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Abstract 
Carbon sequestration in agricultural systems represents a critical strategy for 
mitigating climate change while enhancing agricultural productivity and 
sustainability. This comprehensive review examines the mechanisms, practices, and 
potential of agricultural carbon sequestration across different farming systems 
worldwide. Agricultural soils contain approximately 1,500 billion tons of carbon, 
making them the third-largest carbon pool after oceans and fossil fuel deposits. 
Through systematic analysis of current research and field studies, this paper evaluates 
various carbon sequestration practices including cover cropping, conservation tillage, 
agroforestry, rotational grazing, and organic amendments. The results indicate that 
agricultural carbon sequestration can potentially offset 5-15% of global greenhouse 
gas emissions while improving soil health, water retention, and crop yields. 
Conservation tillage systems show sequestration rates of 0.2-0.8 Mg C ha⁻¹ year⁻¹, 
while agroforestry systems can sequester 0.5-3.2 Mg C ha⁻¹ year⁻¹. However, 
implementation faces challenges including economic barriers, technical knowledge 
gaps, and measurement complexities. Policy frameworks supporting carbon markets 
and incentive programs are essential for widespread adoption. This review concludes 
that agricultural carbon sequestration offers significant potential for climate change 
mitigation, requiring integrated approaches combining scientific research, policy 
support, and farmer engagement to achieve global climate goals. 
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1. Introduction 

Climate change represents one of the most pressing challenges of the 21st century, with atmospheric carbon dioxide (CO₂) 

concentrations reaching unprecedented levels of over 420 parts per million in 2023. The agricultural sector, while being both a 

contributor to and victim of climate change, offers substantial opportunities for carbon sequestration through improved land 

management practices. Agricultural soils represent the largest terrestrial carbon pool, containing approximately three times more 

carbon than the atmosphere and four times more than vegetation biomass. 

Carbon sequestration in agriculture refers to the process of capturing atmospheric CO₂ and storing it in soil organic matter, plant 

biomass, and agricultural systems for extended periods. This process occurs naturally through photosynthesis, where plants 

capture atmospheric CO₂ and convert it into organic compounds, which are subsequently incorporated into soil organic matter 

through root exudates, plant residues, and microbial processes. 

The potential for agricultural carbon sequestration is enormous, with estimates suggesting that improved agricultural practices 

could sequester 1.5-4.3 billion tons of CO₂ equivalent annually. This represents approximately 10-30% of current global 

greenhouse gas emissions, making agriculture a critical component of climate change mitigation strategies. Furthermore, carbon 

sequestration practices often provide co-benefits including improved soil health, enhanced water retention, increased 

biodiversity, and improved crop productivity. 
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The mechanisms of carbon sequestration in agricultural 

systems are complex and multifaceted. Soil organic carbon 

(SOC) accumulation depends on the balance between carbon 

inputs from plant residues, root exudates, and organic 

amendments, and carbon outputs through decomposition, 

erosion, and harvesting. Factors influencing this balance 

include climate conditions, soil properties, vegetation type, 

and management practices. 

Recent advances in soil science and agricultural technology 

have identified numerous practices that can enhance carbon 

sequestration while maintaining or improving agricultural 

productivity. These practices include conservation tillage, 

cover cropping, crop rotation, agroforestry, integrated pest 

management, and precision agriculture. However, the 

implementation of these practices requires understanding of 

local conditions, economic considerations, and farmer 

acceptance. 

This comprehensive review aims to examine the current state 

of knowledge regarding carbon sequestration in agricultural 

systems, evaluate the effectiveness of different sequestration 

practices, assess the challenges and opportunities for 

implementation, and provide recommendations for future 

research and policy development. The analysis draws upon 

recent scientific literature, field studies, and practical 

experiences from various agricultural regions worldwide. 

 

2. Materials and Methods 

2.1. Literature Review Methodology 

This comprehensive review was conducted through 

systematic analysis of peer-reviewed scientific literature 

published between 2015 and 2024. Electronic databases 

including Web of Science, PubMed, Scopus, and Google 

Scholar were searched using keywords related to carbon 

sequestration, agricultural practices, soil organic carbon, and 

climate change mitigation. The search strategy included 

Boolean operators and combinations of terms such as "carbon 

sequestration AND agriculture," "soil organic carbon AND 

farming practices," and "agricultural carbon storage." 

 

2.2. Data Collection and Analysis 

Data were collected from 150+ peer-reviewed articles, 

government reports, and international organization 

publications. Studies were selected based on relevance, 

methodological rigor, and geographic representation. 

Preference was given to long-term field studies, meta-

analyses, and research with quantitative carbon 

measurements. Data extraction focused on carbon 

sequestration rates, implementation costs, co-benefits, and 

barriers to adoption. 

 

2.3. Measurement Techniques 

Carbon sequestration measurements in the reviewed studies 

employed various techniques including: 

 Soil organic carbon analysis using dry combustion 

methods 

 Eddy covariance towers for ecosystem-scale carbon flux 

measurements 

 Remote sensing applications for large-scale monitoring 

 Modeling approaches using CENTURY, RothC, and 

DNDC models 
 Isotopic analysis for tracing carbon sources and dynamics 

 

2.4 Geographic Scope 

The review encompasses studies from major agricultural 

regions including North America, Europe, Asia, Africa, 

Australia, and South America. This geographic diversity 

ensures representation of different climatic conditions, soil 

types, and agricultural systems. 

 

3. Results 

3.1. Carbon Sequestration Mechanisms 

Agricultural carbon sequestration occurs through multiple 

interconnected mechanisms. Primary pathways include: 

Soil Organic Carbon (SOC) Accumulation: The most 

significant mechanism involves the accumulation of organic 

carbon in soil through plant residues, root biomass, and 

microbial biomass. SOC can be stored in different fractions 

including particulate organic matter, mineral-associated 

organic matter, and recalcitrant compounds. 

Biomass Carbon Storage: Above-ground and below-ground 

plant biomass represents another important carbon pool, 

particularly in perennial systems such as agroforestry and 

grasslands. Trees in agricultural systems can store substantial 

amounts of carbon in wood, leaves, and root systems. 

Aggregate Formation: Soil aggregation protects organic 

matter from decomposition by creating physical barriers 

between organic substrates and decomposer organisms. 

Well-aggregated soils show higher carbon storage capacity 

and stability. 

 

3.2. Carbon Sequestration Practices and Their Effectiveness 

3.2.1. Conservation Tillage 

Conservation tillage practices, including no-till and reduced 

tillage, have demonstrated significant potential for carbon 

sequestration. Studies indicate that no-till systems can 

increase SOC by 0.2-0.8 Mg C ha⁻¹ year⁻¹ compared to 

conventional tillage. The mechanism involves reduced soil 

disturbance, which minimizes carbon loss through oxidation 

and erosion while promoting organic matter accumulation at 

the soil surface. 

 

3.2.2. Cover Cropping 

Cover crops planted between main crop seasons contribute to 

carbon sequestration through continuous soil cover, 

additional biomass production, and improved soil structure. 

Research shows that cover crops can increase SOC by 0.1-

0.5 Mg C ha⁻¹ year⁻¹. Leguminous cover crops provide 

additional benefits through nitrogen fixation, reducing the 

need for synthetic fertilizers. 

 

3.2.3. Agroforestry Systems 

Agroforestry, the integration of trees with agricultural crops 

or livestock, shows the highest carbon sequestration potential 

among agricultural practices. Studies report sequestration 

rates of 0.5-3.2 Mg C ha⁻¹ year⁻¹, with variations depending 

on tree species, spacing, and management intensity. The 

carbon is stored in both tree biomass and enhanced soil 

organic matter. 

 

3.2.4. Rotational Grazing 

Properly managed rotational grazing systems can enhance 

carbon sequestration in grasslands through improved root 

biomass production, reduced soil compaction, and optimized 

plant-soil interactions. Sequestration rates range from 0.1-1.0 

Mg C ha⁻¹ year⁻¹, with higher rates in well-managed systems. 

 

3.2.5. Organic Amendments 

Application of organic amendments including compost, 
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manure, and biochar can significantly enhance soil carbon 

storage. Biochar application shows particularly promising 

results, with sequestration potential of 1-3 Mg C ha⁻¹ year⁻¹ 

due to its recalcitrant nature and long residence time in soil. 

 

3.3. Regional Variations and Climate Factors 

Carbon sequestration potential varies significantly across 

different climatic regions and soil types. Temperate regions 

generally show higher sequestration rates than tropical 

regions due to slower decomposition rates. Arid and semi-

arid regions have lower baseline carbon levels but may show 

rapid responses to improved management practices. 

 

3.4. Economic Analysis 

Economic analysis reveals that carbon sequestration practices 

often provide positive returns through improved productivity, 

reduced input costs, and potential carbon credit revenues. 

However, initial implementation costs and transition periods 

can present barriers for farmer adoption. 

 

4. Discussion 

4.1. Mechanisms and Processes 

The review reveals that agricultural carbon sequestration 

involves complex interactions between plant productivity, 

soil processes, microbial activity, and management practices. 

Understanding these mechanisms is crucial for optimizing 

sequestration strategies and predicting long-term carbon 

storage potential. 

Soil organic carbon accumulation follows predictable 

patterns, typically showing rapid initial increases followed by 

gradual approach to new equilibrium levels. This pattern 

suggests that early adoption of sequestration practices 

provides the greatest benefits, emphasizing the importance of 

immediate action. 

The role of soil aggregation in carbon protection has emerged 

as a critical factor. Practices that promote aggregate 

formation, such as cover cropping and reduced tillage, show 

enhanced carbon storage stability. This finding has important 

implications for selecting management strategies that provide 

long-term carbon storage rather than short-term 

accumulation. 

 

4.2. Practice Effectiveness and Implementation 

The effectiveness of different sequestration practices varies 

considerably based on local conditions, implementation 

quality, and time scales. Agroforestry systems consistently 

show the highest sequestration potential but require 

significant land use changes and long-term commitments. 

Conservation tillage and cover cropping offer more 

accessible entry points for many farmers while providing 

substantial sequestration benefits. 

Combination of practices often produces synergistic effects, 

with integrated systems showing higher sequestration rates 

than individual practices. This finding suggests that holistic 

farm management approaches are more effective than single-

practice implementations. 

 

4.3. Barriers and Challenges 

Several barriers limit the widespread adoption of carbon 

sequestration practices: 

Economic Barriers: Initial costs, reduced short-term yields 

during transition periods, and uncertain carbon market prices 

create economic challenges for farmers. Policy support 

through subsidies, cost-sharing programs, and guaranteed 

carbon prices can help overcome these barriers. 

Technical Knowledge: Many farmers lack technical 

knowledge about implementing and managing carbon 

sequestration practices. Extension services, training 

programs, and demonstration projects are essential for 

knowledge transfer. 

Measurement and Verification: Accurate measurement of 

carbon sequestration requires specialized equipment and 

expertise, creating challenges for carbon market 

participation. Development of cost-effective measurement 

protocols and remote sensing technologies could address this 

barrier. 
Market Infrastructure: Limited carbon market infrastructure 
and transaction costs restrict farmer participation in carbon 

trading. Development of aggregation mechanisms and 

simplified trading platforms could improve market access. 

 

4.4. Co-benefits and Trade-offs 

Carbon sequestration practices often provide significant co-

benefits including improved soil health, enhanced water 

retention, increased biodiversity, reduced erosion, and 

improved crop resilience. These co-benefits can justify 

practice adoption even without carbon market incentives. 

However, some trade-offs exist, particularly in the short term. 

Yield reductions during transition periods, increased 

management complexity, and potential pest management 

challenges require careful consideration and adaptive 

management approaches. 

 

4.5. Policy Implications 

Successful implementation of agricultural carbon 

sequestration requires supportive policy frameworks 

addressing multiple scales from local to international levels. 

Key policy recommendations include: 

Carbon Pricing: Implementation of carbon pricing 

mechanisms that provide fair compensation for agricultural 

carbon sequestration while ensuring environmental integrity. 

Research Investment: Continued investment in research to 

improve understanding of sequestration mechanisms, 

develop new practices, and refine measurement techniques. 

Technical Support: Expansion of extension services and 

technical assistance programs to support farmer adoption of 

sequestration practices. 

Market Development: Support for carbon market 

development including standardization of measurement 

protocols, reduction of transaction costs, and aggregation 

mechanisms for small farmers. 

 

4.6. Future Research Directions 

Several research areas require continued attention: 

Long-term Stability: Understanding the long-term stability 

of sequestered carbon and factors affecting permanence. 

Scalability: Investigating the potential for scaling up 

successful practices to landscape and regional levels. 

Technology Integration: Developing and testing new 

technologies for monitoring, measuring, and managing 

carbon sequestration. 

Social Dimensions: Understanding farmer decision-making 

processes and developing effective incentive structures for 

practice adoption. 

 



Journal of Agriculture Digitalization and Research www.agridigitaljournal.com  

 
    15 | P a g e  

 

Table 1: Carbon Sequestration Rates by Practice Type 
 

Practice Sequestration Rate (Mg C ha⁻¹ year⁻¹) Implementation Cost (USD ha⁻¹) Time to Equilibrium (years) 

No-till 0.2 - 0.8 50 - 200 10 - 20 

Cover Crops 0.1 - 0.5 100 - 300 5 - 15 

Agroforestry 0.5 - 3.2 500 - 2000 15 - 30 

Rotational Grazing 0.1 - 1.0 200 - 500 10 - 25 

Biochar Application 1.0 - 3.0 800 - 1500 50 - 100 

Compost Application 0.3 - 1.2 150 - 400 5 - 10 

 
Table 2: Regional Carbon Sequestration Potential 

 

Region Total Agricultural Area (M ha) Sequestration Potential (Mg C year⁻¹) Current Adoption (%) 

North America 180 45 - 135 25 

Europe 110 28 - 84 30 

Asia 550 138 - 414 15 

Africa 230 58 - 174 10 

South America 140 35 - 105 20 

Australia/Oceania 45 11 - 34 22 

 
Table 3: Co-benefits of Carbon Sequestration Practices 

 

Practice Soil Health Water Retention Biodiversity Productivity Economic Return 

Conservation Tillage High High Medium Medium Positive 

Cover Crops High High High Medium Variable 

Agroforestry Very High Very High Very High High Long-term Positive 

Rotational Grazing High Medium High High Positive 

Organic Amendments Very High High Medium High Variable 

 

6. Conclusion 

Agricultural carbon sequestration represents a critical 

strategy for climate change mitigation with significant 

potential to contribute to global emissions reduction goals. 

This comprehensive review demonstrates that various 

agricultural practices can effectively sequester carbon while 

providing multiple co-benefits for agricultural sustainability 

and environmental health. 

Key findings indicate that agroforestry systems offer the 

highest sequestration potential (0.5-3.2 Mg C ha⁻¹ year⁻¹), 

followed by conservation tillage and organic amendment 

applications. However, the most appropriate practices vary 

by region, climate, and farming system, emphasizing the need 

for locally adapted approaches. 

The economic analysis reveals that many carbon 

sequestration practices provide positive returns through 

improved productivity and reduced input costs, even without 

carbon market revenues. However, barriers including initial 

costs, technical knowledge gaps, and market infrastructure 

limitations currently limit widespread adoption. 

Successful implementation requires integrated approaches 

combining: 

 Supportive policy frameworks with appropriate 

incentives 

 Technical assistance and knowledge transfer programs 

 Development of carbon market infrastructure 

 Continued research on optimization and measurement 

 Recognition and compensation for co-benefits 

 

The potential impact is substantial, with agricultural carbon 

sequestration capable of offsetting 5-15% of global 

greenhouse gas emissions while improving agricultural 

sustainability. However, realizing this potential requires 

immediate action, sustained commitment, and coordinated 

efforts across scientific, policy, and farming communities. 

Future research should focus on long-term carbon stability, 

scalability of successful practices, integration of new 

technologies, and understanding social dimensions of 

adoption. Policy development should prioritize carbon 

pricing mechanisms, technical support programs, and market 

infrastructure development. 

Agricultural carbon sequestration offers a win-win 

opportunity for climate change mitigation and agricultural 

improvement, but success depends on overcoming current 

barriers through coordinated action across multiple 

stakeholders and scales. 
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