Resistance to Black Sigatoka 8.45higher 4.10 −3.757, p < .001
Resistance to Nematodes 7.80same 3.84 −2.465, p = .014
Taste 7.02same 3.85 −1.349, p = .177
Nutrition 6.57 3.66
Price received from buyer 6.10same 3.80 −1.239, p = .215
Texture 5.53lower 3.47 −2.942, p = .003
Cost of banana suckers 4.89lower 3.18 −4.142, p < .001
Color 3.97lower 3.51 −5.677, p < .001

N = 167, Wilcoxon Signed Ranks Test (with Bonferonni correction), higher = significantly, p < .003, lower = p < .003, same =
no significant difference.
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responded, ‘I don’t care if it is biofortified, as long as I have sufficient quantities to serve’.3

Male farmers in Kyenjojo and Ntungamo were less dismissive of nutritional enhancement
but emphasized that its importance was low relative to other more pressing issues related
to yield and pest or disease resistance: ‘after we have defeated all the other problems are
rich, nutrition will enable us to be healthy people’ said the former, while the latter
confirmed that, ‘the most important problem is pests and diseases, the nutrition will
come later’.4

Other farmers downplayed the importance of boosting the nutritional content of
matooke because they were confident that their existing diet was sufficient in meeting
these needs. One female farmer in Wakiso asked rhetorically ‘traditional Kibuzi already
has lots of Vitamin A and iron. Why do we need this new one?’while a male farmer in Ntun-
gamo stated confidently that, ‘I can get Vitamin A from carrots and iron from beans’.5

Larger commercial growers in Ntungamo echoed this sentiment that their existing diet
provides sufficient Vitamin A: ‘we prefer GMO banana that is pest and disease resistant
to nutritionally superior because the local varieties have some vitamins’.6 Some farmers
though were more willing to acknowledge the potential gains offered by a biofortifed
variety: one male farmer in Kamuli stated that ‘we know our banana contains a lot of
water’. Scientists adding nutrients maybe would silence that concern.7 Still, the quantitat-
ive results here are unequivocal: farmers rank nutritional enhancement as significantly less
important than characteristics associated with higher yield and pest or disease
management.

These rankings suggest that a matooke banana that was genetically modified to
enhance yield or mitigate effects of pests or diseases would be more positively received
by farmers. And yet it is the biofortified banana that has emerged as the flagship
program for Uganda’s biotechnology sector. While GM versions of disease and pest resist-
ant bananas are at varying stages of laboratory, greenhouse or field trials, none has
received anywhere near the amount of funding publicity dedicated to the biofortified
variety. We asked breeders why biofortification was being prioritized when it ranks so
low among farmer concerns. The standard answer was that biofortification was a
‘proven technology’. The biofortified banana program had originally been conceptualized
to address both Vitamin A and iron deficiencies, but the latter was dropped in order to
better replicate the successes associated with Golden Rice, ‘we knew it had worked in
Golden Rice and how it worked, and potentially it was very easy to put the technology
together and apply it to banana’.8

A second important dynamic in explaining this emphasis on biofortification is that this
reflects donor priorities. Of the fourteen attributes included in our ranking exercises, nutri-
tion is the only one that synchs with the ‘technoscientific, biomedical model’ that domi-
nates development donor programing (Birn 2014). Biofortifying matooke resonates with
the technology pipeline model upon which the BMGF’s Grand Challenges program is pre-
mised, a linear innovation model that commits to addressing urgent development needs

3Focus group, Buikwe district, female farmers, 10 December 2012.
4Focus group, Kyenjojo district, male farmers, 27 November 2013; Focus Group, Ntungamo district, male farmers, 19
November 2013.

5Focus Group, Wakiso district, female farmers, 13 December 2012; Interview, Male Farmers, Ntungamo, 15 May 2014.
6Interview, Ntungamo district, male farmers, 15 May 2014.
7Focus Group, male farmers, Kamuli District, 18 June 2013.
8Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 2 June 2014.
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by creating new products to meet demand that is presumed, rather than confirmed
(Brooks et al. 2009). This upstream mode of trait prioritization locates the task of setting
research priorities outside of Africa, and runs the risk of responding to perceived as
opposed to actual needs (see Aryeetey 2016).

A third factor at play here is perceived farmer ignorance, both about the problem of
nutritional deficiencies specifically and the challenges of banana growing more generally.
A common refrain amongst research scientists whom we interviewed was an abiding
sense that farmers undervalued the nutritional deficiencies in banana and that experts
were better positioned to decide which traits should be prioritized:

at some point there are some questions we should ask, but there are others we trust others to
handle for us. In this situation, we think the farmers, even politicians, should trust the scien-
tists, that we will do something that is safe for them.9

Another scientist was more blunt, ‘many Africans are very oblivious about their nutritional
requirements… it would be good to find governments empowered enough to say, “fuck
the culture.” You are dying. You have elected me to keep you alive.’10 Regardless of who is
right about which traits should be prioritized, these results expose a disconnect between
farmer priorities on the one hand and those of donors/scientists on the other.

A broader concern here is the compartmentalised approach being employed by scien-
tists utilizing GM as their breeding technique of choice to overcome the varied obstacles
faced by Uganda’s matooke growers. Many farmers relayed to us how difficult it was
ranking one growing characteristic over another, because each and every one was critical
to ensuring both food and livelihood security. They approach these production constraints
as a complex. In contrast, the method adopted by the GM experimental program is one
that understands each trait as an isolated variable. Banana breeders justify this as a limit-
ation associated with the use of novel scientific techniques, since

using biotech tools is relatively new in Uganda. There is no way to start combining too many
things at the same time… . of course, banana has very many problems, but we cannot handle
all of them at the same time, we are handling [them] one by one… For now we focus on the
first product, then we can deal with combining. The aim eventually is to get a banana that has
many traits in it.11

Breeders explained that their long-term plan is to create a ‘stacked’ GM variety that would
consolidate several GM traits, i.e. a single variety that is at once biofortified and genetically
modified to resist various pests and diseases. But these stacked versions are a long way off,
and the first generation of biofortified banana to be released will be limited to single traits
such as biofortification. This compartmentalised approach to breeding has a long legacy
within agricultural development interventions in Sub-Saharan Africa, one that originated
with colonial interventions that viewed abiotic and biotic obstacles as distinct variables
that could be solved in isolation, rather than as an interaction (Schnurr 2012). As we’ll
see in the following section, the importance of addressing the full complex of agro-eco-
logical challenges facing banana farmers features more prominently in the rhetoric, as
opposed to the reality, of the biofortified banana breeding program.

9Interview, Research Scientist #2, Kawanda Agricultural Research Centre, 12 May 2017.
10Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 8 November 2013.
11Interview, Research Scientist #2, Kawanda Agricultural Research Centre, 12 May 2017.
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Host varieties and value-based preferences

A second dynamic that merits consideration is the host variety into which the biofortified
trait will be inserted. Previous research has established that farmer attitudes towards GM
varieties are shaped not just by the process or trait of gene manipulation but by the
characteristics of the host variety itself. In this sense, the GM biofortified banana is best
understood as a ‘re-packaged bundle of attributes’, which combines those traits
modified via genetic manipulation with those inherited from the recipient host (Edmeades
and Smale 2006, 352). For the new biofortified banana to succeed farmers will need to
embrace both sets of characteristics. In this section we zero in on the production and con-
sumption qualities of the three different recipient varieties that the trait of biofortification
will be transplanted into, in order to assess how farmer perceptions of these host varieties
will shape adoption patterns.

There are over 85 different endemic varieties of matooke, each with its own attributes
related to production (bunch size, finger length, stem strength, etc.) and consumption
(taste, color, texture, etc). Some of the most popular throughout the country are preferred
for their hardiness, their large bunches, as well as their favorable taste, color and texture.
This popularity was reflected in our sample: Kibuzi is the most widespread variety, grown
by 61% of farmers surveyed, followed by Mbazirume and Mpologoma, each of which is cul-
tivated by 51% of farmers. These varieties were praised universally by farmers for their good
taste, their softness that makes for easy mashing, their deep yellow coloring, their propensity
for producing plentiful fingers, as well as their resilience to various biotic and abiotic stresses.

The Ugandan scientists in charge of the biofortification program are well aware of these
value based preferences, and set out to create GM versions of these popular varieties. One
of the first tasks they undertook was to determine which of these traditional varieties were
amenable to embryogenic cell suspension, a process that utilizes synthetic growth regu-
lators to provoke a regression of specialized function among various tissues and induces
the creation of embryogenic cells, which are the starting points for the genetic transform-
ation process (Strosse et al. 2003). This is a long and challenging process – it often takes
over a year to complete, with success rates hovering between 1% and 3% – that produced
‘significant variation’ across the range of traditional varieties tested. Disappointing results
from the most popular varieties such as Kibuzi, Mbazirume and Mpologoma forced scien-
tists to exclude them from further transformation efforts.12 As such, the first generation of
biofortified banana will not be able to capitalize on the reputation of these popular var-
ieties: ‘ … that’s why we are using these varieties, not because they are the most
popular, because they are the ones that work in cell suspension.’13

The first variety to serve as host for the Asupina gene that confers surplus levels of
provitamin A is Nakinyika. Nakinyika is a traditional variety, but one that is not widely cul-
tivated throughout the country: only 21% of farmers in our survey choose to grow it. Male
farmers in Buikwe noted that Nakinyika produces lots of fingers but the fingers themselves
are quite small, which limits overall yield. Female farmers there also complained about the

12One of the country’s leading banana scientists hypothesizes that there is a direct relationship between the favored
characteristics of traditional varieties – especially those landraces with large bunches and long fingers – which makes
them less amenable to cell suspension due to exceptionally high rates of sterility (Interview, Research Scientist #4,
Kampala, 10 May 2017).

13Interview, Research Scientist #2, Kawanda Agricultural Research Centre, 17 May 2014.
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texture, which is hard and difficult to mash, thus prolonging the task of food preparation.14

Farmers in nearby Nakaseke agreed that the small separation between individual fingers
limits the bunch’s overall yield, and further commented on its slow growth as another
reason why they shied away from planting it.15 A large commercial grower in Ntungamo
agreed that its small fingers were Nakinyika’s major shortcoming: ‘I don’t like the size,
especially if it’s for commercial [cultivation]. For the market, the farmer will not grow,
but for consumption it is fine’.16

The second traditional variety to be incorporated as a host is Nakitembe. This variety
was slightly more popular than Nakinyika among farmers in our sample, as it was culti-
vated by 30% of farmers. Nakitembe was rated highly in focus groups: farmers observed
that it produces big fingers, it mashes well, and that it produces food that is both soft and
aromatic.17 This positive view is corroborated by previous research that suggests that a GM
version of Nakitembe would be highly valued especially by poorer farmers with larger
households, more dependents, fewer overall assets and lower market access, which
suggests that GM Nakitembe synchs better with farmer preferences (Edmeades and
Smale 2006). But both GM Nakinyika and GM Nakitembe are products of the isolationist
breeding method described above, which employs a single trait approach as opposed
to a more holistic one that seeks to address multiple constraints simultaneously. In particu-
lar, a new GM version of biofortified Nakinyika or Nakitembe would be vulnerable to the
most pernicious pests and diseases identified by farmers in our ranking exercises, includ-
ing Banana Bacterial Wilt disease, Black Sigatoka Fungus, nematodes and weevils. Biofor-
tified versions of traditional matooke varieties will only translate into enhanced nutritional
outcomes if the plant is durable enough to sustain the full spectrum of abiotic and biotic
stressors.

In order to address this vulnerability, scientists have embarked upon a more integrated
breeding approach in which they attempt to stack the transgenic trait of biofortification
alongside resistance to pests and diseases that have been bred via conventional means.
The improved variety that is the ultimate destination for the biofortified trait is known
by many names: banana breeders call it M9, or Kabana 6H, while farmers have given it
the name Kiwangaazi, which translates as ‘the one that lasts for a long time’. M9 is a con-
ventional hybrid that demonstrates resistance to Sigatoka and Banana Bacterial Wilt, tol-
erance to weevils and nematodes, and favorable consuming characteristics. It is also a high
yielder, producing big bunches that can yield anywhere between 25 and 70 kg (NARO
n.d.). Banana breeders remain confident that the long-term plan of introgressing the bio-
fortified trait into this improved variety offers the best strategy for enhancing nutrition
while simultaneously conferring resistance to pests and diseases.

But our conversations with farmers – 41% of whom have first-hand experience with
improved varieties, known locally as Kawanda varieties because they were bred at the
Kawanda research station – reveal a deep skepticism towards M9 specifically and the
Kawanda varieties more generally. Their reticence has three separate strands. First,
farmers complain that Kawanda varieties tend to be more delicate and more labor inten-
sive than their traditional varieties. The recommended management regime for M9, for

14Interview, Buikwe district, female farmers, Kampala, 15 May 2014.
15Interview, Nakaseke district, male farmers, Kampala, 15 May 2014.
16Interview, Ntungamo district, male farmers, Kampala, 15 May 2014.
17Interview, Nakaseke district, male farmer, Nakaseke, 13 May 2017.

THE JOURNAL OF PEASANT STUDIES 9



instance, includes annual fertilizer applications of 100 kg of Nitrogen, 25 kg of Phosphorus,
100 kg of Potassium and 15 kg of Magnesium per hectare, spacing of 3 m × 3 m, as well a
litany of best practices such ‘weeding, de-suckering, de-leafing, propping and removal of
male buds’ (NARO n.d.). Parsing our quantitative data underlines the gap between the
management practices recommended by scientists and the realities faced by smallholder
growers. While over 90% of the farmers in our sample use manure as fertilizer, only one
single farmer was able to purchase chemical fertilizer as a supplement, suggesting that
the high amounts of fertilizer application prescribed for M9 are unrealistic for most
banana farmers. Only 16% of farmers apply herbicides, which makes the process of
weeding the banana plantation very labor intensive. Among the hundreds of farm
visits that we conducted throughout this research, we observed only a handful of
farmers who adhered to the mandated spacing requirement of 3 m × 3 m, and all of
these were large-scale banana plantations located in the southwest of the country.
While 46% of farmers indicated that they were able to hire labor to help with the time-
intensive tasks of de-suckering, stump removal, and cutting down pseudo-stems, most
farmers complained that they had nowhere near the labor they needed to achieve the
levels of recommended practice (see Addison and Schnurr 2016).

Other farmers explained that they preferred traditional varieties because these were
better adapted to local growing conditions. One female farmer from Wakiso put it this
way: ‘they should improve on our local varieties because they proved to be resistant to
soil conditions, environment and drought’. A friend sitting next to her agreed: ‘they
should improve the old varieties rather than bringing new ones, because these work
well in our conditions’.18 Male farmers in Buikwe corroborated these observations, com-
plaining that Kawanda varieties were susceptible to changing environmental conditions,
especially drought.19 Other farmers expressed concern about how these input intensive
Kawanda varieties impacted traditional varieties. One female farmer in Wakiso worried
that ‘once you plant them [Kawanda varieties] they will out compete the old varieties
and destroy them’.20 Other farmers observed that these improved varieties have larger
stumps, thicker roots, wider leaves, produce suckers very fast and require vast amounts
of water, depriving other plants of vital space and nutrients.

A second major complaint about Kawanda varieties relates to value based preferences,
particularly taste and color. While these two characteristics were placed in the low end of
the quantitative ranking exercise, qualitative comments from (especially women) farmers
suggest that taste and color remain important factors in determining which varieties of
matooke to grow and to eat. Farmers were unanimous in favoring matooke that is soft
and aromatic. But the Kawanda varieties were often derided for being too hard and too
brittle, e.g. they do not mash well. One female farmer in Wakiso who had tried M9 com-
mented that, ‘it is not tasty, but the bunch is very big’.21 Another farmer echoed this senti-
ment, ‘if Kibuzi would retain its original taste, then we prefer to grow GM Kibuzi instead of
M9 despite the smaller bunch size’.22 Farmers throughout the country were harsh in their
assessments of the taste of Kawanda varieties: one female farmer in Buikwe district stated

18Focus group, Wakiso district, female farmers, 13 December 2012.
19Interview with Buikwe male farmer, Kampala, 15 May 2014.
20Focus group, Wakiso district, female farmers, 13 December 2012.
21Focus group, Wakiso district, female farmers, 13 December 2012.
22Focus group, Wakiso district, female farmers, 13 December 2012.
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‘local varieties taste much better than improved… those new varieties fail to taste well’.23

A male farmer in this same district argued that the bigger yields associated with Kawanda
varieties were useless if the taste was not right, ‘it doesn’t matter how big the bunch is, if it
does not taste good, the buyers will not come back to ask for it’.24 A farmer from Kamuli
agreed that good taste translates into higher revenues, ‘the taste of thematooke creates its
own market’. A neighbor of his agreed: ‘[breeders] should make sure taste is not forgotten
when they do their research’.25

The issue of color is particularly prescient when discussing the prospects of a biofor-
tified banana, since the addition of the supplemental beta-carotene alters the pigmenta-
tion of various plant components. Preliminary data suggest that the biofortified banana
have yellow streaks on the inside of their leaves, while the petioles and stalks both
have ‘distinctive yellow/orange colour’ (Mbabazi 2015, 113). This color alteration applies
to the fruit as well: the exterior of the unripened fruit can give off a yellow glow, while
the pulp within is described as ‘an enhanced orange colour’ (Mbabazi 2015, 99; See also
Paul et al. 2017). No one is entirely sure how farmers will react to these never-before-
seen color alterations, both at the level of the fruit (which can be yellow, when it is sup-
posed to be green) and the food (which is orange, when it is supposed to be yellow).
Banana scientists do not seem overly concerned. Team members from the banana
research program argued that consumer resistance around color centered on it being
too white, and that a banana that is more orange would not garner the same opposition.26

Another senior scientist remains confident that breeders will be able to tinker with the
amount of beta-carotene to ensure that the food is not orange:

I think orange might be a bit too scary…We have the range of events that have different tints
of orange or yellow, they are in different grades of between yellow and orange…we don’t
have to deviate so much from the current preferred colour…we will try to be as close to
acceptable as possible.27

But photographs of the biofortified banana taken from the research team’s most recent
publication show bunches, finger and fruit that are demonstrably orange in comparison
to the traditional varieties used as a control (Paul et al. 2017 527). Based on the level of
sensitivity that was expressed throughout our conversations with farmers, the best case
scenario here is that proponents will need to invest in a large-scale awareness and edu-
cation campaign designed to convince farmers and consumers of the benefits of this
never-before-seen orange banana, similar to that undertaken for Orange Fleshed Sweet
Potato. The worst-case scenario is that this jarring color becomes a persistent barrier of
adoption among farmers who value the deep yellow hue associated with their traditional
matooke varieties.

A third concern raised by farmers when reflecting on Kawanda varieties is a question of
trust. Many of the farmers who participated in our study expressed cynicism towards
Kawanda varieties based on previous negative experiences. Most of these complaints cen-
tered on the Fhia banana. Fhia is a high yielding banana from Honduras that was imported

23Focus group, Buikwe district, female farmers, 10 December 2012.
24Interview with Buikwe male farmers, Kampala, 15 May 2014.
25Focus group, Kamuli district, male farmers, 18 June 2013.
26Interview, Research Scientist #2, Kawanda Agricultural Research Centre, 12 May 2017.
27Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 5 May 2015.
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to Uganda in 1991. Seven different varieties were included in experimentation trials at
Kawanda. They out-yielded every existing banana variety and were released commercially
to farmers a few years later. While the Fhia bananas were actually bred as dessert bananas,
a few varieties were specifically marketed as matooke. One farmer in Kamuli reported
attending the annual Jinja farmers show sponsored by the Uganda National Farmers Fed-
eration, where NARO officials prepared demonstration plots to show how Fhia 17 could be
prepared as matooke.28 Farmers were impressed with the large bunches and long fingers,
and initial adoption was widespread. But this dropped off precipitously only a few years
later.29 Farmer complaints centered on value-based preferences: they grumbled that it
was too hard to mash, that it did not stick together after mashing, that the food darkened
when exposed to air, that it became firm upon losing its heat, and that it produced a white,
pale color instead of the desired deep yellow. Today, Fhia is grown as a banana-of-last-
resort in the eastern, central and western regions, where it is consumed only in times of
desperate need, though it is cultivated more widely in non-traditional banana growing
regions such as northern Uganda, Tanzania and South Sudan.30

Scientists are well aware that farmers have a negative impression of Kawanda varieties,
which has emerged as the primary barrier to successful penetration of improved varieties.
One of the country’s highest ranking scientists refers to this as the ‘Kawanda problem’,
explaining that the mistake made with the Fhia introduction was one of communication,

I think Kawanda varieties have had a very bad reputation… they’ve had a bad reputation,
because they were not actually Kawanda varieties. They were introductions from elsewhere
…we owned them, and registered them under our, under our local names anyway. So you
wouldn’t expect a typical farmer to appreciate that these were introductions from Honduras.31

NARO’s long-term plan of introgressing the biofortified trait into M9 will need to overcome
this crucial ‘communication hurdle’; otherwise, it risks being rejected by farmers due to
negative associations with the host variety that are wholly independent of their desire
for the biofortified trait.32

One final potential complication around the choice of host variety relates to the conso-
lidation of varieties that the biofortified banana is designed to induce. If the technology is
widely adopted throughout Uganda then this will provoke a shift in varietal management,
with more farmers growing biofortified version of Nakinyika, Nakitembe and M9 at the
expense of other traditional and improved varieties. This concentration of varieties has
the potential to undermine the resilience of Ugandan banana farmers, who wisely
choose to diversify their varieties as a strategy of managing the various stressors that
affect the crop. The most comprehensive survey of banana cultivars in Uganda estimates
that most farmers cultivate between 30–40 types of banana (Karamura et al. 2012).
Another study found that most households grow at least five distinct types of matooke,

28Focus group, Kamuli district, female farmers, 17 June 2013.
29Interview, Research Scientist #4, Kampala, 10 May 2017.
30In hindsight, banana breeders reflect that they ‘targeted the wrong consumers’ by focusing on those who consume
matooke as their primary staple, and should have instead focused on growers in these outlying regions who are less
fickle about the various value-based characteristics such as taste, color and texture (Interview, Research scientist #4,
Kampala, 10 May 2017). As the former head of the banana breeding program explained in a local broadsheet: ‘those
who say that it is not tasty compare it to the local banana varieties but to a person who has never eaten the local varieties,
Fhia is quite tasty’ (Muzaale 2013).

31Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 2 June 2014.
32Interview, Research Scientist #4, Kampala, 10 May 2017.
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while even the most widely adopted variety accounted for less than 10% of the overall
sample (Edmeades and Smale 2006). This heavy diversity was confirmed in our own
sample, with farmers averaging 4.8 different varieties of matooke grown per household.
Any movement towards consolidation of varietal types could set the East African Highland
Banana on a similar path to the more familiar dessert banana, whose history of genetic
uniformity has made it vulnerable to devastating outbreaks (FAO n. d.). Varietal diversity
is crucial to matooke’s long-term sustainability; the introgression of the biofortification
trait into more landraces will need to accelerate to guard against genetic erosion.

This section has surveyed the three varieties that will serve as host to the biofortified
trait, raising questions about farmer acceptability. Our conversations with farmers
suggest that unfavorable characteristics within the targeted host varieties – small
fingers and slow growth in Nakinyika, susceptibility to pests and diseases in Nakitembe,
and inferior taste, color and broader distrust with M9 – could prove significant obstacles
to adoption. Color distortions presented by the addition of beta-carotene as well as a
potential narrowing of planted varieties could also prove additional challenges moving
forward. The new biofortified banana consists of two distinct building blocks – the
gene conferring the desired trait and the host variety it is inserted into. Both sets of attri-
butes will need to appeal to farmers in order to achieve widespread and persistent
adoption.

Problems with the delivery system

The third set of questions relates to the delivery system that will facilitate the biofortified
banana’s dissemination to farmers across the country. One of the main selling points of the
biofortified banana is that it is stems from a Private-Public Partnership that will make the
GM technology available to farmers for free, without any associated licensing fee. And,
because banana propagates vegetatively, a biofortified version will produce identical
clones in perpetuity, meaning that farmers will maintain complete control over the plant-
ing materials. As Bill Gates explains, ‘it doesn’t cost any more to grow these new bananas
than it did to grow the old ones… so once the seed is in place, you really are done’ (Gates
quoted in Bettles 2013). This section scrutinizes this prediction by parsing out some of
farmers concerns around the delivery system, paying particular attention to questions
of transparency, trust, and cost.

We asked farmers in our sample about how they obtain their planting materials, known
alternatively as suckers or plantlets (Table 2). The vast majority of farmers surveyed rely on
digging up and replanting their own suckers or obtaining them from neighbors (68–89%),
while a minority engage in the formal seed sector by procuring their plantlets from nur-
series, government programs or NGO-facilitated farmer-to-farmer programs (2–17%).
When asked to explain their heavy reliance on the informal seed system, farmers kept
coming back to the issue of trust: ‘we prefer to get planting materials from neighbors
because you can see the variety growing well. You can be assured of quality because
they can see the performance of the parent plant. They cannot be cheated at that
point’.33 Another female farmer from Buikwe similarly emphasized the lack of ‘quality man-
agement’ offered by existing nurseries and complained that she was frequently cheated

33Focus group, Buikwe district, female farmers, 10 December 2012.
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by vendors who sold her a lower-quality variety than what she had paid for.34 A male
farmer from Buikwe agreed that transparency was a problem, ‘the plantlets come in
mixed varieties, and we cannot tell by looking at them before we plant them… some
plantlets are of the varieties that we expect, but some perform even worse compared
to [our own] suckers’.35

Price is another key consideration that determines the source of planting materials.
While farmers will not have to pay for the license associated with the genetic transform-
ation of the biofortified gene, they will pay for the tissue culture plantlet that serves as its
vessel. Many of the farmers willing to purchase plantlets via the formal seed system ident-
ified high cost as their primary barrier to entry. A sucker from a neighbor costs as little as
500 Ugandan Shillings, while plantlets purchased at nurseries typically cost between 2000
and 3000 Shillings.

To investigate the role that price plays in shaping farmer decision-making, we put
together a series of choice experiments designed to assess farmer attitudes towards a
hypothetical GM variety at a higher cost. Farmers were presented with a side-by-side com-
parisons of two varieties of matooke – one traditional and one GM – along with varying
cost differentials ranging from ‘same price’ to ‘400% more’. Farmer willingness to pay
for these varieties was measured using a Likert Scale ranking from 1 (not at all likely) to
5 (very likely). These results are presented in Table 3, which reveals that willingness to
adopt the GM variety declines as price increases. These findings are corroborated by
Kikulwe (2010, 50), who found that only 39% of respondents were willing to pay a
premium for GM banana.

We then used a Freidman’s test (a non-parametric version of a repeated measures
ANOVA that compares mean rankings) and found that it is significant, χ2 (N = 152) =
23.306, p < .001. Pair-wise comparisons show that the main differences are between
‘same price’ and ‘400% more’ (t = 2.510, p = 0.012), and ‘50% more’ and ‘400% more’
(t = 2.199, p = 0.028). These results suggest that opposition to a new GM variety
becomes significantly stronger when it costs 400% more than non-GM equivalents.
Thus, if farmers typically pay USH 500 per sucker, a new GM variety would have to cost
less than USH 2000 for farmers to purchase it. These findings corroborate results where
GM crops have been made available to poor farmers in other contexts, where the price
of the new varieties has been shown to serve as a significant obstacle to adoption
(Lybbert 2006; Qaim and De Janvry 2003).

Table 2. Sources of planting materials.
Variable N Percentage (yes) 95% Confidence Interval

Obtain suckers from neighbors? 166 68% 60–75%
Save own suckers? 166 89% 84–93%
Obtain suckers from farmer to farmer program? 166 2% 0–5%
Obtain suckers from private nurseries? 166 8% 4–13%
Obtain suckers from government program? 166 17% 11–22%

Note: Confidence Intervals mean that if you run the experiment again with same test conditions, then 95% of those exper-
iments would show a value within this range.

34Focus group, Buikwe district, female farmers, 10 December 2012.
35Interview with Buikwe farmer, Kampala, 15 May 2014.
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With the final cost for biofortified banana plantlets set by private nurseries, it seems
unlikely that a tissue culture plantlet will cost less than USH 2000, given that this is the
current minimum price for traditional varieties. Agro-dealers look set to cash in as the
exclusive distributors for the world’s first biofortified banana: tissue culture is a volume-
based industry, so increased demand via the introduction of new GM varieties promises
to be a significant revenue generator.36 The high cost of tissue culture banana is largely
a product of GR4A thinking, which bifurcates experimental research as a public good
undertaken by the country’s National Agricultural Research Organization, and multipli-
cation/delivery as a private good contracted out to agro-dealers. While donors have
invested heavily in the cutting edge technology of biofortification, they seem less inclined
to devote resources to its dissemination via tissue culture: ‘these donors are looking for
innovative research. Tissue culture is old. Tissue culture is not innovation’.37 Anecdotally,
banana scientists who proposed studies exploring lower-cost delivery methods – includ-
ing experiments with less expensive mediums like agar, as well as alternative sterilization
techniques and lighting systems – have struggled to find donor support for these pro-
jects.38 This is unfortunate, as lower-cost tissue culture was a common request from
farmers, despite them understanding that this obstacle was time-limited and they
would eventually be able to multiply, replant and resell biofortified suckers via the infor-
mal system.39

Banana breeders recognize the high cost of tissue culture as a potential barrier to adop-
tion: ‘certainly that [the high cost] will slow it down a little bit’.40 They further expressed
concerns regarding transparency and accountability that will follow once planting
materials make their way into the informal seed exchange and sharing system. Unlike
GM versions of open-pollinated crops where the loss of hybrid vigor forces farmers to
obtain new planting materials on a regular basis, the biofortified banana will precipitate
a blending of the formal and informal seed systems; after obtaining planting materials
via private nurseries, farmers will be free to replant, exchange and sell subsequent
suckers amongst themselves. While the initial contact with nurseries might prove an
obstacle to farmers, breeders advocate for reforming the informal system to ensure
more transparency and accountability:

we would prefer a better system. For instance, when those Tissue Culture companies deliver
material to the farmers, eventually those farmers distribute materials between themselves, but
nobody knows the quality of those materials between the farmers. So there is no regulatory

Table 3. Farmer willingness to pay for GM matooke.
Cost of GM Variety (Relative to Traditional Varieties) Mean Std. deviation

Same price 2.03 1.20
50% more 2.00 1.20
100% more 1.95 1.23
400% more 1.76 1.11

N = 152.

36Interview, Ago-dealer #1, Kampala, 8 May 2012.
37Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 5 May 2015.
38Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 2 June 2014.
39Focus group, Nakaseke district, male farmers, 12 December 2012.
40Interview, Research Scientist #1, Kawanda Agricultural Research Centre, 27 May 2016.
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system in there. And a system that is not regulated, you doesn’t know anything that goes on
with that.41

Any new agricultural technology is only as good as its delivery system. In order to be
taken up by farmers the biofortified banana will require a delivery system that is trust-
worthy, transparent and cost-effective. Without this supportive context the cutting-edge
science that underlies this innovation will most likely falter. Current farmer frustrations
around the limited accountability and high prices of the formal seed sector could easily
translate into skepticism towards new GM varieties funneled through this existing
system (Soleri, Cleveland and Cuevas 2006, 507).

The heavily vaunted Orange Fleshed Sweet Potato, the flagship program of current
investments in biofortification, underscores the inseparability of technology and deliv-
ery system. Recent impact assessments have emphasized that the innovation within
OFSP isn’t just the actual breeding for enhanced pro-Vitamin A, but is also the pioneer-
ing delivery system that includes awareness raising via radio programing and theatrical
productions, a novel campaign enrolling farmers as multipliers of planting materials,
alongside intensive farmer training and support. Recent program evaluations emphasize
that the inventive and heavily funded delivery system has been crucial to achieving
widespread adoption of OFSP (De Brauw, Eozenou, and Moursi 2015; Gibson 2013).
For the biofortified banana to achieve similar penetration, a large-scale and heavily
funded campaign will be needed to convince farmers to overcome their hesitations
around the formal delivery system, educate farmers on the benefits of an orange-
tinted banana, and train them on best management practices for ensuring high
yields. Releasing the biofortified banana without concomitant investment in awareness
campaigns, farmer training and a supportive dissemination structure seems destined to
falter.

Conclusion

This article raises three distinct sets of concerns around the introduction of GM biofortified
banana in Uganda, which is expected to be ready for commercial release by 2021. The first
is whether a nutritionally enhanced matooke banana aligns with farmer priorities. The
second relates to the host varieties chosen as the vessel for the biofortified trait, which
could make these GM versions less competitive relative to preferred traditional varieties.
Third is the issue of the delivery system, where problems surrounding transparency,
trust and price will need to be addressed in order to achieve widespread adoption.
These represent obstacles, but not insurmountable ones. Reorienting the research
program towards stacking GM traits so that nutritional enhancement could be paired
with pest and disease resistance, novel innovations in introgression that could enable
the creation of biofortified versions of the most popular traditional varieties, alongside
investment in a coordinated educational and extension campaign to ensure a sustainable
delivery system could all serve to increase the chances of success.

But a more fundamental question remains: is biofortifyingmatooke the best strategy for
combatting micronutrient deficiency in Uganda? One of the major critiques of biofortifica-
tion is that it sucks the air out of other alternatives, including the promotion of

41Interview, Research Scientist #2, Kawanda Agricultural Research Centre, 12 May 2017.
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underutilized crops high in target nutrients, improved preservation processes and storage
facilities for fresh fruits and vegetables, as well as more awareness and education around
the benefits of producing and consuming a diverse and nutritious diet (ACB 2016). In par-
ticular, diet diversification has been advanced as the most permanent mechanism for
ending micronutrient deficiency, but context-specific road maps are needed to outline
how such ideals can be implemented in practice (Villar 2015).

In this sense, the biofortified banana, like many other GR4A interventions, fall into what
Dowd-Uribe (2017) terms ‘the silver bullet paradox’: everyone acknowledges that new
technologies alone are insufficient to alleviate poverty, but donor investment continues
to favor a narrow strategy of technological improvement over a broader commitment
to the agricultural systems into which the technology is inserted. For the biofortified
banana to be successful in enhancing nutritional outcomes and boosting livelihoods its
commercialization will need to be accompanied by a big investment in time, capital
and resources into the agricultural system of banana production more broadly: to
ensure that other constraints such as disease and pest resistance alongside biofortification,
a large-scale awareness and outreach campaign to make farmers aware of the nutritional
benefits and potential trade-offs in value-based characteristics such as color, and to sub-
sidize the initial cost of planting materials to minimize the barrier to entry for the poorest
and most vulnerable farmers.

Without a broader investment in agricultural systems, the biofortified banana runs the
risk of becoming yet another technical fix to complex social and ecological problems, one
that attempts to address the underlying causes of poverty through technology without
changing the underlying social structure (Brooks et al. 2009).

Along with Scoones and Thompson (2011), we do not disagree that Africa needs a
green revolution – in the sense that the continent must find a way to produce more
food given intensifying climatic, demographic and economic constraints. The key question
is how this revolution is to be carried out, and whose interests are to be prioritized. As our
analysis exemplifies, too often these GR4A interventions are conceived in a top-down
technocratic manner, in which the diverse perspectives of farmers are ignored. What is
needed is a more pluralistic approach, alive to the diverse circumstances across the coun-
tryside, and wary of one-size-fits all approaches. Echoing the earlier work of Chambers,
Pacey, and Thrupp (1989), farmers themselves need to be better integrated into agricul-
tural research and innovation, in a way that places the interests of the most vulnerable
groups first.
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