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1.1 Introduction

Scientific and technological advances in the area of agricultural biotechnology and genetic engineering have increased significantly. In the last one decade these developments have been marked by polarized and controversial debates worldwide. While the benefits of the technology have been enumerated, skepticism and opposition to agricultural biotechnology has been pronounced on the grounds of potential risks to the environment and human health.  In particular, concerns have been raised about the ethical, environmental and food safety threats that genetically modified organisms (GMOs) may pose. 

Notwithstanding the foregoing, the development and use of biotechnology continues to grow depicting some of the highest adoption rates in the history of technology diffusion. A number of countries are increasingly embracing agricultural biotechnology as a potential technological solution to production constraints. They are motivated by the possibilities of the technology in contributing towards increased agricultural productivity, food security, environmental sustainability and poverty reduction. The first generation of GM crops has placed more emphasis on input traits aimed at increasing productivity per unit of land and reducing production costs through improving the genetic make up and agronomic characteristics of crops. Bt. cotton (Bacillus thuringiensis) is among the range of genetically modified crops developed to reduce production costs and protect the environment through reduced chemical use. Bt. cotton is a pest resistant variety of cotton genetically engineered from Bacillus thuringiensis (Bt.), a natural soil bacterium used to control lepidoptoran insects. Monsanto holds the patent for the Bollgard variety of Bt. cotton (Monsanto, 2000). The variety has a gene that confers resistance against the bollworm, the most destructive and acute cotton pest. A review of literature shows that Bt. cotton has been successfully adopted but with mixed results in a number of countries including China, South Africa, Mexico and India under wide-ranging institutional contexts and policy climate. 

In Kenya where the cotton sector is faced with numerous constraints, Bt. cotton was introduced for research trials in 2004. This paper investigates the extent and circumstances under which the potential of Bt. cotton can be harnessed by smallholder farmers in Kenya.  Evidence and lessons are drawn from countries where Bt. cotton has been introduced and commercialized (China, India, South Africa and Mexico) to inform the Kenyan context. The paper is driven by the argument that the policy, institutional and regulatory context in which the technology has been introduced is extremely fundamental and will to a large extent determine whether cotton farmers will benefit or not. 

This paper comprises of five sections. A background of problems facing the cotton industry in Kenya is presented in section 2. The analytical framework for the paper is also presented. Section 3 gives an overview of cotton production and marketing situation in Kenya and trade prospects under the African Growth Opportunity Act (AGOA) initiative. Section 4 analyzes the extent and circumstances under which Bt. cotton can be harnessed. Section 5 deals with the policy and institutional challenges of introducing Bt. cotton in Kenya. The paper concludes with a set of recommendations and key issues that require policy and institutional attention.  

1.2 Background to the problem

For many years, cotton production in Kenya has been faced with the problem of declining yields. The yields have remained at 200 to 300 Kg of seed cotton per hectare (Waturu, 2001). The figure is below the world average of 605 kg/ha (Chaudhry, 2001). Research trials by the Kenya Agricultural Research Institute (KARI) indicate that the country has a potential of realizing over 2500 kg of seed cotton per hectare (Waturu pers.com, 2002). The problem of low yields is attributed to a myriad of constraints. The major ones include the high incidence of pests and diseases, lack of certified seeds, collapse of extension services, lack of credit, low producer prices and marketing problems. At the production level, high incidence of pests and diseases turns out to be the major constraint. As a result, pest control constitutes the highest portion of cotton production costs (pesticides and spraying equipment), accounting for 57% of total costs (Ikiara and Ndirangu, 2002)  

Under existing production practices of using conventional cottonseed varieties, farmers are required to spray 6-8 times in a season. This has proved to be demanding, as most cotton farmers are resource-poor and have no access to credit. Following the liberalization of input markets in Kenya, the high cost of pest control chemicals is beyond the reach of farmers (Gibbon, 1992). For that reason, most of them grow cotton without strictly adhering to spraying recommendations (Routsi, 1989). This has led to high yield losses. For instance, losses as high as 80% of the yield have been recorded in Nyanza province (Ikiara and Ndirangu, 2002). The losses have contributed to a decline in total production.

Following a decline in cotton production in the last two decades, levels of poverty have drastically increased in major cotton belts (Christian AID, 2002). A typical case is Busia district in western province, which has experienced a sharp decline in the area under cotton from 33, 000 hectares in 1976 to 700 hectares in 2001 (Busia, 2001). According to the second report on poverty in Kenya, Busia district was ranked as the fourth poorest district in the country with absolute poverty level at 65.99 percent. This was relatively high compared to the national and provincial averages of 52.93 and 58.75 percent respectively (GOK, 2000). While poverty is a multi-faceted phenomenon with a wide array of causes, the collapse of the cotton sector that was traditionally the economic mainstay of the district, could have contributed significantly to alleviating the current poverty situation. 

Like most farmers in Nambale, [Busia district], Western Kenya, Councillor Ongaria Peter Johnson fondly remembers the benefits that cotton used to bring to the area. ‘In my youth every farm grew cotton, but now we are one of the poorest districts in Kenya. We have tried other crops but nothing makes us money as cotton did (Christain Aid, 2002).’

For farmers in Kenya to invest and benefit in cotton production, yield decline emanating from pests and diseases should be addressed as part of the broader interventions. It is against this background that Bt. cotton has been introduced in Kenya.
 Approval to introduce Bt. cotton in Kenya was granted by the National Bio safety Committee (NBC) in 2003. Consequently, the Kenya Agricultural Research Institute (KARI) was permitted by the Kenya Plant Health Inspectorate Services (KEPHIS) to import Bt. cotton seeds from Monsanto for trials (Biosafety News, 2003; Odhiambo 2002). In the light of the prevailing cotton production constraints, it is hoped that adoption of Bt. cotton will increase yields and contribute towards poverty alleviation in the cotton growing areas.
1.3 Analytical framework
In analyzing the extent and circumstances under which Bt. cotton can be harnessed for smallholder farmers in Kenya, an analytical framework comprising of four tools-efficiency, sustainability, access and equity is used. Application of the tools largely relies on evidence and lessons from the case study countries. Bt. cotton is compared with conventional cotton and implications for Kenya drawn. 

Aspects of efficiency relevant to the adoption of Bt. cotton are examined. This includes technical efficiency concerned with whether or not Bt. cotton is efficient in terms of reducing the incidence of pests and increasing yields. Another relevant aspect is economic efficiency concerned with the assessment of the capacity of Bt. cotton to reduce costs of pesticides, save time and labour and increase incomes of farmers. 

The notion of sustainability is applied in two ways. First, sustainability is applied to examine whether or not Bt. cotton is an environmentally friendly technology in terms of the potential impacts to human health and the ecology. With regard to human health, the paper tries to ascertain whether adoption of Bt. cotton reduces the farmers’ exposure to chemicals. As far as ecological issues are concerned, the impact of Bt. cotton on non-target insects and genetic diversity is assessed. Secondly, the notion of sustainability is applied to examine the institutional arrangements that have supported and sustained the introduction and commercialisation of Bt. cotton. 

In this paper, tools of access and equity are used to find out whether Bt. cotton is ‘resource and scale neutral’. This is vital in understanding whether Bt. cotton is developed and deployed in away that could benefit farmers on any scale and irrespective of the resources that they have. Regarding the issue of scale, the paper focuses on whether all farmers have unbiased access to the seed, information, inputs, extension services, credit and reliable marketing arrangements. 

2.1 Cotton production and marketing in Kenya 

The cotton sector in Kenya has experienced major production and marketing changes and challenges over the years. The post-independence period was marked by direct government intervention in the production and marketing of cotton through a parastatal body, the Cotton Lint and Seed Marketing Board (CL&SMB). This was done with the aim of achieving the self-sufficiency policy of the government. The policy placed restrictions on importation of cotton lint and encouraged domestic production.

In pursuit of the policy, CL&SMB played a fundamental role in buying seed cotton from farmers and selling lint to textile firms at fixed prices. Co-operative societies and unions were established and supported by the government. They were the principal agents of the Board in supplying of inputs to farmers and buying of seed cotton (Nzuva, 2001). The activities of CL&SMB were supported under the auspices of the Cotton Development Programme (CDP) established in 1975. Through this programme, producer prices of cotton were increased by 80% between 1975 and 1979 and farm inputs such as pesticides, spraying pumps and land preparation services were provided to farmers through interest-free loans. 

The above measures resulted to a drastic increase in cotton production from 20,000 bales in 1975 to 70, 000 bales in 1985. The increase stemmed from both government and donor support aimed at reducing production constraints and achieving self-sufficiency. State intervention and donor support started declining when structural adjustment measures were adopted in the 1980s. Liberalization measures including withdrawal of the board from buying and selling of cotton as well as provision of credit to farmers aggravated the situation. Producer prices were decontrolled and support to farmers in form of extension significantly reduced. The withdrawal of CL&MSB had a major impact on the cotton sector in Kenya (Dijkstra, 1990). Production dropped from 70, 000 bales in 1985 to 20, 000 bales per year, a level at which it has revolved since then.  At the current production level, at least 100,000 bales of cotton lint have to imported from the neighbouring countries to meet the demand of the of the domestic textile industry which stands at 120, 000 bales per year (Ikiara and Ndirangu, 2002). 

Figure 1. 
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The above graph (Figure 1) illustrates that cotton production in Kenya reached its peak between 1979-84 as a result of the CDP. With the adoption of liberalization policies, cotton production started declining sharply. Government’s withdrawal of credit and unfavourable producer prices stifled supply response. Cotton production declined further due to competition from imported textiles both new and second hand which competed with the domestic textile industry (GOK, 1995). A plethora of the above institutional changes and inefficiencies were compounded by climatic factors and high incidence of pests and diseases. With the removal of government subsidies on inputs, the cost of pest control chemicals shot up. Farmers responded by reducing the application of recommended pesticides. Figure 2 shows that the cost of pesticides and spraying equipment combined is relatively high compared to other production costs.

Figure 2
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Following liberalization of the cotton sector, it was assumed that the private sector would emerge to take over the responsibilities formerly performed by CL&SMB. However, in the absence of enabling policies and new cotton legislation, there is no pronounced and elaborate private sector participation, particularly at the production and marketing levels. The existing cotton legislation is obsolete and requires major overhaul to bring it in line with liberalization realities. Institutional gap is manifested by lack of an apex body to co-ordinate the supply of seed and other inputs. The creation of a Cotton Development Authority has been proposed but not yet effected. The apex body is meant to play a facilitative and supportive role. Presently, the cotton commodity chain is made up of unlicensed private traders and ginneries involved in selling inputs to farmers and buying cotton on an ad hoc basis. Unlicensed traders have taken advantage of the regulatory and institutional vacuum to import poor quality and uncertified seeds, which are sold to unsuspecting farmers (GOK, 1995).
Long distances from the market and high transaction costs involved in transportation are the other problems that farmers are confronted with. In view of that, some farmers are forced to sell their cotton through middlemen. Involvement of middlemen subjects farmers to exploitation in the form of lower farm gate prices. The capacity of farmers to negotiate or bargain for better prices of inputs and seed cotton is constrained by weak or lack of producer institutions. 

Producer prices of cotton are determined through an auction system based on the world market supply and demand dynamics. The price of seed cotton is based on the price of lint, which is in turn determined by the world market. The prices are erratic and unfavourable to cotton farmers in Kenya, particularly when they fall below the cost of production (Ikiara and Ndirangu, 2002). Kenya lacks a stabilization fund to cushion cotton farmers against such fluctuations.

With the joining of the African Growth Opportunity Act (AGOA) in 2000, there have been renewed efforts by the Kenya government to revive cotton production in the country (Republic of Kenya, 1999). AGOA offers Kenya and other African countries opportunities to export textiles and apparel to the US market duty-free and quota-free.
 However, to comply with some of the eligibility requirements, textiles and apparel exported should be made from locally produced raw materials. In response to the requirement, the government  prepared Sessional Paper No. 1 of 1999 on the Revitalization of the Cotton Industry in Kenya. The sessional paper is driven by the need to generate income and alleviate poverty through increased cotton production in major cotton growing areas (GOK, 1999). However, farmers are yet to respond to the initiative due to the prevailing production and marketing constraints (Christian AID, 2002).
2.2 Trade prospects under AGOA 

The African Growth Opportunity Act (AGOA) came into existence in 2000. It was signed into law as Title 1 of the US Trade and Development Act of 2000 aimed at enhancing trade between the US and Sub-Saharan Africa (SSA). The Act grants 35 SSA countries preferential access to the US market for over 2000 products. The arrangement covers textiles and apparel made from fabric or yarn produced locally or imported from other designate beneficiaries in Africa or from the US. In return, SSA countries are expected to create an enabling environment for market-based economy conducive for United States trade and foreign investment (Kenya Daily Nation, 2004).  

Kenya met eligibility conditions and became the first country in SSA to be accredited AGOA status on 2nd October 2000 (Masila, 2001). Since then, the value of Kenya’s exports to the US has increased significantly. For example in 2001 Kenya earned US $ 70 million from export of textiles and apparel to the US. The value of exports increased to US $ 123 million in 2002 (Kenya Daily Nation, 2002). These were exports mainly from the Export Processing Zones (EPZs) where firms largely rely on imported raw cotton and yarn from the Common Market for Eastern and Southern Africa (COMESA) countries. Kenya’s key garment factories such as KICOMI and Kenya Textile Mills are yet to be rehabilitated following their closure due to negative impact of market liberalization and the imposition of a quota by the US government on textile products from Kenya in 1994 (Masila, 2001).  Statistically, Kenya is said to be earning relatively large sums of money from the AGOA initiative, however these benefits are mainly appropriated by over 35 foreign multi-national companies which own 64 % of the firms in EPZs (Kenya Daily Nation, 2002). Due to poor marketing arrangements and discouraging prices, cotton farmers in Kenya are yet to benefit from AGOA initiative. 

3.1 Extent and circumstances under which Bt. cotton can be harnessed

This section briefly examines the efficacy of Bt. cotton and analyses the extent and circumstances under which the technology has been introduced and commercialized in South Africa, China, Mexico and India. The bollworm is a major threat to cotton production in the four countries but the magnitude of the problem varies from one country to another. The introduction of Bt. cotton as a technological intervention to bollworm infestation in the above countries has taken the form collaborative ventures between Monsanto and local public or private institutions.

3.1.1 South Africa 

Bt. cotton was introduced in South Africa in the Makhathini Flats region of KwaZulu-Natal Province in 1997. Both large scale and small-scale farmers produce it. It is estimated that by the year 2001, 1530 large-scale farmers and 3000 small-scale farmers will have adopted the technology (Ismael, et al 2001). 

3.1.2 China 

The bollworm is a major threat to cotton production in China. For example in 1992 and 1993 outbreaks of bollworm infestation in China caused direct economic losses of about US $ 630 million (Song, 1999). Monsanto introduced the Bollgard variety of Bt. cotton in 1997. The Chinese government collaborates with Monsanto in producing bollgard cotton through the government seed and extension delivery system. Production, processing and distribution of Bt. cotton seeds are done by a company called JiDai, which has access to the entire government seed system, extension service and marketing infrastructure (Song, 1999). China increased its Bt cotton area from 2.1 million hectares in 2002 to 2.8 million hectares in 2003, equivalent to 58% of the total cotton area of 4.8 million hectares in 2003 (James, 2003). Evidence on the impacts of Bt. cotton in China is based on three years of farm level surveys in the yellow river cotton belt. In this region, it is estimated that the number of farmers growing Bt. cotton has been increasing over a period of three seasons from 1999-2001 (Pray etal, 2001).

3.1.3 Mexico

In 1997, Bt. cotton was introduced in the Comarca Lagunera region in Mexico. Since then, the technology has been characterized by high adoption rates. In the northern states of Coahuila and Durango, adoption of Bt. cotton reached 96% in a period of three years. In 2000, the area under Bt. cotton in Mexico was about 26, 300 hectares (Traxler etal, 2001).

3.1.4 India

The introduction of Bt. cotton in India for research trials took place in 1996 under partnership arrangements between Monsanto and Mahyco, the largest seed company in India. The Indian case is a peculiar one given that escalating number of suicide deaths among cotton farmers in Warangal in Andhra Pradesh region provided an ideal opportunity for introduction of Bt. cotton. It is claimed that farmers incurred high debts through borrowing money to buy pesticides. Crop failures due to resistance of cotton pests to pesticides compelled farmers to commit suicides because of the harsh manner in which credit was recovered (Stone, 2002). In March 2002, the Indian government permitted commercialization of Bt. cotton. In the same year, about 38, 000 hectares were planted with Bt. cotton in India, with more than 12, 000 hectares being grown by more than 17, 000 farmers in the state of Maharashtra (Bennett, 2004).  

3.2 Lessons and evidence

To understand the impact of Bt. cotton in the case study countries and the implications for Kenya, the analytical framework developed in section two based on tools of efficiency, sustainability and access and equity is applied in the section that follows. The analytical framework is suitable for assessing policy issues with some confidence but lacks research trials or farm level data to measure the performance of Bt. cotton versus conventional cotton as the former was introduced one year ago. 

3.2.1 Efficiency

Economic efficiency

Surveys conducted in the case study countries show that Bt. cotton is economically efficient. In South Africa, assessment of the first two years of planting Bt. cotton by the University of Reading shows that the variety gave higher gross margins per hectare than non-Bt. variety (Ismael, etal 2003). One of the farmers testified how the Bollgard variety had increased his yield by 27%, reduced his insecticide application by 80% and increased his income by US $ 150 per hectare (Buthelezi, 2001:22). The level of economic efficiency was high among the adopters of Bt. cotton than non-adopters. Although the cost of the seed was high and farmers had to pay technology fees, it is mentioned that the net financial gains of growing Bt. cotton were higher than those of conventional cotton. Adoption of Bt. cotton increased seed cost per hectare but the cost was offset by reduction in pesticide cost and increased yields according to Shankar and Thirtle (Shankar and Thirtle, 2003). However, claims on the gross margins from Bt. cotton do not take into account the cost of land and labour as major factors of production. This is explained by difficulties in quantifying price of family labour and land (Ismael etal, 2002). 
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The above charts on Bt. cotton in South Africa show that non-Bt. cotton farmers spent more money on pesticides compared to Bt. cotton farmers. They also show that farmers growing Bt. cotton recorded higher yields than those growing non-Bt. cotton.

In China, it is claimed that farmers are earning more income as a result of reduced pesticide use and increased yields. In 2001, yields from Bt. cotton varieties were 10 per cent higher than non-Bt. cotton yields (Pray etal 2001). Pesticide use remained low in Hebei and Shandong provinces where Bt. cotton was first introduced (See Figure 5). However, experience in Jiangsu province contrasts with what was observed in the aforementioned two provinces. Red mites happen to be prevalent and destructive in the province than the bollworm (HSU and Gale, 2001). 

Fig. 5
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In Kenya, no ex-ante study has been conducted to project benefits of adopting Bt. cotton. But, evidence gathered from the case study countries point out that the technology has a potential of increasing yields and reducing pest control costs, particularly chemicals used to control the bollworm. To contain yield losses, cotton farmers in Kenya have to spend 57 percent of production costs on pest control. While the potential has been noted, the cost of Bt. cottonseed will be a major determinant in the adoption of the technology. Farmers in Kenya spend 1% of production costs on the seed (Ikiara and Ndirangu, 2002). This figure shows that the price of conventional cotton seed is relatively low. Most farmers do not buy seeds because the government initially distributed them for free and now some ginneries have taken over the distribution as part of the campaign aimed at increasing cotton production to meet the demands of the AGOA market (Kenya Daily Nation, 2001 c). 

 Technical efficiency

The technical efficiency of Bt. cotton keeps on fluctuating depending on weather conditions, which affects population dynamics and pressure posed by the bollworm. The incidence of the bollworm is more acute during wet seasons with heavy rainfall. This results to lower cotton yields compared to the dry seasons. As a result, Bt. cotton performs poorly during seasons of low bollworm infestation. In such seasons, conventional cotton may be more profitable (Traxler etal 2001). In India, evidence from the Maharashtra state shows that both adopters and non-adopters of Bt. cotton continued to use chemicals to control sucking insects such as aphids, mites and jassids.  Bt. cotton does not confer resistance to such insects. In 2002, the average increase in yield for Bt over non-Bt cotton was about 45% while in 2003 this increased to 63% (Bennett, 2004).  On the contrary, reports from NGOs indicate that Bt. cotton is performing poorly and pests are already developing resistance. Bt. cotton plants have poor agronomic characteristics (Seedling, 2003). It is noted that this happened because farmers were not meeting biosafety measures such as refugia management due to lack of training and access to information on resistance management (Jayaraman, 2002). 

Another aspect of efficiency related to productivity is the fact that Bt. cotton yields are higher under irrigation than under rain fed conditions. Farmers who grew Bt. cotton under irrigation got more yields than farmers who planted Bt. cotton under dry land conditions (Kirsten etal, 2002). In Mexico, in the Comarca Lagunera region, 95 % of cotton is grown under intensive irrigation conditions. In India, Bt. cotton does well under irrigation and without water the crop fails if the rains are insufficient (Seedling, 2003).
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 Fig. 6 Source: Kirsten etal 2002                                    Fig. 7 Source: Kirsten etal 2002
Figures 6 and 7 show that Bt. cotton yields in South Africa were high under irrigation than under rain fed conditions. The charts also show that on aggregate level, yields of Bt. cotton were higher than those of non-Bt. cotton both under irrigation and dry land conditions. 

Besides observed fluctuations in the degree of efficiency, Bt. cotton has technical limitations. It is a single gene technology developed to target the bollworm only. Farmers have to continue applying chemicals to control other secondary pests such as mirids and cotton stainer bugs (Seedling, 2001). 

Technical efficiency of Bt. cotton in Kenya is likely to vary across the various agro-ecological zones depending on climatic conditions. For example, in Central and Eastern Kenya cotton belts, the bollworm is a major problem in early January (Waturu, 2001). In some areas, Bt. cotton may do very well depending on the pest pressure while in others conventional varieties may be the best option. Cotton yields across the country vary from 657.7 Kg/ha in the coastal region to 350 Kg/ha in Nyanza Province. This suggests that climatic conditions and pest pressure vary significantly across the country (Ikiara and Ndirangu, 2002). 

In Kenya, cotton is grown by small-scale farmers mostly under rain fed conditions. Production under irrigation was exclusively done by landless farmers in Hola and Bura irrigation schemes, which collapsed in 1991/92 (Ikiara and Ndirangu, 2002). Although Bt. cotton has been introduced for trials, no consideration has been given to the revival of the two schemes, which used to account for 36% of Kenya’s cotton output. Efficiency in production to meet the demands of the AGOA market can be enhanced if the schemes are revitalized. 

3.2.2  Sustainability

Ecological sustainability

Surveys across the four case study countries point out that adoption of Bt. cotton leads to significant environmental benefits due to reduced chemical use. Bt. cotton has substantially reduced pollution by pesticides in regions where it was introduced. For instance in Mexico, adoption of Bt. cotton led to significant reduction in pesticide use from 14 kg/ha of active ingredient in the 1980s to 2 kg/ha of active ingredient in 1999 (Traxler, etal. 2001). In China, Bt. cotton has reduced the quantity of formulated pesticide use by about 47kg/ha (Pray etal, 2001).

Reduced pesticide application has had a positive impact on human health and the population of non-target insects (Xinji, 1997). Evidence on the adoption of Bt. cotton and related health impacts has been documented in China. In 1999, Carl Pray and Jikun Huang sampled 283 farmers to investigate whether reduced pesticide use had any impact on farmers’ health. Farmers were asked if they had headache, nausea, skin pain or digestive problems when they applied cotton pesticides. Cases of pesticide poisoning from farmers growing Bt. cotton only amounted to 4.7%. Farmers who planted both Bt. and non-Bt cotton accounted for 11% of the cases. The highest number of poisoning cases was reported by farmers growing conventional cotton only. They accounted for 22% (Traxler etal, 2001).  

Fig. 8 shows that incidences of morbidity linked to exposure to chemicals were low among farmers who adopted Bt. cotton (4.7%) and more than four times higher among farmers who grew only non-Bt. cotton (22.2%).  The degree of morbidity was moderate among farmers who planted both varieties. However, it is difficult to distinguish between morbidity caused by chemical poisoning and that resulting from other causes, which have nothing to do with the application of pesticides.
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The potential ecological impacts of Bt. cotton in Kenya can be examined from the perspective of non-target insects, genetic diversity and human health. Bt. cotton has been identified as an ecologically sustainable technology in terms of reduced pesticide use. It is target-specific and therefore reduces indiscriminate killing of insects (natural enemies). With regard to plant diversity, they are no native varieties of cotton in Kenya and therefore the possibility of genes from Bt. cotton escaping and crossing with native varieties is not a concern. Bt. cotton can reduce farmers’ exposure to chemicals taking into the account the fact that in Kenya, most farmers spray without using protective gear. This places them at the risk of inhaling toxic chemicals. It is estimated that over 350,000 agricultural workers in Kenya suffer from pesticide poisoning every year (Mwanthi and Kimani, 1993). 

Institutional sustainability

Introduction and commercialisation of Bt. cotton in the case study countries indicate that institutional sustainability is a critical element for any country that intends to venture into Bt. cotton. Successful adoption of Bt. cotton in South Africa, Mexico, China and India has been made possible by sound financial support and reliable system for distribution of inputs and marketing of cotton. For instance, the main factors that influenced the adoption of the technology in South Africa include access to credit, marketing arrangements and access to information. Production and marketing takes place under contract farming arrangements through a private company known as Vunisa. Through contractual arrangements with farmers, Vunisa supplies seed, fertilizers, pesticides, credit, extension services and makes arrangements for the marketing of cotton. Farmers have access to credit facilities provided by the Landbank of South Africa and disbursed by Vunisa. Non-adopters of Bt. cotton cited lack of access to credit as a major adoption constraint (Ismael, etal 2001; Kirsten, etal 2002). However, this kind of institutional arrangement requires long-term sustainability. In South Africa, there is no clear indication of how long Bt. cotton will be sustained under contract farming arrangements. If the current arrangements are meant to popularise and promote adoption in the short-run, it is unlikely that farmers will sustain production without access to credit and market arrangements. 

Partnerships between Monsanto and local public/private seed companies have played an important role as well. In China, a high degree of institutional support for cotton production is evident. Bt. cotton has been introduced in a firmly anchored agricultural system strongly supported and controlled by the government. The system is well established in the areas of production, seed delivery, extension and marketing (Song, 1999). The government of China supports cotton farmers in various ways with the aim of reducing transaction costs and encouraging increased production. Support mechanisms include government subsidies for cotton production inputs and direct price support to cotton growers. In 2000/01, support towards cotton production amounted to $ 1.9 billion (Townsend, 2002) 

In Mexico, India and South Africa institutional strengths that have promoted adoption of Bt. cotton include sound infrastructure for distribution of the seed and existence of strong producer associations. In Mexico, in the Coahuila state where Bt. cotton is being grown, a special fund has been created to boost production. Cotton farmers also receive subsidies from the Federal government. In India, Bt. cottonseeds are distributed through Mahyco Company, which is spread all over the country and has well-established infrastructure for technology delivery. The company has also sub-licensed Bt. cotton to other local seed companies (Qiam, 2002). Cotton farmers in Mexico and South Africa are organized into associations. Such institutional arrangements facilitate farmer’s access to credit and markets. They also serve as mechanisms through which farmers can get technical support and have access to information (Mswaka etal 2001). 

Regulations and certification standards are essential elements for the successful adoption of Bt. cotton. Regulatory frameworks are stringent and more effective in Mexico. On the contrary, India is a typical example of a country that has suffered from a weak regulatory system. Illegal diffusion of Bt. cottonseed among farmers (on about 11,000 acres of land) is strong evidence of biosafety cracks in the Indian system. From another point of view, it can also serve as an indication of the popularity and high demand of Bt. cotton in India (Glover, 2003). 

3.2. 3 Equity and access 

Issues of equity and access can be analysed at various levels. This includes access to credit, the seed, information and distribution of economic benefits among various groups along the cotton commodity chain. Concerning maximization of Bt. cotton gains across the various categories of farmers, it is reported that small-scale farmers gained more than large-scale farmers. For instance, in China and South Africa, surveys show that small-scale farmers captured more gains than large-scale farmers. On the other hand, new technologies tend to favour rich farmers because they have resources to adopt them. Poor farmers who have a weak asset base or lack the required resources end up not tapping benefits of the technologies (Shiva, 1991). In South Africa, Bt. cotton is more accessible to large-scale farmers who have large farms, a strong asset base and additional on-farm income to buy seeds or supplement credit given. The Vunisa Company targeted large-scale farmers considered to be more credit worthy for the promotion of Bt. cotton in the 1998/99 season (Kirsten, etal 2002). In addition, large-scale farmers had better access to information about Bt. cotton than small-scale farmers. This certainly shows that Bt. cotton is not scale and resource neutral. It can lead to increased inequality and differentiation if the adopters of the technology earn more income than the non-adopters. 

4.1 Harnessing Bt. cotton for smallholder farmers in Kenya

Evidence and lessons from the case study countries examined in the preceding section suggest that the adoption of Bt. cotton can deliver economic, technical and ecological bene​fits. On the other hand, limitations of the technology have been noted as well. Recognizing that Bt. cotton has already been introduced in Kenya, it is important to examine the context in which it is being introduced. It is this context that will deter​mine whether or not the technology can make a beneficial impact at the level of smallholder farmers. The success of technological change does not depend solely on technology transfer and applying new knowledge in production, but is determined by a wide range of natural and socio-economic factors (Ellis, 1993:223). In examin​ing the context and circumstances under which Bt. cotton can benefit smallholder farmers, Kenya is compared with the select countries.  

4.1.1 Policy and institutional implications

Sound institutional arrangements for production and marketing have played an important role in the adoption of Bt. cotton, as demonstrated by the South African experience. In Kenya, there are no contract farming arrangements in the area of cotton production. A government parastatal body, CL&SMB, managed all aspects of cotton production and marketing from the 1960s to the 1980s. With the liberalization of the cotton industry in Kenya in the 1980s, the Board was disbanded and the cotton legislation (Cap 335) was rendered irrelevant. Credit facilities and extension services were withdrawn and the Board no longer intervenes in the production and marketing of cotton (Nzuva, 2001). 

Without appropriate institutional and policy arrangements for supporting production and marketing of Bt. Cotton in place, it is unlikely that smallholder farmers in Kenya will realize its potential. As mentioned earlier Kenyan farmers have not tapped the benefits of AGOA. They can only benefit from the initiative if indigenous garment factories are revived and encouraged to source raw materials locally. This could be through tax reforms and incentives that discourage the importation of raw cotton and yarn and stimulate the use of domestically produced cotton. Market access and attractive producer prices will constitute important adoption factors. The success of Bt. cotton will not be measured by increased productivity and reduced costs only, but the market price. This also calls for measures to stimulate supply response at farmers’ level through improved marketing arrangements and attractive producer prices. A stabilization fund is required to insulate farmers and ensure that prices offered offset volatility in world prices. 

In China, Mexico and India, it has been noted that the government supports farmers in various ways. In China farmers benefit from government subsidies. In India, although the seed cotton price is determined by market forces, there is a government established Minimum Support Price (MSP), determined by the Cotton Corporation of India. 

4.1.2 Access to credit

Access to credit is a decisive factor in the adoption of Bt. cotton, one without which farmers may not meet the high cost of Bt. cottonseed and technology fees. In Mexico a fund has been created specifically to support cotton production. In Kenya, there is no specific credit facility or fund devoted to cotton farmers. 

The current government has made progress in reviving the Agricultural Finance Corporation (AFC). Initially AFC had loan facilities for only livestock farmers but they are now considering industrial crops such as cotton. Unfortunately, conditions of eligibility are likely to lock out many cotton farmers. For instance, insisting on title deeds as collateral for AFC loans will exclude many potential farmers especially the young people and women who do not normally possess title deeds. 

Box 1. Access to credit for cotton farmers in Kenya
The issue of credit in Kenya is critical and needs to be looked into. In the neighbouring Uganda, there are viable business opportunities because the cotton industry is well organized. Uganda has an apex organization-the Cotton Development Organization. Ginneries provide credit to farmers. In Kenya such facilities and infrastructure is lacking. The cotton industry needs to be restructured. There is need for a well-regulated cotton industry in Kenya that makes it viable for one to bring in improved variety of cottonseed for farmers. Even if Bt. cotton is proved to be effective after the trials, its potential may not be realized because of infrastructural problems. Our hope is that before the trials are completed, the ginneries will form an apex organization. We also hope that an enabling legislation will be enacted and supportive financial arrangements put in place to make Bt. cotton a viable venture for farmers (Kinyua Mbijjewe, Pers.com).

4.1.3 Farmers’ organizations

In South Africa and China farmers are well organized into associations and this has enhanced their access to credit and information. In Kenya, such arrangements are weak or lacking. Farmers’ co-operative societies have collapsed implying that farmers now grow cotton in an environment of imperfect information and uncertainty. Is some cotton belts farmers have taken the challenge of organizing themselves in informal groups. However, the institutional and operational strengths of such groups are still weak. 

4.1.4 Seed multiplication, certification and distribution infrastructure

The seed multiplication and distribution infrastructure for supplying seeds to farmers is a critical element in the delivery of any agricultural technology. In all the case study countries, adoption of Bt. cotton has taken place on the back of a relatively efficient and functioning seed distribution infrastructure. Another important aspect is certification. The seeds supplied must be of recommended standards and quality. Tripp underscores the importance of seed regulation by stating that “any crop variety (conventional or transgenic) must conform to national regulations regarding variety release and registration, whilst seed sale is governed by seed quality and certification regulations” (Tripp, 2002). Kenya lacks a well co-ordinated and efficient seed distribution system. After CL & SMB became defunct, Kenya does not have an apex organization to handle multiplication and distribution of seeds  (Kinyua Mbijjewe, Pers.com). 

Standards for seed certification have been developed by KEPHIS. However, both farmers and ginneries are ignorant of the standards. Farmers buy seeds from the ginneries without knowledge of what constitutes a certified seed. 

Box 2 Certification of cotton seeds in Kenya

Cotton falls under what is known as prescribed seeds. Certification standards are already set. Standards in terms of germination include: purity-98%, germination-75% and maximum moisture content-10%. The only problem is lack of efficient and effective bodies to handle cottonseed. Most of the time it is the ginneries but they are not aware of the requirements of what should be treated as seed. Once they have ginned the cotton, what comes out is considered seed but it may not really be seed in terms of certification standards. Another issue is that farmers have little understanding of what constitutes the best standards. Most of the time they go to the ginnery and buy what they consider as seed. According to the law, whatever comes of the ginnery should be tested by KEPHIS and a certification given before it is sold as the seed. If cottonseed is not handled properly germination is most of the time less than 30% (Charles Kedera Pers.com). 

On the other hand, ginneries are ill-equipped to offer extension services and disseminate technical information to farmers on issues pertaining to seed standards and certification requirements. Moreover, while quality standards exist on paper, KEPHIS has not been able to enforce them. The fact that farmers buy cotton seeds which end up not germinating or record low germination rates, is an indication that the seed and plant varieties legislation is weak, both in enforcing certification and regulating the seed industry. According to the Centre Director of KARI Kibos Research Station, seed multiplication and distribution is a major problem affecting cotton production due to absence of a single body in-charge after the CL&SMB was disbanded. Unless the above issues are addressed, farmers may experience the same problems with Bt. cottonseeds. The Indian experience testifies that, without a strong regulatory mechanism, unapproved diffusion of Bt. cottonseeds can take place through unscrupulous seed companies or traders. 

4.1.5 Access to information and technology adoption factors 
The South African experience demonstrates that, apart from access to input and output markets, access to information is an important determinant in the adoption of Bt. cotton. The rate of adoption was high among farmers who had access to information about the technology compared to those who did not (Ismael etal 2002). Smallholder farmers are risk averse and usually slow in investing in and replacing old varieties with new ones (Devries and Toenniessen, 2001). Given that extension services in Kenya have collapsed, farmers may not be willing to incur transaction costs to access information on Bt. cotton. Furthermore, in an environment of uncertainty and imperfect information, they may be reluctant to switch from free conventional seeds to Bt. ones which are relatively more expensive.

In Mexico, where the extension arrangements are enabling, farmers buy seeds from the ginnery, but technical assistance comes from experts assigned to groups of farmers. This kind of arrangement is lacking in Kenya. As a result, institutions associated with the delivery of new technologies such as KARI and KEPHIS and seed companies as well should take the responsibility of providing farmers with unbiased information about Bt. cotton, so that they can make an informed choice as whether they wish to plant it or not.

4.1.6 Biosafety measures

Biosafety management measures at the farmers’ level are critical if adoption of the technology is going to be a long-term, ecologically sustainable and a profitable venture for both farmers and Monsanto. In South Africa, China and Mexico, biosafety measures have been enforced by Monsanto, not only to safeguard farmers but also to protect commercial interests and future markets for the company. In Kenya, capacity building in biotechnology and biosafety at the national level is relatively strong. For instance, the NBC is capable of assessing and approving applications to introduce biotechnology products in Kenya. But, this is not matched by capacity at the local level, where awareness of biotechnology and biosafety among farmers is either low or non-existing.

The Indian experience shows that if the capacity of farmers to manage the technology is not enhanced, poor management of Bt. cotton may lead to resistance build up. This can expose farmers to risks and increase their vulnerability to debt traps (Sharma, 2001). Successful management of resistance (refugia) requires growing Bt. cotton adjacent to a portion of non-Bt. cotton and this has implications for land size and competing land uses. In Mexico and India, small holders own 2-10 and 3.3 hectares of land respectively. In South Africa, 60% of the farmers have plots ranging between 10 and 20 hectares. Kenya compares poorly with 35% of cotton farmers owning less than one hectare of land. They utilize the same pieces of land for both food crops and cash crops. Cotton can only be intercropped with short season crops such as non-climbing beans. In particular, maize has to be grown separately as intercropping with cotton leads to reduced cotton yields. This shows that land size and competition from other crops will be an issue in harnessing Bt. cotton for Kenyan farmers.

4.1.7 Implication of Bt. cotton on poverty alleviation

While Bt. cotton can increase yields and reduce pest control costs, the extent to which the technology can alleviate poverty among smallholder farmers in Kenya is contingent on other interventions. Causes of poverty in the cotton belts are diverse and transcend the poor performance of the cotton sector. They include, for instance, unemployment, inequitable access to land, the economic impact of AIDS, poor infrastructure, and inadequate access to basic needs such as clean water, health services, and low rainfall resulting to drought (SARPN, 2002; GOK, 2002). Addressing such problems requires a holistic approach that encompasses the broader rural livelihoods portfolio. Therefore, it should be noted that Bt. cotton could enhance prospects for poverty alleviation, but only as a partial intervention. The limitations of the technology are consistent with arguments that “no purely technical solutions exist to problems of poverty and inequality in peasant agriculture” (Ellis, 1993:223). Biotechnology should be seen as a tool, not as an end in itself. In this regard, harnessing of Bt. cotton to alleviate poverty should focus on both technical and non-technical interventions. 

5.1 Recommendations and conclusion

The most outstanding lesson emerging from this paper is that the application of biotechnology tools in agriculture opens a wide span of potential benefits. However, many of these benefits may not be achieved if a number of important issues are not taken into consideration. These issues range from the organization of the technology and innovation systems to technology delivery mechanisms.
This paper sought to examine the circumstances under which, and the extent to which, Bt. cotton can be harnessed to address production constraints and alleviate poverty among smallholder cotton farmers in Kenya. The paper was informed by the premise that the impact of any technology on the society is determined by the context in which it is introduced. Based on lessons and evidence from South Africa, China, India and Mexico, we have demonstrated that harnessing Bt. cotton for smallholder farmers has to take into account a variety of institutional and policy prerequisites such as access to credit, extension services, attractive marketing arrangements and sound regulatory framework. The role of government support has emerged as a fundamental issue. Other vital elements include a strong seed multiplication, certification and distribution system. The proposed Cotton Development Authority should put in place effective mechanisms for quality control and seed supply. It is important that quality is maintained because this is going to be a major issue for Kenya’s competitiveness in the global market. Attention should also be paid to enhancing information flow and building farmers’ capacity to manage the technology.

In examining the context in which the technology is being introduced, Kenya compares poorly with the select countries in terms of conditions required to support the production and marketing of Bt. cotton. This paper reveals that there is an institutional and policy vacuum in Kenya following liberalization of the cotton industry. Arrangements for the production and marketing of cotton are either weak or totally lacking. Cotton farmers in Kenya do not enjoy any form of support from the government apart from access to free seeds. While access to credit is a decisive factor in the adoption of Bt. cotton, farmers in Kenya have no access to credit and extension services. This is likely to hinder the adoption of the technology because of the high cost of Bt. cottonseed and other financial implications such as payment of technology fees. Adoption of Bt. cotton is not going to eliminate the need for spraying. Farmers will be expected to continue applying chemicals to control other secondary pests. This paper has noted that the cost of chemicals in Kenya is exorbitant compared to the same in the neighbouring countries. This requires the intervention of the Ministry of Agriculture in terms of rationalizing and where possible subsidizing the costs of cotton pesticides and spraying equipment. With the foregoing concerns in mind, this paper underscores the need to put in place a cotton fund to support farmers in Kenya. 

Access to information is another essential condition. For farmers to adopt Bt. cotton, they must be convinced that the technology is potentially beneficial. In this regard, access to fair and balanced information is crucial. Access to such information also enhances farmers’ capacity to manage the technology. Benefits of Bt. cotton may not be realized unless farmers strictly follow resistance management protocols. In Kenya, the biosafety capacity at the level of farmers has not been built although adequate capacity exists at the national level. 

The seed multiplication, certification and distribution infrastructure has been identified as an important aspect in the delivery of Bt. cotton technology. Unlike the case study countries, Kenya lacks a well co-ordinated and efficient distribution system for cottonseed. The existing legislation touching on seed multiplication, certification and distribution are weak in terms of enforcement and quality control. Unless the standards are strictly followed and enforced, farmers may encounter similar problems with Bt. cottonseeds. 

Despite a number of limitations, this paper contends that Bt. cotton has the potential to reduce pest control costs and increase yields of cotton.  However, making Bt. cotton a viable economic venture for smallholder farmers in Kenya requires a wide range of policy and institutional interventions. Lessons and evidence from the case study countries vividly shows that Bt. cotton is not a ‘magic bullet’. In the absence of the aforementioned conditions, the optimal potential of the technology may not be realized even if the efficacy of the technology in Kenya is ascertained at the research trials stage. Smallholder farmers will have no incentive to adopt Bt. cotton if the producer price is below the cost of production. The government should intercede for minimum indicative floor prices, which should be fair to farmers and ginners. There is also need to put in place a foresight mechanism that can inform farmers of prevailing and projected world prices every year or season. On the basis of such information, farmers can decide whether or not they should invest in cotton production. Analysis of trade prospects under AGOA suggests that the initiative can make a tremendous contribution to poverty alleviation if cotton for making textiles and apparel for export to the US is sourced locally. In addition, Bt. cotton can only increase household incomes and alleviate poverty if farmers have access to reliable markets and favourable prices. But it should be noted that, in any circumstances, the introduction of Bt. cotton would not be a panacea for the problem of poverty in the cotton belts. The paper therefore argues that poverty alleviation calls for a complementarity of interventions due to the diverse and multi-faceted nature of its causes. Bt. cotton is just one intervention; therefore a holistic approach is required to address other causes. 
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�.	A combination of integrated pest management approaches including chemical, cultural and biological methods is used to control cotton pests in Kenya. It is hoped that Bt. cotton will complement such methods. Neem tree extracts have been used successfully in Australia. There is need to research on their suitability and efficacy in Kenya.


� For details visit AGOA website at  www.agoa.gov
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