TOWARDS AN AFRICAN POLICY ON BIOTECHNOLOGY 

The use of GMOs to improve Agricultural Livelihoods in Africa

Policy Considerations to Enhance Agricultural Food Security and

Food Safety Systems
1.0 Summary
African Governments have recognised the importance of regional cooperation to address possibilities and a range of issues associated with biotechnology and genetic modification. Within the framework of the new partnership for Africa's Development (NEPAD), they have resolved to promote programmes that will generate a critical mass of technological expertise in targeted areas –so as to harness agricultural productivity and pharmaceutical products.

Modern Biotechnology offers great hope for directly addressing problems of the developing countries in human health, agriculture and environment. Genetic engineering methods improve the nutritional quality of crops by transferring new genes into indigenous crop strains and confer tolerance or resistance to biotic and abiotic stresses. Similarly, genetic techniques can be used for development of vaccines and drugs against major viruses and parasites infecting humans and livestock. The potential of biotechnology to increase food yields and alleviate hunger and malnutrition is well known. However, little is known about its negative potential for releasing harmful genetically modified organisms in the environment, and for its propensity to displace traditional varieties- the life and blood of the poorer sections of African people. 

Governments in Africa only became convinced of the need to think regionally about their GMO policies following debates that arose in 2002 regarding the import of GM maize as food aid. Prior to 2002, countries in the COMESA/ASARECA region had accepted GMO maize as food aid through the United Nations World Food Programme (WFP) without controversy. In 2002, however, a number of countries within the Southern African Development Community (SADC) took policy decisions that limited the import of food aid with GM content. Zimbabwe, Mozambique, Lesotho, and Malawi placed various restrictions on imports of unmilled GM yellow maize from WFP, and Zambia refused all GM maize even if milled. Only Swaziland continued to accept unmilled GM maize without restriction as food aid through WFP. This divergence of national policies in the SADC region inspired efforts in both SADC and COMESA to consider closer regional policy coordination

This is because if one country in the region approves the commercial planting of a GMO crop before a neighboring country has done so, the chance arises that routine formal or informal cross-border trade will begin to bring viable GMO seeds from the approving country into the neighboring country that has not yet given planting approval. This could compromise the neighboring country’s national system of biosafety regulation. Yet if the non-approving country tries to block imports in hopes of protecting its national regulatory system, commercially important trade flows within the region would be disrupted, perhaps including critical food aid shipments. 

GMO food commodities are now frequently encountered in international markets. In international maize markets, for example, exports from countries that plant GM varieties widely – such as the United States, Canada, Argentina, and South Africa - now account for roughly two thirds of all maize traded worldwide.  This has made national policies designed to avoid all imports of GMOs more difficult to maintain and operate. 

So far, there is no documented evidence that the GMO crops or foods currently on the market present any new risks to human health or to the environment. However, it is prudent for Governments in Africa to wish to preserve this record of safety by setting in place appropriate GMO regulatory systems of their own, and by seeking ways to harmonize those systems within the regions. In this context therefore, the African Union, (AU), African leaders resolved to take a common approach to address issues pertaining to modern biotechnology and bio-safety by calling for an African common position on biotechnology. 
Towards this common policy, the AU and NEPAD set up a high level African Panel on Modern Biotechnology to examine and make recommendations on how best to harness, embrace and apply biotechnology to improve agricultural productivity, public health, increase industrial development and economic competitiveness.  This paper attempts to examine some of the issues that that may need to be taken care of in GMOs as far as food safety and food security is concerned.

The information is compiled from various sources, but particularly from papers by 

Brig, Prof Kohi, Tanzania Commission for Science and Technology 

-Challenges in Implementing Biosafety Systems in Developing Countries  -Keynote Address, EAC Regional Workshop on common policy for GMOs: , Entebbe, Uganda, 

Wafula, David. 2006. Overview of Policy Options for Biosafety in the COMESA Region. The African Centre for Technology Studies – ACTS. 
UNEP- GEF and others as given in the references at the end of this paper.

Definition and Scope of Biotechnology

According to the Convention on Biological Diversity (CBD), biotechnology is defined as any technological innovation that uses biological systems, living organisms, or derivatives thereof, to make or modify products for specific use. 

The OECD (1999) accepted a working definition of biotechnology where biotechnologies are the products namely knowledge, goods and services, arising from the alteration of living or non-living materials through the application of science and technology to living organisms as well as parts, products and models thereof. 

The techniques include fermentation, microbial inoculation of plants, plant cell and tissue culture, enzyme technologies, embryo transfer, protoplast fusions, hybridoma or monoclonal antibody technology and recombinant DNA technology. 

Biotechnology provides a set of tools that, if appropriately integrated with other technologies, can be applied for the sustainable development of agriculture, natural resources, health and pharmaceuticals, industry as well as protection of the environment. 

The development of biotechnology is divided into three main generations / phases: 

· The first generation biotechnology started in 1750 BC and included processes such as fermentation, microbial, natural products and the use of biological control agents against animal and plant diseases and pests. The fermentation process is widely used in industries for production of beverages and medicines. The microbial process is used in agriculture for nitrogen fixation, control of pollution in the environment, bio-mining, biogas production and also in pharmaceutical industries. 

· The second-generation biotechnology started in 1863, when Gregor Mendel discovered that pea plants passed on traits from parent to progeny in discrete biological units that would be later known as genes. The second generation also includes tissue culture, polyclonal and monoclonal antibodies, and DNA -markers techniques. Tissue culture is used in agriculture and livestock for rapid multiplication or micro- propagation and production of pathogen free plants, embryo rescue and artificial insemination. Polyclonal and monoclonal antibodies techniques are used in the production of medicines and for vaccine development as well as diagnostic tools for animal and plant diseases. The DNA markers techniques are used agriculture and livestock for characterization of animal and plant genomes, selection processes, and as a diagnostic tool. 

· The third generation of biotechnology is known as "Genetic Engineering (GE)", "recombinant DNA technology", "gene technology" or "modern biotechnology" started in 1972 when scientists pioneered a way of combining biochemistry in a technique that led to the birth of recombinant DNA, a modified DNA molecule created by combining DNA from two unrelated organisms. The technology allows the transfer of selected genes between different organisms, species, genera and phyla. Once transferred, these genes may be transferred to offspring of the modified individual through normal reproductive processes. Genetic engineering has resulted in the production of Genetically Modified Organisms (GMOs). Genetically Modified Organisms (GMOs) can therefore, be defined as organism in which the genetic material has been altered from the way that it occurs in nature. 

Commercialization of Modern Biotechnology in Agriculture -Global Trends. 

The contribution of modern biotechnology also referred to, as “genetic engineering technology” to to-days agricultural and livestock production have lead to:

· Better understanding of how plants function, and how they respond to the environment.

· More targeted objectives in breeding programmes to improve the performance and productivity of crops, livestock and fish and post harvest quality of food.

· Molecular (DNA) markers for smatter breeding, by enabling early generation selection of traits, thus reducing both the time and need for extensive field selection.

· Powerful molecular diagnostics, to assist in the improved diagnosis and management of parasites, pests and pathogens.

· Development of vaccines for the control of livestock and fish diseases.

· In terms of crop improvement, genetic engineering is used widely in present day agriculture for the development of new crop varieties. Here new genetic instruction is introduced into the crop by laboratory-based molecular methods, leading to new plant varieties that have been genetically modified for a specific trait.

On the commercial scale Table 1 shows countries planting GM crops in the last four years.  Out of more than 20 plant species, the most commercially important GM crops are soybean, corn, cotton and canola (oilseed rape). The traits these new transgenic varieties contain include insect resistance (corn, cotton), herbicide resistance (corn, soybean), delayed fruit ripening (tomato) and virus resistance (papaya)(Table 2). 

Table 1 Global Area of Transgenic Crops in 2001 to 2005: by country (Million hectares).

	
	2001
	2002
	2003
	2004
	2005

	USA
	35.7
	39.0
	43.8
	47.6
	49.8

	Argentina
	11.8
	13.5
	13.9
	16.2
	17.1

	Canada
	3.2
	3.5
	4.4
	5.4
	5.8

	Brazil
	-
	-
	<3.0
	5.0
	9.4

	China
	1.5
	2.1
	2.8
	3.7
	3.3

	South Africa
	0.2
	0.3
	0.4
	0.5
	0.5

	Australia
	0.2
	0.1
	0.1
	0.2
	0.3

	India
	-
	<0.1
	<0.1
	0.5
	1.3

	Romania
	<0.1
	<0.1
	<0.1
	0.1
	0.1

	Spain
	<0.1
	<0.1
	<0.1
	0.1
	0.1

	Uruguay
	<0.1
	<0.1
	<0.1
	0.3
	0.3

	Paraguay
	
	
	
	1.2
	1.8

	Mexico
	<0.1
	<0.1
	<0.1
	0.1
	0.1

	Bulgaria
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Indonesia
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Iran
	
	
	
	--
	<0.1

	Colombia
	-
	<0.1
	<0.1
	<0.1
	<0.1

	Honduras
	-
	<0.1
	<0.1
	<0.1
	<0.1

	Germany
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Portugal
	
	
	
	--
	<0.1

	France
	
	
	
	--
	<0.1

	Philippines
	-
	
	<0.1
	0.1
	0.1

	Total
	52.6
	58.7
	67.7
	81.0
	90.0


Source: Clive James, 2006

Table 2
. Global Areas of Dominant GM Crops from 2001 – 2005:

	Crop
	2001
	2002
	2003
	2004
	2005

	Soybean
	33.3
	36.5
	41.4
	48.4
	54.4

	Maize
	9.8
	12.4
	15.5
	19.3
	17.8

	Cotton
	6.8
	6.8
	7.2
	9.0
	9.8

	Canola
	2.7
	3.0
	3.6
	4.3
	4.6

	Squash
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Papaya
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Tomato
	<0.1
	<0.1
	<0.1
	<0.1
	<0.1

	Total
	56.6
	58.7
	67.7
	81.0
	90.0


Source: Clive James 2006

According to Clive James, 2006 (Fig.1), it is estimated that, approximately, 90.0 million hectares of land, have been planted with GM varieties by 8.5 million farmers in 21 countries in 2005, 90% of whom were resource-poor farmers from developing countries, whose increased incomes from the genetically engineered crops contributed to the poverty reduction.
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Emerging Trends in Genetic Engineering (GE) Research

The emerging scientific and technological developments are enabling complex traits to be addressed, with the intention of developing new products of potential value for agriculture, human health and the environment. Genetic engineering or transgenic research is now focused to complex traits as categorized in Table 3. These include: 

· Increasing sustainable agricultural production by the cultivation of crops that are better adapted to biotic stresses (pests, diseases and weeds) and abiotic stresses (drought, salinity, and temperature stress).

· Increasing health benefits through more nutritionally beneficial foods, with higher content of essential vitamins and minerals, especially in staple crops such as rice. Reducing allergenic, carcinogenic and/or toxic compounds in certain plants may also be possible, so that they are safer sources of food (e.g. reduced cyanide content in cassava; removing allergenic content of nuts; modifying oil content of certain plants to produce more long chain, poly – unsaturated fatty acids).

· Using plants for pharmaceutical production: certain plants can be developed to produce specific proteins, vaccines against human and animal diseases and other pharmaceuticals.

· Using plants for industrial purposes: production of biodegradable plastics, starch and alcohol production etc. 

· Using plants and microbes to mitigate the effects of industrial pollution (bioremediation) by increasing their ability to remove and/or breakdown toxic compounds in the soil (Table 3).

 Table 3
GM crops developed to address complex traits

	Category/target
	Trait
	Transgenic crop

	Improved productivity
	Drought tolerance 

Salinity tolerance

Water logging

Aluminium tolerance

Disease resistance 
	Maize

Rice

Rice

Tobacco

Rice

	Health and nutrition
	Vitamin A content

Iron content

Reduced toxins
	Rice, mustard

Rice

Cassava

	Value added traits
	Colour changes 

Flavour changes

Shelf life
	Flowers

Tomato

Tomato

	Plants for medicinal purposes
	Vaccine production 
	Banana,

Potato, tomato, 

Tobacco

	Plants for industrial purposes
	Biodegradable plastic production

Starch production 

Alcohol production

Starch
	Maize

Maize

Sugarcane

Cassava

	Plants for biofuel
	Alcohol production
	Maize

Sugarcane

Cassava

	Self regulating plants
	Limiting gene flow to related and/or wild species
	Oilseed rape

	Removing toxic compounds from environment (bioremediation)
	Mercury pollution

Cadmium contamination
	Arabidopsis thaliana 

Tobacco


 The Development of GM Crops in the Developing Countries 

Genetically modified crops are often stated as the products of multi-national corporations, but a recent survey has indicated that it is public research in the developing countries that is vibrant and attempting their development. The survey was conducted at 61 public research institutes in 15 developing countries in Africa, Asia and Latin America (Table 4). These institutes demonstrated 201 genetic transformation (modification) events for 45 different crops, within eight categories of different phenotypes, and the ability to use such genes when transforming local genetic resources. These researches have produced GM crops including cereals, vegetables, root, tuber and oil crops, sugar and cotton. Many are nearing or in confined trials; others are in the later stages of field testing and seeking broader approval.

	Table 4   Transformation events grouped by country, crops and phenotypic category*

	Continent
	Countries
	No. events
	Crops
	Phenotypic category

	Africa
	Egypt
	17
	
	Cotton, cucumber, maize, melons, potatoes, squash and marrow, tomatoes, watermelons, wheat
	AP, FR, FR/HT, HT, HT/IR, IR, OO, PQ, VR

	
	Kenya
	4
	
	Cotton, maize, sweet potatoes, cassava
	HT, HT/IR, OO, PQ, VR

	
	South Africa
	20
	
	Apples, grapes, lupin, maize, melons, pearl millet, potatoes, sorghum soybeans, strawberry, sugar cane, tomatoes, indigenous vegetables
	AP, BR, FR, HT, HT/AP, IR, PQ, VR

	
	Zimbabwe
	5
	
	Cotton, cowpeas, maize, sweet potatoes, tomatoes
	FR, HT/VR, VR

	Asia
	China
	30
	
	Cabbage, chili, cotton, maize, melons, papayas, potatoes, rice, soybeans, tomatoes
	AP, FR, IR, VR

	
	India
	21
	
	Cabbage, cauliflower, chickpeas, citrus, eggplant, mung beans, muskmelon, mustard/rapeseed, potatoes, rice, tomatoes
	AP, FR, HT/AP, IR, IR/BR, OO, PQ, VR

	
	Indonesia
	14
	
	Cacao, cassava, chili pepper, coffee, groundnuts, maize, mung beans, papayas, potatoes, rice, shallot, soybeans, sugar cane, sweet potatoes
	AP, FR, IR, PQ, VR

	
	Malaysia
	5
	
	Oil, palms, papayas, rice
	HT, IR, VR

	
	Pakistan
	5
	
	Cotton, rice
	HT, IR, PQ, VR

	
	Philippines
	17
	
	Bananas and plantains, maize, mangoes, papayas, rice, tomatoes
	AP, OOO, VR

	
	Thailand
	7
	
	Cotton, papayas, pepper, rice
	AP, BR, IR, VR

	Latin America
	Argentina
	21
	
	Alfalfa, citrus, potatoes, soybeans, strawberry, sunflowers, wheat
	AP, BR, FR, IR, IR/BR, OO, PQ, VR

	
	Brazil
	9
	
	Beans, maize, papayas, potatoes, soybeans 
	AP, BR, FR, HT, IR, PQ, VR

	
	Costa Rica
	5
	
	Bananas and plantains, maize, rice
	AP, IR, VR

	
	Mexico
	3
	
	Bananas and plantains, maize, potatoes
	IR, VR

	Total
	
	201
	
	
	

	aAn event is defined as the stable transformation – incorporation of foreign DNA into a living plant cell – undertaken by a single institute among the participating countries, thereby providing a unique crop and trait combination, bPhenotypes are defined as follows: AP, agronomic properties; BR, bacterial resistance; FR, fungal resistance; HT, herbicide tolerance; IR, insect resistance; OO, other; Pq, product quality; VR, virus resistance.


*Source: Cohen, 2005

Introduction of Genetically Modified (GM) Crops in Africa
The number of genetically modified crops and microorganisms in Africa is shown in Tables 4 and 5. If transgenic crops can protect themselves against pests and diseases by provoking their own protection, they offer farmers an alternative to chemical sprays at the same time benefiting the environment. Increasing environmental degradation due to heavy inputs which are characteristic to the Green Revolution makes the fields unsafe places for infants and children who often must go with their mothers to agricultural fields since women in Africa are the main labour input for agricultural activities.

The International Crop Research Institute for Semi Arid Tropics (ICRISAT) in India has developed the world’s first genetically modified groundnut. This new plant promises resistance to the Peanut Clump Virus (PCV), which is wide spread in India and several West African countries. PCV is responsible for annual losses of about US $ 40 Million globally. This is regarded as a major step towards addressing specific needs of the resource poor farmers of the semi arid tropics through the application of biotechnological interventions for food crop production and poverty reduction.
Table 5. Genetically engineered (GM) crops and microorganisms in Africa.

	Country 
	GM / Transgenic crop 
	 Characteristics 

	Egypt
	Potato

Cotton

Maize

Faba beans
	Insect and virus resistance

Stress and insect resistance Insect and fungal resistance Stress and virus resistance

	Kenya
	Sweet potato - (Confined field trials)

Cotton - (Confined field trials)

Maize -  (Confined field trials)

Cassava - (Confined field trials)

Capriprox – RVF - (Confined field trials)
	Virus resistance 

Stress and insect resistance

Insect and fungal resistance

Stress and virus resistance

Recombinant vaccine 

	Uganda
	Banana
	Insect and fungal resistance?

	South Africa
	Potato

Cotton

Tomato

Tobacco

Maize
	Insect and virus resistance

Stress and insect resistance

Insect and fungal resistance

	Zimbabwe
	Cotton 

Tobacco
	Insect resistance


Source: Wafula & Ndiritu, 1996 (Modified).
BIOSAFETY CONCERNS AND ISSUES ASSOCIATED WITH GMOs 

As pointed earlier, the advent of modern biotechnology offers tremendous potential benefits to developing countries, at the same time, its introduction carries with it potential risks. Products of traditional biotechnology, i.e. fermentation, tissue culture and molecular breeding have been in use in the region for many decades. It is the development and introduction of GMOs that raises a number of legitimate food and health safety, environmental, socio-economic, political and ethical concerns. These concerns have formed the basis for the development and implementation of biosafety frameworks aimed to ensure the safe application of biotechnology. 

Food, animal feed and health safety issues 

Genetic modification has the potential to confer health benefits through, for example: 

· Increasing the nutritional content in some crops (e.g. protein-potato being developed in India and vitamin A 'golden rice' in Switzerland.)

· Decreasing the levels of natural toxic compounds in some foodstuffs; and 

· Reducing the use of pesticides and herbicides in agriculture, with corresponding reductions of their residues in crops. 

On the other hand, there is concern that genetic modification could affect the safety of food and animal feed and thus pose potential risks to human and animal health. The GM food introduced proteins and other resulting molecules may cause allergic reactions or act as toxins or carcinogens. In addition, inserting new genes may change the nutrition of crops or their digestibility. Allergenicity could increase either by raising the levels of naturally occurring allergens or through the introduction of new allergens. The great majority of natural allergens that affect human beings occur in certain food groups, which have been part of our food system for a long time (e.g. Soya bean, plant nuts, tree nuts, wheat, eggs, fish and shellfish). In the development of GM food crops, close attention is being paid to the issue of allergenicity. An example of this is the case where a protein from Brazil nut that was introduced into a variety of soya bean in order to improve its protein content. This effort was halted when food safety tests revealed the transgene coded for a potential allergen that could have been added to the soya bean. 

Pesticide toxins introduced into plants through genetic engineering (e.g. Bt-protein) generate proteins, which may be safe for other animals but carry unexpected allergenic potential for humans. 'StarLink' maize is a case in point: the heat tolerant Bt-protein introduced into this GM crop was thought to have allergenic potential in humans and was there initially approved for animal consumption only, by the United States Food and Drugs Administration (USFDA). Conversely, while a GM crop may be safe for humans; its residue used as feed may pose a risk to animals. For example, Bt-cotton is grown commercially in China, India and Indonesia and has passed thorough safety testing. Even so, it is uncertain what long-term impact the widespread use of GM cotton seeds as feed could have on the health of livestock. 

The techniques for testing the presence of allergens, toxins and carcinogens in food and feed are well established and are used to test all GM food crops before they are approved for use. Developing countries need to acquire and use these techniques an integral part of any effort they may make in the field of GM crops. They should also to the extent possible use available data since it is food and feed safety issues of GMOs are universal. This means that GM food and GM feed found to be safe for human and domestic animal consumption in one country are likely to be equally safe for consumption in other parts of the world. 

Another area of concern is antibiotic resistance. The technique of using antibiotic resistant genes as selectable markers in GM plants could result in these genes being transferred to microorganisms that are human pathogens, rendering them antibiotic-resistant. Recognition of this risk is resulting in the phasing out of antibiotic markers or their replacement by others that can be removed from the plants before commercial approval is given. 

GM labelling of foods, feeds and other consumer products is being considered in several developing countries. The recently issued EU directive on GM tracing and labelling and the draft guidelines on GM labelling by the UN/FAO Codex Alimentarius Commission will have a strong influence on the decisions that developing countries will make not only on GM labelling but also on the introduction of GM crops.

   Substantial equivalence 

This is a rigorous safety testing paradigm jointly developed by the FAO/WHO that utilizes a systematic, stepwise and holistic approach. The resultant science based process, focuses on a classical evaluation of the toxic potential of the introduced trait and the wholesomeness of the transformed crop. In addition, detailed consideration is given to the history and safe use of the parent crop as well as that of the gene donor. The overall safety evaluation as conducted is enshrined in all international biotechnology guidelines.

The test is now widely accepted for testing GM crops. Basically three categories of GM crops can be considered (i) GM crops which have same composition as parent crop; (ii) GM crops with the same composition as the parent crop with exception of one well defined trait; and (iii) GM crops which are different from the parent crop.

Based on the concept of substantial equivalence in safety testing, about 50 GM crops have been approved worldwide. The conclusion has been that foods and feeds derived from genetically modified crops are as safe and nutritious as those derived from traditional crops. The lack of any adverse effects resulting from production and consumption of GM crops, grown on more than 90 million hectares in 2005, supports the safety conclusions.

Environmental safety issues 

The potential reductions in the use of some chemical pesticides and herbicides that the cultivation of GM crops may allow would have a positive impact on the environment, as would the ability to grow more food on less land. Nevertheless, concern persists about the potential risks posed by GM agriculture to ecology and environment. Harm could potentially arise, directly or indirectly, through six routes: 

· Gene flow and transfer of genetically engineered traits to other species;

· Invasiveness, weediness and resistance; 

· Impact on subsoil and other 'non-targeted' organisms, including soil micro-organisms;

· Unexpected characteristics through genetic variability; 

· Mixed virus infections;

· New pests and diseases. 

Socio-economic issues and ethical consideration

One of the many questions being asked is how the GM technology is going to affect the incomes and livelihoods of the poor resource small farmers, who are the majority populations in the developing countries. The answer differs depending on the appropriateness, origin, ownership and control of the GM crops in question. Most of the GM technology is in the hands of the transnational companies (TNCs), who have developed most of the GM crops currently on the market (Table 1), have put a stronger IPR protection to the technology and the crops. This raises fear of being controlled by ‘foreign dominions’. The potential risks faced by the rural communities in developing countries are related to the:

· Monopoly control that the TNCs’ developing country agents/subsidiaries/joint ventures exercise on the price of the GM seeds;

· Need to buy GM seeds for every new planting season to maintain high-yield levels and fulfill farmers’ agreements with the seed-selling companies;

· Dependency on new generation of seeds or a reversion to old technology to address resistance that plant pests and diseases are likely to develop;

· Profit margins being squeezed between increasing seed prices and declining harvest selling prices; and

· Possible loss of existing robust crop varieties and technologies, thereby reducing the diversity, flexibility and resilience of farming systems and increasing vulnerability to events that could lead to famine.

These concerns are not unique to GM crops. The same situation was experienced when hybrid seed and elite cultivars were introduced some decades ago.

BIOSAFETY FRAMEWORKS

International arrangements and obligations involving biotechnology and biosafety: 

(i) Convention of Biological Diversity (CBD) 

Concerns over the effect of biotechnology were expressed as early as 1975 in Asilomar at a meeting of international scientists where strict restrictions on the use of recombinant DNA (rDNA) techniques were drawn up. This was the beginning of the legislation, or the applicability of existing statutes and rules explored and interpreted, in regard to rDNA activities in developed countries.

The emerging debates over the perceived benefits and risks associated with the introduction of GMOs into the environment saw the inception of the Convention of Biological Diversity (CBD) in 1992. The Convention clearly recognizes the potential benefits as well as the perceived risks of modern biotechnology. On the one hand, it provides for the access to and transfer of technologies, including biotechnology that are relevant to the conservation and sustainable utilization of biodiversity (Art. 16 (1) and 19 (1&2). On the other hand, it seeks to ensure the development of appropriate procedures to enhance the safety of biotechnology in reducing all potential threats to biodiversity, taking into account the risks to human health (Art. 8(g) and 19 (3). The CBD is an international legally binding convention whose objectives are the conservation of biodiversity, sustainable utilization of its components and the fair and equitable sharing of benefits arising from the use of genetic resources. Article 19(3) of the CBD makes specific provision for the implementation of biosafety measures for the trans-boundary movement of living modified organisms (LMOs): 

‘The Parties shall consider the need for and modalities of a protocol setting out appropriate procedures, including, in particular, advance informed agreement, in the field of the safe transfer, handling and use of any living modified organism resulting from biotechnology that may have adverse effect on the conservation and sustainable use of biodiversity’.

(ii)  (a)The Cartagena Protocol on Biosafety

The Biosafety Protocol recognizes for the first time in international law that GMOs are inherently different from other naturally occurring organisms and carry special risks and hazards, and therefore, need to be regulated internationally. It addresses the fact that GMOs may have biodiversity, human health and socio-economic impacts, and that these impacts need to be risk assessed. The Biosafety Protocol puts the ‘Precautionary Principle’ into operation in decision-making (i.e. in the absence of scientific certainty, a party should err on the side of caution and could restrict or ban the import of GMOs on account of their potential adverse effects) and further establishes it in international law. It also establishes the principle of prior informed consent with regard to the import of GMOs and preserves the right of a country to reject applications for the import of GMOs. 

Importantly, the Protocol mandates Parties to elaborate an international liability and redress regime for damage resulting from GMOs. The Biosafety Protocol primarily regulates the trans-boundary movement of GMOs - export and import, and other movements between countries. However, its scope extends to the transit, handling, and use of all GMOs.
The Protocol is currently a primary driving force behind the establishment of the national biosafety frameworks in countries that have ratified, or acceded to the Protocol. The Protocol empowers countries to establish biosafety procedures and provides the scientific and legal boundaries under which the framework should operate.

The OAU Model law on biosafety which is patterned on the biosafety protocol is currently under review

(b) The potential impacts of the Biosafety Protocol on GM crops and products
The operational details of implementing the Protocol will determine its impact on production, consumption and trade for feed, food or processing. Regulating the processes and the GM products in agriculture involves the regulation of imports of living GMOs, GM R&D and contained use, field testing, general release and marketing (commercialization) of GM products.  Here, the national governments must put in place mechanisms for compliance, monitoring and risk management.

The potential impacts for implementing the Protocol must be evaluated so that it can be implemented in the most effective and least costly manner. African countries may need to address the following questions:

· What portion of global and / or our crop production and trade could be affected by the Protocol?

· What are the potential impacts on the costs and structure of production and trade?

· How will the cost of implementing the Protocol be distributed across the agrifood chain?

· How will those costs affect exporters (from developed and developing countries)?

· What are the costs to importers (from developed and developing countries)?

· What are the impacts on farmers (large, developed country farmers and small, subsistence farmers)?

· How might such impacts evolve with time?

· What is the Compliance cost and how will it distributed across the supply chain (farmers, importers, exporters, consumers)?

Compliance costs resulting from the implementation of the Biosafety Protocol are not going to be static; they will increase with changing market conditions particularly in terms of include testing technology.

Policy, research and regulatory options are needed to expedite regulatory decisions that will lead to reduced impacts in terms of compliance costs, while maximizing on the benefits that can be accrued from the application of modern biotechnology and products thereof.

iii) UNEP-GEF and the National Biosafety Frameworks  

In 2000, the United Nations Environment Programme (UNEP) and the Global Environment Fund (GEF) set up a project to help countries that have signed the, ratified or acceded the Protocol to establish their national biosafety frameworks. The project provides funding and expertise to facilitate the establishment of national decision making mechanisms that consider both the safety and socio economic concerns of the application of GMOs and their products on a case by case basis. 

Through the UNEP-GEF funds, countries have put in place National Biosafety Framework systems of legal, technical and administrative instruments to address safety for the environment, including the safety of humans, in the field of modern biotechnology. National Biosafety Framework (NBF) essentially consists of the following key elements: National policies related to biotechnology and biosafety;

a) Regulatory regime;

b) Administrative and decision mechanisms;

c) Monitoring mechanisms; and 

d) Mechanisms for public awareness and participation. 

Information is available on the number of countries that have benefited from the UNEP-GEF. 
iv) WTO – SPS and TBT Agreements and GMOs

.

Members of the WTO have trade obligations under other WTO agreements that restrict the extent to which trade measures can be used against GMOs. More specifically related to food safety and animal and plant health are the Agreement on Sanitary and Phytosanitary Measures (SPS) and the Agreement on Technical Barriers to Trade (TBT). These agreements allow member states to impose certain restrictions on trade if the purpose of the measure is to protect human, animal or plant life and health. The TBT agreement also covers technical measures aimed at protecting the environment and other objectives. At the same time the agreements aim at ensuring that applied measures and technical regulations are no more trade-restrictive than necessary to fulfill the stated objectives (WTO 1995 and 1998a,b). Currently there are no international standards for genetically modified products. However, the SPS agreement explicitly allows member states to set their own standards for food safety and animal and plant health, but requires that measures be based on scientific risk assessments in a consistent way across commodities.

Labeling of foods in relation to international trade is normally covered by the TBT agreement unless the label relates directly to food safety, in which case it is covered by the SPS agreement. Only labeling programs that concern production processes affecting the final product would be covered by the existing TBT agreement. Determining whether or not a genetic modification affects the final product will probably have to be done on a case-by-case basis. 

V) International Service for the Acquisition of Biotechnology, (ISAAA), the U.S Agency for International Development (USAID) and the Consultative Group on International Agriculture research (CGIAR).

Several other initiatives are involved in the brokerage or application of modern biotechnology for Africa’s agriculture. These include the International Service for the Acquisition of Biotechnology, (ISAAA), and the Collaborative Agricultural Biotechnology Initiative of the U.S Agency for International Development and the Consultative Group on International Agriculture research (CGIAR). The latter’s broad mandate includes the mobilization of cutting edge science to reduce hunger and poverty, improve nutrition and health, and protect the environment. Made up of 16 International agricultural research centers and working in 150 countries, the CGIAR has had a significant impact in some sub-Saharan countries, where new varieties of cereals and lentil crops are increasingly being grown by farmers. New programs such as those to develop insect resistant maize, quality protein maize and striga resistant and viral resistant cassava and sweet potatoes are bound to have a positive impact on the economies of small scale poor farmers. 

GMOs and trade related issues

Developing countries are increasingly net importers of food and many have negative net agricultural trade balances due to low competitiveness of their domestic agriculture. This trend that is likely to continue, even if countries in the Organization for Economic Co-operation and Development (OECD) eliminate their agricultural protection and support policies. 

Low competitiveness is often the result of inappropriate policies and of insufficient resource mobilization for the enhanced competitiveness of poor rural communities, the sustainable use of natural resources and for adequate provision of market infrastructure and research. 

Limitations in domestic capacity to meet increasingly strict sanitary and phyto-sanitary standards exacerbate the problem of low competitiveness particularly with respect to the growing market for processed products.

A wide range of instruments and structures at national and international levels are regulating the development and application of biotechnology. 

At the national level countries have put in place

· biosafety frameworks,

· intellectual property laws, 

· ethical guidelines and food safety standards to regulate not just the commercialization of products of technology but related R&D activities as well. 

 Among the international instruments are; 

· the CARTAGENA Protocol on Biosafety, 

· International Plant protection Convention (IPPC), 

· OIE, 

· Codex Alimentarius. 

These instruments and systems affect the evolution of biotechnology in Africa.

GMOs, Biodiversity and sustainability

Biodiversity is being recognized as a major resource, and Africa is rich in it. Plant based drugs are fetching billions of dollars to pharmaceutical firms, and Africa is still on the periphery of pharmaceutical development. Meanwhile, the region is being depleted of these resources by both inappropriate exploitation and management.  Using Gene transfer, in-vitro cultures, or of species that have very low fertility and are hard to keep as seeds or in the field gene banks can ensure the maintenance of ex-situ germplasm of plant species that can have asexual propagation. Similar techniques coupled with embryo transfer and artificial insemination can ensure the preservation of animal biodiversity. 

The Convention on Biological Diversity (CBD) signed at the Earth Summit in Rio de Janeiro in 1992 aims at the conservation of biological diversity, the sustainable use of its components, and fair and equitable distribution of benefits accruing from such utilization. It recognizes the need to protect property rights, but is not legally binding until countries translate it into national laws. In the absence of legislation, pharmaceutical firms and governments, and indigenous groups are making agreements to exploit these resources. Local communities very often depend on the use and conservation of this biodiversity for their survival. Community ownership of biodiversity has been the practice for generations, and with the coming of private ownership, they may lose certain privileges. Thus biotechnology can be an asset as well as a danger to preservation of biodiversity, and policy frameworks should cater for these.

GMOs and Fisheries

The fishery sector has recognized that GMOs are a diverse class of organisms that share many common features with introduced or alien species. FAO's Regional Fisheries bodies have adopted, in principle, codes of practice on the use of introduced species and GMOs, produced by FAO's European Inland Fishery Advisory Commission (EIFAC) and the International Council for the Exploration of the Sea (ICES). The general principles in such codes of practice, which include general principles for environmental assessment, contained use, advanced notification and the application of the Precautionary Approach, have been incorporated into the FAO Code of Conduct for Responsible Fisheries. FAO continues to work with regional bodies, professional fishery associations and national governments in the harmonization and refinement of these codes, and in methods for appropriate risk assessment. 

GMOs and IPR issues

The effects of IP on the costs of GM technologies are recognized as a potential hindrance to its application in Africa. This concern is not only shared by the African authorities but also by the international research organizations and some multinationals. 

Data on the status of biosafety regulations and biotechnology policies or laws in Eastern and Southern Africa reveals a gloomy picture:
	 Status of laws on intellectual property rights (IPR) in Southern Africa, 2004 

	
	                       IPR instruments in place or under way

	Country 
	Patent or industrial Property law
	Plant breeders’ rights

	Ethiopia
	Available 
	Not available 

	Kenya
	Available 
	Available - International Union for the Protection

 of New Varieties of Plants (UPOV) 78 

	Lesotho
	
	Not available 

	Malawi
	
	Not available 

	Mauritius
	
	Not available

	Mozambique
	Available
	Not available

	Namibia
	Being developed 
	Not available

	Swaziland
	Available 
	Not available 

	
	Available 
	Available--UPOV 78

	Tanzania
	Available 
	Not available 

	Uganda
	Available 
	Not available

	Zambia
	Available
	Not available

	Zimbabwe
	Available
	Available--national


 Source: Source: Olembo 2004. 

The above concerns at the AU level led the African Heads of State and Governments to consolidate their concerns through the decision to endorse the OAU Model law on the Rights of Communities, Farmers, Breeders and Access to Biological Resources address IPR issues in Africa. How far national governments have incorporated this in their laws remains to be determined.


GUIDING POLICY PRINCIPLES AND HARMONIZATION PATHWAYS

The function of a national policy in any sector is inter alia, to outline the nation’s objectives in the particular sector. For the policy to become acceptable there must be a political will for the introduction of the technology and definition of its limits. It is important that the Government’s highest decision-making body endorses the policy document, as a ratified policy document will enforce government commitment. It is however of similar importance that the process of the policy preparation involves all stakeholders. A participatory approach will create awareness about the problem, existing links and available capacities and direct on which policy option to adopt. Further, because a broad spectrum of interests and expertise is required, any participatory approach need to create an atmosphere in which statements are substantiated, argumentation is protected from polemics, evidence and counter-evidence are considered and positions and strategic interests are clarified and categorized. Thus, a Biotechnology and Biosafety Policy should be guided by the following principles: 

· Under the guidance of a sustainable development vision, the policy must strike a balance between biotechnology promotion and regulation; 

· It must ensure that any biotechnology activities conform to the existing law;

· It must ensure that there is a regulatory technical body, which operates, independent of political influence or pressures and its decisions are science-based or justified; 

· It must ensure that there is cooperation with other [neighboring] countries, especially in trans boundary biotechnology and risk assessment and management activities; 

· The policy must ensure that development on biotechnology is in harmony with society's ethical values and goals. For example, it must ensure that negative technical recommendations are not overruled by reasons of political, social or economic expediency, but positive technical recommendations could be overruled on the basis of those reasons. 

The policy should also guide on

(i) priority setting and capacity building in R&D and desired outcomes; 

(ii) safe application of biotechnology and use of products and services; 

(iii) intellectual property management;

(iv) financing and incentives for public sector R&D; 

(v) public-private partnerships; 

(vi) Education and public awareness about biotechnology and biosafety. 

(vii) promotion of regional and international collaborations

POLICY GUIDELINES

a) For Food the choice could be to;
1. Reject all food aid with GM content 

· Governments that ban GM imports or require milling should be asked to take on at least two obligations:

· They should notify WFP in advance  to increase chances that WFP will be able to comply and supply GM-free food aid during times of emergency

· They should allow transshipment of GM food aid through their ports and territories to neighboring landlocked countries and to refugees during times of emergency.

2. Accept GM Food Aid only if Milled Prior to Delivery

3. Place no effective restriction on imports of food aid with GM content

Source- : Southern Africa Development Community (SADC) guidelines on biosafety.

b) Other Policy choices have been summarized by the COMESA RABESA project

1. Centralized Approvals of GMOs

Creation of a single region-wide approval authority with powers to decide which GMOs can be commercialized and imported into the region. 
· Centralized risk assessment-one policy would prevail throughout the region

· All applicants from the region would seek approvals from the committee

2 Mutual Policy Recognition

· Based on the EU biosafety regulatory regime. 

· Agree that if one government in the region grants approval for planting or importing a GMO, the approval will extend region-wide, unless others object.


 -If Kenya goes through a process of approving a GMO for planting it might not be necessary for Uganda or Tanzania to duplicate unless objections emerge.      

Challenge

Applicants likely to go to countries where approvals will be accelerated but the decisions may be blocked or rejected at the regional by national governments not yet ready to approve GMOs

Requirements

-Creation of new institutions including scientific and technically competent regulatory committee representing all member countries

3. Regional disapproval policy

· Pursue a GMO-free zone policy 

· Regional policy that bans GMOs for planting, research , or import 

· Countries can also decide to approve no GMOs for commercial planting, but permit GMOs for research only, or accept imports of processed GMO products only.

4 .Loose Harmonization option
· Flexible policy approach based on the minimum requirements of the Cartagena Protocol on Biosafety.

· Article 14- parties can enter into regional agreements and arrangements to handle transboundary movement of GMOs

· Harmonize only on some basic region-wide procedures for importing GMOs based on  minimum Cartagena protocol requirements

· Such procedures may include regional BCH, regional risk assessment mechanisms or a regional biosafety committee 

·  LMOs intended for direct use as food, feed or processing are not subjected to stringent AIA
· Article 7 on the application of  AIA 

· A loose harmonization approach may accommodate concerns related to national sovereignty 

Source: ACTS 2006

Apart from the above policy options, consideration shouldbe given to 

Regulatory regimes

Administrative and decision making mechanisms

The administrative and decision making mechanisms are constituted by three bodies that include: 

(i) An administrative office that coordinates the application process. This office is the entry point for all applications relating to GMOs and is usually a government department such as that charged with matters relating to the environment, agriculture or science and technology. 

(ii) A scientific advisory committee with a wide range of scientific expertise to cope with the diverse case-by-case assessments. This body advises government, industry and the public on the safe application of biotechnology. Scientific reviews are carried out on a case-by-case basis. 

(iii) The decision-making body should represent interests of all stakeholders. The decision-making process should allow for public input and should address socio-economic aspects regarding the application of biotechnology

. 

Monitoring and surveillance system 

· In order to allow detection of the broadest possible scope of unanticipated adverse effects it is proposed that general surveillance is performed by either selected, existing networks, or by specific institutions.

Public awareness, transparency and participation.

It has been observed that stakeholders including policymakers and decision-makers, research managers and scientists in many developing countries have inadequate knowledge about biotechnology, its impacts, as well as its potential for socio economic development (Juma et al., 1995).

Sharply polarized debates in Europe, has underscored the importance of public participation in decision-making pertaining to GMOs.  GM proponents and GM opponents are continuing to take place on some issues, e.g. the impact of agro-biotechnology on the environment, health of human and animals (biosafety), the ownership and control of genetic resources (IPRs), and the livelihoods and socio-economic futures of the resource-poor farmers in both rural and sub-urban areas. The rapid pace of technological change and the wide-ranging nature of the perceived effects of biotechnology necessitate much greater public participation in policymaking. 

The issue is not simply one of providing balanced scientific information to the public, but rather of building trust between science and society. Intermediary programs and institutions concerned with the social aspects of biotechnology could be established to build such trust. 

Capacity building in biosafety systems

It is important to mention that many countries in Africa lack the necessary capacities to carry strategic biotechnology and biosafety programmes. An attractive option for these countries would be to create R&D capacity in a stage-by-stage process, to meet short-, medium- and long-term goals. This would require gradual consolidation of capacity (competence, resource and structure) at selected institutions and backstopping through regional and international collaborations.

Regional collaboration and harmonization of biosafety systems

Through the support of the UNEP/GEF, most countries in Africa are in the process of establishing national biosafety frameworks, albeit in different stages - tables 4 and 5. This is a milestone towards the application of modern biotechnology and the utilization of products thereof in Africa.   This also means that soon we will be experiencing cross border issues that will need the attention of the biosafety systems. One would wish to ask whether a product developed/introduced, tested and released for commercialization in one country is safe in another country. The Cartagena Protocol is very implicit in the assumption that regional cooperation in information sharing and harmonizing the biosafety frameworks is very crucial for effective management of transfer of GMOs across borders. This calls for deliberate efforts to harmonize the policies in the region, legal and regulatory systems, principles of risk assessment and management as well as the harmonization of administrative functions. The later, for example, would be provided in the form of a Biosafety Clearing House, (BHC) which is the mechanism for sharing scientific, technical, environmental, and legal information relating to the risk assessment and trans-boundary movement of GMOs in the region. It is worth noting that recently the movement of seeds in the East African partner states, was given a boost, when, through hard work and consultation the seed policies in the three counties in the region were harmonized.  This experience is worth borrowing as we move towards harmonized biosafety frameworks in Africa. 
Conclusions

Modern biotechnology has the potential to alleviate poverty and improve food security in developing countries and in Africa in particular, only if it focuses on the problems and opportunities poor people face and only if appropriate policies accompany it. Food insecurity stems from the combined effects of a number of factors, the challenge lies in strategies that tackle all problems comprehensively. Policies must ensure development of friendly environment exists and that biotechnology is oriented toward the needs of the poor, particularly, resource-poor smallholders in rural and sub-urban areas. Modern biotechnology is not a silver bullet, but it may be a powerful tool in the fight against poverty and should be made available to poor farmers and consumers. 

The development of efficient and effective biosafety systems is important not only to accelerate the growth of science and technology and in particular the application of R&D in biotechnology in the region, but also to ensure safe access to new products and technologies developed elsewhere. The absence of a suitable regulatory framework hinders the ability of both the public and the private sectors to invest in new technologies within a particular country and to make new products available to the society.

The main challenge for Africa region is to build the necessary human and infrastructural capacities to conduct both biotechnology R&D and product evaluation including science-based risk assessments and biosafety studies and reviews needed to support the implementation of regional and international biosafety guidelines and regulations.
As we begin a noble journey toward a common Policy on GMOs for Africa, we need concerted efforts that are well coordinated so that all areas requiring cooperation are well explored.

A balanced approach towards biotechnology should embrace benefits while ensuring adequate safeguards.
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