Biostimulatory Effects of Vermicompost and Vermiwash on Germination of Leafy Vegetable 
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Abstract
      The current study assessed the nutrient makeup of vermicompost and vermiwash as well as how they affected the growth of seedlings and seed germination of several leafy vegetable crops. According to nutrient analysis, vermiwash was high in soluble nutrients and micronutrients, but vermicompost had significant amounts of organic carbon, nitrogen, phosphorus, potassium, calcium, and magnesium. Both compounds showed electrical conductivity and pH levels appropriate for use in agriculture. Experiments on seed germination showed that applying vermicompost and vermiwash considerably increased the germination percentage when compared to the control; treatments that received 50–75% vermiwash and 20% vermicompost showed the greatest response. Additionally, improved seedling establishment was demonstrated by the treated seedlings' longer roots, shoots, biomass accumulation, and vigour index in Coriandrum sativum and Vigna radiate. The presence of easily accessible nutrients, humic compounds, helpful microbes, and plant growth regulators including auxins, gibberellins, and cytokinins may be responsible for the growth-promoting effects. The results of this study support the use of vermicompost and vermiwash as sustainable substitutes for increasing crop productivity and encouraging ecologically friendly farming practices by indicating that they are efficient organic biostimulants that can improve germination and early seedling development.
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Introduction
     Vermicompost and vermiwash are becoming more widely acknowledged as sustainable organic inputs that increase plant productivity and soil fertility while reducing the negative environmental effects of artificial fertilizers. While vermiwash is a liquid extract from vermicomposting systems that contains soluble nutrients, enzymes, beneficial microorganisms, and plant growth regulators, vermicompost is a nutrient-rich organic amendment created by earthworms and microorganisms during the decomposition of organic wastes. Through the inclusion of vital macro- and micronutrients as well as bioactive substances, these products are known to improve soil physical qualities, increase nutrient availability, and promote plant growth (Yatoo et al., 2021; Aira et al., 2022). According to recent research, products made from vermicompost serve as both nutrient sources and biostimulants that support root development, plant metabolism, and nutrient uptake, all of which support sustainable agricultural production systems (Suleiman et al., 2023). Crop development and yield potential are largely determined by seed germination and seedling establishment, especially in vegetable and leafy vegetable crops that need to emerge quickly and consistently. Because vermicompost and vermiwash include humic compounds, phytohormones, and easily accessible nutrients, they have been shown to improve germination percentage, seedling vigor, root elongation, and shoot growth (Singh et al., 2022). Additionally, auxins, gibberellins, and cytokinins—compounds that promote growth and have a good impact on seedling development and physiological activities—are found in vermiwash. Vermicompost-based products have been shown in recent studies to improve early plant growth and lessen reliance on synthetic fertilizers in horticultural crops (Kumar et al., 2024). 
The positive effects of vermicompost and vermiwash on soil fertility, plant development, and seed germination have been thoroughly studied in the past. According to Edwards et al. (2010), vermicompost increases microbial activity and nutrient availability, which boosts crop production and seedling establishment. In horticultural crops treated with vermicompost extracts, Arancon et al. (2010) found notable increases in germination rate, root development, and biomass output. In vegetable crops, Ansari and Sukhraj (2010) showed that applying vermicompost and vermiwash together enhanced germination percentage, plant height, and yield characteristics. Vermiwash includes physiologically active chemicals that can promote seed germination and early seedling growth, according to Nath and Singh (2012).Additionally, Chauhan and Joshi (2014) discovered that applying vermiwash improved the growth of roots and shoots, the amount of chlorophyll, and the general vigor of the plant, suggesting that it may be a useful organic growth stimulant. Together, these results demonstrate the value of products made from vermicompost as sustainable substitutes for raising agricultural yields and preserving soil health.In order to assess the nutrient composition of vermicompost and vermiwash and their impact on the germination and early seedling growth of particular leafy vegetable Coriandrum sativum and Vigna radiate, the current study was conducted.
The present study was undertaken to evaluate the nutrient composition of vermicompost and vermiwash produced using Eisenia fetida and to investigate their effects on seed germination and early seedling growth of Coriandrum sativum and Vigna radiata. Particular emphasis was given to assessing germination percentage, root length, shoot length, seedling length, and vigour index under different concentrations of vermiwash and vermicompost. Furthermore, the study aimed to identify the most effective treatment for promoting seedling establishment and enhancing the early growth performance of these economically important vegetable crops under controlled conditions.
Materials and Methods
Preparation and Collection of Vermicompost and Vermiwash
  The earthworm species was used to create vermicompost. Eisenia fetida in a regulated vermicomposting environment. Before being inoculated with earthworms, organic wastes such as leaf litter, farmyard manure, and vegetable residues were pre-decomposed for 15 days. Mature vermicompost was collected and sieved for additional analysis after 60 days of vermicomposting. Using the procedure outlined by Yatoo et al. (2021), vermiwash was extracted from a vermiwash unit that contained active earthworm populations.
Nutrient Analysis of Vermicompost and Vermiwash
        A digital pH meter and a conductivity meter were used to measure the pH and electrical conductivity (EC) of vermicompost and vermiwash, respectively. The Kjeldahl method was used to estimate total nitrogen, the molybdenum blue method was used to estimate available phosphorus, and a flame photometer was used to measure potassium. The Walkley-Black method was used to calculate organic carbon. Atomic Absorption Spectrophotometry (AAS) was used in accordance with conventional techniques to examine the levels of calcium, magnesium, iron, zinc, manganese, and copper (Aira et al., 2022).
Seed Germination Experiment
     A 1% sodium hypochlorite solution was used to surface sterilize the seeds of specific leafy  vegetables, Coriandrum sativum and Vigna radiate and then they were completely rinsed with sterile distilled water. Pot culture and the paper towel method were used for germination investigations in a lab setting. Control (distilled water), T₂ – Vermiwash (25%), T₂ – Vermiwash (50%), T₁ – Vermiwash (75%), T₂ – Vermicompost-amended soil (10%), and T₂ – Vermicompost-amended soil (20%) were the treatments.25 seeds were used in each of the three replicates of each treatment.
For germination studies, seeds were placed in sterilized Petri dishes (9 cm diameter) lined with double-layered filter paper. Each Petri dish received 5 mL of the respective treatment solution. Germination tests were conducted under laboratory conditions at 25 ± 2°C with a 12 h light/12 h dark photoperiod. Germinated seeds were counted daily, and final germination percentage was recorded after 7–10 days. Each treatment consisted of three independent replicates with 25 seeds per replicate.
Germination and Seedling Growth Assessment
       After seven to ten days, the germination percentage was noted both Coriandrum sativum and Vigna radiate. Standard procedures were followed to determine the root length, shoot length, fresh weight, dry weight, and seedling vigor index. The vigour index was computed using: Germination Percentage × Seedling Length = Vigor Index.
Vigour Index Values
The vigour index is calculated as:
Vigour Index = Germination Percentage × Seedling Length
Statistical Analysis
The experiment was conducted using a Completely Randomized Design (CRD) with three replications. Data were expressed as mean ± standard deviation (SD). Statistical analysis was performed using SPSS software. Treatment means were subjected to one-way Analysis of Variance (ANOVA), and significant differences among means were determined using Tukey's Honestly Significant Difference (HSD) test at p < 0.05.
Results and Discussion
Nutrient Composition of Vermicompost and Vermiwash
      Vermicompost had significant amounts of organic carbon, nitrogen, phosphorus, potassium, calcium, and magnesium, according to the nutrient analysis. Vermiwash also showed significant amounts of micronutrients and soluble nutrients. Both materials were suitable for use in agriculture because to their neutral pH and modest electrical conductivity. Earthworm-mediated breakdown and microbial mineralization mechanisms that improve nutrient availability are responsible for the nutrient enrichment seen in vermicompost (Aira et al., 2022). Because earthworms and microbes work together to speed up the breakdown of organic matter and transform nutrients into forms that plants can use, vermicompost has a higher nutrient content. Edwards and colleagues found similar findings (2010).Suleiman et al. (2023) reported similar results, indicating that vermicompost had higher concentrations of vital plant nutrients than traditional compost. Earthworm activity enhances nutrient cycling and enriches vermicompost with easily accessible nitrogen, phosphate, potassium, and advantageous microbial communities, as shown by Lim et al. (2019). These results support the value of vermicompost and vermiwash as nutrient-rich organic amendments for sustainable crop development and are in line with the current study.
Table 1. Nutrient composition of Vermicompost and Vermiwash
	Parameter
	Vermicompost
	Vermiwash


	pH
	7.1 ± 0.03
	7.0 ± 0.02

	Electrical Conductivity (dS m⁻¹)
	1.80 ± 0.02
	1.12 ± 0.03

	Organic Carbon (%)
	16.45 ± 0.21
	0.95 ± 0.02

	Total Nitrogen (%)
	1.55 ± 0.01
	0.16 ± 0.03

	Available Phosphorus (%)
	0.95 ± 0.01
	0.07 ± 0.01

	Available Potassium (%)
	1.15 ± 0.04
	0.13 ± 0.01

	Calcium (%)
	2.24 ± 0.08
	0.15 ± 0.02

	Magnesium (%)
	0.74 ± 0.03
	0.06 ± 0.01

	Iron (mg kg⁻¹)
	105.4 ± 3.2
	16.6 ± 0.9

	Zinc (mg kg⁻¹)
	30.7 ± 1.4
	5.2 ± 0.3


Effect on Seed Germination
      When compared to the control, the use of vermicompost and vermiwash greatly increased seed germination in green vegetable Coriandrum sativum and Vigna radiate. Treatments that received 50–75% vermiwash and 20% vermicompost showed the highest germination percentage. Vermicompost products contain easily available nutrients, humic compounds, and plant gr owth-promoting hormones that may contribute to enhanced germination (Yatoo et al., 2021). Similar results were reported by Arancon et al. (2010), who observed enhanced seed germination and seedling emergence in crops treated with vermicompost due to improved nutrient availability and growth-promoting substances. Through increased microbial activity and better nutrient uptake, Ansari and Sukhraj (2010) showed that vermicompost and vermiwash had a significant impact on seed germination and seedling vigour. These results support the current investigation and validate the advantageous function of products made from vermicompost in encouraging seed germination and early plant establishment.

Table 2. Effect of Vermicompost and Vermiwash on Seed Germination of Coriandrum sativum and Vigna radiate

	Treatment
	Coriandrum sativum Germination (%)
	Green Gram (Vigna radiata) Germination (%)

	T₁ Control
	55.0 ± 1.3
	72.0 ± 1.4

	T₂ Vermiwash (25%)
	64.0 ± 1.1
	79.0 ± 1.5

	T₃ Vermiwash (50%)
	75.0 ± 1.5
	89.0 ± 1.2

	T₄ Vermiwash (75%)
	85.0 ± 1.3
	90.0 ± 1.1

	T₅ Vermicompost (10%)
	80.0 ± 1.2
	83.0 ± 1.3

	T₆ Vermicompost (20%)
	90.0 ± 1.2
	94.0 ± 1.0


Effect on Seedling Growth and Vigour 
         Compared to untreated controls, seedlings treated with vermicompost and vermiwash showed noticeably longer roots, shoots and vigour index both in Coriandrum sativum and Vigna radiata . The presence of auxins, gibberellins, and cytokinins in vermicompost-derived products, as well as improved nutrient uptake and microbial activity, may all contribute to the improved growth performance. Vermicompost contains humic compounds that are known to promote nutrient absorption and root development, leading to strong seedling growth (Aira et al., 2022). Vermiwash functions as an efficient biostimulant that improves seedling establishment and productivity in horticultural crops, according to recent research by Kumar et al. (2024). Vermiwash application greatly enhanced seedling establishment, biomass production, and overall plant growth because of its nutrient-rich and biostimulatory qualities, as shown by Nath and Singh (2015) and Chauhan and Joshi (2016). The present findings thus confirm the potential of vermicompost and vermiwash as sustainable organic inputs for improving the germination and early growth of green vegetable crops.
[bookmark: _GoBack]Table 3. Effect of Vermicompost and Vermiwash on Seedling Growth of Coriandrum sativum
	Treatment
	Root Length (cm)
	Shoot Length (cm)
	Seedling Length (cm)
	Vigour Index

	T₁ Control
	3.1 ± 0.1
	4.8 ± 0.2
	8.5 ± 0.3
	468

	T₂ Vermiwash (25%)
	4.0 ± 0.3
	7.2 ± 0.4
	10.0 ± 0.3
	640

	T₃ Vermiwash (50%)
	5.2 ± 0.4
	7.8 ± 0.5
	12.0 ± 0.1
	900

	T₄ Vermiwash (75%)
	6.0 ± 0.5
	9.6 ± 0.5
	15.6 ± 0.2
	1326

	T₅ Vermicompost (10%)
	4.9 ± 0.2
	8.0 ± 0.4
	12.9 ± 0.3
	1032

	T₆ Vermicompost (20%)
	7.0 ± 0.1
	9.2 ± 0.5
	16.2 ± 0.4
	1458


Table 4. Effect of Vermicompost and Vermiwash on Seedling Growth of Vigna radiata
	Treatment
	Root Length (cm)
	Shoot Length (cm)
	Seedling Length (cm)
	Vigour Index

	T₁ Control
	4.2 ± 0.1
	6.5 ± 0.2
	11.7 ± 0.3
	814

	T₂ Vermiwash (25%)
	5.8 ± 0.1
	8.2 ± 0.2
	15.0 ± 0.2
	1196

	T₃ Vermiwash (50%)
	7.5 ± 0.5
	10.4 ± 0.6
	18.9 ± 0.4
	1691

	T₄ Vermiwash (75%)
	8.6 ± 0.4
	11.5 ± 0.5
	20.1 ± 0.6
	2132

	T₅ Vermicompost (10%)
	7.9 ± 0.3
	9.9 ± 0.4
	18.0 ± 0.1
	1572

	T₆ Vermicompost (20%)
	9.2 ± 0.4
	12.2 ± 0.5
	22.4 ± 0.7
	2210


The improved germination and seedling growth observed in Coriandrum sativum and Vigna radiata following vermicompost and vermiwash application may be attributed to the combined effects of enhanced nutrient availability, beneficial microbial activity, and the presence of plant growth-promoting substances. Vermicompost provides essential macro- and micronutrients, while vermiwash contains soluble nutrients, enzymes, vitamins, and naturally occurring phytohormones such as auxins, gibberellins, and cytokinins that stimulate seed germination and seedling development. The superior performance of the 20% vermicompost and 75% vermiwash treatments suggests that these amendments create favourable conditions for root and shoot growth, resulting in higher vigour indices. These findings support the use of vermicompost-derived products as sustainable biostimulants for improving crop establishment and reducing dependence on synthetic fertilizers.
Conclusion
     The present study demonstrated that vermicompost and vermiwash significantly enhanced seed germination, seedling growth, and vigour index in Coriandrum sativum and Vigna radiata compared with the control. Among the treatments, 20% vermicompost and 75% vermiwash produced the best results, indicating their effectiveness in promoting early plant establishment. The positive effects observed may be due to the availability of essential nutrients, beneficial microorganisms, humic substances, and plant growth-promoting hormones present in vermicompost-derived products. Therefore, vermicompost and vermiwash can be considered promising eco-friendly alternatives to synthetic fertilizers for sustainable crop production, although further field studies are required to evaluate their long-term agronomic and economic benefits.
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