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oil is one of the most valuable natural resources supporting agricultural production, 

environmental stability and human survival. Healthy soils provide essential nutrients to 

plants, regulate water movement, support biodiversity and contribute to the global carbon 

cycle. However, intensive agricultural practices, excessive fertilizer application, improper 

irrigation and continuous soil disturbance have increased greenhouse gas emissions from 

agricultural soils. These emissions contribute to climate change and create challenges for 

sustainable food production. Agricultural soils are both a source and a sink of greenhouse 

gases. They release carbon dioxide (CO₂), nitrous oxide (N₂O) and, under certain conditions, 

methane (CH₄). Therefore, maintaining soil health and adopting sustainable agricultural 

practices are essential for reducing emissions while ensuring long-term agricultural 

productivity. 

Agricultural Soils and Greenhouse Gas Emissions 

Agricultural soils contribute to greenhouse gas emissions through several biological and 

management related processes. Carbon dioxide is released during the decomposition of 

organic matter and soil respiration. Continuous cultivation, excessive soil disturbance and the 

removal or burning of crop residues can accelerate soil organic carbon losses. 

 

Nitrous oxide is particularly important because agricultural soils are a major source of this 

powerful greenhouse gas. It is primarily produced through microbial processes such as 

nitrification and denitrification. Excessive application of nitrogen fertilizers, poor fertilizer 
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timing, waterlogging and improper irrigation can increase nitrous oxide emissions. The 

application of nitrogen beyond crop requirements not only increases production costs but also 

contributes to environmental pollution. Methane emissions from agricultural soils are 

generally associated with oxygen-deficient conditions, particularly in flooded rice fields. 

Under these conditions, microorganisms decompose organic materials and produce methane. 

Thus, agricultural management practices influence the quantity and type of greenhouse gases 

released from soils. 

Role of Sustainable Agriculture in Reducing Emissions 
Sustainable agriculture offers practical approaches to improve soil health, reduce greenhouse 

gas emissions and maintain crop productivity. Its success depends on the efficient use of 

natural resources and the adoption of environmentally responsible farming practices. 

1. Integrated Nutrient Management (INM): Integrated nutrient management involves the 

balanced use of inorganic fertilizers, organic manures and biofertilizers to meet crop nutrient 

requirements. The application of farmyard manure, vermicompost and suitable microbial 

inoculants improves soil organic matter, nutrient availability and microbial activity. Proper 

nutrient management also reduces unnecessary nitrogen application and minimizes the risk of 

nitrous oxide emissions. Fertilizers should be applied according to soil test results, crop 

requirements and appropriate timing. Practices such as split nitrogen application and the use 

of suitable fertilizer placement methods can improve nutrient-use efficiency and reduce 

nutrient losses. 

2. Conservation Agriculture and Minimum Tillage: Conservation agriculture includes 

minimum soil disturbance, permanent soil cover and diversified cropping systems. Reduced 

tillage helps protect soil structure, decrease erosion and improve the retention of soil organic 

carbon in many farming systems. Crop residues left on the soil surface provide protection 

against erosion, conserve moisture and support soil organisms. However, residue 

management should be adapted to local conditions because excessive incorporation of fresh 

organic materials into wet soils may increase greenhouse gas emissions. 

3. Efficient Irrigation and Water Management: Improper irrigation can create conditions 

that favour greenhouse gas emissions, particularly in rice cultivation. Efficient irrigation 

methods, proper drainage and improved water scheduling help maintain favourable soil 

conditions and reduce unnecessary water use. Alternate wetting and drying in suitable rice-

growing systems can reduce methane emissions compared with continuous flooding. 

However, its effectiveness depends on soil characteristics, water availability and local 

climatic conditions. Excessive drying should be avoided because it may affect crop growth 

and can sometimes increase nitrous oxide emissions. 

4. Crop Rotation, Cover Crops and Organic Matter Management: Crop rotation and 

cover cropping improve soil fertility, increase biological diversity and protect soil from 

erosion. Leguminous crops can contribute biological nitrogen fixation, reducing the need for 

excessive nitrogen fertilizer application. The addition of organic materials, including crop 

residues and compost, can improve soil organic carbon and support beneficial 

microorganisms. Nevertheless, organic matter management should be carefully planned 

because decomposition may release carbon dioxide, methane or nitrous oxide depending on 

soil moisture, temperature and management practices. 

5. Agroforestry and Carbon Sequestration: Agroforestry integrates trees with agricultural 

crops or livestock systems. Trees absorb atmospheric carbon dioxide through photosynthesis 

and store carbon in their biomass and, in many cases, in the soil. Their roots also improve soil 

structure, reduce erosion and contribute organic matter. Agroforestry can provide additional 

benefits such as shade, biodiversity conservation, improved microclimate and diversified 

farm income. However, suitable tree species and planting arrangements are essential to 

minimize competition with crops for water, nutrients and sunlight. 
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Challenges and Future Prospects 
Although sustainable agriculture provides 

several opportunities for greenhouse gas 

mitigation, its implementation faces important 

challenges. Small and marginal farmers may 

lack access to improved technologies, quality 

organic inputs, irrigation facilities and 

technical knowledge. The benefits of soil 

carbon sequestration also depend on climate, 

soil type, management history and the duration 

of agricultural practices. Furthermore, 

reducing emissions should not compromise 

crop productivity or farmers' livelihoods. 

Sustainable soil management requires a 

balanced approach that considers greenhouse gas emissions, soil fertility, water conservation, 

economic feasibility and long-term agricultural resilience. In India, integrated nutrient 

management, conservation agriculture, crop diversification, residue management and 

improved irrigation practices can play an important role in promoting climate-smart 

agriculture. Research, farmer training, soil testing facilities and appropriate government 

support are necessary to encourage their adoption. 

Conclusion 
Healthy soils are fundamental to sustainable agriculture and climate change mitigation. 

Unsustainable agricultural practices can increase greenhouse gas emissions, accelerate soil 

degradation and reduce the long-term productive capacity of agricultural land. In contrast, 

integrated nutrient management, conservation agriculture, efficient irrigation, crop rotation, 

organic matter management and agroforestry can improve soil health while reducing 

emission risks.  


