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ABSTRACT

The major cause of climate change has been asctibéiit increased levels of greenhouse gases #keon
dioxide (CQ), methane (Ch), nitrous oxide (N@), cholorofurocarbons (CFCs) due to the uncontdobetivities like
burning of fossil fuels, increased use of refriggsaand enhanced agriculture related practicesreTiseno doubt that
climate is changing. The main reason for climatange is the increase in the concentration of gr@ese gases in the
atmosphere due to several natural and anthropogatticities. The level of greenhouse gases hasadyréncreased
considerably over the period particularly afterusttial era (1850). Agriculture is an economic \dtti that is highly
dependent on climate in order to produce the faudl fiber necessary to sustain human life. The afitice in India is
highly sensitive to variations of weather and cliena he history of Indian agriculture reflects aiese of adaptation. Soil,
water, terrain, climate, technological developmemd market factors provide constraints and oppdstdor agricultural
productions. Climate change has already been ayréal Indian farmers. These changes over timgesgnt stimuli that
affect the success of farming activities negativahd that prompt adjustments to altered circums®n&ince the
inceptions of ‘sustainable agriculture’ in Rio Suirm 1992, a diverse range of approaches are pmward by
researchers, state organization, nongovernmentalafament bodies, private organization in India guided by the basic
principle of sustainability. Sustainable agricuunust be economically viable, socially responsdéne conserve land,

water, genetic and other resources for future geioer.
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INTRODUCTION

Climate induced natural disasters has a growing@&onfor their effects on agriculture and have stated
academic, public and policy level interests onahalysis of the impacts of climatic variability agricultural production
systems(Lavellet al 2009). The spectrum of climatic change will exhede its impact on agricultural production in most
part of the world. The global environmental chanpgdaposed with frequency and intensity of climatduced natural
disasters like storms, droughts and floods altertydrological cycle and precipitation variabilitgving implication in
food availability in developing world (Das#t al 2009; Dastet al 2007; Raet al 2008). India makes up roughly 20% of
GDP and provides nearly 52% of employment, with riregority of agricultural workers drawn from poomgments of
the population (FAO 2006). India’s agriculture ighhy sensitive to the vagaries of weather, paldidy variability in
rainfall. Thus Indian Agriculture faces the duahlitenge of feeding a billion people in a changitighatic and economic

scenario. Sustainable development has caught thgimation and action of the world for more thareaatle.
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IMPACT OF CLIMATIC CHANGE ON AGRICULTURE

Atmospheric CO, Concentration

The atmospheric CO2 concentration has increased [@s%entage from a pre-industrial value, from 280y
volume (ppmv) in 1880 to 379 ppmv(2005) (Solomorale2007). The increasing CO2 concentration inatimeosphere and
the anticipated climate change due to global wagnare likely to affect future global agriculturatoduction through
changes in the rate of plant growth (Lemon 1983eGund Acock 1986; Rotter and Van de Geijn 1998hdpiration rate
(Morison 1987; McNaughton and Jarvis 1991; JacaoloszeBruin 1992).

Temperature

The linear warming trend of the last 150 years3UClper decade) is nearly twice that for the last #€&rs. This
rise in globally averaged temperatures since mientigth century is considered to be very likely doghe observed
increase in anthropogenic greenhouse gas atmospwrcentrations (Solomon et al 2007). Increase@ce temperature

is expected to affect agricultural production wenlle.
Precipitation

Globally, rainfall is predicted to increase by ab@5%% by 2050in response to climate change. Howether
regional distribution of rainfall will be uneven @dghton et al 2001). Increased precipitation iy Vi&ely in high altitudes
and decresed precipitation is likely in most subital regions, especially at the poleward margihghe subtropics
(Solomon et al 2007).

Storms

According to intergovernmental panel on climate rge projects, there is likely to be an increasérapical
cyclone mean and peak precipitation intensitiesome areas as a result of global climate changegdhion et al 2001,
Solomon et al 2007).

Flood

The impact of climate change on flood frequencygften defined by the percentage change in a flozak pf a
given period. In India climate change appears tinfleencing the monsoon and tropical cyclones,tthe prime drivers
of flood events which will be affected by changegeémperature and in rainfall. Rising temperatwékaccelerate the
rate of melting snow and glacier ice and therelydgasing seasonal peak flows of Himalayan headsaidnis in turn
may lead to an increased frequency of floodingipalerly along waters whose channel capacity hanlreduced by

sedimentation (Aggarwal et al 2004).
Sea-Level Rise

Global sea level rise is one of the more certaitcamues of global warming. In India a possible sael rise of
15-38 cm by 2050s would cause saline water to pateefurther inland and ultimately damage the @aagriculture
(Ravi 2008).
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MODERN SUSTAINABLE AGRICULTURE APPROACHES USED IN | NDIA

Introducing the concept of Conservation AgricultfResource Conserving Technologies) was an impbrtan
breakthrough for sustaining productivity, natugaurce base and economic growth of the farmerseSud the modern

methods of sustainable agriculture practiced indde described below:
Bio fertilizers

Biofertilizers are microbial inoculants that autifilly multiplied cultures of certain organism that nitrogen
from air and improve soil fertility and crop prodivity. This technique is known in India since asrd times but the role
of biological nitrogen fixation was discovered mdhan a century ago and commercial production chspiological
process is recent interest and practices. Biolifts offer a new scientific approach to Indiarriagiture holding a
promise to balance many of the shortcomings ofctheventional chemical based technology and cewtaiill help in

sustaining Indian agriculture in the era of climelb@nge.
Vermicompost

Vermitechnology is an important part of biotechryylovhere earthworms are used to convert variousstyyd
organic wastes into valuable resources (Padma 20@R; Prabha et al. 2005). It is very much ricmitrients like 1.5%
nitrogen, 0.5% phosphrous and 0.8% potassium asaseahicro nutrients. Earthworms are considerethaskey stone
organism in regulating nutrient cycling processemany ecosystems (Tripathi and Bhardwaj 20043. dticcessfully used
in India to clean the environment as it uses thstevas raw material and convert the polluted castiwentional chemical

farming to sustainable agriculture (Lal et al 2003)
Zero Tillage System

This is one of the most important principles oftairmble agriculture, where the seed is placedtimosoil by a
seed drill without prior land operations. This aggeh has been tested and being practiced ovedi@nrilectares in India.
This technology has high relevance in higher yrddand more mechanized area like north westernalBMWC-
CIMMYT 2005).

Laser Land Leveling

Unevenness of soil surface has major impact onifagraperations. Therefore the land leveling is preor to
good agronomic, soil and crop management practicaser land leveling is a recent technique usednpsats in
intensively cultivated irrigated farming that metts twin objective of achieving a better crop dtasave irrigation water

and improves the input efficiency (Jat et al 2005).
Crop diversification

It is like inclusion of certain crops in sequentéld intercropping system help in mitigating theiemmental problems
arising on account of monoculture and obnoxiousdseélitrate leaching are threats inevitable undesé agricultural
production systems. Choices of appropriate croppygiems and management help in minimizing nitediehing. Crop

diversification in India is slowly picking up momieim in favour of legume intercropping in cereals.
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Crop Reside Management

Crop residues are good source of plant nutrieri8s(®f nitrogen and phosphate, 50% of sulphur arf 65
potassium) and also important component for stgili agricultural systems (Jat et al 2004). Residbaracteristics and
soil management factors affect residue compositiotine soil management factors affect residue deosition in soil.
Sufficient efforts are being made during the regesdt to develop efficient technologies but theeli@yment of new

generation drills has been proved to be signifieehievement in the direction of conservation ofcadture.
Stability over Long Term

Organic agriculture considers the medium and lomgnt effect of agricultural interventions on the a&gr
ecosystems. It aims to produce food while estainigslan ecological balance to prevent soil fertilityd pest problems.

Organic agriculture takes a proactive approachpaesed to treating problems after they emerge.
Soil

Soil building practices such as crop rotationsefintropping, symbiotic associations, cover cropgaoic
fertilizers and minimum tillage are central to angapractices. These encourage soil flora and faimproving soil

formation and structure and creating more stabdéesys.
Water

In many agricultural areas, pollution of groundwatauses with synthetic fertilizers and pesticiges major
problem. As the use of these is prohibited in olgagriculture, they are replaced by organic fiedils (Ex. compost,
animal manure, green manure) and through the usgeater biodiversity in terms of species cultidatsnd permanent

vegetation, enhancing soil structure and wateltiafion (Vani 1992, 2002).
Air and Climate Change

Organic agriculture reduces non-renewable energybysdecreasing agrochemical needs. Organic agrieul
contributes to mitigating the greenhouse effectd global warming through its ability to sequestarbon to the soil

raising productivity and favouring carbon storage.
Biodiversity

Organic farmers are both custodians and usersodfvarsity at all levels. At the gene level, traatially adapted
seeds and breeds are preferred for their greatistance to diseases and their resilience to diinsaiess. At the species
level, diverse combinations of plants and animalsnaize nutrient and energy cycling for agriculfupaoduction. At the
ecosystem level, the maintenance of natural aréhénvand around organic fields and absence of iteninputs create
suitable habitats for wildlife (Sofia et al 2006).

CONCLUSIONS

Concerns about climate change are global andAsalll communities try to get adapted to the chmajées of their
local climate, they are today sensitive to its a@wins. Indian agricultural systems are threatdnethe predicted effects of
climate change because of their economic dependencimate for development whose backbone is afjtie. The task

of bringing in a paradigm change in India’s agriotg system is by no means going to be straighitdot task. In the last
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couple of decades, the government has been imptelgemany plans and programs for the developmenthef

agricultural lands and non-agricultural lands whimeplementations have added significant valuedéosustaining food

and land productivity in the case of evolving cltmavulnerability. Scientists and farmers must jafforts to further

understand crop climate relationships and formulaéble, locally adapted production technologieat twill address

critical issues such as climate variability. Instlsiontext, conservation agriculture has been ifiedtas the immediate as

well as long term solution.
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