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ABSTRACT

Agriculture in developing nations needs significant transformation to solve the interconnected
concerns of guaranteeing food security and mitigating climate change. In order to keep up with
consumer demand, agricultural production needs to rise by at least 70% by 2050, according to
forecasts based on growing populations and food consumption patterns. The majority of
estimates also show that in some regions with already high levels of food insecurity, climate
change is likely to diminish agricultural productivity, production stability, and incomes. Thus,
creating climate-smart agriculture is vital to accomplishing long-term objectives for both food
security and combating climate change. This paper outlines a strategy to address the various
agricultural challenges that originated due to climate change and how Climate Smart
Agriculture (CSA) and its pillars are necessary to overcome these challenges. The paper attempts
to present a variety of methods, ideas, and technologies targeted at increasing the resilience and
productivity of agricultural production systems while also reducing and removing greenhouse
gas emissions. CSA methods are viewed as environmentally beneficial and contribute to
sustainably increasing productivity with minimal impact on resources and ecosystems. Some of
these practices include no-till, reduced-till, intercropping, integrated pest management,
rainwater harvesting, use of information and communication technology, etc. Also, women play a
crucial role in the agriculture sector and are particularly at risk from climate change than males,
so it is important to implement a gender-responsive strategy which contributes to reducing the
disparity between men and women in the agricultural sector.
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INTRODUCTION

Global hunger and food insecurity have risen
in the past few years following a lengthy
period of decline. Undernourishment is
particularly prevalent in India, where it is
estimated that most of the population is
malnourished.  The total amount of
undernourished persons in India has grown
more in six years, owing in part to fast-
growing populations (FAO et al., 2018).
Current Indian population trends forecast an
additional doubling of the population by 2050,
creating an urgent need to produce more food
and enhance food security and nutrition,
particularly for small farmers. Most rural
households grow their own food but are
typically more vulnerable to food insecurity
than their urban counterparts.

The effects of climate change and
rising food demand present threats to global
food security (IPCC, 2014). Smallholder
farmers in poor nations, who are the most
sensitive to climate change but also provide
70% of the world's food needs, are already
struggling due to these impacts (Campbell &
Thornton, 2014; & FAO, 2013). Agriculture
productivity has been poor and stagnant during
the past few decades, especially in smallholder
production systems (FAO, 2015). Due to
shifting rainfall patterns and an increase in the
frequency of extreme events like droughts and
floods, productivity has, in some cases,
already begun to decline. In comparison to a
counterfactual without climatic trends, yields
for important food crops like rice (Verma et
al.,, 2022; & Shukla et al., 2022), maize
(Sairam et al., 2023), and wheat (Sahu et al.,
2022; & Tanisha et al., 2022) have already
fallen by an estimated 3.8% and 5.5%,
respectively (Lipper et al., 2014). Agriculture's
ability to help millions of poor rural families
escape poverty is in danger. Smallholder
farmers are the group most at risk from climate
change because they lack the financial,
technical, and political resources to support
adaptation initiatives. Smallholder farmers are
helpless to address the issues brought on by a
changing environment without access to
information, technology, markets, financing,
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institutional support, and possibilities for
decision-making. Thus, farmers need an
integrative approach to mitigate ongoing
climate change and adapt to its consequences
without ~ compromising  food  security
(Wiederkehr et al., 2018).

The climate-smart agriculture
approach advocates incorporating climate
change into the preparation and execution of
sustainable agricultural strategies, thereby
recognizing synergies and trade-offs inside the
three pillars of CSA (food security, adaptation,
and mitigation) in favour of climate change-
related decisions and policies (Nagothu et al.,
2016). According to its definition, CSA strives
to assist activities that increase food and
nutrition security, therefore absorbing critical
adaptation and mitigation strategies (Chandra
et al., 2018). It offers enabled methods for
evaluating the consequences of various
technologies and  practices, particularly
national development and food safety goals
under changing climate conditions.
Furthermore, CSA incorporates
environmentally friendly agricultural expertise
and participatory community-driven
approaches (Ongoma et al., 2017), with
effective intensification as the fundamental
foundation of on-farm  income and
productivity, in addition to existing
agricultural land protection strategies. CSA
also emphasizes the adoption of low-income
farming methods such as conservation
agriculture, agroecology, ecosystem services,
small-scale irrigation, aquaculture and
agroforestry systems, soil/water conservation
and nutrient management, integrated crops,
livestock, landscape approaches, grassland and
forestry management, best practices for
reducing tillage and breeds, all in order to
improve food productivity, adaptation, and
mitigation measures.

Climate Change and Its Impacts on
Agriculture

General weather patterns over a large area and
for an extended period of time are referred to
as “"climate". Temperature, precipitation, and
humidity are factors that are taken into account
by both weather and climate. Climate change
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is defined as a change in the climate that can
be directly or indirectly linked to human
activities and that goes beyond the natural
climate variability that has been documented
across comparable time periods (UNFCC,
2011). Although the weather has always been
unpredictable, agriculture is now significantly
more vulnerable due to the fast-changing
climate. Due to the changing climate, there is a
larger impact on Indian agriculture (Table 1).
Significant rising trends in surface air
temperatures, including nighttime
temperatures and extreme  precipitation
occurrences, were found by analyzing
historical climate records from the nation.
Rainfall across all of India does not exhibit
any notable trends. However, there are notable
regional trends and sub-seasonal rainfall. The
surface air temperatures, particularly nighttime
temperatures, are anticipated to continue
rising, according to the climate model
forecasts based on IPCC ARSCMIP5 models
(Vuren et al., 2009).

In the future, planning for adaptation to
climate change should incorporate the revised
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climatic projections. One of the most
important climate systems in the atmosphere's
general circulation is the Indian monsoon.
During the southwest monsoon season, the
nation receives more than 80% of its annual
rainfall during a period of about four months
(June to September). The agricultural industry
is significantly impacted by the vyearly
fluctuations in the season's start, end, total
amount of rainfall, and distribution. The
Earth's surface has warmed over the past 100
years, and there is now indisputable proof that
this warming is primarily due to human
activities. Changes in a variety of
precipitation-related factors, including snow
cover, sea ice, extreme weather occurrences,
etc., have also been noted. These changes,
however, revealed notable regional disparities.
Each plant variety has an ideal temperature for
vegetative growth, with growth declining as
temperatures rise or fall. The Indian summer
monsoon may be one of the localized effects
of global warming. Similarly, a plant will not
reproduce in a range of temperatures.

Tablel. Consequences of climate change in Indian agriculture

Parameters Impact

References

Production and | Reduced crop yields due to increased concentration of CO, and | Damatta et al., 2010; Nardone et al.,
Quality temperature. C/N ratio increases which decreases grain density

2010; Bishis et al., 2018

release more carbon from the soil

Soail Soil becomes drier due to increased temperature and increased ET | Porcal et al., 2009; Jones et al, 2009
losses, which reduces productivity, results in more soil erosion and

climatic conditions

Irrigation Increased demand for water and reduced supply of water which is | Seckler, 1996; Doll, 2002; Zhou et
creating a scarcity of water resources al, 2010
Pests Increased ranges and populations of pests and diseases due to adverse | Das et al., 2011; SkendZi¢, et al.,

2021; Rosenzweig et al., 2001;
Pareek et al., 2017

Livestock Abiotic stresses such as heat stress increases the incidence of diseases | Baumgard et al., 2012; Kaffenberger
like Foot and Mouth Diseases in cattle etal., 2017;
Fishery Climate change adversely affects the abundance and spawning of | Graham & Harrod, 2009; Munday et
fishes al., 2008; Moyle et al, 2013;
Stenevik & Sundby, 2007.
Economic Reduced agricultural output due to increased pest and disease | Ju et al., 2013; Aydinalp & Cresser,
Impact outbreak 2008; Mahato, 2014.

Climate Smart Agriculture

The idea of climate-smart agriculture (CSA) is
pertinent in this situation. Agricultural
strategies that sustainably boost agricultural
production and system resilience while
lowering greenhouse gas emissions are known
as climate-smart agriculture (Venkatramanan
& Shah, 2019). There is evidence that top-
Copyright © Jan.-April, 2023; ETCC

down command and control systems for the
diffusion of technology do not result in long-
lasting change. CSA is strongly promoted as
the next generation of Indian agriculture and
an adaptable answer to climate change.
Because agriculture is still vital to growth,
CSA offers the potential to boost productivity
and resilience while reducing the vulnerability
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of India's hundreds of millions of small-scale
farmers (Azadi et al., 2021). By improving the
productivity of precious inputs like manpower,
seeds, and fertilizers, CSA may directly help
smallholder farmers while also boosting food
security and creating new options for revenue
generation (Aryal et al., 2020). CSA
contributes to the preservation of natural
resources for future generations by preserving
ecosystems and landscapes.

The original meaning of CSA, adopted
by FAO, defines three goals in the framework
of landscapes and food systems: (1) increasing
agricultural productivity sustainably to support
suitable growth in farm incomes, food
security, and development; (2) adapting and
developing resilience to climate change at
different scales (from farm to national); and
(3) reducing or eliminating greenhouse gas
emissions from agricultural operations, which
spans environments, animals, and people
(Thakur & Uphoff, 2017). A strategy called
CSA seeks to  accomplish  various
arrangements of these goals that are pertinent
to the local situation. It integrates policies,
institutions, investments, behaviours,
technology, and practices at many levels
(Makate, 2019). Several tools and strategies
have been developed in recent years to assess a
given intervention's "CSA-ness." However,
recent analyses have revealed the
shortcomings of present studies, particularly
when evaluating the adaptation and mitigation
pillars in the context of smallholder farming in
low- and middle-income countries (LMICs).
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This study investigates whether CSA, as it is
currently administered, addresses the problems
that farmers are experiencing due to climate
change and efficiently reaches its stated goals.
we evaluate the current climate scenario tools
for evaluating smart agriculture, emphasizing
smallholder household levels in countries with
low and middle incomes. We also make an
effort to pinpoint any extra side effects that
CSA interventions may have, as well as how
they address social and gender inequality. Key
success factors and obstacles to CSA
intervention uptake are also looked at.
Why Climate Smart Agriculture
Climate-smart agriculture (CSA) contributes to
the resolution of several major issues:
1. CSA addresses food security, inequity
and malnutrition
Despite the focus placed on the development
of agriculture and food security in recent
years, there are still more than 800 million
people globally who are undernourished and a
billion more who are malnourished. At exactly
the same time, one-third of all generated food
goes to waste, and over 1.4 billion persons are
overweight. By 2050, it is expected that there
will be 9.7 billion people on Earth. (2015)
(United Nations). World patterns of food
intake are drastically changing at the same
time; for instance, the desire for diets high in
meat is being driven by increased income. By
2050, it is predicted that we will need 60%
more  agricultural  output if  current
consumption trends and food waste habits
continue. CSA lessens global food waste while
improving food security for underprivileged
and marginalized communities.

In 2008, 1.4 BILLION

<% of global adult population B = total world population

ADULTS were overweight o 2%

.......................
868 MILLION PEOPLE

UNDERNOURISHED 12%
..................
! MICRONUTRIENT o,
: DEFICIENT 29%
were undernourished :

““““““““““““ 98% OF THESE PEOPLE live outside of high-income countries.

Figurel. Food security, inequity and malnutrition
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2. CSA addresses the relationship
between agriculture and poverty
For many individuals in developing nations,
agriculture is their main source of nutrition,
employment, and income. In fact, according to
Lipper et al. (2014), approximately 75 per cent
of the world's poor reside in rural areas and
depend heavily on agriculture for their
livelihood. Agriculture is thus uniquely
positioned to help people escape poverty.
Agricultural growth is frequently the most
efficient and fair method of both decreasing
poverty and boosting food security.
3. CSA addresses the relation between
climate change and agriculture
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Worldwide mean temperatures are increasing
due to climate change, and the coming years
are predicted to be hotter and more
unpredictable. This subsequently, in turn, will
have an impact on the amount, location, and
timing of precipitation. The severity and
frequency of extreme weather events like
hurricanes, floods, heat waves, snowstorms,
and droughts will rise as a result of these shifts
combined. They might upset whole
ecosystems and cause salinization and sea
level rise. These alterations will have
significant effects for agriculture, forestry, and
fisheries.
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Figure2. Observed and projected changes in annual average surface temperature

Because different crops and animals flourish in
different conditions, the agriculture sector is
especially vulnerable to climate change.
Agriculture is so heavily reliant on constant
temperature ranges and water availability, both
of which are threatened by climate change.
Furthermore, plant pests and diseases are
projected to grow in frequency and spread into
new areas posing additional difficulties to
agricultural productivity (Mishra et al., 2022).
Climate change and the way it affects
agriculture have a tremendous impact on the
agricultural sector, making the relationship
among the two mutual. Forestry, land use

Copyright © Jan.-April, 2023; ETCC

change, and agriculture account for 19 to 29%
of global GHG emissions. This number
increases to 74% when referring to the least
developed nations (Vermeulen et al., 2012).
Agriculture will be responsible for 70% of all
GHG emissions that can be released if
temperature increases are kept to 2°C if
agricultural emissions are not curtailed (fig. 3).
The cost-effectiveness of the mitigation
alternatives established in the energy,
transportation, and forestry sectors are
comparable to those offered in the agricultural
sector.
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Figure3. Agricultural greenhouse gas emissions

THREE PILLARS OF CSA

Our evaluation technique for present CSA
assessment methodologies is based on each of
the three CSA pillars: food productivity,
adaptation, and mitigation. This part discusses
our strategy and the decisions adopted to
conduct an appropriate and comparative
evaluation of the individual tools. We examine
the individual pillars independently in the
system, even if we understand this structure
can be somewhat artificial sometimes. The
concept of "sustainability,” for example, has
substantial ramifications and difficulties for
both the productivity and adaptation pillars,
while the environmental element of
sustainability may be further examined under
the mitigation pillar.

Pillar 1: Food Productivity

This pillar is typically converted into
productivity quantification (as defined by
FAQO). However, relying entirely on
manufacturing ignores two crucial pillar
components: (1) It is unduly simplistic to

Copyright © Jan.-April, 2023; ETCC

equate food security and productivity (as well
as one of its key indicators, nutrition) to
output. Many instances in the literature imply
that increased crop output reduces food
security and even famine (such as the fact that
introducing a more profitable crop may result
in a decline in crop diversity) (Fraval et al.,
2019). According to Campbell et al. (2016),
CSA should look beyond production to other
issues of food security. The productivity pillar
concept expressly indicates that increases in
food security and productivity increase the
need for sustainability, but it fails to clarify
how this should be quantified. Pretty et al.
(2011) discovered over 100 distinct concepts
of sustainability, but in general universal
characteristics of sustainable agriculture
(which we concentrate on in this study)
involve the production of food and
nourishment for current as well as future
requirements, the capacity to produce the
desired results over a longer duration of time,
i.e., decades, resilience (ability to absorb or
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recover from climate shocks and stresses), and
environmental  sustainability.  Agricultural
sustainability concepts have traditionally
lacked specificity, yet there has recently been
an increase in the effort to create indicators
and measurements to make generic concepts
actionable in a given setting. One example of
such research is the sustainable intensification
(SI) evaluation framework, which looks at five
different aspects (i.e., productivity, social,
human, economics, and environment), as well
as other multidimensional strategies like the
Five Capitals (Karanja et al., 2016). As an
outcome, we will move beyond the basic
approach of associating food security with
output amount and study how production
translates into food and nutrition security.
Thus, sustainability includes numerous aspects
that exist in the remaining pillars, emphasizing
the difficulty of simply splitting the CSA
"cake" into three discrete pillars. Key traits
such as "resilience" will, of course, be properly
defined in the "adaptation" pillar and are
unlikely to be discussed in the "productivity"
pillar. On the other hand, ecological footprints
and ecosystem services are classified as
productivity instead of mitigation. However, it
is clear that opinions on how to differentiate
the three pillars could vary.

Pillar 2: Adaptation

The researchers discovered that the concept of
adaptation is inadequately defined in many
investigations, with the terms "coping" and
"adaptation" being used interchangeably. To
determine whether the frameworks can handle
both, we will look at "short-term adaptation,"
which reflects coping mechanisms for dealing
with single-year weather anomalies, price
volatility, and associated dangers. We will also
investigate "long-term adaptation™ in response
to the steadily changing climate, such as
modifying cropping systems, management, or
crop variety utilization. Wiederkehr et al.
(2018) make an important proposal that the
comparability of many local case study results
be improved in order to derive relevant and
generalizable conclusions about climate
change adaptation and possible technology
adoption. "Basic socioeconomic characteristics
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of the study population (age mean/range and
sex ratio of interviewees, ethnic background,
economic status of households, e.g., farm size
or the number of livestock, and the number of
household members) are known to be
important factors influencing the coping and
adaptation behaviour of households" and not
only relevant for the adaptation pillar. As a
result, but it is also critical to collect such data
across all studies and create a reliable
"adoption indicator.” In this section of the
evaluation, we will see if the assessment
frameworks discriminate technologies, farms,
and households in a way that informs their
ability to adopt specific coping and adaptation
measures (“adoptability™).

Pillar 3: Mitigation

Mitigation is a key pillar of CSA, and it aims

to reduce the environmental (climate) footprint

of food production because

a) Agriculture is the most important driver of
environmental degradation globally,

b) Agriculture is a major source of
anthropogenic GHGs, particularly in
LMICs, and

c) Agriculture can benefit a variety of
ecosystem services (e.g., biodiversity,
carbon sequestration).

Mitigation is usually translated into or

evaluated through GHG emissions, but we

wish to emphasize in this study that the
boundary may be drawn more extensively to
encompass other environmental indicators
such as nutrient use and leakage, water use and
quality, and biodiversity. Following the
convention, we will explore these other
environmental mitigation indicators under the
sustainability component of food security, with
this pillar focusing solely on GHG emissions
reduction. It should be noted that nutrient use
efficiency (for example, a fundamental aspect
of mineral fertilizer application) has an effect
on GHG emissions in both the short and long
run. Emission factors are a suitable starting
point for quantifying greenhouse gas (GHG)
emissions from agricultural sources. The
mitigation impacts of various management
measures for the primary GHGs related to
agricultural production, namely CO,, CH,, and
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N,O, as well as short-lived climatic pollutants,
are easily guantifiable. These are transformed
into CO,-equivalents for comparison with
natural emissions and other industries. This is
usually done for a single year and marks a
point in time. Simultaneously, continuous
observations will enable for the detection of
variations in emissions and other changes over
time (extremes, etc.), such as those caused by
changes in local land use in conjunction with a
changing climate. These observations are
critical bookkeeping operations in the context
of measuring, reporting, and verifying (MRV)
at the national, regional, and global levels.
CLIMATE SMART AGRICULTURAL
PRACTICES

Climate change poses significant problems to
the agricultural industry and, thus, to national
food security and development objectives.
These difficulties can be managed successfully
with the appropriate climate-smart agricultural
(CSA) techniques:

Crop Smart

Intercropping systems improve the
sustainability of the environment, output
stability, productivity, and resilience to
disturbance (Sisodiya et al., 2022 &
Vandermeer, 1989). Growing peas and grain
crops together reduce the growth of weeds
because they are more competitive and utilize
resources more efficiently than a single pea
crop (Shiv et al., 2023; & Hauggaard-Nielsen
et al., 2001, 2006). Green manuring and
climate-smart farming techniques restrict the
use of external inputs and resources, making
them ideal for smallholders (Gurung et al.,
2017). Mulching conserves both water and
labour (Subedi & Basnet, 2016; & Sahu et al.,
2022). Biofertilizers application boosts crop
yields due to a more rapid supply of nutrients,
which aids plant growth by resolving
transitory nutritional deficits (Gajjela, 2018).
In order to promote crop development,
growth-promoting bacteria stimulate soil
nitrogen fixation, trigger the synthesis of
growth hormones, and suppress pathogens
(Rakesh et al., 2017). Organic farming
preserves soil fertility by wusing natural
methods of managing insects and controlling
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weeds, recycling  agricultural  waste,
vermicomposting, avoiding or reducing
external inputs, and bio-intensive nutrient
management (Goldsmith & Hildeyard, 1996;
& Hansen et al., 2006). Alternate wetting and
drying may sustain yields comparable to
flooded rice while reducing irrigation
requirements by around 30% (Bouman et al.,
2007 & Verma et al., 2022). In a stressful
climate, drought-tolerant rice, wheat, maize,
and legumes cultivars can still produce
(Paudel, 2012).

Soil Smart

A growing population can get their food and
fibre from the soil. The worldwide shortage of
food is a result of how climate change
components like moisture, temperature, and
carbon dioxide influence soil characteristics
like soil formation, development, and fertility.
No-tillage (NT) maintains the level of soil
organic carbon, particularly on topsoil, and
reduces the detrimental effects on soil quality
(Kern & Johnson, 1993; & West & Post,
2002). It retains soil moisture, reduces erosion
losses, and lowers the cost of fuel, labour, and
machinery (Lal et al., 2007). According to Su
et al. (2007), ZT had a much greater water
consumption efficiency. Many macrospores
and inter-pedal spaces lead to enhanced
infiltration, and zero tillage boosted the
population of surface-feeding earthworms
(Kemper et al., 1987). According to studies by
Ismail et al. (1994), exchangeable Ca, Mg, and
K were considerably greater in the surface soil
under NT than in the ploughed soil. Sloping
Agriculture Land Technology (SALT), a
strategy for preserving soil and producing food
in sloping lands, nourishes the soil, stabilizes
slopes, allows cultivation on slopes, and
gradually builds bio-terraces (Pratap, 1998; &
Grogan et al., 2012). It also helps to save soil
and water. Agroforestry, agri-horticultural, and
agri-pastoral systems boost soil physical
characteristics, decrease runoff and erosion,
retain soil organic matter, boost nitrogen
fixation, and encourage effective nutrient
cycling (Nair, 1984).
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Water Smart
Water is the principal channel through which
people, ecosystems, and economies are
experiencing the effects of climate change
(Stuart-Hill et al., 2012). The need for clean
water to consume is growing as a result of a
growing population, industries, intensive
farming, climate change, and higher water use
(Bakkenes et al., 2002). As a substitute method
of reducing water scarcity, rainwater collection
systems are now being used (Patil & Mali,
2013). Rainwater collection is being used to
increase food availability globally, encourage
farmers to diversify their businesses, establish
new water sources, and assist traditional water
delivery systems (Maume, 2014). Drip
irrigation significantly lowers water losses due
to evaporation, transport, and distribution
(Dhawan, 2002; INCID, 1994; & NCPA,
1990), which increases water use efficiency.
Fertigation offers a greater and better yield
while saving time and labour (Singh, 2002). It
also helps to apply nutrients to the root zone
uniformly. Water and nutrients are used
inefficiently due to fertilisation, making it
easier for plants to utilize both at once. Using
soluble fertilizers conveniently, controlling the
supply and surveillance of water and nutrients,
and conserving energy and labour are other
benefits of fertigation (Imas, 1999).

Livestock Smart

Livestock contributes up to 18% of the world's
greenhouse gas emissions (Thornton &
Herrero, 2010). The production of livestock is
responsible for one-third of the change in land
use, one-third of the nitrous oxide emissions
through manure and slurry management, and
around 25% of the methane released into the
atmosphere from ruminant digestion (Jha et
al., 2023). The issues that the cattle industry
faces as a result of climate change include
changing feed prices, habitat changes, an
increase in vector-borne diseases in warm
areas, decreased reproductive, poor pasture
guality and availability, and physiological heat
stress (Opio et al., 2013; & Thornton et al.,
2009). It is possible to produce more with
fewer animals while using less feed by
upgrading feeding methods. This reduces
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greenhouse gas emissions (Blummel et al.,
2010). Planting high-productivity, drought-
tolerant, and deeply rooted forage grasses or
legumes can increase the vegetation on pasture
land (Branca et al., 2011). Where preventative
measures are unsuccessful, weather-indexed
livestock insurance can be incredibly useful
(Skees & Enkh-Amgala, 2002). Agroforestry
protects farming systems from risks and
improves feed, which in turn reduces enteric
methane and helps with carbon sequestration.
Animals are less stressed by the heat thanks to
shade trees, which also increase the quantity
and quality of food. This can help prevent
overgrazing and stop soil degradation
(Thornton & Herrero, 2010).

ICT Smart

Telephone, television, printed media, radio,
and internet networks contribute significantly
to boosting crop production when used
pluralistically (Singh, 2014).
Telecommunications initiatives (farmer call
centre), media initiatives (Krishi Samachar,
Krishi Karyakram on television and FM radios
providing knowledge related to modern
problems and technologies in agriculture),
printed publications (Krishi diary, bimonthly
magazines, booklets and pamphlets, Krishak
Pana in national magazines like Kantipur), and
internet-based initiatives (Smart Krishi, IBA
Krishi, mobile applications and other
agriculture online portals) are ICTs initiatives
in agriculture-advisory services that from
preliminary  planning to  post-harvest
procedures, as well as information about agro-
entrepreneurship, Smart Krishi offers reliable
information without charge (Das, 2016; &
Regmi, 2016). ICT increases a framer's
creativity and competence, which helps
farmers manage risk and uncertainty
(Abraham, 2007). In relation to cost-
effectiveness and resolving farmer-specific
field-based challenges, mobile applications are
helpful in the transfer of technology
(Wankhade et al., 2011).

Gender Smart

According to Quisumbing et al. (2017),
climate change affects women more than men.
Women perform a key role in field planning,
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sowing to harvesting, managing livestock, and
post-harvest operations. In light of climate
change, gender inequalities in resource access,
agricultural production, and vulnerability must
be addressed (Nyasimi & Huyer, 2017; &
ChananaNag & Aggarwal, 2018). Building
resilient households on farms, farming
communities, and food chains is crucial to
improving the capacity of women farmers. In
the development and implementation of CSA,
specific needs, targets, and experiences of men
and women must be acknowledged and taken
into account (World Bank, FAO, & IFAD,
2015). In multiple villages in India,
encourages women farmers to adopt CSA
practices like solar water supply, plastic tunnel
farming, greywater collection ponds, home
gardens, drip irrigation, and livestock shed
improvement. These practices help to raise
farmers' productivity and resilience, reduce
greenhouse gas emissions, and achieve food
safety and development goals (Sherpa et al.,
2017).

CONCLUSION
Climate change cannot be avoided. Unusual
rainfall patterns, drought, storms, erosion, and
landslides are the main difficulties Indian
farmers face. Climate-smart agricultural
techniques, which primarily make use of
materials and knowledge already accessible
locally, can assist to reduce these issues. The
government has created a number of plans and
strategies to combat climate change, but they
are not properly carried out. In the long run,
appropriate strategies and regulations for
climate change should be created and properly
executed because climate change significantly
impacts agriculture production. Therefore, it is
imperative that sustainable practices be
considered and put into action for the benefit
of farmers, the environment, and food security.
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