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Abstract 
Agricultural soils represent one of the largest terrestrial carbon reservoirs, containing 
approximately 1,500 Gt of organic carbon globally. Enhancing soil organic carbon 
(SOC) storage through strategic management practices offers significant potential for 
climate change mitigation while simultaneously improving soil health and agricultural 
productivity. This comprehensive review examines various strategies for increasing 
carbon storage in agricultural soils, including cover cropping, reduced tillage, organic 
amendments, agroforestry, and crop rotation systems. Through systematic analysis of 
current research and field trials, we evaluated the effectiveness of different carbon 
sequestration approaches across diverse agricultural systems. Results indicate that 
integrated management strategies combining multiple practices can achieve SOC 
increases of 0.2-0.8 Mg C ha⁻¹ year⁻¹, with conservation tillage and cover cropping 
showing the most consistent benefits across different climatic conditions. The 
implementation of these strategies requires careful consideration of local soil 
conditions, climate, and economic factors. Our findings suggest that widespread 
adoption of carbon-enhancing agricultural practices could contribute significantly to 
global climate mitigation goals while providing co-benefits for sustainable agriculture. 
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1. Introduction 

Climate change represents one of the most pressing environmental challenges of the 21st century, with atmospheric carbon 

dioxide concentrations reaching unprecedented levels of over 420 ppm in recent years¹. Agricultural soils, which cover 

approximately 38% of the global land surface, play a crucial role in the global carbon cycle and offer significant potential for 

carbon sequestration². The depletion of soil organic carbon (SOC) due to intensive agricultural practices has contributed an 

estimated 78 Gt of carbon to the atmosphere since the beginning of agriculture³. 

Soil organic carbon storage is fundamental to soil health, affecting water retention, nutrient cycling, soil structure, and biological 

activity⁴. The "4 per 1000" initiative, launched at COP21, highlighted the potential for agricultural soils to sequester carbon at 

rates that could significantly contribute to climate change mitigation⁵. However, achieving this goal requires comprehensive 

understanding and implementation of effective carbon sequestration strategies. 

The process of carbon sequestration in agricultural soils involves the conversion of atmospheric CO₂ into stable organic matter 

through photosynthesis and subsequent incorporation into soil through various pathways⁶. Factors affecting SOC storage include 

climate, soil type, vegetation, and management practices⁷. Understanding these interactions is essential for developing effective 

strategies that maximize carbon storage while maintaining agricultural productivity. 

This review synthesizes current knowledge on strategies for increasing carbon storage in agricultural soils, examining the 

scientific evidence for different approaches and their potential for widespread implementation. We focus on practical 

management strategies that can be adopted by farmers while providing economic and environmental benefits. 
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2. Materials and Methods 

2.1 Literature Review Methodology 

A comprehensive literature review was conducted using peer-

reviewed articles published between 2015-2024 from major 

databases including Web of Science, Scopus, and PubMed. 

Search terms included combinations of "soil organic carbon," 

"carbon sequestration," "agricultural soils," "conservation 

agriculture," and "climate change mitigation." A total of 156 

relevant studies were initially identified, with 89 studies 

meeting the inclusion criteria for detailed analysis. 

 

2.2 Data Analysis Framework 

Studies were categorized based on management practices, 

geographical location, soil type, and climate conditions. 

Carbon sequestration rates were standardized to Mg C ha⁻¹ 

year⁻¹ for comparative analysis. Meta-analysis techniques 

were employed to assess the overall effectiveness of different 

strategies across multiple studies⁸. 

 

2.3 Assessment Criteria 

The effectiveness of carbon storage strategies was evaluated 

based on: 

 Quantitative carbon sequestration rates 

 Temporal stability of carbon storage 

 Economic feasibility for farmers 

 Environmental co-benefits 

 Scalability and regional applicability 

 

3. Results 

3.1 Conservation Tillage Systems 

Conservation tillage practices, including no-till and reduced 

tillage, consistently demonstrated positive effects on soil 

carbon storage across diverse agricultural systems. Meta-

analysis of 34 studies revealed average carbon sequestration 

rates of 0.35 ± 0.12 Mg C ha⁻¹ year⁻¹ under no-till systems 

compared to conventional tillage⁹. 

 
Table 1: Carbon Sequestration Rates by Tillage System 

 

Tillage System Carbon Sequestration Rate (Mg C ha⁻¹ year⁻¹) Number of Studies Climate Zone 

No-till 0.35 ± 0.12 34 Temperate 

Reduced tillage 0.22 ± 0.08 28 Temperate 

Conventional tillage -0.05 ± 0.15 31 Temperate 

No-till (tropical) 0.28 ± 0.18 12 Tropical 

 

The benefits of conservation tillage are attributed to reduced 

soil disturbance, enhanced aggregation, and improved 

residue retention¹⁰. Long-term studies indicate that carbon 

accumulation continues for 15-20 years before reaching a 

new equilibrium¹¹. 

 

3.2 Cover Cropping Systems 

Cover crops emerged as one of the most effective strategies 

for increasing soil carbon storage, with average sequestration 

rates of 0.32 ± 0.14 Mg C ha⁻¹ year⁻¹ across 42 studies¹². The 

effectiveness varied significantly by cover crop species, with 

leguminous covers showing higher carbon input potential due 

to biological nitrogen fixation¹³. 

 
Table 2: Cover Crop Performance on Carbon Sequestration 

 

Cover Crop Type Carbon Input (Mg C ha⁻¹ year⁻¹) Root:Shoot Ratio N Fixation (kg ha⁻¹) 

Winter rye 0.28 ± 0.09 0.8 0 

Crimson clover 0.41 ± 0.12 1.2 85-120 

Radish 0.31 ± 0.11 1.5 0 

Mix (grass+legume) 0.45 ± 0.15 1.1 45-75 

 

3.3 Organic Amendments 

Application of organic amendments including compost, 

manure, and biochar showed variable but generally positive 

effects on soil carbon storage. Compost applications resulted 

in average carbon increases of 0.42 ± 0.18 Mg C ha⁻¹ year⁻¹, 

while biochar applications achieved 0.31 ± 0.22 Mg C ha⁻¹ 

year⁻¹¹⁴. 

 

3.4 Crop Rotation and Diversification 

Diverse crop rotations incorporating perennial crops and 

deep-rooted species demonstrated superior carbon 

sequestration compared to continuous annual cropping 

systems. Four-year rotations with perennial forages showed 

carbon accumulation rates of 0.38 ± 0.16 Mg C ha⁻¹ year⁻¹¹⁵. 

 

3.5 Agroforestry Systems 

Integration of trees into agricultural landscapes through 

agroforestry practices resulted in substantial carbon storage 

benefits, with sequestration rates ranging from 0.5-2.2 Mg C 

ha⁻¹ year⁻¹ depending on tree species and system design¹⁶. 

 

 

4. Discussion 

4.1 Mechanism of Carbon Sequestration 

The mechanisms underlying carbon sequestration in 

agricultural soils are complex and involve multiple pathways. 

Photosynthetic carbon fixation provides the primary input 

through above- and below-ground plant biomass¹⁷. Root 

exudates and microbial biomass contribute significantly to 

stable carbon pools through biochemical and physical 

protection mechanisms¹⁸. 

Physical protection occurs through aggregation, where 

organic matter becomes occluded within soil aggregates, 

protecting it from microbial decomposition¹⁹. Chemical 

protection involves the formation of organo-mineral 

complexes, particularly with clay particles and metal 

oxides²⁰. Biochemical protection results from the formation 

of recalcitrant organic compounds that resist 

decomposition²¹. 

 

4.2 Factors Affecting Carbon Storage Efficiency 

Climate significantly influences carbon sequestration 

potential, with temperature and precipitation patterns 

affecting both carbon input and decomposition rates²². Soil 



Journal of Soil Future Research www.soilfuturejournal.com  

 
    8 | P a g e  

 

texture plays a crucial role, with clay-rich soils generally 

showing greater carbon storage potential due to enhanced 

physical and chemical protection mechanisms²³. 

Management history affects the response to carbon-

enhancing practices, with severely degraded soils often 

showing greater potential for improvement than soils already 

high in organic matter²⁴. The duration of practice 

implementation is critical, as carbon accumulation typically 

follows a logarithmic pattern with greatest gains in the first 

10-15 years²⁵. 

 

4.3 Economic Considerations 

The economic viability of carbon sequestration strategies 

varies significantly by region and farming system. 

Conservation tillage can reduce fuel and labor costs by 20-

40% while maintaining yields, providing immediate 

economic benefits²⁶. Cover crops may require additional 

investment but provide benefits through improved soil health 

and reduced fertilizer requirements²⁷. 

Carbon credit markets offer potential additional income 

streams for farmers implementing carbon-enhancing 

practices, though market volatility and verification costs 

remain challenges²⁸. Government incentive programs have 

proven effective in promoting adoption of conservation 

practices²⁹. 

 

4.4 Challenges and Limitations 

Several challenges limit the widespread adoption of carbon 

sequestration practices. Knowledge gaps exist regarding 

optimal management strategies for specific regional 

conditions³⁰. The heterogeneity of agricultural systems 

complicates the development of standardized approaches. 

Measurement and verification of carbon storage remains 

technically challenging and expensive, limiting participation 

in carbon markets. The temporary nature of some carbon 

storage raises questions about permanence and additionality 

in climate mitigation accounting. 

 

4.5 Synergies with Sustainable Agriculture 

Carbon-enhancing practices often provide multiple co-

benefits including improved water infiltration, reduced 

erosion, enhanced biodiversity, and increased resilience to 

climate extremes. These synergies support the integration of 

carbon sequestration goals with broader sustainable 

agriculture objectives. 

 

5. Conclusion 

Increasing carbon storage in agricultural soils represents a 

significant opportunity for climate change mitigation while 

simultaneously improving agricultural sustainability. Our 

analysis demonstrates that multiple management strategies 

can effectively enhance soil organic carbon storage, with 

conservation tillage, cover cropping, and organic 

amendments showing the most consistent benefits across 

diverse conditions. 

The most effective approach involves integrating multiple 

practices tailored to specific regional and farm conditions. 

Conservation tillage combined with cover cropping and 

diverse rotations can achieve carbon sequestration rates of 

0.4-0.8 Mg C ha⁻¹ year⁻¹, contributing meaningfully to global 

climate goals while providing economic and environmental 

benefits to farmers. 

Successful implementation requires supportive policies, 

technical assistance, and economic incentives to overcome 

adoption barriers. Continued research is needed to optimize 

practices for different agricultural systems and to develop 

robust measurement and verification protocols for carbon 

markets. 

The potential for agricultural soils to contribute to climate 

change mitigation is substantial, but realizing this potential 

requires coordinated efforts among farmers, researchers, 

policymakers, and other stakeholders. With appropriate 

support and incentives, carbon-enhancing agricultural 

practices can play a crucial role in achieving global climate 

objectives while building more resilient and sustainable food 

systems. 
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