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Agricultural growth in India has declined from about 3.6% during 1985-95 to less than 2% in the decade 1995-05. This is against a targeted average annual growth of 4% for the agricultural sector to 2020. A particular area of concern is production levels of food grains. The per capita annual production of cereals has declined from 207 kg in 1991/1995 to only 186 kg in 2004/2007, and continues to show decreasing trends, leading to mounting concerns on food security. With the limited availability of land and water resources, the goal of 4% growth in agriculture can be achieved only by increasing productivity and incomes per unit of these scarce natural resources through effective use of improved technology. The national agricultural research system continues to focus on the green revolution technology model of breeding short-duration high yielding cultivars, irrigation and intensive use of fertilizers and other agro-chemicals. 
Central to the green revolution were the adoption of micro or farm economics - which governed the use of inputs such as land, cultivar, labour, machinery, and chemicals balanced against profits from crop yields - and the macro economics that ensured better access to inputs and markets. The green revolution model did increase potential yields and farm incomes substantially, but it put less emphasis on the efficient and sustainable use of soil nutrients and water. The globalization of agricultural trade in the 1990s led to changes in some of the macro policies that supported agriculture and also subjected the Indian farmer to significant market risks. All of these have led to a steady decline in farm incomes and rural distress in recent years. It is vital to increase and stabilize agricultural incomes for overall national growth, as this sector still employs nearly 60% of the Indian work-force.  The problems are being compounded by degradation of the natural resource base (soil, water, and climate) of agriculture. Nearly 2/3rds of the farm lands are in some measure either degraded or sick. The difficult situation in Indian agriculture is increasingly being ascribed to a ‘technology fatigue’. This paper examines whether nanotechnology can lead to a reversal of these trends and provide the science and technology boost for the urgently needed second green revolution. 
Among the many advancements in science, nanotechnology (NT) is being visualized as a rapidly evolving field that has potential to revolutionize agriculture and food systems (Roco, 2003; Kuzma and Verhage, 2006), and improve the conditions of the poor (Juma and Yee-Cheong, 2005). Nanotechnology when applied as a tool, in tandem with other measures, can seek to address some of the world's most critical sustainable development problems in the areas of water, energy, health and environment, agriculture, and biodiversity and ecosystem management. These five areas, collectively known as WEHAB, were identified in the 2002 United Nations Johannesburg Summit on Sustainable Development (Report of the World Summit on Sustainable Development, 2002). A UN Survey on potential applications of nanotechnology in developing countries identified agricultural productivity enhancement as the second most critical area of application for attaining the millennium development goals while energy conversion and storage was ranked first and water treatment as the third areas needing focus. (Salamanca-Buentello et al, 2005).  
A key motivation for taking this research in nanotechnology (NT) into agriculture and food systems is based on evidence from research in the  developed countries in  promising areas of agriculture and food production systems (Opara, 2004; Ward and Dutta, 2005). Studies in these countries over the past decade or so indicate that nanotechnology has the potential to advance agricultural productivity through genetic improvement of plants and animals (Kuzma, 2007; Scott, 2007), delivery of genes and drug molecules to specific sites at cellular levels in plants and animals (Maysinger, 2007), and nano-array based gene-technologies for gene expressions in plants and animals under stress conditions (Walker, 2005).The potential is increasing with suitable techniques and sensors being identified for precision agriculture (Day,2005),natural resource management, early detection of pathogens and contaminants in food products, smart delivery systems for agrochemicals like fertilizers and pesticides, smart systems integration for food processing, packaging and other areas like monitoring agricultural and food system security(Moraru, et al,2003;Chau,et al,2007).Further developments in nanotechnology in this sector can be expected to become the main economic driving forces in the long run and benefit consumers, producers, farmers, ecosystems, and the general society at large. 
In India, the importance of research and development in nanotechnology has been recognized as of paramount importance. The Department of Science and Technology (DST), Govt. of India, has launched a  Nanomaterials Science and Technology Initiative (NSTI) with  investments of over Rs 100 crores (US $ 20 million) for the next 5 years (DST, 2005).  Under this initiative, over 100 research projects on the synthesis and assembly of ceramic nanoparticles, nano tubes, nano wires, nanoporous solids, nanostructured alloys and DNA chips have been supported along with establishment of a number of shared facilities and infrastructure. Some of these laboratories are actively engaged in the design and synthesis of inorganic nanomaterials, typically for use in high Tc superconductors, magnetic materials, catalysis, etc. 
If Indian agriculture is to attain its broad national goal of sustainable agricultural growth of over 4%, it is important that the nanotechnology research is extended to the agricultural total production-consumption system, that is, across the entire agricultural value chain. This would require focusing on technologies that increase agricultural productivities, product quality and resource use efficiencies that reduce on farm costs, raise the value of production, and increase farm incomes; as well as on conserving and enhancing the quality of the natural resource base. It would also require a conscientious effort to provide a system to deliver these innovations based on nanotechnology to a product delivery stage and ensure that these reach the rural stakeholders at the end of the agri-value chain. 
In order to realize the potential this technology may provide to Indian agriculture today, it is important to assess the opportunities and challenges. This paper attempts to map some of those areas relevant to Indian agriculture, where nanotechnology can provide viable solutions towards enhancing rural livelihoods in a sustainable manner. Basing our initial research on the six thematic areas envisaged by the USDA (National Planning Workshop, 2003), we attempt to identify areas where nanotechnology can bring immediate gains in the Indian rural landscape. Possible areas of nanotechnology with potential applications in Indian agriculture are:  nanofertilizers for slow release and efficient use of water and fertilizers by plants; nanocides – pesticides encapsulated in nanoparticles  for   controlled release, and  nanoemulsions for greater efficiency; nanoparticles for soil conservation; delivery of nutrients and drugs for livestock and fisheries; nanobrushes and membranes for soil and water purification, cleaning of fishponds; and  nanosensors for soil quality and for plant health monitoring, and for precision agriculture, controlled environment agriculture. Application of nanotechnology would is possible in food processing such as nanocomposites and nanobiocomposites for plastic film coatings used in food packaging, anti-microbial nanoemulsions for applications in decontamination of food equipment, packaging or food processing. Technological convergence across the fields of physics, engineering, chemistry, biology, agriculture and food sciences is the essential core of development of nanotechnology especially when it is to be focused not only to the needs of farm but also the non-farm sector. Indeed, this extends to a much broader canvas of participants and requires development of proper public policy rather than individual attempts of researches.  
Throughout this process, we believe the responsible development of nanotechnology in Indian agriculture must be emphasized. Application of nanotechnology to agriculture and food systems even at the global level is at its nascent stage, and its success will be based on its ultimate acceptance by the stakeholders. Applying nanotechnology to this sector also calls for a design of effective regulatory mechanisms and strong governance system made with involvement of all stakeholders. Only then can nanotechnology provide the much needed second green revolution in agri-sector in India.
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