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Abstract: Soil organic matter (SOM) is vital to soil health and plays a critical role in crop production. This review 

paper examines the impact of SOM on soil health, crop production, and the challenges and opportunities associated 

with managing SOM. The paper emphasizes the importance of interdisciplinary research, technological 

advancements, and supportive policies in addressing SOM dynamics and management complexities. The review 

highlights the role of SOM in nutrient supply, soil structure improvement, water-holding capacity, and microbial 

activity enhancement, which are fundamental for sustainable agricultural systems. Various management practices to 

enhance SOM, including organic amendments, cover cropping, conservation tillage, and crop rotation, are discussed. 

Despite the benefits of managing SOM, challenges such as slow formation rates, trade-offs with other agricultural 

objectives, and economic viability exist. Addressing these challenges requires further research, knowledge exchange, 

and integrating traditional knowledge with modern technologies. Future perspectives and research needs include 

advancing interdisciplinary collaboration, harnessing emerging technologies, understanding the interactions between 

SOM and climate change, exploring novel management practices, quantifying ecosystem services, addressing 

knowledge gaps, and providing policy support and incentives. Sustainable soil management strategies can be 

developed by embracing these perspectives and addressing the identified research needs. These strategies optimize 

SOM levels, promote soil health, enhance crop productivity, and contribute to global food security and environmental 

sustainability. Overall, this review provides valuable insights for researchers, policymakers, and stakeholders in their 

efforts to enhance SOM management and promote sustainable agriculture. 
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Introduction  

Soil organic matter (SOM) is one of the most vital 

constituents of the soil, forming the backbone of soil 

health and fertility (Lal, 2014) SOM is a complex 

mixture of plant and animal materials in varying 

stages of decomposition, microbes, and the 

substances they synthesize in the soil (Lehmann and 

Kleber, 2015). It plays a key role in numerous soil 

functions, contributing to soil structure, nutrient 

cycling, and water retention, among other things 

(Janzen, 2006). The importance of SOM in agriculture 

cannot be overemphasized. In addition to improving 

soil structure and enhancing nutrient and water 

retention, SOM plays a crucial role in supporting a 

rich and diverse soil biota (Postma-Blaauw et al., 

2010). This biodiversity is an integral part of the soil 

ecosystem, contributing to soil fertility, suppressing 

soil-borne diseases, decomposing organic matter and 

residues, and enhancing crop nutrient availability 

(Bender et al., 2016). Given the vital role that SOM 

plays in soil health and crop production, 

understanding its dynamics is crucial for sustainable 

agricultural practices and food security. 

The relationship between SOM and soil health is 

multifaceted and dynamic. Healthy soils, 

characterized by good structure, optimal nutrient 

availability, and a diverse microbial community, tend 
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to have higher levels of SOM (Kibblewhite et al., 

2008). This, in turn, contributes to higher productivity 

and resilience in agricultural systems. However, 

modern agricultural practices, such as intensive tillage 

and monocropping, can lead to SOM depletion, 

adversely affecting soil health and crop productivity 

(Montgomery, 2007).  

The impact of SOM on crop production is also 

significant. SOM improves the physical properties of 

the soil, enhancing root growth and access to water 

and nutrients (Kautz et al., 2013). It also contributes 

to nutrient cycling, ensuring the continuous 

availability of essential nutrients to plants 

(Stockmann et al., 2013). Furthermore, the beneficial 

microorganisms supported by SOM can improve 

plant health by suppressing disease-causing 

organisms and enhancing plant resistance to pests and 

diseases (Lugtenberg and Kamilova, 2009). There is, 

however, a pressing need for more comprehensive 

research on the role of SOM in soil health and crop 

production. This is due to the complex nature of SOM, 

its interactions with other soil properties, and the 

myriad of factors that influence SOM dynamics, 

including climate, soil type, land use, and 

management practices (Pan et al., 2009). 

Understanding these complexities is crucial for 

developing sustainable soil management strategies 

and enhancing global food security. 

This review paper aims to provide a comprehensive 

overview of the impact of soil organic matter on soil 

health and crop production, drawing on the latest 

scientific literature. We will explore the role of SOM 

in various aspects of soil health and examine how it 

influences crop productivity. We will also discuss 

strategies to enhance SOM and address the challenges 

and opportunities in SOM management in a changing 

climate. 

Understanding Soil Organic Matter 

Soil Organic Matter (SOM) is a complex and diverse 

soil component, constituting about 1-6% of the total 

soil mass (Bronick and Lal, 2005). It is formed 

through the decomposition and transformation of 

plant and animal residues by soil organisms, a process 

termed as humification (Stevenson, 1994). These 

organic residues undergo various stages of 

decomposition, resulting in a heterogeneous mixture 

of materials that vary in their degree of decomposition 

and stability in the soil (Schlesinger and Bernhardt, 

2013). The composition of SOM is diverse and 

dynamic, reflecting the variety of its sources and the 

myriad of biological, chemical, and physical 

processes it undergoes in the soil (Schmidt et al., 

2011). It includes many organic compounds, from 

simple sugars and amino acids to complex polymers 

like lignin and humic substances (Piccolo, 2002). The 

latter is particularly important as they are more 

resistant to decomposition and can persist in the soil 

for decades or even centuries, thereby contributing to 

the long-term storage of carbon (Paustian et al., 2019). 

The sources of SOM are primarily plant residues and 

animal manure, but it can also originate from other 

organic materials added to the soil, such as compost 

and biochar (Paustian et al., 2000). Plant residues are 

the largest source of SOM, contributing about 60-80% 

of the total SOM in agricultural soils (Rasse et al., 

2005). These residues include above ground biomass 

(e.g., leaves, stems) and below ground biomass (e.g., 

roots), both of which differ in their chemical 

composition and decomposition rates (Sistani et al., 

2010). On the other hand, animal manure contributes 

a smaller proportion of SOM but is often richer in 

nutrients and decomposes more rapidly (Davidson 

and Janssens, 2006). The formation and 

decomposition of SOM are influenced by many 

factors, including climate, soil type, vegetation, and 

land management practices (Conant et al., 2011). 

Temperature and moisture, for instance, are key 

climatic factors affecting SOM dynamics. Warmer 

temperatures and adequate moisture generally 

enhance microbial activity and decomposition of 

organic materials, leading to faster turnover of SOM 

(Six et al., 2002). Soil type also plays a significant 

role, with clay-rich soils generally having higher 

SOM levels due to the protective effect of clay 

particles on organic materials (Cotrufo et al., 2013). 

Vegetation type and land management practices can 

also greatly impact SOM dynamics. Different plant 

species produce residues with different qualities (e.g., 

nutrient content, lignin content), which can influence 

their decomposition rates and the subsequent 

formation of SOM (West and Post, 2002). 

Management practices, such as tillage, crop rotation, 

and organic amendment application, can also 

influence SOM levels by altering the quantity and 

quality of organic inputs and the physical 

environment of the soil (Lal, 2010). 

Understanding the nature of SOM and the factors that 

govern its dynamics is crucial for predicting its 

behavior under different environmental and 

management conditions. This knowledge can inform 

the development of sustainable soil management 

practices that enhance SOM levels and, in turn, soil 

health and crop productivity (Cotrufo et al., 2015). 

However, despite the substantial progress in SOM 

research, several knowledge gaps and challenges 

remain. For example, the exact mechanisms of SOM 

formation and stabilization are not fully understood, 

and the influence of soil microorganisms on SOM 

dynamics is still an active area of research (Trivedi et 

al., 2013; Lal, 2012). Moreover, the impact of global 

changes, such as climate change and land use change, 

on SOM dynamics is still uncertain and requires 

further investigation 9Lal, 2016). As we navigate 

through these challenges and unknowns, the role of 

SOM in soil health and crop production remains a key 

area of inquiry. In the following sections, we delve 

into these topics, shedding light on the multifaceted 

role of SOM in maintaining healthy, productive soils. 
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Impact of Soil Organic Matter on Soil Health 

Soil organic matter (SOM) is indispensable in 

maintaining and improving soil health. Its influence 

on soil health is multifold, affecting the soil's 

physical, chemical, and biological properties, thereby 

contributing to the overall productivity and resilience 

of agroecosystems (Six et al., 2004). 

Physically, SOM influences soil structure, water-

holding capacity, and erosion resistance. By binding 

mineral particles together into aggregates, SOM 

improves soil structure, enhancing soil porosity and 

water infiltration (Lal, 2003). This facilitates root 

penetration and growth and reduces surface runoff 

and soil erosion (Hudson, 1994). Furthermore, 

organic matter, particularly the humic fraction, has a 

high water-holding capacity, thus increasing the soil's 

ability to retain and supply water to plants (Stevenson 

and Cole, 1999). Chemically, SOM is a reservoir of 

essential nutrients and acts as a buffer against changes 

in soil pH. As it decomposes, SOM releases nutrients 

like nitrogen, phosphorus, and sulfur, which plants 

can take up (Lindsay, 1979). Moreover, certain 

components of SOM can form complexes with metal 

ions, enhancing the availability of micronutrients such 

as iron, zinc, and manganese (Van Veen and 

Kuikman, 1990). The buffering capacity of SOM, 

attributed to functional groups like carboxyl and 

phenolic groups, helps maintain soil pH within a 

range conducive to nutrient availability and microbial 

activity (Sylvia et al., 2005). 

Biologically, SOM serves as an energy source and 

habitat for diverse soil organisms. By providing 

energy and nutrients, SOM supports the growth and 

activity of soil microorganisms, which play crucial 

roles in nutrient cycling, disease suppression, and soil 

structure formation (Lavelle et al., 20060. SOM also 

enhances the diversity and abundance of soil fauna, 

including earthworms, mites, and beetles, which 

contribute to nutrient cycling and organic matter 

decomposition (Lal, 2004). Given the above, it is 

evident that SOM is integral to soil health, providing 

numerous ecosystem services that underpin 

agricultural productivity. However, SOM levels in 

many agricultural soils have declined due to intensive 

farming practices, such as continuous cropping, 

excessive tillage, and inadequate organic matter 

inputs (Lal, 2001). This has led to soil health 

degradation, reduced soil fertility, increased 

susceptibility to erosion, and decreased water-holding 

capacity, among other symptoms (Lal, 2016). 

Therefore, restoring and maintaining SOM levels is a 

key strategy for improving soil health and ensuring 

the sustainability of agricultural systems. Various 

practices can be employed, including organic 

amendment application, cover cropping, conservation 

tillage, and crop rotation (Paustian et al., 2016). These 

practices increase the quantity and quality of organic 

inputs to the soil and enhance soil protection and 

microbial activity, thereby promoting SOM formation 

and stabilization (Chen et al., 2019). 

Despite the well-documented benefits of SOM for soil 

health, several challenges remain in managing SOM 

in agroecosystems. These include SOM formation's 

slow rate, SOM dynamics variability across different 

soils and climates, and potential trade-offs between 

SOM management and other agricultural objectives 

(Reganold et al., 2010). Further research is needed to 

address these challenges and to develop context-

specific strategies for SOM management that balance 

the goals of productivity, sustainability, and resilience 

(Sprent and Platzmam, 2001). 

Impact of Soil Organic Matter on Crop Production 

The influence of soil organic matter (SOM) on crop 

production is profound and multifaceted, impacting 

not only the direct supply of nutrients to crops but also 

the physical and biological conditions of the soil that 

underpin crop growth and health (Berendsen et al., 

2012). The nutrient supply function of SOM is one of 

its most important contributions to crop production. 

As mentioned earlier, SOM serves as a reservoir of 

essential nutrients, including nitrogen, phosphorus, 

and sulfur, released upon decomposition (Lindasy, 

1979). Crops subsequently absorb these nutrients and 

contribute to their growth and development. In 

addition, the ability of SOM to form complexes with 

metal ions enhances the availability of micronutrients 

such as iron, zinc, and manganese, which are crucial 

for various physiological processes in crops (Van 

Veen and Kuikman, 1990). The nutrient supply 

function of SOM is especially significant in low-input 

and organic farming systems, where mineral 

fertilizers are either not used or used sparingly (Lal, 

2006). 

Besides nutrient supply, SOM also improves the 

physical conditions of the soil for crop growth. By 

enhancing soil structure, SOM facilitates root 

penetration and growth, critical for crop nutrient and 

water uptake (Lal, 2003). Moreover, the water-

holding capacity of SOM helps maintain soil 

moisture, providing a consistent water supply to crops 

and reducing their susceptibility to drought 

(Stevenson and Cole, 1999). This is particularly 

important in rainfed agricultural systems and in 

regions with irregular rainfall patterns (Lal, 2009). 

SOM's impact on the soil's biological conditions also 

has implications for crop production. By supporting a 

diverse and active soil microbial community, SOM 

promotes nutrient cycling and disease suppression, 

both beneficial for crops (Lavelle et al., 2006). For 

instance, certain soil microorganisms can transform 

atmospheric nitrogen into forms accessible to plants, 

a process known as biological nitrogen fixation 

(Gattinger et al., 2012). Other microorganisms, 

particularly those in the rhizosphere, can suppress 

soil-borne diseases by outcompeting or inhibiting 

pathogenic microbes, thereby enhancing crop health 

and yield (Diacono and Montemurro, 2015). 

In addition to its direct benefits for crop production, 

SOM contributes to cropping systems' resilience. By 

enhancing soil's capacity to absorb and release water, 
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SOM can buffer crops against water stress during dry 

periods (Stevenson and Cole, 1999). Similarly, by 

maintaining soil structure and stability, SOM can 

reduce the risk of soil erosion, which can cause loss 

of topsoil and nutrients and degrade the crop-growing 

environment (Hudson, 1994). Furthermore, the 

buffering capacity of SOM can help maintain soil pH 

within a range conducive to crop growth, despite the 

addition of acidic or alkaline substances (Sylvia et al., 

2005). Despite the significant contributions of SOM 

to crop production, many conventional farming 

practices have led to a decline in SOM levels, with 

negative implications for crop productivity and 

sustainability [40]. Therefore, integrating SOM 

management into farming practices is a key strategy 

for improving crop production and ensuring the 

sustainability of agricultural systems. 

Various practices can be employed to maintain or 

increase SOM levels, including organic amendment 

application, cover cropping, conservation tillage, and 

crop rotation (Paustian et al., 2016). These practices 

enhance the quantity and quality of organic inputs to 

the soil, reduce soil disturbance, and enhance 

microbial activity, thereby promoting SOM formation 

and stabilization (Chen et al., 2019). However, the 

effectiveness of these practices can vary depending on 

local soil and climatic conditions, farm management 

and economic considerations (Poeplau and Don, 

2015). SOM plays an essential role in crop production 

by improving the soil's physical, chemical, and 

biological conditions and providing a reservoir of 

essential nutrients. Managing SOM effectively is 

crucial for achieving high and sustainable crop yields, 

particularly in the face of global challenges such as 

climate change and increasing food demand. 

Practices to Enhance Soil Organic Matter 

Given the importance of soil organic matter (SOM) 

for soil health and crop production, effective 

strategies for enhancing SOM levels in agricultural 

soils are paramount. These strategies typically involve 

increasing the quantity and quality of organic inputs 

to the soil and reducing soil disturbance, thereby 

promoting SOM formation and stabilization (Blanco‐

Canqui et al., 2015). One common strategy for 

enhancing SOM is the application of organic 

amendments, such as compost, manure, and crop 

residues. These materials provide a direct input of 

organic matter to the soil and supply nutrients to crops 

and soil microorganisms, stimulating plant growth 

and microbial activity (Peoples et al., 2015). 

Moreover, the decomposition of organic amendments 

can result in the formation of stable organic 

compounds, such as humus, which contribute to the 

long-term storage of carbon in soils (Bizi and Sidi, 

2023). However, the effectiveness of organic 

amendments in enhancing SOM can depend on 

various factors, including their composition, the 

timing and method of application, and local soil and 

climatic conditions (Islam et al., 2022). 

Cover cropping is another widely adopted practice for 

enhancing SOM. Cover crops, typically grown during 

periods when main crops are absent, can increase the 

organic matter input to the soil through their above- 

and below-ground biomass (Govaerts et al., 2007). In 

addition to providing organic matter, cover crops can 

enhance soil protection against erosion, suppress 

weeds, and provide habitat for beneficial soil 

organisms (Powlson et al., 2014). Moreover, certain 

cover crops, such as legumes, can fix atmospheric 

nitrogen, contributing to soil fertility (Palm et al., 

2014). 

Conservation tillage, which involves reducing the 

intensity or frequency of tillage, is also beneficial for 

SOM enhancement. Conservation tillage can reduce 

the decomposition and loss of SOM by minimizing 

soil disturbance, thereby promoting its accumulation 

in the soil (Verhulst et al., 2010). Furthermore, 

conservation tillage can enhance soil protection 

against erosion and improve water conservation, both 

beneficial for soil health and crop production (Bizi 

and Sidi, 2023). Crop rotation, the practice of growing 

different types of crops in succession on the same 

land, can also contribute to SOM enhancement. 

Different crops vary in their residue quantity and 

quality, rooting depth, and interactions with soil 

microorganisms, all of which can influence SOM 

dynamics (Islam et al., 2022). By diversifying crop 

types, crop rotation can enhance the diversity and 

balance of organic inputs to the soil, promote nutrient 

cycling, and disrupt pest and disease cycles, thereby 

contributing to SOM enhancement and overall 

agroecosystem health (Peoples et al., 2009). Despite 

the well-documented benefits of these practices, 

challenges remain in their implementation. These 

include technical challenges, such as the need for 

specialized equipment or knowledge, economic 

challenges, such as the cost of organic amendments or 

the potential yield trade-offs, and social challenges, 

such as the acceptance of new practices by farmers 

(Bizi and Sidi, 2023). Therefore, further research and 

extension efforts are needed to overcome these 

challenges and to tailor SOM management strategies 

to local conditions and needs. 

Challenges and Opportunities in Managing Soil 

Organic Matter 

Managing soil organic matter (SOM) is a critical 

aspect of sustainable agriculture, contributing to soil 

health, crop productivity, and climate change 

mitigation. However, several challenges and 

opportunities exist in effectively managing SOM in 

agricultural systems. Addressing these challenges and 

embracing the opportunities can improve soil 

management practices and enhanced agricultural 

sustainability. Slow rate of SOM formation: SOM 

formation is slow, with organic inputs decomposing 

over years or even decades. This poses a challenge in 

building SOM levels within a reasonable timeframe 

(Bizi and Sidi, 2023). To overcome this challenge, 

innovative management practices and technologies 
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are being developed to accelerate SOM formation, 

such as using biochar, microbial inoculants, and 

specific crop residues with high decomposability (Lal, 

2004; Major et al., 2010). 

Variability of SOM dynamics: SOM dynamics vary 

across different soil types, climates, and management 

practices. Soil characteristics influence SOM 

stabilization and decomposition rates, including 

texture, mineralogy, and organic matter quality 

(Kätterer et al. 2011). Climate, particularly 

temperature and moisture, also plays a crucial role in 

SOM dynamics (Six et al., 2002). Understanding 

these variations and tailoring management practices 

accordingly is crucial for effective SOM 

management. Trade-offs and synergies: There can be 

trade-offs between SOM management and other 

agricultural objectives. For example, using high-

residue cover crops may provide substantial organic 

inputs to the soil but could also increase water 

consumption or interfere with weed control (Blanco-

Canqui and Lal, 2008). Balancing multiple objectives, 

such as optimizing crop productivity, conserving 

water resources, and reducing greenhouse gas 

emissions, requires careful consideration and system-

level approaches. 

Economic viability: The economic viability of SOM 

management practices is a key factor in their adoption 

by farmers. Some practices, such as organic 

amendments or conservation tillage, may require 

initial investments or changes in farm operations that 

can be perceived as challenging or costly (Palm et al., 

2014). Providing incentives, technical support, and 

education to farmers can help overcome these barriers 

and promote adopting sustainable SOM management 

practices. Knowledge and information gaps: Despite 

substantial research efforts, there are still knowledge 

gaps in understanding the intricacies of SOM 

dynamics, including the mechanisms of carbon 

stabilization, interactions between SOM and soil 

microorganisms, and the long-term impacts of 

management practices on SOM stocks (Poeplau and 

Don, 2015). Continued research and knowledge-

sharing among scientists, extension services, and 

farmers are essential for advancing our understanding 

and implementing effective SOM management 

strategies. 

Climate change implications: Climate change poses 

both challenges and opportunities for SOM 

management. Changes in temperature, precipitation 

patterns, and extreme weather events can affect SOM 

decomposition rates, nutrient cycling, and soil erosion 

dynamics (Minasny et al., 2018). On the other hand, 

SOM management practices can contribute to climate 

change mitigation by sequestering carbon in soils and 

reducing greenhouse gas emissions from agricultural 

activities (Bizi and Sidi, 2023). Optimizing SOM 

management in the context of a changing climate 

requires a holistic and adaptive approach. Integration 

of traditional knowledge and modern technologies: 

Traditional knowledge and soil management practices 

by indigenous and local communities can provide 

valuable insights into sustainable SOM management 

(Steiner et al., 2007). Integrating this traditional 

knowledge with modern technologies, such as 

precision agriculture, remote sensing, and data 

analytics, can lead to innovative and context-specific 

SOM management strategies that are both effective 

and culturally relevant. 

Future Perspectives and Research Needs 

As we look towards the future, several key 

perspectives and research need emerge to advance our 

understanding and management of soil organic matter 

(SOM). These perspectives highlight the importance 

of interdisciplinary collaboration, technological 

advancements, and policy support to address the 

challenges and seize the opportunities associated with 

SOM management. 

Advancing interdisciplinary research: SOM 

management requires a holistic and multidisciplinary 

approach integrating knowledge from various fields, 

including soil science, agronomy, ecology, 

microbiology, and climate science. Collaboration 

among scientists, policymakers, farmers, and 

stakeholders is crucial to promote knowledge 

exchange, fostering innovation, and developing 

context-specific SOM management strategies (Lal, 

2004;2006). 

Harnessing technological advancements: Emerging 

technologies offer new opportunities to study SOM 

dynamics and develop innovative management 

practices. High-resolution imaging techniques, 

molecular biology tools, isotopic tracing methods, 

and remote sensing technologies can provide valuable 

insights into SOM formation, stabilization 

mechanisms, and spatial distribution patterns (Mayer 

et al., 2022; Smith et al., 2015). Integrating these 

technologies into research and management practices 

can enhance our ability to monitor and manage SOM 

effectively. Understanding interactions with climate 

change: Climate change poses challenges and 

opportunities for SOM management. Future research 

should understand how changing climatic conditions, 

including temperature, precipitation patterns, and 

extreme events, interact with SOM dynamics 

(Minasny et al., 2018). Additionally, investigating the 

potential of SOM management practices to mitigate 

greenhouse gas emissions and enhance climate 

resilience is critical for sustainable agricultural 

systems (Bizi and Sidi, 2023; Kell, 2011)). 

Exploring novel management practices: Innovative 

SOM management practices should be explored to 

enhance SOM levels and soil health. These may 

include using biochar, cover crops, precision 

agriculture, and agroforestry systems (Adhikari and 

Hartemink, 2016; Major et al., 2010). Integrating 

traditional ecological knowledge with modern science 

can also provide insights into sustainable soil 

management practices (Steiner et al., 2007). Future 

research should evaluate these practices' 

effectiveness, economic viability, and scalability 
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across different agroecosystems. Quantifying 

ecosystem services: Quantifying the multiple 

ecosystem services provided by SOM can help build 

the economic case for sustainable SOM management. 

Assessing the impacts of SOM on crop productivity, 

water regulation, nutrient cycling, carbon 

sequestration, and biodiversity conservation can 

contribute to policy support and incentive 

mechanisms for farmers adopting sustainable soil 

management practices (Palm et al., 2014; Lehmann et 

al., 2011). 

Addressing knowledge gaps: Several gaps persist in 

our understanding of SOM dynamics and 

management. Research is needed to elucidate the 

mechanisms of SOM stabilization, the roles of 

specific microbial communities, and the impacts of 

different management practices on SOM turnover and 

composition (Díaz-Siefer et al., 2022; Major et al., 

2010). Long-term monitoring and experimental 

studies are essential for gathering robust data to 

inform decision-making. Policy support and 

incentives: Policies and incentives that promote 

sustainable SOM management are crucial for 

widespread adoption. Governments, agricultural 

organizations, and international bodies should 

develop and implement policies that support farmers 

in adopting practices that enhance SOM levels, 

provide education and technical support, and establish 

market-based mechanisms for rewarding carbon 

sequestration in agricultural soils (Paustian et al., 

2000). 

Conclusion 

In conclusion, soil organic matter (SOM) is crucial in 

soil health and crop production. It influences nutrient 

availability, soil structure, water-holding capacity, 

and microbial activity, all essential for sustainable 

agricultural systems. Through effective management 

of SOM, we can enhance soil fertility, mitigate 

climate change through carbon sequestration, and 

improve overall ecosystem resilience. This review 

paper has highlighted the impact of SOM on soil 

health, crop production, and the challenges and 

opportunities in managing SOM. It emphasizes the 

importance of interdisciplinary research, 

technological advancements, and supportive policies 

to address the complexities of SOM dynamics and 

management. Key practices to enhance SOM include 

organic amendments, cover cropping, conservation 

tillage, and crop rotation. These practices promote 

organic matter input, reduce soil disturbance, and 

enhance microbial activity, leading to increased SOM 

levels and improved soil quality. However, managing 

SOM comes with challenges like slow formation 

rates, trade-offs with other agricultural objectives, and 

economic viability. Addressing these challenges 

requires further research, knowledge exchange, and 

integrating traditional knowledge with modern 

technologies. Future perspectives and research needs 

include advancing interdisciplinary collaboration, 

harnessing emerging technologies, understanding the 

interactions between SOM and climate change, 

exploring novel management practices, quantifying 

ecosystem services, addressing knowledge gaps, and 

providing policy support and incentives. By 

embracing these perspectives and addressing the 

identified research needs, we can develop sustainable 

soil management strategies that optimize SOM levels, 

promote soil health, enhance crop productivity, and 

contribute to global food security and environmental 

sustainability. 

Conflict of interest 

The authors declared absence of conflict of interest.  

References 

Adhikari, K., & Hartemink, A. E. (2016). Linking 

soils to ecosystem services—A global 

review. Geoderma, 262, 101-111. 

https://doi.org/10.1016/j.geoderma.2015.08.0

09  

Bender, S. F., Wagg, C., & van der Heijden, M. G. 

(2016). An underground revolution: 

biodiversity and soil ecological engineering 

for agricultural sustainability. Trends in 

ecology & evolution, 31(6), 440-452. 

https://doi.org/10.1016/j.tree.2016.02.016  

Berendsen, R. L., Pieterse, C. M., & Bakker, P. A. 

(2012). The rhizosphere microbiome and plant 

health. Trends in plant science, 17(8), 478-

486. 

https://doi.org/10.1016/j.tplants.2012.04.001  

Bizi, A. B., & Sidi, Y. D. (2023). Soil Erosion in 

Northern Nigeria: Potential Impact and 

Possible Solution: A Review. Journal of 

Scientific Research and Reports, 29(7), 17-26. 

https://doi.org/10.9734/jsrr/2023/v29i71756  

Blanco-Canqui, H., & Lal, R. (2008). Principles of 

soil conservation and management. Springer 

Science & Business Media. 

Blanco‐Canqui, H., Shaver, T. M., Lindquist, J. L., 

Shapiro, C. A., Elmore, R. W., Francis, C. A., 

& Hergert, G. W. (2015). Cover crops and 

ecosystem services: Insights from studies in 

temperate soils. Agronomy journal, 107(6), 

2449-2474. 

https://doi.org/10.2134/agronj15.0086  

Bronick, C. J., & Lal, R. (2005). Soil structure and 

management: a review. Geoderma, 124(1-2), 

3-22. 

https://doi.org/10.1016/j.geoderma.2004.03.0

05  

Chen, S., Arrouays, D., Angers, D. A., Martin, M. P., 

& Walter, C. (2019). Soil carbon stocks under 

different land uses and the applicability of the 

soil carbon saturation concept. Soil and Tillage 

Research, 188, 53-58. 

https://doi.org/10.1016/j.still.2018.11.001  

Conant, R. T., Ryan, M. G., Ågren, G. I., Birge, H. E., 

Davidson, E. A., Eliasson, P. E., ... & 

Bradford, M. A. (2011). Temperature and soil 

organic matter decomposition rates–synthesis 

of current knowledge and a way 

https://doi.org/10.1016/j.geoderma.2015.08.009
https://doi.org/10.1016/j.geoderma.2015.08.009
https://doi.org/10.1016/j.tree.2016.02.016
https://doi.org/10.1016/j.tplants.2012.04.001
https://doi.org/10.9734/jsrr/2023/v29i71756
https://doi.org/10.2134/agronj15.0086
https://doi.org/10.1016/j.geoderma.2004.03.005
https://doi.org/10.1016/j.geoderma.2004.03.005
https://doi.org/10.1016/j.still.2018.11.001


Biol. Agri. Sci. Res. J., Volume, 2: 11                                                                                                Hussain et al., (2023)         

 

7 
 

forward. Global change biology, 17(11), 

3392-3404. https://doi.org/10.1111/j.1365-

2486.2011.02496.x  

Cotrufo, M. F., Soong, J. L., Horton, A. J., Campbell, 

E. E., Haddix, M. L., Wall, D. H., & Parton, 

W. J. (2015). Formation of soil organic matter 

via biochemical and physical pathways of litter 

mass loss. Nature Geoscience, 8(10), 776-779. 

Cotrufo, M. F., Wallenstein, M. D., Boot, C. M., 

Denef, K., & Paul, E. (2013). The M icrobial E 

fficiency‐M atrix S tabilization (MEMS) 

framework integrates plant litter 

decomposition with soil organic matter 

stabilization: do labile plant inputs form stable 

soil organic matter?. Global change 

biology, 19(4), 988-995. 

https://doi.org/10.1111/gcb.12113  

Davidson, E. A., & Janssens, I. A. (2006). 

Temperature sensitivity of soil carbon 

decomposition and feedbacks to climate 

change. Nature, 440(7081), 165-173.  

Diacono, M., & Montemurro, F. (2015). Effectiveness 

of organic wastes as fertilizers and 

amendments in salt-affected 

soils. Agriculture, 5(2), 221-230. 

https://doi.org/10.3390/agriculture5020221  

Díaz-Siefer, P., Fontúrbel, F. E., Berasaluce, M., 

Huenchuleo, C., Lal, R., Mondaca, P., & Celis-

Diez, J. L. (2022). The market–society–policy 

nexus in sustainable agriculture. Environment, 

Development and Sustainability, 1-20. 

https://doi.org/10.1007/s10668-022-02691-y  

Gattinger, A., Muller, A., Haeni, M., Skinner, C., 

Fliessbach, A., Buchmann, N., ... & Niggli, U. 

(2012). Enhanced top soil carbon stocks under 

organic farming. Proceedings of the National 

Academy of Sciences, 109(44), 18226-18231. 

https://doi.org/10.1073/pnas.1209429109  

Govaerts, B., Mezzalama, M., Unno, Y., Sayre, K. D., 

Luna-Guido, M., Vanherck, K., ... & Deckers, 

J. (2007). Influence of tillage, residue 

management, and crop rotation on soil 

microbial biomass and catabolic 

diversity. Applied soil ecology, 37(1-2), 18-30. 

https://doi.org/10.1016/j.apsoil.2007.03.006  

Hudson, B. D. (1994). Soil organic matter and 

available water capacity. Journal of soil and 

water conservation, 49(2), 189-194. 

Islam, M. S., Muhyidiyn, I., Islam, M. R., Hasan, M. 

K., Hafeez, A. G., Hosen, M. M., ... & El 

Sabagh, A. (2022). Soybean and sustainable 

agriculture for food security. DOI: 

10.5772/intechopen.104129  
Janzen, H. H. (2006). The soil carbon dilemma: shall 

we hoard it or use it?. Soil Biology and 

Biochemistry, 38(3), 419-424. 

https://doi.org/10.1016/j.soilbio.2005.10.008  

Kätterer, T., Bolinder, M. A., Andrén, O., Kirchmann, 

H., & Menichetti, L. (2011). Roots contribute 

more to refractory soil organic matter than 

above-ground crop residues, as revealed by a 

long-term field experiment. Agriculture, 

Ecosystems & Environment, 141(1-2), 184-

192. 

https://doi.org/10.1016/j.agee.2011.02.029  

Kautz, T., Amelung, W., Ewert, F., Gaiser, T., Horn, 

R., Jahn, R., ... & Köpke, U. (2013). Nutrient 

acquisition from arable subsoils in temperate 

climates: a review. Soil Biology and 

Biochemistry, 57, 1003-1022. 

https://doi.org/10.1016/j.soilbio.2012.09.014  

Kell, D. B. (2011). Breeding crop plants with deep 

roots: their role in sustainable carbon, nutrient 

and water sequestration. Annals of 

Botany, 108(3), 407-418. 

https://doi.org/10.1093/aob/mcr175  

Kibblewhite, M. G., Ritz, K., & Swift, M. J. (2008). 

Soil health in agricultural 

systems. Philosophical Transactions of the 

Royal Society B: Biological 

Sciences, 363(1492), 685-701. 

https://doi.org/10.1098/rstb.2007.2178  

Lal R. Soil erosion and the global carbon budget. 

Environ Int. 2003 Jul 1;29(4):437-50. 

https://doi.org/10.1016/S01604120(02)00192-

7  

Lal, R. (2001). Soil degradation by erosion. Land 

degradation & development, 12(6), 519-539. 

https://doi.org/10.1002/ldr.472  

Lal, R. (2004). Soil carbon sequestration impact on 

global climate change and food 

security. science, 304(5677), 1623-1627. 

https://doi.org/10.1126/science.1097396  

Lal, R. (2004). Soil carbon sequestration to mitigate 

climate change. Geoderma, 123(1-2), 1-22. 

https://doi.org/10.1016/j.geoderma.2004.01.0

32  

Lal, R. (2006). Enhancing crop yields in the 

developing countries through restoration of the 

soil organic carbon pool in agricultural 

lands. Land degradation & 

development, 17(2), 197-209. 

https://doi.org/10.1002/ldr.696  

Lal, R. (2009). Challenges and opportunities in soil 

organic matter research. European Journal of 

Soil Science, 60(2), 158-169. 

https://doi.org/10.1111/j.13652389.2008.0111

4.x  

Lal, R. (2010). Managing soils and ecosystems for 

mitigating anthropogenic carbon emissions 

and advancing global food 

security. BioScience, 60(9), 708-721. 

https://doi.org/10.1525/bio.2010.60.9.8  

Lal, R. (2012). Climate change and soil degradation 

mitigation by sustainable management of soils 

and other natural resources. Agricultural 

Research, 1, 199-212. DOI 10.1007/s40003-

012-0031-9  
Lal, R. (2016). Beyond COP 21: potential and 

challenges of the “4 per Thousand” 

https://doi.org/10.1111/j.1365-2486.2011.02496.x
https://doi.org/10.1111/j.1365-2486.2011.02496.x
https://doi.org/10.1111/gcb.12113
https://doi.org/10.3390/agriculture5020221
https://doi.org/10.1007/s10668-022-02691-y
https://doi.org/10.1073/pnas.1209429109
https://doi.org/10.1016/j.apsoil.2007.03.006
https://doi.org/10.1016/j.soilbio.2005.10.008
https://doi.org/10.1016/j.agee.2011.02.029
https://doi.org/10.1016/j.soilbio.2012.09.014
https://doi.org/10.1093/aob/mcr175
https://doi.org/10.1098/rstb.2007.2178
https://doi.org/10.1016/S01604120(02)00192-7
https://doi.org/10.1016/S01604120(02)00192-7
https://doi.org/10.1002/ldr.472
https://doi.org/10.1126/science.1097396
https://doi.org/10.1016/j.geoderma.2004.01.032
https://doi.org/10.1016/j.geoderma.2004.01.032
https://doi.org/10.1002/ldr.696
https://doi.org/10.1111/j.13652389.2008.01114.x
https://doi.org/10.1111/j.13652389.2008.01114.x
https://doi.org/10.1525/bio.2010.60.9.8


Biol. Agri. Sci. Res. J., Volume, 2: 11                                                                                                Hussain et al., (2023)         

 

8 
 

initiative. Journal of Soil and Water 

Conservation, 71(1), 20A-25A. DOI: 

https://doi.org/10.2489/jswc.71.1.20A 
Lal, R. (2016). Soil health and carbon 

management. Food and Energy Security, 5(4), 

212-222. https://doi.org/10.1002/fes3.96  

Lavelle, P., Decaëns, T., Aubert, M., Barot, S., 

Blouin, M., Bureau, F., ... & Rossi, J. P. 

(2006). Soil invertebrates and ecosystem 

services. European journal of soil biology, 42, 

S3-S15. 

https://doi.org/10.1016/j.ejsobi.2006.10.002  

Lehmann, J., & Kleber, M. (2015). The contentious 

nature of soil organic 

matter. Nature, 528(7580), 60-68. 

Lehmann, J., Rillig, M. C., Thies, J., Masiello, C. A., 

Hockaday, W. C., & Crowley, D. (2011). 

Biochar effects on soil biota–a review. Soil 

biology and biochemistry, 43(9), 1812-1836. 

https://doi.org/10.1016/j.soilbio.2011.04.022  

Lindsay, W. L. (1979). Chemical equilibria in soils. 

Blackburn Press, Caldwell, NJ. Chemical 

equilibria in soils. Blackburn Press, Caldwell, 

NJ. 

Lugtenberg, B., & Kamilova, F. (2009). Plant-

growth-promoting rhizobacteria. Annual 

review of microbiology, 63, 541-556. 

https://doi.org/10.1146/annurev.micro.62.081

307.162918  

Major, J., Lehmann, J., Rondon, M., & Goodale, C. 

(2010). Fate of soil‐applied black carbon: 

downward migration, leaching and soil 

respiration. Global Change Biology, 16(4), 

1366-1379. https://doi.org/10.1111/j.1365-

2486.2009.02044.x  

Mayer, M., Krause, H. M., Fliessbach, A., Mäder, P., 

& Steffens, M. (2022). Fertilizer quality and 

labile soil organic matter fractions are vital for 

organic carbon sequestration in temperate 

arable soils within a long-term trial in 

Switzerland. Geoderma, 426, 116080. 

https://doi.org/10.1016/j.geoderma.2022.1160

80  

Minasny, B., Arrouays, D., McBratney, A. B., 

Angers, D. A., Chambers, A., Chaplot, V., ... 

& Winowiecki, L. (2018). Rejoinder to 

Comments on Minasny et al., 2017 Soil carbon 

4 per mille Geoderma 292, 59–

86. Geoderma, 309, 124-129. 

https://doi.org/10.1016/j.geoderma.2017.05.0

26  

Montgomery, D. R. (2007). Soil erosion and 

agricultural sustainability. Proceedings of the 

National Academy of Sciences, 104(33), 

13268-13272. 

https://doi.org/10.1073/pnas.0611508104  

Palm, C., Blanco-Canqui, H., DeClerck, F., Gatere, 

L., & Grace, P. (2014). Conservation 

agriculture and ecosystem services: An 

overview. Agriculture, Ecosystems & 

Environment, 187, 87-105. 

https://doi.org/10.1016/j.agee.2013.10.010  

Pan, G., Smith, P., & Pan, W. (2009). The role of soil 

organic matter in maintaining the productivity 

and yield stability of cereals in 

China. Agriculture, Ecosystems & 

Environment, 129(1-3), 344-348. 

https://doi.org/10.1016/j.agee.2008.10.008  

Paustian, K., Collins, H. P., & Paul, E. A. (2019). 

Management controls on soil carbon. In Soil 

organic matter in temperate 

agroecosystems (pp. 15-49). CRC Press. 

Paustian, K., Lehmann, J., Ogle, S., Reay, D., 

Robertson, G. P., & Smith, P. (2016). Climate-

smart soils. Nature, 532(7597), 49-57. 

Paustian, K., Six, J., Elliott, E., & Hunt, H. (2000). 

Management options for reducing CO2 

emissions from agricultural soils. 

Biogeochem. 48: 147-163. 

Peoples, M. B., Brockwell, J., Herridge, D. F., 

Rochester, I. J., Alves, B. J. R., Urquiaga, S., 

... & Jensen, E. S. (2009). The contributions of 

nitrogen-fixing crop legumes to the 

productivity of agricultural 

systems. Symbiosis, 48, 1-17. 

Piccolo, A. (2002). The supramolecular structure of 

humic substances: a novel understanding of 

humus chemistry and implications in soil 

science. https://doi.org/10.1016/S0065-

2113(02)75003-7  

Poeplau, C., & Don, A. (2015). Carbon sequestration 

in agricultural soils via cultivation of cover 

crops–A meta-analysis. Agriculture, 

Ecosystems & Environment, 200, 33-41. 

https://doi.org/10.1016/j.agee.2014.10.024  

Postma-Blaauw, M. B., de Goede, R. G. M., Bloem, 

J., Faber, J. H., & Brussaard, L. (2010). Soil 

biota community structure and abundance 

under agricultural intensification and 

extensification. Ecology, 91(2), 460-473. 

https://doi.org/10.1890/09-0666.1  

Powlson, D. S., Stirling, C. M., Jat, M. L., Gerard, B. 

G., Palm, C. A., Sanchez, P. A., & Cassman, 

K. G. (2014). Limited potential of no-till 

agriculture for climate change 

mitigation. Nature Climate Change, 4(8), 678-

683. 

Rasse, D. P., Rumpel, C., & Dignac, M. F. (2005). Is 

soil carbon mostly root carbon? Mechanisms 

for a specific stabilisation. Plant and 

soil, 269(1-2), 341-356. DOI 10.1007/s11104-

004-0907-y  
Reganold, J. P., Andrews, P. K., Reeve, J. R., 

Carpenter-Boggs, L., Schadt, C. W., 

Alldredge, J. R., ... & Zhou, J. (2010). Fruit 

and soil quality of organic and conventional 

strawberry agroecosystems. PloS one, 5(9), 

e12346. 

https://doi.org/10.1371/journal.pone.0012346  

https://doi.org/10.1002/fes3.96
https://doi.org/10.1016/j.ejsobi.2006.10.002
https://doi.org/10.1016/j.soilbio.2011.04.022
https://doi.org/10.1146/annurev.micro.62.081307.162918
https://doi.org/10.1146/annurev.micro.62.081307.162918
https://doi.org/10.1111/j.1365-2486.2009.02044.x
https://doi.org/10.1111/j.1365-2486.2009.02044.x
https://doi.org/10.1016/j.geoderma.2022.116080
https://doi.org/10.1016/j.geoderma.2022.116080
https://doi.org/10.1016/j.geoderma.2017.05.026
https://doi.org/10.1016/j.geoderma.2017.05.026
https://doi.org/10.1073/pnas.0611508104
https://doi.org/10.1016/j.agee.2013.10.010
https://doi.org/10.1016/j.agee.2008.10.008
https://doi.org/10.1016/S0065-2113(02)75003-7
https://doi.org/10.1016/S0065-2113(02)75003-7
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1890/09-0666.1
https://doi.org/10.1371/journal.pone.0012346


Biol. Agri. Sci. Res. J., Volume, 2: 11                                                                                                Hussain et al., (2023)         

 

9 
 

Schlesinger, W. H., & Bernhardt, E. S. 

(2013). Biogeochemistry: an analysis of 

global change. Academic press. 

Schmidt, M. W., Torn, M. S., Abiven, S., Dittmar, T., 

Guggenberger, G., Janssens, I. A., ... & 

Trumbore, S. E. (2011). Persistence of soil 

organic matter as an ecosystem 

property. Nature, 478(7367), 49-56. 

Sistani, K. R., Mikha, M. M., Warren, J. G., Gilfillen, 

B., Acosta-Martinez, V., & Willian, T. (2010). 

Nutrient source and tillage impact on corn 

grain yield and soil properties. Soil 

Science, 175(12), 593-600. 

DOI: 10.1097/SS.0b013e3181fbdfee  

Six, J., Bossuyt, H., Degryze, S., & Denef, K. (2004). 

A history of research on the link between 

(micro) aggregates, soil biota, and soil organic 

matter dynamics. Soil and tillage 

research, 79(1), 7-31. 

https://doi.org/10.1016/j.still.2004.03.008  

Six, J., Conant, R. T., Paul, E. A., & Paustian, K. 

(2002). Stabilization mechanisms of soil 

organic matter: implications for C-saturation 

of soils. Plant and soil, 241, 155-176. 

Smith, P., Cotrufo, M. F., Rumpel, C., Paustian, K., 

Kuikman, P. J., Elliott, J. A., ... & Scholes, M. 

C. (2015). Biogeochemical cycles and 

biodiversity as key drivers of ecosystem 

services provided by soils. Soil, 1(2), 665-685. 

https://doi.org/10.5194/soil-1-665-2015  

Sprent, J. I., & Platzmann, J. (2001). Nodulation in 

legumes (p. 146). Kew: Royal Botanic 

Gardens. 

Steiner, C., Teixeira, W. G., Lehmann, J., Nehls, T., 

de Macêdo, J. L. V., Blum, W. E., & Zech, W. 

(2007). Long term effects of manure, charcoal 

and mineral fertilization on crop production 

and fertility on a highly weathered Central 

Amazonian upland soil. Plant and soil, 291, 

275-290. DOI 10.1007/s11104-007-9193-9 

Stevenson, F. J. (1994). Humus chemistry: genesis, 

composition, reactions. John Wiley & Sons. 

Stevenson, F. J., & Cole, M. A. (1999). Cycles of 

soils: carbon, nitrogen, phosphorus, sulfur, 

micronutrients. John Wiley & Sons. 

Stockmann, U., Adams, M. A., Crawford, J. W., Field, 

D. J., Henakaarchchi, N., Jenkins, M., ... & 

Zimmermann, M. (2013). The knowns, known 

unknowns and unknowns of sequestration of 

soil organic carbon. Agriculture, Ecosystems 

& Environment, 164, 80-99. 

https://doi.org/10.1016/j.agee.2012.10.001  

Sylvia, D. M., Fuhrmann, J. J., Hartel, P. G., & 

Zuberer, D. A. (2005). Principles and 

applications of soil microbiology (No. QR111 

S674 2005). Pearson. 

Trivedi, P., Anderson, I. C., & Singh, B. K. (2013). 

Microbial modulators of soil carbon storage: 

integrating genomic and metabolic knowledge 

for global prediction. Trends in 

Microbiology, 21(12), 641-651. 

https://doi.org/10.1016/j.tim.2013.09.005  

Van Veen, J. A., & Kuikman, P. J. (1990). Soil 

structural aspects of decomposition of organic 

matter by micro-

organisms. Biogeochemistry, 11, 213-233. 

Verhulst, N., Govaerts, B., Verachtert, E., 

Castellanos-Navarrete, A., Mezzalama, M., 

Wall, P., ... & Sayre, K. D. (2010). 

Conservation agriculture, improving soil 

quality for sustainable production 

systems. Advances in soil science: food 

security and soil quality, 1799267585, 137-

208. 

West, T. O., & Post, W. M. (2002). Soil organic 

carbon sequestration rates by tillage and crop 

rotation: a global data analysis. Soil Science 

Society of America Journal, 66(6), 1930-1946. 

https://doi.org/10.2136/sssaj2002.1930  

 

 

 

 

 

 
Open Access This article is licensed under a Creative Commons 

Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution, and reproduction in any medium or format, 

as long as you give appropriate credit to the original author(s) and 

the source, provide a link to the Creative Commons licence, and 
indicate if changes were made. The images or other third-party 

material in this article are included in the article’s Creative 

Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative 

Commons licence and your intended use is not permitted by 

statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a 

copy of this licence, visit http://creativecommons.org/licen 

ses/by/4.0/. © The Author(s) 2023      

https://doi.org/10.1016/j.still.2004.03.008
https://doi.org/10.5194/soil-1-665-2015
https://doi.org/10.1016/j.agee.2012.10.001
https://doi.org/10.1016/j.tim.2013.09.005
https://doi.org/10.2136/sssaj2002.1930
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licen%20ses/by/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

