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ABSTRACT 

Soil carbon sequestration has been recognized as a significant method for climate change 

mitigation and adaptation. This review investigates the multidimensional impact of soil carbon 

sequestration in boosting soil health, improving agricultural output, and reducing greenhouse 

gas emissions. Human activities, particularly intensive agricultural methods, have resulted to 

significant soil carbon loss, leading to global warming and worsening soil quality. By 

implementing sustainable agricultural techniques such as crop rotation, less tillage, and the use 

of cover crops, it is feasible to raise soil organic carbon levels, thereby sequestering atmospheric 

carbon dioxide. The research analyzes the ways via which SOC is stabilized in soils, highlighting 

the role of soil texture, structure, and microbial activity. It illustrates the balance between 

carbon inputs from plant biomass and outputs through decomposition and erosion, controlled by 

climatic conditions including temperature and moisture. The paper also discusses the 

possibilities of various land management strategies to boost soil organic carbon storage, such as 

agroforestry and the application of organic amendments. Despite the intricacy of soil organic 

carbon dynamics and the influence of regional conditions, the article highlights the worldwide 

potential of soil carbon sequestration to mitigate greenhouse gas emissions significantly. 

Furthermore, it exposes gaps in current research and advocates for more detailed, site-specific 

studies to maximize soil carbon sequestration technologies. Overall, this study underlines the 

essential role of soil in the global carbon cycle and advocates for policies and practices that 

increase soil carbon storage as a realistic method to mitigate climate change and enhance 

ecosystem resilience. 
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INTRODUCTION 

Everyday life, tradition, technological 

advancements, economic growth, and farming 

efficiency have all seen significant changes 

throughout human history in parallel with the 

increase in population. In addition, there have 

been several significant shifts in agricultural 

productivity known as "agricultural 

revolutions," which have been impacted by the 

expansion of technological advances, culture, 

and humankind in general. The safety of the 

supply of food is impacted by a number of 

unfavorable effects of the remarkable 

population expansion that has occurred over 

the last 100 years, in addition to changes in 

environmental circumstances. The increasing 

demands of a growing global population are 

predicted to need a doubling of agricultural 

output worldwide by 2050, which is increasing 

the cost of food production (Tilman, Balzer, 

Hill, & Befort, 2011). The most sustainable 

strategy for ensuring the availability of food, 

according to a number of studies, is to increase 

agricultural output as opposed to reclaiming 

additional land for crop cultivation. (Godfray 

et al., 2010) . The distribution and properties 

of managed and naturally occurring systems, 

including cryology, freshwater and marine 

habitats, terrestrial ecosystems, forestry, and 

agriculture, are greatly influenced by climate 

(Rosenzweig et al., 2007). 

 The term "climate change" refers to a 

persistent, significant change in factors 

associated with the climate, including trends in 

temperature, rainfall, wind, and snowfall (Pope 

et al., 2022). The rate of change in the climate 

is thought to be severely accelerated by GHG 

emissions and global warming (Sovacool, 

Griffiths, Kim, & Bazilian, 2021). The average 

global temperature has risen by 0.9 °C during 

the 19th century because of the constant 

increase of activity by humans, and by 2050, it 

is predicted to have climbed by 1.5 °C 

(Eftekhari, 2022). The persistent and extensive 

increase in greenhouse gas emissions is 

severely affecting land, freshwater, and marine 

ecosystems, resulting in significant and 

permanent damage (Aakko-Saksa et al., 2023). 

These greenhouse gases (GHGs) trap heat by 

preventing the passage of infrared rays that 

attempt to exit the atmosphere, much like a 

―greenhouse‖ (Hergart, 2022). The primary 

sources of GHGs are the combustion of fossil 

fuels, application of nitrogen-based fertilizers, 

soil cultivation practices, inundated rice 

paddies, land use changes, biomass burning, 

livestock rearing, and management of animal 

waste (Song et al., 2022).  

 Agriculture is expected to be severely 

affected by global warming, either directly or 

indirectly, via impacts on agricultural 

products, soils, farm animals, and insects. 

(Hatfield et al., 2020). Even though changing 

the climate is a gradual process that takes a 

long time and involves only modest variations 

in rainfall and temperature, it nonetheless has 

an impact on a number of soil processes, 

especially those that are connected to soil 

fertility. Changes in the humidity of the soil 

and subsequent rises in soil temperature and 

carbon dioxide levels are anticipated to be the 

primary impacts of global warming on soils 

(Qiu, Shen, & Xie, 2023). The processes and 

characteristics of soil that are crucial for 

replenishing the fertility of soil and production 

are expected to be affected differently by the 

changing climate worldwide (de Alcantara, 

Vieira Filho, & Gasques, 2021). The primary 

impacts of global warming are anticipated to 

be elevated CO2 levels, as well as increases in 

salt and temperature (Zandalinas, Balfagón, 

Gómez-Cadenas, & Mittler, 2022). 

Extreme weather events, a 30%–50% decrease 

in output, an increase in pests and diseases of 

crops, and other impacts of global warming 

pose threats to the farming sector and the 

global supply of food. The world's agricultural 

harvests and food security are in danger due to 

the growing human population and 

industrialization, which intensifies global 

warming. Two of the 21st century's biggest 

issues are food scarcity and global warming 

(Bibi & Rahman, 2023). Changes in the 

climate damage the soil ecosystem in addition 

to its immediate effects on crops. By affecting 

the rate of decomposition and the quantity of 

organic matter present in the soil, fluctuations 

in the air's carbon dioxide concentrations, 
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along with modifications in the volume, 

distribution, and frequency of rainfall, in 

addition to increasing temperatures, are 

transforming the soil-plant ecosystem (Pathak, 

2023), (Biswal, 2023). The quantity of 

accessible organic carbon in the soil directly 

affects the number of microbes, soil health, 

structure, and metabolism of the soil (Pathak, 

2023), (Biswal, 2023). The latest study has 

shown that the mechanism by which minerals 

are transformed into soil molecules is 

determined by the cumulative effects of 

humidity and temperature. By modifying soil 

moisture, climate-related changes, oscillations, 

and precipitation intensity also influence the 

soil's hydro-physical attributes. The soil's 

physical traits, such as its mechanical makeup 

or texture, structural properties including 

shape and durability, overall bulk density and 

porosity, and the distribution of pore sizes, all 

play a crucial role in affecting the soil's 

hydrological features like hydraulic 

conductivity and water retention capacity (Yu 

et al., 2018). Together, these characteristics 

help the soil regulate its air, water, and heat 

content. These physical attributes affect both 

chemical and biological reactions in the soil, 

which significantly affects crop yield and soil 

fertility (Figure 1). 

 

 
Figure 1 Deterioration of soil due to climate extremes through various mechanisms from the paper 

(Moreno et al., 2022) 

 

Higher plants may benefit greatly from 

increased access to nutrients and uptake due to 

the organic matter of the soil, including its 

temporary and stable constituents (humic 

compounds). The accessibility of nutrients and 

storage in soils are also significantly impacted 

by organic matter in the soil. Soil organic 

matter serves as the primary source of nutrient 

storage for nitrogen (N), sulfur (S), and P in 

many soils. The accessibility of micronutrients 

for crops is influenced by soil organic matter. 

This is particularly true of iron (Fe), and 

copper (Cu), but to a lesser degree, zinc (Zn) 

(Gerke, 2022). Optimal agricultural 

productivity requires sufficient availability of 

essential plant mineral elements, including 

macronutrients as well as micronutrients. The 

ingestion of a variety of nutrients by the 

underground tissues of higher plants has been 

deeply examined and explained by various 

scientific groups, including S.A. Barber's team 

from the USA (Barber, 1995), P.H. Nye's team 

from England (Tinker & Nye, 2000), and A. 

Jungk's team from Germany (Schwertmann, 

1991). These investigations have concentrated 

on the function of soil accessibility and plant 

absorption in nutrient intake. 
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Through a variety of mechanisms, soil organic 

carbon improves the accessibility of soil 

minerals and affects soil fertility. It is essential 

to the global cycle of carbon, which might 

have a big effect on atmospheric CO2 

concentrations. The amount of earth-based 

organic matter and humus in agricultural soils 

is significantly impacted by the farming 

methods applied in these lands. The objective 

is to sustain a high level of soil organic carbon 

(SOC), which allows for the delivery of 

essential nutrients like nitrogen (N) and sulfur 

(S) to plant roots at sufficient and potentially 

elevated rates. This ensures that the plants' 

nutritional requirements are adequately met. 

Therefore, it is important to get both elevated 

quantities of soil organic carbon (SOC) and 

rapid nutrient release from the decomposition 

of organic matter (Gerke, 2022). In addition to 

the significant function of soil organic carbon 

(SOC), particularly humic compounds, in 

enhancing the availability of nutrients such as 

nitrogen (N), sulfur (S), phosphorus (P), iron 

(Fe), and copper (Cu), there are other essential 

chemical characteristics through which SOC 

and primarily humic compounds may enhance 

the health of the soil. Humic compounds in 

soil have an impact on many metabolic 

processes in plants. They function as plant 

hormones (Gerke, 2021), (Canellas & 

Olivares, 2014), (Nardi, Ertani, & Francioso, 

2017), (Urrutia et al., 2020). Humic chemicals 

enhance root development, the creation of 

hairs on root and root laterals, and the 

dispersion of organics by the root system 

(Canellas & Olivares, 2014). Sometimes, 

humic acids function similarly to auxins, 

which causes the roots to undergo mitosis and 

proliferate (Daniel Basílio Zandonadi, 

Canellas, & Façanha, 2007), (Daniel B 

Zandonadi et al., 2010), (Trevisan et al., 

2010). The increased production of plasma 

membrane H+-ATPase is one of the main 

physiological processes in plants that is 

impacted by heat stress (HS). As a 

consequence, the rhizosphere becomes more 

acidic, which promotes the development of 

roots, activates nutrient transporters inside the 

roots, and causes the distribution of organic 

acids (Pinton, Cesco, Iacolettig, Astolfi, & 

Varanini, 1999), (Canellas et al., 2015). 

Organic matter in soil affects the emissions of 

greenhouse gases, especially CO2 

concentrations. Limiting soil carbon is difficult 

because industrialized agriculture has political 

support. Although humic materials preserve 

carbon in the soil, they are politically 

disregarded. The importance of humic 

compounds may be overlooked in biochar 

suggestions for soil health, indicating a 

knowledge gap regarding soil carbon storage 

(Gerke, 2022). 

Fundamentals of Soil Carbon Sequestration 

Importance of soil carbon sequestration 

Soil has a higher carbon content than all plants 

combined, and it plays a significant role in the 

global nitrogen and carbon cycle. 

Unfortunately, 30 to 60 percent of this carbon 

is lost when soils are exploited for agriculture, 

which negatively impacts the soil's ability to 

function (Kopittke et al., 2019). As released 

carbon dioxide reaches the atmosphere, 

agriculture contributes significantly to the 

increase in the release of greenhouse gases 

(IPCC, 2019). Soil carbon loss results in a 

decline in productivity and related ecological 

services (Russel, 1929), (Mann, 1986), 

(Davidson & Ackerman, 1993). Reversing the 

carbon debt from cultivation is very difficult 

because of the estimated 31.2 Pg C that was 

wasted in topsoil in more than 12,000 years 

(Sanderman, Hengl, & Fiske, 2017). One 

practical way to slow down global warming is 

through sequestering SOC, which balances out 

the releases of GHGs from human activity 

(Minasny et al., 2017). While there are 

contradictory conclusions about the possible 

quantity of carbon that soil may store, 

especially in various locations, researchers 

urge for scaling up ecologically sound carbon 

sequestration strategies worldwide (Amelung 

et al., 2020).  

 Soil type, weather, use of land, and 

management practices are only a few of the 

numerous factors that affect SOC storage and 

dynamics. However, these factors are not fully 

understood on a global scale. Current 

estimations of SOC storage capacity often 
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assume a constant yearly value that comes 

from management guidelines, which typically 

cover a 20-year period based on IPCC 

standards (Fuss et al., 2018). While the main 

emphasis of modeling SOC storage is the 

environment, specifically weather, and rainfall 

(Jones et al., 2005), (Kramer & Chadwick, 

2018), (Z. Shi et al., 2020). Because of other 

unknown limiting variables, the consequences 

of climate change may be overstated (Cade & 

Noon, 2003). Even while management 

techniques are important locally, there is a 

dearth of comprehensive worldwide data on 

them, and global studies often ignore them. 

Soil Carbon Pools: 

Soil pools, a crucial component of the global 

carbon cycle, hold about 2500 billion tons of 

soil organic carbon (SOC). This is three times 

more than the amount of C found in biological 

biomass or in the environment (Lal, 2004a), 

(Schmidt et al., 2011). About 60% of the bulk 

of soil organic matter (SOM) is made up of 

SOC. SOM is a collection of heterogeneous 

elements, ranging from freshly decomposed 

plant detritus, microbes, and soil animals to 

exudates (Pribyl, 2010). However, to meet the 

increasing demands for food, livestock feed, 

and textiles, present agricultural practices 

often necessitate high-intensity farming 

techniques (such as tillage, excessive 

fertilization, and chemical applications). Due 

to nutrient loss, soil erosion, degradation of 

soil composition and formation, and 

salinization, these activities jeopardize SOM 

stability and formation (Lal, 2011). For 

instance, worldwide agricultural soils 

experience 25–75% SOC deficits due to 

intensive agriculture (Lal, 2011), which speeds 

up SOM breakdown and releases 1500 Gt 

carbon dioxide into the environment 

during 1751 and 2017 (Sanderman et al., 

2017), (Friedlingstein et al., 2023). Reversing 

this pattern and encouraging soil C 

sequestration may be possible through the use 

of improved systems and farming techniques, 

such as crop switching and cover crops (Lal, 

2011), (Lal, Negassa, & Lorenz, 2015).  

 The balance between the addition of 

carbon (mostly from rhizodeposition and plant 

biomass breakdown) and the withdrawal of 

carbon (mainly from weathering, leaching, and 

mineralization) determines how much carbon 

is retained in soils that support agriculture 

utilizing rainfall (Lal et al., 2015), (Ahkami, 

Amir H White III, Richard Allen 

Handakumbura, & Pubudu P Jansson, 2017). 

In varied rotational farming systems, 

particularly those that include crops with a 

variety of beneficial traits—also known as 

functional crops—larger carbon pools have 

been noticed and noted (McDaniel, Grandy, 

Tiemann, & Weintraub, 2014), (King & Blesh, 

2018). Perennial plants with elevated levels of 

root secretion or cover plants—species that are 

not collected—that generate significant 

contributions of carbon residue are examples 

of functional plants. Unlike annual crops, these 

crops have special functional characteristics 

that promote a healthy microbial population  

(Faucon, Houben, & Lambers, 2017), (Pausch 

& Kuzyakov, 2018). 

 The complicated combination that 

makes up soil carbon is produced by the 

breakdown of surface biomass, root or root 

rhizodeposits, and the remains of living things, 

mostly soil microorganisms and animals 

(Ahkami et al., 2017). When saprotrophic 

fungi and animals break down litter, 

macromolecular components are converted to 

dissolved organic carbon (DOC) by means of 

enzymes found outside of cells and organisms. 

The carbon utilized in metabolism and carbon 

absorption in organismal biomass, whether 

from plants, animals, or microorganisms, is 

known as organismal biomass carbon (OBC). 

Dead organisms are called necromass carbon. 

The storage of soil biotic-driven carbon, such 

as OBC, DOC, and necromass carbon, is 

known as soil organic carbon (SOC). In 

addition, leaching and organism respiration—

the main suppliers of CO2 in terrestrial 

ecosystems—cause carbon losses from soil 

carbon stores (R. Lal et al., 2015), (Ahkami et 

al., 2017). 

Factors influencing soil carbon 

sequestration: 

The storage of carbon in soils may be 

influenced by soil properties, management 
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practices, and environmental features. Coarse-

textured soils often mineralize carbon and 

nitrogen at faster rates than fine-textured soils; 

this is probably because fine-textured soils are 

better able to protect organic matter from 

bacterial assault. This indicates that texture is 

significant for sequestering carbon (Yadav, 

Purakayastha, Khan, & Kaushik, 2017). The 

carbon balance in the deeper layers of soil 

under different land uses, such as farmland, 

shrublands, and forests, is affected by the 

texture of the soil (Albaladejo et al., 2013). In 

clay-rich soils, organic carbon is physically 

confined within microaggregates and is fewer 

available to soil microbes than in sandy soils 

due to its chemical bonding with clay minerals 

(Sissoko & Kpomblekou-A, 2010). The 

structure of the soil and SOC are related; SOC 

aids in the binding of minerals and the 

formation of particles that shield carbon 

against deterioration (Lal, 2015). Lower-tillage 

approaches, natural environments, and fine-

textured soils have higher capacities for 

preserving carbon than do soil aggregates with 

poor regularity, as those found in soils with 

coarse textures and heavily tilled soils (Zhang 

et al., 2017). Increasing carbon inputs and 

lowering microbial respiration can result in 

soil carbon reserves. For example, switching 

from traditional cultivation to no-tillage 

operations can lengthen the time that soil 

organic carbon (SOC) is in the soil (Chivenge, 

Murwira, Giller, Mapfumo, & Six, 2007). Soil 

organic carbon is lost as a consequence of 

tillage because it fractures soil aggregates, 

exposing carbon to mineralization, leaching as 

soluble carbon, and increasing runoff bought 

on by wind or water (Sun et al., 2016). 

 The overall SOC balance is impacted 

by variables such as humidity, climate, and air 

(inputs minus outputs). SOC breakdown is 

accelerated by its temperature, particularly at 

ideal or excellent humidity levels (Singh et al., 

2017). In order to store carbon, the soil must 

have enough airflow because it promotes the 

growth of microbes, which in turn influences 

respiration rates and the cycling of carbon. 

Soil Carbon Sequestration Processes and 

Mechanisms 

Photosynthesis and carbon input to soils: 

Circular plants primarily regulate the 

worldwide carbon cycle through 

photosynthetic capture of CO2 from the air. 

The worldwide Carbon cycle is significantly 

influenced by natural environments on Earth, 

which serve as sinks for carbon dioxide in the 

atmosphere (Keenan & Williams, 2018), 

(Nayak, Mehrotra, & Mehrotra, 2022). There 

are around 3170 gigatons (Gt) of terrestrial 

carbon stored in the world; 2500 Gt are found 

in soil, 560 Gt are found in plant biomass, and 

110 Gt are found in microbial biomass. 

Significantly, the soil carbon reservoir is over 

three times larger than the atmospheric carbon 

reservoir (760 gigatonnes), with around 950 

gigatonnes of inorganic carbon and 1550 

gigatonnes of organic carbon (Lal, 2004a), 

(Lal, 2008).  

 By photosynthesis, plants capture 

CO2, and some of the trapped carbon is 

converted into SOC. Through the formation of 

sodium carbonates and bicarbonates, calcium, 

magnesium,  and potassium, biomass from 

plants breakdown also adds to soil inorganic 

Carbon (Lal et al., 2018). Nearly all 

(approximately 99.9%) of the carbon that is 

present in global ecosystems is contributed by 

vascular plants and microbes, with very little 

coming from animals. The main mechanisms 

in carbon sequestration include producing soil 

inorganic Carbon and SOC and conserving 

stored Carbon as net ecological productivity 

(NEP) (Lal et al., 2018). Global gross primary 

production (GPP) of the agricultural system is 

represented by the 123 Gt yearly 

photosynthetic Carbon flow between the 

environment and ground. During 

photosynthesis, vascular plants absorb 60 Gt 

of GPP, of which about half are discharged 

into the environment via plant respiration 

(Jansson, Wullschleger, Kalluri, & Tuskan, 

2010). The other half shows the overall net 

carbon input from soil organic matter, with 

bacterial respiration accounting for a large 

amount of the reduction. As the resistant 

Carbon pool, the remaining percentage (10 Gt 

y–1), often referred to as NEP, may endure in 

the environment for millennia (Jansson et al., 
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2010). The primary causes of carbon loss from 

the environment include wildfires, shifts in 

land use, heavy tillage, and soil deterioration 

(Ramesh et al., 2019), (Pellegrini et al., 2022). 

 Vascular plants convert CO2 from the 

atmosphere into sugars by absorbing sunlight. 

Plants primarily absorb CO2 in their leaves, 

which produces sugars that are then transferred 

to the stems, branches, developing seeds, and 

roots. The size of the photosynthetic apparatus, 

detection of light effectiveness, and Carbon 

assimilation capability all affect plant biomass 

production and sequestration potential (Ontl & 

Schulte, 2012), (Abebe, Shiferaw Minale, 

Amare Sewnet Teketay, Durai Long, & Thang, 

2021). 

 The NEP of all ecosystems on earth, 

including grazing land, pastures, agricultural 

fields, and forests, may be improved by 

comprehending the biology of plants and 

rhizosphere ecology, combining management 

techniques, and using techniques involving 

genetic engineering (Table 1). 

 

Table 1 Soil Carbon Sequestration Techniques 

Practice  Country (Region) Area Potential C 

Sequestration 

References 

Conservation Farming 

(No-till farming for 

Annual Crops) 

Africa 142.2 million ha 130.7 Mt C y–1 (Gonzalez-Sanchez et 

al., 2019) 

Conservation Farming 

with reduced soil 

disruption, continuous 

ground cover, and 

diverse plant varieties 

Central Asia 

(Almalybak, 

Kazakhstan), north 

Europe (Jokioinen, 

Finland), south Europe 

(Lombriasco, Italy) 

Not specified 0.4% y−1 (Valkama et al., 2020) 

Afforestation (Support 

for riparian woodland 

recovery efforts) 

Worldwide Not specified 68–158 Mg C ha–1 (Dybala, Matzek, 

Gardali, & Seavy, 

2019) 

Afforestation Europe, Asia, Africa, 

and America 

168.4 million ha 15.7 Gt CO2 ((IUCN). 2018) 

Afforestation 

(shelterbelts, integrated 

pastures, and backyard 

gardens) 

Worldwide 944 million ha 5.3 GtC y−1 (L. Shi, Feng, Xu, & 

Kuzyakov, 2018) 

Enhanced grazing 

practices 

Worldwide Not specified  

148–699 Mg t CO2e 

y−1 

 

(L. Shi et al., 2018) 

Rehabilitating degraded 

pastures 

Brazil 64 million ha 3445 Tg CO2 (De Oliveira, Maia, 

Freitas, & Cerri, 2022) 

Incorporating legumes in 

pasture areas 

Worldwide Not specified  

147 Mg t CO2e y−1 

 

(Bai & Cotrufo, 2022) 

 

Soil organic matter formation and 

stabilization: 

An essential renewable natural resource that 

supports ecological functions such as the 

supply of food and fiber, the management of 

the temperature and water cycle, the 

regeneration of fertility, and the maintenance 

of biodiversity is soil organic matter (Pete 

Smith et al., 2015). Due to increased 

mineralization and runoff brought on by land 

conversion for food production, particularly in 

the previous 200 years, there has been a 

considerable loss of SOM worldwide, with an 

estimated 133 Pg of carbon (C) lost from the 2 

m of topsoil (Sanderman et al., 2017). This 

depletion offers a chance to replenish SOM 

and restore lost Carbon to the soil. Massive 

soil carbon sequestration projects are 

necessary, necessitating coordinated action 

and the development of policies appropriate 

for the soil capabilities and land management 

potential in each location (Amelung et al., 

2020). The scientific knowledge of SOM 

development, perseverance, and behavior 

should serve as the foundation for these 

initiatives. 
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Recent progress in Soil Organic Matter (SOM) 

research encompasses innovative theoretical 

models (Cotrufo, Wallenstein, Boot, Denef, & 

Paul, 2013), (Daly et al., 2021), (Lehmann et 

al., 2020), extensive soil data collection 

(Harden et al., 2018), and advanced soil 

biogeochemical modeling techniques (Kyker-

Snowman, Wieder, Frey, & Grandy, 2020), 

(Y. Zhang et al., 2021). The integration of 

these breakthroughs is necessary to attain 

transforming results and efficient techniques 

for SOM regeneration (Blankinship et al., 

2018). The major target of C sequestration 

initiatives and SOM investigations is managed 

soils. Nonetheless, in both naturally occurring 

and maintained soils, the ecological services 

that SOM offers—such as reclaiming water, 

climate control, and soil biodiversity 

support—are essential. Agricultural 

management often modifies the dynamics, 

characteristics, and stocks of SOM (Ogle, 

Breidt, & Paustian, 2005). The most effective 

SOM regeneration techniques may be found 

by applying concepts derived from ecological 

system research to soils used for agriculture. 

We thus go over SOM processes and factors in 

general with the goal of giving readers a 

comprehensive grasp of SOM as well as a 

platform for further research and effective 

management approaches (Cotrufo & Lavallee, 

2022). 

 While the processes of SOM creation 

and stabilization take place at micro-sizes (1–

1000 μm), (Kravchenko & Guber, 2017), the 

combined effects of these activities may be 

seen at higher scales. We employ a simplified 

model for understanding Soil organic 

substance (SOS), dividing it into particulate 

organic substance (POS), mineral-associated 

organic substance (MAOS), and a small 

portion of dissolved organic substance (DOS). 

These categories are characterized by their 

physical characteristics: MAOS is heavier (> 

1.6–1.85 g cm−3) and finer (< 50–60 μm) than 

POS, while DOS is water-soluble/extractable 

(Lavallee, Soong, & Cotrufo, 2020). 

Aggregates are considered a "state" in which 

POM and MAOM may exist (Christensen, 

2001), rather than as primary fractions in and 

of themselves. Aggregates are hierarchical 

composite structures that include both POM 

and MAOM. In organo-mineral complexes 

smaller than 60 μm, physical protection by 

occlusion is just as strong as chemical binding. 

Alternatively, MAOM may be thought of as 

very tiny aggregates of organic matter and 

minerals (Angst, Mueller, Kögel-Knabner, 

Freeman, & Mueller, 2017). Since various 

fractions develop variously, react variably to 

land utilization, management, and climate 

variability (Jilling et al., 2020), (Viscarra 

Rossel et al., 2019), and have distinct accrual 

potentials (Cotrufo, Ranalli, Haddix, Six, & 

Lugato, 2019), this simplified conception is 

based on a small number of procedurally 

determined physical fractions (Cotrufo et al., 

2015). It is essential to know about these 

small-scale systems and how they affect the 

dynamics and processes of SO at larger scales 

in order to accurately predict, forecast, and 

monitor changes in SOM (O'Rourke, Angers, 

Holden, & McBratney, 2015), (Paul, 2014). 

Microbial processes and their role in soil 

carbon dynamics: 

It was formerly thought that plant polymers 

like lignin and long-chain lipids, which are 

resistant to processing, were the main source 

of stable SOM (Bhattacharyya, Ros, Furtak, 

Iqbal, & Parra-Saldívar, 2022). However, 

recent studies demonstrate the critical role soil 

bacteria play in the breakdown of a variety of 

plant compounds, given that the circumstances 

are favorable for microbial biomass to 

synthesize carbon and that the microorganisms 

are available (Paul, 2016). This new 

knowledge suggests that clay mineralogy may 

not be as important to SOM formation as 

unique microbial populations (Kallenbach, 

CM Grandy, Andrew Stuart Frey, SD 

Diefendorf, & AF, 2015). Particularly, by 

stabilizing SOM via a variety of mechanisms, 

bacterial biomass leftovers, sometimes 

referred to as necromass, may significantly 
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contribute to soil organic carbon (SOC) 

storage (Liang et al., 2019). 

 The survival of soil microorganisms is 

significantly influenced by the amount and 

quality of organic matter (Nguyen & 

Marschner, 2016). Necromass, which may 

make up more than half of the SOC pool, is a 

result of organic chemicals contributing to 

microbial cell mortality (Miltner, Bombach, 

Schmidt-Brücken, & Kästner, 2012). 

According to research employing molecular 

biomarkers, soil microbial communities 

(SMCs) are crucial contributors of organic 

compounds that ultimately incorporate into 

soil organic matter (SOM) (Schimel & 

Schaeffer, 2012). The process of breakdown, 

which involves the physical disintegration and 

biochemical change of organic components, 

integrates plant and bacterial products of decay 

into the soil. This process further humifies the 

soil (Robertson & Paul, 2000). 

 Due to processes that restrict their 

access for other microbes, support mechanisms 

for microbial leftovers are critical to their 

persistence in soil. For example, degradation 

rates may be efficiently lowered by forming 

persistent aggregates from dying cell envelope 

pieces (Kästner & Miltner, 2018). The 

complicated dynamics that control soil carbon 

storage are highlighted by this thorough 

knowledge of the microbial roles to SOM 

synthesis and stability. It also emphasizes the 

significance of regulating microbial 

populations to improve SOC sequestration (C. 

M. Kallenbach, Frey, & Grandy, 2016). 

Soil Carbon Sequestration Practices and 

Strategies 

Conservation tillage (CT) reduces the 

frequency of plowing and leaves crop leftovers 

as mulch, with an emphasis on the rotation of 

crops, persistent cover of soil, and little soil 

displacement. By using this technique, organic 

matter and soil organic carbon are improved. 

Carbon sequestration is enhanced by zero 

tillage practices, which also decrease CO2 

evolution and raise soil microbial biomass 

carbon. In dry areas, CT increases infiltration, 

decreases overall density, and strengthens soil 

structure (Shaver et al., 2002). It may improve 

soil durability and condition (Blevins, Smith, 

Thomas, & Frye, 1983) while sequestering 

around 23 Tg C annually (Pete Smith, 

Powlson, Glendining, & Smith, 1998). CT 

enhances SOC content and macro-aggregation 

in the vicinity of the soil surface, in contrast to 

traditional tillage (Lai, 1989). Controlling 

agricultural waste raises SOC, particularly in 

rice-wheat systems. Burning residue raises soil 

pH and reduces microbial populations. 

Remaining leftovers as mulch may effectively 

store carbon, with a possible annual 

sequestration of 0.2 × 10^15 g (Lal, 1997). 

The Happy Seeder saves expenses and 

preserves harvests by assisting with zero-

planting (Y. Singh & Sidhu, 2014). 

 Strategies for managing crops, like 

alternating crops and using cover crops, 

enhance soil structure and contribute organic 

material, which aids in capturing carbon. 

Pulses greatly increase soil organic carbon 

(SOC) via biomass and nitrogen fixation 

(Ganeshamurthy, 2009). Research indicates 

that pulses, such as maize, wheat, and 

mungbean, raise soil organic carbon by 11% 

and carbon from microbial biomass by 15% in 

cropping settings (Venkatesh, Hazra, Ghosh, 

Praharaj, & Kumar, 2013). Cover crops of 

legumes boost soil organic carbon reservoirs 

and biodiversity; no-till farming methods 

further improve soil organic carbon 

(Franzluebbers, Stuedemann, & Wilkinson, 

2001). Cover crops provide soil organisms 

with nourishment and promote ecological soil 

tillage. Crop rotation enhances the fertility and 

structure of the soil by switching between 

plants with deep and shallow roots. Legume-

based rotations enhance carbon retention more 

than monocultures, according to long-term 

research (Gregorich, Drury, & Baldock, 2001). 

Compared to monocultures, crop rotations 

increase biomass and SOC sequestration, 

while green manure crops enhance soil organic 

matter even more (Pattnaik, Sethi, & Das, 

2020). 
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Careful nutrition control is necessary to 

sequester SOC. Composting and organic waste 

improve SOC more successfully than 

inorganic fertilizers (Gregorich et al., 2001). 

Continuously manure application improves 

soil cohesiveness and soil organic carbon 

(Gilley & Risse, 2000). Organic additions are 

beneficial for conservation farming (Hao et al., 

2002). Adding manure to agricultural land 

raises SOC more than pastures do; in the EU, 

this might contribute up to 6.8 Tg C annually 

(Pete Smith et al., 1998). Long-term research 

indicates that using fertilizer correctly 

improves SOC (Kimble, Follett, & Cole, 

1998). Soil organic matter is greatly increased 

through integrated management of nutrients, 

which includes crop leftovers, green manure, 

and farmyard waste. Agroforestry fights 

poverty, hunger, malnutrition, and 

environmental damage by combining 

multifunctional trees with crops (Garrity, 

2004). It improves the efficiency of land, 

reduces deterioration, increases SOC via 

litterfall, and diversifies agricultural revenue. 

Trees increase the soil's capacity to hold 

moisture and reduce runoff (Pattnaik et al., 

2020). Positive relationships may sometimes 

outweigh negative ones, even in the face of 

obstacles like rivalry for space and resources 

and possible pest hosting (Jose, Gillespie, 

Seifert, & Biehle, 2000). By capturing carbon 

from soil and biomass, agroforestry helps to 

mitigate climate change (Albrecht & Kandji, 

2003). Significant SOC sequestration occurs in 

agroforestry systems, according to decades of 

study (Swamy & Puri, 2005). Both organic 

and inorganic soil additions increase soil 

fertility. Crop leftovers may be used as 

amendments to improve fertility as they break 

down. Composted agricultural byproducts, 

wood ash, soil ash, animal manures, municipal 

biosolids, and composted biosolids are 

examples of common additives. These 

substances enhance soil-holding capacity, raise 

organic matter levels, restore microbial 

populations, lower compaction of the soil, and 

regulate pH of the soil. They also inhibit the 

emissions of methane and CO2. Specifically, it 

has been shown that biochar improves the 

physical characteristics of soil, encourages 

crop development, and increases water and 

nutrient retention (Pattnaik et al., 2020). 

Impacts and Co-benefits of Soil Carbon 

Sequestration 

Climate change mitigation potential:  

Life on Earth is being transformed by climate 

change, primarily driven by the emission of 

GHGs, which represents the greatest threat to 

humanity (Hu et al., 2022). Every year, 

manmade sources release 8.7 Gt of carbon into 

the environment worldwide (Lal, 2008), 

(Stockmann et al., 2013). The significant 

regulating ability of carbon reservoirs is shown 

by the atmospheric rise of about 3.8 Gt of 

carbon annually (Stockmann et al., 2013). In 

this context, scientific research discusses 

SOC's ability to absorb CO2 from the 

atmosphere in great depth. This is in light of 

growing concerns over possible climate 

change effects on soil processes. This worry is 

accompanied by the desire to create policies 

that improve carbon sequestration, support 

empirical studies, and create theoretical 

frameworks (Lal, 2004b), (Guo & Gifford, 

2002), (Post & Kwon, 2000), (Post et al., 

2004), (Lal, 2008). By the storage of SOC, 

soils offer a tremendous deal of potential to 

counteract global warming (Raza et al., 2021). 

Soil carbon stores at depths more than 1 m 

(~1600 Gt) are projected to be twice as large 

as the carbon in the atmosphere (~800 Gt) 

(Lal, Monger, Nave, & Smith, 2021), (Batjes, 

2014), (Le Quéré et al., 2016). 

 The impacts of GHGs and the change 

of climate might be lessened by minor rises in 

soil organic carbon (SOC) (Lal, 2004b), which 

entails the elimination of atmospheric CO2 by 

crops and the preservation of carbon that is 

fixed as soil organic material (Wang, Tao, 

Chen, & Yin, 2022), (Pete Smith, 2012). In 

addition, maintaining and increasing SOC 

deposits is essential for fertility, soil health, 

agricultural production, and lowering the 

release of GHGs (Wang et al., 2022). 
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However, factors related to climate change 

have a significant impact on both biotic and 

abiotic processes that contribute to soil carbon 

alterations, which might destabilize SOC 

stores. These factors include rainfall, 

temperature, levels of CO2 in the atmosphere, 

and periods of severe drought (Lal, 2004b), 

(Lal, Monger, et al., 2021), (Raza et al., 2021). 

 Soil carbon reserves are a practical 

way to both mitigate and adjust the effects of 

climate change, assuming that good soil and 

agricultural practices may increase the soil's 

capacity to store carbon (Lal, Monger, et al., 

2021). This can be accomplished by increasing 

the levels of Soil Organic Carbon (SOC), 

stabilizing SOC, and improving its vertical 

distribution. Carbon can be stabilized by 

transforming it into recalcitrant carbon with a 

longer turnover time or by integrating it into 

stable clay-humic complexes, which protect it 

from microbial degradation (Lal, 2004b). 

Improved quality of soil and agricultural 

ecosystem functioning as a consequence may 

support several interconnected sustainable 

development objectives, including Agenda 

2030 of the United Nations (Lal, Bouma, et al., 

2021). 

 Storing carbon in the soil can be 

accomplished by enhancing the total 

movement of carbon from the surroundings to 

the terrestrial ecosystem. This can be done by 

raising the global carbon influx into soils 

through elevated primary production rates, 

maintaining a higher proportion of carbon at 

current productivity levels, or slowing the 

decomposition process to reduce soil carbon 

losses (Pete Smith, 2008). Solutions for carbon 

capture and storage cannot be implemented 

until new technologies are developed and the 

soil's health is improved. Additionally, by 

improving the structural properties of soil, 

these actions help adjust ecological services 

and soil changes while also strengthening the 

soil's resistance to changes in the climate (Lal, 

Follett, Stewart, & Kimble, 2007), (Powlson et 

al., 2014). 

 The increased soil organic 

carbon must be in resistant forms in order to 

offer a long-term mitigation of climate change 

(Powlson et al., 2014). Converting profitable 

agricultural areas back to their natural 

conditions produces the highest levels of soil 

organic carbon storage (Pete Smith, 2012), but 

this land use transition is challenging due to 

the unstable condition of the soil and the slow 

rates of conversion. It also clashes with the 

requirement to feed people (Powlson et al., 

2014). The increasing effects of global 

warming emphasize how urgently effective 

mitigation measures are needed. By 

implementing practices that increase SOC, the 

soil may both decrease the of GHGs emissions 

and increase the adaptability of these areas. 

Ecosystem Services and Environmental 

Benefits: 

The majority of carbon (about 90%) that is 

taken up by photosynthesis in natural 

environment is sent into the soil, in which it 

quickly decomposes and ultimately leaves 

behind permanent leftovers that make up a 

significant amount of  SOC (Janzen, van 

Groenigen, Powlson, Schwinghamer, & van 

Groenigen, 2022). Plant and microbial 

development is supported by this organic 

matter, which also has a substantial influence 

on the characteristics of the soil. Soil organic 

carbon regulates the health of the soil in 

addition to giving plants and soil 

microorganisms carbon and nutrients. It does 

this by enhancing soil structure, retaining more 

water and nutrients, lowering soil erosion, and 

lowering greenhouse gas emissions. These 

actions enhance the ground and surface water 

quality, boost yields of crops, and support food 

security (Ontl & Schulte, 2012), (Thangarajan, 

Bolan, Tian, Naidu, & Kunhikrishnan, 2013), 

(Durán-Zuazo & García-Tejero, 2022) (Figure 

2). 
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Figure 2 Additional Advantages of Soil Carbon Sequestration from the paper (Siddique, Bolan, Rehman, 

& Farooq, 2024) 

 

Numerous co-benefits might result from soil 

carbon storage. Specifically, it is impossible to 

isolate soil carbon storage from other 

ecosystem benefits (Stockmann et al., 2013). 

Controlling the loss of soil, durability against 

drought, habitat for animals, the quality of 

water, and aesthetic value are additional co-

benefits. For instance, a reasonable quantity of 

soil organic carbon increases the soil's ability 

to filter water (Pattanayak et al., 2005), 

(Greenhalgh & Sauer, 2003). Elevated soil 

carbon sequestration lowers nitrogen and 

phosphorus pollution, improves habitat for 

animals, and dramatically lowers the erosion 

of soil (Plantinga & Wu, 2003), (McCarl & 

Schneider, 2001). Biodiversity benefits from 

storing carbon via afforestation, while regional 

differences may exist (Wiesmeier et al., 2019). 

Apart from their noteworthy capacity to 

sequester carbon, forests have a high carbon 

density above as well as below ground, a wide 

variety of tree species, and a considerable 

share of vital habitat for endangered or 

threatened species of vertebrates (Buotte, Law, 

Ripple, & Berner, 2020). A deep knowledge of 

the environment, the roots biology, and the 

variables influencing soil organic 

carbon storage is necessary for soil C 

restoration. 

Socioeconomic Implications of SOC 

Sequestration: 

The economic and social advantages and 

compromises of soil organic carbon storage 

need to be evaluated in the framework of 

sustainable growth and the fight against 

poverty, especially in impoverished countries 

where agriculture frequently encounters 

difficult social and financial circumstances 

(Graff-Zivin & Lipper, 2008). Restoring 

ecosystems is essential for stopping land 

degradation and storing carbon in the 

atmosphere. Removing land for agriculture 

from production has the potential to act as a 

large carbon sink, assisting in the removal of 

surplus CO2 from the environment. However, 

there are a variety of cheap, minimum 

management techniques as well as more 

costly, active restoration ways for restoring 

land. To speed up carbon recovery and restore 

diverse ecosystem processes, active restoration 

entails sowing seeds on formerly farmed land. 

On the other hand, recent worldwide research 

indicates that spontaneous regeneration—

letting abandoned farmland regenerate on its 
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own—might accelerate the recovery of 

primary output in tropical forests compared to 

intensive restoration (He, Jiang, Lei, Cai, & 

Zhang, 2022). This research suggests that 

significant financial outlays for vigorous 

restoration could not necessarily result in 

higher carbon sequestration than inexpensive 

spontaneous regeneration (Osborne et al., 

2021). 

 Due to different treatments and 

shifting ecological factors in research, 

maximizing the possible return on investment 

for the restoration of ecosystems is still 

unclear. To maximize the carbon storage in the 

soil, agreement on resource distribution is 

hampered by this uncertainty. One of China's 

largest ecological rehabilitation projects, 

'Grain for Green,' intends to turn croplands 

into grasslands, woods, or shrubby areas. It 

enables straightforward comparisons between 

active restoration and spontaneous 

regeneration at various locations. Researchers 

evaluated parameters such as depth of soil, 

weather, environment type, restoration period, 

and soil organic carbon using data from 617 

observations. The circumstances under which 

each restoration technique maximizes the 

storage of soil carbon were determined by this 

research (Nazir et al., 2024). 

Economic and Social Barriers to Soil 

Carbon Sequestration 

Economic Barriers: 

A substantial cost barrier exists for farmers 

looking to use net SCS techniques. High 

upfront expenses are common, particularly for 

activities like agroforestry or water 

management that need expensive equipment. 

Establishment costs apply to even low-

investment strategies like planting cover crops. 

Farmers' finances are further strained by 

maintenance expenses and possible income 

losses from missed produce or residue sales. 

Still, the situation isn't totally hopeless. Certain 

"win-win" techniques, such as decreased 

tillage, enhanced fertilization, and legume 

cover crops, may actually increase farm 

income over time (Wreford, Ignaciuk, & 

Gruère, 2017), (Sykes et al., 2020). 

The issue is that these procedures may be 

expensive up front, making them unaffordable 

for farmers with little funds or credit 

availability. The problem is made more 

difficult by the delay between investment and 

return on investment. Furthermore, there are 

significant variations in the mitigation capacity 

of various activities based on the price of 

carbon. Restoring organic soils, for instance, 

may significantly reduce emissions, but it 

won't be financially viable until carbon prices 

rise (Pete Smith et al., 2014). In general, 

financial factors are a significant factor in the 

adoption of net SCS, and methods to overcome 

these obstacles are essential for broad 

deployment. 

Opportunity Costs: 

When SCS policies force farmers to give up 

income from other sources, they may result in 

opportunity costs in addition to direct financial 

losses. For instance, reclaiming farmed 

organic soils may require stopping farming on 

particular areas, which would result in revenue 

losses. On the other hand, holding onto 

agricultural leftovers might mean losing out on 

money from selling it or from using it as 

bedding or feed for animals (Henderson et al., 

2022). 

Technical Barriers: 

The technological obstacles related to SCS are 

similarly intimidating. For instance, it is 

difficult and expensive to measure and validate 

soil carbon levels correctly. Due to the 

intrinsic temporal and geographical variability 

of soil carbon increases, it is difficult and 

costly to monitor and comply with SCS 

procedures. This unpredictability increases the 

transaction costs associated with establishing 

accurate baselines, tracking contract 

compliance across wide and diverse 

geographic regions, and quantifying 

sequestration results (Frelih-Larsen et al., 

2020). 

Non-Permanence: 

The non-permanence problem is one particular 

difficulty for SCS. The advantages of SCS 

may be readily undone by changes in land 

management techniques or natural disasters 

like droughts or floods, which increase the 
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danger of carbon stocks being released back 

into the atmosphere. To guarantee that buried 

carbon remains permanently, this uncertainty 

necessitates continuing monitoring and 

sometimes expensive enforcement actions (P 

Smith, 2005). 

Transaction Costs and MRV: 

From the creation of policies to their 

implementation, transaction costs arise at 

every step of the policy cycle. These 

expenditures consist of standard transaction 

charges for finance, such legal and broker fees, 

as well as costs related to purchasing carbon 

offsets, like measurement, reporting, and 

verification (MRV) and contract compliance 

(Mooney, Antle, Capalbo, & Paustian, 2004). 

The broad adoption of SCS policy is still 

significantly hampered by the lack of reliable, 

affordable, and adaptable instruments for 

measuring soil carbon (Olesen et al., 2020). 

Policy Design Challenges in Soil Carbon 

Sequestration 

Additionality: 

A key idea in SCS policy is additionality, 

which is the need that SCS activities produce 

carbon sequestration that would not have 

happened in the absence of the policy 

intervention. Since assessing additionality 

entails figuring out what would have occurred 

if the policy hadn't been in place, the process is 

inherently complicated (Glenk & Colombo, 

2011). Due of its intricacy, policymakers may 

support projects that do not really produce in 

more carbon sequestration, overstating the 

benefit of emissions reductions and perhaps 

overpaying for SCS. This is known as the risk 

of non-additionality (Henderson et al., 2022). 

Permanence: 

Another major problem is ensuring the 

durability of sequestered carbon over the long 

term. In order to prevent the sequestered 

carbon from being released back into the 

atmosphere, SCS techniques must be 

maintained over lengthy periods of time. The 

complexity and long-term expenses of SCS 

projects are increased by this necessity. 

Furthermore, a number of variables, like as 

changes in land use, environmental 

disturbances, and management techniques, 

have the potential to jeopardize the stability of 

sequestered carbon, making it an essential 

topic for policy attention and development 

(Henderson et al., 2022). 

Measurement, Reporting, and Verification 

(MRV): 

Successful MRV systems are necessary for 

SCS policies to be successful. But creating and 

putting these systems into place may be 

expensive and difficult technically. The 

geographical and temporal variability of soil 

carbon complicates the monitoring process, 

and accurate detection of changes in soil 

carbon needs sophisticated techniques and 

procedures. To guarantee compliance and 

enforce contracts, these systems must also be 

sufficiently strong, which raises the total 

transaction costs of SCS projects (Cacho, 

Lipper, & Moss, 2013), (Olesen et al.). 

Future perspectives: 

Careful handling of resources and the adoption 

of farming techniques that improve soil carbon 

storage will be crucial to reducing the negative 

effects of global warming on the farming 

industry, a sector that is very vulnerable to 

shifting climatic conditions. A win-win 

approach that addresses climate adaptation and 

mitigation is closely linked to soil carbon 

sequestration. By absorbing ambient CO2 into 

the soil, this technique protects soil-based 

carbon stores against microbial populations in 

the soil that can send carbon into the 

surrounding environment. Restoring soil and 

storing carbon in the atmosphere can be 

effectively accomplished by converting 

marginal or degraded regions to permanent 

land use and by converting from conventional 

tillage to no-till farming techniques. No-till 

farming boosts soil health, preserves 

ecosystems, uses water and nutrients more 

efficiently, and sequesters significant amounts 

of CO2 from the atmosphere. Retaining crop 

residue on the field in combination with little 

or no tillage is necessary to attain these 

benefits. Crop rotation is another intriguing 

method that, particularly in conservation 

agriculture systems, enhances the soil's 

fertility and biodiversity while accelerating the 
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pace at which SOC accumulates at various soil 

depths. 

 Using agricultural management 

strategies that promote carbon sequestration 

has numerous other benefits. These methods 

improve the soil's water-retention capacity and 

decrease runoff by fortifying the stability of 

the soil aggregate. An increase in soil fertility 

and structure is associated with increased 

agricultural production and food security. 

These benefits show how important it is to 

incorporate soil carbon sequestration into more 

all-encompassing plans for global warming 

adaptation and mitigation. The dynamics and 

long-term stability of soil carbon in different 

parts of the world remain little unknown, 

despite the great potential for carbon 

sequestration through agricultural systems. 

One of the primary barriers to promoting the 

widespread adoption of agricultural systems 

that store carbon dioxide is the variety of 

methods for managing land. It is difficult to 

create solutions that work for every situation 

because different regions have varying soil 

types, temperatures, and farming practices. 

Furthermore, societal and economic factors 

play a role in farmers' decisions to adopt new 

techniques. Overcoming these challenges 

requires tailored strategies that consider local 

conditions and involve farmers in the process 

of making decisions. 

 Despite these uncertainties, it is 

critical that we keep learning more about the 

dynamics of soil carbon. The primary 

objectives of research should be the 

development of accurate and dependable 

technologies for measuring soil carbon and the 

identification of optimum practices for 

different geographical areas. AI-powered 

prediction models, remote sensing, and soil 

health monitoring techniques have the 

potential to fundamentally alter how we track 

and assess soil carbon sequestration. Since 

conservation tillage methods are more 

effective than other atmospheric drawdown 

tactics, they might soon be improved and 

changed. Conservation tillage reduces soil 

disturbance, preserves higher SOC levels, and 

promotes sustainable land use. Cover crops 

can help increase carbon sequestration when 

they are incorporated into conservation tillage 

systems. The addition of organic matter, 

improved soil structure, and continuous 

ground cover provided by cover crops all 

contribute to higher SOC levels. The adoption 

of sustainable farming practices requires 

financial incentives and supportive regulatory 

frameworks. Governments and international 

organizations should develop policies that 

encourage the adoption of carbon-sequestering 

methods. Financial incentives, technical 

assistance, and educational programs must to 

be a part of these strategies. To provide the 

framework for sustainable land use, scientists, 

policymakers, and farmers must work 

together. It is critical that decision-makers 

understand the social and economic barriers to 

adoption and take targeted action to remove 

them. Soil carbon sequestration presents a 

significant opportunity for mitigating and 

adapting to the effects of global warming. 

Crop rotation, cover crops, and no-till farming 

are a few methods that we can employ to 

strengthen soil structure, take up CO2 from the 

atmosphere, and boost agricultural 

sustainability. Soil carbon sequestration has 

significant possible advantages that surpass the 

challenges and risks involved, rendering it a 

crucial component of climate policies. More 

investigation, cutting-edge technology, and 

supportive legislation are required to properly 

use soil carbon sequestration and guarantee a  

strong and sustainable agricultural future. 

  

CONCLUSION 

Soil carbon sequestration (SCS) is a vital 

strategy for mitigating climate change and 

enhancing agricultural sustainability, offering 

benefits such as reduced atmospheric CO2 

levels, improved soil health, water retention, 

and increased agricultural productivity. Crop 

rotation, no-till farming, and crop residue 

retention are examples of effective agricultural 

techniques that increase soil organic carbon 

(SOC), stabilizing soil structure and increasing 

crop yields. Although it has great potential, 

mainstream adoption is hampered by a number 

of key obstacles, such as expensive starting 
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expenditures, technical difficulty with SOC 

monitoring, and ongoing maintenance. It is 

critical to address social and economic 

constraints, climate and soil variability among 

regions, and establish supporting policies and 

precise monitoring technology. We can fully 

exploit SCS's potential for a resilient and 

sustainable agricultural system by 

incorporating it into larger climate plans and 

involve farmers in the decision-making 

process. 
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