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griculture is increasingly recognized not only as a source of greenhouse gas emissions

but also as a powerful solution for climate change mitigation through carbon
sequestration. Carbon farming integrates sustainable agricultural practices that enhance soil
organic carbon while generating environmental and economic benefits. By adopting practices
such as conservation tillage, cover cropping, crop diversification, agroforestry, residue
management, biochar application, integrated nutrient management, and improved grazing
systems, farmers can capture atmospheric carbon dioxide and store it in soils and vegetation.
The emergence of carbon credit markets has transformed these ecological services into
potential income-generating opportunities, allowing farmers to receive financial incentives
for verified carbon sequestration. Recent scientific evidence demonstrates that carbon
farming improves soil fertility, enhances water-holding capacity, increases biodiversity, and
strengthens resilience against climate variability while contributing to national climate
commitments. However, widespread adoption requires robust measurement, reporting, and
verification systems, supportive policies, farmer awareness, and accessible carbon markets.
This article reviews the scientific basis, implementation methodology, and economic
potential of carbon farming, highlighting its role as an innovative pathway toward climate-
smart and sustainable agricultural development.
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Introduction

Climate change has emerged as one of the greatest threats to global food security,
environmental  sustainability, and agricultural productivity. Rising atmospheric
concentrations of carbon dioxide (CO:), methane (CH4), and nitrous oxide (N20) have
intensified global warming, altered precipitation patterns, increased the frequency of extreme
weather events, and accelerated soil degradation. Agriculture contributes significantly to
greenhouse gas emissions through intensive tillage, excessive fertilizer application, residue
burning, and land-use changes. At the same time, agricultural landscapes possess enormous
potential to function as carbon sinks through improved land management practices. This dual
role has positioned agriculture at the centre of global climate mitigation strategies (Ghimirey
et al., 2025; IPCC, 2025).

Carbon farming refers to the adoption of agricultural practices that increase carbon
sequestration in soils and vegetation while simultaneously reducing greenhouse gas
emissions. Unlike conventional farming systems that often deplete soil organic matter, carbon
farming emphasizes regenerative approaches capable of restoring soil health and improving
ecosystem functioning. Practices such as conservation tillage, cover cropping, crop rotation,
agroforestry, integrated nutrient management, organic amendments, biochar application, and
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improved grazing management collectively enhance soil organic carbon stocks while
supporting sustainable crop production (Koduri et al., 2026; Satheeshkumar et al., 2025).

Soil organic carbon is recognized as one of the most important indicators of soil
quality because it influences nutrient availability, soil aggregation, microbial diversity, water
infiltration, and resilience against erosion. The accumulation of stable carbon compounds
within soil aggregates creates long-term carbon reservoirs that simultaneously improve
agricultural productivity. Recent mechanistic studies explain that carbon stabilization occurs
through interactions among mineral particles, microbial biomass, plant residues, and soil
aggregates, making soil management practices critical determinants of long-term carbon
storage (Ghimirey et al., 2025; Petropoulos et al., 2025).
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Figure 1. Conceptual framework of carbon farming showing the flow from sustainable
agricultural practices

The growing global emphasis on achieving net-zero emissions has accelerated interest in
carbon farming as an economic opportunity for farmers. Carbon markets allow agricultural
producers to earn carbon credits based on verified reductions in greenhouse gas emissions or
measurable increases in soil carbon stocks. These credits can be traded voluntarily or within
compliance markets, providing an additional source of farm income beyond conventional
crop production. The European Union has emerged as a global leader in developing
structured carbon farming schemes, with extensive experience demonstrating the importance
of transparent monitoring systems, standardized verification protocols, and long-term
stakeholder engagement (Thorsge et al., 2025; European Commission, 2025).

Scientific assessments further indicate that carbon sequestration potential varies
considerably among cropping systems, climatic regions, soil types, and management
practices. Crop species with extensive root systems, perennial vegetation, agroforestry
systems, and conservation agriculture generally exhibit higher carbon storage capacities than
conventionally managed monocultures. Reviews conducted across diverse agroecosystems
have highlighted substantial opportunities to increase soil organic carbon through integrated
management approaches tailored to local environmental conditions (Igwenagu et al., 2026;
Preeti et al., 2026).

In India and other developing countries, carbon farming has attracted increasing
attention because of its ability to address multiple agricultural challenges simultaneously.
Meta-analyses of regenerative agriculture practices demonstrate consistent improvements in
soil organic carbon, biological activity, nutrient cycling, and crop resilience across diverse
agro-climatic zones. Region-specific assessments, including studies conducted in the Western
Ghats, further reveal significant opportunities for enhancing carbon sequestration through
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improved land-use planning, agroforestry, and restoration of degraded ecosystems (Patil et
al., 2025; Jaisridhar et al., 2025).

Although increasing soil carbon generally improves soil structure and water retention,
recent research suggests that the resulting agrohydrological benefits may vary depending on
soil texture, climatic conditions, and rainfall distribution. Consequently, carbon farming
should not be viewed solely as a strategy for increasing water availability but rather as an
integrated approach that enhances multiple ecosystem services, including nutrient cycling,
biodiversity conservation, climate resilience, and long-term agricultural sustainability (Gulati
& Kukal, 2026).
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Figure 2. Workflow of the agricultural carbon credit process

International organizations such as the Food and Agriculture Organization (FAO), the United
Nations Food Systems Coordination Hub, and the Intergovernmental Panel on Climate
Change emphasize that carbon farming represents an important nature-based solution capable
of simultaneously supporting food security, climate adaptation, biodiversity conservation, and
rural livelihoods (FAO, 2025; United Nations Food Systems Coordination Hub, 2025; IPCC,
2025). As carbon markets continue to expand worldwide, farmers are increasingly positioned
not only as food producers but also as providers of valuable ecosystem services. Carbon
farming therefore represents a transformative agricultural model that integrates
environmental stewardship with economic incentives, creating a sustainable pathway toward
climate-resilient agriculture.

Methodology

This magazine review article was prepared through a comprehensive synthesis of recent
scientific literature published between 2025 and 2026 on carbon farming, soil carbon
sequestration, regenerative agriculture, and agricultural carbon markets. Fifteen authoritative
sources were examined, including peer-reviewed journal articles, systematic reviews, meta-
analyses, international policy documents, and technical guidance published by the Food and
Agriculture Organization (FAO), the Intergovernmental Panel on Climate Change (IPCC),
the European Commission, and the United Nations Food Systems Coordination Hub.

The reviewed literature was systematically categorized into five thematic areas: (i)
mechanisms of soil carbon sequestration, (ii) carbon farming practices, (iii) measurement and
verification of soil carbon, (iv) carbon credit markets and policy frameworks, and (v)
economic and environmental impacts on agricultural systems. Comparative analysis was
employed to identify common findings, emerging trends, and regional variations in carbon
sequestration potential. Particular emphasis was placed on recent advances in regenerative
agriculture, conservation practices, agroforestry, and soil organic carbon assessment
methodologies.

The information was critically synthesized to provide a balanced overview of the
opportunities, limitations, and future prospects of carbon farming. Rather than presenting new
experimental findings, this article integrates existing scientific evidence into a coherent
framework suitable for agricultural professionals, researchers, policymakers, extension
workers, and progressive farmers interested in climate-smart agricultural innovations.
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Case Study 1. Regenerative Agriculture and Soil Carbon Enhancement in India

Description
Multiple agro-climatic regions across India
To evaluate the impact of regenerative agricultural practices on soil
organic carbon (SOC) and crop sustainability.
Conservation tillage, crop residue retention, cover cropping, crop
diversification, organic manure application, integrated nutrient
management, reduced chemical inputs, and agroforestry.
Meta-analysis of published field studies conducted under diverse climatic
and soil conditions.

Regenerative practices consistently increased soil organic carbon,
enhanced microbial activity, improved soil aggregation, reduced erosion,
and promoted long-term soil fertility. Crop productivity was generally
maintained or improved while reducing environmental degradation.
Lower production costs through reduced tillage and improved nutrient-
use efficiency, together with future opportunities to generate income
through carbon credit markets.

Increased carbon sequestration, enhanced biodiversity, improved nutrient
cycling, better water infiltration, and reduced greenhouse gas emissions.
Integrated regenerative practices provide multiple ecosystem services
while strengthening climate resilience and creating opportunities for
sustainable agricultural income.

Patil et al. (2025); Satheeshkumar et al. (2025).

Case Study 2. European Carbon Farming Schemes

Description
European Union member countries
To assess the implementation and effectiveness of operational carbon
farming schemes for climate mitigation and farmer incentives.
Review of approximately 160 carbon farming initiatives operating across
Europe.
Agroforestry, conservation agriculture, peatland restoration, cover crops,

permanent grasslands, improved grazing management, wetland restoration,

and soil organic carbon enhancement.

Measurement, Reporting and Verification (MRV) using standardized
carbon accounting protocols, digital monitoring, remote sensing, and
periodic field assessments.

Successful schemes demonstrated that transparent verification, farmer
participation, long-term contracts, and policy support significantly
improved adoption and environmental outcomes.

Farmers received payments for verified carbon sequestration,
diversification of farm income, and improved market access for climate-
friendly products.

High monitoring costs, uncertainty in carbon pricing, regional variability in

sequestration potential, and administrative complexity.
Well-designed carbon markets require scientific credibility, supportive

policies, reliable verification systems, and long-term financial incentives to

ensure farmer participation.
Thorsge et al. (2025); European Commission (2025).
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Results and Discussion

The reviewed literature clearly demonstrates that carbon farming represents one of the most
promising nature-based solutions for simultaneously addressing climate change, soil
degradation, and declining farm profitability. Across diverse agroecosystems, sustainable
land management practices consistently increased soil organic carbon (SOC), improved soil
biological activity, and reduced greenhouse gas emissions. These findings indicate that
agricultural soils can transition from being net carbon sources to effective carbon sinks when
managed using regenerative approaches (Ghimirey et al., 2025; Koduri et al., 2026).

Among the various carbon farming practices, conservation tillage, cover cropping,
residue retention, crop diversification, agroforestry, biochar application, and integrated
nutrient management emerged as the most effective strategies for enhancing soil carbon
storage. These practices increase biomass production and root growth while minimizing soil
disturbance, thereby promoting long-term stabilization of organic carbon within soil
aggregates. Improved microbial activity further facilitates the conversion of plant residues
into stable soil organic matter, strengthening the soil's capacity to retain carbon over extended
periods (Petropoulos et al., 2025).

The literature also indicates considerable variability in carbon sequestration potential
among different crops and production systems. Perennial cropping systems, agroforestry, and
deep-rooted species generally exhibited greater carbon storage capacity than annual
monocultures because they continuously contribute organic residues below ground. Reviews
of crop-specific sequestration potential emphasize that local climate, soil texture,
management intensity, and crop selection significantly influence long-term carbon
accumulation (Igwenagu et al., 2026).

Another important outcome observed across multiple studies is the positive
relationship between soil organic carbon and overall soil health. Increased SOC improves
aggregate stability, nutrient retention, cation exchange capacity, microbial diversity, and
resistance to erosion. Consequently, carbon farming contributes not only to climate
mitigation but also to sustainable agricultural productivity by improving soil quality and
enhancing resilience against environmental stresses such as drought and heavy rainfall
(Satheeshkumar et al., 2025; Jaisridhar et al., 2025).

Beyond the environmental benefits, the reviewed studies consistently identify carbon
farming as an emerging economic opportunity for agricultural communities. The
development of voluntary and compliance carbon markets enables farmers to monetize
ecosystem services by receiving payments for verified carbon sequestration and greenhouse
gas emission reductions. This approach transforms climate-friendly agricultural practices into
additional income streams, reducing farmers' dependence solely on crop yields and
commodity prices. The success of such initiatives, however, depends on transparent carbon
accounting, reliable monitoring systems, and equitable market access (European
Commission, 2025; Thorsge et al., 2025).

Recent advances in digital agriculture have further strengthened the feasibility of
carbon farming. Technologies such as Geographic Information Systems (GIS), remote
sensing, drone-based field monitoring, Internet of Things (IoT) sensors, artificial intelligence
(Al), machine learning, and process-based carbon models are increasingly being used to
estimate soil organic carbon, monitor vegetation dynamics, and support Measurement,
Reporting, and Verification (MRV) systems. These technologies improve the accuracy of
carbon accounting while reducing monitoring costs and increasing transparency in carbon
credit certification (Petropoulos et al., 2025; Priyanka et al., 2026).

Despite these advances, several studies emphasize that carbon sequestration rates vary
significantly across climatic regions, soil types, cropping systems, and management practices.
Carbon accumulation is generally higher in degraded soils with greater restoration potential,
whereas soils already rich in organic carbon often exhibit slower sequestration rates.
Furthermore, Gulati and Kukal (2026) reported that although increasing soil organic carbon
enhances water retention, the resulting agrohydrological benefits may remain modest under
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many environmental conditions. This finding highlights that carbon farming should be
promoted as a multifunctional strategy delivering climate mitigation, biodiversity
conservation, soil restoration, and enhanced ecosystem resilience rather than as a universal
solution to all agricultural challenges.

Overall, the literature demonstrates that successful carbon farming requires an
integrated framework combining scientific knowledge, supportive public policies, financial
incentives, digital monitoring technologies, farmer participation, and robust carbon market
governance. Such a holistic approach can maximize both environmental sustainability and
long-term farm profitability.

Challenges

Although carbon farming offers considerable promise, several technical, economic, and
institutional barriers limit its large-scale adoption. One of the primary challenges is the
accurate measurement and verification of soil organic carbon. Soil carbon varies spatially and
temporally, requiring repeated sampling, laboratory analysis, and standardized protocols, all
of which increase implementation costs (Petropoulos et al., 2025; IPCC, 2025).

Another significant limitation is the uncertainty associated with carbon credit markets.
Carbon prices fluctuate depending on market demand, regulatory policies, and certification
standards, making future financial returns difficult to predict. Smallholder farmers often face
additional obstacles, including limited awareness, inadequate technical support, fragmented
landholdings, insufficient digital infrastructure, and restricted access to carbon trading
platforms (European Commission, 2025; Thorsge et al., 2025).

Furthermore, carbon sequestration is influenced by climate variability, soil
characteristics, crop type, and management history. Consequently, identical farming practices
may produce different sequestration outcomes across locations, making standardized
recommendations challenging (Preeti et al., 2026).

Advantages

Carbon farming generates multiple environmental, economic, and social benefits beyond
carbon sequestration. Increasing soil organic carbon improves soil fertility, aggregate
stability, microbial diversity, nutrient cycling, and water infiltration while reducing erosion
and land degradation. These improvements contribute to higher resilience against droughts
and extreme weather events, thereby supporting stable agricultural production (Ghimirey et
al., 2025).

Economically, carbon farming creates diversified income opportunities through
carbon credit payments, reduced input costs, improved nutrient-use efficiency, and enhanced
long-term productivity. Sustainable management practices such as cover cropping,
conservation tillage, and agroforestry also improve biodiversity, pollinator habitats, and
ecosystem services, contributing to more resilient farming systems (Koduri et al., 2026; Patil
etal., 2025).

At the societal level, carbon farming supports national commitments toward
greenhouse gas mitigation, sustainable land management, and climate-smart agriculture while
encouraging stronger collaboration among governments, researchers, extension agencies,
private enterprises, and farming communities.

Future Prospects
The future of carbon farming is closely linked with advances in digital technologies, policy
support, and expanding carbon markets. Artificial intelligence, remote sensing, satellite
observations, blockchain-enabled carbon registries, 10T-based soil monitoring, and predictive
carbon models are expected to improve the accuracy, transparency, and affordability of
carbon accounting systems (Priyanka et al., 2026).

Governments are increasingly integrating carbon farming into national climate action
plans through financial incentives, ecosystem service payments, and sustainability
certification schemes. International organizations, including the FAO, IPCC, and United
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Nations, advocate carbon farming as an important nature-based solution for achieving climate
resilience, food security, and sustainable rural development (FAO, 2025; United Nations
Food Systems Coordination Hub, 2025).

Future research should focus on region-specific carbon sequestration estimates, cost-
effective monitoring technologies, farmer-friendly verification protocols, and equitable
benefit-sharing mechanisms. Strengthening public-private partnerships and capacity-building
programmes will be essential for enabling smallholder farmers to participate effectively in
emerging agricultural carbon markets.

Conclusion

Carbon farming has emerged as a transformative approach that aligns agricultural production
with global climate change mitigation objectives while creating new economic opportunities
for farmers. The scientific evidence reviewed in this article demonstrates that sustainable land
management practices—including conservation tillage, cover cropping, crop diversification,
agroforestry, residue retention, biochar application, and integrated nutrient management—
significantly enhance soil organic carbon sequestration and improve overall soil health. These
practices not only remove atmospheric carbon dioxide but also strengthen nutrient cycling,
improve soil structure, enhance biodiversity, reduce erosion, and increase the resilience of
farming systems to climate variability.

The development of agricultural carbon markets has further expanded the significance
of carbon farming by enabling farmers to receive financial incentives for verified carbon
sequestration and greenhouse gas emission reductions. Nevertheless, realizing this potential
requires reliable Measurement, Reporting, and Verification (MRV) systems, transparent
carbon accounting, supportive government policies, stable carbon pricing mechanisms, and
effective farmer participation. Special attention should be given to smallholder farmers
through capacity building, technical assistance, affordable monitoring technologies, and
equitable access to carbon credit markets.

Looking ahead, advances in digital agriculture, remote sensing, artificial intelligence,
blockchain-enabled carbon registries, and precision farming technologies are expected to
improve the efficiency and credibility of carbon farming initiatives. When integrated with
climate-smart agricultural policies and sustainable land management programmes, carbon
farming can simultaneously support food security, environmental conservation, and rural
livelihoods. Thus, carbon farming should be viewed not merely as a climate mitigation
strategy but as a comprehensive pathway toward resilient, profitable, and sustainable
agricultural development for future generations.
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