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 Abstract 
Soil organic matter (SOM) is a fundamental component of soil that plays a critical role in maintaining 

soil fertility, structure, and ecosystem sustainability. It acts as a reservoir of nutrients and influences 

biological, chemical, and physical processes within the soil system. This paper explores the 

composition, formation, and functions of soil organic matter, with a special emphasis on its role in 

nutrient cycling. The interactions between SOM and microbial communities, nutrient availability, and 

environmental factors are also discussed. Understanding SOM dynamics is essential for sustainable 

agriculture and environmental conservation. 
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1. Introduction 
Soil is a complex, dynamic, and living system that forms the foundation of terrestrial ecosystems and 

agricultural productivity. It is composed of mineral particles, water, air, and organic matter, all of which 

interact to support plant growth and sustain biological activity. Among these components, soil organic 

matter (SOM) is considered one of the most critical indicators of soil health, fertility, and long-term 

sustainability. 

Soil organic matter consists of a wide range of organic substances, including fresh plant residues, 

decomposing organic materials, microbial biomass, and stable humified compounds collectively known 

as humus. These components are continuously transformed through biological and chemical processes, 

making SOM a highly dynamic fraction of soil. Despite typically constituting a small percentage of the 

total soil mass, SOM exerts a disproportionately large influence on soil properties and ecosystem 

functioning. 

One of the most important roles of SOM is its involvement in nutrient cycling, which refers to the 

continuous movement, transformation, and reuse of essential nutrients within the soil-plant-atmosphere 

system. Key nutrients such as carbon (C), nitrogen (N), phosphorus (P), and sulfur (S) are stored, 

released, and recycled through processes mediated by SOM and soil microorganisms. These processes 

include decomposition, mineralization, immobilization, and humification, all of which regulate the 

availability of nutrients to plants. 

Furthermore, SOM acts as both a source and a sink of nutrients. It stores nutrients in organic forms and 

gradually releases them into plant-available inorganic forms, thereby ensuring a sustained nutrient 

supply. This slow-release mechanism reduces nutrient losses through leaching and enhances nutrient 

use efficiency. In addition, SOM interacts with soil minerals and microorganisms to influence nutrient 

retention, transformation, and mobility. 

In the context of modern agriculture and environmental challenges, the significance of SOM has become 

even more pronounced. Declining SOM levels due to intensive farming, deforestation, and soil 

degradation have raised concerns about soil fertility and ecosystem stability. Therefore, understanding 

the role of soil organic matter in nutrient cycling is essential for developing sustainable land 

 

International Research Journal of Natural and Applied Sciences 

ISSN: (2349-4077)      

                        Impact Factor 5.46 Volume 5, Issue 10, October 2018 

Website- www.aarf.asia, Email : editoraarf@gmail.com 

mailto:djmishra.jcb@gmail.com
http://www.aarf.asia/
mailto:editoraarf@gmail.com


 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 66  

management practices, improving crop productivity, and mitigating climate change through carbon 

sequestration. 

 

2. Composition and Formation of Soil Organic Matter 

2.1 Components of SOM 

Soil organic matter is composed of: 
 Fresh residues: Recently added plant and animal materials  

 Partially decomposed material: Undergoing microbial breakdown  

 Humus: Stable, dark-colored organic matter resistant to decomposition  

2.2 Formation Process 

The formation of SOM involves: 

1. Addition of organic residues  

2. Decomposition by soil microorganisms  

3. Transformation into humus through humification  

Microorganisms such as bacteria, fungi, and actinomycetes play a crucial role in breaking down 

complex organic compounds into simpler forms. 

 

3. Role of Soil Organic Matter in Nutrient Cycling 

Soil organic matter (SOM) plays a central role in nutrient cycling by acting as both a reservoir and a 

regulator of essential nutrients. It governs the transformation, storage, and release of nutrients through 

a series of biological, chemical, and physical processes. These processes are largely mediated by soil 

microorganisms, which decompose organic materials and convert them into forms accessible to plants. 

The role of SOM in nutrient cycling is particularly significant for major elements such as carbon, 

nitrogen, phosphorus, sulfur, and various micronutrients. 

3.1 Carbon Cycle 

Soil organic matter represents one of the largest reservoirs of carbon in terrestrial ecosystems, storing 

more carbon than the atmosphere and vegetation combined. Carbon enters the soil primarily through 

plant residues, root exudates, and organic amendments. These inputs are subsequently decomposed by 

soil microorganisms, resulting in the release of carbon dioxide (CO₂) through microbial respiration. 

A portion of this carbon is stabilized in the soil as humus, which can persist for decades or even 

centuries. This stable fraction plays a crucial role in long-term carbon sequestration, thereby 

contributing to climate change mitigation. The dynamic balance between carbon inputs (via plant 

biomass) and outputs (via decomposition and respiration) determines whether soil acts as a carbon sink 

or source.Additionally, SOM influences soil aggregation, which physically protects organic carbon 

from rapid decomposition. This stabilization mechanism slows down the carbon cycle and enhances 

soil structure, water retention, and fertility. 

3.2 Nitrogen Cycling 

Nitrogen is an essential nutrient for plant growth and is predominantly stored in soil organic matter in 

organic forms such as proteins, amino acids, and nucleic acids. SOM acts as a major reservoir of 

nitrogen, supplying it to plants through microbial-mediated processes. 

The key processes involved include: 
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 Mineralization (Ammonification): Soil microorganisms convert organic nitrogen into 

ammonium (NH₄⁺), making it available for plant uptake.  

 Nitrification: Ammonium is further oxidized into nitrate (NO₃⁻) by nitrifying bacteria, which 

is another plant-available form.  

 Immobilization: Microorganisms temporarily take up inorganic nitrogen and convert it back 

into organic forms, reducing immediate availability to plants.  

SOM ensures a gradual and sustained release of nitrogen, preventing sudden nutrient losses due to 

leaching or volatilization. Moreover, it improves nitrogen use efficiency in agricultural systems, 

reducing the need for synthetic fertilizers. 

.3 Phosphorus Cycling 

Phosphorus is a vital nutrient required for energy transfer, root development, and overall plant growth. 

However, in many soils, phosphorus is present in insoluble forms that are not readily available to plants. 

Soil organic matter enhances phosphorus availability through several mechanisms. 

During decomposition, SOM releases organic acids that help dissolve mineral phosphates, converting 

them into soluble forms such as dihydrogen phosphate (H₂PO₄⁻) and hydrogen phosphate (HPO₄²⁻). 

Additionally, SOM forms complexes with metal ions like iron (Fe) and aluminum (Al), which would 

otherwise fix phosphorus into unavailable forms. 

Microorganisms associated with SOM also play a role by producing phosphatase enzymes that 

mineralize organic phosphorus compounds. This enzymatic activity significantly contributes to 

phosphorus availability in soils with low fertility. 

3.4 Sulfur and Micronutrients 

Sulfur, like nitrogen, is primarily present in soil organic matter in organic forms. Through microbial 

decomposition, sulfur is mineralized into sulfate (SO₄²⁻), which is the form readily absorbed by plants. 

This process ensures a continuous supply of sulfur for the synthesis of essential amino acids and 

proteins. 

In addition to macronutrients, SOM also plays a crucial role in the cycling of micronutrients such as 

iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn). These elements are often present in forms that 

are not easily available to plants. SOM improves their availability through the process of chelation, 

where organic molecules bind to metal ions and keep them in soluble forms. 

Chelation prevents micronutrients from precipitating or becoming fixed in the soil, thereby enhancing 

their mobility and uptake by plant roots. Furthermore, SOM buffers soil pH, which indirectly influences 

the solubility and availability of these micronutrients. 

3.5 Overall Impact on Nutrient Dynamics 

Overall, soil organic matter acts as a dynamic regulator of nutrient availability, ensuring that 

nutrients are released in synchrony with plant demand. It minimizes nutrient losses through leaching, 

erosion, and volatilization while enhancing nutrient retention within the soil system. 

The interaction between SOM and soil microorganisms creates a highly efficient nutrient recycling 

system, which is essential for maintaining soil fertility and ecosystem productivity. In sustainable 

agricultural practices, maintaining adequate levels of SOM is crucial for optimizing nutrient cycling 

and reducing dependency on external inputs. 
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. 

Nutrient 

Element 

Form in Soil 

Organic Matter 
Process Involved 

Available 

Form for 

Plants 

Role of SOM 

Carbon (C) 
Organic carbon 

compounds 
Decomposition 

CO₂ (via 

respiration) 

Acts as a carbon 

reservoir and regulates 

atmospheric carbon 

Nitrogen (N) 

Organic nitrogen 

(proteins, amino 

acids) 

Mineralization, 

Nitrification 
NH₄⁺, NO₃⁻ 

Provides slow-release 

nitrogen for plant growth 

Phosphorus (P) 
Organic 

phosphates 
Mineralization H₂PO₄⁻, HPO₄²⁻ 

Enhances phosphorus 

availability and reduces 

fixation 

Sulfur (S) 
Organic sulfur 

compounds 
Mineralization SO₄²⁻ 

Supplies sulfur for 

protein synthesis 

Micronutrients 

(Fe, Zn, Cu) 

Complex organic 

forms 
Chelation 

Soluble ionic 

forms 

Improves availability 

through chelate 

formation 

 

Table 1: Role of Soil Organic Matter in Nutrient Cycling 

 

 

4. Interaction with Soil Microorganisms 

Soil organic matter provides energy and nutrients for microorganisms. In turn, these microorganisms: 

 Decompose organic residues  

 Release nutrients in plant-available forms  

 Improve soil structure through aggregation  

The microbial biomass acts as a temporary reservoir of nutrients, stabilizing nutrient supply. 

 

5. Physical and Chemical Benefits of SOM 

5.1 Soil Structure 

SOM improves soil aggregation, reducing erosion and enhancing aeration. 

5.2 Water Retention 

It increases the soil’s ability to retain water, which is crucial for plant growth in dry conditions. 

5.3 Cation Exchange Capacity (CEC) 

SOM increases the soil's ability to hold and exchange nutrients such as calcium, potassium, and 

magnesium. 

 

6. Factors Affecting Soil Organic Matter 

  Climate: Temperature and rainfall influence decomposition rates  

  Soil type: Clay soils retain more SOM than sandy soils  

  Land use practices: Tillage, crop rotation, and organic amendments affect SOM levels  

  Vegetation cover: Determines the quantity and quality of organic inputs 

 

7. Importance in Sustainable Agriculture 
Maintaining SOM is essential for: 

 Enhancing soil fertility  

 Reducing dependency on chemical fertilizers  

 Improving crop productivity  
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 Mitigating climate change through carbon sequestration  

Practices such as composting, cover cropping, and reduced tillage help in maintaining SOM levels. 

 

8. Conclusion 

Soil organic matter (SOM) is a fundamental component of soil systems and serves as a key driver of 

nutrient cycling, soil fertility, and ecosystem sustainability. Throughout this study, it is evident that 

SOM plays a multifaceted role by acting as a reservoir, transformer, and regulator of essential nutrients 

such as carbon, nitrogen, phosphorus, sulfur, and micronutrients. Its dynamic interaction with soil 

microorganisms facilitates critical biochemical processes including decomposition, mineralization, 

immobilization, and humification, all of which contribute to maintaining a balanced and efficient 

nutrient cycle. 

The presence of adequate SOM significantly enhances soil physical properties such as aggregation, 

porosity, and water-holding capacity, while also improving chemical properties like cation exchange 

capacity and nutrient buffering. These improvements collectively create a favorable environment for 

plant growth and microbial activity. Furthermore, SOM reduces nutrient losses through leaching and 

erosion, ensuring that nutrients remain available within the root zone for longer periods. This not only 

increases nutrient use efficiency but also minimizes environmental pollution associated with excessive 

fertilizer application. 

In the context of global challenges such as soil degradation, declining fertility, and climate change, the 

importance of SOM has become increasingly critical. Soil organic matter acts as a major carbon sink, 

contributing to carbon sequestration and helping to mitigate the effects of rising atmospheric carbon 

dioxide levels. However, unsustainable agricultural practices, including excessive tillage, deforestation, 

and overuse of chemical inputs, have led to a significant decline in SOM levels in many regions, thereby 

threatening soil productivity and environmental health. 

Therefore, the conservation and enhancement of soil organic matter should be a primary objective in 

sustainable land management strategies. Practices such as organic amendments, crop rotation, cover 

cropping, conservation tillage, and integrated nutrient management can effectively improve SOM 

content and optimize nutrient cycling processes. These approaches not only sustain agricultural 

productivity but also promote ecological balance and resilience against climate variability. 

Future research should focus on developing innovative and region-specific strategies to enhance SOM 

under different soil and climatic conditions. Advanced techniques in soil biology, carbon modeling, and 

precision agriculture can further improve our understanding of SOM dynamics and nutrient interactions. 

Additionally, integrating traditional knowledge with modern scientific approaches may provide 

sustainable solutions for long-term soil health management. 

Soil organic matter is not merely a component of soil but a cornerstone of sustainable agriculture and 

environmental stability. Its proper management is essential for ensuring food security, maintaining 

ecosystem services, and achieving sustainable development goals in the face of evolving global 

challenges. 
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