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ARBON sequestration (CS) is a significant method for reducing climate change (CC) and 

enhancing soil fertility in agriculture. Many people are becoming increasingly worried about 

climate change, and researchers have been studying soils as a way to store CO2. Due to their 

significance in regulating the global carbon cycle, the methods of soil organic carbon (SOC) 

stabilization have recently garnered considerable interest. SOC dynamics, focusing on how clay 

mineralogy affects soil retention and stabilization. Understanding how SOC stabilization works can 

help in implementing effective management practices for storing soil organic matter (SOM), 

improving soil structure, and reducing greenhouse gas emissions. The effectiveness of SOC 

sequestration depends on the amount and quality of SOM, soil type, topography, mineral type, and 

CC. Soil carbon has been lost as a result of inadequate crop and soil management strategies. Over the 

world, 456 Pg of soil carbon is stored in dead organic matter and above-ground vegetation, compared 

to 1417 Pg in the first meter of soil. The agricultural sector is accountable for 25-30% of total 

worldwide greenhouse gas (GHG) emissions in the form of CO2, N2O, and CH4. Soils that have a lot 

of organic matter can store more CO2, hence having healthy soils can assist in combating climate 

change. In addition, to sequester SOC, it is important to use organic materials like manure, minerals 

found in soil, different types of compost, poultry waste, incorporating leftover plant parts, biochar, 

and proper farming methods like covering the soil with mulch, planting cover crops, managing 

nutrients, and using mulch effectively. These methods help increase the amount of organic matter in 

the soil, improve its physical and chemical characteristics, and help the soil store more carbon, which 

ultimately helps with carbon sequestration and mitigating climate change.  

Keywords: Climate Change, Clay Mineralogy, Carbon Sequestration, Soil Fertility, Soil Organic 

Matter.  

1. Introduction 

One of the primary concerns today is making sure 

that there is enough food and nutrition for a growing 

population affected by climate change. The rise in 

temperature, unpredictable rainfall patterns, and 

severe weather events all show how climate change 

is impacting our ability to ensure sufficient food 

(ElGhamry et al. 2024). The worldwide average 

temperature is projected to increase by 1.5 °C over 

the period before industrialization between 2030 and 

2050. (IPCC, 2022). The decrease in natural 

resources, the level of pollution, and the deterioration 

of the land are all worsened by the adverse impacts 

of climate change. The consequences of climate 

change and the limitations of food production 

systems pose an imminent threat to the livelihood 

and food security of millions of people. Agriculture, 

while providing various benefits to the environment, 

also contributes to global warming through the 

release of greenhouse gases.  

The balance between organic C inputs into the soil 

(from agricultural wastes, compost that contains 

organic material, manure from animals, etc.) and 

organic C decomposition by soil microbes is known 

as net SOC sequestration (Das et al. 2023). The 

relationship between annual carbon intake and the 

rate of soil organic carbon accumulation, which 

C 
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serves as a measure of soil organic carbon 

sequestration ability, is a standard method for 

expressing the efficacy of SOC sequestration 

(McLauchlan 2006). To find high-efficacy 

management strategies to enhance soil health and 

SOC stock, understanding of the C sequestration 

efficiency is helpful (Hua et al. 2014). The largest 

carbon store in terrestrial ecosystems, soil, must be 

sequestered to affect the global climate (Salehi et al., 

2017; L. Wu et al. 2021). Yet, when woods or 

grasslands are converted to agricultural land, the soil 

organic C (SOC) concentration decreases by 30–

80%. (Frey et al. 2014). The quantity of carbon (C) 

retained in soils is crucial on a worldwide scale 

because soil carbon capture reduces the CO2 in the 

atmosphere load and plays a major part in the 

worldwide C budget (Eshel et al., 2007).   

Though traditional agricultural methods contribute to 

food availability, they also frequently result in 

inappropriate input consumption, higher emissions of 

greenhouse gas, and resource degradation. Moreover, 

using intense farming techniques and cultivating 

damaged land led to the loss of carbon from the soil 

as well as other crucial nutrients (Lal, 2015; Fang et 

al., 2018). As a result, it impairs soil fertility and 

renders it unusable for future farming. Soil organic 

matter must be increased on agricultural fields to 

improve soil fertility and productivity and reduce 

greenhouse gas emissions. Many studies have shown 

that soil organic matter boosts crop output by 

maintaining soil health and having a positive effect 

on the soil's quality and functioning (Lal, 2015; 

Manlay et al., 2007). Crop rotation, organic 

amendment, intercropping, and agroforestry are other 

methods that have been shown to increase soil 

carbon supply. Also, the Intergovernmental Panel on 

Climate Change (IPCC) acknowledges these better 

management techniques as a significant soil 

management approach to handle worldwide climate 

change challenges successfully (IPCC, 2019).  

Day by day, several published studies on soil carbon 

sequestration and its potential against climate change 

(Luo et al. 2023; Phillips et al. 2023; Wang et al. 

2023; Wang and Kuzyakov 2023; Zhang T. et al. 

2023; Zhang W. et al. 2023; Pan et al. 2024; Zhu et 

al. 2024).  

Therefore, this review focuses on soil carbon 

sequestration and its potential. Organic amendments, 

clay mineralogy, and agronomic practices will be 

discussed, and their roles in soil carbon 

sequestration. The strong relationship between 

climate change and soil carbon sequestration will be 

also highlighted. 

2. Carbon Sequestration through Organic Amendments 

Organic soil additives are a practical strategy to 

boost C retention and enhance soil aggregate 

formation (Powlson et al. 2014; Wang et al. 2015). 

The soil C content is raised through additions such as 

compost, crop straw, organic manure, and bio-gas 

leftovers (Zhu et al., 2015; Yang et al., 2017). Due to 

their affordability and simplicity, crop straws and 

organic fertilizers are frequently used. A prior study 

found that rotating productive agricultural grazing 

grassland considerably raised SOC in the 0-150 cm 

soil layer throughout a 20-year trial by about 70%. 

(Schiedung et al., 2019).  

Organic alterations help sequester carbon through 

several different processes. First, these amendments 

increase the amount of organic matter in the soil, 

which acts as a carbon storage space. When organic 

matter breaks down, carbon dioxide is released into 

the atmosphere. The rate of carbon input, however, 

surpasses the rate of decomposition when organic 

amendments are added to soil, creating a net carbon 

sink. Second, organic amendments improve the 

structure of the soil and boost its capacity to hold 

water and nutrients, which fosters plant growth. 

Through photosynthesis, this additional plant 

biomass adds to the carbon sequestration process 

(Figures 1 and 2). 

By raising crop biomass from root systems, which 

improves SOC sequestration and the creation of soil 

aggregates, restoring straw has the potential to 

increase resistant C inputs as well (Li et al., 2019). 

Biochar generated from agricultural waste is another 

intriguing addition for boosting soil quality and 

carbon storage (Wang et al., 2017a, Wang et al., 

2017b, Woolf et al., 2010, Li and Delvaux, 2019). It 

has been demonstrated that applying biochar reduces 

soil bulk density and increases porosity in semi-arid 

regions. 

In addition, biochar can alter soil structure and 

stability by interacting with SOC, microorganisms, 

and minerals (Li et al. 2018). Numerous studies have 

shown that organic additions considerably boost soil 

carbon reserves. For instance, a meta-analysis 

published in 2015 by Poeplau and Don titled "Carbon 

sequestration in agricultural soils via cultivation of 

cover crops - A meta-analysis" revealed that the use 

of cover crop systems enhanced soil organic carbon 

stocks by an average of 0.83 tonnes per hectare per 

year. Enhancing Nutrient Availability and Soil 

Fertility: Organic amendments boost nutrient 

availability and soil fertility, which increases plant 

productivity. 
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Fig. 1. The figure demonstrated shows the role of soil organic carbon in earth life (source: made by authors). 
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Fig. 2. Diagrammatic presentation of carbon cycle (source: made by authors). 
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According to a global research, biochar has the 

ability to remove 0.03-6.6 Gt CO2e each year from 

the atmosphere (IPCC, 2019). Moreover, organic 

fertilizers boost soil organic matter content, enhance 

soil aggregate stability, and preserve soil microbial 

biomass (Wang et al., 2017a, Wang et al., 2017b). 

Also, there are significant differences in the chemical 

and structural makeup of the biomass in straw, 

biochar, and organic fertilizer (Wu et al., 2019). To 

get insight into SOC fluctuations under various 

organic amendment regimes, it is possible to better 

understand the bonding position of the Carbon 

framework in the surface layers of soil particles 

(Elbasiouny & Elbehiry 2019; Wen et al., 2019). An 

investigation by Verhoeven et al. (2019) titled 

"Biochar reduces the nitrogen footprint of cropping 

systems" revealed that biochar amendments in 

agricultural areas decreased N2O emissions by up to 

50%, assisting in the mitigation of global climate 

change. 

Due to the high background concentrations, SOC 

modifications in soil often take place gradually and 

are challenging to evaluate (Beare et al., 1997). Low 

conversion intervals exist between fresh crop 

residues and stabilized organic material for the labile 

SOC fractions of the organic amendment (Chen et 

al., 2016). The labile components include 

permanganate-oxi-disable fractions (KMnO4-C), 

particulate organic fractions (POC), dissolved 

organic fractions (DOC), and microbial biomass 

(MBC) (Liang et al., 2012). To preserve and improve 

organic soil C in salty soils, it is crucial to understand 

how labile soil organic fractions fluctuate in response 

to various organic amendments.  But, via the use of 

sustainable agricultural methods, agriculture also 

serves as a natural carbon sink and offers a 

significant chance to trap atmospheric carbon. 

Finding farming methods that increase carbon 

sequestration without compromising other ecosystem 

benefits is therefore essential. To optimize the 

opportunity for the storage of carbon on land used for 

agriculture, a plan named "4 per 1000" was also 

begun. Its goal is to enrich soil organic carbon by 

0.4% annually. (Nath et al., 2018; Lal, 2020b).  

Integrated management of nutrients, biological 

reforms, no-tillage, crop succession, residue 

retention, intercropping, biochar, and agroforestry 

are the most well-known SAPs to promote carbon 

sequestration on cultivated soils. Recent years have 

seen a rise in the use of these procedures because of 

increasing recognition of the significance of SAPs 

and field-level evidence (Clark et al., 2017; Chen et 

al., 2009). After harvesting, conserving residue in the 

soil enhances moisture levels, soil quality, and 

carbon sequestration (Turmel et al., 2015). 

Moreover, applying biochar enhances soil stability 

and slows down the pace of degradation (HanWeng 

et al., 2017). 

2.1 Organic amendments 

i. Animal manure  

Animal manure can be used to raise soil organic 

carbon (SOC) levels, which can result in carbon 

sequestration when managed properly. The majority 

of animal dung's potential for sequestering carbon is 

derived from its capacity to improve soil health, 

accelerate nutrient cycling, and increase soil storage 

of organic carbon (Gross et al. 2021; Roß et al. 

2022). By adding organic matter, manure acts as a 

soil conditioner, enhancing the soil's structure and 

capacity to store water. This encourages the growth 

of roots, uptake of nutrients, and overall productivity 

of plants (Liang et al. 2021). 

Moreover, adding manure improves soil aggregation, 

reducing carbon loss from erosive processes. This 

enhanced absorption of carbon not only enhances soil 

health but also reduces atmospheric CO2 levels 

(Huang et al. 2022), which assists in the struggle 

against climate change. 

Animal excrement is the source of carbon, and it has 

an impact on carbon concentrations in different 

agricultural fields (Stewart et al. 2007). Although the 

average yearly carbon sequestration rates over three 

long-term (>49) years of animal manure use varied 

between 10 to 22 kg C ha
-1

 yr
-1

 t
-1

 of dry solids, 

Powlson et al. (2014) reported that soil organic 

carbon sequestration rates with a shorter-term 

investigation (8-25 years of manure from farms, 

cattle slurry, and boiler litter) ranged from 30 to 200 

kg C ha
-1

 yr
-1

 t
-1

 of dry solids. Utilizing animal 

manure's capacity for carbon sequestration offers a 

practical route to sustainable agriculture and climate 

change mitigation. Manure management practices 

provide a win-win situation for farmers, the 

environment, and the global climate by strengthening 

soil health, enhancing nutrient cycling, and 

increasing soil organic carbon storage. The 

advantages of animal dung in carbon sequestration 

can be maximized by using proper manure 

management techniques and implementing 

sustainable farming practices. However, to improve 

manure management practices and encourage their 

widespread adoption, more study and technical 

development are required. 
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Fig. 3. Different carbon sequestration strategies (source: made by authors).
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ii. Crop residues 

Crop residues are a great source of organic carbon 

and can be used to replace agricultural soils' organic 

matter levels. Crop leftovers decompose after being 

absorbed into the soil, which aids in the 

accumulation of soil organic matter (Table 1). In 

turn, this improves soil fertility, increases water-

holding capacity, and encourages nutrient cycling, 

resulting in an environment that is favourable for 

plant growth (Hussein et al. 2022). Due to their 

affordability and simplicity, crop straw and organic 

fertilizers are frequently used. A prior study found 

that after flipping highly productive grazing 

grassland, SOC in the 0-150 cm soil layer grew 

dramatically throughout a 20-year study by about 

70% (Schiedung et al. 2019). By boosting crop root 

biomass, which increased SOC sequestration and soil 

aggregate formation, straw returns could potentially 

increase more recalcitrant C inputs (Li et al. 2019). 

Crop residue output is considerably increased by the 

intensive agricultural system. This could improve 

soil aggregation and SOM, which would boost C 

storage (Schiedung et al. 2019).  The composition of 

agricultural residue affects how quickly it degrades. 

For instance, it is challenging for microbes to begin 

the breakdown of compounds with a high lignin 

content. Chemical, metabolic, and physical 

stabilization are the three methods that have been 

categorized based on the stabilization of SOM 

(Christensen et al. 2001). Through integrated nutrient 

management, agricultural practices including the 

addition of crop residues raise the SOM and nutrient 

levels of the soil (Fang et al. 2018).  

Utilizing crop leftovers' capacity to store carbon is an 

important possibility for climate change mitigation 

and sustainable agriculture. Crop residues help to 

build resilient farming systems by increasing soil 

organic matter, enhancing soil health, and lowering 

greenhouse gas emissions. The advantages of crop 

residues in carbon sequestration can be maximized 

by putting into practice suitable residue management 

procedures and adopting sustainable agricultural 

practices. To maximize the potential for crop 

residues to sequester carbon in a variety of 

agricultural systems, more research and the 

dissemination of best practices are necessary. 

 

 

Table 1.  Potential of Soil Carbon Sequestration by Crop Residues. 

Crop Potential for Soil Carbon Sequestration Refs. 

Wheat Increased SOC by 11% over 10 years with straw application Wang et al. (2015) 

Rice Increased resistant carbon inputs and aggregation Li et al. (2019) 

Maize Increased labile SOC fractions with stover application Yang et al. (2017) 

Sugarcane Increased total SOC by 17% in 9 years with trash retention Meier et al. (2021) 

Soybean Increased particulate and mineral SOC fractions Loss et al. (2020) 

Potato Increased SOC stocks by 1.4 Mg/ha in 2 years with haulms Padbhushan et al.(2021) 

Barley Straw incorporation increased SOC by 0.62 Mg/ha/yr Kirkby et al. (2014) 

Oat Straw return increased SOC by 0.12-0.2 Mg/ha/yr Kirkby et al. (2014) 

Rye Increased SOC in top 20 cm by 14% with straw Koga & Tsuji (2009) 

Tomato Shoot incorporation increased SOC by 1.5 Mg/ha in 5 months Nouri et al. (2019) 

Cotton Shredded stalks increased total and labile SOC Liu et al. (2014) 

Peanut Haulms increased SOC by 1.2% over 4 years Reddy et al. (2007) 

 

iii. Compost 

The conversion of organic waste into nutrient-rich 

soil amendments by composting is a natural process. 

The regulated and deliberated decomposition of 

various organic materials, such as manure from 

animals, hardwood material, and other natural waste, 

is known as composting. Composting is widely 

recognised for its capacity to keep trash out of 

landfills and improve soil fertility, but it also has a 

significant impact on carbon sequestration. 

Composting offers a long-term method of reducing 

climate change by boosting the capture and storage 

of carbon dioxide (CO2) from the atmosphere 

(Elsherpiny, 2023). In the process of composting, 

plants can absorb the C content. In mature compost, 

humic compounds account for 50% of the accessible 

carbon (Inbar et al. 1990) and are assumed to be 

more practically stable. In the compost application, a 

mean of 60 kg C ha
-1

 yr
-1

 t
-1

 of dry solids was 

measured over an extended period of approximately 
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8 years or 5 years. (Wallace, 2007). According to 

Gregorich et al., (2001) decomposition can capture 

up to 50% of the carbon that was initially present in 

the feedstock, lowering the release of CO2 (Table 2). 

Compost contains humic compounds including 

humic and fulvic acids that bond to soil minerals and 

increase carbon's resistance to microbial breakdown. 

According to a study by Zhang et al. (2023), soils 

that have been modified with compost have higher 

carbon stability and lower rates of carbon 

mineralization. By removing and storing carbon 

dioxide from the atmosphere, composting is an 

essential part of the carbon sequestration process. 

Composting provides a sustainable route to combat 

climate change through organic matter 

decomposition, increased soil organic carbon, soil 

carbon stabilisation, decreased nitrous oxide 

emissions, and landfill diversion. Composting 

techniques can be applied at both the individual and 

industrial levels to greatly reduce carbon emissions 

and fight global warming. 

iv. Biochar 

Biochar, a form of charcoal produced by the 

pyrolysis of biomass, has become well-known for its 

potential to store carbon. By absorbing carbon 

dioxide (CO2) from the atmosphere and providing 

long-term storage in soils, biochar offers a 

sustainable option to combat climate change. 

Amazingly, biochar can hold carbon for long periods. 

Biochar resists microbial decomposition due to its 

high aromaticity and refractory character, resulting in 

long-term carbon storage in soils (Elsherpiny, 2023; 

Luo et al. 2023). A study by Lehmann et al. (2006) 

showed that biochar is stable for periods of hundreds 

to thousands of years, making it a trustworthy 

approach for carbon sequestration. According to 

Jeffery et al. (2017)'s meta-analysis, biochar-

amended soils had significantly higher SOC levels 

than unamended soils. SOC serves as a carbon 

storage area, lowering the levels of CO2 in the 

atmosphere. According to a study by Singh et al. 

(2023), soils treated with biochar emit considerably 

less N2O than unamended soils. By serving as a 

physical barrier, the adsorption capabilities of 

biochar can aid in lowering CH4 emissions from 

paddy fields (Saikanth et al. 2023). 

 

 

Table 2. Effect of organic amendments on soil carbon sequestration. 

Organic 

Amendment 

Effect on Soil Carbon 

Sequestration 

Details Ref. 

Animal 

manure 

Increased SOC levels by 10-22 kg C 

ha/yr/t of dry manure solids 

Long-term application (>49 years) 

increased SOC storage rates 

Stewart et al. 

(2007) 

Crop 

residues 

Increased SOC by 70% over 20 years 

in grassland 

Flipping highly productive grazing 

grassland increased SOC in 0-150 

cm layer 

Schiedung et 

al. (2019) 

Compost Increased SOC stocks by 60 kg C 

ha/yr/t of dry compost solids 

Application over 8-5 years 

increased SOC stock 

Wallace, 

(2007) 

Biochar Increased SOC stocks compared to 

unamended soils 

Meta-analysis showed higher SOC 

in biochar amended soils 

Jeffery et al. 

(2017) 

 

Due to its capacity to stabilize and hold carbon in 

soils for extended periods, biochar presents a 

promising method for sequestering carbon. Biochar 

makes a substantial contribution to the fight against 

climate change by increasing soil organic carbon, 

encouraging nutrient retention and plant growth, 

lowering greenhouse gas emissions, and keeping 

organic waste out of landfills. Biochar's full potential 

as a useful instrument in carbon sequestration can be 

unlocked with more study and extensive application 

of its practises.  

2.2 Carbon sequestration through clay mineralogy 

While several natural and artificial processes help to 

sequester carbon, attention has recently focused on 

the part clay minerals play in this process (Table 3). 

The common clay minerals found in soil and 

sedimentary systems have special qualities that allow 

them to interact with and store carbon. Because of 

their large surface area and lattice structure, clay 

minerals can physically shield and stabilize organic 

carbon (El-Demerdash et al. 2022). The adsorptive 

ability of clay minerals enables them to hold onto 

organic matter and stop it from decomposing, 

extending the time that carbon spends in soils. Clay 

minerals significantly shield soil organic carbon from 

microbial deterioration, boosting its long-term 

stability and sequestration potential, according to 

studies by Angst et al. (2016). 

The development of soil aggregates, which are 

essential for carbon sequestration, depends on clay 
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minerals. Clay minerals combine to form aggregates 

that physically enclose biological carbon inside their 

framework. Additionally, these aggregates offer 

microenvironments that are ideal for carbon 

stabilization. The role of clay minerals in the 

development of durable soil aggregates and the 

sequestration of carbon was highlighted in studies by 

Six et al. (2004). 

Carbon is stabilized as a result of interactions 

between minerals and organic matter that clay 

minerals enable. Clay minerals bond organic carbon 

molecules through mineral-organic interactions, 

which makes them less accessible to microbial 

deterioration. These interactions involve procedures 

including the creation of organo-mineral complexes 

and the encapsulation of organic carbon by minerals.  

A conceptual hierarchical model for aggregate 

development and stabilization in temperate soils was 

presented by Tisdall and Oades in 1982. According 

to their model, the three types of organic matter—

persistent, transient, and temporary—are related to 

the three types of soil physical units—clay and silt, 

micro aggregates less than 250 m, and macro-

aggregates greater than 250 m. According to Denef et 

al. (2004), cultivation typically reduces the stability 

& quantity of macroaggregates but has no effect on 

the longevity of micro aggregates (Tisdall and 

Oades, 1982). As a result, it has been suggested that 

the primary source of organic matter lost during 

agriculture is the soil organic matter that connects 

micro aggregates into macro aggregates (Elliott, 

1986). 

The results of Das et al. 2023 demonstrated that 

Mollisol and Vertisol, which were dominated by 

kaolinite + illite + chlorite-interstratified minerals 

and smectite/2:1 interstratified mineral, respectively, 

had the maximum cumulative C mineralization 

(CO2-Ccum). Next came the kaolinite- and illite-

dominated Alfisol and Inceptisol. According to the 

percentage of SOC loss, Mollisol and Vertisol lost 

the least amount of SOC (10.1%), while Inceptisol 

and Alfisol lost the most (9.02%). In terms of labile 

C fractions and dehydrogenase activity, Mollisol and 

Vertisol performed much better than Alfisol and 

Inceptisol.  Cation exchange capacity (CEC) and 

specific surface area (SSA) have negative 

correlations with % SOC and positive correlations 

with C mineralization and labile C fractions, 

respectively. 

 

Table 3. Role of clay minerals in carbon sequestration. 

Clay Mineral Role in Carbon 

Sequestration 

Details Refs.  

Kaolinite, illite Lower carbon stabilization 

compared to smectite and 

interstratified clays 

Highest SOC (%) loss indicating 

lower stabilization 

Das et al. (2023) 

Smectite, 

interstratified 

clays 

Higher carbon stabilization due 

to CEC, SSA 

Lowest SOC (%) loss indicating 

higher stabilization 

Das et al. (2023) 

Amorphous 

minerals 

Positively correlated with soil 

organic carbon 

Significant positive correlation 

with TOC in fine and coarse clay 

fractions 

Chatterjee et al. (2013) 

 

Ferro et al. (2023) reported that macroaggregates 

(>250 mm) and microaggregates (250 mm) exert 

physical SOC protection (Six and Paustian, 2014). 

For a very long time, the development of soil 

aggregates, particularly macroaggregates (Lehmann 

et al., 2017), has been linked to fungal populations, 

both saprophytic and mycorrhizal, as well as their 

hyphae and exudates (for example, glomalin linked 

to arbuscular mycorrhizal -AM- fungi) (Ritz and 

Young, 2004). Because of the limited accessibility, 

the SOC contained in aggregates is physically 

protected, which slows down the phenomenon of 

SOC degradation (e.g., oxidation, microbial attack). 

The level of soil aggregation, which determines the 

arrangement of soil particles and the complexity of 

soil pores, establishes a maximum SOC storage 

capacity at which OC is not physically protected (Six 

and Paustian, 2014). These results show that the 

quantity of SOC that can be protected in bulk soil is 

constrained. It is influenced by both the inherent soil 

characteristics of various soil types as well as soil 

and land management practices (Guo et al., 2020; 

Stewart et al., 2007), which can either preserve or 

degrade soil structure or contribute to OC inputs. 

Due to its distinct characteristics and interactions 

with organic matter, clay mineralogy offers a fresh 
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method for sequestering carbon. Clay minerals make 

a substantial contribution to carbon sequestration 

efforts through physical protection and stabilisation, 

carbon sorption and sequestration, aggregate 

formation and carbon trapping, mineral-organic 

interactions, and the reduction of soil acidity. 

Understanding and utilising clay mineralogy's 

potential can result in long-lasting solutions for 

climate change mitigation. To maximize the use of 

clay minerals in different soil types and ecosystems 

and to realize the full potential of these minerals in 

carbon sequestration, more study is required. 

2.3  Carbon sequestration through agronomic 

practices 

By collecting carbon dioxide (CO2) from the 

atmosphere and storing it in long-term reservoirs, 

carbon sequestration is an essential tactic in 

combating climate change. Agronomic practises can 

have a big impact on carbon sequestration, which 

also involves natural ecosystems in a big way.  

The following are only a few of the various goals of 

soil carbon sequestration: restoring the health of the 

soil and its related ecosystem functions and services; 

reducing emissions from human activity from 

burning fossil fuels and lowering the net increase in 

atmospheric CO2 concentration (which reached 400 

ppmv in 2013) and pool (800 PgC). fostering the 

development of environmentally friendly soils and 

agroecosystems, improving the disease-fighting 

capabilities of the soil, boosting agronomic 

production, improving the security of food and 

nutrition, and improving the soil's capacity to retain 

water and nutrients. enhancing the efficiency with 

which soil uses inputs reducing the dangers of rapid 

risks of accelerated erosion and non-point source 

pollution (NPSP). Agroforestry systems, 

conservation agriculture combined with crop residue 

mulch and intricate rotations along with INM, as well 

as water harvesting and recycling utilising micro-

irrigation, are some technical choices that can 

increase the soil C budget, according to Lal et al. 

(2015). One of the most effective methods for 

regenerating ecosystems with degraded soils (eroded, 

salinized, and low fertility) and desertification is 

afforestation. The rate of soil carbon sequestration 

for secondary carbonates and SOC varies from 2 to 5 

kg C/ha/yr and 100 to 1000 kg C/ha/yr, respectively. 

i. Conservation tillage 

Conservation tillage is an agricultural technique that 

leaves crop remains on the soil surface while 

minimizing soil disturbance during planting and 

cultivation. Because of its potential to increase 

carbon sequestration in agricultural systems, this 

approach has attracted a lot of attention. No-till has 

been proven to rapidly increase soil carbon, 

particularly at the soil surface, according to several 

studies (West and Post, 2002), and some more in-

depth investigations have revealed a connection 

between this increase in carbon and increases in 

aggregation (Six et al., 2000). Conservation tillage 

techniques help agricultural areas accumulate soil 

organic carbon (SOC). Crop leftovers on the soil's 

surface serve as a source of organic matter that can 

eventually be absorbed into the soil and aid in SOC 

storage. Conservation tillage can boost SOC stocks 

by slowing the pace at which crop residues 

decompose and encouraging the production of stable 

soil aggregates (Blanco & Lal (2007). However, it is 

essential that soil aggregation be preserved in order 

to sustain advances in soil carbon. Baker et al. (2007) 

and Powlson et al. (2014) both note that a large 

number of investigations on no-till cultivation and 

conservation agriculture mainly indicate variations in 

carbon levels at the soil surface, while neglecting 

smaller depths where more intensive systems of 

tillage, like mouldboard plowing, might be actually 

relocating carbon. Syswerda et al. (2011) found that 

zero tillage farming continued to perform better than 

traditional farming. The promotion of carbon 

sequestration in agricultural systems is greatly aided 

by conservation tillage techniques. Conservation 

tillage helps to mitigate climate change by removing 

carbon dioxide from the atmosphere by decreasing 

soil erosion, increasing soil organic carbon, 

improving soil structure, and increasing crop yield. 

To create sustainable and climate-smart agricultural 

systems, farmers, decision-makers, and academics 

should continue to advocate for and adopt 

conservation tillage practices. 

ii. Nutrient management 

In agriculture, effective nutrient management 

techniques not only increase crop output, but they are 

also essential for carbon sequestration. Nitrogen (N), 

phosphorus (P), and potassium (K) are three nutrients 

that, when managed properly, can increase the 

amount of carbon that agricultural soils sequester. 

Compost, manure, or crop residues can be used as 

organic amendments to improve the soil's organic 

carbon (SOC) content and encourage carbon 

sequestration. Organic amendments boost microbial 

activity, increase carbon inputs into the soil, and 

raise soil fertility. Due to their high volumes of 

slowly decomposing organic matter, which serves as 
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a long-term source of carbon for sequestration, these 

modifications help SOC build up (Six et al. 2002). 

Chemical fertilisers, notably N2O, are a source of 

GHG emissions. In addition to this, the manufacture 

of fertiliser and the transportation of it are linked to 

GHG emissions. When fertilisers are used wisely, 

crop yields and profitability increase. Additionally, 

the cultivated soils have added around 50 Pg of CO2 

to the atmosphere (Lal 2011) through the process of 

soil organic carbon (SOC) mineralization. Although 

studies show that nitrogen fertilization reduces soil 

microbial activity, their usage has significantly 

boosted agricultural productivity (Marschner et al. 

2003, Frey et al. 2014). For sustainable soil fertility 

and crop output, balanced fertilizer usage must be 

ongoing (Verma et al. 2012). Crop residues and 

nutrients, particularly N, aid in the sequestration of 

carbon by between 21.3 and 32.5% (Windeatt et al. 

2014). 

iii. Cropping system and intensity 

The amount of biomass produced, the incorporation 

of organic matter into the soil, and the overall carbon 

balance are all impacted by different cropping 

systems and management intensities. A 1500 Gt C 

pool is represented by soils. Variations in soil C 

stocks can result from any modification, change in 

land use, or change in land management (Bernoux et 

al. 2006). Intense cropping methods always result in 

SOM depletion, however applying crop residues, 

fertilizing with NPK in a balanced manner, and using 

organic amendments can raise carbon levels to 5-10 

Mg ha
-1

 per year. 

To sequester C in the form of SOM, which also 

provides stable soil structure, increased yield, and 

economic benefits, cropping intensity, and system 

optimization are necessary in agricultural systems 

(Drinkwater et al. 1998).  The cropping system and 

intensity that is chosen have a big impact on how 

much carbon is stored in agricultural systems. To 

increase carbon sequestration, it is vital to use 

perennial cropping systems, agroforestry systems, 

cover crops, diversified crop rotations, reduced 

tillage techniques, and intercropping/relay crops. 

iv. Mulching 

Using organic or inorganic materials to cover the 

soil's surface is known as mulching in agronomy. 

This method has become well-known for its many 

advantages, including the possibility of enhancing 

carbon sequestration in agricultural systems. The 

mulch encourages carbon sequestration by 

introducing organic carbon to the soil as it breaks 

down (Six et al. 1999). Some mulch materials' slow 

rate of breakdown guarantees a long-term source of 

carbon for sequestration. 

Mulch increases carbon concentration and SOM, and 

agricultural leftovers are frequently used as mulch to 

reduce CS and protect crops from cold stress. Mulch 

can improve the physical and chemical 

characteristics of agricultural soils while also 

increasing CS levels by 8–16 Mg ha
–1

 yr
–1

. Utilising 

mulch raised the overall SOM from 1.26 to 1.50% 

(Kahlon et al. 2013). Mulch is essential for 

delivering nutrients since it participates in the C and 

N cycles and acts as a sink for carbon. It can 

considerably raise SOM and CS in the top 0–5 cm of 

soil. 

Inorganic and organic mulching both contribute 

significantly to the promotion of carbon 

sequestration in agricultural systems. Enhancing 

organic matter input, lowering soil erosion, and 

enhancing soil microbial activity all help carbon 

sequestration when using organic mulch (Kahlon et 

al. 2013). By reducing weed development, 

controlling soil temperature, and preserving soil 

moisture, inorganic mulch indirectly promotes 

greater carbon sequestration. Farmers can enhance 

soil quality, boost carbon inputs into the soil, and 

mitigate climate change by implementing mulching 

practises. 

v. Cover crops 

In a similar vein, Camarotto et al., (2020) subsequent 

study looked into the effect of cover crops on carbon 

sequestration in European agroecosystems. They 

discovered that cover crops improved soil structure, 

increased nutrient availability, and decreased soil 

erosion in addition to enhancing SOC stocks. To 

achieve its goals of reducing climate change, the 

study emphasized the significance of cover crops as a 

sustainable management practise. 

One common method for preserving and restoring 

SOM and soil productivity is the use of cover crops 

(Olson et al., 2014). An effective way to sequester C 

in agricultural systems is to grow cover crops and use 

advised management techniques. multiple reviews 

have reported that while cover crops may elevate the 

amount of SOC (Aguilera et al., 2013; Poeplau and 

Don, 2015), other research reveals no impact (Steele 

et al., 2012; Oliveira et al., 2016) and there have 

been decreases in organic carbon from the soil in the 

deeper soil horizons in some agricultural ecosystems 

(Tautges et al., 2019; Camarotto et al., 2020). Soil 

characteristics, climate, and management techniques 
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all affect how effective cover cropping is at a given 

location (Peregrina et al., 2010). The importance of 

cycling through microbial communities for long-term 

carbon sequestration is also highlighted by a recent 

understanding of carbon and nutrient dynamics in 

soil ecosystems (Lehmann and Kleber, 2015; 

Kallenbach et al., 2016). 

3. Conclusions 

An important strategy for combating climate change 

and the rising quantities of atmospheric carbon 

dioxide is carbon sequestration. By capturing and 

storing carbon dioxide emissions, it provides a 

possible solution by lessening their environmental 

impact. There are many ways to address this 

worldwide issue using the many carbon sequestration 

techniques, including natural, technological, and 

biological approaches. Agronomic techniques, clay 

mineralogy, and organic additives all give intriguing 

opportunities for carbon sequestration in agriculture. 

While clay minerals and agronomic practices help to 

stabilize carbon and improve soil health, organic 

additions enrich soil organic matter. All terrestrial 

life is based on soil organic carbon, which is 

essential for maintaining both human health and the 

environment. It is the source of many ecosystem 

products and services produced by atmospheric 

processes. Gross soil C reservoir (including organic 

and inorganic) is the biggest terrestrial repository of 

C depending on land use and management, it can 

either be a source or sink of atmospheric CO2. It is 

essential to take a complete approach that 

incorporates multiple approaches and scales, adapted 

to circumstances, to fully reap the benefits of carbon 

sequestration. 
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