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Abstract – With exponential population growth and to feed its 1.25billion people, India is facing enormous challenges to combat with U.N. Agenda for Sustainable Development by 2030.Transforming from inorganic farming practices to sustainable agriculture and to maintain the efficiency and fulfill the consumption demand is robust challenge and needs effective planning and researches into agriculture sector. Regular use of pesticides and chemical fertilizers has resulted in much negative impact to our current mass production style of farming such as reduced biodiversity, habitat destruction, deforestation, water, air and soil pollution, salinization, desertification, decline in water resources and land subsidence. The further destruction to farmland, damage to soil fertility, reduced nutritional value, decreased economic, social and cultural values is a result of today’s conventional farming practices. This paper accesses the challenges of Indian agriculture sector towards the use of pesticides and chemical fertilizers and limitations to transform towards sustainable agriculture practices.
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1. Introduction 
Agricultural practices since the Green Revolution in 1968 emphasized on external inputs as the means to increase food production to fulfill the increasing demand. This has led to growth in heavy consumption of pesticides, inorganic fertilizer, animal feed-stuffs, tractors and agricultural machinery etc, substituted natural processes and resources. Pesticides have replaced biological, cultural, and mechanical methods for controlling pests, weeds, and diseases; inorganic fertilizers have substituted for livestock manures, composts, and nitrogen-fixing crops; information for management decisions comes from input suppliers, researchers, and extensionists rather than from local sources; and fossil fuels have substituted for locally generated energy sources. India will become the 3rd largest economy in the world by 2030 followed by rapid urbanization and change in dietary needs. To fulfill its growing population's food and nutrition needs, India needs to adopt the sustainable measures in agriculture sector. Although yield per hectare has doubled in the past years due to increased use of hybrid seeds, fertilizer, crop protection chemical, etc. major challenges to increase our productivity still exists. These include mainly the risk of land degradation, fall in the per capita arable land and increasing water scarcity. The small farmers are practicing these conventional methods as a challenge to fulfill the market needs.
     The production of pesticides started in India in 1952, and now it is the second largest manufacturer of pesticides in Asia after China and ranks twelfth globally (Mathur, 1999). The pattern of pesticide usage in India is different from rest of the world in general. In India 76% of the pesticide used is insecticide, as against 44% globally (Mathur, 1999). The Indian Agrochemical industry is estimated to be ~ INR 27,000 Cr (~ USD 4.25 Billion) in FY'14 and is expected to grow at a CAGR of 12% to reach ~ INR 47,000 Cr (~ USD 7.5 Billion) by FY '19. Out of this, the domestic market is ~ INR 14,000 Cr. (~ USD 2.25 Billion) in FY '14.
2.Aims and Objectives
This paper mainly focuses on the Government’s policy building program into more research output through sustainable agricultural practices and to educate and motivate millions of small farmers towards sustainable agriculture that includes conserving water, reducing the use of fertilizers and pesticides, and promoting biodiversity in crops grown and the ecosystem. It also maintains economic stability and help farmers improve their techniques and quality of life. This will help the in attaining the U.N. Sustainable goals by 2030.
    Sustainable agriculture focuses on producing long-term crops and livestock while having minimal effects on the environment. This type of agriculture tries to find a good balance between the need for food production and the preservation of the ecological system within the environment. There are many farming strategies that are used that help make agriculture more sustainable. Some of the most common techniques include growing plants that can create their own nutrients to reduce the use of fertilizers and rotating crops in fields, which minimizes pesticide use because the crops are changing frequently. Another common technique is mixing crops, which reduces the risk of a disease destroying a whole crop and decreases the need for pesticides and herbicides. Sustainable farmers also utilize water management systems, such as drip irrigation, that waste less water.
3.Evidences of Research Outcomes
There are numerous evidences available about the negative impact of use of pesticides and chemical fertilizers from researches carried out in U.S. and countries of E.U. The government should promote more researches in Indian environment so that the policymakers could develop a suitable development plan for sustainable agricultural practices. This paper highlights some of the evidences through selected researches work and their outcomes.
3.1 Health risk due to use of Pesticides- The data on environmental-cum-health risk assessment studies may be regarded as an aid towards a better understanding of the problem related with pesticides. Data on the occurrence of pesticide-related illnesses among defined populations in developing countries like India are scanty. There is now overwhelming evidence that some of these chemicals do pose a potential risk to humans and other life forms and unwanted side effects to the environment (Forget, 1993; Igbedioh, 1991; Jeyaratnam, 1981). No segment of the population is completely protected against exposure to pesticides and the potentially serious health effects, though a disproportionate burden, is shouldered by the people of developing countries and by high risk groups in each country (WHO, 1990). The world-wide deaths and chronic diseases due to pesticide poisoning number about 1 million per year (Environews Forum,1999).
For determining the extent of pesticide contamination in the food stuffs, programs entitled ‘Monitoring of Pesticide Residues in Products of Plant Origin in the European Union’ started to be established in the European Union since 1996.In 1996, 1997, 1998 and 1999 about 9700, 6000, 4700 and 4700 samples were analysed for different pesticides or pesticide groups present in various selected range of food commodities. Results showed that in majority of cases contained residues of pesticides either in excess, at or below MRL values. (European Commission, 2001). In India the first report of poisoning due to pesticides was from Kerala in 1958, where over 100 people died after consuming wheat flour contaminated with parathion (Karunakaran, 1958). This prompted the Special Committee on Harmful Effects of Pesticides constituted by the ICAR to focus attention on the problem (Report of the Special Committee of ICAR, 1972).
Pesticides can contaminate soil, water, turf, and other vegetation. In addition to killing insects or weeds, pesticides can be toxic to a host of other organisms including birds, fish, beneficial insects, and non-target plants. Pesticides can reach surface water through runoff from treated plants and soil. Contamination of water by pesticides is widespread. The results of a comprehensive set of studies done by the U.S. Geological Survey (USGS) on major river basins across the country in the early to mid- 90s yielded startling results. More than 90 percent of water and fish samples from all streams contained one, or more often, several pesticides. Pesticides were found in all samples from major rivers with mixed agricultural and urban land use influences and 99 percent of samples of urban streams (Bortleson and Davis, 1987–1995).
Groundwater pollution due to pesticides is a worldwide problem. During one survey in India, 58% of drinking water samples drawn from various hand pumps and wells around Bhopal were contaminated with Organo Chlorine pesticides above the EPA standards (Kole and Bagchi, 1995). Once ground water is polluted with toxic chemicals, it may take many years for the contamination to dissipate or be cleaned up.
Heavy treatment of soil with pesticides can cause populations of beneficial soil microorganisms to decline. According to the soil scientist Dr. Elaine Ingham, “If we lose both bacteria and fungi, then the soil degrades. Indiscriminate use of chemicals might work for a few years, but after awhile, there aren't enough beneficial soil organisms to hold onto the nutrients” (Savonen, 1997). For example, plants depend on a variety of soil microorganisms to transform atmospheric nitrogen into nitrates, which plants can use. Common herbicides disrupt this process: inhibits soil bacteria that transform ammonia into nitrite (Pell et al., 1998); reduces the growth and activity of free-living nitrogen-fixing bacteria in soil (Santos and Flores, 1995)
3.2 Regenerative and resource-conserving technologies and practices- Evidence is now emerging that regenerative and resource-conserving technologies and practices can bring both environmental and economic benefits for farmers, communities, and nations. The evidence from countries of Africa, Asia, and Latin America, where the concern is to increase food production in the areas where farming is untouched by modern conventional methods. In these complex and remote lands, some farmers and communities adopting regenerative technologies have substantially improved agricultural yields, often using only few or no external inputs (Bunch, 1991; GTZ, 1992; UNDP, 1992; Lobo & Kochendörfer-Lucius, 1992; Krishna, 1993; Shah, 1994; SWCB, 1994; Pretty, 1995).
4.Education and Motivation for Farmers towards sustainable agriculture
The successes of sustainable agriculture ahead need to have favourable policy environment. Most policies still actively encourage external inputs and technologies (Pretty, 1994a). The policymakers therefore should focus to minimize the wide gap of knowledge and benefits of sustainable agriculture through motivation and education to local stakeholders, supportive institutions etc.
A necessary condition for sustainable agriculture is that large numbers of farming households must be motivated to use coordinated resource management, i.e. for pest and predator management, nutrient management, aquifers and surface water management , livestock management, soil and water resources management and seed stock management. The problem is that, platforms for collective decision making have not been established to manage such resources (Röling, 1994a, 1994b). 
Sustainability is a quality that emerges when people individually or collectively apply their intelligence to maintain the long-term productivity of the natural resources on which they depend (Sriskandarajah, Bawden, & Packham, 1989). In other words, Sustainability emerges out of shared human experiences, objectives, knowledge, decisions, technology, and organization. Agriculture becomes sustainable only when people have reason to make it so. They can learn and negotiate their way towards Sustainability. In any discussions of Sustainability, it is important to clarify what is being sustained, for how long, for whose benefit and at whose cost, over what area, and measured by what criteria. Answering these questions is difficult, because it means assessing and trading off values and beliefs. 
The problem with agricultural science and extension is that it has poorly understood the nature of "indigenous" and rural people's knowledge. For many, what rural people know is assumed to be "primitive," "unscientific," or overtaken by development, and so formal research and extension must "transform" what they know so as to "develop" them. (Chambers, Pacey, & Thrupp, 1989; Röling & Engel, 1989; Warren, 1991; Long & Long, 1992; Scoones & Thompson, 1994). It is more important to recognize that local people are always involved in active learning, in (re)inventing technologies, in adapting their farming systems and livelihood strategies. Understanding and supporting these processes of agricultural innovation and experimentation have become an important focus in facilitating more sustainable agriculture with its strong locality-specific nature.
The problem with modem agricultural science is that technologies are finalized before farmers get to see them. If new technologies are appropriate and fit a particular farmer's conditions or needs, then they stand a good chance of being adopted. But if they do not fit and if farmers are unable to make changes, then they have only the one choice. They have to adapt to the technology, or reject it entirely.
Conclusion
Researches on descriptive epidemiological data based on area profiles, development of intervention strategies designed to lower the incidence of acute poisoning and periodic surveillance studies on high risk groups are needed. There should be thorough investigations of outbreaks and accidental exposure to pesticides, correlation studies, cohort analyses etc,. Valuable information can be collected by monitoring the human exposure in the form of residue levels in body fluids and tissues of the general population.
There are many resource-conserving technologies and practices which are widely proven on research stations to be both productive and sustainable, but still not so popular among farmers because these technologies involve the substitution of management skills, knowledge, and labour for external inputs through motivation and proper education to farmers. Another problem is that most agricultural research still occurs on the research station, where scientists experience conditions quite different from those experienced by farmers.
References
Bortleson G, Davis D. 1987–1995. U.S. Geological Survey & Washington State Department of Ecology. Pesticides in selected small streams in the Puget Sound Basin; pp. 1–4.
Bunch, R. (1991). Low input soil restoration in Honduras: The Cantarranas farmer-to-farmer extension programme. Sustainable Agriculture Programme Gatekeeper Series SA23. London: IIED.
Chambers, R., Pacey, A., & Thrupp, L-A. (Eds.). (1989). Farmer first: Farmer innovation and agricultural research. London: Intermediate Technology Publications. Environews Forum. Killer environment. Environ Health Perspect. 1999;107:A62. [PMC free article][PubMed]
European Commission. Monitoring of Pesticide Residues in Products of Plant Origin in the European Union, Norway and Iceland. 2001 Report 1999: 46. [PubMed]
Forget G. Balancing the need for pesticides with the risk to human health. In: Forget G, Goodman T, de Villiers A, editors. Impact of Pesticide Use on Health in Developing Countries. 1993. IDRC, Ottawa: 2.
GTZ (1992). The spark has jumped the gap. Eschborn: Deutsche Gessellschaft für Technische Zusammenarbeit (GTZ).
Igbedioh SO. Effects of agricultural pesticides on humans, animals and higher plants in developing countries.Arch Environ Health. 1991;46:218. [PubMed]Jeyaratnam, 1981
Jeyaratnam J. Health problems of pesticide usage in the third world. B M J. 1985;42:505. [PMC free article][PubMed]
Karunakaran C.O. The Kerala food poisoning. J Indian Med Assoc. 1958;31:204. [PubMed]
Kole RK, Bagchi MM. Pesticide residues in the aquatic environment and their possible ecological hazards. J Inland Fish Soc India. 1995;27(2):79–89.
Krishna, A. (1993). Watershed development in Rajasthan: The new approach. Jaipur: Watershed Development, Government of Rajasthan.
Lobo, C., & Kochendorfer-Lucius, G. (1992). The rain decided to help us: An experience in participatory watershed development in Maharashtra State, India.Ahmednagar: Social Centre.
Long, N., & Long, A. (Eds.). (1992). Battlefields of knowledge: The interlocking of theory and practice in social research and development. London: Routledge.
Mathur SC. Future of Indian pesticides industry in next millennium. Pesticide Information. 1999;24(4):9–23.
Pell M, Stenberg B, Torstensson L. Potential denitrification and nitrification tests for evaluation of pesticide effects in soil. Ambio. 1998;27:24–28.
Pretty, J. N. (1994a). Policies that work for a more sustainable agriculture. London: IIED.
Pretty, J. N. (1995). Regenerating agriculture: Policies and practice for sustainability and self-reliance. London: Earthscan Publications.
Röling, N. (1994a). Platforms for decision making about ecosystems. In L. Fresco (Ed.), The future of the land. Chichester: John Wiley and Sons.
Röling, N. (1994b). Creating human platforms to manage natural resources: First results of a research programme. In Proceedings of the International Symposium on Systems Oriented Research in Agriculture and Rural Development (p. 391-395). Montpellier, France, November21.25.1994.
Röling, N., & Engel, P. (1989). IKS and knowledge management: Utilizing indigenous knowledge in institutional knowledge systems. In D. Warren et al. (Eds.),Indigenous knowledge systems: Implications for agriculture and international development. Studies in Technology and Social Change, 11. Ames: Technology and Social Change Program, Iowa State University.
Santos A, Flores M. Effects of glyphosate on nitrogen fixation of free-living heterotrophic bacteria. Lett Appl Microbiol. 1995;20:349–352.
Savonen C. Soil microorganisms object of new OSUservice. Good Fruit Grower. 1997.http://www.goodfruit.com/archive/1995/6other.html.
Scoones, I., & Thompson, J. (Eds.). (1994). Beyond Farmer First. London: IT Publications.
Shah, P. (1994). Participatory watershed management in India: The experience of the Aga Khan Rural Support Programme. In I. Scoones & J. Thompson (Eds.), Beyond Farmer First. London: IT Publications.
Sriskandarajah, N., Bawden, R. J., & Packham, R. G. (1991). Systems agriculture: A paradigm for sustainability. Association for Farming Systems Research-Extension Newsletter, 2(2), 1-5.
SWCB (1994). The impact of the catchment approach to soil and water conservation: A study of six catchments in Western, Rift Valley and Central provinces of Kenya. Nairobi: Ministry of Agriculture, Livestock Development and Marketing.
UNDP (1992). The benefits of diversity: An incentive towards sustainable agriculture. New York: UNDP.
Warren, D. (1991, May). The role of indigenous knowledge in facilitating a participatory approach to agricultural extension. Paper presented at the International Workshop on Agricultural Knowledge Systems, Bad Boll, Germany.
WHO. Geneva: World Health Organization; 1990. Public Health Impact of Pesticides Used inAgriculture;p.88
