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Summary

The broader impacts of genetically modified (GM) crops are still a matter of controversy, especially with respect to social ramifications as well as long-term environmental implications and sustainability. In this paper, we empirically analyze the effects of insect-resistant Bacillus thuringiensis (Bt) cotton on pesticide use and agricultural productivity in Argentina. Based on farm survey data from two growing seasons (1999/2000 and 2000/2001), we show that the technology leads to a considerable decline in pesticide application rates. On average, adopting farmers use 50% less insecticides on their Bt plots than they use on plots grown with conventional cotton. Almost all of these reductions occur in highly toxic chemicals, with concomitant positive effects for the environment and farmers’ health. Moreover, Bt adopters benefit from significantly higher yields, which is due to insufficient control of pests, especially the bollworm complex, in conventional cotton. In an international comparison, Argentine cotton producers use relatively little amounts of pesticides, so the yield gains of Bt cotton are higher than in many other countries. We use a production function and damage control framework to demonstrate that average insecticide application rates in conventional cotton would need to be doubled, in order to achieve the same output per hectare as with Bt technology.


So far, only relatively few large-scale farmers have adopted Bt cotton in Argentina, which is due to a substantial technology premium charged for GM seeds. To obtain a broader picture of potential technological effects, we use our model results for predicting the impacts of Bt on pesticide use and yields of different types of current non-adopters. As pesticide use is positively correlated with farm size, potential savings are bigger for large than they are for small cotton farms in absolute terms. For cotton output, however, the opposite is true. Many smallholders do not use insecticides at all, so that they suffer significant pest-related yield losses. Potential yield effects of Bt are higher for this group of farmers. While the net yield gain is predicted at 19% for average large-scale growers, for small producers the gain could be around 41%. Also, total gross benefit per hectare of Bt cotton is predicted to be higher for smaller than for larger farms. Therefore, promoting wider technological diffusion at reasonable prices would not only extend the aggregate economic and environmental advantages, but could also entail desirable social effects. These findings should also be of particular interest to other developing countries, that consider the commercial approval of pest-resistant Bt crops.


The durability of the technology is analyzed by simulating the development of resistance to the Bt toxin in different pest populations. For this purpose, sophisticated biological models have been calibrated with agroecological and entomological data from Argentina. Scenario results demonstrate that rapid resistance buildup and associated pest outbreaks are unlikely if minimum non-Bt refuge areas are preserved. Apart from conventional cotton, other host plants of Bt target pests are commonly grown in the local setting and contribute to the dilution of resistance. These results suggests that the economic and ecological advantages of Bt cotton technology in Argentina can be maintained also in the medium to long run, if appropriate refuge regulations are enforced. Nonetheless, some caution is warranted with respect to far-reaching generalizations. More research is needed into the technology’s complex interactions with environmental systems, before conclusive statements about its sustainability can be made.

