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| ABSTRACT

Soil carbon sequestration has emerged as a promising strategy for mitigating climate change while enhancing soil health and
agricultural productivity. Soils represent one of the largest terrestrial carbon reservoirs, storing more carbon than the
atmosphere and vegetation combined. Sustainable land management practices can increase soil organic carbon stocks and
contribute to greenhouse gas mitigation.

| KEYWORDS

Soil Carbon, Carbon Sequestration, Climate Change, Soil Health, Sustainable Agriculture, Environmental Sustainability

|ARTICLE INFORMATION

RECEIVED: 06 December 2025 ACCEPTED: 12 January 2026 PUBLISHED: February 2026

Abstract:-

Soil carbon sequestration has emerged as a promising strategy for mitigating climate change while enhancing soil health and
agricultural productivity. Soils represent one of the largest terrestrial carbon reservoirs, storing more carbon than the
atmosphere and vegetation combined. Sustainable land management practices can increase soil organic carbon stocks and
contribute to greenhouse gas mitigation. This review examines the mechanisms of soil carbon sequestration, factors influencing
carbon storage, management practices that promote sequestration, environmental benefits, challenges, and future prospects.
The review highlights the importance of integrating soil carbon management into agricultural and environmental policies to
achieve sustainable development goals and climate resilience.

Introduction:-

Climate change is among the most pressing environmental challenges facing humanity. Increasing atmospheric concentrations
of greenhouse gases have resulted in global warming, altered precipitation patterns, biodiversity loss, and ecosystem
degradation. Carbon dioxide remains the dominant greenhouse gas contributing to climate change. Soils play a critical role in
the global carbon cycle. They serve as both a source and sink of atmospheric carbon. Through appropriate land management
practices, soils can capture and store significant quantities of carbon, thereby reducing greenhouse gas concentrations while
improving soil fertility and ecosystem services. Soil carbon sequestration has gained increasing attention because it
simultaneously addresses climate mitigation, agricultural sustainability, and environmental conservation.
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Global Carbon Cycle and Soil Carbon Dynamics:-
Carbon continuously circulates among the atmosphere, biosphere, hydrosphere, and lithosphere.

Major carbon pools include:-

* Atmosphere

* Oceans

* Vegetation

* Soils

* Fossil fuels

Soils contain approximately twice as much carbon as the atmosphere and significantly more carbon than terrestrial vegetation.

Soil organic carbon originates from:-

* Plant residues

* Root biomass

» Animal residues

* Microbial biomass

Carbon enters soil through photosynthesis and is stabilized through biological, chemical, and physical processes.

Mechanisms of Soil Carbon Sequestration:-

Biological Processes:-

Plants absorb atmospheric carbon dioxide during photosynthesis and convert it into organic matter. Plant residues contribute
carbon to soil after decomposition.

Physical Protection:-
Soil aggregates physically protect organic matter from microbial decomposition, enhancing long-term carbon storage.

Chemical Stabilization:-
Carbon compounds may bind with clay minerals and metal oxides, increasing resistance to decomposition.

Factors Influencing Soil Carbon Storage:-
Several factors affect soil carbon sequestration potential.

Climate:-
Temperature and precipitation influence decomposition rates and organic matter accumulation.

Soil Type:-
Clay-rich soils generally have greater carbon storage capacity than sandy soils.

Vegetation:-
Different plant species contribute varying amounts of biomass and root material.

Land Use:-
Agricultural practices, grazing systems, forestry activities, and urbanization significantly influence carbon dynamics.

Agricultural Practices for Carbon Sequestration:-
Conservation Tillage:-
Reduced soil disturbance minimizes carbon losses and enhances soil organic matter accumulation.

Benefits include:-

* Reduced erosion

* Improved soil structure

« Enhanced water retention

* Increased microbial activity

Cover Cropping:-
Cover crops increase biomass production and improve soil carbon inputs.
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Common cover crops include:-
* Legumes

* Grasses

* Brassicas

Crop Rotation:-
Diverse crop rotations contribute to soil health and increased carbon storage.

Organic Amendments:-
Application of compost, manure, and biochar enhances soil organic carbon content.

Agroforestry and Carbon Sequestration:-
Agroforestry integrates trees with crops and livestock systems.

Benefits include:-

* Increased carbon storage

* Biodiversity conservation

* Improved nutrient cycling

* Enhanced ecosystem resilience

Tree roots contribute significantly to belowground carbon accumulation.

Grassland and Pasture Management:-
Grasslands store substantial amounts of carbon in root systems and soil profiles.

Improved management practices include:-

* Rotational grazing

« Controlled stocking rates

* Restoration of degraded pastures

Proper grazing management can significantly enhance carbon sequestration.

Environmental Benefits of Soil Carbon Sequestration:-
Climate Change Mitigation:-
Increased soil carbon storage reduces atmospheric carbon dioxide concentrations.

Soil Health Improvement:-

Higher soil organic matter improves:-
* Nutrient availability

* Water retention

« Soil structure

* Biological activity

Biodiversity Conservation:-
Healthy soils support diverse microbial and faunal communities essential for ecosystem functioning.

Water Quality Protection:-
Improved soil structure reduces runoff and nutrient losses, protecting water resources.

Challenges and Limitations:-
Despite its benefits, soil carbon sequestration faces several challenges.

Carbon Saturation:-
Soils have finite carbon storage capacities.

Reversibility:-

Stored carbon may be released through:-
* Land-use changes

* Deforestation

* Intensive cultivation

» Wildfires
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Measurement Difficulties:-Accurate assessment of soil carbon stocks requires advanced monitoring techniques.
Economic Constraints:-Adoption of carbon-friendly practices may involve additional costs for farmers.
Emerging Technologies and Innovations:-Technological advancements support soil carbon monitoring and management.

Examples include:-

* Remote sensing

« Geographic Information Systems

* Artificial Intelligence

* Precision agriculture

* Digital soil mapping

These tools improve assessment and decision-making capabilities.

Policy and International Initiatives:-Governments and international organizations increasingly recognize the importance of
soil carbon management.

Key initiatives include:-

« Sustainable Development Goals

« Climate-smart agriculture programs

 Carbon credit mechanisms

* National climate action plans

Effective policies can encourage adoption of sustainable land management practices.

Future Prospects:-

Future research priorities include:-

« Improved carbon monitoring methods

* Long-term field studies

* Development of carbon markets

« Climate-resilient farming systems

* Integration of soil carbon into sustainability frameworks

Collaboration among researchers, policymakers, and farmers will be critical for maximizing sequestration potential.

Conclusion:-

Soil carbon sequestration offers a valuable opportunity to address climate change while enhancing agricultural productivity and
environmental sustainability. Sustainable land management practices such as conservation tillage, cover cropping, agroforestry,
and improved grazing management can significantly increase soil carbon stocks. Although challenges remain regarding
measurement, permanence, and implementation, soil carbon sequestration represents a practical and cost-effective strategy for
climate mitigation and ecosystem restoration. Future policies and research efforts should prioritize soil carbon management as
a key component of sustainable development.
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