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Abstract. Technology development is a crucial issue for economic development in Sub-Saharan
African countries. In this paper current research on biotechnology and the potential of biotechnology
absorption in Kenya is analyzed. The institutional character, areas of research and funding
mechanisms of the research institutions contributing to agriculture sector technological advancements
were examined in the context of local farmer’s needs. Also factors, such as legal framework and
cultural and social values for the biotechnology research in the region were explored. Literature
review and the qualitative analysis of data on research facilities and the papers from the region were
applied in the research. OLS correlation method was applied in the analysis of the data.
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Introduction

Majority of population in Africa is employed in the agriculture, but the productivity of
the sector is limited. A number of factors, such as decline in food production caused by
flawed agricultural policies, political and institutional instability, chronic droughts, disease
epidemics, environmental degradation, deterioration of infrastructure, and insufficient
investments in agricultural research, have negative influence on Sub-Saharan African
(SSA) agriculture performance (Paarlberg, 2005; Karembu et al., 2009; Jha et al., 2011,
Interview, 2015). The agricultural policy reforms are advocated especially in the states with
growing population (Cochrane, 2014), part of them leading to increased interest in the
science based approach to improve the performance of the sector. In order to enhance pro-
poor growth, amelioration of the productivity of farming with benefit for the least favored
groups is needed. It is crucial to seek means of insertion of technology, which could be
used by dominating group of small scale farmers, who use minimal external input
(Karembu et al., 2009). For these reasons, and based on the green revolution experiences
from Asia, biotechnology became a potentially promising branch of applicable science
which could serve the needs of the region (Gordillo and Jimenez, 2006; Bothma et al.,
2010; Uctu and Jafta, 2014).

Biotechnology is any technological application that uses biological systems, living
organisms, or derivatives thereof, to make or modify products or processes for specific use
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(UN, 1993). It has therefore wider meaning than only genetically modified organisms
(GMO) or genetically modified living organisms (LMO). Tissue culture, genetic
modification (genetic engineering) and molecular breeding (marker-assisted selection) are
most commonly used scientific techniques in the agriculture (Karembu et al., 2009).
Compared to traditional methods, genetic ones are described as rapid, cost-effective and
precise technology which enable improvements in agricultural production (Karembu et al.,
2010). Currently, developed countries are still more advanced in the biotechnology
research. Some biotechnology technics for strain improvement, which are widely employed
in developed countries (eg. classical mutagenesis and conjugation, hybridization) are only
beginning to be applied in developing countries for the improvement and development of
starter cultures (FAO, 2011). However, the situation is dynamic, and the North is now
facing a strong increasing market competition from both emerging economies and
developing countries. Especially farmers from Chile, Argentina or China which are capable
to profit from genetically modified crops are important competitors for producers from
developed markets (FAO, 2011).

The use of biotechnology as a panacea for productivity problems in agriculture in
African, and especially Sub-Saharan countries is an up to date topic in scientific literature.
Current scientific research focuses on both the suitability of biotechnology for the farmers
(constraints, opportunities, mechanisms), and on biotechnology solutions sensu stricto for
Sub-Saharan agriculture. However, there is a number of issues of social, political,
institutional, economic, legal and ethical character considering biotechnology use in
African states, which need to be addressed. A systemic analysis of the biotechnology
research in Sub-Saharan African states requires especially institutional and legal context, as
twin processes of modern biotechnology transfer and development of a regulatory regime
evolve in some African states (Kingir, 2011).

The aim of this study was to verify how the scope of the research in the Sub-Saharan
Africa responds to the technology transfer challenges described in economic literature. First
literature review on the suitability of biotechnology transfer in the agriculture of the region
in the context of social and institutional challenges was conducted, then current
biotechnology research in Kenya was presented. Next statistical data for Kenyan agriculture
for the period of 1982-2010 was explored and analyzed the content of biotechnology
research papers affiliated in Kenya, which was chosen as a case study. The idea was to
verify, whether biotechnology research in this country support the capacity to produce
locally focused innovations suitable for the technology transfer inside the country. Our
results include the correlations of economic growth with agricultural research in Kenya and
the assessment of biotechnology research goals.

The rationale for selecting Kenya was based on several individual factors. First, it has
the experience with biotechnology use. Kenya has tested with GM since 90s, and because
of establishment of legal framework is in the confined field testing phase. Moreover, there
is a significant body of literature on Kenya (in some cases on Kenya and Uganda)
experiences with GMO crops. Also improved agricultural production is an important factor
of Kenyan GDP performance. An inductive approach was adopted. Methods of system and
comparative analysis were applied in order to find crucial factors of institutional and legal
capacity for biotechnology application in the Sub-Saharan region. Discovering the scope of
the biotechnology research in these countries in the context of legal and social factors of
technology transfer allowed some overall concluding remarks.
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Data and method

This research was organized in two phases of empirical analysis. First, a method of
ordinary least squared modelling was applied in order to check the influence of selected
explanatory variables on economic growth in Kenya in 1982-2010. Economic growth value was
taken in per capita measure and constant 2005 USD value. Since the goal of the study was to
verify the importance of knowledge and research on economic expansion in Kenya, a set of
explanatory variables consisted of: number of primary education pupils, researchers in higher
education as a share of all researchers, the overall number of researchers per 100 000 farmers,
and the agriculture value added (as annual % of growth). Data was extracted from the World
development indicators and Agricultural Science And Technology Indicators, which provide on-
line datasets. The analysis was conducted with the use of Gretl software.

In the second step of the research, biotechnology research papers were studied and their
content analysis was conducted to review the scope of genetic modification possible application
in Kenya. Papers were analyzed with the aim to determine the orientation of biotechnology
research and did not focus on their biological scientific aspects. The Scopus database was
searched using the keywords such as “transgenic crop”, “transgenic plant”, “agricultural
biotechnology”, “bt maize”, “bt cotton” for Kenya. The screening was performed on
publications from 2005 to January 2015. The papers were affiliated in Sub-Saharan African
institutions, however for many cases, they were delivered in collaboration with the facilities
from outside the region. 114 papers were found. All of them were analyzed against the
methodology, crop species, institutions responsible and funding sources.

Literature review

By some researchers, increased use of biotechnology in agriculture could improve yields
also in African agriculture and ameliorate food security (Chataway, 2005; Karembu et al., 2009;
Dargie et al., 2013; Abidoye and Mabaya, 2014). It is expected to contribute especially towards
arresting the effects of climate changes (savings in carbon dioxide emissions, fewer insecticide
and herbicide sprays, conservation tillage) and drought-tolerant traits (Karembu et al., 2009;
Bothma et al., 2010; Jha et al., 2011). Particularly, biotechnology may address problems such as
effective control of the plant parasitic nematodes and other diseases of crops (Hassan et al.,
2013). According to Food and Agriculture Organization (FAO) report, in the nearest future, a
broad range of additional species and traits combinations will be launched in different regions of
the World. Among them four crops: soybean, maize, cotton and canola, and two traits: herbicide
tolerance and insect resistance, are the most likely to be released as GMOs in the World trade
(FAO, 2014).

Nevertheless, the recognition of the advantages of biotechnology use in developing
countries agriculture is ambiguous in the literature. First, implementation of biotechnology
is costly, while especially small farmers in Sub-Saharan Africa (SSA) suffer because of
insufficient level of state funding and domination of private equity (Chataway, 2005). The
GM seeds as the object of Intellectual property protection (IPR) are expensive (Chataway,
2005). Apart from IPR, the international trade barriers and regulations concerning modified
products are a potential limitation for the farmers to profit from biotechnology use. Diverse
biotechnology regulations and zero tolerance policy in some countries affect the
international trade of modified products (Paarlberg, 2005; FAO, 2014). Developing
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countries policy makers fear of running commercial risks of losing sales to markets such as
European Union, where the consumers are not confident about GMO safety for health and
the environment (Paarlberg, 2005). Rejection or market withdrawals of modified products
by importers in developed countries may have several socio-economic impacts on
producers, consumers and agribusiness firms (FAO, 2014). Different policies on GMOs,
unintentional movement of GM crops, different timing of approvals for GMOs, and
difficulty in accessing information for products are the major constraints in the GMO
related trade according to FAO (FAO, 2014). For less experienced farmers they may prove
to be insurmountable.

Moreover, a wide social support for genetic technologies is indispensable for large
scale on field application of biotechnologies, and it is not evident in Africa. According to
Muchopa, Munyuki-Hungwe and Matondi, Africans exist in a value system which respects
products as provided by the Creator both socially and culturally, so the ideas of cloning or
by-products thereof are not acceptable in African beliefs and myths and affect the social
and cultural lives of African people (2006). The opposition to GMO is represented in Sub-
Saharan Africa by organizations such as South African Freeze Alliance on Genetic
Engineering (SAFeAGE), The African Centre for Biosafety (ACB) and Biowatch South
Africa (Bothma et al., 2005). According to Ogungbure’s comment on applicability of
biotechnology in Sub-Saharan, the culture in the region which embodies the totality of
human experience and the tendency for survival within a social environment is in
compliance with biotechnology (2011:94).

The reception of Western culture patterns, including technology and biotechnology in
particular, may not be thoughtless process; attitudes towards biotechnology should be
neither too enthusiastic nor too hostile, but rather cautious, rational and controlled
(Tangwa, 2005). Application of modern biotechnology shall not conflict with conservation
of traditional values and native heritage (Steenkamp and Wingfield, 2013). Successful
introduction of biotechnology techniques in the region requires appropriate integration of
science-based and traditional knowledge sources (Dargie et al., 2013). In this context, lack
of incentives from private companies to research tropical plants constitute a certain risk for
the maintenance of traditional crops (poor farmers may be perceived as week target market)
(Paarlberg, 2005). People fear the risk of dominance of agricultural production for exports
over-responding to local demand for consumption and the reinforcements of big plantations
position in comparison to small ones (Andrzejczak, 2014). However, at the same time a
niche for locally focused African biotechnology research appears.

Despite divergent opinions, the process of commercialization of biotechnology crops
commenced in African continent (Egypt, Burkina Faso, South Africa) and is expected in
other countries, such as Kenya (ISAAA, 2016). A sine qua non for biotechnology transfer
to be enhanced is the introduction of an adequate legal framework. Research and innovation
in biotechnology with respect to health and environment issues require a well-designed
regulatory framework to evaluate genetically modified crops (Cochrane, 2014).

Biotechnology as an element of a broader concept of biosafety is an internationally
regulated issue and requires implementation of multilateral agreements into national
system. The laws derive from the Rio de Janeiro 1998 United Nations Summit, where the
Convention on Biological Diversity was adopted under the UN Environment Programme.
Kenya was the first country to sign the Cartagena Protocol, but it took Kenya almost a
decade to enforce the National Biosafety Framework (NBF) (SCBD, 2014). Some African
states, such as Burkina Faso, Liberia or Senegal made their biosafety framework
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operational before Kenya, and some have not yet succeeded (e.g. Democratic Republic of
Congo, Djibouti) (COP-MOP, 2014).

Based on the evidence from Kenya, the consensus between key government actors,
clearly assigned responsibilities, strategy plan to advocate desired law and policy, alliances
with different stakeholders, engaging experts from different fields in the regulation process,
communication strategy, stakeholder mapping, involvement of good legislators, media
strategy, involvement of public opinion are fundamental elements of the biotechnology
legislation process (Karembu et al., 2010). Introduction of biotechnology laws does not
mean allowing GMO crops in the economy. In the regulatory process in Kenya a decision
to ban the import and planting of GMOs in 2012 due to health concerns ended the period of
legal uncertainty on the issue (Nang'ayo, 2014). Since the decision to allow the cultivation
of GMO maize and cotton are currently being pushed for approval by pro-GMO
organizations, the situation may change according to different on-line sources, such as
Ecowatch. In the meantime, there is a number of initiatives of international and regional
character aimed at capacity building and direct biotechnology research in Kenya (NBS,
2016). These programs aim at solving institutional problems of research and education
systems. Institutions such as International Institute of Tropical Agriculture (IITA)
concentrate on research for development issues R&D, finding solutions for hunger,
malnutrition, and poverty, including biotechnology research.

In Kenya large as well as small-scale farmers produce the crop and a significant part of
the population depends on maize farming as an income-generating crop. The main problem
are high yield losses and the necessity of pesticide application caused by five major stem
borer species Chilo partellus, Chilo orichalcociliellus, Eldana saccharina, Sesamia
calamistis and the economically important Busseola fusca (Mugo et al., 2005). The Insect
Resistant Maize for Africa (IRMA) project is a collaborative effort between the
International Maize and Wheat Improvement Centre (CIMMYT) and the Kenya
Agricultural Research Institute (KARI). It has been developing genetically modified maize
varieties by incorporating modified gene with constitutive expression derived from the soil
dwelling bacteria B. thuringiensis (Bt) (Mugo et al., 2005).

Bt maize leaves were first introduced into Kenya in 2002 following National biosafety
regulations (Mugo et al., 2005). This was followed by the first introduction of Bt maize
seeds in 2004, after completion of biosafety facilities including the first Biosafety Level Il
green house and the first confined field trial site for growing the transgenic maize plants in
Kenya (Mugo et al., 2005). From that time on they are still research carry on new resistance
genes identification, safety use as well as fast detection of GM plants.

There are some evidence that pests quickly develop resistance to Bt maize. To delay
the development of insect resistance to Bt maize it is recommended that farmers create a
“refugia” of non-GE crops for the pests to feed on (Mulaa et al., 2011). Most small-scale
farmers will not be able to create the required buffer zone or allocate land for a “refugia”.
That’s why the interesting approach is the push-pull system, which was developed by
International Centre of Insect Physiology and Ecology (ICIPE) in Kenya. Close
collaborators include the governmental KARI and the Institute of Arable Crop Research
(IARC) in UK. This technology intercropped repellent plants “push” the insects out of the
fields to trap crops outside the fields that “pull” the insects in. It has been developed for
integrated management of stemborers, striga weed and soil fertility. It is appropriate and
economical to the resource-poor smallholder farmers in the region as it is based on locally
available plants, not expensive external inputs, and fits well with traditional mixed cropping
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systems in Africa (Pickett et al., 2014). It is now beyond the trial phase and is being
actively disseminated in Kenya. Push-pull is a sustainable farming system, which can also
protect the new generation of GM crops against development of resistance by pests (King et
al., 2013). Genome engineering and creation of synthetic crop plants by combining
approaches including new crop genomic information can contribute to push—pull farming
systems (Pickett et al., 2014).

Another type of biotechnological approach in Kenya is Agrobacterium-mediated
transformation. This approach is the gene delivery system, which is most preferred by plant
biotechnologists because of its easy accessibility, tendency to transfer low copies of DNA
fragments carrying the genes of interest at higher efficiencies with lower cost and the
transfer of very large DNA fragments with minimal rearrangement (Gelvin, 2000).
Therefore, plant transformation through Agrobacterium-mediated DNA transfer has
become a favored approach for many crop species (Barampuram and Zhang, 2011).
However, there are only few articles concerning uses of this modification to transferring
important traits such as viral and bacterial disease resistance, prolonged shelf life and
nutritional enhancement for African farmer-preferred cultivars of maize (Ombori et al,.
2013) as well as cassava (Nyaboga et al., 2013) and bananas (Uganda mainly, Tripathi et
al,. 2010, Tripathi et al., 2012; Namukwaya et al., 2012).

New type of madification, which is now developed worldwide not excepting the
African researchers is RNAi-mediated gene silencing. RNA interference (RNAI) is a
promising gene regulatory approach in functional genomics that has significant impact on
crop improvement. RNAI has also been exploited in plants for resistance against pathogens,
insect/pest, nematodes, and virus causing significant economic loss (Younis et al., 2014).

The scope of the research which is conducted in Kenya will be reflected in the
potential introduction of biotechnology to Kenyan agriculture. This will have important
consequences for the market structure, the overall situation in the sector as well as the
whole economy. In the next section, the assessment of the research will be provided in the
context of economic development and agricultural research nexus in Kenya.

Results and implications

Agriculture is an important engine of growth for Kenya, so the decisions concerning
rejection of genetic modifications of crops will have serious consequences for the future
development. A model of the importance of the number of primary education pupils,
researchers in higher education as a share of all researchers, the overall number of
researchers per 100 000 farmers, and the agriculture value added (as annual % of growth)
for the GDP per capita in Kenya in the period of 29 years was devised. The R squared
correlation value for the OLS model was 0.67. It was found, that both the education on
basic level and the research in agriculture do contribute to the overall economic outcomes
in Kenya, and hence, constitute an important factor for its economic development
possibilities. The more educated is the population, and the stronger is the role of education
system both on the basic level, and the research — especially research in agriculture, the
better are the outcomes of rural sector in the economy, and hence the economic
performance of the country contributes to individual conditions of citizens.

Kenya is among the leaders of the region not only due to regulative activity, but also in
the agricultural R&D spending and human resource capacity. Along with Nigeria, South
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Africa, these three countries accounted for half the region’s agricultural R&D investments
in 2012 (WDI, 2016). In Kenya much more researchers are employed in the public sector
than non-profit researchers. Among them, the number of researchers in higher education is
significantly smaller than in the government agencies, but its share is constantly growing
(ASTI, 2013). This indicates an increasing role of tertiary education and increasing
importance of universities. On the other hand, negative correlation of researchers in higher
education with per capita growth revealed by the model may indicate that researcher
contribute more to economic development while conducting their studies than while
engaging in the education process.

Table 1. Variables of GDP per capita (constant USD 2005) using observations for 1982-2010 in Kenya

Variables® Coefficient Std. Error t-ratio p-value
const —3134.13 561.271 -5.5840 <0.0001 ol
Enrol. Prim Edu. log 540.632 83.3762 6.4842 <0.0001 el
Researchers HE —3.82166 1.0405 —3.6729 0.0011 Hx
Res. Total per 100 000 farmers 11.1317 3.66303 3.0389 0.0055 Fkx
Agric. VA annual growth 1.86145 0.78503 2.3712 0.0257 el

No collinearity problem was detected, Variance Inflation Factors were respectively: 5.042, 4.048, 1.861, 1.113.
Source: (WDI, 2016), own elaboration.

Being aware of the possible revolution in Kenyan agriculture with a possible GMO
allowance, current research in the field of biotechnology was analyzed. It was found that
maize is the most important food crop in Kenya. The crops researched in Kenya are under
the confined field trials, with the exception of Bt cotton, which is in commercial use in the
latter. The analysis of biotechnology research papers allowed to report what kind of crops
are modified in Kenya and for what purposes (Table 2). The techniques used in the research
papers which were explored, are generally less advanced methods than current research
conducted in USA, for corresponding purposes. Because of the differences of GMO
regulations in USA and Europe, the scope of the research in Kenya is more closely related
to issues in North American research on commercialized GMO. Commercial purposes
genetic modifications are not conducted in the regions which rejected GMOs. A majority of
papers was based on the genetic modifications developed by Monsanto or Syngeta
companies. Only 6 papers concerning local plant based modification were found. Therefore
the research is rather focused on the endogenous modifications which are subject of transfer
into local environment, than on indigenous modifications.

Study results reveal, that research conducted in cooperation with the USA scientists
and funded by Monsanto, concentrate mainly on GMO crops effectiveness and increased
GMO resistance to larvae compared to non-GMO. They also focus to prove neutral
character of GMO to the environment. Whereas the works done in cooperation with French
or English researchers embrace fast pest resistance to endotoxines introduced to GMO
plants. They also aim at proving the superiority of natural species refugia and technologies
such as push-pull (without GMO) over genetic modifications of plants. Majority of
publications on Bt rice were funded by Monsanto company. The papers which were
published independently by scholars from African universities were in minority. So was the
number of papers on new GMO for local farmers.
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Table 2. Biotechnology research scope and funding sources in agriculture research in Kenya between 2005 and

January 2015
Research . .
interest — Goal of modification Type of institution Fund!ng (private,
crop public, country)
Genetically modified (GM) with Bacillus Universities, as well as Mainly Syngenta
thuringiensis (Bt) CIMMYT, ICIPE, Found. for
endotoxins for insect resistance : KARI, in cooperation Sustainable
- environmental impact with USA and Canada  Agriculture and the
- GM detection by PCR (polymerase chain universities Rockefeller Found.
Maize reaction) International Found.

Push-
pull
farming
system

Cassava

Banana

Sorghum

Cowpea

Sweetpot
atoes

Yam

- Effectiveness of bt modification
- Evaluation of maize genotypes
- btvsinsect resistance
RNAi-mediated, VIGS (virus-induced gene
silencing) system
Push—pull farming systems for pest control
together with bt modification

Agrobacterium-mediated transformation for east
African farmer-preferred cultivars; transferring
virus resistance and prolonged shelf-life
Gene transfer from rice enhanced resistance
against Xcm coused Banana Xanthomonas wilt
(BXW)

Anti-fungal genes introduced by particles
bombardment

Genetically modified (GM) with Bacillus
thuringiensis and electroporation-mediated
insecticide genes
Genetically modified (GM) with Bacillus
thuringiensis - analysis of non-target effects in
agroecosystems caused by GM

Agrobacterium-mediated transformation using
axillary buds as explants

Universities with
cooperation with UK

University, ITAin
cooperation with
swedish university
IITA from Kenya and
Tanzania, USA

KIRDI* institute in
cooperation with
German university
Universities in Kenya
and Nigeria

Uganda university and
NaCRRI** cooperation
with Kenya African
Institute for Capacity
Development,
International Potato
Center
IITA Kenya

for Science (IFS)

Governments of SE.,
DE, CH, DK, NO, FI,
FR, KE, GB Gatshy
Charitable Found.,
Kilimo Trust and the
EU, Rockefeller
Found., Biovision,
McKnight Found.,
Bill & Melinda Gates
Found.

IITA, USAID

CGIAR Research
Program on
Roots, Tubers and
Bananas as well as
Bill & Melinda Gates
Found. and IITA
n/a

IITA Nigeria

Regional Universities
Forum for Capacity
Building in
Agriculture
(RUFORUM)

(IFS)

* Kenya Industrial Research and Development Institute
** National Crops Resources Research Institute

Source: own elaboration.

At this point they are financed by a variety of partners national and international,
public and private and cooperate with a number of actors on the local level for the purposes
of research and the transfer of developed technology solutions. However, large institutions
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such as IITA, with a developed collaborative network should concentrate to constitute
a framework for conducting research in Africa and focused on African economy’s needs.
Increasing role of such institutions is crucial, for the agricultural research to serve the needs
of Sub-Saharan societies.

Based on these findings, it can be concluded that the agricultural research on
biotechnology in Sub-Saharan Africa is highly dependent on the goals of funding entities.
Research funded by the private companies and American resources are generally aimed at
the promotion of biotechnology, while quite the opposite objectives motivate the
Europeans. Neither actually concentrates on local farmer’s needs. This is a strong argument
towards the increased involvement of state and regional institutions to engage in the
selection of research topics and scope.

Conclusions

Innovations, understood as more effective use of resources, require enabling economic
environment. The entrepreneurs must be motivated to introduce and use technology,
research facilities motivated to conduct research suitable for commercialization and
education system to train human capital capable to manage and use the technology.
Governments should provide required environment and to finance elements of these
processes. Such systems are needed in Sub-Saharan region in order to enhance the
catching-up process for pro-poor economic development. The question remains, whether
biotechnology can be a potential leverage for African agriculture, which should be
supported by vast groups of local interests supporters. This paper addressed agriculture
biotechnology research conducted by Kenyan scientists and the focus of that research in the
context of the importance of the research for agriculture development and country’s
economic performance. Our model revealed that Kenyan GDP per capita performance is
correlated with the research in agriculture and the level of education of the society.
Therefore it can be concludes, that the scope of the research and its future application on
the market are important factors of economic development in this country. If a thesis that
using genetic modifications increases productivity of agriculture is accepted, than we can
assume, that indeed adoption of pro-GMO policy could contribute to economic growth in
Kenya.

However, Sub-Saharan African countries represent vast array of approaches to genetic
modification, from rejection to approval. Contradictory opinions and polarized attitudes
towards the use of biotechnology make regulation process in Kenya challenging — the
country first supporting biotechnology commercial use, then rejected it in 2012. Now the
question of allowing GMOs is back on the table. This decision is urgent, since appropriate
legal framework is required to enable the emergence of a systemic approach for the
innovations and transfer contributing to local needs. Financing research from international
resources of private and public character is indeed beneficial, but it may not become
profitable mainly to the foreign entities. Based on our findings, the choice of technologies
appropriate for absorption and research should be motivated by national interests of
farmers, not a decision depending on private companies R&D departments. Monsanto and
Syngenta companies activities are severely criticized for hostile attitudes towards Kenyan
market. At the same time, these companies are financing large part of the local research and
hence influence its scope. Foreign governmental agencies are realizing their policy goals
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from approval to rejection, by choosing the research goals corresponding to their agenda.
This indicates that the research in biotechnology is currently orientated towards external
interests and promotion of the donor agenda.

The role of regional organizations in Sub-Saharan Africa, as coordinators of regional
policy should be enhanced for that matter. Successful research projects require not only the
financial resources but also the institutional framework to manage the resources offered.
International, indirect technology transfer projects can help overcoming the constraints and
building the capacity both to produce or to absorb technology. They may support local
technology research initiatives oriented towards local demand, using their experience,
knowledge and skills. If Kenya will allow biotechnology in commercial use, effective
communication strategy will be required and a national strategy to manage government and
foreign funded projects for the profit of local farmers not transnational companies’ or
foreign developed countries.
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