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Abstract: Recently released Fifth Assessment Report by IPCC presents yet another set of
strong & conclusive evidence for a changed climate due to anthropogenic factors. The report
also presents, with various degrees of certainty (or uncertainty), wider impact of climate
change at global and regional levels on agriculture. Because of its inherent climate sensitive
nature the impact of changed climate is direct &most obvious on agro-ecosystems and, due to
its disruptive influence on agricultural production systems, it is a major cause of social
vulnerability. The impact of climate change is going to be particularly exacerbated in future
under Indian conditions where natural climatic variability, especially for summer monsoon, is
going to be significantly higher with much more frequent occurrence of extreme wet and dry
conditions. Undoubtedly, sustaining agricultural production under changed climatic scenario
is going to be daunting task, particularly under rainfed conditions where crop production
already suffers from multiple biotic &abiotic stresses. The other important negative effect of
climate change due to worsening weather conditions is deteriorating nutritional and market
value of produce. The only realistic option to alleviate the impact of climate change and
sustain agricultural production is to develop adaptation strategies at local level after assessing
the nature and extent of vulnerability of different agricultural production systems. Adaptation
strategies have to be based on sound understanding of eco-physiological mechanisms
involved in yield losses due to various biotic/abiotic stresses emanating from climate change
related weather conditions and developing agro-techniques that not only minimize climatic
risk but also reduce agricultural carbon foot print and therefore, its contribution to global
warming. If we were to be successful in facing the challenge of increased agricultural
productivity in changed climate scenario, a major paradigm shift in agricultural research
mindset is needed from a mere ‘cost-benefit ratio approach’ to a sustainable ‘carbon-benefit
approach’.
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Introduction
The term Climate Change has a misleading connotation and, perhaps, a popular perception
that it is a change that is likely to happen in future. In reality, however, there is mounting
evidence for a significant and measurable change clearly evident through a much higher
levels of CO2 and a warmer planet ((IPCC, 2014). With limited mitigation measures in place
to curb the emissions, in future this change is most likely to continue unabated and getting
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further exacerbated by anthropological activities. Although there are many direct and indirect
manifestations of the changing climate e.g. higher temperatures, rise in sea levels but the one
which is most damaging and also most difficult to cope with is the frequent occurrence of
extreme weather conditions. In India where agricultural production is tightly linked with
monsoon, there is already concluding evidence for significant increase in the occurrence of
extreme wet/dry conditions with significantly higher frequency of occurrence (Singh et al.,
2014) with real possibility of frequent crop failures. Undoubtedly, climate change has
emerged as major threat to agricultural production just when there is urgent need to enhance
agricultural productivity to meet ever increasing demand for quality food. The challenge is
particularly daunting for Indian agriculture where we need to produce more with lesser
resources and without further damaging the natural resource base (Lal, 2004). With limited
scope for further extensification (bringing more land under cultivation), sustainable
intensification is the only real option available to enhance agriculture productivity however,
success in sustaining the agricultural production in future will depend on our capacity to
adapt and develop region specific production strategies to counter the impact of climate
change. Here, three important aspects to adaptations are briefly discussed – understanding the
eco-physiological mechanisms for yield reduction, development of green& carbon positive
agro-technologies for mitigation & adaptation and lastly, capacity building for adaptation to
alleviate impacts of climate change on agriculture.
In order to adapt successfully, it is vital to have a robust understanding of the causes of yield
reduction in different crops and their sensitivity to various climatic factors. Literature is
replete with reports of impact of climate change on crop yields and most studies suggest a
certain decline in yields for most crops, particularly in tropics, where crop growing
conditions are already harsh in terms of supra-optimal temperature and sub-optimal water
availability. However, there is high degree of uncertainty in such assessments of impact of
climate change on crop productivity mainly due to limited understanding of multi factor cropclimate cause-effect relations at micro level (Rotter, 2014). Therefore, it is important to
develop a sound basis for crop-climate interactions based seasonal yield variations for
different crops as each crop has different levels of sensitivity to climatic factors & region
specific vulnerability. Yield potential has been defined as “the yield of a cultivar when grown
in environments to which it is adapted; with nutrients and water non-limiting; and with pests,
diseases, weeds, lodging, and other stresses effectively controlled” (Evans, 1993). From this
definition it is obvious then the resultant yield potential in a given environment is net
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integrated result of frequency and severity of multiple biotic & abiotic stresses operating at
different stages of crop growth. Crop response to a particular stress in isolation is different
than the combined impact of multiple stresses because there are interactions between
different stresses (Mittler, 2006). For example, in soybean, high temperatures for a delayed
planting crop will have much more negative impact than normal planted crop whereas in rice
such an additive impact will be much lesser in magnitude. Therefore, to have realistic
estimates of impact of climate change on crop productivity in a given region there is need to
investigate the impact of multiple stresses along with frequency and severity in agrometeorological research. Such responses can be successfully integrated through modeling
approaches for developing right strategies of crop management and decision making.
Besides agriculture getting impacted by climate change, it is also well established that
agriculture sector is also one of the major contributor to greenhouse gas (GHG) emissions –
together with forestry, farming is the largest contributor to man-made emissions (Natasha,
2011). In this context it is important to reduce the carbon foot print of agricultural production
to make it environmentally benign with an ultimate objective to target for a net ‘carbon
positive agriculture’ where total GHG mitigation exceeds the total emissions. In fact, it has
been estimated that Indian agriculture has huge mitigation potential through reducing
emissions and enhancing sinks (Smith, 2012). Increasing agricultural production and
mitigating climate change may seem contradictory objectives but there are opportunities to
accomplish the twin objectives. For example, recent work in National Initiative on Climate
Resilient Agriculture (NICRA) have successfully demonstrated that it is possible to achieve
yield gains with reduced emissions by adopting new and innovative technologies
(Maheswari, 2014). In rice cultivation also, which is major contributor to GHG emissions
from agriculture sector it is possible to achieve yield gains with reduced GHG emissions with
the adoption of new technologies (Jain et al., 2014). Agro-forestry, as a land use system has
huge potential for carbon sequestration and therefore, it is a most viable option to mitigate
climate change (Jose, 2009). In India this traditional land use system has the potential to
sequester 25 to 40 Mg C ha-1 yr-1 and can also ensure food, fodder and wood security (Sudha
et. al., 2007; Prasad et. al., 2012; Ajit et. al., 2013). An agroforestry system with pulp wood
plantations is already being successfully adopted by large number of farmers in Andhra
Pradesh and other states where it has not only enhanced farm income and ensured raw
material supply to paper industry but it has contributed to sustainability of the systems
through its mitigating potential.
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Given the fact that now climate change is reality that we have to live with and manage the
agricultural production, most important is level of preparedness to face this challenge.
Madhya Pradesh is one of the mostvulnerable state to climate change (MP-SAPCC, 2012)
because of its agro-climatic conditions and limited adaptation capacity. Madhya Pradesh Sate
Action Plan on Climate Change (MP-SAPCC) has suggested some adaptation measures
which are mainly foucussed on soil & water conservation and fertilizer and irrigation
management. These are important steps to insulate the state agriculture from high risk of crop
failures. However, one important part of this prepared ness has to be human resource capacity
building at every level. This requires stregnthening of climate change research at state level
and training of extenssion workers and farmers. It is important to realize that there can not be
climate smart or climate resilient agriculture without climate smart farmers. In subsistence
farming farmers adopted traditional ways of coping with climatic variability essentially by
spreading risk and which was based on ‘low gain – low risk’ strategies. However, this
strategy is not very effective in modern, ‘high input-high output’ agriculture. Therefore, the
importance of institutional and social capacity building can not be over emphasized.
There is enough evidence to suggest that with right technologies it is not only possible to
enhance the crop yields but also reduce emissions. Therefore, the objective should be to
develop ‘carbon positive’ agro-techniques as good agricultural practices (GAP) and a
sustainability audit of existing and new package of practices should become mandatory to
assess the yield gains for per unit of emissions. Climate change has profound implications to
agriculture and requires radically new and innovative approaches to farming which are
ecologically benign, resource use efficient and socially inclusive. Lastly, an important part of
preparedness for the potent threat of climate change also calls for an immediate need for
education and training on climate change related issues to all the key stake holders in order to
have a new generation of climate smart researchers, extension workers and farmers.
To conclude, Indian agriculture is faced with unprecedented twin challenge of producing
more food to meet ever increasing demand for burgeoning population and adaptation to
climate change. It requres an innovative anapproaches to farming (e.g. Fedoroff et al., 2010)
and major paradigm shift in agricultural research.As Ruttan (1999) aptly emphasized the role
of innovation “If the world fails to successfully navigate a transition to sustainable growth in
agricultural production, the failure will be due more to a failure in the area of institutional
innovation than to resource and environmental constraints.”
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