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ABSTRACT 
 

Vermicomposting, the process of converting organic waste into nutrient-rich compost through the 
activity of earthworms, has emerged as a promising solution to improve soil health, enhance 
agricultural productivity, and promote environmental sustainability. This review paper explores the 
effects of different doses of vermicompost on soil properties, plant growth and environmental 
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sustainability. The application of vermicompost at varying dosages influences several soil 
characteristics, including nutrient availability, water retention, soil structure, and microbial activity, 
ultimately impacting plant growth and crop yields. Studies indicate that moderate doses of 
vermicompost often result in enhanced soil fertility and plant performance, while excessive 
application may lead to nutrient imbalances or phytotoxicity. Furthermore, vermicompost offers 
several environmental benefits, such as carbon sequestration, reduced dependence on synthetic 
fertilizers, and improved waste management. This review synthesizes findings from various studies 
to determine optimal dosages for specific soil types and crops, highlighting the need for region-
specific guidelines. The review also identifies key research gaps and suggests directions for future 
studies, including long-term field trials and exploration of microbial interactions within 
vermicomposted soils. Ultimately, the findings emphasize the importance of balancing 
vermicompost doses to maximize both agricultural productivity and environmental sustainability. 
 

 
Keywords: Vermicompost; phytotoxicity; crop yield; soil properties; plant growth and environmental 

sustainability. 

 

1. INTRODUCTION 
 
Soil fertility and health are fundamental to the 
success of agricultural systems, influencing crop 
yields, plant health, and ecosystem sustainability. 
As the global population continues to rise, the 
demand for food production intensifies, placing 
increasing pressure on agricultural lands. To 
meet these demands, farmers often rely on 
chemical fertilizers, which, while effective in 
enhancing crop yields, have been linked to 
environmental degradation, soil nutrient 
imbalances, and health risks. Between 2020 and 
2021, global cereal production increased by 
2.1%, driven by a 4.1% surge in maize 
production, with maize, wheat, and rice 
contributing to 90% of the total cereal output 
(Satyavathi et al., 2021). In response, 
sustainable agricultural practices are gaining 
importance, and organic amendments like 
vermicompost have emerged as a promising 
alternative. Vermicomposting is a biological 
process where organic matter is decomposed 
and transformed into nutrient-rich humus by 
earthworms and microorganisms. Vermicompost 
offers a natural solution enriched with crucial 
nutrients, humic acids, plant growth-regulating 
hormones, and enzymes, which positively 
influence plant nutrition, photosynthesis, and the 
nutrient content of various plant parts (Hagh et 
al., 2013; Ozyazici and Turan, 2021).  The 
resulting vermicompost is a high-quality, organic 
fertilizer that improves soil structure, nutrient 
content, microbial diversity, and moisture 
retention, contributing to healthier soils and more 
robust plant growth. Additionally, it offers an eco-
friendly solution to the disposal of organic waste, 
reducing environmental pollution while 
simultaneously benefiting agricultural 
productivity. The benefits of vermicompost 

depend on several factors, including its quality, 
the dosage applied, and the specific needs of the 
soil and crops. Different doses of vermicompost 
can have varying effects on soil properties, plant 
growth, and overall crop performance. While 
moderate doses of vermicompost are generally 
beneficial, excessive application may lead to 
nutrient imbalances, toxicity, or soil salinization. 
As a result, understanding the optimal dosage of 
vermicompost for different crops and soil types is 
crucial for maximizing its positive effects. Zinc 
and iron deficiencies are prevalent in agricultural 
soils globally (Bezabeh et al., 2022). This review 
aims to synthesize existing research on the 
effects of various doses of vermicompost on soil 
properties, plant growth, and environmental 
sustainability. Vermicompost is vital in improving 
soil quality, sequestering organic carbon, and 
reducing excessive CO2 emissions associated 
with intensive agricultural practices (Khalifa et al., 
2022; Shenoy and Siddaraju, 2020; Maurya  et 
al., 2015; Zaremanesh et al., 2017). By 
examining studies that explore different 
application rates and their outcomes, this paper 
seeks to identify the ideal dosage for specific 
agricultural systems and highlight the broader 
implications of using vermicompost in 
sustainable farming. Vermicompost produced 
through the symbiotic interactions between 
microorganisms and earthworms, represents a 
cost-effective and environmentally friendly 
process that enhances soil quality and improves 
microbial biodiversity (Pathma, J.; Sakthivel, 
2012; Vyas  et al., 2022; Brown, 1995; Souffront  
et al., 2022; Lirikum et al., 2022; Lazcano and 
Domínguez, 2011). Furthermore, it will discuss 
the potential environmental benefits of 
vermicomposting, such as carbon sequestration 
and reduced dependence on chemical fertilizers, 
while also addressing the challenges and 
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limitations associated with its use. Finally, the 
review will outline areas for future research, 
providing insights into how vermicomposting can 
be optimized to promote both agricultural 
productivity and environmental conservation. 
 

2. VERMICOMPOST AND ITS 
PROPERTIES (ASLAM ET AL., 2019; 
BIANCO ET AL., 2022; AECHRA ET 
AL., 2022; GHADIMI ET AL., 2021; 
HOQUE ET AL., 2022;GARAI ET AL., 
2014) 

 

• Composition: Nutrients (macro and micro) 
present in vermicompost, including 
nitrogen, phosphorus, potassium, trace 
elements, and humic substances. 

• Physicochemical properties: pH, organic 
matter content, cation exchange capacity 
(CEC), moisture retention, etc. 

• Microbial activity: Role of beneficial 
microorganisms in enhancing soil health 
and plant growth. 

 

3. EFFECTS OF DIFFERENT DOSES OF 
VERMICOMPOST ON SOIL 
PROPERTIES 

  

• Soil structure: The impact on soil 
aggregation, porosity, and aeration (Shen 
et al., 2022). 

• Nutrient availability: Effects on the 
availability of essential nutrients and their 
release rates (slow-release properties) 
(Bezabeh et al., 2022). 

• Water retention: Improvement in soil's 
water-holding capacity and its influence on 
drought tolerance (Dhanuja et al., 2019). 

• Soil pH: How vermicompost modifies soil 
acidity/alkalinity (Aslam et al., 2019). 

• Cation Exchange Capacity (CEC): 
Influence of vermicompost on nutrient 
retention and soil fertility (Khalifa et al., 
2022). 

• Microbial communities: How different 
doses affect soil microbiota and 
biodiversity (Pathma, J.; Sakthivel, 2012; 
Vyas et al., 2022; Brown, 1995; Souffront 
et al., 2022; Lirikum et al., 2022; Lazcano 
and Domínguez, 2011). 

 

4. EFFECTS OF VERMICOMPOST ON 
PLANT GROWTH 

 

• Plant growth parameters: Root and shoot 
growth, leaf area, plant height, and 
biomass (Karasahin, 2022).   

• Nutrient uptake: Influence on the 
absorption of macronutrients (N, P, K) and 
micronutrients (Fe, Zn, Mn) (Singh and 
Misal, 2022; Haque and Biswas, 2021). 

• Crop yield: Impact on the productivity of 
various crops (vegetables, fruits, grains, 
etc.) (Shukla et al., 2013). 

• Disease resistance: Role of 
vermicompost in enhancing plant immunity 
and reducing susceptibility to soil-borne 
diseases  (Kovácik et al., 2015). 

• Stress tolerance: Influence on plant 
tolerance to environmental stresses like 
drought, salinity, and extreme 
temperatures (Karmakar et al., 2021). 

 

5. OPTIMAL VERMICOMPOST DOSAGE 
 

• Review of studies on dosage: Overview 
of experimental studies assessing the 
effects of low, medium, and high doses of 
vermicompost (Sengupta et al., 2021). 

• Recommended doses: Summary of 
optimal doses for specific crops and soil 
types (Sengupta et al., 2021). 

• Threshold effects: Discussion on 
diminishing returns and potential negative 
effects of excessive vermicompost 
application (e.g., nutrient imbalance, salt 
buildup, phytotoxicity). 

 

6. ENVIRONMENTAL AND ECONOMIC 
IMPACT 

 

• Sustainability: Vermicompost as a 
sustainable alternative to synthetic 
fertilizers (Ozyazici and Tura, 2021). 

• Carbon sequestration: Role in reducing 
greenhouse gas emissions and improving 
soil carbon stocks (Khalifa et al., 2022; 
Shenoy and Siddaraju, 2020; Maurya  et 
al., 2015; Zaremanesh et al., 2017). 

• Economic considerations: Cost-
effectiveness of vermicompost application 
in different agricultural systems (Kovácik et 
al., 2015;Nayak et al., 2019). 

• Waste management: Potential for 
recycling organic waste into valuable soil 
amendments (Zahra, 2021). 

 

7. CHALLENGES AND LIMITATIONS 
 

• Variability in vermicompost quality: 
Differences in nutrient composition due to 
variations in feedstock and processing 
methods. 
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• Lack of standardized 
recommendations: Need for region-
specific guidelines for vermicompost 
application. 

• Scale-up issues: Practical challenges in 
large-scale production and application of 
vermicompost in commercial agriculture. 

• Regulatory concerns: Issues related to 
the certification and quality control of 
vermicompost products. 

 

8. FUTURE DIRECTIONS AND 
RESEARCH GAPS 

 

• Need for long-term studies: The 
importance of conducting long-term field 
trials to assess the lasting effects of 
vermicompost on soil health and crop 
yield. 

• Research on application techniques: 
Investigating the best methods for 
vermicompost application (incorporation, 
top dressing, etc.) and their impact on crop 
performance. 

• Microbial interactions: Understanding the 
role of vermicompost in promoting 
beneficial soil microbes and their effects on 
plant health. 

• Interdisciplinary approaches: 
Encouraging collaboration between 
agronomists, environmental scientists, and 
policymakers to create more effective soil 
management practices. 

 

9. CONCLUSION 
 

The application of vermicompost in varying 
doses plays a pivotal role in enhancing soil 
properties, improving plant growth, and 
promoting environmental sustainability. Moderate 
doses of vermicompost generally result in 
significant improvements in soil fertility, structure, 
and microbial health, contributing to increased 
crop yields and more resilient agricultural 
systems. Vermicompost enhances nutrient 
availability, water retention, and soil aeration, 
which are essential for supporting plant growth 
and maintaining healthy soils. Additionally, its 
ability to enrich soil microbial communities helps 
to suppress soil-borne diseases and improve 
plant resistance to environmental stresses, such 
as drought and salinity. However, the effects of 
vermicompost are dose-dependent, with 
excessive application potentially leading to 
nutrient imbalances, phytotoxicity, and other 
adverse effects. The optimal dosage varies 
depending on soil type, crop species, and local 

environmental conditions. Therefore, careful 
management and region-specific guidelines are 
necessary to maximize the benefits of 
vermicompost while avoiding negative 
consequences. From an environmental 
perspective, vermicompost offers substantial 
benefits, including carbon sequestration, reduced 
greenhouse gas emissions, and a decrease in 
the reliance on chemical fertilizers. Its use in 
organic waste recycling also addresses waste 
management issues, reducing landfill burdens 
and promoting a circular economy. Furthermore, 
vermicomposting aligns with sustainable farming 
practices by promoting ecological balance and 
minimizing the environmental footprint of 
agricultural activities. Despite its potential, 
several challenges remain, including variability in 
the quality of vermicompost, the need for 
standardized application recommendations, and 
the practical difficulties of large-scale 
vermicompost production and distribution. Future 
research should focus on optimizing application 
techniques, conducting long-term field trials, and 
exploring the complex microbial interactions 
within vermicomposted soils. Vermicomposting is 
a promising practice that can enhance soil 
health, increase crop productivity, and contribute 
to sustainable agricultural systems. To fully 
realize its potential, further studies are required 
to develop more precise guidelines for its 
application, ensuring that both agricultural 
productivity and environmental sustainability are 
achieved. 
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