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The impact of climate change on agriculture is varying over space and time. The consequences
highly uncertain are heterogeneous in nature. Agricultural sector must focus on adopting
climate smart technologies to successfully achieve food security and climate change challenges.
Climate Smart Technologies in agriculture is clearly a crucial response for an effective and
equitable adaptation and mitigation strategy. To shift the focus towards climate smart
agricultural technologies in India, innovation will be the key. The present study focused on
level of awareness and adaptation strategies of farmers about climate change and Climate
smart technologies. Farmers’ knowledge and perceptions about climate change, and adoption
of climate smart technologies, will help development practitioners, researchers and policy
makers to develop more promising technologies according to the needs and interests of
farmers. The paper advocates various agricultural innovations including technological
innovations, managerial innovations and traditional agriculture as a climate-smart approach
for sustainable food production.

Introduction

rising sea levels, increased snowmelt and change in the volume
and timing of water use for irrigation, and increased probabil-
ity of extreme events (FAO, 2018). The continuous increase in

The concept of climate change has caught the eye of every
researcher and stakeholders. It emerged as an integral compo-
nent of development and debate globally as it is affecting both
developed or developing countries. The sectors like aagricul-
ture, forestry and fisheries, are crucial for food security and
rural incomes as well as other essential products like energy,
fiber, feed and a range of ecosystem services (Raghuvanshi
et al., 2017). The research on climate change has identified sev-
eral avenues that will affect agriculture which includes rising
temperatures around the world, migration of people from
regions closer to the tropics to regions closer to the poles,
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temperature level, reduce the winter season wheat crop’s dura-
tion which strike terminal heat stress and drought conditions
(Arshad et al., 2016; Krupnik et al., 2015a,b). The immeasur-
able consequences of climate change have increased the rate of
human migration especially of farmers. Migration of farmers
is not only a response to poverty and social deprivation but
also an adaptive response to changing climate (Scheffran et al.,
2012). The phenomenon like occurrence of extreme weather
events, sea level rise and environmental degradation leads to
loss of climate-sensitive occupations. These changes are prime
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causes of shortor long-term migration (Bhatta and Aggarwal,
2016; Kumar and Viswanathan, 2012; Deshingkar and Akter,
2009, Deshingkar and Start, 2003). Most developing countries
face resource constraints in meeting the demands of high pop-
ulations and thus have low adaptive capacity (Ahmed et al.,
2012). The impacts of climate change will reduce productivity
and lead to greater instability in production in the agricultural
sector.

There are multiple components attached to the concept
of food security, and adapting food systems to climate change
involves adoption of various approaches and resources. One of
the important means to achieve stability between these situations
is nothing but the development and adoption of climate smart
agricultural practices which calls for meeting three objectives
such as sustainable food production with increasing its produc-
tivity and income of farmers, building resilience and adapting
to climate change, and reducing emissions of greenhouse gases
(FAO, 2013). Precision conservation agricultural practice is
profitable and can help bridge the yield gap; increase incomes
as well facilitate the capacity of smallholder farming households
to adapt and mitigate climate change (Shitu et al 2018). Climate-
smart agricultural practices supports sustainable agriculture
and rural development objectives which, if reached, would be
instrumental in achieving the Millennium Development Goals
of reducing hunger and enriched environmental management.
More productive and resilient agriculture is built on the sound
management of natural resources, including land, water, soil
and biodiversity (FAO, 2014). The various climate smart prac-
tices including conservation agriculture, agroforestry, livestock
and water management, integrated pest management and eco-
system approaches to fisheries and aquaculture are critical com-
ponent which contributes to improve the quality of the climate.
The concept of CSA (Climate Smart Agriculture) is holistic in
nature. It is a combination of issues related to agricultural devel-
opment and global development objectives. It specially focused
on environmental issues such as energy and water and social
issues like gender, and economy. Adoption of modern agricul-
tural practices helped to enhance the food productivity but on
the other hand it also accelerate several environmental prob-
lems like climate change, biodiversity loss, soil degradation,
food insecurity, and environmental degradation (Zhang et al.,
2017a). In the context of sustainability, food insecurity in chang-
ing climate, adoption of climate-smart agricultural practices is
a primary call.

Methodology

The study is based on secondary data which were collected
from books, journals, government reports, websites, and NSSO
reports. The study aims to provide the overall awareness of
farmers about the term “Climate Change” and further it seek to
analyze the adaptation practices and climate smart technologies.
The study carried oiut to study the level of awareness of farm-
ers about climate change and to analyze the adaptation practices
adopted by the farmers and finally elicit the importance of cli-
mate smart agricultural innovations.
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Farmers level of Awareness and Adaptation Practices
Result and Discussion

Awareness about Climate Change

Climate change is the biggest threat to Indian agriculture but the
farmers are not fully aware of the concept of climate change, its
indicators, causes, and impacts on agriculture. Only 38 per cent of
the farmers had heard about climate change and a large number
are not aware of the phenomena of climate change (Sarkar and
Padaria, 2010). Farmers have experienced the changing climatic
conditions but they are not aware about the term climate change.
On the other hand 87.5 percent of farmers have heard about cli-
mate change (Adewale and Owolade, 2012). Communities in
the mountain areas of Uttrakhand are well aware that weather
is changing as temperatures are more variable and periods of
drought are longer. In some areas rainfall is erratic, some plant
species are flowering earlier, there is a vertical shifting of trees
and crops, some natural resources are disappearing, and new and
unfamiliar pests and diseases are emerging (Sogani, 2011). Ado
et al., found that majority of respondents (84.40%) were aware
of climate change risks, but had differing perceptions of climate
change impacts on agriculture. Farmers were aware of climate
change and variability despite that they were more familiar with
the terms weather changes, rainfalll and drought (Elia, 2017). To
cope with the climatic changes up with climate change, level of
awareness of farmers about climate change plays an important
role. Farmers level of awareness about climate change, its causes
and impacts are expected to adopt adaptation and mitigation
practices. Overall knowledge level of agricultural scientists on
impact of climate change in agriculture was low to moderate and
hardly one third had high knowledge on the issue of impact of
climate change on various facets of agriculture (Ghanghas et al,
2015). The socio-economic and psycho-personal variables like
education, occupation, family type, land holding, social par-
ticipation, economic motivation, innovativeness, scientific ori-
entation and risk orientation showed positive and significant
relationship with knowledge level and in regression analysis
education, scientific orientation were positive and had signifi-
cant contribution to the knowledge level of respondents (Ravi
Kumar et al , 2015)

Climate Change Adaptation Practices

There were certain types of adaptation practices that were prac-
ticed by farmers in order to cope up with the adverse impact
of climate change. Farmers should be able to adapt in order
to minimize the negative impact of climate change. There are
distinctive adaptation options proposed by the farmers. Even
though majority of them have started to adapt themselves by cul-
tivating short-duration heat tolerant crops such as pulses maize
millet’s, vegetables and floriculture crops, especially Jasmine, as
they understood from their farming experience that these crops
can withstand heat and water stress as an adaptation response
to the climate variability (Dhanya and Ramachandran, 2016).
The mechanism of adaptation to climate changes is a two-step
process, which states that farmers perceive climate change
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Table 1. Climate-smart innovations

Farmers level of Awareness and Adaptation Practices

SL.No.  Climate Smart Innovations

Description

1. Technological Innovations

Resilient crops and livestock: To tolerate climatic changes such as rising temperatures and increased

variability researchers should focus on early-maturing cereal crop varieties, heat-tolerant varieties, drought-
tolerant legumes or tuber crops and varieties with enhanced salinity and submergence tolerance, can help
farmers to better cope with climate shocks (Acevedoet al., 2020).

Pest control: An integrated approach (biological, mechanical, and chemical) in concert with genetic

approaches, will be needed.

Input use efficiency enhancing technologies: Some crop varieties may increase output while the change
in feeding regimes for livestock may decrease greenhouse gas emissions. A considerable proportion of the
GHGs produced by agriculture are due to the production and application of nitrogen fertilizer alone (Stern,
2006) reduction in nitrogen use efficiency could substantially mitigate GHGs emissions in agriculture.

On-farm storage: Small or subsistence farmers lack storage facilities and because of it there is significant
post-harvest loss occur on the farm . Innovative on-farm storage infrastructure can help address yield losses
caused due to increased temperature (Parfitt et al., 2010).

Higher yield and longer shelf life: Crops and livestock, that increase yield per area leads to reduce
agricultural footprint. Enhancement of shelf life is another important way to cope with the climatic changes
because increased temperatures increase the likelihood of spoilage of crops (IPCC, 2018).

Sustainable Land Management (SLM): Adoption of Sustainable Land Management practices such as organic
fertilization, minimum soil disturbance, and incorporation of residues, terraces, water harvesting and on
servation, and agroforestry helps to increase yield and sequester carbonwith out degrading soil and water

resources (Branca et al. 2013).

Farm System Approaches

Low-cost flood protection and water storage facilities: Due to the concern of rising water level due to

floods, innovations that reduce the cost of protection against rising water levels and floods is needed.

Weather information distribution technologies: Timely availability of weather information including its
implications on crops and livestock enable farmers to modify their irrigation and pest control strategies
which leads to significant increase in yield and saving of other inputs (Parker and Zilberman 1996).

Managerial Innovations

Precision technologies: Dobermann et al. (2004) stated that precision farming is one of the alternative to

reduce the impact of climate change. It saves input and increase crop and also helps in monitoring spatial or

other sources of variability.

Integrated Pest Management (IPM): The integrated approach to pest management is another managerial
innovation which can contribute in reducing the impact of climatic changes. The continuous increase in pest
pressure because of climate change requires technical innovations.

Land use and on-farm management practices: Improved managerial tools such as selection of crop types
and crop varieties, allocation of land among crops, and selection and implementation of production practices
are required to balance with the changing climatic conditions accompanied by changes in technologies and

economic conditions.

Source: (Zilberman et al., 2018)

in the first step and respond to changes in the second step
through adaptation (Deressa et al. 2011). There are some cli-
mate change adaptation practices including Laser land levelling
is a climate-smart technology that improves water use efficiency
and reduces risk in crop cultivation due to weather variability.
Hence, this technology is useful for cultivating water-intensive
crops in a sustainable way (Pal et al., 2021). Alternate Wetting
and Drying (AWD) is an climate-smart innovation for lowland
rice production which seeks to reduce water consumption and
methane emissions by shifting the draining and re-flooding of
the paddy field 1-2 weeks after transplanting. This technique
reduces methane emissions by 48% without hampering the crop
yield. It also helpful in efficient nitrogen use and application of
organic inputs to dry soil can further reduce emissions (CCAFS,
2014). Conservation agricultural practices including minimum
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tillage, permanent soil cover, management of crop rotations,
and soil fertility management are widely promoted as CSA(FAO,
2020). The adoption of higher yield varieties and conservation
technologies that reduce the land, atmospheric, and fossil fuel
footprint of agriculture is another important mitigation strategy
(Lal 2011; McCarthy et al. 2012).

Climate-smart Innovations in Agriculture

Food and Agriculture Organization introduced the cli-
mate-smart agriculture (CSA) approach with the aim of regu-
lating agriculture for food security in the era of global warming
(FAO 2010).Lipper et al. (2014) defined CSA as the strategy that
transforms and reorients agro-ecosystems to produce food in cli-
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mate change scenario. According to Olayide et al. (2016), CSA is
an budding innovation to enhance food production, biodiversity,
agro-ecosystem resilience, environmental quality, livelihoods
and economic development while pitching the climate change
impacts. Climate-smart innovations in agriculture contribute
to achievement of development goals. It aims to simultaneously
increase agricultural productivity, food security, and farmers’
adaptive capacity to climate extremes, and also lowering green-
house gas emissions (Campbell et al., 2014). Over the past years,
on-station and on-farm validation trials across Bihar have been
developed which produce alternatives like cropping systems
and conservation agriculture (Jat et al., 2014; Laik et al., 2014;
Sapkota et al., 2015).These innovations were the alternatives for
intensive tillage in rice which helped to mitigate global warming
potential, on the other hand rotational options for direct seeded
maize and wheat, use of crop residues as a surface mulch to con-
serve soil moisture (Singh et al., 2012; Jat et al., 2014; Laik et
al., 2014). If these innovations when cautiously implemented,can
reduce production costs, energy demand, and greenhouse gas
emissions, while also increasing and augmenting yield (Gathala
et al., 2013; Jat et al., 2014, 2016; Gathala et al., 2016). Some of
the climate smart innovations are depicted in table 1.

Traditional Agriculture

Traditional agriculture is the collection of the experiences of
the local people about local farming practices over thousands of
years (Pulido and Bocco 2003).Traditional agricultural practices
plays a crucial role in building of scientific knowledge of farm-
ers (Sandor and Furbee 1996; Singh et al. 1997a). Integration of
local people knowledge into climate change policies open up
the way for cost-effective and sustainable mitigation strategies

Table 2. Climate-smart traditional agricultural practices and their role
in climate change

SL.NO. Climate Smart Traditional Role in Climate change
Agricultural Practices

L. Agroforestry It mitigates nitrous oxide
(N20) and methane (CH4)
emission and enhance
the carbon Sequestration
(Mutuo et al., 2005 and
IPCC, 2000)

2. Inter-cropping Inter-cropping enhances
carbon Sequestration (West
and Post, 2002)

3. Integrated crop with animal ~ Diversify livelihood and opti-
farming mum utilization of natural
resources in changing cli-
mate (Howden et al., 2007).
Duck-rice culture reduces the
external input of nitrogen
fertilizers and consequently
lowering of N20
emission (Long et al., 2013)

Source: (Singh, R. and Singh, G.S. 2017)

Farmers level of Awareness and Adaptation Practices

(Nyong et al. 2007). Indigenous knowledge governs by farmer
should be used in climate change adaptation practices and poli-
cies (Bernstein et al. 2008). Several techniques were used by the
small farmers to reduce climate driven crop failure such as use
of drought-tolerant local varieties, poly-culture, agroforestry,
water harvesting and conserving soil (Browder 1989; Altieri and
Nicholls 2008; Chhetri et al. 2012).

Conclusion

Climate change is emerged as one of the critical factor affect-
ing agricultural productivity in India. It is of utmost concern
for the policy makers as well as researchers to figure out the
factors which negatively affect productivity and efficiency of
agriculture sector. Understanding farmers’ awareness and per-
ception towards climate change and climate smart agricultural
practices and its adaptation practices is important for the farm-
ers. Adoption of these technologies will help in sustainable
agriculture growth thereby ensuring food security. To achieve
long-term benefits, planned adaptation should be incorporated
and implemented by state government in their developmental
planning. Policy makers should execute a new agriculture devel-
opmental framework focusing on these site-specific adaptation
needs proposed by the farmers. This would for certain enhance
their coping capacity to tackle the future potential impacts of cli-
mate change.
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