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arbon farming has arisen as a sustainable agricultural method that promotes climate 

resilience while enhancing farmer livelihoods through carbon sequestration and 

ecological restoration. It comprises a range of land management strategies such as 

agroforestry, cover cropping, no-till farming, composting and biochar application that 

increase soil organic carbon and lower atmospheric carbon dioxide levels. Soils operate as 

huge carbon reservoirs, storing significant quantities of organic carbon generated from plant 

biomass through photosynthesis and breakdown processes. Adoption of regenerative methods 

improves soil fertility, water retention, biodiversity and overall farm productivity while 

lowering greenhouse gas emissions. Carbon farming also provides economic opportunities 

for farmers through participation in carbon credit markets, where verified emission reductions 

and carbon storage are converted into tradable credits. Despite its environmental and 

financial benefits, large-scale adoption faces hurdles including limited knowledge, high 

implementation costs, complex certification procedures and market uncertainty. Advances in 

monitoring technologies, supportive legislation and capacity-building activities are projected 

to accelerate adoption in the future. By connecting environmental sustainability with 

economic incentives, carbon farming represents a possible avenue for climate change 

mitigation, sustainable agriculture and greater rural financial stability. 
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Introduction   
Carbon farming is a set of land management practices like reforestation, afforestation, soil 

enhancement and sustainable agricultural methods to increase the amount of carbon stored in 

soils and vegetation, thereby reducing the amount of carbon dioxide in the atmosphere and 

mitigating climate change. It involves activities such as planting trees, improving soil organic 

matter and altering land use practices to optimize carbon sequestration. (Macintosh and 

Waugh 2012). Soil acts as nature’s essential carbon bank, storing vast amounts of organic 

carbon that regulate the Earth’s climate and sustain ecosystems. Carbon enters the soil 

through plant residues, roots, and leaves, which are incorporated via photosynthesis as plants 

capture atmospheric CO₂. When these materials decompose, part of the carbon is released, 

while the rest becomes stable soil organic carbon, such as humus, which can persist for 

centuries. Soil characteristics like texture, mineral content and management practices 

determine its ability to retain carbon. Clay rich soils, for instance, stabilize organic matter 

effectively. However, human activities such as deforestation, intensive farming and land 
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degradation have reduced soil carbon stocks, increasing CO₂ levels. Adopting sustainable 

practices like cover cropping, minimal tillage and reforestation can rebuild soil carbon 

reserves. Holding about 2,500 gigatons of carbon, soils are key to mitigating climate change 

while enhancing fertility, water retention and ecosystem resilience. 

Farming Practices that Capture Carbon  
1. Cover Cropping: Capturing Atmospheric Carbon 

Cover cropping involves planting specific species such as legumes or grasses during fallow 

or between main crop cycles, providing continuous green cover that photosynthesizes and 

absorbs CO₂. These cover crops contribute organic matter to the soil through root biomass 

and residue, increasing soil organic carbon levels. Their root systems improve soil structure, 

pore space and microbial activity, leading to increased carbon stabilization. Additionally, 

cover crops reduce soil erosion, suppress weeds, promote water infiltration and facilitate 

nutrient cycling all of which help in maintaining and building soil carbon stocks. 

2. Agroforestry: Integrating Trees for Carbon Storage 

Agroforestry systems integrate the strategic planting of trees and shrubs with agricultural 

crops or livestock, creating multifunctional landscapes that sequester significant amounts of 

carbon in woody biomass and soil organic matter. Trees and woody perennials capture 

atmospheric CO₂ above ground in stems, branches and leaves, while their extensive root 

systems enhance below ground carbon storage. These systems also increase biodiversity, 

support nutrient cycling and stabilize soil, making them effective in both short-term and long-

term carbon sequestration. Moreover, agroforestry provides additional benefits such as shade, 

temperature regulation and diversified income sources. 

3. No-Till Farming: Preserving Soil Carbon 

No-till or conservation tillage practices reduce soil disturbance by avoiding or limiting 

ploughing and turning of soil. This approach preserves existing soil organic matter, prevents 

oxidation of stored carbon and maintains soil structure, which promotes microbial activity 

and physical protection of SOC within soil aggregates. By maintaining soil integrity, these 

practices foster higher carbon retention, improve water retention and enhance crop resilience 

to drought and temperature stresses. They also contribute to reducing emissions associated 

with machinery use and soil erosion. 

4. Biochar Application: Long-Term Carbon Sink 

Biochar is a stable form of carbon produced through the pyrolysis of organic biomass under 

limited oxygen conditions. When applied to soils, biochar acts as a durable carbon sink, 

withstanding microbial decomposition for centuries or millennia. Its porous structure also 

enhances soil physical properties, water retention and provides habitats for beneficial 

microbes. Biochar aids nutrient retention, reduces fertilizer runoff and improves soil fertility, 

creating a synergistic effect that bolsters plant growth and further increases carbon 

sequestration while benefiting soil health. 

5. Composting: Recycling Organic Matter 

Composting transforms organic waste materials such as crop residues, manure and green 

waste through aerobic decomposition into humus-rich organic matter. This process adds 

stabilized carbon to the soil and replenishes soil organic matter stocks depleted by farming 

activities. Composting enhances microbial diversity, nutrient availability and water-holding 

capacity, fostering an environment conducive to ongoing soil carbon accumulation. When 

combined with other practices, composting supports a regenerative cycle that continually 

builds soil carbon and enhances farm productivity. 

 Collectively, these practices establish a regenerative agricultural system that captures 

atmospheric CO₂ while enhancing soil fertility, water retention, biodiversity and resilience to 

climate variability (Fig. 1). Large-scale implementation of these integrated approaches can 

substantially contribute to global climate change mitigation, food security and sustainable 

livelihoods for farmers. The transition to climate-smart agriculture emphasizes the need for 

systemic and multidimensional strategies that maximize carbon sequestration while 

maintaining farm productivity and ecosystem health (Yadav et al., 2024).  
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Fig.1: Carbon cycle and sequestration (Spackman and Allison, 2023) 

How Farmers Earn from Carbon Credits 
Farmers earn from carbon credits by participating in mechanisms that measure, verify and 

trade greenhouse gas (GHG) emission reductions or carbon sequestration achieved through 

climate-smart agricultural practices. By adopting methods such as improved manure 

management, optimized fertilizer use, soil carbon sequestration and sustainable livestock 

management, farmers can reduce emissions of methane (CH₄) and nitrous oxide (N₂O). 

Additionally, practices like enhancing soil organic carbon and managing rangelands help 

store more carbon in the soil and vegetation, contributing to measurable carbon gains. These 

reductions or sequestration outcomes are verified by third-party auditors to ensure they are 

real, additional, measurable and permanent. Once 

verified, the results are converted into tradable carbon 

credits, each representing one tonne of CO₂ equivalent 

reduced or stored. Farmers can sell these credits in 

carbon markets or directly to companies and 

governments seeking to offset their emissions (Fig. 2). 

The income generated provides a valuable financial 

incentive, offsetting the costs of sustainable practices 

and offering additional profit. This system aligns 

environmental benefits with economic gains, 

motivating farmers to continue and expand 

sustainable land management, thereby promoting 

long-term climate resilience and contributing to global 

carbon neutrality goals (Atapattu et al., 2025). 

Challenges on the Ground  
The Carbon Farming Initiatives (CFI) call for effective agro-environmental policies that 

encourage farmers to implement sustainable land management practices. Yet, farmer 

participation remains limited due to the complex structure and implementation of these 

schemes, alongside conflicting objectives between policymakers and landowners. Adoption is 

further influenced by various personal, social and environmental factors such as farmer’s 

interests, land characteristics and management abilities. Barriers like inadequate skills, lack 

of awareness and political instability also impede progress. Many farmers have limited access 

to clear information on carbon farming methods, benefits and implications often leading to 

misconceptions about the practice. High input costs, uncertainty about yield impacts and 

concerns over long-term environmental or financial outcomes further discourage adoption. 

Fig.2: Technologies used in carbon 

crediting  (Akshay Kumar, 2024) 
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Additionally, institutional challenges such as the absence of standardized methodologies, 

high administrative expenses, complicated certification procedures and restricted financial 

support add to the difficulty. Market-related issues such as fluctuating carbon prices, unclear 

trading mechanisms and uncertain financial returns also reduce farmer confidence. Some 

farmers find it difficult to sell products from tree-based systems and believe carbon farming 

conflicts with existing agricultural goals. Moreover, perceptions of unfair policy rewards for 

poor past land management further hinder participation, indicating that financial incentives 

alone cannot overcome these deep-rooted barriers (Sharma et al., 2021). 

The Future of Carbon Farming 
The future of carbon farming looks promising, driven by advancements in technology, 

supportive policies and increasing farmer participation. Emerging tools such as remote 

sensing, drones and artificial intelligence are making it easier to measure and monitor soil 

carbon, while innovative practices like biochar application, enhanced rock weathering and 

precision agriculture enhance carbon capture and improve soil health. Strong policy 

frameworks are also being developed globally to reward farmers for reducing emissions and 

increasing soil carbon through standardized measurement, certification and fair pricing 

systems. Public-private partnerships and international collaborations are further promoting 

research, training and funding opportunities to make carbon farming a long-term solution. 

However, the success of these initiatives largely depends on farmer participation which can 

be increased through awareness programs, technical training and financial incentives. 

Simplifying processes with digital tools, upfront payments and local support systems can 

motivate farmers to engage more actively. When both environmental sustainability and 

economic benefits align, carbon farming can become a mainstream practice that supports 

climate resilience and sustainable agriculture. 
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