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oil biodiversity encompasses the vast diversity of living organisms inhabiting the soil 

ecosystem, including microorganisms (bacteria, fungi), microfauna (protozoa, 

nematodes), mesofauna (mites, collembola) and macrofauna (earthworms, termites). These 

organisms interact in complex food webs and drive essential ecological processes that 

underpin ecosystem services such as nutrient cycling, soil structure formation, carbon 

sequestration, water regulation, and plant productivity. This review provides an in-depth 

analysis of soil biodiversity components, their functional roles, interactions, and contributions 

to ecosystem services. It further discusses threats to soil biodiversity and outlines sustainable 

management strategies, particularly in the context of climate change and intensive 

agriculture. 

Introduction 
Soil is one of the most biologically diverse habitats on Earth, hosting billions of organisms in 

a single gram. Soil biodiversity plays a critical role in maintaining ecosystem functioning and 

resilience. It contributes directly to ecosystem services, which are defined as the benefits 

humans derive from ecosystems, including provisioning (food production), regulating 

(climate regulation), supporting (nutrient cycling) and cultural services. The importance of 

soil biodiversity has gained increasing attention in global environmental frameworks such as 

the FAO and IPCC reports. 

Classification and Functional Groups of Soil Biota 
1. Microorganisms (Microflora) 

 Bacteria: Decomposition, nitrogen fixation (e.g., Rhizobium)  

 Fungi: Lignin decomposition, mycorrhizal associations  

 Actinomycetes: Decompose complex organic compounds  

These organisms regulate biogeochemical cycles. 

2. Soil Fauna 

Microfauna 

 Protozoa, nematodes 

Control microbial population and nutrient mineralization  

Mesofauna 

 Mites, springtails 

Fragment organic residues  

Macrofauna 

 Earthworms, termites 

Improve aggregation, porosity, and aeration  

Soil Food Web and Interactions 
Soil Food Web Dynamics  
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Soil organisms are interconnected through trophic interactions: 

 Primary decomposers → bacteria & fungi  

 Secondary consumers → protozoa, nematodes  

 Higher consumers → arthropods, earthworms  

These interactions regulate: Energy flow , Nutrient availability , Soil structure  

Ecosystem Services Provided by Soil Biodiversity 
1. Nutrient Cycling and Soil Fertility 
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 Decomposition of organic residues  

 Mineralization of nutrients (N, P, S)  

 Biological nitrogen fixation  

Enhances soil fertility and crop productivity 

2. Carbon Sequestration and Climate Regulation 

 

 
 Microbes convert plant residues into stable humus  

 Soil acts as a major carbon reservoir  

Important for climate change mitigation 

3. Soil Structure Formation and Water Regulation 

 Formation of soil aggregates  

 Increased porosity and infiltration  

 Improved water retention  

Reduces erosion and drought stress 
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4. Plant Growth Promotion 

 

 
 Mycorrhiza enhance phosphorus uptake  

 PGPR produce hormones (IAA, GA) 

Improves crop yield  
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5. Biological Control and Disease Suppression 

 Beneficial microbes inhibit pathogens  

Competitive exclusion and antibiotic production 

Reduces dependence on pesticides  

Role in Sustainable Agriculture 
 Maintains soil fertility naturally  

 Reduces chemical input dependency  

 Enhances resilience to climate stress  

 Supports long-term productivity  

Threats to Soil Biodiversity 
[1]    Anthropogenic Factors 

 Excessive fertilizer and pesticide use  

 Intensive tillage  

 Monocropping  

[2]    Environmental Factors 

 Climate change (temperature rise, drought)  

 Soil erosion and degradation  

These reduce functional diversity and ecosystem stability 

Conservation and Management Strategies 
1. Sustainable Practices 

 Conservation agriculture  

 Crop rotation and diversification  

 Organic amendments  

2. Biological Approaches 

 Biofertilizers (Rhizobium, Azotobacter)  

 Mycorrhizal inoculation  

3. Policy and Awareness 

 Soil health card schemes  

 Climate-smart agriculture programs  

IN Indian Perspective 
India faces challenges of soil degradation and declining biodiversity due to intensive 

agriculture. 

Organizations like Indian Council of Agricultural Research promote: 

 Soil health management  

 Bio-fertilizer use  

 Integrated nutrient management  

Case examples: 

 Indo-Gangetic plains → nutrient depletion  

 Rajasthan → desertification and biodiversity loss  

Recent Advances in Soil Biodiversity Research 
 Metagenomics and microbial diversity analysis  

 AI-based soil health monitoring  

 Remote sensing for soil biological indicators  

 Soil microbiome engineering  

Conclusion 
Soil biodiversity is the backbone of ecosystem functioning and agricultural sustainability. It 

regulates essential ecosystem services such as nutrient cycling, carbon sequestration, water 

regulation, and plant growth. Protecting soil biodiversity is crucial for ensuring food security, 

environmental sustainability, and climate resilience. 


