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ABSTRACT

Climate change presents a formidable threat to global agricultural systems, undermining
food security and farmer livelihoods. In response, climate-resilient agriculture (CRA) and
carbon farming have emerged as integrated strategies to adapt to and mitigate the impacts
of climate change. CRA focuses on enhancing the capacity of farming systems to withstand
climate variability while ensuring sustainability and productivity. Carbon farming emphasizes
practices that increase carbon sequestration in soils and biomass, contributing to climate
mitigation. This article explores the principles, practices, and benefits of CRA and carbon
farming, highlighting their interconnections and potential for transforming agriculture into a
climate solution. It delves into technological, policy, and socioeconomic aspects, along with
challenges and future innovations in the sector. A case study from Andhra Pradesh, India,
demonstrates real-world implementation and outcomes. The article concludes that
widespread adoption of these approaches, supported by robust policy and institutional
frameworks, is essential for achieving climate-resilient and sustainable agricultural systems
worldwide.

INTRODUCTION

limate change poses a significant weather events directly impacting agricultural
threat to global food security, with productivity. The need for sustainable and
rising temperatures, erratic rainfall adaptive agricultural practices has never been
patterns, and increased frequency of extreme more urgent. Climate-resilient agriculture
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(CRA) and carbon farming have emerged as
crucial strategies to combat these challenges
by promoting adaptive capacities, reducing
greenhouse gas (GHG) emissions, and
enhancing soil health and productivity.

Climate-resilient ~ agriculture  refers  to
agricultural practices that can adapt to and
mitigate the adverse effects of climate change
while ensuring food security and livelihoods.
Carbon farming, on the other hand, focuses on
managing land in ways that increase the
amount of carbon sequestered in soils and
vegetation, contributing to the reduction of
atmospheric CO2. Together, these approaches
offer a synergistic pathway toward sustainable,
productive, and environmentally sound
farming systems.

1. Understanding Climate-Resilient

Agriculture

Climate-resilient agriculture (CRA) is a
holistic approach to farming that enhances the
capacity of agricultural systems to adapt to and
mitigate the impacts of climate change while
maintaining productivity, ensuring food
security, and promoting sustainability. It
integrates adaptive strategies such as crop
diversification, improved water and soil
management, agroforestry, and the use of
climate-resilient seed varieties to reduce
vulnerability to climate shocks like droughts,
floods, and heatwaves. CRA also contributes
to climate change mitigation by promoting
practices that reduce greenhouse gas emissions
and enhance carbon sequestration. By
improving soil health, conserving water, and
increasing biodiversity, CRA not only
safeguards natural resources but also boosts
long-term productivity. It
emphasizes equity by including smallholder

agricultural

farmers and marginalized groups in climate-
smart solutions and ensuring their access to
knowledge, finance, and technology. Policy
support, climate information services, and
extension programs are crucial for the
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successful implementation of CRA. Despite
challenges such as limited awareness, financial
barriers, and unpredictable weather patterns,
CRA offers a transformative pathway to
sustainable agriculture. When integrated with
national strategies and the Sustainable
Development Goals (SDGs), particularly Zero
Hunger and Climate Action, CRA can build
resilient farming communities and secure
global food systems against the threats posed
by a changing climate

Key Components of CRA:

¢ Diversification of crops and livestock:
Enhances resilience to climate shocks.

e Improved soil and water management:
Increases water-use efficiency and soil
fertility.

o Agro-forestry: Integrates trees into
farming systems, improving biodiversity
and microclimates.

e Climate-smart seeds: Drought-, heat-, and
pest-resistant crop varieties help farmers
cope with changing conditions.

According to the Food and Agriculture
Organization (FAO), CRA must address three
objectives: sustainably increasing agricultural
productivity and incomes, adapting and
building resilience to climate change, and
reducing and/or removing GHGs where
possible (FAO, 2013).

2. Carbon Farming: Principles and
Practices

Carbon farming is a sustainable agricultural
approach that focuses on capturing and storing
atmospheric carbon dioxide (COz) in soil and
vegetation to mitigate climate change. By
adopting land management practices that
enhance soil organic carbon and plant
biomass, carbon farming reduces greenhouse
gas emissions while improving soil health and
crop productivity. Key techniques include
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conservation tillage, cropping,
agroforestry, composting, and rotational
grazing. These practices increase carbon
sequestration, reduce soil erosion, enhance

cover

water retention, and promote biodiversity.
Carbon farming not only contributes to climate
mitigation but also supports farmers
economically by improving yields and
enabling participation in carbon credit
markets, where sequestered carbon can be
monetized. Effective implementation requires
monitoring, verification, and supportive
policies to ensure measurable climate benefits.
As global interest in nature-based solutions
grows, carbon farming offers a practical,
scalable strategy to align agriculture with
climate goals while promoting long-term
ecological and economic sustainability.
Carbon farming involves land management
practices that enhance the capture and storage
of atmospheric carbon in vegetation and soil.
This not only mitigates climate change but
also improves soil health and crop yields.

Core Carbon Farming Techniques:

¢ Conservation tillage: Reduces soil

disturbance, thus preserving soil carbon.

¢ Cover cropping: Increases organic matter
and prevents soil erosion.

e Composting and organic amendments:
Enhance microbial activity and soil organic
carbon.

o Agro-forestry and silvopasture: Trees act
as carbon sinks and support biodiversity.

¢ Rotational grazing: Encourages regrowth
of vegetation and improved carbon
retention in grasslands.

The Intergovernmental Panel on Climate
Change (IPCC)
agricultural practices can sequester between
1.5 to 1.8 giga tons of CO: equivalent annually

(IPCC, 2022).

estimates that improved
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3. The Inter linkage Between CRA and
Carbon Farming

CRA and carbon farming are interdependent.
Practices that build resilience to climate
shocks often also contribute to carbon
sequestration. For instance, agroforestry
improves biodiversity and water retention
while also sequestering carbon. Similarly,
conservation tillage enhances resilience to
drought while maintaining soil organic matter.

E-ISSN: 2582-9467
Popular Article
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4. Technological and Policy Support

The success of CRA and carbon farming
depends heavily on supportive technology and
policy environments.

Technological Interventions:

¢ Remote sensing and GIS: For monitoring
soil carbon and crop health.

e Mobile apps and decision-support tools:

Help farmers choose climate-smart
practices.
e Climate information services: Provide

timely weather forecasts and adaptation
advice.

Policy Frameworks:

Allow
carbon

mechanisms:
their

e Carbon credit
farmers to  monetize

sequestration efforts.

e Subsidies for climate-smart tools: Lower
barriers to adoption.
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e Research and extension services: These challenges require integrated
Facilitate knowledge transfer. approaches  involving  multi-stakeholder

Countries like Australia and Kenya have
developed robust carbon credit systems that
incentivize carbon farming, with farmers
earning revenue by selling carbon credits in
voluntary or compliance markets.

5. Socioeconomic and Environmental

Benefits

Adopting CRA and carbon farming leads to
numerous co-benefits:

e Economic resilience: Reduced input costs
and increased productivity lead to better
farm incomes.

e Ecological sustainability:  Improved
biodiversity, reduced land degradation, and
enhanced water conservation.

e Social equity: Empowerment of women
and smallholder farmers through capacity
building and access to resources.

A study by Lal (2020) suggests that soil
carbon sequestration not only helps in climate
mitigation but also restores degraded lands,
enhancing the sustainability of food systems.

6. Challenges and Barriers

CRA and carbon
farming face several challenges:

Despite their benefits,

¢ Limited awareness and knowledge: Many
farmers are unaware of the benefits or
practices of carbon farming.

e High initial costs: Investments in
equipment or seeds can be prohibitive.
e Measurement and verification issues:

Quantifying carbon sequestration remains
complex and costly.

Lack of clear
incentives hinders

e Policy inconsistencies:
guidelines  and

widespread adoption.
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participation, from government agencies and
NGOs to research
communities.

institutions and local

7. Case Study:

7.1. Climate-Resilient Agriculture in
Andhra Pradesh, India

Background:

The Government of Andhra Pradesh launched
the "Zero Budget Natural Farming (ZBNF)"
initiative to promote sustainable and climate-
resilient agriculture across the state. ZBNF
involves the use of locally available natural
resources without chemical inputs.

Implementation:

o Natural fertilizers and pesticides like
jeevamrutha and bijamrita are used.

o Intercropping and crop rotation practices
improve biodiversity and resilience.

¢ Soil mulching and cover crops help retain
moisture and prevent erosion.

Impact:

e Increased soil organic carbon levels by up
to 0.3% in just two years.

e Reduction in production costs by 25-40%.

e Enhanced drought resilience, with farmers
reporting fewer crop failures during dry
spells.

The program also includes training for women
farmers and the formation of self-help groups
(SHGs), making it socially inclusive.

(Source: Rythu Sadhikara Samstha,
Government of Andhra Pradesh, 2022)
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7.2. Case Study: Climate-Resilient 3. Climate-Resilient Crop Varieties:
Agriculture and Carbon
Sequestration under NICRA — o Introduction of short-duration, drought-

Village Jafferguda, Telangana
Background

The National Innovations on Climate
Resilient Agriculture (NICRA) is a flagship
initiative by the Indian Council of
Agricultural Research (ICAR), launched in
2011 to enhance the resilience of Indian
agriculture to climate change and variability.
One of its
establishment of Climate Resilient Villages

core components is the
(CRVs) to test and demonstrate adaptive
technologies. Jafferguda village in Ranga
Reddy district, Telangana, is one such CRV
that implemented integrated interventions to
cope with climate-induced risks such as
drought, heat stress, and soil degradation.

Key Interventions
1. Water Management:

o Farm ponds, check dams, and desilting of

community tanks were introduced to
enhance water availability and recharge

groundwater.

o Micro-irrigation  (drip and  sprinkler
systems) was promoted for water-use

efficiency.
2. Soil Health and Carbon Farming:

o Use of

vermicomposting, and green manuring

organic manure,

enhanced soil organic carbon content.

o Conservation tillage and  minimal
disturbance practices were promoted to
reduce

maintain  soil  structure and

emissions.
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tolerant rice and groundnut varieties,
adapted to erratic rainfall patterns.

4. Livestock and Fodder Management:

o Improved breeds with better heat tolerance
were introduced.

o Silage pits and fodder banks were created
to ensure fodder availability during dry
spells.

5. Weather-Based Agro-Advisories:

o Real-time weather forecasts and farm-
specific advisories were disseminated via

mobile platforms to guide farmers’
decisions.

Outcomes

e Soil Organic Carbon Improvement:

After 3 years, soil testing showed an
increase of 0.2-0.3%
carbon, contributing to
sequestration and better nutrient cycling.

in soil organic
carbon

e Yield Stability: Paddy and groundnut
yields remained stable during dry years,
increased

while rainwater harvesting

irrigation coverage by 25-30%.

¢ GHG Mitigation: Reduction in the use of
nitrogen-based chemical fertilizers and
improved carbon inputs helped mitigate
greenhouse gas emissions.

¢ Community Resilience: Adoption of these
practices improved the adaptive capacity of

farmers, especially smallholders and
women, reducing their climate
vulnerability.

Source- (ICAR-NICRA (2022). NICRA

Success Stories, CRIDA (Central Research
Institute for Dryland Agriculture), Hyderabad.
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Annual Progress Report on Climate Resilient
Villages under NICRA).

8. Future Outlook and Innovations

The future of CRA and carbon farming lies in
innovation and collaboration:

¢ Blockchain for carbon credits:
Transparent and traceable systems for

farmers to earn credits.

¢ Biochar application: A stable form of
carbon that enhances soil fertility and locks
carbon.

e Al and machine learning: For predictive
analytics on soil health and climate risks.

e Public-private  partnerships (PPPs):
Drive investments and scalability of
climate-resilient initiatives.

Governments must integrate CRA into
national adaptation plans (NAPs) and
sustainable  development goals (SDGs),

particularly SDG 2 (Zero Hunger) and SDG 13
(Climate Action).

CONCLUSION

Climate-resilient agriculture and carbon
farming represent transformative strategies for
sustainable food production and climate
mitigation. By integrating adaptation and
mitigation approaches, these practices ensure
that agriculture becomes a solution to climate
change rather than a contributor. The synergy
between improving resilience and enhancing
carbon sequestration offers immense potential
for environmental, economic, and social
benefits. However, realizing this potential
requires supportive policies, investment in
technology and research, and strong
frameworks. With the

institutional right
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incentives and knowledge-sharing platforms,
farmers across the world can transition to
practices that not only secure their livelihoods
but also safeguard the planet for future
generations.
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