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Background Information on Bt cotton from  http://edugreen.teri.res.in/explore/bio/Btcot.htm

Cotton and other monocultured crops require an intensive use of pesticides as various types of pests attack these crops causing extensive damage. Over the past 40 years, many pests have developed resistance to pesticides. [image: image1.jpg]WS
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So far, the only successful approach to engineering crops for insect tolerance has been the addition of Bt toxin, a family of toxins originally derived from soil bacteria. The Bt toxin contained by the Bt crops is no different from other chemical pesticides, but causes much less damage to the environment. These toxins are effective against a variety of economically important crop pests but pose no hazard to non-target organisms like mammals and fish. Three Bt crops are now commercially available: corn, cotton, and potato. 
As of now, cotton is the most popular of the Bt crops: it was planted on about 1.8 million acres (728437 ha) in 1996 and 1997. The Bt gene was isolated and transferred from a bacterium bacillus thurigiensis to American cotton. The American cotton was subsequently crossed with Indian cotton to introduce the gene into native varieties.
The Bt cotton variety contains a foreign gene obtained from bacillus thuringiensis. This bacterial gene, introduced genetically into the cotton seeds, protects the plants from bollworm (A. lepidoptora), a major pest of cotton. The worm feeding on the leaves of a BT cotton plant becomes lethargic and sleepy, thereby causing less damage to the plant.
Field trials have shown that farmers who grew the Bt variety obtained 25%–75% more cotton than those who grew the normal variety. Also, Bt cotton requires only two sprays of chemical pesticide against eight sprays for normal variety. According to the director general of the Indian Council of Agricultural Research, India uses about half of its pesticides on cotton to fight the bollworm menace. Use of Bt cotton has led to a 3%–27 increase in cotton yield in countries where it is grown.
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Abstract: A study of the commercial growing of Bacillus thuringiensis (Bt) cotton in India, compares the performance of over 9,000 Bt and non-Bt cotton farm plots in Maharashtra over the 2002 and 2003 seasons. Results show that since their commercial release in 2002, Bt cotton varieties have had a significant positive impact on average yields and on the economic performance of cotton growers. Regional variation showed that, in a very few areas, not all farmers had benefited from increased performance of Bt varieties.
India ranks third in global cotton production after the United States and China. With 9 million hectares grown in 2004/5, India accounted for approximately 20% of the world’s total cotton area and 12% of global cotton production (Cotton Corporation of India). Cotton is a very important cash crop for Indian farmers.

However, average cotton yields in India have been 300 kg/ha, compared with a world average of 580 kg/ha (Sen). One major limiting factor to cotton output is damage due to insect pests, especially bollworms. In March 2002, the Indian Government allowed commercial cultivation of genetically modified (GM) Bacillus thuringiensis (Bt) cotton. The Bt gene produces a protein that is toxic to bollworms. Some 29,000 hectares were planted with Bt cotton in 2002 in India, with over 12,000 hectares in the state of Maharashtra grown by over 17,000 farmers

(Maharashtra State Department of Agriculture). 
The analyses presented in this article compare the performance of plots with three Bt cotton hybrids (identified from seed company records) to those where non-Bt varieties were grown.

Given the importance of the cotton industry in India and the current global debate on the use of GM technology in developing countries, it is not surprising that there has been considerable debate regarding the agronomic and economic performance of Bt cotton in India. Various reports have claimed both successes and failures.  

The main debate has centered around whether Bt cotton consistently performs better than non Bt varieties and whether adoption of Bt varieties results in an economic benefit to producers.

This paper presents a much needed assessment of the performance of Bt cotton under typical farmer-managed conditions in India. The paper provides an analysis of data collected from a large sample of farmers growing conventional and Bt cotton under real commercial field conditions over two seasons, since Bt cotton has been licensed for commercial use in India (Food and AgricultureOrganization).

Unlike some previous Indian studies (e.g., Qaim and Zilberman), commercial field data are analyzed rather than trial plot data. As a result, this study meets the Food and Agriculture Organization’s (FAO) call for more “market based studies” that will accurately reflect the agronomic and economic environments Bt cotton growers face. The analysis concentrates on addressing whether Indian farmers have experienced economic gains from growing Bt hybrids released by a company affiliated with Monsanto (Mahyco–Monsanto), compared with a complex of non-Bt hybrids and cultivars. 

Discussion

The findings of this research can be put into the context of previous studies on Bt cotton. Many of these studies have shown potential gains to producers from growing Bt cotton in a number of other countries, including South Africa, Argentina, Mexico (Traxler et al.), Indonesia, and China Qaim and Zilberman report substantial benefits from Bt cotton adoption, with yield increases of 80% and more over conventional cotton varieties, from extensive field trial results in India. 
However, some have been critical of field trial data, since they may not be entirely representative of growing conditions in the wider farming community. Indeed, using commercial planting data, this analysis found lower (but still substantial) average yield increases of 45% and 63% for Bt plots across the seasons compared to non-Bt. After allowing for differences in pesticide use etc., production function model estimates were 33% and 48%, respectively, for the Bt varieties compared with non-Bt varieties.
In assessing the benefits of the GM technology, it is important to recognize that there are likely to be a number of factors that could be contributing to the increased performance of Bt cotton. The first and most obvious is the Bt gene technology and the results presented here have shown a clear Bt effect. The second is the cotton variety used as the base for the Bt variety and its performance under local conditions. For example, it could be that the Bt cotton varieties use better (or worse) yielding hybrids than some of the conventional cotton grown. Thus, there may be both a Bt technology effect on performance (i.e., yield) and a hybrid effect. Third, it may be that more efficient farmers take up the new technology. These farmers may already be achieving higher yields than nonadopters before the technology. In addition, adopters may have planted the Bt seed on their better land and given it more attention than conventional varieties (given the relatively high cost of the Bt seed), although some analysis has been presented relating to land quality effects on yields. It has not been possible to clearly separate out all of these possible effects using the data available, and there is, therefore, a need for further data collection and research.
Conclusion

This study is one of the first of its kind in India based on “real” farms rather than the more artificial conditions that exist with trials. Findings show that since its commercial release in 2002, Bt cotton has had a significant positive impact on yields and on the economic performance of cotton growers in Maharashtra. This echoes the findings for a number of other developing and developed countries. 
However, it is important to note that there is spatial and temporal variation in this “benefit,” and much can depend upon where production occurs and the season. Further data are required in future years to assess the ongoing performance of Bt cotton, and to separate out the influence of the Bt technology from other possible influences on performance. However, if the apparent advantages of GM cotton to farmers in India can be sustained, there could be a significant positive impact on farmers’ livelihoods and on agricultural gross domestic product for India.

Note: 1 acre = .4047 hectare
