
 

 Effect of Climate Change on Agriculture S. K. Singh* and Awanish Department of Ag. Botany, Ch. Chotu Ram (PG) College, Muzaffernagar (UP) *Email: drsksingh140@gmail.com  Abstract  Agriculture represents a core part of the Indian economy and provides food and livelihood activities to much of the Indian population. While the magnitude of impact varies greatly by region, climate change is expected to impact on agricultural productivity and shifting crop patterns. The policy implications are wide-reaching, as changes in agriculture could affect food security, trade policy, livelihood activities and water conservation issues, impacting large portions of the population. During the recent decade, with the growing recognition of the possibility of climate change and clear evidence of observed changes in climate during 21st century, an increasing emphasis on food security and its regional impacts has come to forefront of the scientific community. In recent times, the crop simulation models have been used extensively to study the impact of climate change on agricultural production and food security. This paper reviews evidences on the climate change challenge; and assesses the impact of climate changes on agriculture and food security in India. This paper also estimates the impact of climate change on Indian agriculture. Agriculture is the backbone of Indian economy. Directly or indirectly 55% of the country’s population depends on the climate sensitive sector agriculture. The agricultural sector is a driving force in the gas emissions and land use effects that causes climate change. In India, substantial work has been done in last decade aimed at understanding the nature and magnitude of change in yield of different crops due to projected climate change. This paper presents an overview of the state of the knowledge of possible effect of the climate variability and change on food grain production in India.  Keywords: Indian Agriculture, Climate Changes, Food Security.  Paper Cited: Singh, S.K. and Awanish (2017). Effect of Climate Change on Agriculture. South Asian Journal of Food Technology and Environment, 3(2): 591-597. Introduction India is a large developing country with nearly 55% of the population depending directly on the climate sensitive sectors such as agriculture, fisheries and forests (GOI). The projected climate change under various scenarios is likely to have implications on food production, water supply, biodiversity and livelihoods. A large part of the Indian agriculture depends on monsoon so that the market of agriculture, essential commodities shows fluctuation due to early/ delayed arrived of monsoon. Any change in countries rainfall pattern impacts agriculture and hence the country’s economy and food security. Yet global warming poses serious threats to the weather system, which can potentially effects millions of small, marginal and poor farmer and all those who depends on agriculture for their livelihood (Mitra, 2009). The process of development 

inevitably involves the use of natural resources in economic activities; it has become increasingly clear in recent years that for any poverty reducing growth strategy to be sustainable, it must address environmental concerns and sustainable utilization of generally limited natural resources. This is particularly the case for India where the majority of poor live in rural areas and their livelihoods are critically dependent on the exploitation of natural resources. Improvements in the economic wellbeing of the population can only be sustained in the long run if the natural resources are utilized in a sustainable manner.   Agriculture typically plays a larger role in developing economies than in the developed world. For example, agriculture in India makes up roughly 17% of GDP (GOI) and provides nearly 52% of employment. Furthermore, agricultural productivity is particularly 
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important for the well-being of the poor. The rapid increase in population and economic development has led to severe environmental degradation that undermines the environmental resource base upon which sustainable development depends. The economics of environmental pollution, depletion and degradation of resources have in fact been neglected as compared to the issues of growth and expansion. India has been no exceptions to this worldwide phenomenon. The trends of environmental deterioration in India, because of the substantial increase in its population, have been far more prominent as compared to other developing economies.            It is clear that over time more nutrients have been removed than added through the fertilizers, and the farmers have to apply more fertilizers to get the same yield, they were getting with less fertilizer 20 - 30 years ago. Climate change will further affect soil conditions. Changes in temperature and in precipitation patterns and amount will influence soil water content, run-off and erosion, salinisation, biodiversity, and organic carbon and nitrogen content. The increase in temperature would also leads to increased evapotranspiration. There is need to quantify the specific regional soil-related problems and that affect the global environmental change will have on soil fertility and its functioning for crop growth and production.              There are two major crop growing season in India as for climate point of view. The summer or ‘kharif’ crop growing season (June–September) coincides with southwest monsoon. The major ‘kharif’ crops are rice, maize, sugarcane, cotton, jute, groundnut, soybean and Bajra etc. Depending on crop duration, ‘kharif’ crops can be harvested during the autumn (October–November) or winter (December– February) months. The southwest monsoon is critical to the kharif crop, which accounts for more than 50% of the food-grain production and 65% of the oilseeds production in the country. The interannual monsoon rainfall variability in India leads to large-scale droughts and floods, resulting in a major effect on Indian food grain production (Kumar et al., 2004) and on the 

economy of the country (Kumar and Parikh, 1998). The winter or ‘rabi’ crop-growing season starts after them summer monsoon, and continues through to the following spring or early summer. Rainfall occurring at the end of the monsoon season provides stored soil moisture and often irrigation water for the rabi crop, which is shown in the post-monsoon season (October–November). The summer monsoon therefore, is responsible for both kharif and rabi crop production in India. The major ‘rabi’ crops are wheat, mustard, Barley, potato, onion and gram etc.                Global warming may also threaten India food security if there is a negative effect on agriculture. Although, the effect of increasing CO2 concentrations will increase the net primary productivity of plants, but climate changes, and the changes in disturbance regimes associated with them, may lead either to increased or decreased net ecosystem productivity. In many tropical and subtropical regions, potential yields are projected to decrease for most projected increases in temperature. The impacts of elevated CO2 should be considered among others, in the context of, (A) changes in air temperature, particularly nocturnal temperature due to increase in CO2 and other trace gases and changes in moisture availability and their effect on vegetative versus reproductive growth; (B) need for more farm resources (e.g. fertilizers); and (C) survival and distribution of pest populations, thus developing a new equilibrium between crops and pests (Krupa, 2003). Indirectly, there may be considerable effects on land use due to snow melt, spatial and temporal rainfall variability, availability of irrigation, frequency and intensity of inter- and intra-seasonal droughts and floods, soil organic matter transformations, soil erosion, change in pest profiles, decline in arable areas due to submergence of coastal lands, and availability of energy. All these can have tremendous impact on agricultural production and hence, food security of any region (Aggarwal, 2003). The rising temperatures and carbon dioxide and uncertainties in rainfall associated with global warming may or may not have serious direct and indirect consequences on crop production. It is, therefore, important to have an assessment of the South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [592] 
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direct and indirect consequences of global warming on different crops especially on cereals contributing to the food security (Gadgil et al., 1999,). Mechanistic crop growth models are now routinely used for assessing the impacts of climate change.           There are several crop models now available for the same crop that can be employed for impact assessment of climate change (Mall and Aggarwal, 2002). Crop models, in general, integrate current knowledge from various disciplines including agrometeorology, soil physics, soil chemistry, crop physiology, plant breeding, and agronomy, into a set of mathematical equations to predict growth, development and yield of a crop (Aggarwal and Kalra 1994; Hoogenboom, 2000). In most climate change applications, long-term historical weather data are used as input for the crop models. In general, at least 30 years of historical weather data are preferred to represent annual weather variability; different climate change scenarios can then be applied to these data records. Similarly, rainfall and solar radiation can be changed with a certain percentage, such as an increase or decrease of 10, 20, 30% etc. These changes are then applied to the daily water data and the crop simulation models are run with these modified inputs. A more realistic approach is to use the outputs from the General Circulation Models (GCMs) to modify the historical weather data (Lal et al., 1998; Hoogenboom, 2000). Studying the potential socioeconomic impacts of climate change involves comparing two future scenarios, one with and one without climate change. Uncertainties involved in such an assessment include: (1) the timing, magnitude and nature of climate change; (2) the ability of ecosystems to adopt either naturally or through managed intervention to the change; (3) future increase in population and economic activities and their impacts on natural resources systems; and (4) how society adapts through the normal responses of individual, businesses and policy changes that after the opportunities and incentives to respond. The uncertainties, the long periods involved and the potential for catastrophic and irreversible impacts on natural resources systems raise questions as to how to 

evaluate climate impacts, investments, and other policies that would affect or be affected by changes in the climate. In India, substantial work has been done in last decade aimed at understanding the nature and magnitude of change in yield of different crops due to possible climate change. The objective of the present review is to a) examine the present status of the knowledge of climate change impact on Indian agricultural production, b) discuss the uncertainties and limitation of these studies in Indian conditions and identifying future research needs. India’s Position in World Agriculture India is one of the densely populated countries of the world. India has only acquired 2.4% of the land area of the world with an arable land of 11.2% but bound to feed 17.5% of the world population. This is a great challenge for our country which is supposed to become more severe with the threat of climate change. This may be the reason why we share 22.3% of world agriculture. Though we have 17.5% share in world population but our share in total active population is only 14.8 per cent. This shows that we are not only densely populated but also have high dependency rates. One interesting fact can be realized from the table-2 is that India share 20.2% in world economically active population and 22.3% in world agriculture production representing that Indian labour force is more efficient than any other countries assuming that other factors remain same. The share of cereals, oilseeds, fruits and vegetables in the world is also low in comparison to the population except the rice and pulses production. This shows the pathetic condition of India’s agriculture in the world even after the green revolution and other technological and institutional changes. In case of commercial crops we are in a better position. We have 20% share in world sugarcane production, 63% in jute and jute like fibers production and comfortably 17 and 16.5% share in tea and cotton production respectively. But the share of green coffee and tobacco is extremely low equal to 3.2%, and 7.6% respectively in world production. The table 1 reveals that India’s share in the world livestock South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [593] 
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and animal products is again less than its share in the world population except the buffalos where our share is exceptionally very high i.e. 54.6 per cent. In terms of use of tractors in agriculture also we share 10.7 per cent. Overall therefore it can be said that in most of the cases India’s share in the world agriculture is less than the population except a few that increases the burden of food security. The negative effect of future climate change on arable land will result in adverse impacts on cereal crop production and net revenue of these crops. Cereals (wheat, rice, barley, maize, millet, sorghum, groundnuts, cassava, rye and oats,) play an important role in the diets of people. Agriculture in India No doubt agriculture is the backbone of Indian economy. The share of agricultural products in exports is also substantial, with agriculture accounting for 15% of export earnings. Agricultural growth also has a direct impact on poverty eradication, and is an important factor in employment generation. The agricultural sector is a driving force in the gas emissions and land use effects that causes climate change. In addition being a significant user of land and consumer of fossil fuel, agriculture contributes directly to greenhouse gas emissions through practices such as rice production and the raising of livestock (FAO, 2007). According to the Intergovernmental Panel on Climate Change (IPCC), the three main causes of the increase in greenhouse gases observed over the past 250 years have been fossil fuels, land use, and agriculture (IPCC, 2001). A growing world population combined with the steady effects of climate change is forecast to create a global food shortage in the next 10 years. India is not exceptional, their 52% working populations depend on agriculture and nearly 70% population resided in rural areas where agriculture is largest support to livelihoods. (Economic Outlook, 2010-11). As climate changes, a key driver for agriculture in 21st century, there will be increase in the demand for food in India to 276 million tons by 2021 as against current production of 230 million tons that may increase the competition for resources use such as land, water, capital, 

labour and other precious natural resources. The average temperature of the earth has been on a steady rise ever since the beginning of the Industrial Revolution, when people began burning fossil fuels for energy. In India, while the wheat crop is vulnerable to an increase in maximum temperature, the rice crop is sensitive to an increase in minimum temperature. Acute water shortage, combined with temperature stress, negatively affects both wheat and rice productivity in north-west India. Out of the total 329 million hectares of geographical area 174 million hectares or 53% of the total land area in India is suffering from serious degradation. Of this, area subject to water and wind erosion amounts to 144 million hectares and area degraded through special problems like ravines, salinity, water logging etc., accounted for another 30 million hectares (Koty Reddy, 2010). One-third of our land under forests, nearly two-thirds of land under agriculture and nearly all cultivable waste lands, permanent pastures and grazing lands are in urgent need of conservation measures. The effects of haphazard grazing on the environment are alarming. Land degradation due to overgrazing has led to desert like conditions in many parts of the country. There are a few Indian studies on this theme and they generally confirm similar trend of agricultural decline with climate change. Recent studies done at the Indian Agricultural Research Institute indicate the possibility of loss of 4 – 5 million tons in wheat production in future with every rise of 1oC temperature throughout the growing period (but no adaptation benefits). It also assumes that irrigation would remain available in future at today’s levels. Losses for other crops are still uncertain but they are expected to be relatively smaller, especially for kharif crops.  Food Security and Climate Variability          Food security is directly or indirectly related to climate change. Any alteration in climatic parameters such as temperature and humidity which govern crops growth will have a direct impact on the quality of food produced. Indirect linkages pertains to catastrophic event such as floods and droughts which are projected to multiply as a consequences of climate change South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [594] 
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leading to huge crop loss and leaving large patches of arable land unfit for cultivation, and hence threatening for food security (Chaudhry and Aggarwal, 2007). Further, Climate change and food security are also related because climate change can directly affect a country’s ability to feed its people. However, research shows climate change will not equally affect all countries, and will likely have the biggest impact in equatorial regions such as sub-Saharan Africa. This means that countries already struggling with food security are likely to struggle still harder in the future. The Food and Agriculture Organization (FAO) warns that an increase in average global temperature of just 2 to 4°C above pre-industrial levels could reduce crop yields by 15- 35% in Africa and western Asia, and by 25-35% in the Middle East. Despite fast economic growth and piling food stocks in the government godowns. India is home to the largest number of hungry and deprived people in the world – to be precise 360 million undernourished and 300 million poor people. Sustaining supply of food itself is emerging as a critical issue. Growth in food grain production is slow, rather decreasing over the last few decades. During 1996-2011 it increased by just 1.6 % per annum: from 199 to 236 million tons, as against an annual rate of growth of 3.8% achieved during the 1980s.                The Indian Agricultural Research Institute (IARI) examined the vulnerability of agricultural production to climate change, with the objective of determining differences in climate change impacts on agriculture by region and by crops. At present approximately 68.35 million hectare of land is lying as Wasteland, of this approximately 50% is non-forest land which can be made fertile again if treated properly. Rajasthan has the highest component of degraded land, followed by Madhya Pradesh, Maharashtra, Uttar Pradesh, Gujarat, Andhra Pradesh and Karnataka. Where land has been subjected to light or moderate degradation, the same level of inputs will give lower outputs. Climatic variability and occurrence of extreme events are major concerns for the Indian subcontinents. There is need to quantify the growth and yield responses of important crops 

and also identify suitable land use options to sustain agricultural productivity under this large range of climatic variations. In India, the analysis of seasonal and annual surface air temperatures (Pant and Kumar, 1997) has shown a significant warming trend of 0.570C per hundred years. The warming is found to be mainly contributed by the post-monsoon and winter seasons. The monsoon temperatures do not show a significant trend in any major part of the country. Similar warming trends have also been noticed in Pakistan, Nepal, Sri Lanka and Bangladesh (Warrick and Ahmed, 1996; Chaudhary 1994; Rupakumar and Patil, 1996; IPCC, 2001). The rainfall fluctuations in India have been largely random over a Century, with no systematic change detectable in summer monsoon season. However, areas of increasing trend in the seasonal rainfall have been found along the West Coast, North Andhra Pradesh and Northwest India and those of decreasing trend over East Madhya Pradesh, Orissa and Northeast India during recent years (Rupa Kumar et al., 1992). Extreme weather conditions, such as floods, droughts, heat and cold waves, flash floods, cyclones and hailstorm, are direct hazards to crops. More subtle fluctuation in weather during critical phases of crop development can also have substantial impact on yields.  It is important to note that the climate-sensitive sectors (forests, agriculture, coastal zones) and the natural resources (groundwater, soil, biodiversity, etc.) are already under stress due to socio-economic pressures. Climate change is likely to exacerbate the degradation of resources and socio-economic pressures. Thus, countries such as India with a large population dependent on climate-sensitive sectors and low adaptive capacity have to develop and implement adaptation strategies (Sathaye et al., 2006).  Predicted climate change impacts on agriculture  The predicted changes to agriculture vary greatly by region and crop. Findings for wheat and rice are reported here: South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [595] 

Effect of Climate Change on Agriculture 



 

• Wheat Production: The study found that increases in temperature (by about 2ºC) reduced potential grain yields in most places. Regions with higher potential productivity (such as northern India) were relatively less impacted by climate change than areas with lower potential productivity (the reduction in yields was much smaller). Climate change is also predicted to lead to boundary changes in areas suitable for growing certain crops. Reductions in yields as a result of climate change are predicted to be more pronounced for rain fed crops (as opposed to irrigated crops)and under limited water supply situations because there are no coping mechanisms for rainfall variability.  The difference in yield is influenced by baseline climate. In sub tropical environments the decrease in potential Wheat. 
• Rice Production: Overall, temperature increases are predicted to reduce rice yields. An increase of 2-4ºC is predicted to result in a reduction in yields. Eastern regions are predicted to be most impacted by increased temperatures and decreased radiation, resulting in relatively fewer grains and shorter grain filling durations. By contrast, potential reductions in yields due to increased temperatures in Northern India are    predicted to be offset by higher radiation, lessening the impacts of climate change. Although additional CO2 can benefit crops, this effect was nullified by an increase of temperature. Conclusion No doubt agriculture plays a key role in overall economic and social well being in India because still more than 55% population is engaged in the agriculture sector. So the number of factors such as global warming, rapidly rising levels of carbon dioxide and other green house gases in the atmosphere, area under the food grain production has direct effects on agricultural systems in the country. Estimations predict that the area under food grain, for 

instance fell from 126.18 mha to 122.23 mha during the period from 1975–76 to 2008–11, the production registered an increase from 121.03 Mt. to 250.47 Mt. during that period. The food grain production looked quite impressive in 2008-11, which is more than thrice the production of 74.23 million tons in the year 1966-67. However the country faces major challenges to increase its food production to the tune of 300 million tons by 2020 in order to feed its ever-growing population, which is likely to reach 1.50 billion by the year 2020. To meet the demand for food from this increased population, the country’s farmers need to produce more food grains by 2020. In future studies, only when the uncertainties and limitations discussed above have been considered in the crop simulation modeling and climate change scenarios, the assessment of climate change on Indian agriculture can be more precise and provide sound basis for regional policy planning However, it is expected that the fast improvement of climate and crop model across the global and regional level in the last decades to be sustained. It is not too distant future; these models should yielding reliable results on regional scale for the nature of climate change in response to various factors. References 1. Aggarwal, P. K. (2003). Impact of climate change on Indian agriculture.  Journal of Plant Biology, 30(2):  189–198. 2. Aggarwal, P. K. and Kalra, N. (1994).  Simulating the effect of climatic factors, genotype and management on productivity of wheat in India.  Indian Agricultural Research Institute Publication, New Delhi, India, pp. 156. 3. Chaudhary, Q. Z. (1994) Pakistan summer monsoon rainfall’s association with global and regional circulation features and its seasonal prediction. Proceeding of International Conference on Monsoon Variability and Prediction, Triest, Italy, May 9-13, 136-145. 4. Chaudhry, A. and Aggarwal, P.K. (2007). Climate Changes and Food Security in India. Indian Agriculture Research Institute, New Delhi. South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [596] 

S. K. Singh and Awanish 



 

5. FAO (2007). Food and Agriculture Organization of the UN.  Retrieved,  June 25, 2007. 6. Gadgil, S., Abrol, Y. P. and Rao Seshagiri, P. R. (1999). On growth and fluctuation of Indian food grain production. Current Science, 76(4): 548–556. 7. Hoogenboom, G. (2000). Contribution of agrometeorology to the simulation of crop production and its applications.  Agricultural and  Forest Meteorology, 103:  137–157. 8. IPCC (2001). Intergovernmental Panel on Climate Change (IPCC). 9. Koty Reddy, T. (2010). Impact of Environment on Poverty in India. The Indian Economy Review, vii (March): 28. 10. Krupa, S.(2003). Atmosphere and agriculture in the new millennium. Environmental Pollution, 126: 293–300. 11. Kumar, K.K., Kumar, K.R., Ashrit, R.G., Deshpande, N.R. and Hansen, J.W. (2004).  Climate impacts on Indian agriculture. International Journal of Climatology, 24(11):  1375–1393. 12. Kumar, K.S. and Parikh, J. (1998).  Climate change impacts on Indian agriculture: the Ricardian approach. In Dinar et al. (eds). Measuring the Impacts of Climate Change on Indian agriculture. World Bank Technical Paper No. 402. Washington, DC: World Bank. 13. Lal, M., Singh, K.K., Srinivasan, G., Rathore, L.S. and Saseendran, A.S. (1998). Vulnerability of rice and wheat yields in NW-India to future change in 

climate. Agricultural and Forest Meteorology, 89:  101–114. 14. Mall, R. K. and Aggarwal, P. K. (2002). Climate change and rice yields in diverse agro-environments of India. I. Evaluation of impact assessment models. Climatic Change,  52(3): 315–331. 15. Mitra, A. (2009). Climate changes: Adaptation Activities in India. Gorakhpur Environmental Action Group, Gorakhpur, U.P. 16. Pant, G.B. and Rupakumar, K. (1997). Climates of South Asia. John Wiley & Sons Ltd., West Sussex, UK, 320 pp. 17. Rupakumar, K. and Patil, S. D. (1996). Long-term variations of rainfall and surface air temperature over Sri Lanka. In: Climate Variability and Agriculture, Abrol, Y.P., Gadgil, S. and Pant, G.B. (eds.). Narosa Publishing House, New Delhi, India, pp. 135–152. 18. Rupakumar, K., Pant, G.B., Parthasarathy, B. and Sontakke, N.A. (1992). Spatial and sub-seasonal patterns of the long-term trends of Indian summer monsoon rainfall. International  Journal  of Climatology,  12:  257–268. 19. Sathaye, J., Shukla, P.R., and Ravindranath, N.H. (2006). Climate change, sustainable development and India: Global and national concerns. Current Science, 90 (3): 319. 20. Warrick, R.A. and Ahmed, Q.K.  (1996). The implication of Climate and sea-level change for Bangladesh.  Kluwer Academic Publishers, Dordrecht, the Netherlands.     
South Asian J. Food Technol. Environ., 3(2): 591-597 (2017)                                                                     [597] 

Effect of Climate Change on Agriculture 


