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griculture is facing unprecedented challenges arising from climate change, declining soil

fertility, groundwater depletion and rising production costs. While farmers are often
viewed as victims of these challenges, they are also uniquely positioned to become part of the
solution. Agricultural soils have the capacity to capture and store atmospheric carbon dioxide,
making farming an important tool in climate change mitigation. Regenerative agricultural
practices such as reduced tillage, crop diversification, residue retention and agroforestry not
only improve soil health and farm resilience but can also enhance carbon sequestration. As
carbon markets expand globally, farmers are increasingly being recognized for the
environmental benefits they generate. This has opened the possibility of earning additional
income through carbon credits and ecosystem service payments. For India, where smallholder
farmers dominate the agricultural landscape, these emerging opportunities could contribute to
both environmental sustainability and livelihood enhancement. The transition from soil health
to carbon wealth represents a promising pathway towards a more resilient and sustainable
agricultural future.

Introduction

For generations, farmers have been valued primarily for their ability to produce food. Yet
every day, often without recognition, they provide a range of environmental benefits that
extend far beyond crop production. Through their management decisions, farmers influence
soil health, groundwater recharge, biodiversity conservation and the balance of greenhouse
gases in the atmosphere. Today, agriculture stands at a critical turning point. Climate change
is increasing the frequency of droughts, floods, heat waves and erratic rainfall patterns.
Simultaneously, many agricultural regions are witnessing declining soil fertility, shrinking
groundwater resources and rising input costs. These challenges threaten both farm
profitability and long-term agricultural sustainability. The situation of India is particularly
significant. Agriculture supports the livelihoods of millions of rural households, yet a
substantial proportion of cultivated soils suffer from low organic carbon levels.

Around the world, carbon markets, regenerative agriculture initiatives and ecosystem
service programmes are beginning to create financial incentives for sustainable land
management. For Indian agriculture, these developments have the potential to redefine the
relationship between farming, environmental conservation and rural prosperity. The future
farmer may not only harvest crops but also generate environmental value that society is
increasingly willing to reward.
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Challenges of Conventional Agriculture

The Green Revolution transformed India from a food-deficit nation into one of the world's
leading agricultural producers. However, decades of intensive cultivation have also produced
unintended environmental consequences. Continuous monocropping, excessive tillage,
residue burning and imbalanced fertilizer use have contributed to declining soil quality in
many farming systems. Soil organic carbon, widely regarded as one of the most important
indicators of soil health, has declined in numerous agricultural regions due to the continuous
removal or rapid decomposition of organic matter.

Healthy soils are living ecosystems that contain billions of microorganisms
responsible for nutrient cycling, organic matter decomposition and soil aggregation. When
soil organic matter declines, these biological processes become less efficient, often increasing
dependence on external inputs such as chemical fertilizers. The environmental impacts extend
beyond the farm boundary. Residue burning contributes to greenhouse gas emissions and air
pollution. Excessive use of synthetic fertilizers may increase nutrient losses and
environmental contamination. Simplified cropping systems often reduce biodiversity and
increase vulnerability to pests, diseases and climatic stresses.

Regenerative Agriculture: Rebuilding the Foundation of Farming
Regenerative agriculture is an approach to farming that seeks to restore and enhance the
natural processes that support agricultural productivity. Rather than focusing solely on
maximizing short-term vyields, regenerative agriculture aims to improve soil health,
biodiversity, water conservation and ecosystem resilience. At the heart of regenerative
agriculture lies a simple principle: healthy soils create healthy farms.

Several practices form the foundation of regenerative farming systems.

Reduced and Zero Tillage

Conventional ploughing exposes soil organic matter to the atmosphere, accelerating carbon
loss through oxidation. Reduced tillage and zero tillage minimize soil disturbance, helping
conserve soil carbon while improving soil structure, moisture retention and biological
activity.

Crop Diversification and Cereal-Legume Rotations

Diversified cropping systems strengthen ecological resilience and improve nutrient cycling.
Long-term studies indicate that cereal-legume rotations can substantially increase soil organic
carbon while maintaining or even enhancing productivity. Legumes also contribute biological
nitrogen fixation, reducing dependence on synthetic fertilizers.

Residue Retention

Crop residues are valuable sources of organic carbon and nutrients. Returning residues to the
soil instead of burning them improves soil organic matter, enhances microbial activity and
reduces erosion.

Cover Crops

Cover crops protect the soil surface, improve water infiltration, suppress weeds and
contribute additional biomass to the soil. Their use can significantly improve soil health over
time.

Agroforestry

The integration of trees with crops and livestock provides multiple environmental and
economic benefits. Trees serve as long-term carbon reservoirs while contributing to
biodiversity conservation, microclimate regulation and income diversification.

Importantly, regenerative agriculture is not solely about environmental benefits.
Improved soil health often results in better water-holding capacity, enhanced nutrient-use
efficiency, greater resilience to climatic stresses and reduced dependence on costly external
inputs. By improving soil health and enhancing ecosystem functions, these practices create a
pathway through which environmental stewardship can be transformed into economic
opportunity for farmers. The interconnected relationship among regenerative agriculture, soil
health, carbon sequestration and farmer prosperity is illustrated in Figure 1.
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Farmers may not be rewarded only for producing food
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Figure 1. From Soil Health to Carbon Wealth: Conceptual pathway showing how regenerative
agricultural practices benefits farmers (The figure is an original conceptual illustration
prepared by the authors to synthesize information from the reviewed literature)

Carbon Markets: A New Income Opportunity for Farmers

The growing recognition of agriculture's role in climate mitigation has given rise to an
emerging concept known as carbon farming. Carbon farming refers to agricultural practices
designed to capture atmospheric carbon dioxide, store it in soils and vegetation, and reduce
greenhouse gas emissions from farming operations. The economic mechanism that supports
carbon farming is the carbon market. A carbon credit generally represents one metric tonne of
carbon dioxide equivalent that has been removed from the atmosphere or prevented from
being emitted. Organizations seeking to offset part of their greenhouse gas emissions can
purchase these credits from verified projects that generate measurable environmental
benefits. In agriculture, carbon credits may be generated through practices such as: Reduced
and zero tillage, Cover cropping, Crop diversification, Residue retention, Agroforestry,
Improved nutrient management. Once the carbon benefits are measured, verified and
certified, the resulting carbon credits may be sold in carbon markets.

Broadly, two categories of carbon markets exist:

Compliance Carbon Markets: These markets operate under regulatory frameworks where
industries are required to reduce or offset a portion of their emissions.

Voluntary Carbon Markets: These markets involve companies, organizations and
individuals who voluntarily purchase carbon credits to achieve sustainability goals or meet
corporate climate commitments.
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For agriculture, the significance of carbon markets extends beyond carbon trading itself. They
represent a fundamental shift in how society values farming. Traditionally, farmers received
compensation only for the crops they produced. Carbon markets create the possibility of
rewarding farmers for the environmental benefits generated on their farms. Pilot initiatives
involving regenerative agriculture and carbon farming have already emerged in several
Indian states.

Ecosystem Services: The Hidden Value of Farms

Agricultural landscapes do much more than produce food, fibre and raw materials. Farms
also generate a wide range of environmental benefits that support both rural and urban
communities. Economists and environmental scientists refer to these benefits as ecosystem
services. Ecosystem services are the direct and indirect contributions of ecosystems to human
well-being. In agriculture, these services often go unnoticed because they are not traditionally
traded in markets. Nevertheless, their value to society is immense. One of the most important
ecosystem services provided by farmers is carbon sequestration. By maintaining vegetation
and improving soil organic matter, farmers help remove carbon dioxide from the atmosphere
and store it in plants and soils.

Agricultural lands also contribute to water conservation. Healthy soils with higher
organic matter content improve water infiltration, reduce runoff and enhance groundwater
recharge. Such functions become increasingly important as climate change intensifies water
scarcity in many regions. Biodiversity conservation is another significant ecosystem service.
Diverse farming systems, agroforestry practices and the preservation of natural habitats
support pollinators, beneficial insects, birds and soil organisms that are essential for
sustainable agriculture. In addition, agricultural ecosystems contribute to nutrient cycling,
erosion control and climate regulation. These services benefit society as a whole, yet farmers
rarely receive direct compensation for providing them.

Opportunities for Indian Farmers

The emergence of carbon markets and ecosystem service payments presents several
opportunities for Indian agriculture.

Additional Income Sources: For many smallholder farmers, agricultural income remains
uncertain due to fluctuating prices and weather-related risks. Carbon credits have the
potential to create an additional income stream that complements traditional crop production.
Although carbon revenues alone may not replace farm income, they can provide valuable
supplementary earnings.

Improved Soil Health: Practices that increase soil carbon often improve soil fertility
simultaneously. Enhanced soil organic matter improves nutrient availability, water retention
and soil structure, contributing to higher long-term productivity.

Reduced Input Costs: Regenerative agricultural practices can reduce dependence on
external inputs such as synthetic fertilizers and intensive tillage operations. Lower input costs
can improve farm profitability while reducing environmental impacts.

Greater Climate Resilience: Healthy soils act like natural sponges, absorbing and retaining
more water during rainfall events and supplying moisture during dry periods. Farms with
higher soil organic matter are often better equipped to withstand droughts and climatic
stresses.

Access to Emerging Green Markets: Consumers and businesses are increasingly
demanding environmentally sustainable products. Farmers adopting regenerative practices
may gain access to premium markets and sustainability-linked value chains in the future.

Challenges and Concerns
Despite the promising opportunities, several challenges must be addressed before carbon
markets can benefit large numbers of Indian farmers.

AGRIMACGAZINE ISSN: 3048-8656 Page 119




Durga et al. (2026) Agri Magazine, 03(06): 116-121 (JUNE, 2026)

Measurement and Verification

Accurately measuring changes in soil carbon is scientifically complex and often expensive.
Carbon projects require monitoring, reporting and verification procedures to ensure that
environmental benefits are genuine and measurable.

Small and Fragmented Landholdings

Most Indian farmers cultivate relatively small landholdings. Individually, many farms may
generate only modest quantities of carbon credits, making participation economically
challenging.

High Transaction Costs

Project registration, verification and certification can involve significant administrative
expenses. Without institutional support, these costs may discourage participation by
smallholders.

Limited Awareness

Many farmers remain unfamiliar with carbon markets, ecosystem services and carbon
farming practices. Lack of information can hinder adoption and participation.

Policy and Market Uncertainty

Carbon markets continue to evolve. Changes in regulations, carbon prices and market
demand may influence future income opportunities.

Equity Concerns

There is also a need to ensure that benefits are distributed fairly and that small and marginal
farmers are not excluded from emerging opportunities due to resource or information
constraints.

Recognizing these challenges is essential because successful carbon farming programmes
must be both environmentally effective and socially inclusive.

The Way Forward: Building an Inclusive Carbon Economy

For carbon markets and ecosystem service payments to benefit Indian agriculture,
coordinated efforts will be required from governments, research institutions, private
organizations and farming communities.

Strengthening Farmer Producer Organizations (FPOs)

Farmer Producer Organizations can play a transformative role by aggregating large numbers
of smallholders into a single carbon project. Aggregation reduces transaction costs and
improves access to carbon markets.

Promoting Digital MRV Systems

Monitoring, Reporting and Verification (MRV) is a critical component of carbon projects.
Emerging technologies such as satellite imagery, remote sensing, mobile applications,
artificial intelligence and geospatial tools can reduce monitoring costs and improve
transparency.

Expanding Research and Demonstration Projects

Agricultural universities, Krishi Vigyan Kendras (KVKSs) and research institutions should
establish demonstration projects that showcase the practical benefits of regenerative
agriculture and carbon farming under local conditions.

Supportive Policy Frameworks

Governments can encourage participation through awareness programmes, capacity building
initiatives and incentives for sustainable land management practices. Policy support will be
particularly important during the early stages of market development.

Capacity Building and Farmer Education

Long-term success depends on informed participation. Farmers need access to reliable
information regarding carbon markets, ecosystem services, sustainable farming practices and
project requirements.

Investments in training and extension services can help bridge knowledge gaps and ensure
that opportunities are accessible to all categories of farmers.
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Message to Farmers

Healthy soils are more than a foundation for crop production and they are valuable natural
assets that support the future of farming. Every practice that improves soil organic matter,
conserves water and enhances biodiversity contributes to both farm productivity and
environmental sustainability. Farmers who begin adopting regenerative practices today may
be better positioned to benefit from tomorrow's carbon economy. Even small improvements
in soil health can generate long-term benefits for productivity, resilience and profitability.

Conclusion

Agriculture is entering a new era in which farmers may be valued not only for producing food
but also for protecting and restoring natural resources. Regenerative agriculture, carbon
markets and ecosystem service payments are creating opportunities to align environmental
stewardship with economic incentives. For India, where millions of smallholder farmers
depend on agriculture for their livelihoods, these developments offer a promising pathway
towards sustainable and climate-resilient agriculture. Healthy soils, diverse farming systems
and efficient resource management can simultaneously improve productivity, strengthen
resilience and contribute to climate change mitigation.
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