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Abstract

Background. The African continent is faced with enormous challenges of poverty, hunger and food
insecurity, which is exacerbated by climatic and environmental change, and a rapidly increasing
population; and in the midst of it all is the smallholder and subsistence African farmer.

Some believe that genetically modified organisms (GMOs) and GM crops may offer part of the
solution to some of these challenges. The GMO debate has gained considerable traction in the East
African region, as recent regulatory amendments have opened up the door for commercialisation of
GM crop plants. One GM crop that could possibly hit the East African market in a few years’ time is
banana resistant against the devastating bacterial disease, Banana Xanthomonas Wilt; a disease
which is currently threatening the livelihoods of millions that rely on bananas and plantains (Musa
spp.) for their staple food.

However, little is known about the potential impacts of GM crops on various components of the East
African society and ultimately on the quality of life of the East African farmer.

Objective. The goal of this thesis was to investigate the potential role of GM crops in solving some of
the current and future challenges in East Africa, including a real life example of GM bananas; how the
technology may interact with several aspects of society, including human health, the environment,
politics and socio-economics; and the level of awareness and perceptions that exists’ on the topic
among a range of stakeholders, including farmers.

For the purpose of this thesis, the countries that have implemented, or are in the process of
developing, regulatory frameworks and policies governing biosafety and biotechnology were
investigated, including the United Republic of Tanzania (from now on referred to as Tanzania), the
Republic of Kenya (from now on referred to as Kenya), the Republic of Uganda (from now on referred
to as Uganda) and the Federal Democratic Republic of Ethiopia (from now on referred to as Ethiopia).

Data source. Social science study. The thesis employed data from four perception studies conducted
among: (i) agricultural researchers, extension workers, civil servants in the public/private sector
related/not related to agriculture, civil servants employed in non-governmental organisations,
policymakers and others from Kenya, Uganda, Tanzania and Ethiopia; (ii) Kenyan farmers; (iii)
Ugandan farmers; and (iv) Tanzanian farmers.

Interviews. Additionally, interviews with Dr. Richard Okoth Oduor (Kenyatta University, Kenya), Dr.
Faith Nguthi (International Service for the Acquisition of Agri-biotech Applications [ISAAA],
AfriCenter, Kenya), and Dr. Dawit Tesfaye Degefu (Ethiopian Institute of Agricultural Research)
provided further insight into certain aspects of the debate.

Laboratory case study. Results from a practical laboratory project are also presented, whereby the
banana cultivars ‘Cavendish Williams’ and ‘Sukali Ndiizi’ were transformed using Agrobacterium-
mediated transformation for the expression of the reporter genes green fluorescent protein (gfp)
and B-glucuronidase (gusA).



Analysis. The thesis analysed the level of awareness, attitudes, perceptions and acceptance of GM
crops among East African stakeholders and farmers, and the potential demographic and geographical
effects on such factors, using descriptive statistics and specifically designed Monte Carlo simulation
models. Additionally, the results obtained through the laboratory work include GUS and GFP assays
and PCR analysis to verify successful gene insertion and expression.

Results. Social science study. The majority of stakeholders with a professional involvement in the
debate expressed positive attitudes and perceptions towards GM crops, and further perceived recent
governmental and public attitude changes as having been in favour of the technology. Still, several
participants expressed concerns about potential environmental, trade related and socio-economic
effects. Stakeholders further identified a range of obstacles and measures needed for the successful
widespread adoption of GM crops. The results from the simulation models showed that there were
significant differences in stakeholder responses on the basis of the respondents’ general attitude
towards the technology, occupational group, and at times educational level and nationality.
Additionally, demographics such as sex, age, family background, upbringing, knowledge of agriculture
and farming life, and cultural leaning appeared to have an effect for certain of the issues addressed

in the questionnaire.

In most cases, there were significant differences in the level of awareness, favourable impressions,
perceptions and acceptance of GM crops among farmers within and across study countries. In Kenya,
the majority of farmers were aware of GM crops, while awareness was considerably lower among
Tanzanian and Ugandan farmers. Kenyan and Tanzanian farmers exhibited high levels of favourable
impressions of the technology, while only a slight majority of Ugandan farmers had a favourable
impression. Kenyan and Ugandan farmers had high levels of concerns associated with the GM crops,
including health and environmental effects, low profitability and consumer reluctance. Still, a
majority of farmers across all study countries would grow GM crops if given the opportunity,
believed that GM crops could help improve the quality of life of farmers, and supported the
commercialisation of the technology. The study further lends relatively little support for any
demographic effects on farmer awareness and perceptions, though a few significant correlations
were found for educational level, sex, marital status and cultural leaning.

Laboratory case study. ‘Sukali Ndiizi’ was the only cultivar for which embryos successfully
regenerated into whole transgenic plantlets. The PCR analysis conducted for lines of ‘Sukali Ndiizi’
transformed with gusA yielded amplicons of the expected size, thus provided strong evidence of
complete T-DNA insertion. Contrary, the PCR analysis performed for lines of ‘Sukali Ndiizi’
transformed with gfp did not yield any amplicons, which indicates that the T-DNA has not been
successfully integrated.

Conclusions. Overall, the majority of farmers and stakeholders with a professional background
expressed relatively high levels of positive perceptions and acceptance of GM crops. The simulation
model demonstrated that general attitude towards GMOs, occupational group, educational level and
at times nationality had the most prominent effects on the perceptions of stakeholders with a
professional involvement in agricultural biotechnology. In the case of farmers, the model
demonstrated relatively few demographic effects, with the exception of educational level, sex,
marital status and cultural leaning. However, there were significant differences in the level of
awareness, attitudes and perceptions of GM crops on the basis of geographical location (i.e. within



and between study countries). Such differences may be explained by factors such the level of public
advocacy and impact of the GMO debate, prior knowledge of the underlying technology, risk/benefit
perception, level of trust in various institutions and governments, culture and tradition, and
differences in the socio-economic and socio-political environment.

The findings from the present study suggests that GM crops could represent a complementary
solution alongside conventional practices and agro-ecological farming, as a way of meeting some of
the challenges faced by the East African region. One such potential crop may be bananas resistant
against Banana Xanthomonas Wilt. Still, the successful widespread adoption of GM crops may
require a range of measures, including — but not limited to — awareness and educational efforts, and
improved regulatory, scientific, technical, human and infrastructural capacity.

Note: Certain chapters leading up to the main findings from the social science study (Chapter 24)
contain results from the perception studies where appropriate. Thus, it is advisable to get
familiarised with the “Materials and methods” (section 24.2) before embarking on the thesis.
Chapter 6 is dedicated in its entirety to the practical laboratory project.
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Part A. The Problem

Chapter I. Introduction

1.1. Current situation and future outlook for Africa

Agriculture represents the major mean of income and livelihood for approximately 70% of the
African population, while the agricultural sector accounts for an average of 1/3 of the GDP and % of
the export earnings of most African countries, thus making up the backbone of the economy (OECD,
2009; ISAAA, s.a.). Still, the continent has the highest prevalence of hunger in the world and one-in-
four are undernourished (FAO, IFAD & WFP, 2015).

Millions of African smallholder farmers suffer greatly from the highly variable climatic and
environmental conditions that characterise large parts of the continent. Drought is a major
contributor to crop failure, famine and poverty, especially as many farmers rely solely on rainfall to
water their crops (AATF, 2012a). Additionally, African soils are characterised by low fertility, an
estimated 80% of land areas are endangered by degradation, and two million hectares of forest is
lost annually, leading to increased desertification (UNDP, 2012; ISAAA, s.a.). Furthermore,
smallholder farmers have little or no resources to effectively manage pests and pathogens, which
further exacerbate the negative effects experienced during drought, as pests will attack whatever
crop is left, as well as limiting the plant’s ability to utilise water and nutrients (AATF, 2012a).

Faced with global warming and climate change, conditions are predicted to worsen — the 2011 East
African drought was the worst in 60 years, whereby 4 million people required food aid in Kenya alone
(Rural Poverty Portal, s.a.; Wooldridge, 2011). Ethiopia is currently suffering from failure of harvest
and death of livestock due to drought, which has resulted in a tripling of humanitarian needs in little
over one year (WFP, 2016). Recently, the United Nations World Food Programme (WFP) reported
that 16 million people in Eastern and Southern Africa are threatened by famine from the most potent
El Nifio in 75 years, and that the number could climb to 50 million (WFP, 2016).

Concurrently, the population of Africa continues to grow at an alarming speed — from the current ~1
billion to an estimated 2.8 billion by the end of 2060 (Canning et al., 2015). The question thus
remains: How is Africa going to face her unique current and future challenges of famine, hunger and
food insecurity (Box 1.1)?

Box 1.1. Food security. The State of Food Insecurity 2001 defined food security as: “...a situation
that exists when all people, at all times, have physical, social and economic access to sufficient,
safe and nutritious food that meets their dietary needs and food preferences for an active and
healthy life” (FAO, 2001). The concept often refers to availability of food (quantity and
diversity); access to food (physically and financially); utilisation of food (i.e. capacity and
resources necessary to use and store food, which is dependent on e.g. health status); and
stability of food availability in the short and long-term (Fransen et al., 2005). Food insecurity is
commonly counteracted by increasing food production and/or by alleviating poverty which
allows people to purchase food (Fransen et al., 2005).
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1.2. Could genetically modified (GM) crops be part of the solution?

What are genetically modified crops and foods? The WHO defines genetically modified (GM) foods
as “foods derived from organisms whose genetic material (DNA) has been modified in a way that
does not occur naturally, e.g. through introduction of a gene from a different organism” (WHO, s.a.).
In other words, a GM plant (also referred to as a biotech or transgenic plant) exhibits a novel
combination of genetic material obtained via genetic engineering, with the aim of conferring a
certain trait(s) such as pest and disease resistance, herbicide resistance, resilience to abiotic factors
(e.g. drought), improved nutritional value, and so forth (FDA, 2015). As opposed to
conventional/traditional breeding — which is also a type of genetic modification — biotechnological
methods circumvents barriers of sexual incompatibility, are considered more precise and targeted,
and avoid the laborious steps of backcrossing (which can result in decades of effort for the
introduction of a new conventionally-bred variety) (Manshard, 2004; Slater et al., 2008; FDA, 2015).

How widespread are GM crops? Since the first GM product was introduced to the US market in 1994
(Bruening & Lyons, 2000), the global adoption of GM crops has increased by approximately a factor
of 100, from 1.7 million hectares in 1996 to over 185 million hectares in 2016 (Fig. 1.1) (James, 2015;
ISAAA, 2016a). This makes biotech crops the fastest adopted agricultural technology in recent times
(James, 2015). Today’s GM market is dominated by four crops (maize, cotton, canola and soya)
harbouring two traits (insecticide resistance [IR] and herbicide tolerance [HT]) (James, 2014; ISAAA,
2016a; Elliott & Madan, 2016).

The year 2016 marked the fifth consecutive year in which developing countries planted more GM
crops than developed ones (ISAAA, 2016a). In fact, of the 18 million farmers who chose to cultivate
biotech crops, 90% were small-scale and resource-poor (ISAAA, 2016a). However, only three African
countries allow for commercialised events (Box 1.2), namely Burkina Faso, South Africa and Sudan
(James, 2015), which constitute less than 2% of the total global area (Elliott & Madan, 2016). Prior to
2012, insect resistant Bt maize was cultivated in Egypt (see Chapter 3, Box 3.1 for an explanation of
the Bt trait), but plantings were discontinued in 2012 due to proposed safety claims (ISAAA, 2016a).

Box 1.2. Transgenic event. A transgenic event is defined as “incorporation of a particular package
of genetic material in a defined place in the plant genome” (European Commission, 2017). From a
single transformed plant (cell), several plants can be produced which all are considered the same
event. Examples include MON180, i.e. insect resistant Bt maize which is cultivated worldwide.

Burkina Faso, South Africa and Sudan all grow insect resistant Bt cotton, while South Africa also
cultivates GM maize and soybeans (James, 2015). In 2016, South Africa experienced a 16% increase
in the hectares devoted to biotech crops from the year before (with a resulting >1 million hectares),
while there was a slight increase in hectares in Sudan from year 2015, totalling at 120 600 (ISAAA,
2016a). However, due to technical issues related to variability in fibre length, the government in
Burkina Faso decided to put a temporary stop to Bt cotton plantings in 2016 (ISAAA, 2016a).
According to ISAAA (2016a), the government has stated that this decision was not based on concerns
associated with the technology itself, and that the plan is to reinstate planting of Bt cotton as soon as
possible.
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Additionally, ten African countries (Nigeria, Ethiopia, Ghana, Cameroon, Kenya, Uganda, Tanzania,
Malawi, Mozambique, Swaziland) are currently carrying out confined field trials of GM crops with
traits for nutritional enhancement, pest and disease resistance, salt tolerance, increased nitrogen-
use efficiency, and resilience to drought, heat and waterlogging (Bailey et al., 2014; ISAAA, 2014;
ISAAA, 2016a).
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2. Brazil* 49.1 million
- 3. Argentina* 23.8 million
w 4. Canada 11.6 million
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13. Philippines* 0.8 million
¥ 14. Myanmar* 0.3 million
S o ) 15. Spain 0.1 million
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Figure 1.1. Million hectares of cultivated biotech crops globally, from 1996 to 2016. Figure from:
ISAAA, 2016a.

What potential do biotech crops hold? Global meta and impact studies indicate that biotechnology
can be a powerful tool to combat food insecurity, alleviate poverty, improve the quality of life of
farmers, and support sustainable agriculture (The Royal Society, 2000; Klimper & Qaim, 2014; ISAAA,
2016a; Brookes & Barfoot, 2017). For instance, Klimper & Qaim (2014) found that the adoption of
GM crops have reduced the use of chemical pesticides by 37%, increased crop yields by 22%, and
increased farmers profit by 68%. Such findings are supported by impact studies from individual
countries; in India, the introduction of Bt cotton has reduced the use of pesticides by at least 50%
and increased yields by a minimum of 24% (Kathage & Qaim, 2012). In Burkina Faso, planting of Bt
cotton has led to an average increase in yield by 18.2%, a reduction in pesticide-use by 2/3, and an
increase in income level by $61.88 per hectares when compared to conventional cotton (Vitale et al.,
2010, 2016).
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1.3. Genetically modified organisms (GMOs) remain a controversial topic

Despite the many proposed benefits, the topic of GM crops remains controversial, even some twenty
years after the first variety was commercialised. Despite being the most regulated technology in
agricultural history (Chambers et al., 2014), and several reports support its safe usage (e.g. The Royal
Society, 2002; Persley, 2003; WHO, 2005; Domingo & Bordonaba, 2011; Nicolia et al., 2013;
European Commission, 2010), some still question whether the technology will do more harm than
good to humans, animals and the environment.

Indeed, society is a complex organism, and a range of factors — including social, cultural, religious,
ethical, economic and political — may complicate the transfer of science and technology from one
context to another (Tripp, 1997; Altieri & Rosset, 1999; Keeley & Scoones, 2003). Furthermore, just
as the proposed benefits of biotech crops can be significant and even greater for developing
countries, so can the potential demerits, especially in countries that lack human, regulatory and
technical capacity to efficiently assess and manage risks (Meijer & Stewart, 2004).
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Chapter 2. The East African Agricultural Sector

2.1. The importance of the agricultural sector in Africa and East Africa

The economies of Kenya, Uganda, Tanzania and Ethiopia are all agriculture-based (Salami et al.,
2010), though the contribution of the agricultural sector to the gross domestic product (GDP) varies
(i.e. 37%, 36%, 31% and 24% of the GDP in Ethiopia, Kenya, Tanzania and Uganda, respectively)
(World Bank, 2017). The sector is the biggest creator of job opportunities, especially for the rural
poor, and the majority of the labour force (~75%) originates from agriculture (Salami et al., 2010). For
instance, in Ethiopia, around 12.7 million smallholder farmers produce 90-95% of the agricultural
output (while still representing the largest group of poor people in the country) 