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Biotechnology for Sustainable Crop Production and Protection: Challenges and Opportunities T. M. Manjunath



Abstract In 2009, transgenic crops were grown on 134 million hectares in 25 countries, including India, in six continents by about 14 million farmers, marking an 80-fold increase in the area since their first commercialization on 1.7 m ha in the USA and five other countries in 1996. The dominant transgenic traits were herbicide tolerance and insect resistance, deployed either alone or both stacked in the same plant. A recent survey of the global impact of biotech crops estimated that in 2008 alone, the total crop production gain globally for the 4 principal biotech crops - maize, soybean, cotton and canola - was 29.6 million metric tons while the net economic benefit to the biotech farmers was US$ 9.2 billion. The cumulative benefits for the period 19962008 were yield gains of 167 million tons and economic returns of US$ 51.9 billion. In India, the area planted with Bt-cotton increased significantly from year to year since its introduction in 2002 and reached 8.4 million hectares in 2009. The overall benefits from Bt-cotton included an yield increase of up to 63% due to effective control of bollworms, pesticide reduction by 50%, net profit to farmers up to Rs.10,000/hectare and turned India from an importer to a major exporter of cotton. These indicate that biotechnology has made significant contributions to higher productivity, lower costs of production and increased economic benefits and that it has enormous potential for the future with new traits, events and crops. Over 60 countries, including India, are engaged in research on about 55 crop species to incorporate transgenes to bestow various traits such as resistance to pests, diseases or herbicides; tolerance to environmental stresses like drought, cold or salinity; enhanced crop yields, nutrition or shelf-life, etc. However, unreasonable opposition to biotechnology and undue delays in regulatory approvals are some of the major challenges that need to be addressed so as to make full use of this technology which has the potential to revolutionize agriculture. Key words: Genetically modified crops, adoption, benefits



Introduction: Food production and protection are always beset with varied problems. Technologies to develop better quality seeds to enhance production and reduce cost of cultivation have played a key role in offering solutions to sustainable farming from time to time, be it the green revolution during the 60s and 70s, hybrid seed technology of the 80s and 90s or transgenic crops of the second millennium. However, no single technology can offer solutions to all the problems and no technology can last for ever as the problems do not remain the same! R&D in agriculture is a dynamic process! One of the formidable challenges in front of agriculture is to double the food production so as to Consultant – Agri-Biotechnology & Integrated Pest Management. Fmr Director, Monsanto Research Centre, Bangalore - 560 092. Email:[email protected]



feed an ever-increasing human population which is estimated to increase from the present 1.15 billion to 1.6 b in India and from 6.8 b to 9.2 b globally by 2050! The greatest challenge will be to accomplish it without much additional demand on land, water and other resources which are becoming increasingly scarce coupled with possible extreme environmental conditions associated with climate change. It is not only important to produce more but also to protect what we produce. At a conservative estimate 35 to 40% of our crop yields valued at Rs.600 billion are lost to pests, diseases and weeds annually despite using chemicals for their control costing around Rs.27 billion each year. We certainly need new technologies to supplement the prevailing plant protection practices. In this endeavour, biotechnology offers exciting opportunities to overcome certain biotic and abiotic stresses in crop plants to enhance agricultural productivity on a sustainable basis and also to improve the nutritional status of our food.
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Some of the benefits of biotechnology have already been realized in the area of plant protection since 1996 in the USA and other countries and in India since 2002. Adoption and economic benefits The first generation of biotech crops - soybean, corn, cotton, canola, squash, papaya, alfalfa, sugarbeet, poplar and sweet pepper - contain transgenes to bestow new traits like resistance to herbicides, insect pests or diseases. The traits can be single or multiple (stacked) in a single plant. Current biotechnological approaches have stacked as many as eight transgenes in a corn plant to impart herbicide tolerance as well as resistance to various insect pests. Also, the current thinking is to have two or more genes for a single trait (e.g., two Bt genes in cotton against bollworms) for more effective management of resistance in target insects, weeds or pathogens. As of 2009, biotech crops were grown on 134 million hectares (or 331 million acres) in 25 (10 industrial and 15 developing) countries in six continents by about 14 million farmers (13 million or 90% being resource-poor), marking about an 80-fold increase in the area since their first commercialization on 1.7 m ha in the USA and five other countries in 1996. Such a rapid rate of adoption of a new technology is unprecedented in agriculture and the trend is expected to continue worldwide in the coming years. It is projected that by 2015, biotech crops will be planted on 200 million hectares by 100 million farmers in 40 countries with India being one of the prominent players. In India, Bt-cotton is the first, and until now the only, transgenic crop approved by Govt. of India since March 2002 for commercial cultivation. Bt-cotton was developed specifically to control cotton bollworms which have been responsible for about 60% yield losses despite repeated application of chemical insecticides. Starting with 29,415 hectares grown by about 20,000 farmers in 6 states in 2002, the Bt-cotton area has significantly increased from year to year to reach 8.4 million hectares cultivated by about 5.7 m farmers in 9 states in 2009, accounting for 87% of the total 9.64 m ha of cotton crop in our country. The benefits included yield increase from 30 to 63% due to effective control of bollworms, pesticide reduction from 21 to 50%, increased profit from 50 to 110% and net profit to farmers from US$118 to 250 per hectare (about Rs.10,000/ha). At the national level, Bt-cotton has



generated an economic benefit for farmers valued at US$5.10 billion during the period 2002-2008 (US$1.8 billion in 2008 alone) and transformed India from a cotton importer to a major exporter. The success of Bt-cotton has also clearly demonstrated that our farmers are receptive to modern technology notwithstanding several needless controversies. As of now, a number of public and private organizations in India are working on genetic engineering of several crops for tolerance to various biotic and abiotic stresses. Some of these include brinjal, cabbage, cauliflower, cotton, groundnut, maize, mustard, okra (bhendi), potato, rice, sorghum and tomato for traits such as (a) tolerance to lepidopteran and sucking insects, herbicides, bacterial, fungal and viral pathogens; (b) tolerance to drought and salinity; (c) enhanced agronomic performance and (d) nutritional enhancement. These biotech products are at various stages of regulatory approval. To cite a recent example, Bt-brinjal for management of the fruit-and-shoot borer has completed the prescribed biosafety and agronomic trials between 2000 and 2008 and has been recommended by GEAC for commercial cultivation in October 2009. However, its final clearance is pending with the Ministry of Environment and Forests. A recent survey revealed that Agribiotech is the third largest (after Biopharma and Bioservices) contributor to Indian biotech industry in FY 2009-10 with a total segment turnover of Rs.19.38 billion, accounting for about 14% of the total biotech revenues. Registering a growth of 37% over the previous year, bioagri emerged the industry’s fastest growing segment and it is predicted to grow at an average of 26% in the next five years. The government efforts to encourage biotechnology and the industry initiatives to take this technology forward have been quite significant. Globally while 25 countries planted commercialized biotech crops in 2009, an additional 32 countries have granted regulatory approvals for biotech crops for import for food and feed use and for release into the environment since 1996. Thus, there are 57 biotech countries. A total of 762 approvals have been granted for 155 events for tolerance to various biotic and abiotic stresses for 24 crops so far. The most recently approved biotech products include Btrice and phytase maize in China in Nov 2009 and the new biotech maize “SmartStack” incorporated with 8 genes coding for a total of three traits, one for
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resistance for above ground pests, another for underground pests and the third for herbicide tolerance, in the USA in March 2010. This is expected to set a new trend for product development and approvals in future.



of cotton pest complex is one of the practical examples in this endeavour. There is no need to discriminate between one technology and the other as long as it is safe and beneficial. References:



A recent survey of the global impact of biotech crops estimated that in 2008, the total crop production gain globally for the 4 principal biotech crops was 29.6 million metric tons which comprised 17.1 m tons of maize, 10.1 m tons of soybean, 1.8 m tons of cotton lint and 0.6 m tons of canola. The cumulative yield gain for the period 1996-2008 was 167 million tons. To achieve such a production, it would have required 62.6 m ha additionally had biotech crops not been deployed. This shows that biotech crops are an important land saving technology. The survey also revealed that the global net economic benefits to the biotech farmers in 2008 was US$ 9.2 billion (US$4.7 b for developing countries and US$4.5 b for industrial countries). The cumulative economic gains for the period 1996-2008 was US$ 51.9 billion – 50% of this from reduced cost of production and 50% from yield gains. These reveal that biotechnology has made significant contributions to higher productivity, lower costs of production and increased economic benefits and that it has enormous potential for the future with new traits, events and crops.



BioSpectrum, 2010. India Biotech Recovers Crosses $3 Billion. Vol. 8, Issue 6, June 2010. IGMORIS (Indian GMO Research Information System). http://igmoris/.nic.in James, Clive, 2009. Global Status of Commercialized Biotech/GM Crops - 2009. ISAAA Brief No.41, ISAAA, Ithaca, NY. Manjunath, T. M. 2007. Q & A on Bt-Cotton in India. Answers to More than 70 Questions on All Aspects. All India Crop Biotechnology Association, New Delhi, 78 pp. Report of the National Consultation on Bt Brinjal prepared by Centre for Environment Education (CEE) for Ministry of Environment and Forests, Govt of India, 532 pp. -*-



Food, feed and environmental safety of transgenic crops is accorded the highest priority in biotechnology. In every country, biotech products are subjected to rigorous bio-safety tests before they are approved for commercial cultivation and their subsequent performances are also closely monitored. So far these have not caused any scientifically proven untoward incident related to human, animal or environmental safety anywhere in the world, but there have been unending debate and some unsubstantiated allegations from time to time. The positive impacts of biotechnology should be communicated to people so that they can develop confidence and appreciate the true value of this remarkable technology. While biotechnology is very promising, it is not a silver bullet for all our problems. It has its own value as with some of the traditional and other practices. The best way is to exploit the advantages of each technology and judiciously integrate with others so as to enhance food production and protection. The integration of Bt-cotton as one of the major components in the integrated pest management (IPM)
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