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ABSTRACT
	A field experiment was conducted during 2024-25 at Vermicompost Unit, Division of Soil Science, College of Agriculture, Pune to study the effect of different substrates along with microbial consortia on composition and quality of vermiwash. The experiment was laid out in completely randomized block design having seven treatments with three replications. The treatments comprised T1-tree litter, T2-button mushroom spent compost, T3-wheat straw, T4-soyabean straw, T5-coconut coir, T6-sugarcane trash and T7-farm yard manure for preparation of vermiwash. The findings of the present investigation revealed that all treatments showed a gradual increased in pH from the 16th to 48th day of harvesting. The significantly higher N, P and K contents were noted in tree litter vermiwash (0.8, 0.74, and 0.5 % respectively). On the 16th day the treatment tree litter recorded higher dehydrogenase activities (18.64 µg TPF ml⁻¹ 24 hr⁻¹). Urease activity was higher in tree litter on both 16th (10.50 µg NH4⁺-N ml⁻¹ day⁻¹) and 32nd days (24.50 µg NH4⁺-N ml⁻¹ day⁻¹). The vermiwash produced from tree litter substrate showed higher macronutrient.
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INTRODUCTION
[bookmark: _GoBack]Vermiwash is a liquid extract created by percolating water through the organic bedding where earthworms have been digesting organic matter. This liquid is rich in soluble nutrients, growth-promoting hormones, beneficial microbes, and enzymes, all of which contribute to improved soil health and plant growth. While not as widely recognized as vermicompost, vermiwash has shown significant potential as a natural soil conditioner and fertilizer. It is particularly effective as a growth stimulant and for foliar application, leading to healthier plants with stronger root systems and enhanced resistance to diseases and insects.
Vermiwash complements vermicompost by providing nutrients in a readily absorbable liquid form, ensuring a holistic approach to organic and sustainable farming. Its application to plants provides a rich source of vitamins, hormones, enzymes, and both macronutrients and micronutrients, facilitating efficient growth. Comparative studies have shown that vermiwash positively impacts the crop production capacity of soil by improving its physicochemical properties and reducing insect pest infestations. This, in turn, allows for increased nutrient uptake by plants, resulting in higher growth and yield, and contributing to sustainable crop production (Verma et al., 2018).
Vermiwash is produced through various methods, all based on the principle of extracting nutrients and microbial activity from vermicompost. It contains a diverse array of beneficial components, including numerous enzymes, vitamins, micro and macronutrients, and plant growth hormones such as gibberellins and cytokinin (Suthar, 2010). Research indicates that vermiwash enhances crop growth and yield, and also bolsters crops' resistance to various diseases (Suthar et al., 2005; Yadav et al., 2005). Vermiwash is a beneficial liquid containing water-soluble nutrients that can rapidly address various plant needs from a single source. It collects earthworm excretory products, mucus secretions, and micronutrients derived from organic soil molecules. This alkaline substance is rich in nitrogen, phosphorus, potassium, magnesium, and zinc. Freshly harvested vermiwash also contains numerous helpful microorganisms that promote plant growth and offer disease protection. It's important to dilute vermiwash before applying it to plants. This liquid is crucial for plant growth and development, aiding in rooting, root growth, overall plant development, and accelerating growth. By increasing soil organic matter and enhancing nutrient content in an easily accessible form for plants, vermiwash ultimately improves crop yield and contributes to the production of healthy crops. (Sivasubramanian and Ganeshkumar 2004).

2. RESEARCH METHODOLOGY
The experiment was conducted during 2024-25 at Vermicompost Unit, Division of Soil Science, College of Agriculture, Pune. The experiment was laid out in completely randomized block design. Different substrates, viz., Tree litter were collected from the campus of college of agriculture, Pune., button mushroom spent compost were collected from All India Coordinated Research Project on Mushrooms, Pune., wheat straw, soybean straw, coconut coir i.e. tender coconut waste (fiber and husk), sugarcane trash and farm yard manure were collected from farm of Agronomy discipline, College of Agriculture, Pune. 200 Liter plastic drum used for vermiwash preparation, were obtained from the Vermicompost Unit, Division of Soil Science, College of Agriculture, Pune. The periodical analysis of samples drawn from different treatments was carried out at 16th , 32nd day, and at the 48th day of vermiwash harvesting. Samples were analyzed by using standard analytical methods. The observations for composition and quality of vermiwash were recorded. Completely randomized block design (CRD) with analysis of variance (ANOVA) was employed to assess substrates effects on all studied characteristics (Panse and Sukhatme, 1985).

Methodology for the preparation of vermiwash from different substrates

The preparation of vermiwash using a 200 L plastic drum with a tap involves layering different organic and inert materials. At the bottom, 50–100 water-saturated brick pieces are placed, followed by a layer of coarse sand (~10 kg), then fine sand (10 kg), and a vermicompost layer (~30–40 kg). This is topped with partially decomposed compost (10–15 kg), a layer of Eisenia fetida earthworms (4–5 kg), another compost layer (10–15 kg), and a vermicompost layer enriched with microbial consortia like Rhizobium, Azotobacter, PSB, and KMB (8–10 kg). Finally, a top vermicompost layer (30–40 kg) is added, and the surface is covered with dry leaves and wet gunny bags to maintain moisture and temperature.

Methodology for Harvesting of Vermiwash 
The methodology for harvesting vermiwash involves filling ten layers in a drum, followed by a 15-day incubation period. On the 16th day, the first harvest is carried out. This is followed by another incubation period of 15 days, with the second harvest conducted on the 32nd day. A final incubation of 15 days leads to the third and last harvest on the 48th day. During the process, moisture content is maintained between 30 to 40%. On every 15th day, 20 liters of water is added and allowed to incubate for 24 to 30 hours before harvesting. Vermiwash is quantified after each of the three harvests, and its characterization is performed at every harvesting stage.
3. RESULTS AND DISCUSSION
 
Periodical Changes in pH and Electrical Conductivity in Vermiwash as Influenced by Different Substrates
pH
The data on pH of vermiwash as influenced by different substrates are presented in Table 1. All the treatments showed a gradual increased in pH from the 16th to 48th day.
The data on pH showed non significant results in three harvesting stages. The treatment T7 i.e. farm yard manure recorded higher pH (7.70) followed by button mushroom spent compost (7.69) at 16th day of harvesting. Whereas, the treatment T6 i.e. sugarcane trash recorded lower pH values (6.98). There was increased in the pH of vermiwash up to the 48th day of harvesting. The fluctuating pH levels during composting are mainly due to the microbial decomposition of organic residues. Microorganisms actively break down these materials, releasing compounds that alter the pH of composting environment. Najar and Khan (2010) observed that the pH of vermiwash samples tends to increase over time, a phenomenon primarily attributed to the decomposition of ammonia, which constitutes a significant portion of the nitrogenous waste excreted by earthworms.
Khyade and Pawar (2016) find that, pH neutralizing efficiency of vermiwash derived from different leaf litters. Their findings indicated that vermiwash produced from mango leaf litter demonstrated the higher efficacy in pH neutralization. This was followed by vermiwash generated from sapota leaf litter, and then guava leaf litter, in descending order of effectiveness. This suggests a varied capacity among different organic substrates to influence the pH characteristics of the resulting vermiwash.
Electrical conductivity
The data on electrical conductivity of vermiwash as influenced by different substrates in presented in Table 1. From the 16th to the 48th day, the electrical conductivity is increased gradually in all treatments. At the 16th day of harvesting vermiwash prepared by using farm yard manure showed significantly higher electrical conductivity (2.82 dS m-1) followed by button mushroom spent compost (2.35 dS m-1) and soybean straw (2.07 dS m-1). Whereas, vermiwash from sugarcane trash as substrate showed significantly lower electrical conductivity (0.97 dS m-1). This similar increasing trend is followed up to the 48th day of harvesting.
Higher electrical conductivity (EC) directly signals a greater amount of salts dissolved in a solution. At the same time, it also shows that more organic matter has decomposed. This means that as organic materials break down, they release ionic components, which in turn increases the overall conductivity of solution.
Table 1 Periodical changes in pH and electrical conductivity in vermiwash as 
                   influenced by different substrates
	Treatments
	pH (1:10)
	Electrical conductivity 
(dS m-1)

	
	16th day
	32nd day
	48th day
	16th day
	32nd day
	48th day

	T1
	Tree litter
	7.51
	7.64
	7.73
	1.39
	1.41
	2.05

	T2
	Button mushroom spent compost
	7.69
	7.74
	7.84
	2.35
	2.54
	3.12

	T3
	Wheat straw
	7.43
	7.62
	7.69
	1.26
	1.36
	1.99

	T4
	Soybean straw
	7.59
	7.73
	7.81
	2.07
	2.28
	2.81

	T5
	Coconut coir
	7.55
	7.68
	7.79
	1.60
	1.79
	2.52

	T6
	Sugarcane trash
	6.98
	7.59
	7.30
	0.97
	1.09
	1.86

	T7
	Farm yard manure
	7.70
	7.77
	7.89
	2.82
	2.97
	3.60

	SE (m) ±
	0.20
	0.17
	0.18
	0.13
	0.31
	0.14

	CD (0.05)
	NS
	NS
	NS
	0.41
	0.94
	0.44



Bhiday (1994) observed that the rise in electrical conductivity indicates the presence of soluble salts in the final compost product. The primary cause of this increase was the conversion of nutrients from unavailable to available states. According to Najar and Khan (2010), the elevated electrical conductivity (EC) in vermiwash samples can be attributed to the decomposition and weight reduction of organic matter. This process facilitates the release of essential mineral salts including phosphate, ammonia and potassium into soluble forms which contributes to the increased electrical conductivity.
Periodical Changes in Major Nutrients in Vermiwash as Influenced by Different 
Substrates
Total nitrogen 
The data on total nitrogen of vermiwash as influenced by different substrates are presented in Table 2. At 16th day, the vermiwash obtained from tree litter substrate recorded higher total nitrogen content (0.10%) which was at par with button mushroom spent compost (0.08 %). However, the lower nitrogen content was observed in farm yard manure (0.02%).
At 32nd day of harvesting, vermiwash collected from tree litter recorded significantly higher nitrogen content (0.27%) followed by button mushroom spent compost (0.11 %) and soybean straw (0.08%). However, the lower nitrogen content is observed in wheat straw and farm yard manure i. e. 0.04%. At 48th day, vermiwash collected from tree litter recorded significantly higher nitrogen content (0.80 %) followed by button mushroom spent compost (0.42%) and soybean straw (0.38%). However, the lower nitrogen content was observed in farm yard manure (0.29%).






Table 2 Periodical changes in major nutrients in vermiwash as influenced by different                       
                   substrates
	Treatments

	Total N (%)
	Total P (%)
	Total K (%)

	
	16th day
	32nd day
	48th day
	16th day
	32nd day
	48th day
	16th day
	32nd day
	48th day

	T1
	Tree litter
	0.10
	0.27
	0.80
	0.09
	0.19
	0.74
	0.26
	0.27
	0.50

	T2
	Button mushroom spent compost
	0.08
	0.11
	0.42
	0.09
	0.12
	0.18
	0.13
	0.18
	0.25

	T3
	Wheat straw
	0.05
	0.04
	0.38
	0.05
	0.07
	0.10
	0.04
	0.05
	0.11

	T4
	Soybean straw
	0.05
	0.08
	0.38
	0.05
	0.13
	0.16
	0.03
	0.11
	0.13

	T5
	Coconut coir
	0.03
	0.06
	0.30
	0.04
	0.07
	0.08
	0.02
	0.03
	0.04

	T6
	Sugarcane trash
	0.03
	0.06
	0.31
	0.04
	0.05
	0.15
	0.02
	0.04
	0.04

	T7
	Farm yard manure
	0.02
	0.04
	0.29
	0.06
	0.08
	0.12
	0.12
	0.12
	0.21

	SE (m) ±
	0.01
	0.02
	0.09
	0.01
	0.02
	0.01
	0.01
	0.02
	0.02

	CD (0.05)
	0.02
	0.05
	0.26
	0.03
	0.05
	0.02
	0.03
	0.05
	0.06



The progressive increased in nitrogen content in vermiwash, consistently observed at the 16th, 32nd, and 48th harvesting days, serves as an indicator of robust and continuous organic matter mineralization. This nutrient enhancement is a direct result of ongoing earthworm activity and the proliferation of microbial communities, particularly nitrogen-fixing organisms. Their combined biological action intensifies the conversion of organic nitrogen into plant-available inorganic forms, thereby augmenting the long-term nutrient value and efficacy of vermiwash as a liquid biofertilizer.
Crawford (1983) concluded that the ultimate nitrogen content of vermiwash samples was largely influenced by the initial nitrogen concentration within the waste material and the extent of its subsequent decomposition. Tripathi and Bhardwaj (2004) indicated that nitrogen in vermiwash primarily exists as mucus, nitrogenous excretory substances, growth-stimulating hormones, and enzymes. They further suggested that the observed increase in total nitrogen in vermiwash might be attributable to the degradation of organic carbon combined with the addition of earthworm gut products, such as castings, urine, and dead tissues.
Total phosphorous
The data on total phosphorous of vermiwash as influenced by different substrates in presented in Table 2. At 16th day, the vermiwash obtained from tree litter recorded higher phosphorous content (0.09 %) which was at par with button mushroom spent compost (0.09 %). The lower phosphorous content (0.04 %) was recorded in coconut coir and sugarcane trash. At 32nd day, the vermiwash obtained from tree litter recorded higher phosphorous content (0.19%) followed by soybean straw (0.13 %) and button mushroom spent compost (0.12%). The lower phosphorous content was recorded in sugarcane trash (0.05 %). At 48th day also tree litter recorded higher phosphorous content (0.74%) followed by button mushroom spent compost, soybean straw and farm yard manure.
The consistent rise in total phosphorus content in vermiwash across successive harvests (16, 32, and 48 days) points to the continuous solubilization of organic and inorganic phosphorus within the composting material. This is primarily due to the activity of phosphate-solubilizing bacteria (PSB) and microbial enzymes like phosphatase, which convert insoluble phosphates into plant-available forms. Additionally, earthworm gut microbes and their secretions play a crucial role in breaking down phosphorus-rich compounds, which progressively releases more available phosphorus into the vermiwash. This continuous decomposition of organic matter and microbial interaction within the vermiwash system ensures a steady accumulation of phosphorus in the leachate over time. Lee (1991) concluded that the higher phosphorus content seen during vermicomposting is mainly due to the phosphatase activities from the earthworm gut processes and increased microbial activities.
Total potassium
The data showing a statistically significant difference in the total potassium content of vermiwash produced from various substrates across the entire composting period (Table 2). At 16th day, the vermiwash obtained from tree litter recorded significantly higher potassium content (0.26 %) followed by button mushroom spent compost (0.13 %) and farm yard manure (0.12 %). The lower potassium content was recorded by coconut coir and sugarcane trash (0.02 %).
At 32nd day, the vermiwash obtained from tree litter recorded significantly higher potassium content (0.27 %) followed by button mushroom spent compost (0.18 %) and farm yard manure (0.12 %). The lower potassium content was recorded by coconut coir (0.03 %). At 48th day also tree litter recorded significantly higher potassium content (0.5%) followed by button mushroom spent compost (0.25 %) and farm yard manure (0.21%). The lower potassium content was recorded by coconut coir (0.04 %).
Kaviraj and Sharma (2003) proposed that the increase in potassium (K) content in vermiwash is a direct result of the decomposition of organic material consumed by earthworms. They further suggested that this breakdown is significantly enhanced by the symbiotic microflora found in earthworm guts and casts, as well as the effects of their secreted mucus and water.
Periodical Changes in Enzymatic Activity in Vermiwash as Influenced by Different Substrates
The periodical changes in dehydrogenase, acid phosphatase and urease enzyme activities in vermiwash as influenced by different substrates is presented in Table 3.
Dehydrogenase activities
The dehydrogenase activities in vermiwash was significantly influenced by different substrates and various harvesting intervals. On the 16th day tree litter recorded significantly higher dehydrogenase activities (18.64 µg TPF ml⁻¹ 24 hr⁻¹) than rest of the treatment which was followed by coconut coir (15.04 µg TPF ml⁻¹ 24 hr⁻¹). The results imply robust microbial activity occurring in the early phase of organic matter decomposition. On the 32nd day, the higher dehydrogenase activities was recorded in wheat straw at (9.30 µg TPF ml⁻¹ 24 hr⁻¹) which was at par with button mushroom spent compost (9.28 µg TPF ml⁻¹ 24 hr⁻¹) and soybean straw (8.44 µg TPF ml⁻¹ 24 hr⁻¹).



Table 3 Periodical changes in enzymatic activity in vermiwash as influenced by 
                   different substrates
	Treatments

	Dehydrogenase
(μg TPF ml-1 24 hr-1)
	Acid Phosphatase
(μg PNP ml-1 2 hr-1)
	Urease
(μgNH4+-N ml-1 day-1)

	
	16th 
day
	32nd day
	48th day
	16th day
	32nd day
	48th day
	16th day
	32nd day
	48th day

	T1
	Tree litter
	18.64
	6.73
	6.22
	6.21
	7.31
	3.74
	10.50
	24.50
	12.61

	T2
	Button mushroom spent compost
	8.97
	9.28
	7.02
	6.48
	7.66
	4.17
	7.09
	22.17
	11.47

	T3
	Wheat straw
	10.74
	9.30
	7.66
	5.75
	6.81
	3.30
	7.00
	21.58
	11.47

	T4
	Soybean straw
	12.50
	8.44
	6.53
	6.02
	7.24
	3.70
	7.00
	19.25
	10.32

	T5
	Coconut coir
	15.04
	7.24
	5.01
	5.54
	6.53
	3.19
	5.83
	18.08
	9.75

	T6
	Sugarcane trash
	7.24
	6.07
	5.63
	6.23
	7.58
	4.06
	5.25
	15.17
	6.88

	T7
	Farm yard manure
	6.75
	6.81
	9.72
	6.01
	7.24
	3.35
	3.50
	14.00
	6.88

	SE (m) ±
	0.25
	0.13
	0.13
	0.09
	0.11
	0.09
	0.10
	0.15
	0.11

	CD (0.05)
	0.76
	0.39
	0.40
	0.29
	0.32
	0.27
	0.31
	0.46
	0.35



By the 48th day, farm yard manure recorded higher dehydrogenase activities (9.72 µg TPF ml⁻¹ 24 hr⁻¹) followed by wheat straw (7.66 µg TPF ml⁻¹ 24 hr⁻¹). While the lower dehydrogenase activities was recorded in coconut coir (5.01 µg TPF ml⁻¹ 24 hr⁻¹).
The reduction in enzyme activities observed during the later phases of the experiment could be attributed to a limitation of available carbon molecules for microbial consumption. This carbon scarcity may subsequently lead to a decline in microbial biomass. These findings align with previous research by Nohrstedt et al. (1989) and Shirisha (2002)
Acid phosphatase activities
The data on acid phosphatase activities in vermiwash, illustrating the influence of different substrates and various harvesting intervals (Table 3). The maximum acid phosphatase activity was observed in button mushroom spent compost on both 16th day (6.48 µg PNP ml⁻¹ 2 hr⁻¹) and 32nd day (7.66 µg PNP ml⁻¹ 2 hr⁻¹) which was at par with tree litter and sugarcane trash at 16th day and at par with sugarcane trash on the 32nd day (7.58 µg PNP ml⁻¹ 2 hr⁻¹). By the 48th day, acid phosphatase activities declined across all treatments, with the lower value recorded in coconut coir at 3.19 µg PNP ml⁻¹ 2 hr⁻¹. This reduction suggests the depletion of easily mineralizable phosphorus compounds within the substrates.
Devi and Prakash (2017) explored acid phosphatase activities during vermicomposting, highlighting its role in phosphate solubilization and availability. While their study centred on the composting process itself, the underlying principles and observations regarding acid phosphatase are highly pertinent to vermiwash, given that it's essentially a leachate derived from the vermicompost system. Lee (1991) concluded that increased in phosphorus content during vermicomposting is mainly due to the derived phosphatase activities by gut of earthworms and increased in microbial activities.
Urease activities
Urease activity was higher in tree litter on both the 16th (10.50 µg NH4⁺-N ml⁻¹ day⁻¹) and 32nd days (24.50 µg NH4⁺-N ml⁻¹ day⁻¹) showing a significant increase compared to all other treatments (Table 3).
On the 48th day, tree litter recorded higher urease activities (12.61 µg NH4⁺-N ml⁻¹ day⁻¹). However, lower urease activities was observed in sugarcane trash and farm yard manure (6.88 µg NH4+-N ml⁻¹ day⁻¹). This suggests nitrogen stabilization likely due to a deceleration of microbial metabolism in these treatments. Conversely, tree litter consistently maintained the higher urease activities throughout the study, indicating its superiority as a substrate for nitrogen mineralization. This results might be due to the initial high nitrogen content in the tree litter this could have helped to high urease activities in vermiwash collected from tree litter. Our findings on urease activities in vermiwash align with previous research, specifically Zambare et al. (2008), who identified urease as a component of the enzymatic profile in vermiwash. This is further supported by review articles like Bhavya et al. (2021), which confirm that vermiwash is a rich source of diverse enzymes including urease, thereby enhancing its effectiveness as a biofertilizer and its contribution to nutrient cycling.
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