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over crops are increasingly recognized as essential components of sustainable 

agricultural systems. By covering the soil during fallow periods, they offer numerous 

agroecological benefits, including enhancement of soil fertility, suppression of weeds, and 

improvement in soil physical properties. This meta-analysis synthesizes results from over 120 

peer-reviewed studies to quantify the impact of cover crops on soil fertility indicators—such 

as nitrogen (N), phosphorus (P), and organic matter—and on weed biomass reduction. 

Results show that leguminous cover crops increase soil nitrogen by 36% on average, while 

mixed-species cover crops provide superior weed suppression (up to 74%) compared to 

monocultures. The analysis confirms that integrating cover crops into crop rotations can 

significantly improve resource-use efficiency, reduce dependence on synthetic inputs, and 

contribute to long-term agricultural sustainability. 

Introduction 
Modern agriculture faces the dual challenges of sustaining high productivity while 

minimizing environmental harm. Excessive use of synthetic fertilizers and herbicides has led 

to degraded soil health, herbicide-resistant weeds, and nutrient leaching. As a solution, cover 

cropping—the practice of planting non-cash crops primarily for soil and ecosystem 

benefits—has emerged as a viable strategy to enhance soil fertility and weed management in 

both conventional and organic farming systems. 

This article presents a meta-analysis of recent scientific studies to assess the roles of cover 

crops in: 

1. Improving soil fertility indicators (e.g., nitrogen, organic carbon) 

2. Reducing weed biomass and diversity 

3. Supporting long-term soil resilience 

Methodology 
Literature Selection 

A systematic literature review was conducted using databases such as Scopus, Web of 

Science, and Google Scholar. Selection criteria included: 

 Published between 2000 and 2024 

 Field-based experiments or long-term trials 

 Clear measurements of soil fertility and/or weed biomass 

 Statistical results that could be converted into effect sizes 

Data Analysis 

 Data were extracted from 127 studies across North America, Europe, Asia, and Africa. 

 Effect sizes were calculated using standardized mean differences (SMD) and log response 

ratios (LRR). 

 Subgroup analyses were performed by cover crop type (legume, non-legume, mixed), 

climate zone, and tillage system. 
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Results and Discussion 
Impact on Soil Fertility 

a. Nitrogen Enrichment 

 Leguminous cover crops (e.g., Vicia villosa, Trifolium spp.) significantly increased soil 

N levels by an average of 36%, due to biological nitrogen fixation (BNF). 

 Maximum N contribution was noted in legumes grown for >60 days and terminated 

during flowering. 

b. Soil Organic Carbon (SOC) and Microbial Biomass 

 Cover crops enhanced SOC by 15–25% over 3–5 years. 

 Systems with no-till and cover crops showed a synergistic increase in microbial biomass 

carbon (MBC) and microbial activity. 

c. Macronutrients (P and K) and Soil Structure 

 Non-legumes (e.g., rye, oats) contributed to phosphorus availability via root exudates. 

 Cover crops improved aggregate stability and bulk density, indirectly enhancing root 

penetration and nutrient uptake for subsequent crops. 

Effect on Weed Suppression 

a. Weed Biomass Reduction 

 Overall, cover crops reduced weed biomass by an average of 65%. 

 Grass cover crops (e.g., cereal rye) provided rapid canopy coverage and allelopathic 

effects, reducing light availability to emerging weeds. 

b. Role of Mixed Species Cover Crops 

 Mixtures (legume + grass) outperformed monocultures in weed suppression (74% 

average reduction) and soil nutrient balance. 

 Functional diversity created competitive exclusion zones, limiting weed establishment. 

c. Timing and Termination 

 Earlier sowing of cover crops post-harvest and timely mechanical or chemical termination 

were critical for effective weed control. 

Mechanisms Behind Cover Crop Benefits 
Mechanism Soil Fertility Weed Suppression 

Nitrogen Fixation Legume nodulation enriches N 
Indirect (enhances crop 

competitiveness) 

Mulching Effect Organic matter retention 
Physical barrier for weed 

emergence 

Root Exudation Mobilizes P and micronutrients Allelochemical release 

Soil Microbial 

Stimulation 

Boosts microbial-mediated 

nutrient cycling 

Microbial competition with weed 

seeds 

Water Retention Enhances nutrient use efficiency 
Reduces conditions favorable to 

weed growth 

Limitations and Considerations 

 Climatic Variability: In arid regions, cover crops may compete with main crops for 

water. 

 Economic Trade-offs: Cover cropping can delay main crop planting and increase labor 

or management costs. 

 Residue Management: Improperly managed residues may hinder crop emergence or 

increase pest harborage. 

Thus, site-specific strategies are crucial for optimal performance. 

Recommendations for Practice 
 Species Selection: Choose cover crops based on specific goals—e.g., legumes for 

nitrogen, grasses for weed suppression. 

 Rotation Planning: Integrate cover crops into rotations for 1–2 seasons before evaluating 

benefits. 
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 Termination Strategies: Use mowing, roller crimpers, or selective herbicides to 

minimize regrowth. 

 Soil Testing: Conduct regular testing to measure improvements in fertility and organic 

matter. 

Conclusion 
This meta-analysis reaffirms the critical role of cover crops in improving soil fertility and 

suppressing weeds. They enhance soil nitrogen, organic matter, and microbial health while 

reducing herbicide dependency through natural weed suppression mechanisms. Mixed 

species cover crops provide the most balanced benefits. To harness their full potential, 

integrated management practices tailored to local conditions must be adopted. Cover 

cropping is thus a cornerstone of resilient, low-input, and sustainable agriculture. 
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