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Abstract 
Green manuring represents a sustainable agricultural practice that significantly 
enhances soil fertility through the incorporation of living plant material into soil 
systems. This comprehensive review examines the role of green manuring in 
improving various aspects of soil fertility including nutrient availability, organic 
matter content, soil structure, and biological activity. The study analyzes different 
types of green manure crops, their mechanisms of action, and their impact on crop 
productivity and soil health. Findings indicate that green manuring practices can 
increase soil organic carbon by 15-30%, improve nitrogen availability by 40-80 kg/ha, 
and enhance soil physical properties substantially. However, successful 
implementation requires careful selection of appropriate green manure species, 
optimal timing of incorporation, and integration with existing cropping systems. The 
research concludes that green manuring is a cost-effective and environmentally 
sustainable approach to maintaining and improving soil fertility in agricultural 
systems. 
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1. Introduction 
Soil fertility decline represents one of the most significant challenges facing modern agriculture, with intensive farming practices 
leading to degradation of soil physical, chemical, and biological properties¹. The excessive reliance on synthetic fertilizers has 
created economic and environmental concerns, necessitating the adoption of sustainable soil management practices². Green 
manuring emerges as a promising solution that addresses soil fertility challenges while promoting environmental sustainability³. 
Green manuring involves the cultivation of specific crops that are subsequently incorporated into the soil to improve fertility 
and soil health⁴. This ancient practice has gained renewed attention due to its multiple benefits including nitrogen fixation, 
organic matter addition, soil structure improvement, and pest management⁵. The integration of green manuring with modern 
agricultural systems offers opportunities to reduce external input dependence while maintaining or increasing crop productivity⁶. 
The practice encompasses various approaches including dedicated green manure crops, cover crops, and intercropping systems 
that contribute organic matter and nutrients to soil systems⁷. Understanding the mechanisms and benefits of green manuring is 
essential for developing sustainable agricultural practices that can meet food security needs while preserving soil resources for 
future generations⁸. 
 
2. Types and Classification of Green Manure Crops 
2.1 Leguminous Green Manure Crops 
Leguminous crops constitute the most important category of green manure plants due to their nitrogen-fixing capabilities through 
symbiotic relationships with rhizobia bacteria⁹. Common leguminous green manure crops include dhaincha (Sesbania aculeata),  
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sun hemp (Crotalaria juncea), cowpea (Vigna unguiculata), 
and cluster bean (Cyamopsis tetragonoloba) ¹⁰. These crops 
can fix atmospheric nitrogen ranging from 50-300 kg/ha 
depending on species, growing conditions, and management 
practices¹¹. Sesbania species are particularly valuable due to 
their rapid growth, high biomass production, and ability to 
thrive in waterlogged conditions¹². Sun hemp demonstrates 
excellent performance in tropical and subtropical regions, 
producing substantial biomass while fixing significant 
amounts of nitrogen¹³. The selection of appropriate 
leguminous species depends on local climate conditions, soil 
types, and cropping system requirements¹⁴. 
 
2.2 Non-leguminous Green Manure Crops 
Non-leguminous green manure crops contribute primarily 
through biomass addition and nutrient recycling rather than 
nitrogen fixation¹⁵. Important species include mustard 
(Brassica species), oats (Avena sativa), rye (Secale cereale), 
and various grasses¹⁶. These crops excel in scavenging 
nutrients from deeper soil layers, preventing nutrient 
leaching, and providing diverse organic matter inputs¹⁷. 
Brassicaceae family crops possess unique characteristics 
including deep root systems that break soil compaction and 
release glucosinolates that exhibit biofumigation properties¹⁸. 
Cereal green manures contribute high carbon content organic 
matter that improves soil structure and provides energy 
sources for soil microorganisms¹⁹. The integration of 
leguminous and non-leguminous species creates balanced 
green manure systems with complementary benefits²⁰. 
 
3. Mechanisms of Soil Fertility Improvement 
3.1 Biological Nitrogen Fixation 
The primary mechanism through which leguminous green 
manures improve soil fertility is biological nitrogen 
fixation²¹. Rhizobia bacteria form symbiotic relationships 
with legume roots, converting atmospheric nitrogen into 
plant-available forms²². This process reduces dependence on 
synthetic nitrogen fertilizers while providing sustained 
nitrogen release through decomposition²³. 
The efficiency of nitrogen fixation depends on various factors 
including rhizobia strain effectiveness, soil pH, moisture 
conditions, and nutrient availability²⁴. Optimal conditions can 
result in nitrogen fixation rates of 100-300 kg/ha annually, 
equivalent to substantial fertilizer inputs²⁵. The fixed nitrogen 
becomes available gradually as green manure decomposes, 
providing sustained nutrient supply throughout the growing 
season²⁶. 
 
3.2 Organic Matter Addition and Decomposition 
Green manuring significantly increases soil organic matter 
content through the incorporation of fresh plant material²⁷. 
The decomposition of green manure releases nutrients 
gradually while contributing to soil humus formation²⁸. 
Studies indicate that regular green manuring can increase soil 
organic carbon by 0.2-0.5% annually, substantially 
improving soil fertility²⁹. 
The decomposition process involves complex microbial 
activities that transform plant materials into stable organic 
compounds³⁰. Different plant tissues decompose at varying 
rates, with leaves and soft stems decomposing rapidly while 
woody materials contribute to long-term organic matter 
pools³¹. The carbon-to-nitrogen ratio of green manure 
materials influences decomposition rates and nutrient release 

patterns³². 
 
3.3 Nutrient Cycling and Availability 
Green manure crops enhance nutrient cycling by accessing 
nutrients from various soil layers and concentrating them in 
above-ground biomass³³. Deep-rooted species can retrieve 
nutrients from subsoil layers that are otherwise unavailable to 
shallow-rooted crops³⁴. Upon incorporation, these nutrients 
become available in the surface soil where most crop roots 
are concentrated³⁵. 
Phosphorus availability often increases following green 
manuring due to organic acid production during 
decomposition and enhanced microbial activity³⁶. Potassium 
and micronutrients are also recycled effectively through 
green manure systems³⁷. The gradual release of nutrients 
from decomposing organic matter provides sustained nutrient 
availability that matches crop uptake patterns³⁸. 
 
4. Impact on Soil Physical Properties 
4.1 Soil Structure and Aggregation 
Green manuring significantly improves soil structure through 
increased organic matter content and enhanced biological 
activity³⁹. Soil aggregation increases substantially following 
green manure incorporation, improving soil porosity and 
water infiltration⁴⁰. Studies demonstrate that green manuring 
can increase soil aggregation by 25-40% compared to 
conventional practices⁴¹. 
Root systems of green manure crops create channels and 
macropores that persist after decomposition, improving soil 
aeration and water movement⁴². The production of binding 
agents during decomposition helps stabilize soil aggregates 
against erosion and compaction⁴³. Enhanced soil structure 
benefits include improved seedbed preparation, better root 
penetration, and reduced soil crusting⁴⁴. 
 
4.2 Water Retention and Infiltration 
Improved organic matter content from green manuring 
enhances soil water retention capacity⁴⁵. Organic matter can 
hold up to 20 times its weight in water, significantly 
increasing soil moisture availability for crops⁴⁶. This 
increased water holding capacity is particularly beneficial in 
rainfed agriculture and water-scarce regions⁴⁷. 
Water infiltration rates improve substantially following green 
manuring due to enhanced soil structure and porosity⁴⁸. 
Reduced surface runoff and increased water storage 
contribute to improved drought resilience and reduced 
irrigation requirements⁴⁹. The combination of improved 
infiltration and retention creates favorable water regimes for 
crop growth⁵⁰. 
 
5. Enhancement of Soil Biological Activity 
5.1 Microbial Population and Diversity 
Green manuring significantly enhances soil microbial 
populations and diversity through increased organic matter 
inputs⁵¹. Microbial biomass typically increases by 30-60% 
following green manure incorporation⁵². The diverse organic 
compounds in green manure support various microbial 
communities with different functional roles⁵³. 
Enhanced microbial activity contributes to nutrient cycling, 
organic matter decomposition, and soil structure formation⁵⁴. 
Beneficial microorganisms including mycorrhizal fungi, 
nitrogen-fixing bacteria, and plant growth-promoting 
rhizobacteria increase substantially in green manured soils⁵⁵. 
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This enhanced biological activity creates a more resilient and 
sustainable soil ecosystem⁵⁶. 
 
5.2 Enzyme Activity and Biochemical Processes 
Soil enzyme activities increase significantly following green 
manuring, indicating enhanced biochemical processes⁵⁷. 
Important enzymes including urease, phosphatase, and 
dehydrogenase show substantial increases in green manured 
soils⁵⁸. These enzymes catalyze essential nutrient 
transformation processes that improve nutrient availability⁵⁹. 
The enhanced enzymatic activity reflects increased microbial 
metabolism and organic matter turnover⁶⁰. This increased 
biological activity contributes to soil health and resilience 
against stress factors⁶¹. The biochemical improvements from 
green manuring have long-lasting effects that benefit 
subsequent crops⁶². 
 
6. Effects on Crop Productivity and Quality 
6.1 Yield Improvements 
Numerous studies demonstrate significant yield 
improvements following green manuring across various 
crops and agro-climatic conditions⁶³. Rice yields typically 
increase by 15-25% when preceded by green manuring with 
leguminous crops⁶⁴. Wheat and maize also show substantial 
yield responses to green manuring, particularly in low-
fertility soils⁶⁵. 
The yield improvements result from multiple factors 
including improved nutrient availability, enhanced soil 
physical properties, and better water relations⁶⁶. Long-term 
studies indicate that yield benefits from green manuring are 
sustained over multiple cropping seasons⁶⁷. The cumulative 
effects of green manuring become more pronounced with 
continued practice⁶⁸. 
 
6.2 Crop Quality Enhancement 
Green manuring improves crop quality parameters including 
protein content, nutritional value, and processing 
characteristics⁶⁹. The gradual nutrient release from green 
manure supports balanced crop nutrition that enhances 
quality attributes⁷⁰. Improved soil biological activity also 
contributes to better nutrient uptake and crop health⁷¹. 
Studies indicate that crops grown following green manuring 
show improved resistance to pests and diseases⁷². The 
enhanced soil health and plant nutrition contribute to stronger 
plant defense mechanisms⁷³. Quality improvements from 
green manuring can result in premium prices and better 
market acceptance⁷⁴. 
 
7. Economic and Environmental Benefits 
7.1 Economic Advantages 
Green manuring provides significant economic benefits 
through reduced fertilizer costs and improved crop yields⁷⁵. 
Studies indicate that green manuring can reduce nitrogen 
fertilizer requirements by 25-50% while maintaining or 
increasing yields⁷⁶. The cost of green manuring is typically 
lower than equivalent fertilizer inputs⁷⁷. 
Long-term economic benefits include improved soil health, 
reduced input costs, and sustained productivity⁷⁸. The 
practice also provides additional income opportunities 
through seed production and biomass utilization⁷⁹. Risk 
reduction through improved soil fertility and drought 
resilience adds to the economic value⁸⁰. 
 

7.2 Environmental Benefits 
Environmental benefits of green manuring include reduced 
greenhouse gas emissions, improved carbon sequestration, 
and decreased environmental pollution⁸¹. Carbon 
sequestration in green manured soils can range from 0.5-2.0 
tonnes CO₂ equivalent per hectare annually⁸². Reduced 
synthetic fertilizer use decreases energy consumption and 
associated emissions⁸³. 
Water quality improvements result from reduced fertilizer 
runoff and improved soil stability⁸⁴. Biodiversity 
enhancement occurs through habitat provision and reduced 
pesticide use⁸⁵. The practice contributes to sustainable 
agricultural systems that maintain ecosystem services⁸⁶. 
 
8. Challenges and Limitations 
8.1 Management Challenges 
Successful green manuring requires careful planning and 
management to optimize benefits⁸⁷. Timing of incorporation 
affects decomposition rates and nutrient availability⁸⁸. 
Weather conditions during growth and incorporation 
significantly influence effectiveness⁸⁹. 
Water requirements for green manure crops may compete 
with cash crops in water-scarce regions⁹⁰. Labor requirements 
for establishment and incorporation can be substantial⁹¹. 
Integration with existing cropping systems requires 
modifications to traditional practices⁹². 
 
8.2 Limitations and Constraints 
Initial establishment costs and opportunity costs of land use 
present barriers to adoption⁹³. Slow nutrient release may not 
meet immediate crop requirements⁹⁴. Variability in 
performance across different soil types and climatic 
conditions creates uncertainty⁹⁵. 
Pest and disease issues associated with some green manure 
crops require careful management⁹⁶. Market limitations for 
green manure seeds and lack of technical knowledge hinder 
widespread adoption⁹⁷. Policy support and extension services 
are often inadequate for promoting green manuring 
practices⁹⁸. 
 
9. Future Prospects and Recommendations 
9.1 Research Priorities 
Future research should focus on developing improved green 
manure varieties with enhanced nitrogen fixation and 
biomass production⁹⁹. Integration with precision agriculture 
technologies can optimize green manuring practices¹⁰⁰. Long-
term studies are needed to quantify cumulative benefits and 
sustainability¹⁰¹. 
Climate change impacts on green manuring effectiveness 
require investigation¹⁰². Economic analyses considering all 
costs and benefits will support policy development¹⁰³. 
Participatory research approaches can improve farmer 
adoption and adaptation¹⁰⁴. 
 
9.2 Policy and Extension Recommendations 
Government policies should provide incentives for green 
manuring adoption including subsidies and technical 
support¹⁰⁵. Extension programs must educate farmers about 
benefits and best practices¹⁰⁶. Research and development 
investments should focus on location-specific 
recommendations¹⁰⁷. 
Market development for green manure seeds and equipment 
will support widespread adoption¹⁰⁸. Integration with existing 
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agricultural programs can mainstream green manuring 
practices¹⁰⁹. International cooperation can facilitate 
technology transfer and knowledge sharing¹¹⁰. 
 
10. Conclusion 
Green manuring represents a scientifically proven and 
economically viable approach to improving soil fertility in 
agricultural systems. The practice offers multiple benefits 
including enhanced nutrient availability, improved soil 
physical and biological properties, and increased crop 
productivity. The mechanisms of action are well understood, 
involving biological nitrogen fixation, organic matter 
addition, and enhanced nutrient cycling. 
The evidence clearly demonstrates that green manuring can 
significantly improve soil fertility while providing economic 
and environmental benefits. Yield improvements of 15-25% 
are commonly achieved, with additional benefits including 
improved crop quality and reduced input costs. The practice 
contributes to sustainable agriculture by reducing 
dependence on synthetic fertilizers while maintaining 
productivity. 
However, successful implementation requires addressing 
management challenges and providing adequate support 
systems. Careful selection of appropriate species, optimal 
timing of operations, and integration with existing farming 
systems are essential for success. Policy support, extension 
services, and market development are needed to promote 
widespread adoption. 
The future of green manuring lies in developing improved 
varieties, integrating with modern technologies, and creating 
supportive policy environments. Long-term research is 
needed to fully understand the cumulative benefits and 
optimize practices for different agro-ecological conditions. 
With appropriate support and management, green manuring 
can play a crucial role in achieving sustainable and 
productive agricultural systems. 
Green manuring offers a path toward sustainable 
intensification of agriculture that meets food security needs 
while preserving soil resources and environmental quality. 
The practice aligns with global sustainability goals and 
climate change mitigation efforts. Continued research, policy 
support, and farmer education will be essential for realizing 
the full potential of green manuring in improving soil fertility 
and agricultural sustainability. 
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