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Summary

Since the first commercial release of GM crop id4h990s, over the last two decades the
implementation of GM technology in agriculture leen fueling a scientific and increasingly
societal debatd.inking the rapid adoption of GM crops to the salngial multiple benefits
realized by both large and small farmers in indaktind developing countries which have
commercially grown GM crops, the majority of sci@atstudies have positioned agricultural
biotechnology as a feasible solution to alleviateissue of malnutrition and food insecurity in
developing countries. This view is also sharedrigrhational Organizations (e.g. FAO and
World Bank).

Even though,substantial agronomic, environmental, economictheand social benefits
linked to the adoption of GM crops were attributied farmers, and increasingly to the
consumers in various studies, agricultural biotetbgy remains a controversial subject,
mostly in Europe and Africa. However, despite thtemse ongoing political debate about the
adoption of GM crops in both continentise majority of soybeans used in European food and
feed is imported and more than 75% of the globgbsan production is GMRegarding Sub-
Saharan Africa, althougtor the few African countries that currently grow&rops (South
Africa and Sudan), or that have done it in the pBstkina Faso) agronomic, environmental
and health benefits for farmers were reported, @shnology uptake is still subject to a fierce

debate between proponents and opponents.

In contrast to Europe, farmers’ voice on GM tecbqggl application in Africa seems to be
lagging behind or to be under-considered in thatkebbout the development, implementation
or regulation of agricultural biotechnology. Moreoy African farmers’ opinions on this
controversial issue appeared to be seldomly acedufdr in scientific research. For this
purpose, this PhD dissertation investigates farmerspectives on agricultural biotechnology
in Sub-Saharan Africa. This study was conducted int\iigsrkina Faso) and East (Kenya)

Africa.

This Ph.D. research was also inspired by a needdamine farmers’ perspectives towards the
implementation of GM technology in food (maize awighum) and non-food (cotton) crops,
while considering first (Bt maize and Bt cottonjdasecond (biofortified sorghum) generation
of GM crops. Thughe research objectives of this doctoral dissematan be formulated along

the three GM crop events investiga{@ maize, Bt cotton and biofortified sorghum)irsily,

XV



the objective is to explore farmers’ knowledge, enstnding and opinion on the
implementation of Bt cotton in the farming systehBarkina Faso. It also seeks to understand
farmers’ preferences for GM cotton varieties. Teeosid objective was to determine farmers’
willingness to cultivate nutrient bio-fortified ggitum variety. Finally, for the Bt maize event
in Kenya, the objective is to examine the factoffuencing farmers’ intention to adopt Bt
maize. To explore the research objectiviega were collected using face-to-face surveys. A
total of 324 and 15Mousehold heads were respectively interviewedurkiBa Faso and in

Kenya.

When analyzing the first research objective, resshiow that knowledge of farmers concerning
biotechnology and Bt-technology is limited and degseon their education level and their role
within producer’s group (GPC). Even though the migjaof the farmers were satisfied with
the adoption of Bollgard 1I® cotton, data from t@aoice Experiment (CE) surveys of this
study underline that farmers preferences in Burkaso are mainly influenced by the economic
benefits (higher yields, lower seed costs) andaedyesticide use. Moreover, the study found
that the regulatory oversight in the implementatbthe Bt-technology is insufficient. Farmers
knowledge of suitable pest management strategiéswis Finally, the decision to forsake

Bollgard II® cotton in Burkina Faso was badly peved by the majority of the farmers.

Results regarding the second research objectivealdhat although there is awareness of
farmers on micronutrient deficiency, they have {edi knowledge on transgenic
biofortification. However, the latent class modebking at biofortified sorghum shows that
more than 60% of the farmers would be preparediltivate a transgenic sorghum variety.
Regarding the outcomes of the last GM event ingattd, the study found that only few
Kenyan farmers (14%) correctly associate Bt maiZ#h wesistance against stem borers.
Although our binary logistic regression model shdwieat the number of stem borer species
faced by farmers is the key factor for the futudegtion, regional differences in perceived
damage caused by stem borers impact the interdiactdpt. Furthermore, in the Western
region of Kenya, older farmers are more likely tiopt a GM variety compared to younger
farmers. For farmers in the Eastern region, theggron about the environmental benefits, due
to the lower use of pesticides, was identified &syadeterminant shaping behavioral intention

towards GM seed adoption.

From the study findings, this PhD dissertation timee important contributions. Firstly, the
study fills a gap in literature by studying Sub-&am African farmers’ perspectives on GM
technology application in agriculture. Secondly,pibvides insight into African farmers’

XVi



preferences for GM varieties characteristics, whether food or non-food crops. From a policy
perspective, the last contribution of this study can be related to the attention that was given to
the institutional framework for development and implementation of GM crops.

XVii



PART ONE: GENERAL INTRODUCTION



Chapter 1: Introduction

1.1.Defining Biotechnology, agricultural biotechnabgy and GM technology

Biotechnology has broadly been defined as any tqaoknthat uses living organisms or
substances from those organisms, to make or madpiypduct, to improve plants, animals or
microorganisms for specific uses (Bailey et al. 180 Generally defined, agricultural
biotechnology comprises tissue culture techniqumestation breeding, recombinant DNA
technology, the use of molecular markers for bmgdiand genetic modification using
transgenes to develop GM crops (Khan and Joyia8)20Riotechnology as applied in

agriculture, offers a wide variety of scientific pgpaches to improve plants, aiming at
developing solutions to improve agricultural proohity and sustainability (Lokko et al.,

2018).

Advances in plant biotechnology have greatly emddrthe gene pool, making it possible to
transfer defined genes into all major food and famd crops (Vasil, 1998). Following the type

and strategy used GM crops can be classified fmitogenerations (Lin and Pan, 2016). The
first generation comprising a single trait, thes®t characterized by stacked traits, the third
and the fourth generations grouping near-intragentcagenic and cisgenic methods (Holst-
Jensen et al., 2012).

Another way of classifying which is used in thiscthral thesis considers the objective of the
genetic modification. GM plants of first generatiame those with input traits basically related
to increase insect and herbicide resistance. Thengegeneration presents output traits to
benefit the consumer, aiming mainly to add valudhte final product through nutritional
improvement or better storage conservation (Casadale Souza, 2017; Stewart and McLean,
2005; Halpin, 2005).

1.2. Opportunities of Genetically Modified (GM) tedinology in Africa

GM crops could be beneficial for the African coetm because of their potential to promote
food security and sustainable agriculture. Theepsopen the possibility of addressing biotic
and abiotic constraints to food, feed, and fibexdpiction (IFPRI, 2013). At one hand GM crops
may enhance productivity, improve pest and weedrahrand increase tolerance to drought
and salinity. At the other hand these crops mitgd be beneficial by improving public health

through reductions in pesticide applications ootigh enhanced nutrition, by adding micro-



nutrients to staple crops (Qaim, 2010, IFPRI, 2@&zuin et al., 2011:; Taheri et al., 2017,
Zilberman et al., 2018). In this way they potetyigarget many key challenges.

1.2.1. Productivity increases and food security

Africa faces the challenge of meeting food secuagyits growing population approaches one
billion. Sub-Saharan Africa (SSA) is the regiorgegatest food security risk because by 2050
its population will increase 2.5-fold and demanddereals will approximatively triple, whereas

current levels of cereal consumption already deensuibstantial imports (Van Ittersum et al.,

2016). In SSA, the prevalence of undernourishmepears to have risen from 20.8 to 22.7
percent between 2015 and 2016, and the numberopigendernourished rose from 200 to

224 million, accounting for 25 percent of 815 nailli people undernourished in the world in

2016 (FAO, 2017).

Agriculture is crucial for attaining food, feed afider security (Borlaug, 2007). However,
African agricultural systems are clearly operatimgler considerable stress, and the situation
will only worsen with food needs of the increaspapulation (FAO, 2015). Cereal crop yields
in SSA have stagnated over the last 40 years, gweranly 1 ton per hectare, while the meager
harvests are further reduced by pests and dis@daag’ayo et al., 2014). Bazuin et al. (2011)
link this lack of intensification of cereal prodiart in Africa to the failure of the “green
revolution”” and identified some features of African agricuétwhich explain this failure, such
as: i) lack of dominant farming systems, ii) predioamce of rainfed agriculture as opposed to
irrigation, and iii) prevalence of soils of poortiity (Thomson, 2007). However, in the coming
decades failure to lift up productivity will resutt increasing dependence on cereal imports or
will need a vast expansion of rainfed cropland aespecially because the population in SSA
is projected to further increase between 2050 408 Dy a factor 1.9. Furthermore, anticipated

climate change will make the situation even moralehging (Van Ittersum et al., 2016).

The necessary increase in cereal productivity dab@drought in such a short period of time
by conventional breeding (Vasil, 1998). The lowiagjtural productivity in Africa should be
addressed by innovative science (Juma, 2011). ppkcation of GM technology has been

proposed within the technology mix to improve A#'& agricultural productivity (FARA,

! The green revolution refers to set of research and technology transfer initiatives occurring after WWII, that
increased agricultural production worldwide, particularly in the developing world. It included high-yielding
varieties (HYVs) of cereals in association with chemical fertilizers, agro-chemicals, irrigation and new methods
of cultivation, including mechanization. All of these together were seen as a 'package of practices' to supersede
'traditional' technology and to be adopted as a whole (Farmer, B. H. (1986). "Perspectives on the 'Green
Revolution'in South Asia". Modern Asian Studies. 20 (01): 175-199.)
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2011; Juma and Serageldin, 2007). Evidences fraha {Qaim and Kouser, 2013) and South
Africa (Morris and Thomson, 2014) have proven Bt crops can substantially contribute to
meet the challenge of food security by increasietdg (Klumper and Qaim, 2014; Zilberman
et al., 2018)

1.2.2. Health and environmental benefits

Beyond the need for increased production, therelaabenges of environmental sustainability,
public health and malnutrition. According to Reymlet al. (2015) concerns have been
growing that farming practices themselves, in Sah&an Africa are exacerbating biotic and
abiotic constraints on food production through rimgampacts on the environment (Poppy et
al., 2014; Dogliotti et al., 2014; Chartres and MolR2015). Examples of environmental
degradation include agriculture-related deforestatisoil erosion, nutrient mining, water
depletion, soil/water/air pollution, biodiversityds, and climate change (Cassman et al., 2003;
Keating et al., 2010; Phalan et al., 2011; Prettgle 2011; Tilman et al., 2011; Chartres and
Noble, 2015). Deterioration of land and water searcs aggravated by the lack of strong
regulatory policies in the import and use of pedés (Traore et al., 2014). For example, the
abusive use of insecticides in cotton cultivatioBurkina Faso was reported as a crucial hazard
for farmers’ health and environment (Hema et &l Vognan et al., 2002). GM technology
is advocated as a solution to environmental degradgReddy et al.,, 2013). A recent
assessment of environmental impacts of GM cropd @reen 1996 to 2015 showed that the
adoption of GM insect resistance and herbicideraolee technology has reduced pesticide
spraying by 618.7 million kg (-8.1%) and, as a lgsilecreased the environmental impact
associated with herbicide and insecticide use @asnred by the indicator, the Environmental
Impact Quotient (EIQ)) byl18.6% (Brookes and Barf@fil7). Similarly, environmental and
health benefits were noticed from Bt cotton producin Burkina Faso, Soudan and South
Africa (ISAAA, 2016).

Regarding the issue of malnutrition, micronutrideficiency is pointed out as an important
contributor to the global burden of diseases (IFRBL16). Globally, micronutrient deficiencies
afflict more than two billion individuals (FAO, 26). Over the last 50 years, production and
availability of calorically dense staple crops hrageased in developing countries, but this has
not happened in equal measure for micronutriefiit-nien-staples, such as vegetables, pulses
and animal products (Bouis and Saltzman, 2017adbhition, prices for non-staple food have
gone up substantially, making it increasingly @it for the poor to afford dietary quality

(Bouis et al., 2011). Biofortification of stapleogs which is the process of increasing the
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density of vitamins and minerals in food, can ls®lation. In this way crops can be engineered
to fight malnutrition (Khan et al., 2016; AHBFI, @D). Biofortification can be done by breeding
with plants rich in essential micronutrients (Boetsal., 2011). If such plants are not available
in the breeding pool, genetic engineering is anowey in which micronutrient content in
plants can be enhanced (De Steur et al., 2017)leViine development of golden rice was
announced in 2000 as a milestone to fight agdestieficiency of vitamin A in humans (Ye et
al., 2000), to date, none of the developed GM bidied crops are currently approved for
cultivation. Since 2003, HarvestPlus, a programhs has led a global effort to breed and
disseminate biofortified staple crops has made tanbal progress in research to enhance
content of vitamin A, Zinc and Iron in seven cropassava, maize, sweet potato, bean, pearl
millet, rice, and wheat (Ruel et al., 2013). Uptakéiofortified crops will also have positive
longterm effects on society, because it can sdlgadsue of children being stunted, increasing

labour productivity and income earning potentiadh@; 2017).

1.2.3. GM technology and future prospects

Due to the rise of the global bioeconomy and themlrfer sustainable development, agricultural
biotechnology is becoming increasingly important #frica. The modern bioeconomy

typically can provide not only food but also nomdoproducts from managed agricultural,
aguaculture and forestry ecosystems (Lokko e28l18). Moreover, engineered plants have
been shown to be useful in phytoremediation to diecninate soils containing heavy metals

and other toxic substances (Vasil, 1998).

1.3. Current status of GM technology in Africa

Although the African continent remains the regioithwhe biggest potential to reap from the
benefits associated with modern agricultural bietetogy (ISAAA, 2017), the technology
uptake is lagging behind (Okeno et al., 2013). Tinispite of the fact that the African continent
is the most exposed to food and nutrition inseghtugiira et al., 2015). The introduction of
genetically engineered crops, which is one spewu#ision of biotechnology, has met social
resistance because of presumed potential negdfeeseon public health, the environment,
socioeconomic conditions and trade (Ficher et @D15). In Sub-Saharan Africa,
biotechnological applications driven by internatibprivate companies have particularly met
resistance because of issues concerning intellgatoperty rights and their possible negative
effects on local agricultural practices (Bowman120Wield et al., 2010; Lewin, 2007,
Chataway, 2005). Moreover, one of the crucial reasexplaining the slow uptake of the GM

technology in Africa could be related to the strangltidimensional relationship between
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Africa and the European Union countries. Europeaitigians and NGOs that oppose GMOs
are similarly very active at disseminating thegad to stop the use of this technology in Africa
as well, where agricultural innovation is a nedgs#r food security. Exemplary for the
European pressure was the report made by the Mendiethe European Parliament and
adopted by that Parliament in 2016 (EP resolutiome 7, 2016) that calls for not supporting
the use of GM crops in Africa.

Furthermore, public perceptions, which are oftested in local culture and ethics, appear to
have a critical role in the societal acceptanceiatechnology (Azadi et al., 2017; Fischer and
Eriksson, 2016). At the other hand, many farmers aurrently unable to access GM
technologies due to weak regulatory systems, hesgalitics and the absence of regional
biosafety harmonization strategies (Schurman, 28%adi et al., 2015; Mabaya et al., 2015;
Adenle, 2014).

However, experience over the past two decades ofc@ds has proven that the technology
presents real health and environmental beneffartoers taking cue of the showcases of South
Africa in 1998, Egypt and Burkina Faso in 2008 (8an009), and more recently in Soudan
(James, 2016). According to the latest brief reigardhe global status of commercialized
biotech/GM crops (ISAAA, 2017), GM crop field tasgi is ongoing in thirteen countries,
targeting twelve crops and using 14 traits offdne&M technology (Table 1.2). But only South
Africa (Bt cotton and Bt maize) and Sudan (Bt co}tare currently commercializing GM seeds.
Burkina Faso, which is the focus of two of our stadses, was cultivating Bt cotton from 2008-
2016.



Table 1.1: GM crop traits being developed or in commercial production (*) in Africa

(source: ISAAA 2017)

Crop Country Traits
Biofortified, Black sigatoka, Banana bacterial-
Banana Uganda, Malawi, Kenya Xanthomonas wilt (BXW) resistance

Banana Plantain Malawi

Bunchy top virus resistance

Cassava Kenya, Nigeria, Uganda

Cassava mosaic Disease, Cassava brown streak
Disease, Delayed postharvest starch deterioration

Burkina Faso,
Cowpea Nigeria

Ghana,

Malawi,

Maruca resistance (insect resistance)

Ethiopia, Kenya, Nigeria, Swaziland

South Africa (*), Soudan (*)

Cotton

Insect (bollworm) resistance

Gypsophila Flower Kenya

Pink coloration of petals

Kenya, Mozambique, Nigeria, Insect resistance (IR), Drought tolerance (DT),
Maize Tanzania, South Africa (*), Uganda Stacked IR/DT
Potato Uganda Late blight

Burkina Faso, Ghana, Nigeria,

Rice Uganda Nitrogen Use Efficiency, Water Use Efficiency
Sorghum Kenya, Nigeria Biofortified

Sweet potato Kenya Sweet potato virus disease resistance

Soybean South Africa Stacked trait with modified fatty acid composition

1.4. Problem statement

As described above, GM crops are the topic of atrovaersial debate ever since their

introduction in 1996 (Areal et al., 2011). Alsotire scientific community there has been a lot

of attention for GM crops. While in the first plaeelot of research has been done on the

agronomic and economic performance and on the humeatth and environmental risks

associated to GM crops (Areal et al., 2011), atsteholders’ attitudes on GM crops have

received quite some attention (eg. Kikulwe et2011; Frewer et al., 2013). The second type

of research however has mainly focused on consugitsdes and preferences, overlooking

other stakeholders, particularly farmers (Bettlet2010). Farmers and in Africa particularly

smallholder farmers are however the ones moswlikebe affected by the introduction of GM

crops. In this light, it is strange that they arast included in public debates and consultation



about the development, implementation or regulaticthis agricultural biotechnology and that
their perspective is also only to a limited extéakkn into account in literature. Nevertheless,
information on the opinion of farmers is instrunenfor shaping a more evidence-based
frontier in the debate on the importance of GM erégr Africa. Farmers are the potential
producers of GM crops and adoption among smalllmslaéll determine the success of
agricultural biotechnology in potentially improvirigod security (Oparinda et al., 2017) or
tackling other challenges. In addition, the regutatframeworks for the introduction and use
of genetically modified (GM) crops more and morguiee that socio-economic impacts (SEI)
are taken into account. This should go beyond smpinetary indicators (Catacora Vargas et
al., 2017).

1.5. Conceptual framework

The aim of this doctoral dissertation is to invgate farmers’ perspectives on agricultural
biotechnology. The conceptual framework is preskitefigure 1.1. Given that this thesis
research was conducted as part of the projedtifessing Social Challenges of Biotechnology
in Africa. Towards balanced Innovati¢8ocbioAfri),” this conceptual framework capturés t
GM technology implementation in Burkina Faso (WAftca) and Kenya (East Africa) as
initially expected. Moreover, this study considers the one hand the application of GM
technology in food crops (maize and sorghum) andfood (cotton) crops, and on the other
hand, the first (Bt maize and Bt cotton) and theosd generation (biofortified sorghum) of

GM crops.

In order to contextualize farmers’ perspectives@w technology, cognitive (knowledge,
awareness, understanding), behavioral (perceptipmions) and affective (preferences)
components were employed. This approach is follgwie model of attitude by Lavidge and
Steiner (1961) containing three components (cogniaffective and behavioral). Attitudes are
generally considered to be made up of these theegeats (Fiore and Kim, 2007). In this study,
the cognitive components refer to farmers’ knowked@oth objective and subjective
knowledge), awareness and understanding aboutNh&e&inology application in agriculture.
The lack of knowledge by farmers on agriculturatechnology and the misunderstanding of
the objective of GM technology is used by anti-GM@ivists as a main concern in Sub-
Saharan Africa (Bowman, 2015). Moreover, a reexApoststudy of Todua (2017) positioned
the awareness about the GM technology as a keyrfdating farmers’ intention to adopt GM
crops. Similarly, in South Africa, Kotey et al. @0 argued that awareness of GM crop



stewardship requirements is urgently needed to awgrits management and exploit the

benefits provided by the GM technology.

Behavioral components in this study are relatetiégperceived-effectiveness of the use of the
GM technology as well as opinions on that. Foranse, the insect-resistant GM crops are
currently positively valued owing to the reducee wé$ pesticides (Vitale et al., 2011). Most
studies have linked the fast adoption and spre&fcrops to the potential benefits in terms
of farmers’ health and the environment (Steawad &hcLean, 2005). The perceived-
effectiveness of GM technology implementation irit@o production in Burkina Faso had
placed the country to be the first planter of GMps in Africa in term of cultivated surface
(Vitale and Greenplate, 2014). The last componaiffé¢tive) used in this study is associated
to farmers’ preferences for GM crops. Literature Bhown that there are more studies on the
preferences of consumers (see for example the ievea the meta-analysis of Frewer et al.,
2013) than of farmers (eg. Valdivia et al., 2014aBs et al., 2017). Particularly for the African

continent studies on farmers’ preferences are scarc

To understand farmers’ preferences, a Discrete cghkperiment (DCE) was developed in
this thesis. The DCE was employed in Burkina Fasawo GM crop events (Bt cotton and
biofortified sorghum). A DCE is commonly known asadust method to analyze preferences
for key attributes describing a product (Carsoal ¢t1994). In this context, typical product and
production related factors (eg yield, insecticidsatment requirements, day to maturity seed
price) were combined with an institutional aspesgtefd development and distribution). The
inclusion of this last attribute is of interest givthe public concern regarding the prominence
of multinationals in the development of these crapd this study is the first one to incorporate
itin a DCE. Apart from preferences towards thelaites, by including the seed cost attribute

also farmers willingness to pay (WTP) for all ditries can be established.

Farms (farm size, insect control) and socio-demugra (gender, age, education level,
experiences, farmers organizations) characteristight play a key role in the adoption of GM

crops. Although there is limited documentation amfers’ attitudes towards GM technology,
especially in SSA, some studies ((Keelan et aD926ernandez-Cornejo and McBride, 2002;
Marra et al., 2001) suggested that large-scaledegmvere more likely to adopt GM crops than
small-scale farmers. Similarly, most studies sugtied older farmers are more reluctant than
younger farmer to adopt GM varieties (Gyau etZilQ9; Boz and Akbay, 2005; Van Scharrel,
2003; Fernandez-Cornejo and McBride, 2002; Darr@hdrn, 2002). In terms of gender, the
investigation of Guehlstorf (2008) showed that feEssavere more likely to adopt GM crops
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than males due to the reduction of labor requirdmeviore recently in Uganda, tlex-ante
analysis by Schnurr and Addison (2017) revealed #tttudes and potential patterns of
adoption of GM crops vary significantly according regions and membership in farmer’s
association. In this study, effects of farm reldttors and socio-demographic characteristics
on farmers’ intention to adopt a GM maize varietyKienya were investigated with specific

attention for the differences between farmers efWestern and Eastern region.
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1.6. Description of study areas and study focus

Two countries (Burkina Faso and Kenya) were inalutethis study. The choice for Burkina
Faso (West Africa) was made because of its expezievith Bt cotton cultivation and the
development stage of the biofortified sorghum paogrKenya (East Africa) was considered
based on the ongoing Bt maize project which hasgosapproval for limited environmental
release, the final stage before commercial reldagth countries (Burkina Faso and Kenya)
share the same main African agriculture featureb sis predominance of rainfed agriculture,
lack of dominant farming systems as well as lac&trdtegies to protect crops from insect, pest

and disease attacks.
1.6.1. Cotton and Sorghum in Burkina Faso

Cotton is one of the most important cash crops @st¥frica and is a vital catalyst to economic
development in the region (Vitale et al., 2007) Barkina Faso, the cotton sector not only
provides labor for more than 350,000 farmgosit also indirectly provides income to more than
3 million people, taking into account the entirdueachain and that of by-products, such as
local oil factories and cattle food producers (FAZQ14). Around the year 2000, the
government of Burkina Faso became interested iretBzly Modified (GM) cotton. At that
time, the cotton sector was facing considerablélpros with pest damage (Fitt, 2000), leading
to a deteriorating socio-economic situation in toéton sector (Renaudin et al., 201R)
collaboration with Monsanto, the national agricteluesearch institute INERA began a 5-year
program of field testing of Bollgard 1I®, a secogdneration oBacillus thuringiensiqBt)
improved cotton with insect resistance (Vitale ket 2a007). The first commercial release
occurred in the 2008-2009 agricultural campaigmgka 2009). In the following years the area
under Bt cultivation was growing very fast. Howevier 2016, because of an issue with the
length of the cotton fibers the cotton companiesvawed the government of Burkina Faso to
suspend the cultivation of the GM cotton varie§ARA, 2016).

Sorghum is the most important staple crop in Buakiaso, cultivated by most farmers.
However, the local sorghum cultivar is deficienteissential nutrients (da Silva et al., 2011,
Traore and Stroosnijder, 2005). Under the collatboraframework with African Harvest

International (AHI), Burkina Faso has undertakes dievelopment of biofortified sorghum in

2 |n Burkina Faso, cotton producers are organized in small group at village level. This group is called GPC
(groupement de producteurs de coton). Each GPC has a head (president), active member like secretariat or
other position and simple member (a farmer who does not occupy a specific position within the group).
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2010. The resulting African Biofortified Sorghum B&) would contain increased levels of

vitamin A, Iron and Zinc.
1.6.2. Maize in Kenya

Maize Zea mayd..) is the most important staple food in Kenyagamting for 65% of total
staple food caloric intake and 36% of total footbda intake (Ariga et al., 2010). Following
Shiferaw et al. (2011), East African (27 kg/capiar) occupied the second rank after South
Africa (85 kg/capita) in terms of highest amountsn@aize consumed per year. Maize yields in
Kenya are around 1.4 ton/ha, which is only 30%hef world average (FAO, 2000). Maize
production in Kenya contributes to about 12% of film&al households’ income (Mugo et al.,
2005). However, its production is entirely deperidanrainfall, while only about 17% of the
country is suitable for rainfed crop productionspie the great efforts made to increase maize
production, the demand has occasionally outstripjpedsupply, requiring import of large
guantities of maize (Muhunyu, 2008).

There are numerous factors such as limited accesagroved inputs (including improved
maize varieties and fertilizers), recurrent droyglobr solil fertility, diseases, weeds and insect
pests contributing to low maize yields in SSA (Senat al., 2011; Shiferaw et al., 2011).
Nevertheless, Odendo et al. (2003) placed Lepidaptstem borers at the top of the most
important factors, causing significant negative atipon maize yields in Africa due to their
damage to the leaves, stem and ears. Along the kagene of their studies conducted in
Kenya in 2000-2001 revealed that stem borer damegeresponsible for annual maize yield
losses of on average 14%, about 0.4 million totsedhUS$ 25-60 million, which was enough

to feed 3.5 million people at a per capita maizesconption of 125 kg per annum.

Despite the development of new improved hybrid etées in these two decades in Kenya
(Muhunyu, 2008), domestic maize production is resging pace with the growing demand for
maize. Imports have increasingly been filling tla@g left by insufficient domestic production
(Wang et al., 2017). A solution to boost local proiibn could be to control stem borer species.
Consequentially, in 1999, the International Maird #/heat Improvement Centre (CIMMYT)
and the Kenya Agricultural Research Institute (KARUNnched the development of an insect-
resistant GM maize variety (De Groote et al., 200@angi and Ely, 2001). To date, the GM
maize variety has obtained approval for limitediesnvmental release for National Performance

Trials, the final stage before commercial release.
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1.7. Research objectives and research questions

The research objectives of this doctoral dissemiatan be formulated along the three GM crop
events investigated. First, for the study on Btargtwhich is arex-poststudy, the objective is

to explore farmers’ knowledge, understanding andiop on the implementation of Bt cotton

in the farming system of Burkina Faso. A secongkdive linked to this event is to see to
which extent the current GM cotton event, meets fheferences of farmers in terms of
characteristics like yield, insecticide requirensefiarming practices and seed provenance and

cost.

Secondly for the biofortified sorghum, which isenante study concerning a second generation
GM food crop, the objective was to determine fasharillingness to cultivate biofortified
sorghum. This involved looking at farmers’ awarenes micronutrient deficiency. Moreover,
given that part of the sample selected for thidtias experience with the GM cotton variety,
one of the objectives of thex-antestudy was also to analyze the effect of experievite Bt
cotton on the intention to adopt a biofortified glmum variety. Previous experience with GM
crops was stated as a determinant factor in thetesoof GM technology (Schnurr and
Addison, 2017).

Finally, for the Bt maize event in Kenya the obijeetis to examine the factors influencing
farmers’ intention to adopt Bt maize. Again, ttssaifood crop, but this time a first generation
GM crop, so with input traits (insect resistancesteéad of output traits (added micro-nutrient).
Moreover, unlike in the Burkina Faso case, Kenyameérs have no previous experience with
GM crops. An additional focus also is the comparisetween the Western and Eastern region
of Kenya. This ex-ante study investigated farmeksiowledge on GM technology
implementation in maize and their understandingshefobjective of the GM maize under

development for commercialization.

The research objectives related to the three GM ex@nts can be translated in the following

research questions (RQ).
For the Bt cotton event:

RQ1 What is the level of understanding and knowdeaigiong cotton farmers in Burkina Faso

about the core concepts of biotechnology and muoeeiscally, Bt-technology?

RQ 2 What are the perceptions of cotton farmeurkina Faso towards Bollgard 11®?
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RQ3 What is the impact of the implementation of I§aid 1I® on the pest management
practices applied by cotton farmers in Burkina Paso

RQ 4 How do cotton farmers evaluate the recentsdaetiby government in Burkina Faso to

suspend decision to suspend cultivation of Boll&@

RQ 5 To what extent are the current characterisbicdBt cotton in line with famers’

preferences?
For the biofortified sorghum event in Burkina Faso:

RQ6 What is the level of knowledge among farmer8urkina Faso about micronutrient

deficiency and transgenic biofortification?

RQ7 How do farmers in Burkina Faso value variouglsom seed attributes?

RQ8 How do characteristics of farmers influencenkns’ preferences for sorghum attributes?
For the Bt Maize event in Kenya:

RQ9: To what extent are farmers aware about theldpment and the implementation of GM

technology in maize production in Kenya?

RQ 10 How is farmers’ understanding about the dhje®f this technology?
RQ11: What determines farmers’ intention to ado@iV maize variety in Kenya?
RQ 12 What are the key differences between WestgilrEastern regions farmers?

1.8. Research design and data source

To investigate the research questions of this detsen, data were collected in Burkina Faso
and Kenya. The focus crops were food (maize arghsion) and non-food (cotton) crops. Three
GM events (Bt cotton, biofortified sorghum and Biime) were examined. Table 1.2

summarizes the research design and the data ssveell as the statistical analysis performed.

In Burkina Faso, data were collected twice (Julpt8mber 2015 and April-May 2016). The

first data set derived from the surveys of 324aofarmers. A stratified sampling method was
developed for the data collection based on the fare (small, medium and large), the type of
variety grown (Bt and non-Bt cotton producers) #melagro-ecological characteristics (Bobo,
Dedougou and Diebougou). The second data set tmdlen Burkina Faso focused on the

biofortified sorghum event. Purposely, 150 farmerse selected in the first cotton sample
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while considering framers with experience in Btteotcultivation and farmers without any

experience with GM cotton variety.

In Kenya, date collection was geared towards mfaizeers households. A total of 150 farmers
were interviewed with 100 farmers randomly seleateestern Kenya (the main maize region
of the country) versus 50 farmers in Eastern redgitve East region presented the lowest maize
yield in Kenya. This survey was conducted from AfmiMay 2017.

Table 1.2: Research design and data source

Focus Thesis

Study site crop chapter Survey sampling Sampling target Statistical analyses
Farm size, Bt and
non-Bt Cotton Descriptive statistics (chi-
variety, Position in  square, ANOVA, Cross-
Chapter 2 n=324 GPC tabulation)
Cotton -
Survey with
Burkina Choice Farm size, Bt and Conditional logit model with
Faso experiment (n = non-Bt Cotton Alternative Specific Constant
Chapter 3 324) variety (ASC)
Survey with
Choice Among cotton
experiment (n= growers (Bt and Factors Analysis, conditional
Sorghum Chapter 4 150) non-Bt) logit model, latent class
Agro-ecological Descriptive statistics (chi-
characteristics square, cross-tabulation, t-
(west and east test), factor analysis, binary
Kenya Maize chapter 5 n =150 regions), Farm size logistic regression

1.9. Thesis outline

The empirical part of this dissertation consista abmpilation of papers, some of which have
been published in or accepted by international-p@gewed journals, or that were presented
at international conferences covering the scientifiscipline of agricultural and applied
economics as well as biotechnology-based agriaultdach chapter can be read as a stand-
alone, and repetitions were kept at minimum. Howgnesome chapters repetition might exist,

which was necessary to provide context to the arsaly

Table 1.3 provides information about the thesidimelt It shows that this thesis dissertation is
divided in 5 parts. The first and last parts repneésespectively the introduction and the
conclusion sections. The three main parts (2, 34amefer to the three GM events investigated
in this thesis. Regarding the first GM event (Bttan), two chapters were developed. Four

research questions were dedicated to the chaptéreifth research question was explored in
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the chapter 3. In the third part of the thesis,sbeond GM event (biofortified sorghum) were
investigated around three research questions ipteh&. The last GM event (Bt maize)
represents the part 4. Chapter 5 developed irpthrisanalyses four research questions.

Table 1.3: Thesis outline

Research
GM crop event  Thesis question
Part focus chapter Title of the chapter (RQ)
1 Chapter 1 Introduction
Farmers’ Knowledge and Opinions towards
Bollgard 11® Implementation in Cotton
Chapter 2 Production in Western Burkina Faso RQ 1-4

2 Bt cotton What kind of biotechnology do farmers
prefer? A Discrete Choice Experiment
Approach considering Cotton Cultivation in

Chapter 3 Burkina Faso RQ5
Farmers’ Valuation of Transgenic
Biofortified Sorghum for Nutritional
Biofortified Improvement in Burkina Faso: A Latent

3 sorghum Chapter 4  Class Approach RQ 6-8
Ex-ante Assessment of the Determinants of
Farmers’ Intention to Adopt Bt Maize in

4 Bt maize Chapter 5 Kenya RQ9-12

5 Chapter 6 Conclusion
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PART TWO: Bt Cotton Event
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Chapter 2: Farmers’ Knowledge and Opinions tow&ualtgard
[I® Implementation in Cotton Production in West&uarkina
Fasd

Abstract

In 2008, the commercial cultivation of Geneticadilipdified (GM) cotton started in Burkina
Faso. This GM cotton is Bollgard II®, which is retsint to the cotton bollworm because of the
expression of @acillus thuringiensis(Bt) protein. The adoption rate increased rapidly
subsequent years to reach around 70% in 2014. #dthcsome criticisms were raised
concerning the suitability of the technology foetharming system in Burkina Faso, the
introduction of transgenic cotton in the countrysvwgenerally regarded as a big success. Despite
this, during the 2016-2017 agricultural campaidpe, government of Burkina Faso decided to
suspend the cultivation of Bollgard 1I®. In thisntext, this paper investigates farmers’
knowledge, perceptions, opinions and attitudes tdsv8t cotton as well as their views on the
recent decision to suspend its cultivation. Data w@llected from 324 cotton farmers, both
growers of conventional and Bt cotton. The resshiswved that the farmers surveyed had a poor
knowledge concerning the core concepts of bioteldgyoand Bollgard 1I® in particular.
Moreover, the regulatory oversight of the implena¢ioh of the technology was found
insufficient, as illustrated by the lack of compiia with prescriptions concerning refuge areas
and pesticide treatments. Nevertheless, overallfatmers interviewed had a slightly positive
opinion about the effects on yield, income andrtheallbeing. In particular the reduction in
pesticide treatments was perceived very positilglall respondents. Although the study finds
that the majority of farmers disagreed with theergsuspension of Bt cotton cultivation by the
government, it also makes clear that a thoroughatgelon the technology and its

implementation is necessary.

Key words: genetically modifieddacillus thuringiensisbiotechnology, refuge area, Bollgard
lI®, transgenic cotton.

3 This chapter was based on: Edouard I.R. Sanou, liBedeGheysen, Bazoumana Koulibaly, Caspar Roelofs,
Stijn Speelman (2018). Farmers' Knowledge and ©pmitowards Bollgard II® Implementation in Cotton

Production in Western Burkina Faso. January 2018&lew Biotechnology 42 DOI:
https://doi.org/10.1016/j.nbt.2018.01.005
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2.1. Introduction

Cotton Gossypiuni.) is one of the most important cash crops in WAdstta and is a vital
catalyst to economic development in the regiongMiet al., 2007). In Burkina Faso, despite
the recent reduction in the share of export eaming cotton in favor of gold (FAO, 2014),
cotton still remains the most important agricultweop. In fact, the cotton sector not only
provides labor for more than 350,000 farmers bsib &hdirectly contributes to the livelihood
of more than 3 million people, taking into accoth@ entire chain and that of by-products, such

as local oil factories and cattle food producers.

Around the year 2000, the government of BurkinaoFHascame interested in Genetically
Modified (GM) cotton. At that time, the cotton secin many developing countries was facing
considerable problems with pest damage (Fitt, 2000)oblem aggravated by global warming
(Abate et al., 2000). This interest was stimuldtedhe deteriorating socio-economic situation
in the cotton sector (Renaudin et al., 2012) andhieyfindings of Burkina Faso’s National

Agricultural Research Center (INERA) concerningdeereasing effectiveness of conventional
chemical spraying methods (Vitale et al., 2007) #redr negative environmental and health

impacts.

In collaboration with Monsanto, INERA began a 5+ypeogram of field testing of Bollgard
lI®, a second generation Bfcillus thuringiensigBt) improved cotton (Vitale et al., 2007). In
parallel to the field testing, biosafety legislatiand protocols governing regulatory oversight
and approval of biotechnology products were dewedopy the government. Two regional
Bollgard [I® varieties were developed in 2008 ahd Burkina National Biosafety Agency
authorized these two Bt varieties for seed prodaciind commercialization by national cotton
companies. This was a significant milestone forkwa Faso, being the first commercial use
of Bt cotton in the country and the third commerotdease of a GM crop in Africa (Vitale and
Greenplate, 2014, Vitale et al., 2007, 2010).

However, this move was not viewed positively by sithkeholders. As in many developing
countries, the debate around the adoption of bwigogy in agriculture is still ongoing and
lags behind the technology uptake. The opponent&Gif crops have argued that the
introduction of agricultural biotechnology couldéhten the survival of indigenous crops and
would negatively affect biodiversity (Ezezika et &012). Besides, in Burkina Faso, the lack
of farmers’ knowledge regarding the correct usBtelechnology was one of the main concerns
of the opponents of GM crops. Along the same lifenaudin eal. (2012), questioned the
appropriateness of introducing GM cotton into teagant production systems in Burkina Faso.
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They point to the lack of information disseminatedhe cotton farmers regarding management
of secondary pests and the concept of refuge ‘ar@hsch are essential aspects of this new
technology. Also Vitale et al. (2010) show thastboncern might be valid because farmers
did not perform the recommended two late-seas@tntrents to target the secondary pests that

are not controlled by the Bt-technology.

The introduction of Bt cotton in Burkina Faso igenf described as a success. For example,
Vitale et al. (2008, 2010, 2011), in a series dfofe-up studies, report the rapid spread
(covering 70% of the cotton area), yield performea(its-20% increase), improved economic
returns for smallholder farmers and the health andronmental benefits due to reduced
pesticide use. Other authors, such as Renaudin @012) and Dowd-Uribe (2014), are more
critical and state that the social and agro-ecckdgiontext of adoption is not given sufficient

consideration.

Moreover, there is a growing awareness among reisea that the voice of farmers needs to
be heard in the GM debate (James and Sulemana).2@1lthe light of the recent decision
(James, 2016) by the Government of Burkina Fasuspend the production of Bollgard II®
cotton, and given the criticism that both the sgraad suspension of Bt cotton happened in a
top-down way, it is interesting to focus on theviars’ perspectives concerning this technology.
In this framework, three objectives were identifidthe first objective was to gauge farmers’
understanding and knowledge about the conceptadédiinology and, more specifically, Bt-
technology. The second objective was to assesattiedes of farmers towards Bollgard [I®
and the third objective was to look at their expece with the Bollgard 1I® crop and their

views on the decision to impose a suspension auitsation.

2.2. Background

Cotton was introduced in Burkina Faso in th& 2@ntury (Perret, 2009). Over time, Burkina
Faso’s cotton sector has seen lots of changes, @ith@m the liberalization of the sector
(Tumusiine et al., 2014) as well as the creatioa special research program dedicated to the
improvement of cotton production. Furthermore, @98, the National Union of Cotton

Producers (UNPCB) was established in order to tammers a voice in decision making. To

* To better understand the concept of refuge strategyyB and Tabashnik BE (1997)reported this strategy is
based on the idea that refuges of non-Bt hostdgplaar Bt crops provide susceptible insects t@ mih resistant
insects. In depth, they argued that refuges areated to delay resistance most effectively if tasise is inherited
as a recessive trait, because the mattings betWwesmzygous-resistant and homozygous-susceptiblésadu
produce heterozygous progeny that are killed byBtherops. And conversely, if resistance is noessive and
some of the heterozygous progeny survive on ther®i, refuges are expected to be less effectiveldtaying
resistanceZhang and al., 2012.
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date, the sector is administered by a dominantspeated company (Sofitex) and two private
companies (Socoma and Faso Coton). The traditigrétal integration between farmers and
companies, in which the cotton industries provigguis, such as seeds, pesticides, fertilizers,
and technical advice still exists (Theriault andr&e2014; Abate et al., 2000).

In 2008, Burkina Faso became the third African ¢oyrafter South Africa and Egypt, to
commercialize Bt crops (James, 2008). The 2008cyapiand production of seeds paved the
way for the planting of 125,000 ha of Bollgard 1&®tton in Burkina Faso in 2009 - the most
extensive single-year biotechnology launch in Sah&®an Africa (SSA) to date (Vitale et al.,
2010). In addition, one year later, the adoptide head already increased to 29% and by 2014
it had reached 70% or a total of 454,124 ha (Jag(33, 2014). In 2016, Pertry et 2016)
described the Bollgard II® case in Burkina Fasoaasole model for sustainable cotton

production.

Bollgard II® cotton requires only two insecticideatments to control secondary pests such as
aphids and jassids. This is in contrast to conweeaticotton which requires six treatments, with
the initial four targeting Lepidoptera and the lasb targeting secondary pests. Growing
Bollgard II® cotton was expected to increase yiddgaup to 30% and to reduce pesticide use
with positive effects on farmers’ health and theimmment. INERA also recommended that
the cotton companies and the farmers’ union (UMNationale des Producteurs de Coton du
Burkina, UNPCB) emphasize the need for effectiveplementation of two late-season
treatments in order to guarantee yield improveraadtcompliance with structured refuge areas
to prevent development of resistance to Bt toxins.

Overall, the effectiveness of Bollgard II® in termispest control was not questioned. There
were only some concerns with respect to the firdnisks for smallholders due to the high
cost of the Bt seeds (Renaudin et al., 2012) outaihe lack of an integrated pest management
strategy by the cotton producers (Renaudin eR@l2; Vitale et al., 2010). Nevertheless, in
2012-2013, the cotton companies reported a shbber length in comparison to previous
years. According to INERA, this observation wasoreéed to Monsanto and both agreed to
investigate the cause. In 2014, the use of thegBall [I® variety was determined as the main
source. In order to avoid cotton companies losiog@y on the international market owing to
reduced fiber length, the tripartite framework (Manto, INERA and cotton companies)
initially agreed to reduce the Bt cultivated land0% while trying to fix the genetic issue over
a period of 3-5 years. In 2015, however, the peenainonsultative framework (Association
Inter-professionnel du Coton au Burkina, AICB) immorating the government, the cotton
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companies and the UNPCB, urged for the suspengi®@oltgard II® cotton cultivation and
this decision was endorsed in 2016 by the goverhofdBurkina Faso. This means that in 2016
only conventional seeds have been distributed &gthton companies in Burkina Faso.

2.3. Materials and Methodology

2.3.1. Study sites and sampling design

The study was conducted during the 2015-2016 dgural season in western Burkina Faso -
an area administered by SOFITEX (Societe Burkindeg Fibres Textiles). Sofitex is the

largest of three cotton companies (see Figurevgrang more than 85% of the cotton cultivated
land and representing about 80% of the nation&bngiroduction (FAO, 2014). Three districts

(Dedougou-Bobo-Diebougou) were chosen along a rsmtith gradient presenting different

agro-climatic characteristics. These districtsudel 7 of the 13 Sofitex cotton ginning factories.
A total of 12 villages were selected for the st@dlyper district). Given that cotton farmers are
organized into groups in Burkina Faso (Groupemerducteurs de Coton, GPC) at village
level, and their individual interests could diffdepending on the type of farmer (Small,

Medium, Large) and/or the cotton variety grown ¢(Btnon-Bt), the sample was designed to
allow a pairwise comparison between the growetb®fifferent varieties as well as between
the types of farmer. The position occupied by fasme their GPCs (president, active member
or simple member) was also considered. In totad, faPmers were selected. Classification of
farmers was made based on the total cotton acgragan and the number of cattle pairs used

for labor.

Figure 2.1: Cotton growing zones in Burkina Faso (&itex, Socoma et Faso Coton)

Zones cotonniéres du Burkina
Découpage Sofitex

DEDOUGOU
Boucle du Mouhoun

.| koupouGou
' Centre Ouest
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2.3.2. Structure of the questionnaire

A questionnaire was developed based on informatimained from scientific literature (Fok,

2016; Vitale and Greenplate, 2014; Renaudin e2@ll2; Dowd-Uribe, 2014 ; Dowd-uribe &

Bingen, 2011; Vitale et al., 2007, 2008, 2010, 2(Héd&ma et al., 2009; Vognan et al, 2002; )
as well as from the official reports from the na#b research institute of Burkina Faso
(INERA). The questionnaire focused on the appras$darmers’ knowledge, understanding,
and actual behavior towards GM cotton productiorBurkina Faso, as well as on their
experience based perceptions and opinions. Thetsteuof the questionnaire is summarized
in table 2.1. For instance, to gauge farmers’ ustdading about the use of Bt-technology, 4
statements were developed to which the farmer cangsver Yes/Not sure/No. Furthermore, 7
and 3 point Likert scales were used, respectivielyyneasure farmers’ opinions about the
advantages of Bt-technology and about the recetisida to suspend Bollgard 1I® cotton

production. Throughout the questionnaire, statemem@re formulated, both in positive and

negative ways, in order to test the consistendh@tesponses given by farmers.
2.3.3. Data collection

The survey team consisted of five students recegrigluated from the Rural Development
Institute of the Polytechnic University of Bobo Diasso. The students were selected according
to their previous survey experiences and theivedtical language (Moore, Bobo, Dioula or
Dagara) to enable coverage of the predominant kgegiin each district. Before interviews
were initiated, the enumerators were trained apd®sad to the objectives of the study. Surveys
were conducted using a door-to-door strategy. iddal assessment was adopted in order to
avoid all external influences. Once at the farmbose, the farmer was first informed about
the purpose of the survey; then he was assuredigapinions would be kept confidential and
that he did not have to represent the view of saraexdse. Each interview took about 45-60

minutes.
2.3.4. Statistical analysis

Data were analyzed using IBM SPSS Statistics (@Br&R). The data were summarized and
descriptive data analysis was conducted using méaasiencies and percentages. Chi-square
and one-way analysis of variance (ANOVA) were cartdd to assess differences between
farmer types (small, medium, large), variety gro{ih and Non-Bt) and education level, as

well as their position in the GPC (president, activember, simple member).
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Table 2.1: Structure of the questionnaire

Clusters Description Method/tools Target group
Knowledge about Biotechnology and
1. Knowledge/understanding Bt technology Yes/No (6 statements) All farmers

Understanding on the use of Bt

Type of farmers,
Education level
and Position in

technology Yes/No/Not sure (4 statements) the GPC
2. Opinion/Perception
Agricultural practices, pest control, True/False/Don't know (15
- Effectiveness (agronomic) labor times, etc. statements) all farmers

- Advantages (socio-economic)

- Health and environmental

yield performance, income gain,
farmers wellbeing, etc.

7 points likert-type scale (from
1=Strongly disagree,....
4= Neutral, ...to 7= Strongly agree): 7

Type of farmers
(Small, medium

statements and large)
Health benefit, environmental risk, True/False/Don't know (6
etc. statements) all farmers

How many times have farmers

Based on the declaration of farmers

Bt and Non Bt

3. Behavior sprayed their cotton fields this year? (1 statement) growers
Did farmers know how the Bt seed
price was fixed? Yes/No (3 statements) all farmers
Is this price affordable for them?

4. Seed cost/Decision to abandon Yes/No (2 statements) all farmers

Do farmers know why this decision
was undertaken? Do they agree with
that?

3 point likert-type scale
(Agree/Neutral/Disagree)

Bt and non Bt
growers
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2.4. Results
2.4.1. Basic demographic profile of farmers

All of the farmers surveyed (100%) were male areriajority were in the age groups 31-40
(39.2%) and 41-50 (43.4%) (table 2.2). Most farm@ger 80%) had not had any formal
education. Only 2.8% of the selected farmers hadived formal education in agriculture,
11.4% had followed primary education and 4.9% sdaon The overall experience of the
selected farmers in cotton production was sliggtlyater than 25 years. Seven years after the
introduction ofBollgard II® in Burkina Faso the farmers growing li&td, on average, 6 years
of experience with this crop, but even those notgng Bt at the time of the survey had tried

it for 2 years, on average. The farmers intervielWweldl different positions within the GPC:
President (15.7%), Active member (27.8%) and Simudenber (56.5%).

Table 2.2: Basic demographic background of the farers surveyed

No.
Parameters farmers Percentage (%)
Age
up to 20 years 2 0.6
21-30vyears 22 6.8
31 - 40 years 127 39.2
41 - 50 years 141 43.4
51- 60 years 27 8.4
over 60 years 5 1.6
Education level
Non 103 31.8
Non formal 159 49.1
Primary 37 11.4
Secondary 16 4.9
Formal agriculture background 9 2.8
Type of farmers
up to 2 ha + 1 cattle pair (Small) 108 333
between 2 and 5 ha + 2 cattle pairs (Medium) 108 333
over 5 ha + more than 2 cattle pairs or tractor (Large) 108 33.3
Farmers Position in GPC
President 51 15.7
Active member 90 27.8
Simple member 183 56.5
Experience Mean (years)
Farmer overall experience in cotton 324 26.7
Average Bt-experience of Bt cotton growers 162 5.8
Average Bt-experience of conventional growers 162 2.4

Gender: 100% of farmers are males (N = 324)
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2.4.2. Farmers’ knowledge and understanding of biotechnolgy and Bt-
technology and its use

The majority of the farmers surveyed (over 90%)spreed low awareness and a poor
knowledge of the core concepts of biotechnology Britechnology (table 2.3). Most terms
and concepts appeared to be new for the majoripadfcipants. In spite of the ongoing trials
for two other GM crops (Bt maize and Bt cowpea) 9@Pthe farmers interviewed had not
heard about any biotech crops other than Bt coWghile the “No” respondents were the
majority, a one way ANOVA was conducted to see Weethis knowledge was influenced by
education level. The test showed that there wagrafisant difference (F(4, 319) = 215.22,
p<0.001). The small group of farmers with a formgtieultural education background had
significantly more knowledge than those with Se@ygd Primary, Non Formal and No

education.

Farmers’ understanding on the use of Bt-technolwgy tested using the four statements in
Table 2.4. More precisely, the knowledge abouttthe late-season insecticide treatments
required and on the implementation of refuge armeas tested. Nearly 60% of the selected
farmers asserted that the two late-season treasmamée necessary to target secondary insects,
whereas 32% of participants were “not sure” veBsswho did not know anything about this.
Regarding the required timing to apply the two-{s¢@son treatments, the “Yes” respondents
presented a slightly higher percentage (42.9%) thariNot sure” group (41.1%), while 16%
of farmers surveyed did not really know. As regardsipliance with refuge areas, most of the
farmers (over 60%) were “Not sure” what this mesamd how it worked. Moreover, nearly 30%
of respondents did not know anything about refugas Only 8% of participants knew what
it was and only 3% were able to explain how a refsgzategy should be implemented. To
explore whether or not there was a difference ideustanding concerning Bt-technology
implementation according to farmers’ positions e tGPC, a one-way ANOVA was
performed. A statistically significant differenceasvfound (F(2, 321) = 78.34<0.001). A
post-hoc test (Scheffe test) indicated that themseare for simple members was significantly
(p<0.001) lower than that of presidents and activenbvegs. Presidents and active members did
not differ significantly p = 0.946). The overall mean score for respondemts W29 (SD =
2.08 , 95%CIl =0.06, 0.22).
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2.4.3. Farmers’ perceptions about Bt-technology effectiveess in cotton
production

To appraise farmers’ perceptions about the effenggs of Bt-technology, fifteen statements
(table 2.5) were designed around three keys pagtscultural practices, pest control and field
management. The questions were formulated both os#tiye and negative statements
comparing Bt and non-Bt cotton. Results show thahérs did not adjust agricultural practices
when growing Bollgard lI® cotton except for inseddie use. Over 95% indicated that they did
not change input quantities (fertilizers, herbisidebor etc.). Farmers agreed, however, that
the quantity of insecticides used in Bollgard ll@tton production was reduced. In addition,
the efficacy against lepidopteran insects is ittstd by the affirmation of the farmers that they
never resort to any additional insecticide treatimentarget these insects. Similarly, most
farmers confirmed that Bollgard I[I® plants resistedidopteran insect attacks. Furthermore,
the farmers interviewed stated that Bollgard ll&ao plants carry and retain more capsules
than conventional cotton due to their resistandepmopteran insects. Overall, the majority of
farmers expressed their satisfaction concerningelimaination of the first four pesticide

treatments.
2.4.4. Farmers’ opinions concerning Bt-technology

Farmers’ opinions about Bt-technology across theemers’ groups (small, medium, large) are
reported in Table 2.6. Regarding the positive yddformance, small scale farmers are least
convinced that Bt cotton increases production (M64SD=0.864) compared to medium size
farmers (M=5.84, SD=0.877) and large scale farnfets6.05, SD=0.741). Asking whether
yield performance generated an income gain or swigall scale farmers partially agreed
(M=4.81, SD=0.855), whereas both medium size (M£53D=0.755) and large scale farmers
(M=5.87, SD=0.628) agreed on the increase in incdmeaddition, small scale farmers, on
average, partially agreed that Bollgard 1I® cotpoduction improved their livelihood, living
conditions and allowed them to increase their gzedue to the income gain. Medium and
large scale farmers were slightly more positiveutlibese effects. Moreover, farmers were
asked whether Bollgard lI® cotton growing enablégn to increase their land surface
cultivated with cereals and to recover their défmm the cotton companies. The small scale
farmers were, on average, neutral towards thisyedseboth medium and large scale farmers
were more positive and partially agreed. In ordetest the hypothesis that farm size (small,

medium, large) could have an effect on the levedadisfaction (using a scale from 1. Strongly
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disagree to 7: Strongly agree), ANOVA was performé&tis found a statistically significant
effect F(2, 321) = 22.18%<.0001). To further evaluate the nature of theeddhce between
the three farm sizes, three Scheffe post-hoc teste conducted. The mean score for small
scale farmers (M = 5.08, SD = 0.41, 95%CIl = 4.995b was found to be significantly
(p<.0001) different from that of medium size (M =4,.46D = 0.54, 95%CI = 5.34, 5.55) and
large scale farmers (M =5.46, SD = 0.47, 95%CI3755.55). Medium and large scale farmers
did not differ significantly | = 0.976). The overall level of satisfaction in sample was 5.21
(SD =0.57, 95%Cl = 5.1, 5.3) reflecting that farmkave a partially positive attitude.

2.4.5. Farmers’ opinions regarding the health and environnental effects of

growing Bollgard 1I® cotton

Based on the lower use of pesticides in Bollga®l dbtton cultivation, six statements were
developed to capture farmers’ opinions about healith environmental risk management. A
combination of positive and negative statements used. Outcomes reported in table 7
revealed that all respondents agreed entirely thighfirst three statements. They agreed that
the reduction in pesticides used was beneficiah&alth; that it greatly reduced the burden of
spraying and that, at the same time, it protectatémsources. A large majority of the farmers
also agreed that growing Bollgard II® did not catusé a threat to their livestock and that the
presence of bees, termites and ants increasedinfitids.

> First the assumption of homogeneity of variances was tested and satisfied based on the Levene’s F test, F(2,
321)=0.395, p =0.674.
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Table 2.3: Farmers’ knowledge towards Biotechnologgnd Bt technology core concept

Statements Yes No

N % N %
Q1. Have you ever heard about Biotechnology concept In agriculture? 31 9.6 293 90.4
Q2. Do you know that Biotechnology is a product of molecular biology based on gene
manipulation and can be applied in agriculture improving local varieties? 11 3.4 317 96.6
Q3. Do you know that Bt cotton is a biotechnology variety? 31 9.6 293 90.4
Q4. Have you ever heard about another biotechnology crop other than Bt cotton? 7 2.2 317 97.8
Q5. Do you know that Bollgard Il (Bt cotton variety) has been obtained by introducing a
Bacillus thuringiensis gene into your local varieties (FK37 and SAM 59)? 20 6.2 304 93.8

Q6. Do you know that Bacillus thuringiensis is a bacteria and its gene gives power to plant
to naturally defend itself against lepidopteran insect group in cotton production? 9 2.8 315 97.2
The highest scores are given in boldface. Cronisaalpha = 0.828

Table 2.4: Farmers’ understanding of Bt technologyse

Statements Yes Not sure No

N % N % N %

Q7. Before growing Bollgard I, have you any idea about the number of spray

targeting secondary insects? If yes, how many? 192 59.3 105 32.6 27 8.3
Q8. At what stage of the production you may apply the 2 late-season sprays? 139 42,9 133 41.1 52 16
Q9. Before growing Bollgard I, have you any idea about refuge area management

intended to prevent lepidopteran insects’ resistance? 26 8 202 62.3 96 29.6

Q10. Do you know how refuge area work? 12 3.7 212 65.4 100 30.9

The highest score are given in boldface. Cronbaalplsa = 0.859
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Table 2.5: Farmers’ perception about Bt technologeffectiveness

Statements TRUE FALSE Don't Know

N % N % N %
Q11. Bt cotton production requires the same in inputs quantity in term of mineral
and organic fertilizers like in conventional cotton production. 319 98.5 2 06 12 3.7
*Q12. Bt cotton production changes my current agricultural practices such labor, sowing,
weeding, etc.). - - 312 96.3 12 3.7
*Q13. Bt cotton increases my manpower (internal and/or external) compared to
conventional cotton production. - - 312 96.3 12 3.7
*Q14. Since | grow Bt cotton, the quantity of insecticides used doesn’t change. - - 322 99.4 12 3.7
Q15. Except the reduction of the number of sprays, Bt cotton production does not present
any difference compared to conventional cotton. 312 96.3 - - 12 3.7
*Q16. Bt seeds present a weak rate of germination compared to conventional cotton 2 0.6 312 96.3 10 3.1
Q17. Since | grow Bt cotton, the shedding of capsules attributed to lepidopteran insects
attack has utterly disappeared. 312 96.3 - - 12 3.7
Q18. Since | grow Bt cotton, my cotton plants retain more capsules owing to the absence
of lepidopteran insects attack. 312 96.3 1 03 11 3.4
*Q19. Bt cotton presents a long cycle of production comparing to conventional cotton. - - 315 97.2 9 2.8
Q20. Since | cultivate Bt cotton, | do not observe lepidopteran insects attacking and
damaging my cotton field. 312 96.3 - - 12 3.7
*Q21. Since | grow Bt cotton, sometimes | use more than 2 sprays because of lepidopteran
insect attack. - - 312 96.3 12 3.7
Q22. | agree that the Bt cotton variety that | grow resists quite well lepidopteran
insects attack. 312 96.3 - - 12 3.7
Q23. By cultivating Bt cotton | save much labour time due to the reduction of
the number of sprays (2). 321 99.1 - - 3 0.9
*Q24. Bt cotton field management is more painful compared to conventional cotton - - 315 97.2 9 2.8
Q25. With Bt cotton, the painfulness due to spraying machine carrying is quite reduced. 321 99.1 - - 3 0.9

(*) Questions formulated in an opposite way. Thghbst scores are given in boldface. Cronbach’saaph.962
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Table 2.6: Farmers’ opinions about Bt technology agantages

Statements Small (N=108) Medium (N=108) Large (N=108)
Mean SD Mean SD Mean SD

Q26. Since | grow Bt cotton, yield increases in comparison to conventional cotton growing. 4.96 .864 5.84 .877 6.05 741
*Q27. Since | grow Bt cotton, my income gain is increasingly getting lower. 4.81 .855 5.81 .755 5.87 .628
Q28. Since | cultivate Bt cotton, my livelihood has been improved owing to the high income. 5.20 .707 5.36 .779 5.40 .896
*Q29. Bt cotton growing doesn’t allow me improving my living conditions. 4.93 .680 5.34 .699 5.33 .684
Q30. With Bt cotton, my income gain helps me increasing my cereals cultivated surfaces. 431 1.073 5.19 .990 5.20 .925
*Q31. With Bt cotton, my GPC use to face difficulties to cover debts of cotton companies. 4.04 .669 5.10 .785 5.02 .736
Q32. The income generated in Bt cotton production allows me to gradually increase my 4.81 1104 5.49 291 5.48 242

land.

Statements marked with an asterisk were codeceiopposite direction because disagreement with statbment means a positive opinion
towards Bt-technology. Cronbach’s alpha = 0.752a@eale from 1=Strongly disagree to 7=Strongleag&D: Standard Deviation. N: number

of farmers

Table 2.7: Farmers’ opinions regarding health and rvironmental saving by growing Bt cotton

Statements TRUE FALSE Don't Know
N % N % N %

*Q33. Reduction of number of sprays does not present any effect on my health. - - 324 100 - -
Q34. Since | grow Bt cotton, my pains after sprayings are abated because of less sprays. 324 100 - - - -
*Q35. Less use of insecticides doesn’t protect our water sources. - - 324 100 - -
Q36. By cultivating Bt cotton, we reject less pesticide containers in the environment. 322 99.4 - - 2 0.6
*Q37. Bt cotton fields present a threat for my livestock feed. 2 0.6 321 99.1 1 0.3
Q38. Since | grow Bt cotton, | use to observe in my field bees, termites and ants. 320 98.8 2 06 2 0.6

(*) Questions formulated with negative effect. Thghest scores are given in boldface. Cronbaciplseaf 0.762

32



2.4.6. Farmers’ behavioral practice in pest control managment

The introduction of Bt cotton in Burkina Faso héimaated the first four treatments targeting
lepidopteran insects. However, the two late-seas@iments against secondary insect attacks
are still required. Table 2.8 outlines farmers’tp@sanagement practices. Based on farmers’
declarations regarding how many times they spralethg the ongoing agricultural season,
more than 80% of the growers (Bt and Non-Bt) casdesthat they sprayed their cotton fields
less than the number of times recommended by INER%. majority (71%) of Bt growers
sprayed once, whereas 75% of conventional farnesyed three times. The proportion of
farmers who applied the recommended number ofmreatis was respectively 19% for Bt and
6% for Non-Bt growers.

Table 2.8: Farmers’ behavioral practice in pest cotmol management

Farmer type Variety Number of Sprays

N=324 N=324 0 1 2 3 4 5 6
Small Bt (n=54) 16 32 6

N=108 Non-Bt (N=54) 1 9 44

Medium Bt (n=54) 42 12

N=108 Non-Bt (N=54) 4 41 6 2 1
Large Bt (n=54) 41 13

N=108 Non-Bt (N=54) 37 4 4 9
Total Bt (%) 9,9 71 19.1

(%) Non-Bt (%) 0.6 8 753 6.2 3.7 6.2

*Chi square small (3) = 89.7, p<0.001*Chi squaralimm (5) = 96, p<0.001 *Chi square
large (5) = 108, p<0.001*Chi square total (6) =,2830.001. The highest scores are given in
boldface

2.4.7. Farmers’ opinions about Bt seed cost and the deaisi to forsake Bollgard
[I® cotton
During the surveys, the Bt seed price ($45/ha) westioned by the majority of the farmers as
the main constraint for the adoption of Bt cottda.collect farmers’ opinions about the current
price, three statements were developed. The fiast tw see whether they knew how the price
was fixed; then they were asked to respond whetheot the Bt seed cost was affordable. The
last statement sought to understand whether therduBt seed cost enabled their GPC to cover
the debts from cotton companies at the end ofghiewdtural campaign. According to the cotton

companies, the Bt seed price is fixed with the axgrent of UNPCB based on the following
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formula: (Non-Bt seeds + 6 sprays) cost = (Bt see@ sprays) cost. In this way, the higher
price of Bt is offset by the elimination of foueitments. The results in Table 2.9 showed that
91% of the farmers had no idea about this fornfelathermore, 90% of the participants judged
that the current price is unaffordable. As to th&t statement, a contradictory view emerged,

with 56% of respondents agreeing and 44% disagyeein

As described above, cotton companies first begdaciag Bt cultivated land to 50% in the
2015-2016 rainfall season, followed by its complstespension in 2016-2017. To assess
farmers’ opinions regarding those decisions, piaditts were first asked whether they knew
why the Government envisaged abandoning Bt cott®dn3 point Likert-type scale
(Agree/Neutral/ Disagree) was used to collect fasneews about the decision to suspend
Bollgard 1I® cotton. The majority of the farmersenviewed (90.7%) stated that they were
surprised at the beginning of the 2015-2016 adrcal campaign when the cotton companies
decided which GPCs had to stop Bollgard I[I® culiiva. Similarly, slightly more than 90% of
the participants indicated that they had no ideautithe reasons that led to the decision to
abandon Bt cotton. Subsequent to the limited kndgéeabout the reasons behind the decision
to suspend Bollgard II® cotton, shown in our suse88% of respondents disagreed with the

decision to suspend Bt cotton, whereas 10% remaiagattal versus less than 2% who agreed.

Table 2.9: Farmers’ opinions about the decision téorsake Bt cotton

1* 2% 3*
3 15 144
Bt Growers
% 1.85 9.3 88.9
Non-Bt N 2 17 143
Growers % 1.2 10.5 88.3
N 5 32 287
Total
% 1.5 9.9 88.6

The highest scores are given in boldface.1*=adt&e\eutral, 3*=disagree
*Chi square (2) = 0.328§ = .849

2.5. Discussion

The farmers in this study showed poor knowledgeceoring the core concepts of
biotechnology and Bt-technology. A similar obseiwatof a very poor understanding,
awareness and knowledge among farmers was also loyadewis et al. (2010) in Tanzania
concerning GM technology and terminology. Desgite involvement of UNPCB throughout
the Bt cotton introduction process, and despiteed@ry of experience with Bt cotton, many
farmers were still unaware of the need to ins&fiige areas. However, the study found that
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farmers’ understanding towards Bt-technology impatation in cotton production was
strongly affected by the position they occupiedhrir GPC. Indeed, results revealed that
presidents and active members of the GPC had aage/&nowledge while a large majority of
the simple members were ignorant about the usd-tdddinology. This observation could be
related to the cotton production system and semxtension system in Burkina Faso. Due to
the high number of GPCs (over 12,000), the trairfmgfarmers in field management is
organized at departmental (or provincial) level anders at least five villages, thus including
more than 200 GPCs. Therefore, only the presidemigor some active members attend this
awareness training. In theory, the participantsikhopdate farmers who did not get the chance
to participate. The same operating mode was ustddtihwe implementation of Bollgard 1I®
cotton, with no changes, in spite of the recommgoddy INERA urging emphasis on the two

late treatments to target secondary insects ambmpliance with the refuge strategy.

During the field visits, cotton companies’ fieldwers, commonly known as ATC (Agent
Technique Coton) were also interviewed. They aeetetl to assist and monitor producers’
field management. It was striking that most of thauald not explain how the implementation
of refuge areas works. Some who gave a correcaaafibn confessed that it was quite difficult
to implement the refuge strategy without first ajiag farmers’ behavior based on their current
agricultural practices. Stone (2011) warned tma¥yarangal in India, the overall income gains
from Bt cotton could be undermined by the widesgriak of understanding and practical
implementation of refuges by farmers. The same neperted by Kruger et al. (2012) in the

context of Bt maize introduction in South Africa.

Our data also seem to suggest that the cotton cuegp@ Burkina Faso gave insufficient
support to the farmers with respect to Integratedt Management (IPM) strategies. As a
consequence, the majority of the farmers survegedr 80% of both Bt and conventional
cotton growers, do not respect the guidelines puwdrd by INERA in terms of sprayintn

his research looking at the 2009-2010 season, R@anatial (2012) also found relatively low
compliance with the recommendations among Bt grewewith 40% following the
recommendations and an average spraying frequdéicy.csuch low compliance was reported
by Vitale et al. (2010) as a thread for both yiatal economic performance in Bollgard 1I®
cultivation. In his study, conventional farmerswaver, sprayed 5.7 times, on average, with
81 % applying the six recommended treatments (Rénaet al., 2012). This has changed
drastically in our study, where less than 10% efd¢bnventional farmers comply. There might
be several reasons for this. One reason might detistence of spillover effects due to a

35



change in pest dynamics and pressure caused higtheoverage of Bt. Such effects have also
been reported in other studies (Hutchinson eR@ll0; Wu et al., 2008). Another reason could
be that farmers are reluctant to revert to spragimgimes. Discussion with farmers on the
decision to suspend cultivation of Bt seems to iconthis, as many farmers claim that they
will no longer apply the six recommended sprayirigsreover, they feel that the spraying
calendar, which recommends spraying every two wéeka the beginning of the seedling

stage, is not sufficiently flexible.

Even after eight years of experience with BollgH®l cotton, the majority of farmers claim
that the right timing for the two late-season spreyunclear and a large majority are unaware
of the importance of the refuge areas. These ob8ens support the claim made by Renaudin
et al. (2012) concerning the appropriateness ofittreduction of Bt-technology into the
farming system of Burkina Faso given the lack dbimation dissemination to the cotton
farmers. In the long term, this will certainly haagverse effects and will negatively influence
Bollgard 1I® cotton yield performance. Similarljzd importance of pest management practices
was shown in a study by Berlin’s Ecologic Instit(kaphengst et al., 2011). Reviewing 721
case studies and comparing the yield performané&\bicrops with conventional crops, they
show that the highly different results in differaduntries can mostly be attributed to this.
Recent studies in Benin (Sinzogan et al., 2004hyd€Midega et al., 2012) and Pakistan (Khan
and Damalas, 2015) show that efficient integratest management remains a challenge, both
in Bt and conventional cotton production. All thestedies attribute this to the insufficient

knowledge of farmers concerning the implementatibimtegrated pest control strategies.

The farmer’s point of view on the social impactBaflgard II® cotton has also been tackled
in this study, looking at aspects such as sociallbeiag, economic resilience and
environmental integrity. The opportunity to redyessticide quantities by two-thirds was cited
as the main reason by the majority of farmers f@aR the rapid adoption of Bt-technology.
The technology not only improved their own welllgein terms of health, but also reduced the
pesticide burden upon the environment. Furthermoedd gains were also reported. This is in
line with studies by Vitale et al. (2010, 2011, 2D1The same conclusion was reached by
Renaudin et al. (2012), who also highlighted treeeased financial risks for smallholders due

to the high cost of the Bollgard II® seeds. Thisdyt showed that the level of satisfaction of

61t is important to note that most of the farmers growing conventional cotton in our sample also have
experience with growing Bt. This is related to the top down distribution of seeds by the cotton companies in
Burkina Faso, which decide annually which type of seeds are distributed to each GPC.
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farmers regarding Bt-technology depends on the oygarmer (small, medium, large). While
large and medium sized farmers tended to be lag®ditive, small scale farmers were more
neutral. This finding of differential effects is lime with past studies in other countries. For
instance, Subramanian and Qaim (2009) in Indiaialdicated that greater benefit is generated
by larger farms and Arza et al. (2013) demonstrétati in Argentina, smallholders become
increasingly reliant on middlemen with the introtlac of Bollgard II® cotton, reducing the
benefit. In contrast, Bennet et al. (2004, 2006 K outh Africa, found that smallholders obtain
greater economic benefits from growing Bt cottoantliarmers with more land. In Australia,
Sanchez (2015) showed that, due to successfulnpesagement, benefits are shared by the
different groups of farmers. Fischer et al. (20Eyjewed 99 case studies and showed how the
economic impacts of GM cotton adoption for differgroups of farmers were very mixed and
that the political and regulatory context had angigant impact on the ability of different
groups of farmers in different locations to ben&pecifically in Burkina Faso, the results from
the previous studies did not specify differencesvben farmer groups (Vitale et al., 2008,
2010, 2011, 2014).

The high seed cost was perceived by the majoritgefarmers as the main constraint affecting
the economic benefit of Bt cotton. While Renaudimle (2012) demonstrated how economic
benefit for small scale farmers was impacted bexafighe extra seed cost in producing Bt
cotton, Vitale et al. Vitale et al. (2010, 201112}, in contrast, estimated that the higher seed
costs for Bt were offset by the elimination of fatgatments. As a consequence, they found no
significant difference between production costsBbiand conventional cotton. Subject to an
in-depth investigation, our study notes that tighbr seed cost for Bt will affect profitability.
This is because nearly all farmers surveyed rezegitihat the recommended 12kg of seeds per
hectare for Bollgard 1I®, and even the 30 kg fonwentional cotton, are insufficient. Therefore,
they always use extra seed to overcome the lagewhination due to rainfall irregularity at
the beginning of the sowing period. As a resultyiiars used at least 1.5 bags of seeds (bag of

12 kg or 30 kqg) instead of one bag (as advisedptoone hectare.

Finally, the decision to suspend Bollgard 1I® catfmoduction in Burkina Faso was evaluated.
It was shown that farmers and the government didshare the same point of view. As
described above, in 2016, the issue of shorter fdregth for Bollgard II® cotton had already
been known for some years, and the cotton companigs$he Burkina Faso government were
losing money on the international market. It shooddnoted that this did not translate into
financial problems for farmers, as the Bollgard d@iton farmers were rewarded according to
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the harvested yield. A breeding plan developedNiRA to maintain Bollgard 1I® whilst
trying to resolve the issue together with Monsaimogrder not to disorient farmers in their
current practices because of the familiarity creéatgh Bollgard II® cotton, failed to convince
the other stakeholders (cotton companies, AICBthadjovernment). Therefore, the short term
proposition by INERA to progressively reduce Botlhjd® cultivated land was only followed
for one year (2015-2016). After that, the decisigas taken to abandon Bollgard 1I® cotton.
During our surveys, some farmers claimed that,tdulee decision to reduce the area cultivated
with Bollgard II®, they were obliged by cotton coarpes to grow conventional cotton against
their will. As a consequence, certain farmers oletdi Bollgard 1I® cotton seed from their
friends in neighboring villages and mixed Bt andientional cotton on the same plots. This
shows that such a ban, opposed by the farmerst mgghit in situations such as that described
by Fischer et al. (2015) in Argentina and India wehencertified Bollgard 1I® cotton seeds of
dubious quality circulated on the market. Thera issk of the proliferation of a black market

for seeds, as has happened for mineral fertiliaedsherbicides.

2.6. Conclusion and recommendations
This study focused on the perceptions and opinidrigrmers in Burkina Faso concerning the

cultivation of Bollgard II® cotton. Five main ressiican be highlighted:

Knowledge of farmers concerning biotechnology ateBhnology is limited and depends on
their education level and their role within the GPThe differences in knowledge are
furthermore consolidated by the operating modehef ¢otton companies, which does not
involve simple members of GPCs in the awarenegsnaprovided by the fieldworkers from

the cotton companies. As a result, not all infoioraseems to trickle down.

The regulatory oversight of the implementation dft&hnology is inadequate. This is
illustrated by the lack of compliance with prestiops concerning structured refuge areas. The
risk of the non-implementation of the refuge stygtevas ignored by both farmers and

fieldworkers.

Farmers’ compliance with recommended pest managestr@tegies is low. Several farmers,
for example, stated that Bollgard II® cotton doesmequire any treatment: “the main problem
in cotton production is lepidopteran insects. SwhwBollgard [I® cotton we don’t need any
insecticide treatments because the damage frormdago insects is not important”. The
specific recommendation for two late insecticidplagations to control aphids and jassids was

only implemented by 19% of Bollgard II® cultivatorkr contrast to earlier studies, the

38



compliance of farmers growing conventional cottathihe recommended six sprayings was

extremely low. Further research needs to be corductexplain this trend.

Even though different appreciation levels for theome gain generated by Bollgard 1I® cotton
adoption were observed between farmer groups,ttity $ound that the majority of farmers
were satisfied. However, the main constraint umadedl by the farmers was the perceived seed
cost. Most farmers do not realize that productiosts are kept the same for conventional and
Bollgard II® cotton, as some of the insecticidetdqasterms of the four early applications that
are not needed) is included in the seed price fdilgBrd II®. Investigation into the Bt seed
pricing policy revealed that there was a greateerdjence between the farmers’ organizations
and their base membership. While cotton comparteeds that farmers are involved in the
pricing strategy through their national union, famnon the ground were unaware of what was
decided and where the decision came from. Thisreagen highlights the need to reinforce a

mode of communication which would enable farmergdaegularly updated.

Finally the decision to suspend Bollgard 1I® cotiarBurkina Faso was perceived to be bad
by the majority of the farmers. Cotton producers laging paid for the cotton produced and
they dislike the fact that four extra insecticideatments will be needed once more and that the
result will be a reduction in yield, and thus regldiancome. There is a high risk that the majority
of farmers will not respect the treatment guiddif@ the production of conventional cotton
and this is in the context of cotton productioreatty characterized by a lack of integrated pest

management.

To conclude, while the experience of Burkina Fass perceived as a sustainable agricultural
model, the adoption of Bt cotton in Sub-Saharanicafr (SSA) countries is now being
hampered due to the ongoing debate around thetyaélBollgard 1I® fibers. However, to
guarantee the success of Bt cotton in the farmystes of Burkina Faso, after having fixed
the fiber length issue, dissemination of knowledgeds to be improved, as highlighted by
Renaudin et al (2012). This extends to the geretal of the government to create public
awareness about biotechnology. Furthermore, to retaded the gap between, for example,
knowledge about pest management and compliancegtiadoof a new multidisciplinary
assessment approach will be required, taking icdo@nt parameters such as farmers’ behavior.
As Dowd-Uribe (2014) writes (2014), throughout égaluation it is crucial to focus on how
this technology is embedded within a social and-#@gological context. This will allow greater
understanding of the impacts.
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Chapter 3: What kind of biotechnology do farmersfgn? A
Discrete Choice Experiment Approach considering t@ot
Cultivation in Burkina Faso

Abstract

While a fierce debate about the advantages andiviisgéages of GMOs is ongoing, it is
surprising that farmers are often not consulted®urkina Faso, where Bollgard |I® cotton was
commercially released in 2008, studies highliglat ttotton producers are in general satisfied
with the reduction in insecticide use, while theramic benefits are a source of controversy.
The objective of this chapter is to get insighbifdrmers’ preferences towards attributes in
cotton cultivation. For this purpose a Discrete ICadxperiment (DCE) was developed. Five
key attributes were identified to describe improwedton varieties: Seed development and
provenance, Seed costs, Yield, Required numbensscticide sprays, and preservation of
agricultural practices. Farm-gate surveys were gotadl among 324 cotton farmers in Western
Burkina Faso. The results show that overall farnmange a positive preference towards vyield
improvements and a negative preference towardspvate seed development and towards
an increase in the requested number of insectagqpications or in the seed costs. According
to their current varieties (Bt and non-Bt), a diffiece was observed regarding their preferences
for the status quo situation, indicating that Bowers have a stronger preference to keep
growing their current variety than non-Bt farméfhen dividing the sample in segments based
on the farm size, it was shown that there wereerbfit preferences with respect to the
development of the variety and the required nunabémsecticide applications. Overall it can
be concluded from this study that economic bendfitked to higher yields , lower seed costs
or reduced pesticide use) shape farmer’s prefesenc

Key words: GMOs, Bollgard II®, Bt cotton, Discrete Choicepeximent, Conditional Logit
Model, Farmers, Burkina Faso.

” This chapter was based on: Edouard |. R. Sanon, DuaCardona, Jeffrey D. Vitale, Bazoumana Kouiiba
Godelieve Gheysen, Stijn Speelman. “What kind ofdihnology do farmers prefer? A Discrete Choice
Experiment Approach considering Cotton CultivatioBurkina Faso”In International Journal of Agricultural
Sustainability. (under review)
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3.1. Background and Introduction
The adoption of Genetically Engineered (GE) crapsSub-Sahara Africa (SSA) is highly
controversial (Dowd-uribe & Bingen, 2011; Obonyoakt 2011). Although several authors
claim that agricultural biotechnology presents @partunity to alleviate starvation and
poverty, malnutrition and food insecurity (Lokko at, 2018; Okeno et al., 2013; Ruane &
Sonnino, 2011; FAO, 2009), the adoption of Gen#yidslodified (GM) crops is lagging
behind in SSA compared to other parts of the wBAAA, 2017; Vitale et al., 2007, 2011).

Burkina Faso is an exception to this. Already i9@®ollgard If cotton was commercially
released in Burkina Faso. Evidence of the firsefpears of Bt cotton commercialization in
Burkina Faso positioned its positive experienca asadmap for eventual wider adoption of
GMOs in Africa (Vitale & Greenplate, 2014) and asuccess model towards sustainable
agriculture practices (Pertry et al., 2016). Al#d0H2010) followed the experiences of Burkina
Faso with interest due to the particular dominapogition of smallholders in the agricultural

sector.

Various studies on the commercialization of Bolth#P in the Burkina Faso farming system
have been mostly positive about the outcomes (E0k6; Vitale & Greenplate, 2014 Vitale,
Ouattarra, & Vognan, 2011, Vitale et al., 2010)eThajority of the studies focusing on the
experience with Bt cotton in Burkina Faso, whethging ex-ante (Vitale, et al., 2008, 2007;
Renaudin, Pelc, & Opois, 2012) or ex-post approadimwd-Uribe, 2014; Fok, 2016; ;
Renaudin, Pelc, & Opois, 2012) focused on the dvecanomic benefit based on the overall
yield gains and the production cost comparing toveational cotton. However, the potential
economic benefits of the GM technology for smaithfars’ welfare is still debated studies
(Brookes & Barfoot, 2016; Subramanian & Qaim, 20BA@meades & Smale, 2006), due to the
higher seed cost of Bt-cotton (Renaudin, Pelc, &i®p2012; Dowd-Uribe, 2014) specially

being the case of poor farmers.

Recently, Sanou et al. (2018) investigated farmpmions towards Bt cotton in Burkina Faso
pointing that small or subsistence farmers (whiomihate the cotton sector of Burkina Faso)
were not entirely positive about the economic biénef Bollgard 1I® mainly because of the
seed pricing policy. These results seem to sugpertoncern that the developed variety might
not entirely match with farmers’ expectations. rWdothe same line it also has been noted by

e.g. Carro and Astier (2014) that while smallholdesducers are the ones most likely to be
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affected by the introduction of GM crops, they #&ast included in public debates and
consultation about the development, implementatoyn regulation of this agricultural

biotechnology. Also in Burkina Faso where the aott@lue chain is organized in a very top-
down manner, farmers’ involvement in the developimamd spread of the crop has been

limited.

In this context this article particularly focuses farmers preferences for key attributes for
improved cotton varieties. A Discrete Choice Exmemt (DCE) considering different
hypothetical GM varieties was used to assess whads farmers would value more. Following
Breustedt, Muller-Scheel3el, & Latacz-Lohmann (20QBgre is relatively little empirical
evidence in literature on farmers’ preferences @ technology using a DCE (e.g. Krishna
& Qaim, 2007; Kolady & Lesser, 2006; Qaim & Janv2$03; Hubbell, Marra, & Carlson,
2000). And, to the best of our knowledge, a DCErapgh has been seldom accounted for in
gaging farmers preferences towards GM technolo@S8A apart from this recent ex-ante study
(Chinedu et al., 2018).

This study is organized in 3 sections. First, thpraach as well as the method adopted to
perform the DCE is explained. Secondly the outcofmm®s the DCE analysis are presented

and discussed. Finally in the last section somelasions are made.

3.2. Cotton Cultivation in Burkina Faso

Cotton is the most important cash crop in Burkiaad: The cotton sector not only provides
labor for more than 350,000 farmers, but also &wly contributes to the livelihood of more
than 3 million people, taking into account the entialue chain and that of by-products, such
as local oil factories and cattle food producer8Q@F2014). The cotton production chain in
Burkina Faso is administrated through a verticaégnation between farmers and cotton
companies in which the cotton companies providetspsuch as seeds, pesticides, fertilizers
and technical advice to the farmers, who latertbelir cotton to the company at a guaranteed
price (Méda et al., 2018; Theriault & Serra, 20IAymusiime, Brorsen, & Vitale, 2014). In
2008 Burkina Faso adopted two transgenic insecstead varieties developed through a
collaboration between Burkina Faso’s National Regednstitute and Monsanto corporation
(Vitale et al., 2008, 2007). Seven years later, thua quality issue faced by cotton industries
related to the fiber lint, the two varieties werghdrawn from the national market (James,

2016). At this moment, the quality issue discusssostill ongoing, , with the perspective to fix
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the backcross issue pointed as non-sufficient suenthe carry-over of the desired beneficial
traits (Dowd-Uribe & Schnurr, 2016).
3.3. Discrete choice in cotton cultivation
3.3.1. Sampling Method

Given that an individuals’ perception of the risiddbenefits of a new technology is determined
by selected sources of information, values, intsrasd individual experiences (Slovic, 2000),
our surveys were conducted with household headilie darm-gate. A total of 324 farmers were
interviewed across three regions in the west okBarFaso, , an area administered by Sofitex.
Sofitex is the largest of three cotton companiesedag more than 85% of the land cultivated
with cotton and representing about 80% of the mafi@otton production (FAO, 2014). The
regions (Dedougou, Bobo et Diebougou) involvedir study were purposely identified along
a north-south gradient presenting different agnmatic characteristics. These are known to

be determinant factors influencing cotton produciio Burkina Faso (Dowd-Uribe, 2014).

A stratified sampling method was adopted in thee@n of farmers to interview. This
stratification (table 3) relied on two key featutgpe of variety currently grown and type of
farmer. Farmers growing conventional or Bt varetiave different yields, experience and will
have to implement different farming practices tmaght influence preferences. Also, owing to
the discontinuity observed per regions and villagesdecided to look for the type of farmers
according to the size of plots previously defingdMERA (small, medium and large). Within
each stratum a similar number of farmers were rantigleelected. Table 1 shows a comparison

of the socioeconomic characteristics of the setettpes.

3.3.2. Discrete Choice Approach
Choice Experiments (CE) have been widely used & dfgricultural and environmental
economics literature and their use in developmeahemics is rising (Ortega, Waldman, &
Richardson, 2016; Solino et al., 2014). Severatflistihave used CE to evaluate farmers’
behavior and preferences (Gelaw, Speelman, & Vaylddbroeck, 2016; Ortega, Waldman,
& Richardson, 2016; Schreiner & Latacz-Lohman, 2025 advantage of using CE is that it
is a technique for eliciting preferences to underdtfarmers’ demands for new varieties where
it is impossible to use revealed preference datineractual choices made by farmers. In our
study, the CE performed embodies the adoption Geaetically modified crop. The crop
considered is an insect resistant cotton variegymiers choose between different alternatives
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involving GM vatriety attributes, according to thewn preferences and budget constraints. The

data from the CE are analyzed using a Conditiongitl{(CL) model.

Econometrical Model
The conditional logit model originates from randatiity theory. A farmen faces J choices,
including others alternatives or keeping his stgtus Suppose that the utility level of choosing
alternative j for this farmer is (Louviere et &Q10):
= B'Xij + g (1)
where Xij is a vector of choice-specific attribut€®r the conditional logit, the paramefeis
constant across choices. A farmer chooses scendrithe utility Uij is the highest among all
J choices (i.e., Uij >Uik for all kt j). To extend the CL model, an additional ergpris
incorporated into the model to capture any remaiidtatus Quo (SQ) effects in the stochastic
part of utility (Scarpa, Ferrini, & Willis, 2005 hus, when choice j is made, the statistical
model for the probability between alternativesd aoan be represented as:
Ply=j)=P(U > Uk )V k#]j (2)
Following Bonnichsen and Ladenburg (2015), an aldiof an Alternative Specific Constant
(ASC) for the SQ, reduces tltatus Quo biaand improves the internal validity of the stated
preferences. In principle, the respondents thuy omhke trade-offs with regards to the
attributes and potenti@tatus Queeffects are cancelled-out as it enters the ufilitiction for
the entire alternatives (Meyerhoff & Liebe, 200Bhe observable componenj; ¥ assumed
to be a linear function:
Xij = ASC +0mY mj 3)
Wherea denotes a vector of preference parameters assoeidgth attribute m, ¥; a vector of

attributes of alternative j and ASC denotes arnrradieve specific constant. The ASC for the SQ
alternative is a dummy variable that controls foe utility associated with the SQ alternative
relative to the hypothetical alternatives in Chokegeriments (Meyerhoff & Liebe, 2009).
Moreover, Scarpa, Ferrini, & Willis (2005) argust including an ASC in the econometric
analysis captures unobservable influences beyomibuaes present in the choice sets. A
significant ASC, representing the SQ alternativeherdesigned choice alternatives, then might
suggest that a8tatus Queeffect occurs ( Boxall, Adamowicz,& Moon, A., 2Q0®damowicz

et al., 1998). Additionally, given that the farmarshe sample were growing different varieties
in the past, the ASCs were interacted with theeggithat they are growing (Bt and non-Bt).
Thus, the attitude towards the ASC for the diffégmowers will be captured.
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In addition, by including a monetary attribute @eeost), it is possible to estimate the
Willingness To Pay (WTP) for the non-seed cosilaites. This is done by dividing the non-
price attribute with the seed price attribute, @escsfied below:

_ Bx
WTP = e (4)

Wherepy is the coefficient of the attribute of interestigiiice is the price coefficient.

Identification of Attributes and levels
As in all DCE application, the identification ofetlattributes and levels is a first important step.

The varieties were described using five attrib(taikle 3.1):

)] Required number of insecticide treatmetit® recommended number of treatments
in Burkina Faso for conventional cotton is six. Tirst four treatments target
Lepidopteran insects and the last two treatment$ralosecondary pests such as
Jassids and Aphids. The existing GM variety alldarsners to spray only twice
targeting the secondary insects groups. Howevdrird level of four insecticide
treatments was defined to see whether there atedffawith other characteristics.
This third level is also sustained by the recernetpment in Bt cotton farms, where
resistance of non-targeted insects was observethatahe number of required
insecticide treatment tends to increase.

i) Seed Pricethe existing GM variety grown in Burkina Faso tso27.000 CFA per
sack per hectare. However, the seed price hasgmeted by a number of studies
as the main constraint impacting the economic bieriéfis negative impact on the
economic benefit is perceived by cotton growera asnsequence of the surplus of
the number of seed sac used per hectare due tatdimazards faced every
agricultural season. To appraise which price wélldzceptable for farmers, three
lower price levels 25.000; 17.500; 10.000 FCFA ané higher price of 30.000
FCA8 were used.

i) Seed developmer8eed provenance has been at the core of the Gi&tel where
the opponents criticize the monopolistic way to tominseed production by
multinationals. In the case of Burkina Faso howgetrex Bollgard 1I® seeds were
developed under a partnership between the leadncotimpany Sofitex (Societe
Burkinabe des Fibres Textiles) and Monsanto. In@yperiment three levels are
included: public, public private partnership ant/ate

8$1 =592 FCFA (currency)
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iv) Change in agricultural practicesThe cultivation of GM crops might also require
changes in agricultural practices. The attributgtwas whether such changes are
necessary or not.

V) Yield to get a reliable range of yields the Sofitexatiaise on ten years of production
was consulted. This covered the last 5 years befodethe first 5 year after the
Bollgard 1l® commercial release. Finally three Isvef yield were used and
adjusted based on the type of farmers (Large, Medind Small).

To sum up, a total of three attributes with theaeels (3) were coupled to an attribute of four

level (4) and two levels (2).

Table 3.1: Attribute and levels of Attributes for the Choice Experiment

Levels of Attribute

Attributes 1 2 3 4
1. Number of Spray (Treatment) 6T 4T 2T
2. Seed Price (CFA) 30.000 25.000 17.500 10.000
Public-private
3. Seed Provenance Private Public partnership
4. Agricultural Practices Change No change
Small €2ha) 675 750 900
5. Yield (kg/ha) Medium (<2ha-5ha) 900 1.000 1.200
Large (>5ha) 1.200 1.350 1.600

"Represent the Status Quo level, except for “Yialdd “Number of Spray” where their current valuesiaserted

as its Status Quo level.

“Seed price” the Status Quo level is the currermteponthe market of 27.000 CFA for Bt producers and 7.000
CFA for conventional producers ($1 = 592 CFA).

Design of Choice Sets

Once the attributes and their levels are identifircdappropriate design should be constructed.
This involves combining the attribute levels intte profiles (or alternatives) and grouping
the profiles in choice cards (Carson,1994). Thaspaling to the five identified attributes and
their levels (table 2), a fractional factorial dgsgenerates a sample of the full desigix(3 x

2 = 216) in such way that the most important effemte estimated ( Lindsay, Hanson, &
McPake, 2009). The D-efficiency approach was usatkesign the experiment with the help of
SAS software (Kuhfeld et al., 1994). A D-efficiedgsign tends to greatly reduce the predicted
standard errors of the parameter estimate and pecglten stronger statistical results (Louviere,
Pihlens, & Carson, 2010; Rose et al., 2008).
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Two opt-out alternatives were included (table 3T2)e first one refers to the baseline meaning
a farmer could choose to continue its current wagrow cotton, while the second opt-out
allow farmers to indicate a preference to stopmyng cotton when compared to the other
alternatives. Following Veldwijk et al. (2014), lnding an opt-out option in DCE leads to an
unforced choice model, which may therefore indudewnward bias (Dhar & Iltamar, 2003).
The choice sets were compiled by means of SAS.a2dsccontaining 3 alternatives were
generated. In the survey, each farmer was confilomtitn 8 randomly chosen choice sets. This
was done by splitting the 24 choice sets generbye®AS into 3 blocks of 8 choice sets.
Blocking helps to promote response efficiency lueeng cognitive effort for each respondent
(Johnson et al., 2013). A total of 12.960 individahoices were obtained by the study (5
alternatives x 8 choice cards x 324 farmers). Tal2eelow presents an example of one of the

choice cards.

Table 3.2: Example of choice set addressed to Smidrmers group

Attributes Alternative 1 Alternative 2 Alternative 3 J
Yield (Kg/ha) 675 900 750
Number of Sprays 4T 2T 6T

Seed cost (CFA/ha) 17.500 10.000 25.000
Seed provenance Public-Private partnership Private Public
Agricultural practices Change Change No Change

Alternative 4: | prefer to maintain my current way to grow cot

Alternative 5: | would like to stop growing cottoD

3.4. Results and Discussion
3.4.1. Farmer characteristics

All of the farmers surveyed were male and the nigjovere in the age groups 31-40 (39.2%)
and 41-50 (43.4%). Most farmers (over 80%) hadhaot any formal education. Only 2.8% of
the selected farmers had received formal educatiagriculture, 11.4% had followed primary
education and 4.9% secondary. The overall expezi@idhe selected farmers with cotton
production was slightly greater than 25 years. S8epgars after the introduction of Bollgard
[I® in Burkina Faso the farmers growing Bt had, arerage, 6 years of experience with this
crop, but even those not growing Bt at the tim#hefsurvey had on average tried it for 2 years.
The average surface cultivated with cotton by therviewed farmers was around 4,5ha. When
looking at the yield performance (table 3.3), Bbwers on average had a yield of 1115,27
Kg/ha and non-Bt growers on of 953,23 Kg/ha.
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Table 3.3: Basic demographic background and yield amponent from the farmers
surveyed
Type of Farmers

Parameters Small(n=108) Medium (n =108) Large (n=108) Total (n=324)
Age
up to 20 2 2 0,6%
21-30 9 11 2 22 6,8%
31-40 37 55 35 127  39,4%
41-50 52 27 62 141  43,4%
51-60 7 13 7 27 8,4%
over 60 1 2 2 5 1,6%
Education level
Non 29 35 39 103 31,8%
Non formal 56 51 52 159 49,1%
Primary 13 11 13 37 11,4%
Secondary 7 7 2 16 4,9%
Formal agricultural background 3 4 2 9 2,8%
Yield Component (2015-2016 campaign)
Average surface (ha) 1,7 3,5 7,9 4.4
Yield (Kg/ha) for Bt growers ( n=162) 989,72 1121,64 1234,64 1115,27
Yield (Kg/ha) for Non-Bt growers( n=162) 870,7 960,74 1028,24 953,23
Yield improvement (Bt vs Non-Bt) 12% 14,3% 16,7% 14,5%

3.4.2. Conditional Logit

The CL model was estimated using NLOGIT 5 softwameo CL model were performed both

considering general farmers preference of theeesfimple as well as the preferences according

to farm size parameter. The estimation resulthefGonditional Logit Model for the whole

sample (table 3.4) showed that all of the attribugee significant determinants of farmers’

preferences. Farmers have a preference for higledtsyand a lower number of required

insecticide treatments. The preference towardsitimeber of spray supports previous studies

pointing that the insect resistance is one of thenmeasons spurring the adoption of Bt cotton

in Burkina Faso (Vognan et al., 2002; Traoré gt1#198). Cotton growers also prefer seeds to

be developed under a pure public or a public-peiyertnership above a pure private initiative

and affordable prices. Increases of the currerd peiee would be negatively perceived by

farmers. The current collaborative partnership i@asd suitable by farmers. A similar

adhesion of farmers to this parastatal seed deredopsystem was previously mentioned in a

study conducted on the assessment of the impaaotsuiution on Bt cotton implementation

(Méda et al., 2018; Dowd-Uribe, 2014). Overall,ni@rs of this study expressed a positive

preference to change their current way to growocolty referring to the agricultural practices

attribute.
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The rate of choosing the status quo variety was\atied comparing to the others alternatives
varieties. Table 3.4 also provides information dbihe choices made by farmers whether
staying with the Status Quo variety or going far Hiternatives varieties. None of the farmers
indicated a preference to stop growing Cotton. Timding is in accordance with the recent
study of Sanou et al. (2018) about farmers opinionshe decision to abandon Bt cotton variety
in Burkina Faso that found that the majority oftoatgrowers (Bt and non-Bt) were against the
decision to suspend cultivation of Bt cotton. Owd®l showed that both the Bt and non-Bt
growers had an opposite preference towards theiemusituation. Thus, it is interesting to
mention that when considering the entire samplaeiabd% of the participants prefer to keep
their current variety. However, the segmentaticsults based on the type of variety grown
revealed that nearly 59% of Bt farmers prefer tteUS Quo versus a slightly more than 43%
of the conventional growers. While majority of@dbwers had a tendency to choose the Status
Quo variety, a negative attitude towards the curvarnety was observed from non-Bt farmers
preferences. This confirms earlier studies (F@K,& Vitale and Greenplate, 2014; Vitale et
al., 2010, 2011) that found that farmers are cgatesfied with the characteristics of the current
Bollgard II® variety. Accordingly with the choicef &Gtatus Quo variety made by non-Bt
growers, our data suggest that approximatively @%hem expressed a willingness to adopt
an alternative GM variety with higher yield, low mber of insecticides treatments at an

affordable price.

Table 3.4: Utility Derived from all sample

Utility parameter Coefficient Standard Error
Yield .00418*** .00013

Private seed sourte -1.10502%** .06893

Public seed sourée 77039%** .04905
Number of Spray -.59463*** .02548

Seed Price -. 08727+ .00492
Agricultural practices .13576%*** .03719
ASCsq x Bt grower A2554%+* .06119

ASCSQ x NonBt grower -.08359* .04531
Probability of selection an opt out alternative

Alt4: Preference for the status quo 51% (58.69#Bt2 Non-Bt)
Alt5: Abandon of cotton growing 0%

ICompared to public-private partnership; AgSCAlternative Specific Constant for the Status quo;
*rx k% = Significant level at 1%, 5%, 10% level

When looking at the results of the conditional tdgir different farm sizes (table 3.5), it's
interesting to consider that a slightly more thaf lof “small” and “large” farmers groups

prefer the Status Quo. The negative attitude tosvéind ASC for small and medium non-Bt
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growers, suggest that this farmers might not hiefgat with this crops for reasons beyond the
described attributes. However, results also higidid that farmers owning less than 2 ha are
neither satisfied with the Bollgard 1I® variety. iShlevel of appreciation from small-scale
farmers could be related to the findings of Relraet al. (2012), where the financial risk of
Bt cotton towards small farmers was questioned gwthe current Bt seed price. More
recently, Sanou et al. (2018) also found that #edrice policy was the main constraints

addressed by small scale farmers.

When considering the large farmers groups’ attisutdevards the ASC, our model seems to
suggest that they were satisfied with their curtiation whether growing Bt or non-Bt
variety. However, the assessment of large farmefepgences in this model revealed that about

51.4% adhered to the status quo variety.

Table 3.5: CLM estimation based on the type of farmrs

Utility parameter Small Medium Large

Yield .00721*** (.00036) .00537*** (.00027) .00499*** (,00024)
Private seed sourte -1.30542** (,13210) -1.36135*** (,12297) -1.59307*** (.13728)
Public seed sourée .81443** (.09442) .80564*** (.08351) .91111%** (.09185)
Number of Spray -.76542** (,05320) -.72264** (.082) -.91640*** (.05623)
Seed Price -.10467** (.00947) -.10353*** (.00864) -.12168*** (.00970)
Agricultural practices -.13919** (.07015) .27694*¢06355) .27705*** (.06874)
ASCsq x Bt grower -.53640** (.13005) .09291 (.10713) .82464*** (.10766)
ASCsq x NonBt grower -.79085***(.09439) -.23509***(.07887) .37331***( 8366)
Probability of selection an opt out alternative

Alt4: Preference for the status quo 54,9% (SméaB)4% (Medium), 51.4% (Large)

Alt5: Abandon of cotton growing 0% for all

ICompared to public-private partnership; AgCAlternative Specific Constant for the Status quo;
*rx k% = Significant level at 1%, 5%, 10% level...) = Standard Error

The Willingness To Pay (WTP) for the non-seed @iBtbutes changes was estimated and
reported in the table 3.6. Towards the changeriogxdra yield, our data suggest that farmers
are willing to pay an average of 48 FCFA to incestieir cotton yield with one unit kilogram.
But when comparing the WTPs of each farmer grouis, interesting to see “Small” farmers
group presented the highest WTP (69 FCFA/Kg), fedd by Medium (60 FCFA/Kg) and
Large (41 FCFA/Kg) farmers groups. A reason fos ttmight be the low yield performance

faced by small-scale farmers.
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The change from private to public-private partngrsteed development presented the highest
WTP value (an average of 12.662 FCFA) when comptresthers attributes. There was no
significant difference among farmers groups. Thisfcms that farmers are willing to pay more
to stay in the public-private partnership than mgwvior a pure private seed source. Similarly,
the WTPs for eliminating one insecticide treatmeate not significantly different among the
farmers groups. This also sustains the aforesadings indicating that farmers have a

preference for a cotton variety that requires launber of spraying.

Regarding farmers’ preparedness to change theemuagricultural practices, it is noteworthy
to see that only small farmers groups showed t@letant to change their current practice. A
reason of that might be that they are more condebyeimproving their current yield than

taking a risk to go for a change which can increaseproduction cost. Both the Large and

Medium farmers groups presented a non-significamPWalue.

Table 3.6: WTP for Attribute level changes

Willingness To Pay

Farmers Farm size
Attributes All Small Medium Large
Extra Yield (FCFA/KQ) 48 69 52 41
From PP partnership to
Private seed sourt@~CFA) -12.662 -12.472 -13.149 -13.092
Public seed souré¢FCFA) 8.828 7.781 7.782 7.488
Extra insecticides treatment
(FCFA/Treatment) -6.814 -7.313 -6.980 -7.531
Preparedness to change their
Agricultural practices 1.556 -1.330 2.675 2.277

PP: Public-Private

3.5. Conclusion

While the introduction of Bt cotton in Burkina Fas@as generally regarded as a huge success
(Pertry et al., 2016; Vitale and Greenplate, 204itgle et al., 2011), this perception has been
mainly based on the fast uptake and on evaluatibtise average productivity gains. Farmers’
opinions were seldom heard in this. Critical voiéethermore also point to the top down
development and introduction of the crop and tohtigh level of vertical integration in the
cotton supply chain, where famers have to grow dbeds they receive from the cotton

companies. In this light it is interesting to lookether the available variety matches with the
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preferences of farmers. This study therefore amalypreferences by farmers for cotton

attributes of improved GM varieties in western BogkFaso.

Outputs of this study confirm that all of the idéietl attributes appeared to be significant
determinants of the preferences of farmers. It i@en shown that farmers have a positive
preference towards yield improvements and a negatigference towards pure private variety
development and towards an increase in the reqouetber of insecticide applications as well
as towards an increase in the seed costs. Ovbrtlevelopment of new seed varieties whether
from pure Public or Public-Private Partnership \pasitively perceived by farmers. Towards
their preparedness to change the current way W gotton, the majority of farmers involved
in this study are willing to change. Likewise, taglier study of Ezezika et al. (2012) identified
the change in the traditional agricultural practias an important influencing factor to consider

in order to guarantee the success of the implementaf biotechnology crops in SSA.

When looking at the proportion of preferences far tStatus Quo” option, the study found that
nearly 59% of Bt growers were satisfied with thairrent situation. About 60% of farmers
belonging to conventional growers are willing toptinew GM varieties (with higher yield
with at least two insecticides treatments, at affibte price) comparing to their current variety.
Regarding the farm size, Small and large farmeyag obtained the highest score by choosing
their current situation. However, only Large farsx@roups presented a positive attitude

towards the ASC whether Bt and non-Bt growers.

Towards the WTP for the non-seed costs attribttaages, the highest value was scored with
the attribute related to stay with public-privatartpership seed sources. The WTP for
eliminating an insecticide treatment was not sigaiitly different among farmers groups. As

to farmers preparedness to change their curreidudtgiral practices, Small farmers seem to be

unwilling for that.

To sum up, this study found out farmer's preferenaee mainly shaped by the economic
benefits due to higher yields and the reductiomuhber of spray and the seed cost. The current
public/private partnership was found to be the nadsactive from a farmer’s point of view.
Nonetheless, public source of seed developmentdosilalternatively accepted by farmers

whereas a pure private initiative was badly pemeiv
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PART THREE: Biofortified Sorghum Event
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Chapter 4: Farmers’ Valuation of Transgenic Biaftd
Sorghum for Nutritional Improvement in Burkina FagoLatent
Class Approach

Abstract

Micronutrient malnutrition has been a challeng8imkina Faso for many years and has led to
a worsening food security situation. Vitamin A,rirand zinc deficiencies affect 1 in 4 persons
in the country and are responsible for early childritional disorder. The high prevalence of
micronutrient malnutrition may be attributed to theminant role in the diet of local sorghum
varieties, deficient in essential micronutriento &ddress this issue Africa Harvest is
developing a biofortified sorghum variety. Howevbe success of this innovation among
farmers will depend on numerous factors such adymt attributes, previous experience and
socioeconomic factors. In this study, we applieti@ice experiment to investigate the farmers’
valuation of various sorghum seed attributes asagedio identify the factors that influence the
farmers’ valuation. Our results show that thera mmarket for transgenic biofortified food in
the country and thus that it could be a veritalslstrument for reducing micronutrient
malnutrition problems. We found that farmers arling to pay more for biofortified sorghum,
particularly if it also scores better on otheribtites than the local varieties. .Furthermore, we
showed that those that have experience with tis¢-dneration genetic modified crop (Bt
cotton), are more likely to adopt the second-gdrmrarop (biofortified sorghum). Given the
importance of the other attributes and the hetareges preferences it is key to involve farmers

in the development of the new product.

Keywords: Farmers, Transgenic biofortified Sorghum, Micramarit malnutrition, Choice

experiment, Latent Class Model

% This chapter was based on: Chinedu Obi , EdoudSanou, Juan Tur-Cardona, Fabio Bartolini , Gedel
Gheysen, Stijn Speelman (2018armers’ valuation of transgenic biofortified songi for nutritional
improvement in Burkina Faso: A latent class appfacJune 2018, Food Policy DOI:
https://doi.org/10.1016/j.foodpol.2018.06.006
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4 .1 Introduction

Micronutrient malnutrition (MNM) is an important otributor to the global burden of diseases
(International Food Policy Research Institute, IFPR16). It has been a challenge in Burkina
Faso for many years, where it has led to worsemiogl security situation (World Food
Programme, 2017). MNM in form of vitamin, iron apicic deficiencies affects 1 in 4 persons
in the country (FAO, 2014). A UNICEF report showttht while 34% of the country’s
population are chronically malnourished, above Bd#ters from acute malnutrition (UNICEF,
2013). Furthermore, another report showed that iBarkaso has a very high level of infant
mortality rate, averaging at 129 per 1000 liveryiwith 34.6% of children being stunted and
25.7% underweight (IFPRI, 2015).

The high prevalence of MNM in Burkina Faso may tigkauted to its location in an arid region
where the climatic and soil conditions are unfabtgaor sustainable cultivation of highly
nutritious food (Li et al., 2012; Miller and WelcB013; Obi et al., 2017). For instance, it was
found that the local sorghum cultivar, the most am@nt staple crop, is deficient in essential
micronutrients (da Silva et al., 2011; Paiva et a017; Traore and Stroosnijder, 2005).
Therefore, by continuously consuming this staratmpgcthe nutritional needs of the rural poor

are not met.

The initiative to improve the nutritive content d¢fie local sorghum cultivar through

biotechnology was taken by Africa Harvest Interoiadl (AHI) in 2001. The project was funded
under the Grand Challenges in Global Health initeatby the Bill and Melinda Gates

Foundation. The resulting African Biofortified Sbrgn (ABS) would contain increased levels
of vitamin A, Iron, and Zinc (AHBFI, 2007).

Nevertheless, for a new biofortified crop to ackieuccess in reducing the problem of MNM
in the country, it must be highly valued by theatyvoor. This can only be possible, however,
if the dissuading factors are eliminated. Firsgnsigenic biofortification as the second
generation of genetic modification (GM) projectsidl in its early stage of development (De
Steur et al., 2017), yet it is mired with strongitoversies. These controversies may play an
important role in the adoption decision of farm@denle et al., 2013). Second, biofortification
can alter the sensory attributes of crops suclaste,tfragrance and colour (De Groote et al.,
2014). These changes have been found to deta@rcttptance of non-transgenic biofortified

crops in many developing countries (Banerji et2016).
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In Burkina Faso, aside from the GM controversied #ime possible changes in product
attributes, the local food culture is another fath@at can play a role in the farmers’ adoption.
In earlier attempts to introduce improved sorghuarneties with better agronomic attributes,

studies have shown that the farmers kept prefethamg local sorghum cultivar (Adesina and

Baidu-Forson, 1995; Olembo, et al., 2010). Issusting to perceived superiority of the

attributes of local cultivars, penchant to seedirgawculture, and transaction costs were
identified. Although a noticeable adoption levelsaater reported, thanks to the introduction
of the participatory sorghum breeding project. Nbekess, the recorded improvement is only
pronounced in the project areas whereas adoptiongbved varieties at the national level is
still as low as 3 to 5% (CIRAD, 2016).

The new transgenic biofortified variety is beingqbuced to provide an additional nutritive
attribute that is not available in either the imgd variety nor the local varieties. Following
Saltzman et al. (2013), we hypothesize that farmaisiot only consider the nutritive value
of the biofortified variety, but also the agrononaod economic attributes when making
adoption decision. Therefore, the objective of tesearch is to determine the market potential
of the transgenic biofortified sorghum in the caynTo achieve this, we estimated the farmers’
valuation, or rather the welfare drawn from hyptitteg attributes of the biofortified variety.
Furthermore, we examined how their socioeconomiarautteristics, experiences, local
practices, and motivations influence their valuataf the new variety, and calculated the

farmers willingness to pay for attribute changes.

The study contributes to the existing literaturamnarket potential of transgenic biofortified
crop in twofold. First, the Discrete Choice Expegimh (DCE) methodology used in the study
is quite unique. Most ex ante studies conductedaamers’ choice for transgenic crops use
contingent valuation presenting a dichotomous @ahb&tween a transgenic variety and a non-
transgenic variety (Hubbell et al, 2002; Krishna &maim, 2007; Qaim and de Janvry, 2003).
This method has been subjected to criticisms imgeof its ability to deliver reliable and
accurate estimates (Mogas et al., 2006). For instadanley et al., (2001) observed that the
approach is not suitable to deal with cases whitribuites valuations are multidimensional.
Furthermore, compared to other related DCE stwdesh used multinomial logit model (Birol
et al, 2007; Breustedt et al., 2008; Schreiner420dur study is different because it accounts

for farmers’ preference heterogeneity.
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Different models of DCE that can account for unobse heterogeneity as well as potential
source of variabilities in decision makers’ prefere have been contrasted by Greene and
Hensher, (2003). Considering the three possibkrradtives (parametric mixed logit model,
random parameter latent class model, and the saramgetric latent class model), Kikulwe et
al. (2011) posited that when the objective is tgnsent a population based on the welfare
derived from a new technology, a semi-paramettentaclass model (LCM) is most relevant
from a policy perspective. Therefore, by using th8M, we were able integrate a wide
spectrum of product alternatives and covariate mpatars that segmented our respondents
based on homogeneous characteristics within, aeddggneous across. Segmentation is a very
useful marketing strategy to identify different egaries of farmers and how they value a
product.

Secondly, the addition of the seed source attributbe DCE is innovative. Arguments have
been put forward on how the source of transgenstiseand their distribution conditions
influence farmers’ adoption. For example, while Mg, et al. (2015) stated that the potential
of transgenic crops to improve nutritional secunitySub-Saharan Africa (SSA) depends to a
large extent on the farmers’ access to the seedelalile and Leon, (2016) added that the
conditions on which seeds are distributed are ,vaald should harmonize with farmers’
experience and practices. Seed saving practicetragt to low adoption of new transgenic
crop varieties, specifically if new seeds are ptaé by intellectual property rights and seed
reuse restriction conditions applies (Black et 2010). Furthermore, when the rural poor
farmers are obliged to purchase the transgenicssaaaty planting season, the traditional seed
exchange behaviors may be disturbed, thereby graffdicting the market of transgenic seeds
(Azadi et al., 2015; Garcia-Yi et al., 2014). Whiteese arguments have always resurfaced in
many GM debates, the degree to which the seedesamd distribution conditions influences

farmer’s preference for transgenic biofortified d®&as never captured in a DCE.

The rest of the paper is structured as follow:hia second session, the Choice experiment
method is presented, starting with the theoretreahework. This is followed by the description
of the choice experiment design and data samplietpod. The results and discussions come

afterwards in session 3, then the conclusion acahenendations follow in the last session.
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4.2 Choice Experiment Method
4.2.1. Theoretical Framework

Choice models are based on the theory of individimice behavior which captures the
farmers' preference for attributes that make upaayct (Louviere et al., 2008). It has its
theoretical origin in Lancaster’'s’ model of consurkoice (Lancaster, 1966), and the theory
of Random Utility. Lancaster stated that satistactvill be obtained from the attributes of a
product rather from the product itself, while Ramdotility observed people to be rational and
as such, when presented with two or more optidres; would likely decide in favour of the
one providing them with higher utility. To elicthé preference of an individual from a set of
alternatives, a DCE is often applied. As a stategfepence elicitation method, DCE is
appropriate when a product is new and/or not yetroercially available (Louviere et al., 2000;
Lindsay et al., 2009). Unlike the revealed prefeeemethod, stated preference methods give
the researcher the room to include hypotheticaibates which might not be available in
alternative products that are already in the market

The LCM is one of the econometric models thatlmamsed to analyse DCE data The LCM
simultaneously identifies subgroups having homogsnareferences for an attribute and the
characteristics which these groups have in comnt@ssumes that individuals reside in ‘latent’
classes which are unknown to the analyst, with eda$s having a homogenous preference
structure. Classes, otherwise referred as segnrethss article, are often determined by the
socio-economic characteristics of the respondemtiscaoice of product attribute. In related
literature on transgenic crop market research, 8 Was applied by Birol et al. (2011),
Kikulwe et al. (2011) and Birol et al. (2007). Imetlatter two studies, motivational questions
concerning farmers' knowledge, perception andudtittowards the transgenic food were
included to segment membership structure. It waeded in all the studies that a significant
heterogeneity exists in respondents’ preferencérémsgenic foods. The result is particularly
important in market segregation and targeting.ifstance, in Uganda, Kikulwe et al. (2011)
observed that the biofortified banana should becappor program targeting rural farmers.
Therefore, by applying LCM in our study, we canypde relevant information to policy makers

and product developers for product developmentraaketing strategy.

Following the econometric model specification pregad by Greene and Hensher (2003), before
the LCM, a Conditional Logit (CL) may first be sjfged. While the CL presents a holistic

preference of all respondents, the LCM gives a seged preference structure. The general
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econometric model consists of parameterized utflityctionsUy;; /5 in terms of observable
independent variableX,,;; and unknown parameters or Error componenfs,s as shown

below.
Unij s = BsXnij + €nijs (1)

Simply put,Up;; /s is the utility that a farmen, who belongs to a segmesitierives from the
selection of alternative in the choice sgt Thep is the segment-specific parameter vector
which encompasses first, the choice parameter, sexbnd the socio-economic and
motivational parameter vectors. Whieis the vector of attributesg, is the error component.
The inclusion of the error component implies tlesterarchers can only predict with some level
of uncertainty the choice of the respondent; tleeefit is assumed that choices made among
the alternatives will be a function of the probapithat the satisfaction associated with the
selected option is higher than that of the altéveat not selected. Nevertheless, for this
probability function to be accurate, the error tenust be identical, independently distributed
and follow a Type 1 or Gumbel distribution (Rungieal., 2011). If this is the case, the
conditional probability that the farmar belonging to segmest selects the alternativen the
choice se} is given as

exp(Banij ) (2)

Prit /s = ST cxpBeXor)
nit /s Z}=1 exp(BsXnij )

And the probability that the farmer belongs to segment is expressed as:

_ exp(as6y)
Pns N Z§=1 exp(asBn) (3)

Wherea, is the segment-specific parameter vector to benastid (i.e. the characteristics of
the farmer that contributes to the membership ségment) and,, is the individual specific

variable (attributes of the product). Thereforeg robability that the farmer chooses an
alternative is the conditional joint probabilitypfn equation (2) and (3), as specified below as

. — V'S exp(as6n) ] exp(BsXnij ) )
Poi = Zis=1 (Z§=1exp(asen)) [ (ZLleXp(Banij) ()

By including the seed cost attribute, it is possibd calculate the farmers’ valuation or
willingness to pay (WTP) for product attribute cgas. This is done by dividing the non-price

attribute with the seed price attribute, as spedibelow
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_ Bk
WTP = T (5)

Where:g,, is the coefficient of a non-seed price attribaieg S, is the coefficient of the seed
price attribute. In determining the farmers’ valaator welfare measure, attributes presented
in quantitative form are compared with another qigive attribute. A similar process is used
for qualitative attributes. By so doing, the valoatthat farmers attach to the attributes can be

compared between the segments identified in the LCM

4.2.2. The Choice Experiment Design

The different stages in the design of the choiceedrment are well-elaborated by various
researchers (Hanley et al., 2001; Hoyos, 2010;dagcet al., 2009)he first stage of DCE is
to select the relevant attributes of the produeteffant attributes for transgenic biofortified
sorghum were identified by combining literature ieewv with experts’ opinion. Literature
includes previous studies on the adoption of highding traditional bred sorghum in Burkina
Faso, as well as studies on farmers’ perceptionaaloghtion decision of transgenic crops in
Sub-Saharan Africa (SSA) (Adesina and Baidu-Ford®95; Kuwornu et al., 2011; Lacy et
al., 2006; Olembo et al., 2010; vom Brocke et 2010; Zakaria et al., 2014). The engaged
experts include researchers from the AHI consortiln@institut National de 'Environnement
et de la Recherche Agrico[fNERA) and the Ministry of Agriculture and Foock&urity in
Burkina Faso. The experts were selected basedenkhowledge of the ABS project and

farming system in Burkina Faso.

During the expert consultation, five attributes eveselected reflecting important sorghum
characteristics. These include micronutrient, sasek, seed source, yield and maturity date.
The use of a limited set of attributes is a faanstard assumption in DCE model as it helps to
improve the respondents cognitive ability to corntglihe experiment (Lindsay et al., 2009).
Often, focus groups are organized to define anggate set of attributes (Alpizar et al., 2001),
but because of the security situation in the aguat the time of the design, it was opted to go
for individual expert consultations:inally, pretesting of the CE with some farmersfoomed
that the attributes included were relevant.

The second stage is assigning attribute levelsteTiseno agreed optimal number of level, but
the levels assigned must reflect the range of sitos that the respondents might expect to

experience, and they should be feasible and reaflshdsay et al., 2009 and Hanley et al.,
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2001). Literature review, expert consultation, amarket surveys were used in the selection.
Where quantitative values were used for exampkeed price, yield and maturity attributes,
the status quo represents the current (or estiatentage value of such attribute. Additional

levels were added to this base level as shownliteTa1, and further explained below.

Table 4.1: Attributes and levels of attribute for Choice experiment

Attributes Definitions Levels

Increased Micronutrients Whether or not an addaianicronutrient Yes, No*

is present

Seed price (CFA) The amount paid for the purchdsseed 5000, 4000*, 3000
per Kg

Seed source The sector responsible for the praductPrivate, public*, public-private
and marketing of seed partnership

Yield (Kg) The expected yield per hectare (Kg) 6B50*, 850, 1000

Days to Maturity (days) Number of days taken far ¢hop to mature 70, 80*, 95, 110

*Represent the baseline level, $1 =592 CFA

The first attribute "increased micronutrients” reféo the extra micronutrients that could be
added to the existing varieties. This attributéhis most important feature of the biofortified
sorghum programme, and the major difference froamtbrmal improved varieties. Two levels
were suggested: Yes, indicating the presence orirdiicating the absence of extra
micronutrients. As the transgenic biofortified domgn has not yet been commercialized, the
exact type and level of nutrients to be added detined, thereby making qualitative levels the
preferred option. More so, although Vitamin A is target nutrient, the AHI experts that were
consulted hinted that other micronutrients are atstsidered.

The "seed price" attribute is the price of sorghsend per kg. It is a monetary variable that is
relevant in the estimation of the utility derivadrm the other attributes of the product. Three
levels were proposed. The first level 4000 CFAhis turrent average price of one Kg of the
improved sorghum variety in the country. The otlerels 5000 CFA and 3000 CFA are
relevant estimates proposed by the consulted exfverh the Ministry of Agriculture and Food
Security. The rational for adding a higher and lopeéce level is that the AHI may decide to
sell the ABS seed for a higher price than the impdovariety because of its extra nutrient. A
lower price may equally be decided as a markettpatien strategy since the farmers are not

used to buying seeds in the market.
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The “Seed source” attribute describes the secaamiianufactures and provides the seed to the
farmers. This attribute is added from the backdrbthe argument that farmers in SSA might
be less willing to adopt transgenic crop seeds wiseed provider and conditions are alien to
local experience (Andekelile and Leon, 2016; Mabetyal., 2015; Virgin et al., 2007). Three
“seed source” levels (public, public-private parsiep and private) were considered in the
choice experiment. The public seed sector represkeataseline level, because most improved
varieties are developed and marketed by this sd@&wadi et al., 2015). In Burkina Faso, new
varieties of sorghum seeds (produced by INERA dhdraegional public research institutions)
are often distributed publicly by the state rundseéstribution agency, the certified seed
producers, and the local farmers’ organization @IDR2016). The second level, public-private
partnership is a development and distribution aggiiothat is jointly organized by public
institutions and private seed manufacturing comgmnAn example of such partnership in
Burkina Faso can be observed in the Cotton seStrdu et al., 2018). The third level is private.
Current involvement of the private sector in depetent and distribution of sorghum seeds is
very low, and the fact sorghum is a subsistence aral that most of the farmers are poor
smallholders makes greater private sector engaderdicult (Smale et al.,, 2018).
Nevertheless private seed companies are activatlier field crops and vegetables in Burkina
Faso (Diallo, 2018).

The “Yield” attribute is the anticipated yield did product per hectare. The baseline yield
750kg/ha was obtained through the consultation @iiberts in the Ministry of Agriculture and
Food security. The study of Lacy et al. (2006)amrfer choice of sorghum varieties in southern
Mali gave an insight on the other levels. The yaldibute is important to evaluate the findings
of previous research by Adesina and Baidu-Fors8A@F)Lwho opined that the yield attribute

of sorghum is “barely significant” in farmers adiapt of modern sorghum varieties.

The final attribute “Days to Maturity” refers togmumber of days taken for the crop to mature.
In an arid country, a crop with a shorter matupgriod means a higher ability to resist the
climatic variations, and it is often preferred. akg the study of Lacy et al. (2006) was vital in
the identification of levels. Four levels were sfied with 80 days being the average of

sorghum maturity date in the study area.

The third stage in the DCE is designing the chete A choice set is a group of hypothetical
alternatives constructed through experimental desigmong available alternatives, a
fractional factorial design was used for the stullye fractional factorial design generates a
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sample of the full design in such that the mostartgmt effects can be estimated (Lindsay et
al., 2009 and Alpizar et al., 2001). One advantagé&actional factorial design is that the
reduction in the number of choice sets does naottiea concomitant loss in estimation power
(Hanley et al., 2001). The D — efficiency approatfractional factorial was used to design the
experiment with the help of SAS software (Kuhfelcle, 1994). A D-efficient design tends to
greatly reduce the predicted standard errors gfdinemeter estimate and produce even stronger
statistical results (Hoyos, 2010; Rose et al., 200Be alternatives were not labelled, because
it could make the respondents ignore the attribaibesconcentrate on the labels (Saldias et al.,
2016). This is particularly a problem in sensitimarket research like transgenic food, where a

strong attitude exists due to controversies anereat influences.

In the choice set, two opt-out alternatives weoduded. One describing the desire to continue
with current sorghum seed, and the other, the fimerio abandon sorghum production if a
transgenic variety is introduced. The additionh&fste opt-out alternatives is used to determine
the farmers’ penchant to the local sorghum cultarzat their attitude towards transgenic crops.
The respondents were also asked during the interaigout their current yield and their
frequency of seed purchase, in a way that thereativalues for the status quo could be used
in the analysis. To avoid that the survey woulddoee too long, the design was blocked into 2
partitions. Blocking helps to promote responsecidficy by reducing cognitive effort for each
respondent (Johnson et al., 2013). Respondentsraetdemly assigned to one of the blocks,
facing 6 choice sets or situations. A total of 5#afividual choices were obtained for the study
(6 alternatives x 6 choice sets x 150 farmers)uieéigt.1 presents an example of one of the

choice sets.

Figure 4.1: Example of choice Set

If an GM Sorghum variety would be introduced , which alternative would you prefer?

Altl Alt2 Alt3 Alt4 Alt 3 Alto
Micronutrient Yes No No Yes I prefer the [ wall totally
Seed cost 3000 5000 4000 4000 local abandon
Seed Provader PP Public PP Private sorghum seed  sorghum
Yield 650 850 1000 750 production
Matunty date 110 80 70 95
' i ' | | I

4.2.3. Sampling and Data Collection

The respondents for the research were a subsarhfiie sample of cotton farmers collected

for the projectSOCBIOATfri- Addressing Societal Challenges of &ibhology in Africa,
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Towards Balanced Innovatiofhis larger dataset contained 324 cotton produlouseholds
spread across cotton producer’s grodpyupement de Producteurs de Cqt¢GPC) in 3
districts of Burkina Faso (Dedougou, Bobo, and Diegipu). Sanou et al., (2018) fully
described the sampling method. In summary, the data collected in the 2015-2016

agricultural season and in the cotton producing aféNestern Burkina Faso.

Since it is the tradition in Burkina Faso that mostton farmers also cultivate sorghum and
maize (Sanders, 2016), our sample-frame is a dubfsthe cotton farmers who produce
sorghum. The process of selecting these farmetewietl a stratified random sampling
procedure. We first selected GPCs with at least $em@hum producing member, this is
followed by random selection of 2 or 3 sorghum farsnper GPC. Ensuring that a balanced
number of respondents were selected per distrdtiraconsideration of the budget constraints,
we selected and interviewed only 150 farming hoakkh(50 per district) for this research.
Farmer’ characteristics of this subsample are amtib those of the larger sample of 324
farmers. By being members of cotton producersrorgdion, our respondents are believed to
be reasonably informed, have good networks, andilpigsamong the first groups to adopt the
biofortified seeds if released (Zongo et al., 2015)

Although we acknowledge that our sample size idlssmd may prevent the detection of small
effects, it is sufficient to deliver a reliable iesate (de Bekker-Grob, et al., 2015). More so, we
adopted some techniques to improve the statigimakr of our sample size. First, we adopted
the D-efficient (optimal) design procedure whicleféective in producing a reliable estimate
when sample size is small (Hoyos, 2010; Johnsoal.e013; Rose and Bliemer, 2013).
Second, we used unlabelled alternatives as lageMwuld require a larger sample (Hensher et
al., 2005). Thirdly, our sample size is within thage adopted by 41% of DCE studies reviewed
by de Bekker-Grob et al., (2015). Finally, it is fay higher than the minimum sample sizes
recommended by some researchers. For instancB0thg Rose and Bliemer (2013) and the

20 respondents per version in a block experimentamgsar and Louviere (2008).

Data was collected from the household head usstigiatured questionnaire by a trained survey
team. The survey was conducted face to face. Tdeidual assessment was adopted due to
the sensitivity of the subject matter. In each rvieav session, the respondents received
information on transgenic biofortification and wanetified of the ABS project. This was
followed with a short description of the experinadrdetting, clear definitions of the product
attributes, how to respond to questions, and asseraf the confidentiality of their response.
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The survey usually took 30 minutes per sessioreog 3 parts. 1. information regarding their
socio-economic and farm characteristics, 2. A $ehativational questions to ascertain their
nutritional knowledge and attitude towards GM croasd 3. the application of the choice

experiment.

4.2.4. Data Analysis

The socio-economic and farm characteristics weeduated using descriptive statistics like
mean and Analysis of Variance (ANOVA). The 17 matignal questions were structured into
5 points Likert scale which ranged from Stronglyatdjree (1) to Strongly agree (5). To group
farmers based on their response to the motivatigmastions, a principal component analysis
(PCA) was conducted. The PCA was used to removeelation, reduce complexities, and
synthetize more relevant factors (or classify Ja@dga). The criteria for accepting factor
solutions (number of components) were set on aimuimi eigenvalue of 1 and factor loadings
above 0.30. However, other conditions such asrfe@mation on the screeplot, number of
variables loaded in each factor, and the theoletease of the loadings were also considered.
The factor score was used to assign individuatsfterent components. A positive coefficient
indicates a likelihood of possessing the featunglaemed by the associated component. The
coefficient of the factors was obtained using thetdr score command in the STATA 13

software.

Finally, the factors obtained from PCA and thelamrptory variables included in the socio-
economic characteristics were used as class mehpgarameters in the LCM of the choice

experiment.

4.3 Results and Discussions

4.3.1. Socioeconomic and Farm Characteristics

Table 4.2 presents the socioeconomic charactexrisfithe respondents. From the 150 farm
household heads interviewed, 140 (93.3%) were males the average age was 44.6 years.
The level of education was low, with only 32% hayany form of formal education. The mean

farm size per household was 8.25 ha from whichwarage 1.57 ha (19%) was allocated to
sorghum production. The average sorghum producetthdyespondents was 790 kg/ha per
season. Sorghum was the most important food stepteted by 72.7% of the respondents, and
most of them (84.7%) cultivate it every seasonrgBom is cultivated mainly for household

consumption (91.3%). Most farmers (92.7%) stillgtiGe seed saving, but about 60% indicated
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that the source of their seed did not matter tanth&lthough, the seed saving practice is a
constraint to adoption of new sorghum varieties aé&ported in previous studies (Adesina &
Baidu-Forson, 1995; CIRAD, 2016; Olembo et al., @0Dbur study show evidence that this
practice can be broken since 60% of the respondesyaot be influenced by the source of the
seed.

The means of the socioeconomic and farm charaitsrigf the respondents in the 3 districts
were compared using ANOVA. The result shows thatdlwere no significant differences in

any of the variables across the three districts.

Table 4.2: Socio-economic and Farm Characteristiosf farmers

Parameters Total Bobo Dedougou Diebougou
Sample(150) (N=50) (N=50) (N= 50)

Socioeconomic characteristics

Gender (% of males) 93.3 94 92 94

Age (average years) 44.6 45.20 44.26 44.44

Education level (% literacy) 32 36 38 42

Sorghum acreage (hectare) 1.59 1.60 1.41 1.77

Total acreage (hectare) 8.25 9.88 8.81 6.07

Total annual yield (Kg/ha) 790 801 761 807

Farm Characteristics (% of yes)

Importance of sorghum

Sorghum as household staple 72.7 74 68 76

Grows sorghum every season 84.7 92 82 80

Purpose of sorghum production

Consumption only 91.3 94 92 88

Sales only 8.7 6 8 12

Sorghum seed provision

Save seed for next season 92.7 94 92 92

Sometimes purchase seed from 6.7 6 10 4

market

Seed source does not matter 59.3 68 60 50
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4.3.2. Motivational Factors

Three components were obtained from the PCA whatlsfeed the criteria set for selection
(Table 4.3). The first component (factor 1) gathiare statements which could be related to
“the awareness of the biofortified sorghum”. Them® component (factor 2) was labelled
“risk-aversion ” referring to the four statementsmposing this factor. The last component

(factor 3) was associated to “Negative experience”.

From this PCA outcometfje factor scores were used to categorize the farrdée found that
about 63.3% of the farmers had a high score fostend componenthese non-risk takers
demand more information, affordable price and govemt approval before they would adopt
the new product. Aboub6% had a high score for factor 1. Thesspondents showed great
understanding of the micronutrient deficiency ia khcal sorghum cultivars and were aware of
the transgenic crops. FinalB6% have high scores on negative experience rd3pondents
of this group are regularly informed of researchimproved sorghum varieties but due to
previous bad experience with hybrid varieties idtroed to them, are most likely to continue

with their local cultivars.
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Table 4.3: Principal Component Analysis Result (N A4.50)

Motivational Statements Rotated Factor Loading (Varimax)
Factor 1 Factor 2 Factor 3
1 Do you know that the public health studies in Buskirevealed 0.36 0.18 -0.06
deficiencies in vitamin A, iron and zinc for chiégrunder 5 and women?
2 Do you know that these deficiencies can be theeaf certain diseases?.36 0.18 -0.06
3 Have you (or your family members) already suffeedm any 0.17 0.14 -0.01
deficiency due to a lack of these elements?
4 Do you know that these nutrients can be enhaimceorghum? 0.56 -0.01 0.03
5 Have you ever heard about bio-fortified sorghum? 0.44 -0.11 0.06
6 Do you know that Burkina Faso has subscribed tocal lsorghum 0.40 -0.07 0.05
enrichment programme to fortify sorghum with vitanA, zinc and
iron?
7 Do you think the bio-fortified sorghum programisavelcome? -0.17 0.14 0.05
8 Do you think it's appropriate to improve the raimtrients in sorghum? no loadings
9 Would you like to learn more about this bio-fogidi sorghum -0.01 -0.26 0.01
programme?
10 | am regularly informed of the research on imprbvarieties -0.05 0.26 0.37
11 | regularly participate in exhibition fairs afgearch findings -0.07 0.07 0.37
12 | believe bio-fortified sorghum should be betterplned to the 0.01 0.49 -0.11
producers by the relevant authorities
13  The bio-fortified sorghum seed should be availatlthe same price as-0.01 0.50 -0.14
the local variety
14 | prefer to continue with the local variety 0.04 -0.10 0.56
15 | will produce bio-fortified sorghum providedetiyovernment agrees -0.08 0.33 0.17
16 | have a bad experience with previously improvadeties of sorghum  0.05 -0.09 0.53
17 1 will produce bio-fortified sorghum if the pdds affordable 0.001 0.35 0.21
Eigenvalues 2.92 2.75 2.20
Accepted factor loadingfs >0.3

Statements 1: Strongly disagree; 2 Disagree; 3rbledt Agree; 5 Strongly agree.

4.3.3. Result of the Latent Class Model

The LCM was estimated using NLOGIT 5.0. We firsedfied the product attributes that
influence the farmers’ choice for biofortified sbrgn. Secondly, we specified the

10 In this study, the cutoff used to determine whatfficients were meaningfully weighted on a factoasw
0,3. This is reported as a minimum in a reviewdgtan the use of exploratory factor analysis bynsts and

Roberts (2006). While the more typical cutoff vals®.4 , we opted for this minimum to get a rictescription

of the factors.
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socioeconomic characteristics and motivational digctthat could determine the class
membership. In a first estimation, the CL model wiaed to assess the overall preference
structure of the farmers without considering tipeirsonal characteristics. The result of the CL
is presented in Table 4.4. It reveals that allgheduct attributes included in the model are
significant utility parameters considered by tharfars in their choice decision. This, therefore,
suggests that the farmers consider many attrivanelsoften compare them before making
decisions. For instance, compared to the seed eotlme addition of micronutrients returns a
higher utility for the farmers. It has a positivedarery high significant effect on farmers’ utility
Preference for the seed providers shows that farmirfavour in the first instance a public-
sector seed source, before public-private partiEsshnd a private sector. This is in line with
earlier studies that the seed sector mattersdosgenic crop adoption in SSA (Mabaya et al.,
2015).

Farmers also made valuation on the maturity pexidg and seed cost. The expected days of
maturity of sorghum have a negative and significat#tionship with the farmers’ choice. The
negative coefficient is in line with the expectatithat farmers would likely adopt a sorghum
cultivar that is early maturing. Drought is arguabte major environmental challenge facing
sorghum farmers in Burkina Faso, therefore, anyeawdturing attribute would be a high
incentive to adopt the new biofortified seeds. Titéty parameter of yield is positive and
highly significant, indicating that the farmers leaa clear preference for high yielding seeds.
A positive but barely significant preference foelg has been reported for Burkina sorghum
farmers by Adesina and Baidu-Forson (1995). Asagla higher utility for sorghum yield is
expected. This is because the demand of food dggnleas increased, because of the increased
population. While the poverty level is high witrethoorest farmers not being able to purchase
cereals, it is, therefore, plausible for farmergitefer high yielding sorghum seed. Finally, the
seed price attribute is negative and significardtigating a preference for seed varieties with a
lower cost. This is in line with economic theorydas expected because the majority of farmers
in the study area practice seed saving, and thageptirchase seed accessed it mostly from
government agencies at lower price. Neverthelessam infer that the new biofortified variety
may be able to compete with the local and improxaatkty if it is provided through a market

penetration pricing strategy.
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Table 4.4: Conditional Logit Representing Utility Derived from Sorghum Attribute

Utility parameter Coefficient Standard Error
Increased Micronutrients 3.3835** 0.1685
Seed price -0.0008*** 0.0006
Public seed sourée 0.7164*= 0.1088
Private seed sourte -0.6964*** 0.1419
Yield 0.0069*** 0.0004
Days to maturity -0.0333*** 0.0032

Probability of selecting an opt out alternative
Alt 5: Preference for local seed 27%

Alt 6: Abandon (GM) sorghum 0%

1Compared to public-private partnership,
*hx kk * = gignificant at 1%, 5%, 10% level

The second part of Table 4.4 shows the probalsildfeselecting the opt-out alternatives. The
result shows that on average, 27% of the farmerddvorefer the local seed against the new
variety. More so, with a 0% preference for alteine6, we can assert that on average, 73% of
the farmers sampled in our study may be willingdopt a biofortified variety. CIRAD (2016)
equally reported a 75% adoption for improved songhuarieties in villages selected for the
participatory sorghum breeding project in Burkires®. When we combine this result with our
previous finding that 60% of farmers are indiffaréa the source of their seed, we can
confidently argue in line with Grabowski et al, (&) that small scale farmers in Burkina Faso
are not stuck in traditions, but compare the valueew technology with existing alternatives

before making adoption decision.

4.3.4. Socio-economic and Motivational Factors Influencing-armers Valuation

Although the result from the CL model is usefuld@termining the farmers’ valuation of the

new sorghum attributes, it does not however refileetheterogeneity of preferences among
respondents. The CL assumption that the utiliyoisiogenous across all the farmers might not
be true in our study. The LCM provides evidencesfmtematic heterogeneity in the preference
structure of the sorghum farmers. To estimate hiigrogeneity, the LCM was run several

times with increasing number of segments and diffecombinations of segment membership
variables. To identify the optimal number of segtsem balanced assessment of the Log-
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likelihood function, Akaike Information Criteria (&), Bayesian Information Criteria (BIC),
and the Mcfadden pseudo squarBé) (vere considered following Kikulwe et al. (2011)da
Birol et al. (2007).

Considering the information criteria in Table 4 log-likelihood improved ané? increased

as more parameters were added until they maxinizasnodel with 3 segments. This implied
an optimization at this number of segments. To iconthis, the AIC and BIC decreased from
the first segment but were minimized at 3. Themfarthree-segment model was selected. The
best fitting LCM included the following variables the membership function: the farmers’
attitude towards risk, the sorghum yield of farmensd whether farmers save seed or not.
Finally, a comparative summary statistic of thetdess of the segments was obtained. The
segment probabilities of individual respondentsenesed to assign farmers to a given segment.

A respondent is assigned to the segment wherednessthe highest probability.

Table 4.5: Information Criteria for Determining the Optimal Number of Class

No. of Segment Parameters Log LikelihoodP? AIC BIC

1 6 -878.8 0.3772 1769 1798
2 17 -795.3 0.5068 1617 1679
3 26 -742.9 0.5393 1537 1663
4 27 -764.1 0.5262 1582 1712

In the 3 segments model presented in Table 4.@2%80f the respondents belong to segment
1, 14.1% to segment 2 and 54.7% belong to segméiie8segment 3 is the reference, so the
coefficients are normalized to zero to allow a camfive interpretation. The first part of the

table presents the coefficients for the seed ateiy while the second part shows the class

membership function. The third part is the desmwipof individuals in the segment.

For segment 1, the utility coefficients reveal tif@tmers belonging to this segment have
preference for sorghum seed with more micronutsidotver price and higher yields. In terms
of seed source, a higher preference is found fotipseed providers compared to either a
private or public-private partnership. Maturity el does not seem to be a significant
determinant of choice for the farmers. Furthermdbee estimates from the segment
membership function reveal that farmers who areamisk averse but produce relatively higher
guantities of sorghum are more likely to belongthe segment. We label this segment

“Micronutrient Preference Group” due to three reesd-irst, the coefficient of the increased

71



micronutrient attribute for this segment is mucghar than that of the other segments. Second,
when we normalized the utility parameters in tleigrent by price attribute, we observed that
the segment members derive the highest utility ftben increased micronutrient attribute.
Third, the farmers in the group produce signifitamtigher quantity of sorghum than other
groups. With proper information and awarenesshittritive quality, this segment could be

encouraged to adopt the new biofortified variety.

Segment 2 differs from 1 in many ways. For instamteontrast to 1, the absolute value for
the coefficient of the increased micronutrientilatite was quite small. The respondents show
more preference for public seed sources and shdegrof maturity than for increased
micronutrient. Furthermore, in the segment memlyeysie observe that farmers who practice
seed saving culture and those that produce snalientities of sorghum are more likely to
belong to this group. We label this group “Smalfggaum Producers Group” because of the
following factors. First, the private seed sourc@ot an important determinant factor in their
choice. Second, they focus on the early maturitrgpate, indicating possibility for subsistence
cultivation. Finally, the seed saving culture amdduction of smaller quantity of sorghum are
obvious characteristics of these farmers. A diatidn agreement allowing seeds to be reused

may influence this group to adopt the biofortifesatghum.

Finally, when normalized with the seed price atité) farmers in segment 3 relative to those
in segment 2, value increased micronutrient modedays to maturity less. The peculiar feature
of segment 3 is that they attach higher utilitystoghum seed provided by a public-private
partnership than other segments. Following Birfohle (2011), the segment membership
coefficients of the group can be interpreted ag lasthe other segments have the same signs.
Consequently, farmers who take more risk are likelypelong to this group. Following the
characteristics of risk averse farmers identifiedPCA, this group of risk takers would likely
be producing Bt cotton, and are less likely torifienced by price or seed source. We labelled
this group “Risk Takers”. They may show positivetatle towards transgenic sorghum variety,
and would most likely be among the early adopt€hgy constitute a little above half of the

farmers sampled (54.7%).
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Table 4.6: The LCM estimate for transgenic sorghunseed attribute

Segment 1 (31.2 %) Segment 2 (14.1 %) Segment 3 (54.7 %)

Micronutrient Preference Small Sorghum Producers Risk Takers

Utility parameter: Biofortified sorghum seed attribsi

Higher Micronutrient levels 23.283** (5.47) 2.5576**(1.082) 3.2506***(0.2879)

Seed price
Public seed sourée
Private seed sourte
Seed Yield

Days to maturity

-0.0047** (0.001)
5.1014** (1.453)
2.4205%* (0.9192)
0.0385*** (0.0079)
-0.0036 (0.0256)

Segment membership: Farmers characteristics

Constant

Risk averse- attitude

Annual sorghum production

Seed saving practice

30.719(0.118D+08)
0.5025*+(0.1909)
0.00668*+(0.0028)
-36.641(0.118D+08)

-0.0018*++(0.0004)
2.0309%%(0.5474)
-2.7152(3.0654)
0.0121*+(0.0028)
-0.0459*++(0.01614)

4.0378(3.5584)
0.43557(0.6989)
-0.0165*+(0.0069)
5.8351*+(2.284)

-0.0010%+(0.00012)
0.2016(0.16577)
-1.0117*%(0.2131)
0.0081***(0.00069)
-0.0391*++(0.00493)

Individual Features

Total annual yield (kg/ha)*** 846 676 783
Sorghum acreage (hectare) 1.61 1.58 1.58
Total acreage (hectare) 6.89 9.63 8.76
Age (average years) 44.6 43.8 43.8
Number of farmers 47 21 82

1Compared to public-private partnership,
*x xx * = significant at 1%, 5%, 10% level

4.3.5. Farmers Willingness to Pay for Attribute Changes

This section estimates the welfare measure forggiwom the current seed used by the farmers
to the new biofortified variety. The welfare measig the premium they are willing to pay for
a change in attribute levels. The WTP reported abl@ 4.7 was estimated from the utility
parameter in the LCM. The WTP for changes in somduygt attributes whose coefficients are
insignificant in the LCM were not reported in tlable. Although the table showed the mean
WTP for changes in different product attributesluded in the choice set, in line with the
objective of the research, we concentrate moréermarmers WTP for our attribute of interest,

which is increased micronutrients.
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The results show that generally, the farmers mgyppemium for the new sorghum seed with
extra micronutrients. However, the extra amourteéaid varies among the segments. For the
Micronutrient Preference farmers, the mean WTPadrgm a local sorghum variety to the
biofortified variety is 4953CFA per kg. This impdi¢hat the farmers in this class would likely
pay on average an additional 4953CFA per kg tatgeinew biofortified sorghum seed with
higher micronutrient. The Risk Takers are willimgpay on average an extra 3251CFA per kg
for biofortified seed with increased micronutrierfénally, the Small Sorghum producers are
willing to pay less than the two groups. Their Wid? a biofortified sorghum seed with
increased micronutrients is estimated at 1421CHAkge This is however expected as most
farmers in this class do not buy their seeds frioennharket but use saved seeds from previous
planting seasons.

Table 4.7: Farmers Willingness to Pay for a Changm Attribute

WTP for Class 1 Class 2 Class 3
Micronutrient Small Scale Risk Takers
Preference Farmers

Extra Micronutrient 4953 1421 3251

Public seed source 1085 1128 -

Private seed source 515 - 1012

Higher Seed yield 8 7 8

Early maturing seed- 26 39

Parameters in CFA per kg; Blank spaceslaecto insignificant coefficient in LCM.

4.4 Conclusion and Recommendations

Transgenic biofortification is emerging as an aé&tive public health intervention project for
the improvement of the nutritional status of peoplewever, none of such crops have been
released to the farmers due to the controversresusuding the process. In Burkina Faso, where
transgenic biofortified foods may have importanallie benefits given the high frequency of
MNM, biofortified seeds need to possess desiratitédbates to be able to contend with the
highly valued local variety. Far to provide an ex$tave answer at the dilemmas, our work
focuses on investigating in ex-ante the marketrgateof the proposed transgenic biofortified
sorghum by AHI. We employed a DCE to investigate farmers’ valuation of various
attributes that could make up the biofortified saedvell identified the factors that influence

the farmers valuation.

The results show that there is a promising maderéansgenic biofortified sorghum in Burkina

Faso, and the biofortified variety may be used asréable tool for reduction of MNM in the
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country. The findings from the DCE suggest thatldarmers in Burkina Faso can change
from traditional seed saving practices and aret@xenduct a proper valuation of the attributes
of the new products before making adoption decisfda showed that aside from the farmers
that may still maintain a high penchant to the lsesed variety, about 73% of farmers in the
sample would be willing to cultivate the proposeghsgenic sorghum variety. Nevertheless,
the attributes of the new product should be sigaiftly more appealing than the local variety
for this market size to be achieved. Specificaflgrly maturation, higher yields, and lower

prices would make these seeds more attractive.

Secondly, the LCM shows that there was heterogemeithe preference structure of the
farmers. The study identified three distinct classeé farmers based on their preference
structure, the Micronutrient Preference FarmeresSimall Sorghum and the Risk Takers group.
By segmenting our respondents into these 3 graupshowed that those that have experience
with first generation transgenic crops in the copiiBt cotton), are more likely to adopt the
second-generation product. This segment otherwigsvik as the Risk Takers constitute a
majority of the sample (55%), so we propose they tiecome the first market targeting group.

Finally, as a general implication for the developmef the biofortified sorghum, we
recommend that farmers should be carried alondpenfarther development of the product.
Adequate information should be provided to farmars] if possible, the sorghum farmers’
organizations should partner with AHI in the deyslent of the new biofortified sorghum.
Despite showing that farmers are willing to paynpiten for the new biofortified seed, we hold
that a market penetration strategy (subsidizedeprie necessary to introduce the crop to
farmers. We also recommend a strong governmenhienent in the development of the new
product. The role of the government should amorerothings create awareness of the
nutritional values of the new product, subsidizegghoduct as well as participate in the eventual

distribution of the transgenic seed.
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PART FOUR: Bt maize Event
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Chapter 5: Ex-ante Assessment of the Determindrftaioners’
Intention to Adopt Bt Maize in Kenya

Abstract

Since the recent approval for limited environmergi&ase during National Performance Trials
in Kenya, the maize event MON810, a Bt maize vgyibas reached the final stage before
release for cultivation. This paper investigatesixs’ knowledge and attitudes towards GM
technology as well as their awareness and undelistato the objective of this specific maize
event. The study also aims to identify the deteamis of farmers’ intention to adopt this GM
maize variety. Based on a face-to-face survey, faflers from the Western and Eastern
regions of Kenya were randomly selected and inteved. Findings from this study showed
that in overall, farmers had poor knowledge asurdg with the core concept of agricultural
biotechnology and GM technology. Although the mi&yo(85.3%) of participants were
informed about the development of Bt maize, onlYoMiere aware about its main trait, which
targets stem borer species. According to farmeigiaps, stem borer attacks are more
problematic in Eastern than Western region reggrthie maize yield losses. Fall army worn
(Spodoptera frugiperdais pointed out by Western farmers as the mostag@my insect.
Consequently, the intention to adopt this GM variets more positively expressed in the
Eastern (88%) as compared to the Western (47%pnegiAlthough our binary logistic
regression model showed that the number of sterer lspecies faced by farmers is the key
factor of future adoption in both regions, impottaegional differences were found. In the
Western region, older farmers are more likely to@dsM variety than younger farmers, while
the perception of the environmental benefit, duth&olower use of pesticides, is identified as
a key determinant shaping Eastern region farmezhabioral intention towards GM seed
adoption. From a policy perspective, our study ulimes the need for suitable communication
channels on Bt and other GM crops to improve Afritarmers’ awareness of the objective and

impacts of their implementation.

Key words: Adoption behavior, Bt maize, GM techmgylpAgricultural Biotechnology,
Kenya

1 This chapter was based on: Edouard I. R. Sanows BarSteur, Dorington O. Ogoyi, Godelieve Gheysen,
Stijn SpeelmanEx-ante Assessment of the Determinants of Farnention to Adopt Bt Maize in Kenyla
Trends in Biotechnology. (Under review)
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5.1. Introduction

Regardless of the large scale commercializatiogesfetically modified (GM) crops with
improved agronomic traits around the world (ISAAX)17), the debate on GM technology
continues to be present at different levels of dbeiety (Blancke and Grunewald, 2017).
Discussions target a variety of issues relatedstoassessment (Ronca et al., 2017) regulation
and policy decision making (Adenle et al., 2018adizet al., 2017; Guehlstorf, 2008), impacts
on the environment (Brookes and Barfoot, 2017)Jtheend food security (Glass & Fanzo,
2017; Smyth et al., 2015; De Steur et al., 2014pdrRding the latter, there is a large body of
research examining the economic benefits at faxal.ld&Even though the evidence on yield
effects is well established, as illustrated in semecent meta-analyses (Pellegrino et al., 2018;
Klumper & Qaim, 2014), current adoption rates ofifars vary between and within countries
(ISAAA, 2017) which points to a research need fqulaining farmers’ behavior (Zhang et al.,
2017; Guehlstorf, 2008).

Farmers’ adoption behavior towards GM technologg baen widely examined, both in
developed (Todua et al., 2017; Areal et al., 2@dmont et al., 2008; Gyau et al., 2009; Van
Scharrel and Van der Sluis, 2004) and developingices (Sanou et al., 2018; Oparinde et
al.,, 2017 ; Nyinondi et al., 2017; Autade et aD1@; Schnurr and Mujabi-Mujuzi, 2014;
Kimenju et al., 2011; Lewis et al., 2010). Regasdlef the timing of the study, befoexfante)

or after ex-post)the introduction of a GM crop, research has reygbKkey factors shaping
farmers’ (intended) adoption of GM crops, amongalibfiarm related factors (e.g. farm size,
yield and farm income), technology related facterg. perceived benefits and risks) and socio-
economic determinants (e.g. gender, age, educiatvet) (Breustedt et al., 2008; Sundig and
Zilberman, 2001). For many determinants, howeueaidysfindings remain inconclusive. For
instance, while some authors (Keelan et al., 20@9nandez-Cornejo and McBride, 2002;
Marra et al., 2001) suggest that large-scale fasmesre more likely to adopt GM crops,
Chimmiri et al. (2006) as well as Darr and Chef@0) report that farm size had no significant
impact on GM adoption decisions. Different viewsoerning other factors, like education, age
and gender, are discussed in various farmer st(eligs Todua et al., 2017; Keelan et al., 2009;
Gyau et al., 2009; Van Schatrrel, 2003, Fernandené€j@and McBride, 2002; Darr and Chern,
2002).

Awareness of the GM technology, though indicated ksy factor in a receeik-postanalysis
(Todua et al., 2017), has been hardly includeddioption research as a determining factor.
Similarly, research on farmers’ awareness of theative of the targeted GM crop is scarce
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(Johnson et al., 2009), especiallyeix-antestudies (Edmeades and Smale, 2006). Regarding
pest-resistant GM crops for instance, farmers’ awass of the targeted pests has not been
accounted for as a potential determinant influegdneir intention to adopt these crops or not.

Nevertheless, from a policy point of view, it isuttermost importance to ensure that farmers’
expectations match the target traits or objectofes GM crop. This is especially the case for
pest-resistant traits, since the pests dynamiclhasged over time, e.g. due to global warming
(Menéndez, 2007). Moreover, farmers’ main concem&MOs revolve around the need for
information on the one hand, and the role of gowemtal policies to respond to their interests
on the other (Todua et al., 2017; Schnurr and Muyalguzi, 2014; Lewis et al., 2010;
Guehlstorf, 2008). Therefore, prior to the impleta¢ion of a GM technology, decision makers
need to assess farmers’ awareness in order topatéduture farmers’ opposition and potential
misuse of the technology. In a study on GM cottoBurkina Faso, for instance, it was shown
that 81% farmers did not optimize their pest sgiag® when spraying cotton, owing to the
miscommunication about the GM technology use (Sastoal., 2018). This underlines the
importance of a straightforward communication ppokdout the target objective of GM crops
in order to better inform farmers when they de@dewhether to adopt or not. As shown by
Kotey et al. (2017) in South Africa, for examplayaaeness of the GM crop stewardship
requirements is urgently needed to improve its rgameent and exploit the benefits provided

by the GM technology.

Building upon the aforementioned knowledge gapis, plaper presents ax-antestudy on
farmers’ awareness and intention to adopt a pesitamt (Bt) GM maize in Kenya, where it is
currently being tested in field trials. Therebyal$o looks at the misunderstanding of the GM

technology and examines the factors influencingé&@s’ intention to adopt Bt maize.

5.2. Methodology

5.2.1. Background of the study
In 1999, the International Maize and Wheat ImprogatrCentre (CIMMYT) and the Kenya
Agricultural Research Institute (KARI) launched tthevelopment of an insect-resistant GM
maize variety (De Groote et al., 2003; Mwangi artyl 2001). Twenty years later, this crop
has obtained approval for limited environmentagéask for National Performance Trials, the

final stage before placing the product in the miaf&ecultivation.

Through incorporating the modified gene (from d dwielling bacteridBacillusthurengiensis

(Saxena and Stotzky, 2000) in local maize varigtitis GM maize specifically targets stem
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borer species, which are considered the main imggeap causing maize yield losses in Kenya
(De Groote et al., 2002). At economic level, 14%aohual maize yields in Kenya were

estimated to be lost due to stem borer damagehwhjresents 0.4 million tons or US$ 25-60
million, enough to feed 3.5 million people per animat per capita maize consumption of 125
kg (Odendo et al., 2003).

Given that maize yields in Kenya are among the &ivire the world (FAO, 2016) and the
development of improved (hybrid) varieties failedovercome stem borer attacks (Muhunyu,
2008), adoption of GM maize is expected to drakiyidgacrease the productivity. It has the
potential to increase yields where the stem baers major constraint (Tende et al., 2010), as
illustrated in South Africa (Gouse et al., 200602)) which is the only sub-Saharan country
currently growing GM maize (ISAAA, 2017). By comro@&lizing such a GM maize crop in
Kenya, decision makers expect to improve househmdme (with higher yield), reduce

environment pollution (because of lower pesticide)uand improve farmers’ health.

5.2.2. Survey sites
Maize is produced in six agro-ecological zones@mya (Figure 5.1). This study was conducted
in Western and Eastern Kenya, involving four of e agro-ecological zones: Highland
Tropics & Moist Transitional (Western Kenya), whipresents 80% of the maize production
in Kenya, and Dry Mid-altitudes & Dry Transition@tastern Kenya), which has the lowest
maize yields (Hassan, 1998). To reflect the shaggaduction in both regions, respectively
eight and four villages were visited in Western &as$tern regions. Villages hosting Kenya
Agricultural Research Institute (KARI) stations werurposely excluded in order to get insights

from less informed farmers.

5.2.3. Design of the questionnaire

A questionnaire was developed based on informatidained from scientific literature (Wang
etal., 2017; Tefera et al., 2016; Mwangi and EGQ1; De Groote et al., 2011; 2003; De Groote,
2002; Hassan, 1998) as well as the official repioot® research institutes in Kenya. To be able
to achieve the aforementioned aims of this studyssts of questions were identified and
developed in the questionnaire. In table 5.1 betbe sets are described as well as the method
used and the target groups. For instance, thegfirsstion set dealt with the characteristics of
the households. In this set, the socio-economierdehants and the farm related factors were
determined through the head of the household. Heratets, 4-, 5- and 7-point Likert-scales
were used a measurement tool of, respectivelypéneeived impacts of stem borer species,
knowledge of agricultural biotechnology, percepsiar the advantages of GM maize and the
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intention to adopt it. The last set of questionsuBed on farmers' awareness of the drivers
leading to the development of GM maize, the fitstomes from field trials and the preference
towards the variety to transfer the Bt gene. Thigien makes a distinction between potential
adopters and non-adopters to see whether or nabthenunication about the GM technology

has impacted their decision to adopt the GM seetbbor

5.2.4. Data collection and Analysis
To get insights from farmers, a face-to-face inamwas adopted along this survey conducted
on April-May 2017 in Western and Eastern Kenyatmatfied sampling method was adopted
in order to obtain a broad insight from diversepmegients taking into account gender, age,
farm size and education level. A total number dd #&rmers were randomly selected in the
Western (100 farmers) and Eastern (50 farmerspnsgDue to the dominance of the Western
regions in maize production in Kenya, two-thirdstieé respondents were sampled in that

region. Each interview took about 45-60 minutes.

Data were analyzed using IBM SPSS statistics (@8r8R). The empirical analyses were made
in multiple phases. In the first step, descriptstatistics were used to describe the socio-
economic and farm characteristics of householdnThewo-sample t-test was performed to
compare the perceived impact of different stem bspecies within the study regions. In the
following step, a Principal Component Analysis (PG#ith varimax rotation was carried out
in order to obtain factors that reflect the statets®n farmer perceptions of the advantages of
GM maize. The consistency of the scale of eaclofagas assessed through Cronbach Alpha.
In the final step, bivariate (cross-tabulation) amdiltivariate (binary logistic regression)
analyses were carried out to identify, respectivelgnificant differences between potential

adopters and non-adopters and significant detemtsraf GM technology adoption.
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Table 5.1: Design of the questionnaire

Question sets Description Method/tools Target group

1. Household characteristics Socio-economic deteants (gender, age, education level, Based on farmers declaration All farmers
etc.) and farm related factors (farm size, typeasfety, yield,
seed varieties, formal agricultural training, shawepose of
maize production)

2. Farmers’ perceptions of the insect Identification of the most damageable insect graopraize  Self-evaluation by farmers All farmers
damage production
Perceived impacts of stem borer species 4 pokari-type scale (from 0: not at all a probler#\ll farmers

1: minor problem, 2: moderate problem and 4: seriou
problem): 4 pictures of the main stem borer species
Identification of the number of stem borer spetée®d at farm Based on farmers' valuation of the 4 stem borer =~ West and East

species impacts regions
3. Farmers’ knowledge of agricultural Core concept of agricultural biotechnology, GM tealogy, Bt 5 point Likert-type scale (from O: totally uncledr, all farmers
biotechnology and awareness of GM maizmaize field trials in Kenya and refuge strategy unclear, 2: more or less clear, 3: clear and 4iljot
objective in Kenya clear)

Awareness of the GM maize event in Kenya, sour€es o Based on farmers' declaration and multiple choice All farmers
awareness, awareness of the framework of the GMteval  responses (2 statements)
the objective

4. Farmers' perceptions of the advantagesstdtements of GM maize as a techno to improve mééte, 7 point Likert-type scale (from 1=Strongly All farmers
GM maize farmers' wellbeing, environmental and health benefi disagree,... 4= Neutral, ...to 7= Strongly agree) (7
statements)
5. Farmers' intention to adopt a GM maizdntention to adopt or not the GM maize variety affi@areness 7 point Likert-type scale (from 1=Strongly Potential adopters
variety that targets stem borer species  of the main objective of the GM variety being depsd disagree,.... 4= Neutral, ...to 7= Strongly agree) and non-adopters

(protection against stem borer)

6. Farmers' awareness of the drivers andDo farmers know why this decision was taken? Dy tigree  Agree/Neutral/Disagree: 6 statements Potential idsp
field trial outcomes of GM maize and with that? Which variety do they prefer for transéé the Bt and non-adopters
preferences for the variety to develop gene
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Figure 5.1: Sites of the study

: ‘Embu

L " &
[ . ‘e :
. ®Katumani
@ Prasites
@ KARI stations
Agroecological zones
I Lowland tropical (LT)
Dry midaltitude (DM)
Moist midaltitude (MM)
Dry transitional (DT) N I

I Moist transitional (MT) ' -
I Highland tropical (HT) " ik ;

< 0.5% maize
Districts

o

100 0 100 200 Kilometers

Source: International Maize and Wheat Improvemaesiit@ (CIMMYT) and Kenya
Agricultural Research Institute (KARI)

5.3. Results

5.3.1. Socio-economic and farm characteristics of housefwl
Table 5.2 presents the socio-economic and farnactexstics of the households. From the 150
farm household heads interviewed, 122 (81.3%) weaées, and the average age was 44.7
years. The level of education was quite high, v887% having received a form of formal
education (e.g., primary, secondary and above)niden farm size per household was 7.9 acre
from which on average 5.5 acre (69.6%) was allattienaize production. The Western region
displayed the highest share of maize plots (75.3%g.average maize production amounts 17.4
bags/acre (1bag=90Kg). As expected, the Easterarrégced the lowest yield with only 4.7
bags/acre associated to the highest use of saedd®&8%) from previous harvest. This lower
yield in the Eastern region confirmed previous Esidjualifying the Western region as the
maize attic in Kenya (De Groote 2002, Hassan 1998)ze is mainly cultivated for the local

market in Western Kenya (88.3%). Most farmers (89.8sed hybrid maize seeds which is
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consistent with a recent Kenyan maize study of Wetngl. (2017). However, about 22% in
Eastern region indicated their preference for Opeltinated Variety (OPV) seeds.

Table 5.2: Socio-economic and farm characteristiosf household

Parameters Total (N = 150) Western (n = 100) Eastern (n = 50)
Mean Std. Dev. Mean Mean
Age 44.7 11.2 43.2 47.6
Total acreage (acre) 7.9 7.8 9.8 4.1
Maize acreage (acre) 5.5 3.9 7.4 1.6
Average yield (bag/acre) 17.4 9.9 23.8 4.7
N % % %

Gender

Female 28 18.7 17 22

Male 122 81.3 83 78
Education (% of literacy) 133 88.7 89 88
Formal agriculture training 80 53.3 67 26
Type of Variety

Hybrid 134 89.3 95 78

OoPV 16 10.7 5 22
Seed Provenance

Recycle (saved seed) 39 26 6 66

Commercial 111 74 94 34
Share of Maize (% of acreage) 69.6 75.5 39.02
Purpose of Maize production

Own consumption 49 32,7 11.7 64.4

For Selling 101 67.3 88.3 25.6

1 ha = 2.47 acre; 1bag of maize = 90 kg;
Std. Dev.: Standard Deviation; OPV: Open Pollinafadgiety

5.3.2. Farmers’ perceptions of stem borer issues in maizgroduction in Kenya
Four insect groups were identified by farmers wiing the most damaging insects in maize
production in the East and West of Kenya (tablg.5A8cording to the farmers, stem borer
attacks were found to be more problematic in th& EE0%) than in the West (42%) regions,
while army worm §podoptera frugiperdacontrol appeared to be the main concern in Wester
region (93%). In both regions farmers reported emaress the same level of injuries regarding

aphid and weevil attacks.

Regarding the perceived impact of stem borer speaiefarms, results of the independent
samples t-test showed significant differences betwvike two regions. According to farmé&s
fuscahas emerged as the most damageable in both regigastelluswas viewed by Western
farmers to have minor impacts whereas farmers stefia regions perceived its impact varying
form moderate to seriouk. saccharinaandS. calamistiwere only observed in the Eastern
region, but they were not found to be a problemmaize farms. On average, about 1 to 2 stem

borer species were generally affecting, respegtiWlestern and Eastern farms.
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Table 5.3: Presence of insect groups and perceivedpact of stem borer species in maize
production in Kenya

Western (N=
100) Eastern (N = 50)
N % N % 1>
Insect groups
Army worms 93 93 24 48y%(1) = 39.34p < 0.05
Aphids 36 36 17 34%2(1) =0.58p >0.05
Weevils 40 40 22 4442 (1) =0.22p > 0.05
Stem borers 42 42 50 100%?(1) = 47.28p < 0.05
Mean SD Mean SD t-test
a. Perceived impact of
stem borer species
Chillo partellus 1.2 1,4 2.7 0.5 -7.1%%
Bussuolgusca 2.6 .9 3.0 0.0 -3.3%**
Eldanasaccharina .0 .0 0.2 0.6 -3.3%**
Sesamiaalamisti .0 .0 0.5 1.1 -4,6%**
b. Number of stem borer 13 64 23 64 0<0.05

species at farm
Perceived impact based on a 4-point Likert-scat@o® at all a problem, 1=minor problem, 2=moderate
problem, 3=serious problem. Levels of statistieghdicance: *p<0.05, ** p<0.01 and *** p<0.001
SD: Standard Deviation.

5.3.3. Farmers’ knowledge of agricultural biotechnology am awareness of the
GM maize event in Kenya

The majority (85.3%) of the participants were awaveut the GM maize trials in Kenya (table
5.4). Five sources (friends, radio/TV, newspaperd axtension officers) were identified
through which farmers were informed about thisetgri Radio/TV (53.1%) was shown to be
the principal source by which most of respondemisame aware of the GM event. About
10.2% of farmers were informed through others semisuch as online press, workshops or
conferences.
Regarding the framework monitoring the GM maizealepment and the target objective, most
participants (68%) were aware that the GM maize deeloped through a collaborative
partnership, while 71.3% misunderstood the tarfgpgtadive of the GM technology. Only 21
(14%) of the farmers knew that GM maize is targgthe stem borer species while 62 (41.3%)
thought the maize was protected against all inseads22 (14.7%) of respondents had no idea
about this.
With respect to farmers’ knowledge of agricultubadtechnology, only 32 of them were able
to express their understanding. Their understasdioy the core concept of agricultural

biotechnology and the trait of the soil bacteriadgillus thuringiensi3 were unclear. In the
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status of GM variety field trials, the informatigave by farmers about the first outcomes of
field trial were totally unclear. As to the implemation of refuge strategy, none of them were

aware.

Table 5.4: Awareness of the GM maize event and Kmdedge of agricultural
biotechnology

1. Awareness of the ongoing GM event (n = 50) N %
yes 128 85.3
No 22 14.7
2. Sources of information (n = 128)

friends 58 45.3
Radio/TV 68 53.1
News paper 45 35.2
Extension officers 41 32
Others (internet, workshop, conferences, etc.) 13 021
3. Awareness of the GM event framework (n =

150)

Kenya research only (Public) 13 8.7
Collaborative (Private-Public) Partnership* 102 68
Private research center 13 8.6
No idea 22 14.7
4. Awareness of the GM objective (n = 150)

Target all kind of insects 62 41.3
Target post-harvest pests 45 30
Target stem borer species* 21 14
No idea 22 14.7
5. Knowledge of Agricultural Biotechnology (n =

32) Mean SD
Core concept agricultural biotechnology 1.8 1.58
Trait of Bacillus thuringiensis 1.7 1.57
Status of GM maize field trial in Kenya (findings) 1.3 1.42
Implementation of refuge strategy 0.5 1.13

Note: Knowledge of agricultural biotechnology issbd on a 5-point Likert scale (0: no idea, 1: tptahclear,
2: unclear, 3: More or less clear, 4: clear, Saltgtclear)
*reflects current situation

5.3.4. Farmers awareness of the perceived effectiveness@m technology
Table 5.5 provides the results of a principal congmt analysis on the seven statements
pertaining to GM technology advantages. The thaetef solution explained 86.5% of the
variance in the original data (with factor loadiradgve 0.7). Factor 1 includes three statements
that refer to the improvement of farming systemg. #immating the means of the three
statements belonging to factor 1, results showatfénmers partially agreed or agreed with the
advantages related to adopting GM maize varietg Sdctond factor, labelled environmental

benefits, included two statements. Farmers agiaelie lower use of pesticides owing to the
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adoption of insect-resistant variety in maize pign will preserve the environment. The third
factor relates to the trait of the GM variety invdlpment in Kenya. Farmers partially agreed
with the main objective of the GM variety statifmgt stem borers are part of the main concerns
hampering maize yields in Kenya. Subsequently, éasnshow a high degree of agreement on
the lack of a suitable integrated pest managenfestem borer species.

The reliability of each factor was assessed usimgnach’s Alphao. All of them, i.e. the
improvement of farming systems € 0.83), the environmental benefits{ 0.98) and the target

of GM technology ¢ = 0.81), had sufficient internal reliability cos&ncy.
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Table 5.5: Farmers' perceptions of the advantagesd &M maize

FL Mean SD

Factor 1: " Farming systemsimprovement,” Cronbach Alpha: .83

I am confident that growing a variety which congretem borers in maize production could be a wayposove my yield .905 585 1.13
Growing a variety controlling stem borers will rftange anything in my farming practices regardimgén labor& .866 585 1.13
| do believe that this variety, with the lower wdegesticide could provide a positive health imgaatne and my family as

well as my livestock when feeding in maize fields .759 553 154
Factor 2: " Environment benefit,” Cronbach Alpha: .98

The environment (e.g. water sources) is not aftebtethe quantity of insecticides used in my mdieiels R 921 6.03 1.25
Maize production does not require such quantitypsécticides, so there is no risk of negative inhpamy environment 915 6.04 1.20
Factor 3: " GM variety trait,” Cronbach Alpha: .81

Stem borer control is not the main concern for mey maize field so that this variety should notlariority® .880 525 1.28
The current integrated pest management towardsisteens control works well so that we don't neesl itisect resistant

varietyR 910 592 1.21

R means item is reversed scored; Seven Likert-statetally disagree, 2=disagree, 3 = partially i, 4 =neutral, 5=partially agree, 6=agree artdt@Hy agree; FL:
Factor Loading; SD: Standard Deviation.

Note: Factor structure based on factor analysiadjme component analysis). Explained Variance586 KMO: 0.55, Bartlett's Test of Sphericify:(21) = 853.9p =
0.000.
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5.3.5. Factors influencing farmers’ intention to adopt GM maize seeds

To understand which factors influence farmers'slens to adopt Bt maize, a binary logistic
regression model was estimated (table 5.6). Theemwoatluded intention to adopt as a
dependent variable, using a binary variable (novptet, adopter), and the socio-demographic
and farm characteristics variables as well as #otofs extracted from the PCA results as
independent variables. The intention to adopt wagled in potential non-adopters and
adopters. Our data shows that 67% of farmers dhagvio grow GM maize. With a share of
88% of farmers, intention to adopt is substantibityher in the Eastern region as compared to
the Western region (47%).

The binary logistic regression model revealed thede variables (age, number of stem borer
species faced, environmental benefits) signifigaatid positively influence farmers' decisions
to adopt an insect-resistant variety targeting dbeners. The largest odds ratio was obtained
for the number of stem borer species. A farmemfgaittacks from more than one species in
their maize plot is seventeen times more likelyatlmpt the GM variety than a farmer with
maximum one stem borer species affecting the maiaduction. Older farmers>(50 years)
are three times more likely to grow GM maize whempared to farmers below 50 year old.
Perceptions on environmental benefits associatddthe lower use of pesticide also captured

potential adopters' interest as illustrated by sitp@ and significant p-value (p = 0.005).

When looking at the results of the binary logiségression model comparing the Western and
Eastern regions, two independent variables (ag@aragption of environmental benefits) were
found to be significantly influencing farmers' inten. While older farmers>(50 years) are
four times more likely to adopt GM maize in the \iées region (p = 0.017), environmental
benefits of adopting GM seed significantly influes¢p = 0.011) Eastern farmers with a higher
odds ratio (25.3). Given that in the Eastern regthriarmers face more than one stem borer
species and the plot allocated to maize produet@snot above 5 acres, the two variables (age

and farm size) were excluded in the Eastern regmessodel.
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Table 5.6: Determinant factor influencing farmer intention to adopt by binary logistic

regression
All (N = 150) West (n = 100) East (n =50)
N % N % N %
Intention to Adopt
Non-adopter (0 = 1-4)* 53 39.3 53 53 6 12
Adopters (1 = 5-7)* 91 60.7 47 47 44 88
Variables OR p-value OR  p-value OR p-value
Gender
Female (ref) 1
Male 7 .57 3 .18 1.8 .70
Age
< 50 years (ref) 1
> 50 years 3.4 .015 3.9 .017 .8 .87
Farm Size
<5 acres (ref) 1
> 5 acres 6 42 1.4 .65 - -
Education
Illiterate (ref) 1
Literate 1.01 .98 .8 .74 1.5 .9
Number of stem borers
species faced
<1 species (ref) 1
> 1 species 17.2 .000 11.7 .000 - -
Farm improvement (F1)
Disagree (ref) 1
Agree 2.1 21 2.4 17 .000 .9
Environmental benefit (F2)
Disagree (ref) 1
Agree 5.9 .005 1.9 .48 25.3 .011
GM maize trait (F3)
Disagree (ref) 1
Agree 7 .63 .40 .26 12.2 .19

Dependent variable

“Intention to adopt” is dummydiog: O = (1=totally disagree, 2=disagree, 3=péytia
disagree, 4=neutral); 1 = (5=partially agree, 6eagiv=totally agree). OR: Odds Ratio; (Ref): stéfndseference
category. Statements of each factor extracted fhenPCA (F1: Factor 1; F2: Factor 2; F3: facton®ye scored

and dummy coding (O: disagree, 1: agree).

Note: Nagelkerke R 0.495; Cox and SnellR0.366

5.3.6. Farmers’ awareness of the GM maize drivers and prfferred GM variety
To determine whether awareness of the driverseofall event (BT maize) in Kenya, as well
as of the first outcomes of the GM maize fieldlgjand the preferred variety shape farmers

behavior, a comparison was made between potermaiters and non-adopters (table 5.7).

90



Results related to the first item, “stem borer dgesd, confirmed that the majority of potential
adopters perceive stem borer issues as a main rcomdeen compared to non-adopters.
Consequently, yield losses were attributed to dbener attacks. With respect to the second
item, labelled “perceived effectiveness” of the Gistiety being developed in Kenya, most
potential adopters and non-adopters were not aaloeit the outcomes of the field trial.
Similarly, in the last item (“preferred GM variedy'the majority of adopters and non-adopters
shared the same viewpoint, namely the insect-eegistgene should be transferred to a hybrid

variety. In other words, they prefer hybrid abope pollinated varieties.
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Table 5.7: Farmers’ awareness of the GM maize drivs, field trial outcomes and the preferred GM varigdy

Disagree Not sure Agree
Item 1: Stem borers as damaging insects N % N % N %
a. Stem borers have been found as the main predators hampering maize Adopters - - 13 8.7 78 52
production in Kenya Non-Adopters 42 28 17 113 - -
b. Studies showed that stem borers damages could vary from 15 to 45% maize Adopters - - 5 33 86 57.3
yield losses during an agricultural campaign Non-Adopters - - 51 34 8 5.4
Item 2: Perceived effectiveness of GM variety
c. First outcomes from GM maize trial testing in Kenya showed that the variety Adopters - - 78 52 13 8.7
developed controls stem borers Non-Adopters 10 6.7 49 32.6 - -
d. Technology developers assumed that the control of stem borers could improve Adopters 79 52.7 15 10
the yield gain up to 30% Non-Adopters 59 39.3
Item 3: Preferred GM variety
e. Recent studies conducted by assessing farmers' preferences towards hybrid or  Adopters 5 33 - - 86 57.3
open pollinated variety demonstrated that farmers have more interest in hybrid
variety Non-Adopters 9 6 2 14 48 32
*f. To guarantee success to GM technology, the gene of Bacillus thuringiensis Adopters 86 57.3 - - 5 3.3
should be incorporated into open pollinated maize seeds Non-Adopters 50 33.4 - - 9 6

X2 a(2)=119.13, p=0.000; 32 b (1) = 100.24, p = 0.000 ; 32 ¢ (2) = 23.88, p = 0.000 ; 2 d (1) = 10.81, p = 0.001; X e (2) = 7.43, p = 0.02; }2 f (1) = 0.22, p = 0.04
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5.4. Discussion and conclusion
5.4.1. Farmers’ knowledge of agricultural biotechnology aml GM technology in
Kenya

Overall, farmers in our survey presented a poomktedge of the core concepts of agricultural
biotechnology as well as on the GM technology Gsmilar findings of such a knowledge gap
were reported in the ex-ante study conducted arfemngers in Tanzania (Lewis et al., 2010).
Although selected farmers presented a high levéteshcy (88.7%) coupled with an effort of
communication by the technology developers, theistaf the field trials and the term refuge
area were not clear to many farmers. This lack radvkedge of refuge strategy was also
reported in Burkina Faso, even several years #feermplementation of Bt cotton (Sanou et
al., 2018). Nonetheless, our data showed that #jerity (85.3%) of farmers were aware about
the development of insect-resistant maize, withne&8% being aware of the collaborative

partnership for its development.

5.4.2. Misunderstanding of the GM maize variety objectivein Kenya

Even though communication efforts on the GM maizestbpment (via radio, TV, newspapers,
etc.) were mentioned by the farmers, their undedste of the objective of the introduced trait
(Bacillus thurengiengsoxin) was much lower, as only 14% of them cotyepbinted out stem
borer species as the target of Bt maize. More ## of farmers expected this variety to be
able to control all kinds of insects as well astgwsvest pests. This misunderstanding could
be related to poor GM technology communicationlss pointed out in a recent ex-ante study
of Schnurr and Mujabi-Mujuzi (2014) on Ugandan farm They argued that using sources
such as Radio/TV and newspapers in GM crop comnmatiait will be geared towards elites,
such as members of parliament, high-ranking camvants and media representatives, by which
farmers could misunderstand the content of theveledd message. Therefore, it is important to
organize the communication in a straight-forwardnne that allows farmers to improve
understanding and patrticipate in this contentioeisate (Ezezika et al., 2012; Lewis et al.,
2010). Misunderstanding of the GM technology obyecimight also lead to the misuse of GM

seeds, as shown in recent evidence from the Rircotise in Burkina Faso (Sanou et al., 2018).

5.4.3. Demand for insect-resistant variety in Kenya
The assessment of the most damageable insectsze praduction indicated that two different
insects groups hamper maize yields in the two regitall army worms in the West and stem
borers in the East. Given that Bt maize only tasgéem borer species, farmers in the Eastern

regions, where maize yield is lower and awarenés$iseoobjective of Bt maize is higher, are
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considered as the key beneficiaries of this teampol They also tend to have more insect
species affecting their maize plots as comparéaetéarmers in the West. In general, two main
species of stem borers (Biscaand C.partellug were identified by farmers, in line with
previous studies in Kenya (De Groote et al., 2@DD3; Hassan, 1998). Besides, the specie B.
fuscawas pointed out as the most damageable insedtichv@eems to be inconsistent with De
Groote et al. (2002), which report that this speges mostly observed in the Western region.
A change in pests dynamic might account for thisictvis partially a consequence of a global

warming (Sangle et al., 2015).

Overall, the development of the insect-resistanzengariety was positively perceived by all
farmers, in line with the presence of insect damagmaize production. However, our data
suggests that a variety that targets only stenrispecies, like the Bt maize under investigation,

will be most valuable in the Eastern region.

5.4.4. Factors influencing farmers’ intention to adopt GM maize

Based on the assessment of the impact of stem bpeeies, the Eastern region presented a
relatively higher potential in the adoption of Baixe variety (88%) compared to the Western
region (47%). In general, three factors (age, nurobstem borer species and environmental
benefits) were shown to influence farmers’ intemtio adopt. The number of stem borer species
was found to be the main determinant factor stattiag farmers facing more than one stem
borer species were more likely to adopt Bt maizensequently, this confirms the difference
between Eastern and Western regions regardingtieeatml adoption of a GM variety targeting
stem borer insects due to the average number of bteer species affecting both areas.
Regarding the socio-demographic profile, our maglejgests that older farmers were four
times more likely to adopt such GM variety in Westeegion (where the stem borer issues
were weakly perceived). The effect of age is inginat with most of the previous studies on
GM technology adoption (Todua et al., 2017; Chimmtiral., 2006; Fernandez-Cornejo et al.,
2005; Alexander and Van Moller, 2005), who indictitat younger farmers were more likely
to adopt GM varieties. Although army worm was pethtis the most damageable insect by
most Western farmers (93%), many older farmerkrstihembered the damage of stem borers
in the previous years, which may account for thkeiger share of farmers willing to adopt Bt
maize in the future. Moreover, it confirms the ttef an increase in fall army worm issues that
has emerged in the past years. The variables geedecation level and farm size had not
significant impact in farmers decision to adopt @Giize in Kenya. For gender and education,

our results are in line with those of Keelan e(2009) as well as Darr and Chern (2002). The
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positive impact of large scale farmers (Fernandem€o and McBride, 2002; Marra et al.,
2001) was not confirmed in our study, most likegchuse stem borer issues were highly

prevalent, regardless of the size of the farm.

Regarding farmers’ perceptions pertaining to thepéidn of the insect-resistant variety being
developed, environmental benefits of lowered peitiase had a positive influence in Eastern
region. This could be related to the fact that tégion is a rice growing area (based on
traditional irrigation). Similar positive percepti® of Bt cotton cultivation with less use of

pesticide was reported by Burkina Faso cotton predu(Sanou et al., 2018).

Regardless of the determinants of farmers’ intentem adopt GM variety, awareness of the
objectives of the improved trait (here, controlstém borer) seems to be crucial. Therefore,
potential adopters and non-adopters presented @posws considering the share of stem
borers in maize yields losses. When comparing thews on the current field trial outcomes
of the GM maize, both the potential adopters anataxopters were hardly aware about the
improvement of maize yields due to stem borersrobnfs such, awareness of the ongoing
field trial did not influence farmers’ decisionsohketheless, all the participants, regardless of
whether they were intended to adopt or not, shoavpreference for developing a GM hybrid
variety instead of GM open pollinated variety. Sanipreferences for hybrid varieties were

reported in a recent ex-post studies (Wang e2@l7; Mathenge et al., 2014).

5.5. Recommendations
The purpose of this study was to get insights ffarmers on the GM maize event in Kenya.
While looking at farmers mainstreaming in this eyehe study determined the key factors

influencing farmers’ intention to adopt the GM nm&atargeting stem borer species.

Building upon the findings of this study, two ma@tommendations can be formulated in the

light of policy and future research:

- The reinforcement of communication channels abddtt€chnology, and its objective
in particular, tailored towards farmers, as preslpadvocated by Guehlstorf (2008) as
a way to improve farmers’ awareness, and to av@drisunderstanding and misuse of
the GM seeds.

- The re-mapping of the distribution of stem borex@es and others damageable insects
(such fall army worm) in order to deploy the moseded GM varieties where it is
needed, i.e. in line with farmers’ preferences amdds. The upsurge of army worm
insects in Western Kenya, for instance, sparkedntexl of a re-assessment of pest
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dynamics in maize production and, related to this, the impact of global warming
(Netherer and Schopf, 2010).
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PART FIVE: GENERAL CONCLUSION
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Chapter 6: Conclusion

The overall objective of this doctoral dissertatisas to understand the farmers' perspectives
on agricultural biotechnology in Sub-Saharan Afriddis research was inspired by the
observation that farmers' voice was seldom accduifde in the fierce ongoing debate
concerning GM technology uptake in Sub-SahararcAfrin this thesis, farmers’ perspectives
on GM crops were analyzed for three specific GMp@wents (Bt cotton, biofortified sorghum

and Bt maize). The study was carried out in WestKkBa Faso) and East Africa (Kenya).

In this concluding chapter | will come back on tresearch questions identified in the
introduction chapter, and | will discuss the gehenglications of my findings, will make some
recommendations and reflect upon the limitationshef study as well as on future research

questions inspired by the current research.

6.1. Recapitulation of research questions

This dissertation tried to find answers to twelgsaarch questions, that were developed in line
to fill the existing gaps in the GM technology faéure in the context of Sub-Saharan Africa.

Considering the three GM crop events investigatesl recapitulation of research questions is

addressed as follows below.

6.1.1. Bt cotton event: research questions RQ1, RQRQ3, RQ4 and RQ5

The first four research questions were explorechapter 2.

RQ1 What is the level of understanding and knowdegigiong cotton farmers in Burkina Faso

about the core concepts of biotechnology and mueeiscally, Bt-technology?
RQ 2 What are the perceptions of cotton farmeBurkina Faso towards Bollgard 11®?

RQ3 What is the impact of the implementation of |I§aid 1I® on the pest management

practices applied by cotton farmers in Burkina Paso

RQ 4 How do cotton farmers evaluate the recentsda®tiby government in Burkina Faso to

suspend cultivation of Bollgard 11®?

Chapter 2 highlighted farmers’ experience with 8tt@n in Burkina Faso. It provided insights
towards farmers’ understanding and perceptions tabheumplementation and the use GM of

technology in cotton production. In addition, famniepinions in the recent decision endorsed
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by the Burkina Faso government to suspend Bt catked was analyzed in this chapter.
Findings from chapter 2 showed that:

« The knowledge level of farmers concerning biotedbawin general and Bt-technology
more specifically is limited and depends on theuation level and their role within
the GPC2.

* The regulatory oversight for the implementatiorBbitechnology is insufficient. The
risks associated to a non-implementation of a eefsigategy was ignored by both
farmers and fieldworkers.

* Farmers’ knowledge about suitable pest managenmmtegies is low. The specific
recommendation to apply two late insecticide sptaysontrol aphids and jassids was
not implemented.

* Even though different farming groups appreciatanibeme gain generated by Bollgard
[I® cotton adoption differently, the study foundatithe majority of the farmers were
satisfied. Further investigation concerning thassattion with the Bt seed pricing
policy revealed that there was a large divergeetwéden farmers organization and their
base.

« Finally, the government decision to forsake thedpation of Bollgard I[I® cotton in
Burkina Faso was badly perceived by the majorittheffarmers.

Regarding the key role played by the education Jévis finding is in accordance with previous

studies (Todua et al., 2017; Lewis et al., 2010ictviiound that the level of education was a
determining factor shaping farmers’ awareness atiMttechnology. Moreover, this study

supports the concern put forward by Renaudin ef28112) linked to the limited economic

benefit generated by Bt cotton for smallholder farsnn Burkina Faso owing to the high seed
price per hectare.

Research question five (RQ5) was examined in ch&pte
RQ 5 To what extent are the current characteristicdBt cotton in line with famers’

preferences?

In chapter 3, five key attributes related to cottere used to determine farmers’ preferences.
Using a discrete choice experiment it was showhahé#he attributes were factors determining
farmers’ preferences for cotton varieties. Ovefatlings of chapter 3 suggest that preferences

of farmers in Burkina Faso are mainly shaped bytimomic returns, the yields, the seed costs

12 GPC: Groupement de Producteurs de Coton (cotton farmers group)
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and the pesticide use requirements. The currerglolement of the cotton seeds through a
public private partnership was found suitable fug thajority of farmers. Similar studies in
Burkina Faso on farmers’ adhesion to the Bt seedcsovas previously reported (Méda et al.,
2018; Dowd-Uribe, 2014).

6.1.2. Biofortified Sorghum event: research questits RQ6, RQ7 and RQ8

The chapter 4 was developed following three re$equestions such as:

RQ6 What is the level of knowledge among farmer8urkina Faso about micronutrient
deficiency and transgenic biofortification?

RQ7 How do farmers in Burkina Faso value variouglsom seed attributes?
RQ8 How do characteristics of farmers influencenkens’ preferences for sorghum attributes?

In this chapter, first farmers’ awareness aboutomatrient deficiency was assessed. To assess
the preferences, a discrete choice experimentdiausix potential attributes of sorghum was
developed. A latent class model was used to stadydrs’ preference for sorghum varieties.

The findings of chapter 4 mainly revealed that:

» the awareness of farmers on the micronutrient wefoy issue was proven but there

was limited knowledge on transgenic biofortificatio

* micronutrient content, price and yield are sigrifit determinants of the preference of
farmers for sorghum varieties;

» the seed sector and seed saving activities mattera key factor in the acceptance of
transgenic sorghum,;

« overall more than 60% would be willing to cultivatéransgenic sorghum variety.

6.1.3. Bt maize event: research questions RQ9, RQIRQ11 and RQ12

The last four research questions were exploretiapter 5.

RQ9 To what extend are farmers aware about thd@@wvent and the implementation of GM

technology in maize production in Kenya?
RQ 10 How is farmers’ understanding about the dbjeof this technology?
RQ11 What determines farmers’ intention to adoBhMmaize variety in Kenya?

RQ 12 What are the key differences between farifnens the Western and Eastern regions of

Kenya?
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In chapter 5ex-antefarmer research was conducted to evaluate thenfatef Bt maize in
Kenya. The assessment of socio-economic deternsirveas considered in this GM event as
required following the Cartagena protocol. Thisptlea also determines farmers’ intention to
adopt GM maize variety and identifies the keyset#hces between Western and Eastern

regions farmers. Findings of chapter 5 could bersanzed as follow:

* Only few Kenyan farmers (14%) correctly associatenBize with stem borer.

e There are regional differences in perceived sterarimpacts and intention-to-adopt.

e The number of stem borer species is the key fdotdhe future of Bt maize.

Findings of this chapter suggest that additionahrrwnication efforts are needed to reverse

incorrect perceptions about Bt maize.

6.2. Comparative discussion on farmers’ perspectigeon different GM crop events

6.2.1. Comparing the perspectives on GM cotton and biofoitied sorghum attributes

The first generation or wave of new agriculturaltbthnology contained input traits such as
herbicide and pest tolerance, offering advantagdarmers in the production phase without
changing the final product. The second generatfayenetic modifications focuses on output
traits such as improved nutritional features amt@ssing characteristics. While there has been
quite some attention for the attitudes of consunt@rards GM crops, with a number of authors
even comparing the attitudes of consumers towarstsaind second generation GM crops (eg
Klervi et al., 2007; Stewart and Mc Clean, 2008¢ preferences and acceptance by farmers
have been researched far less (see eg. Chong, R608ph and Jussaume, 2006; Birol et al.,
2008; Areal et al., 2011; Skevas et al., 2012; Maihda Silveira, 2016), with no studies among
sub Saharan African farmers.

In this PhD, | specifically studied the preferenoés group of farmers in Burkina Faso both
for a first and second generation GM crop. In BoakiFaso, Bt Cotton, a first generation GM
crop has been commercially cultivated between 2ZWB7 while African Biofortified
Sorghum, a second generation crop is in the fiedd $tage. Because the same farmers are
considered, we can get insight in the differenoeatiitude of farmers towards these two types
of biotechnology innovations.

When looking at the results of the conditional togom the cotton CE (table 3.5) all the
attributes were significant determinants of thefgnences of farmers. Cotton farmers prefer
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higher yields, and dislike varieties requiring mansecticide treatments or being more
expensive. They also prefer public-private develepmof seeds above a pure private
development. The attribute related to the agricaltypractices and that for public seed
development were not significant. It is also ingtirey to see that 51% of the farmers prefer the
status quo. In this light it is interesting to ndtat this holds most for the part of the sample
cultivating Bt cotton. This confirms earlier stuslithat found that farmers are quite satisfied

with the advantages of Bt cotton.

In the conditional logit model for sorghum (tablé@all attributes are significant. Again
farmers, as expected, prefer higher yields andr@niees. Also, the negative attitude towards
pure private crop development is confirmed and eaepositive attitude towards public
development is found. In addition farmers posljivevaluate the addition of micro-nutrients
to the sorghum varieties, which is of course cilumathe ABS project. Finally, the model
output confirms that farmers prefer short matusnageties. A point which is surprising is that
farmers seem to be quite keen on changing theietydior a new one (with only 27 % opting

for the status quo).

To be able to interpret and compare the resulbotf choice experiments better, the WTP for
attribute changes was calculated and expresseds of % of the status quo price in table 3.7
for cotton and table 4.8 for sorghum. It is intéiregto see that the WTP in % of current price
for extra yield is clearly lower for cotton thanrfsorghum. A reason for this might be that
sorghum is a food crop and a subsistence crogeifetiming systems in Burkina Faso.

For the change from private to public/private parship seed development, farmers are
prepared to pay respectively 12% of the Bt cottocepor 21 % of the sorghum price.

While a reduction in insecticide treatments is dle@alued by the farmers, the WTP for

eliminating one treatment is not that high. Thisldgooint to the fact that the current price of
Bt might be set too high. For sorghum it is quitékeng that farmers would be prepared to pay
double the current price for the addition of themnutrients. This is an important finding for

the ABS project.

Results show that farmers have a clear intereffitarcharacteristic of pest resistance and are
overall quite satisfied with the current configumatof the Bt cotton crop. Moreover, farmers
are very open to the addition of micronutrientstie sorghum. Given that it concerns a
subsistence crop they seem to reason mainly asucans, appreciating the health benefits.
Further research should reveal whether such clesitiye attitude towards a biotechnology
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crop, is influenced by the mainly positive expeces with BT cotton. Another interesting
finding is that for both crops farmers seem toikisthe fact that the crop is developed and
commercialized purely by the private sector. Thegns to agree that the role of the public
sector is to induce private research and to conesetarch that will benefit those neglected by
the private sector (Pray and Naseem, 2007). Thigiseems to be even more sensitive for a
food crop like sorghum. Further research could $ocn the preference heterogeneity of the
sampled farmers. In addition, it would be interggtto see how the experiences with a
commercialized GM crop (Bt cotton in this case) tabate in shaping the preferences of
farmers towards newly introduced crops.
6.2.2. Comparing perspectives between countries with diffent levels of experience on
GM crops
In this section, the level of knowledge and thecpption between Burkina Faso and Kenya
farmers were compared. Thus, from this thesisifigs, it has been clearly revealed that overall
selected farmers whether in Burkina Faso or Kengsgnted a poor knowledge about the
theory behind the core concept of agriculture lmbt®logy. Similarly, knowledge of farmers
was found limited about the implementation of GMhieology through the three GM events
investigated. Moreover, farmers’ awareness abaibthectives of Bt cotton (Burkina Faso)
and the Bt maize (Kenya) were badly interpretednosunderstood. Subsequently, the
misunderstanding of the Bt cotton objective negdyivmpacted farmers practices regarding
the respect of the required number of insectididatinents. Therefore, the study suggests that
the experience of Burkina Faso with Bt cotton cogdtve as a suitable example to improve
Kenyan farmers’ awareness to the objective of tiv iBaize event before its commercial

release.

Globally, selected farmers presented a positivecqmion whether considering the
development of the first (Bt maize and Bt cottom) aecond (biofortified sorghum) generations
of GM crop. The lower use of pesticides as wethashealth and environmental benefit through
the cultivation of an insect-resistant variety (meaior cotton) were positively perceived.
Furthermore, the environmental benefit was founikta significant determinant factor driving
the Eastern farmers in Kenya in the adoption ofrBize variety. Likewise, the increase of
micronutrient in sorghum seeds was hotly appredidtee to the awareness of the majority of

farmers to the micronutrient deficiency.
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6.2.3. Comparing the impact of the socio-demographic andafrm characteristics on GM
events

Analyzing the outcomes from farmers’ perspectivedhe three GM events investigated, the
socio-demographic and farm related factors wenetifiled as key determinant parameters. For
instance, the level of education had a signifigaupact on farmers’ knowledge to the use of Bt
cotton in Burkina Faso. Farmers with high leveledlucation were aware about the main
objective of Bt cotton. Similarly, the impact ofeaggzas underlined in the intention to adopt GM
maize in Kenya. In West Kenya older farmers areeanlikely to adopt a GM variety than
younger farmers. Finally, the previous experiendé Bt cotton variety in Burkina appeared
to be the determinant factor leading farmers tgpadafortified sorghum variety in Burkina
Faso.

Concerning the farm related characteristics, faime siad a significant effect on farmers’
perception on the economic benefit of Bt cottorBurkina Faso. If the study showed that
medium and large farmers groups were quite salis$imall-scale farmers presented an overall
skepticism about the economic benefit. Similaretéhces were reported when comparing
farmers’ willingness to pay (WTP) for non-seed catstibutes with GM cotton varieties. The

small farmer group presented the highest WTP farawving their cotton yield.

Another farm related factor identified was the stearer species faced in maize farms in Kenya.
The study yielded that the number of stem borecispeaced by farmers is a key factor for
future adoption in both regions (East and West).

6.3. Implications and recommendations

Conceptually, this dissertation contributes todhgoing debate about GM technology uptake
in Sub-Saharan Africa. It provides insights frommiars based on the local contexts in Burkina
Faso and Kenya. This thesis demonstrated that farmeice can be put to use in the public
debate and consultation about the development,emghtation or regulation of agricultural
biotechnology. However, there are certain practicgllications and recommendations that

need to be considered to better value farmergidds towards GM crops.

6.4.1 Empirical contributions

The findings of this study add to the literature farmers’ voices about agricultural
biotechnology implementation in Sub-Saharan Afri€@8A) farming systems. While the GM
technology uptake has been controversial in Afr{€owd-uribe and Bingen, 2011; Abidoye
and Mabaya, 2014), and currently driven by a fieleleate between proponents and opponents
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(Mabaya et al., 2015; Okeno et al., 2013), farmepshions were rarely accounted for (Hall,
2008). Thus, this thesis dissertation makes a figsiocontribution to debate about the GM
technology development and implementation by exargirAfrican farmers’ perspectives
towards insect-resistant varieties as well as #otiiied crop. It came up with new insights
from West (Burkina Faso) and East (Kenya) Africamfers, that could help to make future
adoption of GM crops more successful. The studyatestnated that farmers could play a key
role whether accepting or rejecting the GM vargeti¢heir expectations do not match with the
objective of the GM technology. Farmers’ decisioaking will prove crucial to determine the
fate of the technology (Schurman, 2017). Thesearekefindings also questioned the theory
that younger farmers seem to be more likely to ade agricultural technology, as reported
in previous studies on GM seed adoption (Todu&,&2@17 ; Chimmiri et al., 2006 ; Fernandez-
Cornejo et al., 2005).

Methodologically, this research applied Choice Expents (CE), focusing on some key
attributes of GM crop varieties. To the best of knowledge, the CE approach was almost
non-existent in literature as method used in threeod of SSA considering the adoption of GM
technology by farmers. The study shows that noy ohé characteristics of the crops are
important for the choice of farmers, but also thstitutional aspects. The inclusion of these
aspects is perhaps the most innovative part offipdication of CE in this study, because it
helps to understand farmers’ preferences from didimkensional perspective (Saldias, 2016).
The CE outcomes shed some light on the influenabefeed provenance, whether public,
private or public-private partnership on farmersfprences. The GM seed source has been
one of the main concerns championed by GM opporeetause of their fear for a new form
of domination of international biotechnology firlBowman, 2015). The CE findings also
underlined farmers’ preferences taking into accotn& farm size. The assumption that
wealthier farmers are more likely to adopt GM crapsSSA (Azadi et al., 2011), was not
confirmed, perhaps owing to the institutional caihfeaming GM crop distribution in our study
areas. The main advantage of using CE is thasitlna potential to generate rich information
for policy-makers (Saldias, 2016), in this partaautase on the preferences for GM crop traits
(insect-resistance, biofortification).

6.4.2 Recommendations

Firstly, while the experience of Burkina Faso wighcotton was perceived as a sustainable
agricultural model, crucial knowledge gaps in terofisfarmers’ understanding about pest

management and compliance with the refuge strategyg identified. Hence, this extends to
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the general role of the government to create publicareness about biotechnology.
Furthermore, the study suggests adoption of a neltidisciplinary assessment approach will

be required, taking into account parameters sud¢arasrs' behavior.

Secondly, analyzing farmers’ preferences for tharatteristics of GM varieties, whether the
first (Bt cotton) or the second generation (biaf@mtl sorghum), the study suggests that pure
private seed providers were badly perceived. Ia f@rspective, we recommend a stronger
government involvement in the development of newdpcts (public or public-private
partnership). The role of the government shouldheng other things to create awareness, as
well as participate in the eventual distributiortlod transgenic seeds.

Thirdly, building upon the findings of this studywards the Bt maize development in Kenya,

two main recommendations were formulated in thietlaf policy and future research.

The reinforcement of the communication channelsiakiM technology, and its objective in
particular, tailored towards farmers, as previowlyocated by Guehlstorf (2008) as a way to
improve farmers’ awareness, and to avoid the misti&M seeds.

The re-mapping of the distribution of stem boreg@es and other damaging insects (such army
worm) in order to deploy the most needed GM vaggtin line with farmers’ expectations. The
upsurge of army worm insects in Western Kenya,ifigtance, sparked the need of a re-
assessment of pest dynamics in maize productiolchvieems to be reinforced by the global

warming (Netherer and Schopf, 2010).

6.4. Limitation of the study and future research
Like all research undertakings, this dissertati@s Wwased on a specific research context. The
study poses some limitations that deserve to beadedged. Highlighting these limitations

also provide opportunities for future research.

The first limitation from this study refers to thember of traits of GM crops investigated. Even
though the study considered the implementation bf 8chnology on food (maize and
sorghum) and non-food (cotton) crops, other GMdrauch drought tolerance (DT), stacked
insect resistant (IR)/DT, virus resistance, etcldde used to extend farmers’ perspectives on
GM crops. For this purpose, a future research tgpikito account other GM traits will be useful.

From the second limitation, the sample size codddentified in the assessment of farmers’
preferences towards biofortified sorghum. The usth@® Choice Experiment (CE) data could

be limited for other analysis owing to the sma#lesbf farmers interviewed. Similar to the
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sample size, the number of farmers surveyed irctise study of Kenya was insufficient to
come up with an prediction model. Moreover, thelgtonly focused on East and West regions.
Given that a regional impact was demonstratedeakek determinant for future adoption of Bt
maize in Kenya, the consideration of the other foegions in future research would be

interesting to see whether or not others factoudcbe identified as determinant parameter.

Finally, the limitation related to the GM cottorugdy could be linked to the limitation of the
statistical analysis performed. The study did motsider the heterogeneity impact which could

be conducted to group farmers according to theici§ip preferences.
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Appendices

Appendix Al. Original survey questionnaire for cotbn producers
Fiche d’enquétes socio-économiques au Burkina Faso (2015/2016)

« Connaissance, attitudes et Préférences des producteurs vis-a-vis de la Biotechnologie dans le
systéme agricole burkinabé : Cas du coton transgénique Bollgard Il (Coton Bt) »

ZONE & o Nom du Producteur & ..........cooooiiniieiinie e
GPC/Position : ............... Type de Coton : ............... AnnégE................
Village: .........ccceoevevieeveveee. Agerl ............ Sexe: .........(O=ffnme; 1=Homme)
Superficie totale : ............. ha superficie coton:........ ha.

Options de réponses :

1: Pas du tout d’accord 2 : Pas d’accord 3 : Partiellement en désaccord
4 : Partiellement d’accord 5 : D’accord 6 : Tout a fait d’accord
7 : Aucune idée 8 : Neutre (ne préfere pas se prononcer)

1. Sampling design
Sample: 324 Farmers in 3 Districts (Bobo, Dedougou and Koudougou)
Pairwise comparison regarding :

- Bt cotton farmers (162) and Non Bt farmers (162) = 324 farmers

- Type of farmers: Small (108), Medium (108) and Large (108) = 324 farmers
2. Overviews of the questionnaires

a- Farmers knowledge about Bt Technology (10statements)

(Yes/No)

b- How farmers perceive both varieties (Bt or non Bt) in term of agricultural practices (15
statements)
(True/False/Don’t know)
c- Farmers opinion about Bt technology advantages (7 statements)
(7 points Likert scale: 1:Strongly disagree...........4: Neutral............7: Strongly agree)
d- Health benefit and environmental protection (5 statements)
(True/False/Don’t know)
e- Farmers opinion about Bt seed cost (3 statements)
(Yes/No)
f-  Number of sprays (1 statement)
g- Decision to forsake Bt cotton (1 statement)
(3 points Likert scale: Agree/Neutre/Disagree)
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Questions

Réponse

I- Connaissance des producteurs sur le concept de la « biotechnologie » et
le coton transgénique Bollgard Il
1.a Concept de la « biotechnologie »

Question 1 : Avez-vous déja entendu parler du concept « Biotechnologie » ?

Question 2 : Savez- vous que la biotechnologie est un produit de la biologie
moléculaire, basée sur la manipulation des génes permettant par moment d’ajouter

des micronutriments dans les variétés initiales ?

Question 3 : le coton Bt est un produit biotechnologique

Question 4 : Avez-vous déja entendu parler d’autres variétés biotechnologiques autre

que le coton Bt ?

1.b Technologie « Bt »

Question 5 : le coton transgénique est issu de I'introgression du Bacillus thuringiensis

(Bt) suite a un croisement entre la variété locale (FK37) et la variété américaine

(DP50)

Question 6 : Savez-vous le Bacillus thuringiensi¢Bt) est une bactérie dont le géne
permet a la plante de s’auto-défendre naturellement contre les ravageurs cibles

(lépidopteres) grace a sa toxine dégagée au stade de Préfloraison-Floraison?

Question 7 : Avec le coton Bt, il n'y a que deux (2) traitements phytosanitaires destinés

a contréler les insectes piqueur-succeurs

Question 8 : Avez-vous suivi une formation et/ou des essais démonstratifs pour la

culture du Bollgard Il ?

- Opinions des producteurs sur I'efficacité de la « technologie Bt »
2.a Exigence de la production et du travail
Question 9 : En terme de dosage, la production du coton Bt exige les mémes quantités

en fumures organiques et minérales requise par la recherche

Question 10 : La culture du coton Bt n’affecte aucunement mes pratiques culturales

(labour, semis, sarclage, buttage, etc...) en terme de production

Question 11 : Ma main d’ceuvre familiale et/ou extérieurs reste inchangée dans la

production du coton Bt

Question 12 : En cultivant le coton Bt, ma quantité d’insecticides a I'hectare est réduit

au 2/3 (2 traitements au lieu de 6)

Question 13 : hors mis la réduction du nombre de traitement, la culture du coton Bt

pressente les mémes exigences que le coton conventionnel
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2.b Comportement de la plante
Question 14 : Le taux de germination des semence Bt ne présente pas de différence

particuliere comparativement aux semences du conventionnel

Question 15 : Le taux de « shedding » (verse des capsules) a considérablement

diminue depuis que je produis le coton Bt

Question 16 : Grace a sa résistance naturelle aux chenilles, la plante Bt porte plus de

capsule comparativement aux conventionnels

Question 17 : Le cycle de production du coton Bt reste le méme que celui du coton

Conventionnel

2.c Controle des ravageurs (traitements phytosanitaires)
Question 18 : Depuis que je cultive le coton Bt, les attaques des chenilles ont

quasiment disparu ?

Question 19 : Jamais je n’ai eu recours a un/deux traitement(s) insecticides contre les

chenilles depuis que je cultive le coton Bt

Question 20 : La variété transgénique que je produis résiste tres bien aux attaques des

|épidoptéres

2.d Temps de travail
Question 21 : Avec le coton Bt, j’économise plus en temps de travail avec la réduction

du nombre de traitement

Question 22 : L'entretien de mon champ est plus facile dans la production du coton Bt

Question 23 : Avec le coton Bt, la pénalité du port des appareils de pulvérisation est

assez réduite

- Opinions des producteurs sur le « Gain » en rendement coton-graine et la
rentabilité, engendré par la « technologie Bt »
Question 24 : La variété transgénique que je cultive m’a permis d’améliorer mon

rendement coton-graine (15 a 20%)

Question 25 : Avec le coton Bt, mon revenu net a augmenté comparativement a la

variété conventionnelle

Question 26 : Depuis que j’ai commencé la production du coton Bt, j'arrive a subvenir a

assez de mes besoins familiaux

Question 27 : Depuis que j’ai commencé la production du coton Bt, j’arrive a améliorer

mon cadre de vie

Question 28 : le gain engendre par la production du coton Bt m’aide a élargir mes

champs de céréales (Mais, Mil, Sorgho, etc.)
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Question 29 : Depuis que mon GPC produit le coton Bt, nous arrivons a couvrir nos

crédits auprés des sociétés cotonnieres

Question 30 : Depuis que je cultive le coton Bt, j'envisage de plus en plus

I’élargissement de la superficie de mon champs au fil des campagnes agricoles

V- Opinions des producteurs sur la préservation de la santé
humaine/animale et des risques environnementaux
Question 31 : La réduction du nombre de traitements insecticides préserve ma sante et

celle de ma famille

Question 32 : Grace a ces deux traitements phytosanitaires dans mon champ de coton

Bt, les maux apres pulvérisations ont considérablement baissé

Question 33 : Avec moins de quantité d’insecticide utilisée dans la production du Bt, on

préserve nos sources d’eau

Question 34 : Avec le coton Bt, le stock d’insecticides a nettement diminue dans nos

magasin et préserve I'environnement aussi

Question 35 : Mon bétail broute dans mon champ de coton Bt sans étre dommage

Question 36 : Dans mon champ de coton je constate la présence des abeilles au state

floraison

V- Opinions des producteurs sur le cout de la semence Bt
Question 37 : Avez-vous une idée sur la fixation du prix de la semence Bt ? (Cout
(semence conv+6Traitements insecticides) = Cout (semence Bt+ 2traitements

insecticides))

Question 38 : le prix de la semence (26.000F pour 2015/2016) est abordable

Question 39 : Avec le cout actuel de la semence, j'arrive a couvrir mes crédit avec les

sociétés cotonnieres

VI- Opinions des producteurs sur la décision d’abandonner le coton Bt
Question 40 : Avez-vous été informe de la décision de réduire la superficie du coton Bt

par les sociétés cotonniéres au cours de la campagne 2015/20167?

Question 41 : Savez-vous ce qui a pousser le gouvernement a suspendre le coton Bt

pour la campagne 2016/2017 ?

Question 42 : L’abandon du coton Bt est dans I'intérét des producteurs avec les

conditions de production actuelle
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Appendix A2. Sample of Discrete Choice Experimentusveys with

Choice Experiment Cotton: Towards small farmers
(inferior or equal to 2ha)

Codification du CE

X1: Rendement (Kg/ha) 1=675 2=750 3=900
X2: Provenance de la technologie 1= publique 2= prive 3= partenariat Publique/prive
X3: Nombre de traitements insecticides 1=2T 2=4T 3=6T

X4: Cout de la semence (Fcfa/ha) 1=10.000 2= 17.000 3=25.000 4=30.000

X5: Pratique Culturale traditionnelles 1= pas de changement 2: changement necessaire
B1-1 Alternative 1 Alternative 2 Alternative 3
Rendement Kg/ha 675 900 750
Provenance de la Partenariat Prive Publique
technologie publique/prive
Nbre de traitements 4T 2T 6T
insecticides
Cout semence Fcfa/ha 17.000 10.000 25.000
Pratique Culturale Changement Changement Pas de changement
traditionnelle necessaire necessaire

A4 : Je prefere maintenir ma facon de produire le coton a I’etat selon les conditions actuelles

.................. Y RSO

A5 : Aucune des alternatives ne m’interesse J envisage abandonner la culture du Coton

.............. Y RSO

Laquelle des alternatives ci-dessus presentees preferez-vous? A1/ A2/A3/A4/A5
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Choice Experiment Cotton: Towards Medium farmers
(Acreage: Superior to 2ha and inferior or equal to 5ha)

Codification du CE

X1: Rendement (Kg/ha) 1=900 2=1.000 3=1.200
X2: Provenance de la technologie 1= publique 2= prive 3= partenariat Publique/prive
X3: Nombre de traitements insecticides 1=2T 2=A4T 3=6T

X4: Cout de la semence (Fcfa/ha) 1=10.000 2= 17.000 3=25.000 4=30.000

X5: Pratique Culturale traditionnelles 1= pas de changement 2: changement necessaire
B1-1 Alternative 1 Alternative 2 Alternative 3
Rendement Kg/ha 900 1.200 1.000
Provenance de la Partenariat Prive Publique
technologie publique/prive
Nbre de traitements 4T 2T 6T
insecticides
Cout semence Fcfa/ha 17.000 10.000 25.000
Pratique Culturale Changement Changement Pas de changement
traditionnelle necessaire necessaire

A4 : Je prefere maintenir ma facon de produire le coton a I’etat selon les conditions actuelles

.................. Y RSO

A5 : Aucune des alternatives ne m’interesse J envisage abandonner la culture du Coton

.............. Y RSO

Laquelle des alternatives ci-dessus presentees preferez-vous? A1/ A2/A3/A4/A5
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Choice Experiment Cotton: Towards Large farmers

(Superior to 5ha)
Codification du CE
X1: Rendement (Kg/ha) 1=1.200 2=1.350 3=1.600
X2: Provenance de la technologie 1= publique 2= prive 3= partenariat Publique/prive
X3: Nombre de traitements insecticides 1=2T 2=4T 3=6T

X4: Cout de la semence (Fcfa/ha) 1=10.000 2= 17.000 3=25.000 4=30.000

X5: Pratique Culturale traditionnelles 1= pas de changement 2: changement necessaire
B1-1 Alternative 1 Alternative 2 Alternative 3
Rendement Kg/ha 1.200 1.600 1.350
Provenance de la Partenariat Prive Publique
technologie publique/prive
Nbre de traitements 4T 2T 6T
insecticides
Cout semence Fcfa/ha 17.000 10.000 25.000
Pratique Culturale Changement Changement Pas de changement
traditionnelle necessaire necessaire

A4 : Je prefere maintenir ma facon de produire le coton a I’etat selon les conditions actuelles

.................. Y RSO

A5 : Aucune des alternatives ne m’interesse J envisage abandonner la culture du Coton

.............. Y RSO

Laquelle des alternatives ci-dessus presentees preferez-vous? A1/ A2/A3/A4/A5
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Appendix A3. Questionnaire of Biofortified sorghumsurveys in Burkina Faso

Connaissances et Perceptions du Producteurs vis-a-vis du Sorgho Bio fortifié

1. Sur les faits

1:Oui 2 :Non 3 : Sans opinion

Importance du sorgho

Je cultive le sorgho pour ma propre consommation

Ma production de sorgho est uniguement destinée a la vente

Ma production de sorgho est en partie consommée et transformée en
DOLO pour vendre

Le sorgho constitue notre alimentation principale aprés le mais et le
mil

Chaque campagne agricole, je cultive le sorgho

Origine de la semence

Ma semence de sorgho provient de ma production antérieure

Je paie rarement ma semence de sorgho avec les structures de
semences

L’origine de ma semence importe peu

Sorgho bio-fortifié et régime alimentaire au Burkina

Saviez-vous que les études de la sante publique au Burkina ont révélé
I"'absence des carences récurrentes en vitamine A, fer et Zinc aupres
des enfants de moins de 5 ans et des femmes en ceinte surtout ?

Saviez-vous que ces carences peuvent étre la cause de certains
maladies ?

Vous ou un membres de votre famille a-t-il déja souffert d’'une
carence du a I'absence de ces éléments?

Saviez-vous que ces éléments sont dans le Sorgho et peuvent étre
améliorés ou enrichis ?

Avez- vous déja entendu parle du sorgho bio-fortifie ?

saviez- vous que le Burkina a souscrit a un programme
d’enrichissement du sorgho local pour apporter plus d’éléments
comme la vitamine A, le Zinc et le Fer?

2. Opinions du producteurs
1: Tout a fait d’accord 2: D’accord 3: Sans opinion 4: Pas d’accord

5: Pas du tout d’accord 6: Aucune réponse

Faut-il aller vers le Sorgho bio-fortifie ?

Pensez-vous que ce programme de sorgho bio-fortifie est
la bienvenue ?

Pensez-vous que c’est approprié d’améliorer une variété
en élément minéral comme le sorgho ?
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Seriez-vous disponible a apprendre plus sur ce programme
de sorgho bio-fortifie ?

Conditions d’adoption ?

Je suis régulierement informe des activités de la recherche
sur les variétés améliorées

Je participe régulierement aux foires d’exposition des
découvertes de la recherche

Je crois que le sorgho bio-fortifie devrait étre mieux
explique au producteurs par les structures compétentes

La semence du sorgho bio-fortifie devrait étre disponible
au méme prix que celle de la variété locale

Limites probable a 'adoption ?

Je préfére continuer avec la variété de sorgho local

Je produirai le sorgho bio-fortifie a condition que le
gouvernement donne son accord

J'ai une mauvaise expérience avec les variétés présentées
comme amélioré

Je produirai le sorgho bio-fortifie que si le prix est
abordable
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Appendix A4. Sample of DCE surveys for sorghum prodcers in Burkina

Choice Experiment Cards for Sorghum Biofortified (Burkina Faso surveys)

ZONE: ittt e e

B1S1 Alternative 1 Alternative 2
micronutrient added oui non
Seed cost (Fcfa) 3.000 5.000
Crop development PP Public
Productivity (yields per ha) 650 850
Days to maturity 110 80

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho

B1S2 Alternative1 Alternative 2
micronutrient added oui oui
Seed cost 4.000 3.000
Crop development Private PP
Productivity (yields per ha) 750 850
Days to maturity 110 70

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho

B1S3 Alternative 1  Alternative 2
micronutrient added oui non
Seed cost 3.000 5.000
Crop development Public Public
Productivity (yields per ha) 750 850
Days to maturity 70 110

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho
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Alternative 3
non
4.000
PP
1.000
70

Alternative 3
non
5.000
Public
650
95

Alternative 3
non
4.000
PP
850
95

Alternative 4
oui
4.000
Private
750
95

Alternative 4
non
3.000
Private
1.000
80

Alternative 4
oui
3.000
Private
650
80



B1S4 Alternative 1 Alternative 2

micronutrient added non oui
Seed cost 5.000 3.000
Crop development Private PP
Productivity (yields per ha) 650 850
Days to maturity 110 95

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho

B1S5 Alternative 1  Alternative 2
micronutrient added non oui
Seed cost 3.000 5.000
Crop development PP Public
Productivity (yields per ha) 850 1000
Days to maturity 110 95

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho

B1S6 Alternative 1  Alternative 2
micronutrient added non oui
Seed cost 4.000 5.000
Crop development PP Private
Productivity (yields per ha) 650 750
Days to maturity 70 95

Alternative 5: je préfere ma production

actuelle

Alternative 6: j'envisage abandonner la production de
sorgho
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Alternative 3
oui
4.000
Public
1000
70

Alternative 3
oui
3.000
Private
650
80

Alternative 3
oui
3.000
PP
1000
110

Alternative 4
non
5.000
PP
750
80

Alternative 4
non
4.000
Public
750
70

Alternative 4
oui
3.000
Public
850
80



Appendix A5. Questionnaire toward surveys in Kenya

Questionnaire Sheet Assessing Farmers’ Knowledge,ereption, Preferences and
Opinions towards GM Maize adoption in Kenya farming systems (Survey of May 2017)

Socio-economic characteristics

Location (Region): ..........ccceevvvevvvevnnenenn.... Village: oo

Name of household head: ...........c..ccoviii i, Age: ............

Gender: ......... (O=Female; 1=Male) Active members indehold:..................

Household total acreage: .............acre Total acredddaive:............. acre

Total acreage for other crops:  .............. ) F TR )
.............. ( ) PETRURURTR | ) e e

Level of education: ......

1- llliterate

2- Primary school
3- Secondary school
4- College
university

(63}
1

*Formal agricultural training
(optional)

Maize seed provenance : .........

1. Farm saved (recycle) seed
2. Commercial seed

Type of variety used: ............

1- Hybrid maize
2- Open Pollinated Variety

Name of the maize variety grown:

Days to maturity: .......... months

Please list the materials of the household use
for tillage operations: ..................

1. Plough

2. Tractor

3. Human labor

4, Others: ...ocooviiiiiiiii e,

Do you belong to a farmer
organization?................. (1=Yes; 2=No)

Ifyes, name it ......cooeviiiiii e

Your position over there: ......

1. head
2. Other official
3. Regular member

How many bags of maize have you get this
year? ...oooiiiiiiinnnn.

How many bags of maize did you sell on the
local market? ...l

How many times you cultivate maize during 8

d

1. Constraints and Factors affecting maize productin in Kenya farming system
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1.1 Water availability and soil fertility are commonly known as natural constraints
affecting agricultural production in SSA countries. Except those aforesaid factors, could

you please list if known others factors which affeécyour maize production?

1.2 According to your experience in maize productio and based on your current

agricultural practices, how do the following factos ( table below) constraint your current

maize production?

Notation to follow 1: No effect; 2: Minor effect; 3: Neutral; 4: Madge effect; 5: Major effect
NB: It's not about the cost effect but effect saslguality and/or damage caused

Identified factors Level of Affect

Quiality of seed (quality of variety grown)

Farming practices (tillage system and operations)

Weed control (method used)

Insect and disease management

Fertilizers used (quality and mode of application)

Quiality of herbicides and insecticides used

Harvest storage conditions

2. Appropriateness to develop an insect-resistanaviety

2.1 Insects and diseases are stated by entomologisis major constraints affecting the
yield in maize production in SSA.

- Do you agree with? .......... (1 =Yes; 2=No)

- If Yes, could you please list if know insects amdliseases which usual damage your maize
production?

LSS0 £

B [T (=Y
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2.2 According to the damage of insects and diseagbsat you are usually facing in your

maize field, could you please state through the fige below which part (s) is (are)

commonly attacked? Please use this frequency notati (1 to 5) to value the parts

attacked. 1: never; 2 rarely; 3: sometimes; 4. ofte 5: always

Tassel

Ear

Leaves

Stem

Brace roots

Roots
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2.3 Based on the stages of maize plant growth, ddwyou please indicate how important
Is the insect and disease damage at each stage m@idpiction? Please score from 1 to 5:

1 = not at all important; 2 = of low importance; 3= neutral; 4 = moderately important;

5 = very important.

Stages of maize production Level of insect/disease
importance (1 to 5)

From planting to seed emergence

Knee height stage

Silk appearance and pollen shedding

Milk stage

Roosting/boiling stage

=~ ol al o o ®

Drying of kernels (biological maturity)

2.3 Stem borers are stated as the main insects dagiwag maize fields in SSA countries.
Among the four insects listed below, could you plesg give an estimation of the level of
problem that you usually face in the control of thge insects? Please follow this notation:

1 =not at all a problem; 2 = minor problem; 3 = noderate problem; 4 = serious problem.

i. Chilo partellus.......... ii. Busseola fusca........
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iv. Sesamia calamistis........

3. Knowledge towards biotechnology core concept artdM crop Implementation

3.1 Since 2000 Kenya Research has been testing aaréety called GM maize. GM or Bt
maize is an insect-resistant variety and could giewer to the maize plant to control itself
from some predator attacks.

a. Have you ever heard about this ongoing event? ........(1 = Yes; 2 = N0)
b. If yes, how? ............ (Please select from the follang possible ways)
1- Friends 2- Extension officer 3-Newspapers (iregd 4- TV/Radio
5- OtherS: ..

3.2 Could you please select one response amordydhaices based on the following questions

1- by Kenya national research only
2- in collaboration with other international orgzetion

3- by a private research center

1- control all kind of insects in maize production

2- avoid the loss of post-harvest in maize prodauncti

3- control only stem borers
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3.3 GM crops are biotechnology products. For insga@M maize is also calleBacillus
Thurengiensig(Bt) maize. Could you please give your understagdas regards with the

following points.
a. Have you ever heard about the concept of biatdogy?...................... (1=Yes; 2=No)

If Yes, please explain what you understand?....... (0- No idea 1-Totally unclear 2- Unclear

3-More or less Clear 4-Clear 5- very clear)
b. Have you ever heard ab@#cillus Thurengiensi@Bt) ?........c.ccccevveee. (1=Yes; 2=No)

If Yes, please explain what you understand?....... (0- No idea 1-Totally unclear 2- Unclear
3-More or less Clear 4-Clear 5- very clear)

c. Do you have any idea about how the GM maizeetsaiis currently testing in Kenya ?
2 s (1=Yes; 2=No)

- If Yes, Explain what you know............... (0- No ideaTlbtally unclear 2- Unclear 3-More

or less Clear 4-Clear 5- very clear)

d. The implementation of a variety such GM maizquiees some changes in farmers’
behaviors. For instance, it should be followed hyraplementation of refuge strategy which

will guarantee a success to stem borer contrdgieridng term.
- Have you ever heard about refuge area strategy?............. (1=Yes; 2=No)

- If Yes, please explain what you understand: ...........(0- No idea 1-Totally unclear 2-

Unclear 3-More or less Clear 4-Clear 5- very clear)
4. Perception towards advantages and benefits due the adoption of a GM crops

Adopting an insect-resistant variety such GM Mdg&excepted to the use of less pesticides
due to the fact that maize plant itself will comtitee targeted predators (stem borers). And this
adoption will likely affect your maize productionhis technology can also be implemented in
others crops as stated in some countries. Thu$l gou please give your appreciation about

how benefit would be this kind of varieties (GM ps) in Kenya farming systems?
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1 = totally disagree; 2 = disagree; 3 = partially dagree; 4 = neutral; 5 = partially agree;
6 = agree; 7 = totally agree

Statements Level of

satisfaction

4.1 | am confident that adopting a variety whichtcols stem borers in maize

production could be a way to improve my yield.

4.2 Growing a variety controlling damageable ins&atl not change anythin

©Q

in my farming practices regarding human labors.

-

4.3 | do believe that GM crops in general couldvpte a positive healt

impact due to the less use of pesticides.

4.4 In my understanding, GM crops in general isapgropriated for huma|

=]

use and consumption.

=

4.5 The environment (e.g. water sources) is nacttl by the quantity @

insecticides used in our fields

4.6 It is important that a variety that requireaer number of pesticides

sprays could allow me to gain working-time for athetivities.

4.7 Insects control is not the main concern forimemy maize field so thg

varieties with insect resistance are not a pridotyme.

4.8 Adopting an insect resistant variety treatetth \\ass insecticides could be

healthy for my livestock when fed in fields.

4.9 The current Integrated Pest Management workswéhat we don'’t need
any insect resistant crops.

4.10 | will be eager to adopt an insect-resistantiety if the research found

that testing results are positive for commercibdase.

5. Farmers’ awareness to research findings

Please use this notation to fill the cades:true; 2 = false; 3 = don’'t know/not sure

Statements Level of

Judgement

5.1 Research towards insects damages pointedettsirers are the majn

predators in maize production in Kenya
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5.2 Studies showed that stem borers could occals®ioss of crops variant
from 15 to 45% during an agricultural campaign.

5.3 Towards Integrated Pest Management implementagtudies welled that
the current strategy used was not suitable sopistt control still remains a

serious problem.

5.4 First outcomes from GM maize trial testing iertfga showed that the
variety itself controls stem borers well so thalgicould be improved up to
30%.

5.5 Decision makers in Kenya agree that a varisthsas GM maize wil

decrease environmental pollution and will be ofdfgrfor farmers health.

5.6 Investigations led by some researchers towhsdsfficiency of pesticide

[72)

used showed that insects are becoming resistdiné tiosecticides used.

5.7 Improving maize productivity is considered bgcidion makers as |a

feasible option to satisfy national food demands.

5.8 Among the stem borers, Kenya research has fouadC. partellus, B.
fusca, S. calamistis, E. sacharriaad C. orichalcillielug as main predators

leading to crop loss in maize fields.

5.9 Recent studies conducted by assessing farmpee$erences towards

4%

hybrid or Open Pollinated Variety demonstrated tfaatmers have mor

interest in hybrid maize.

5.10 To guarantee success to GM technology, thee geinBacillus

thuringiencisshould be incorporated into hybrid maize seed.

Please feel free to give some problems (not stabede) affecting your farming practices in

general
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Samenvatting

Al sinds het midden van de jaren 1990, wanneertgamegemodificeerde gewassen (ggo’s)
hun intrede deden in de landbouw, zijn ze het omelgy van een wetenschappelijk maar vooral
ook maatschappelijk debat. Gebaseerd op de sneligpreiding en de gerapporteerde
voordelen voor zowel grootschalige als kleinsclaligoeren in zowel industrie- als
ontwikkelingslanden ziet het merendeel van de vestesppelijke studies in biotechnologie
echter een mogelike oplossing voor een aantal lpnoén in ontwikkelingslanden

(ondervoeding, voedselzekerheid). Ook internat®nalrganisaties zoals FAO of de

Wereldbank delen deze visie.

Niettegenstaande de substantiéle agronomischepeische, milieu-, gezondheids- en sociale
voordelen voor landbouwers , en ook steeds meerdeoonsumenten, die gelinkt worden aan
de teelt van ggo’s, blijft het een controversiesdl@rwerp vooral in Europa en Afrika. Terwijl
het politieke debat over de adoptie van ggo’s v@ap de gang is, is echter het grootste deel
van de soja die in Europa wordt geimporteerd rgedetisch gemodificeerd. Ook in Afrika
waar positieve effecten werden gerapporteerd ientkele landen die ggo’s cultiveerden (Zuid
Afrika, Soedan en tot 2016 Burkina Faso), is er dlewan de hevige reacties van
tegenstanders weinig vooruitgang in de adoptie.

Wat opvalt in Afrika is dat in het debat omtrent @®&wikkeling, toepassing en regelgeving
omtrent ggo’s in tegenstelling tot in Europa, dedlaouwers nauwelijks betrokken worden.
Ook in de literatuur is er nauwelijks aandacht vd@wisie van de Afrikaanse landbouwers. Dit
doctoraat brengt daar verandering in en focustispleop de visie van landbouwers in twee

Afrikaanse landen : Burkina Faso en Kenia.

Het onderzoek spitst zich toe zowel op voedselgseragsorghum, mais) als op niet-
voedselgewassen (katoen) en ook zowel op ggo’'sdeaeerste generatie (Bt-katoen en Bt-
mais) als op de tweede generatie (biofortifiedlsong). De onderzoeksvragen focussen op deze
drie gewassen. Een eerste objectief was het nagaade kennis en begrip en mening van
landbouwers in Burkina Faso met betrekking totdgvatie van Bt-katoen. Ook de waardering
voor verschillende karakteristieken van katoenvertén werd onderzocht. Het tweede
objectief was om na te gaan wat de bereidheidndaradbouwers om biofortified sorghum te

verbouwen. Het derde objectief tenslotte richtth op de intentie van landbouwers in Kenia
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om Bt-mais te verbouwen en welke factoren dezaniistdeinvioeden. Data werd verzameld

van 324 landbouwers in Burkina Faso en 150 landkosiin Kenia.

De resultaten tonen dat de kennis van landbouwerBurkina Faso met betrekking tot

biotechnologie en Bt-katoen ondanks de ruime vergdjg van dit gewas zeer beperkt is en
afhangt van hun scholingsniveau en van hun pdsitieen de producentengroep. Alhoewel de
meerderheid van de landbouwers tevreden zijn ogdeedlt van Bt-katoen, toont het keuze-
experiment aan dat voorkeuren van landbouwers gérawan de economische voordelen
(hogere opbrengst, zaadkosten) maar ook van hetsterpesticidegebruik. Het onderzoek
toont verder aan dat er onvoldoende controle oge@nis van het nodige pestmanagement is.
Landbouwers hebben onvoldoende kennis van de testiategieén en passen deze bijgevolg
ook niet toe. De beslissing van de overheid varkiBar Faso om de teelt van Bt-katoen te

schorsen tenslotte kon op weinig bijval rekenerdbijandbouwers

Inzake het tweede objectief tonen de resultatenadabouwers in Burkina Faso zich bewust
zZijn van het probleem van tekorten aan micronutei@nmaar dat ze zich niet bewust zijn van
het concept en de mogelijkheden van biofortificatieer dan 60% van de landbouwers zou
echter wel bereid zijn om een genetisch gemodifd®esorghumvariéteit te verbouwen.
Wanneer we tenslotte kijken naar de studie om@é&mbais in Kenia dan zien we dat slechts
14% van de landbouwers correct op de hoogte isdeanesistentie van deze variéteit ten
opzichte van ‘stengelboorders’. De intentie om Biisrte gaan verbouwen blijkt af te hangen
van zowel het aantal soorten ‘stengelboorderssdieade berokkenen aan de mais als van de
inschatting van deze schade. Er blijken regionalsahillen in deze factoren te zitten. In West
Kenia blijken oudere landbouwers ook meer geneggzijh om Bt-mais te gaan telen, terwijl
in het oosten vooral de perceptie omtrent de mibeudelen van een verminderd

pesticidegebruik de beslissing van de boeren baaivl

Dit doctoraat is van belang op drie manieren. ldeen eerste €één van de eerste studies die
focust op de visie op biotechnologie van landbosvieAfrika. Ten tweede kan het bijdragen
tot de ontwikkeling van betere ggo’'s omdat het dhzigeeft in de karakteristieken die
Afrikaanse landbouwers belangrijk vinden in de gesea die ze verbouwen (dit zowel voor
voedsel als niet-voedsel gewassen). Tenslotte istddie ook beleidsrelevant omdat ze

problemen met betrekking tot de ontwikkeling enrdplementatie van ggo’s in kaart brengt.
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Elsevier.

Gheysen G., Maes J., Valcke Msanou E.l.R, Speelman S., Heijde M. (2019).
“Acceptance of GM crops in Europe and Africafi. Afrika Focus journal, Ghent

University.

I nternational Conferences

1.

International Plant Biotechnology Outreach (IPBO)ference towards Scientific
innovation for sustainable development of Africagrigulture. 30th — 31st August,
2018, Ghent, Belgium. Abstract accepted for postposition:Edouard I. R. Sanou
Hans De Steur and Godelieve Gheysen (20Errhers Mainstreaming in GM crop
development : Evidence from Bt maize event in Kénya

International Association for Plant BiotechnolodfR®B) congress, 19th — 24th
August 2018. Dublin, Ireland. Abstract accepteddi@l presentatiorEdouard I. R.
Sanouy Dorington O. Ogoyi, Bazoumana Koulibay, Godeli@&eeysen and Stijn
Speelman (2018) Comparative Assessment of Farmers’ Understandiogarids
adoption of Genetically Modified varieties in BuréiFaso and Kenya

30th International Conference of Agricultural Ecomsts (ICAE), June 28th — August
2ndVancouver, Canada. Paper accepted for oralmiegsm:Edouard |.R. Sanoy
Juan Tur-Cardona and Stijn Speelman (201Barrhers attitudes towards GMO
crops: comparison of attitudes towards first andael generation crops in Burkina
Fasa”

6th Annual Biosafety Conference towards MainstregmBiosafety in Emerging
Biotechnologies for Sustainable Development. 38th-October, 2017, Nairobi, Kenya.
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Abstract accepted for oral presentatifalouard I.R. Sanouand Godelieve Gheysen
(2017). ‘Farmers' Knowledge and Opinions towards Bollgar® Implementation in
Cotton Production in Western Burkina Faso

First International Conference of Food Security &fidden Hunger: Obi Chinedu,
Augustine Odinakachukwu aritdouard I.R. Sanou(2017). “The Role of Transgenic
Biofortified Food in the Reduction of Hidden Hungemigeria”. A paper delivered at
the First International Conference of Food Secusryd Hidden Hunger. Held at
Federal University Ndufu-Aliku, Eboyi State, Nigeon 8th-11 October 2017.

Sanou E.I.R (2017)What kind of biotechnology do famers prefer? Adbese Choice
Experiment considering Cotton cultivation in BurkifFaso (BF). Presentation at the
BVLE 18th PhD Symposium, Agricultural and Naturad®urces Economic, Brussels
— April 27, 2017.

. European Association for the Study of Science arethmology (EASST/4S)

Conference: Caspar Roelofs, Sjaak Swadpuard I. R. Sanouand Menno Gerkema
(2016). “Biotechnological innovation and politias Burkina Faso”. Barcelona 2016.
August 31- September 3. At:
https://www.nomadit.co.uk/easst/easst 4s2016/paigdS?PanellD=3982

Trainings/Workshops

1.

Mainstreaming, Biosafety in Emerging Biotechnolsgier Sustainable Development.
Nairobi, Kenya: 3i— 6nhOctober, 2017. Organized by the National Biosafetthority
of Kenya in collaboration with the United StatespBement of Agriculture (USDA)
and African Biosafety Network of Expertise (ABNE).

Biosafety in Plant Biotechnology and Risk Assesam&tent, Belgium: 16— 2%n
October, 2017. Organized by International Plantt&ibnology Outreach (IPBO,
http://ipbo.vibugent.be/training/postgraduate-sdgili

3. Choice Experiments: Design and Analysis. LeuvengiBen 26-27 January 2017

4. Specific courses (Doctoral School, UGent):

Effective Slides, February 2017.

Introduction to categorical data Analysis with Rfarch 2017
Tools for multivariate data Analysis with R”, Jup@17
Effective Professional Networking, March 2018

Project Management, May 2018
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