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ABSTRACT
	A field experiment was conducted during 2024–25 at the Vermicompost Unit, Division of Soil Science, College of Agriculture, Pune, to evaluate how different organic substrates, in combination with microbial consortia, affect the composition and quality of vermicompost. We hypothesized that substrate type, when integrated with microbial consortia, would significantly influence nutrient enrichment, microbial activity, and heavy metal content in the final vermicompost product. The experiment followed a completely randomized block design with seven treatments—tree litter, button mushroom spent compost, wheat straw, soybean straw, coconut coir, sugarcane trash, and farmyard manure—each replicated three times.
Defined microbial consortia were introduced during composting to enhance microbial-mediated decomposition. Vermicompost derived from tree litter showed superior quality, recording the highest organic carbon (23.96%), total nitrogen (1.93%), available phosphorus (0.68%), and potassium (1.25%). Micronutrient concentrations (Fe: 1575.07 mg kg⁻¹, Mn: 426.38 mg kg⁻¹, Zn: 299.30 mg kg⁻¹, Cu: 184.95 mg kg⁻¹) were also highest in the tree litter treatment. Additionally, heavy metal content (Cd: 0.28, Pb: 0.49, Cr: 0.36 mg kg⁻¹) was lowest in this treatment. Enhanced microbial enzyme activities—including dehydrogenase (34.90 μg TPF g⁻¹ 24 hr⁻¹), acid phosphatase (3.84 μg PNP g⁻¹ 2 hr⁻¹), and urease (118.42 μg NH₄⁺-N g⁻¹ day⁻¹)—further confirmed improved biological quality. Tree litter vermicompost also exhibited lower bulk density (0.73 g cm⁻³), finer particle size (<4 mm), and optimal color (very dark greyish brown, 10YR3/2).
These results suggest that tree litter, when combined with microbial consortia, serves as an optimal substrate for high-quality vermicompost production, with enhanced nutrient content, reduced contaminants, and improved biological activity—offering practical benefits for sustainable agriculture.
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INTRODUCTION
The Green revolution significantly boosted agricultural output through the widespread adoption of chemical fertilizers, leading to a conventional farming system heavily reliant on these inputs. While this initially led to substantial increases in crop yields, the sustained and unbalanced use of chemical fertilizers has subsequently harmed soil health, causing crop productivity to plateau in recent decades. 
Long-term studies on fertilizer application reveal that the continuous and imbalanced use of chemical fertilizers negatively impacts the physical, chemical and biological properties of soil. (Dikr 2023)
____________________________________________________________________
This in turn, has led to deficiencies in secondary and micronutrients, nutrient imbalances in both soil and plants, environmental concerns, and a decline in overall factor productivity (Kumar et al., 2018). In this context the awareness should be created among the farmers regarding the use of organic fertilizers. Organic fertilizers include biofertilizers and vermicompost which are rich source of micro, macro and secondary nutrients to sustain the soil fertility. Environmental degradation poses a significant global threat with the indiscriminate use of chemical fertilizers being a primary contributor. This is due to several factors: depletion of fossil fuels used in their production, the release of carbon dioxide contributing to climate change, and the eutrophication of water supplies caused by nutrient runoff. Additionally, the uneven application of these fertilizers further degrades soil quality and negatively impacts agricultural output. There's a growing understanding that reversing the decline in global productivity and protecting the environment hinges on adopting ecological and sustainable farming practices. India faces a significant challenge with widespread deficiencies in both major and micronutrients, primarily due to intensive farming practices, the unbalanced application of chemical fertilizers, and inadequate recycling of agricultural waste. However, a transformative solution is emerging in the form of vermiculture research. This involves utilizing waste-eating earthworms to convert various organic wastes into highly nutritious "organic fertilizer" through a process called vermicomposting. This method offers a pathway to produce safe chemical-free food in both sufficient quantity and quality eliminating the need for harmful agrochemicals. This stands in stark contrast to the legacy of the "Green Revolution" of the 1960s, which, while increasing food yields, came at a considerable cost to both society and the environment. The widespread use of pesticides during this period compromised crops' natural "biological resistance," making them more susceptible to pests and diseases. Moreover, these chemicals decimated beneficial soil organisms severely degrading the soil's inherent fertility (Adhikary 2012).
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. Tree litter is rich in nitrogen, phosphorus and potassium that can be used to enrich vermicompost it is likely the best material for vermicomposting due to its rich organic content, easy degradability, ideal texture for worms, balanced C:N ratio, and ability to support a healthy microbial ecosystem. These qualities result in faster composting, better worm health, and superior compost quality.

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. High Density Polyethylene bags for vermicomposting were obtained from the Vermicompost Unit, Division of Soil Science, College of Agriculture, Pune. HDPE vermibed of size 7×4×2 feet were used for the study. The periodical analysis of samples drawn from different treatments was carried out at initial, 30th day, and at the final stage of vermicomposting. Samples were analyzed by using standard analytical methods. The observations for composition and quality of vermicompost were recorded. Completely randomized block design (CRD) with three replication with analysis of variance (ANOVA) was employed to assess substrates effects on all studied characteristics (Panse and Sukhatme, 1985).

Methodology for the preparation of vermicompost from different substrates
For the present study, seven different substrates were selected based on their contrasting chemical properties and decomposition behavior. Tree litter, rich in lignin and cellulose, serves as a slow-decomposing bulking material, whereas spent mushroom compost is partially degraded and nutrient-rich with beneficial microbes. Wheat straw is high in carbon with slow degradability, while soybean straw, being a leguminous residue, contains higher nitrogen and decomposes relatively faster. Coconut coir possesses high lignin with excellent moisture retention but releases nutrients slowly, and sugarcane trash is fibrous with high carbon and silica content, offering structural balance during composting. Farmyard manure, on the other hand, is nutrient-rich, microbially active, and easily degradable, thereby enhancing the decomposition of carbonaceous substrates.
Different substrates were collected and moistened in a 4×3×1 m pit to initiate decomposition. A decomposing culture (1 kg ton-1) was mixed in a cow dung slurry (40 kg cow dung in 100 L water) and applied layer-wise on the substrates. Urea (8 kg ton-1) and single super phosphate (10 kg ton-1) were dissolved in 50 L water and sprinkled over the materials. Turning was done at 10-day intervals. After 25–30 days, the partially decomposed compost was used for vermicomposting. Consortia (0.1% per 10 kg compost) and Eisenia fetida earthworms were added. Moisture was maintained at 40–45%, and vermicompost was harvested after 65–70 days by checking the C:N ratio.
3. RESULTS AND DISCUSSION
 
Days Required for Vermicomposting as Influenced by Different Substrates
Vermicompost prepared from farm yard manure was matured significantly earlier i.e. in 50 days followed by button mushroom spent compost vermicompost in 53 days and tree litter in 58 days (Table 1) However, vermicompost prepared from coconut coir, wheat straw, soybean straw and sugarcane trash was matured late i.e. at 160 days, 95 days, 85 days and 90 days respectively. early decomposing may be due to it’s higher content of easily decomposable starch, cellulose and hemicellulose and less content of lignin compounds in FYM. Coconut coir, wheat straw and sugarcane trash took longer period for vermicomposting might be due to higher lignin content which are not easily degradable by earthworms. Similar results were also noticed by Suthar (2009) and Borang et al. (2016).

      Table 1 Composition of vermicompost as influenced by different substrates
	Treatments
	Days required for composting
	pH (1:10)
	EC 
(dS m-1)
	OC (%)
	C:N
	C:P

	T1
	Tree litter
	58.00
	7.47
	1.24
	23.96
	12.41
	35.24

	T2
	Button mushroom spent compost
	53.00
	7.79
	2.75
	19.85
	12.10
	56.71

	T3
	Wheat straw
	95.00
	7.40
	1.04
	21.08
	18.02
	95.82

	T4
	Soybean straw
	85.00
	7.77
	1.70
	15.65
	12.13
	52.17

	T5
	Coconut coir
	160.00
	7.65
	1.67
	20.87
	19.15
	104.35

	T6
	Sugarcane trash
	90.00
	7.39
	0.79
	18.52
	16.54
	66.14

	T7
	Farm yard manure
	50.00
	7.99
	3.08
	12.49
	12.49
	41.63

	SE (m) ±
	0.58
	0.19
	0.03
	0.38
	0.18
	0.46

	CD (0.05)
	1.75
	NS
	0.10
	1.16
	0.56
	1.38



pH and EC
At the end of composting higher pH was recorded in farm yard manure (7.99) and lower was in sugarcane trash (7.39) (Table 1). At maturity, electrical conductivity of farm yard manure was found significantly higher (3.08 dS m-1) than rest of the treatments. However, the lower electrical conductivity (0.79 dS m-1) was recorded in sugarcane trash vermicompost.
Organic Carbon 
At the end of the composting the significantly higher organic carbon content was noticed in tree litter (23.96%) followed by wheat straw (21.08%) while the lower organic content was recorded in farm yard manure (12.49%) (Table 1). Lower organic carbon content in substrates during vermicomposting might be due to earthworms consumption of organic matter, respiratory activity and the creation of the humic fraction which is caused by the oxidation of carbon to carbon dioxide during the decomposition process. Similar findings were also recorded by Bhat et al. (2018).
C:N and C:P ratio
At the end of composting the vermicompost prepared by using coconut coir recorded significantly higher C:N ratio (19.15) which was at par with wheat straw (18.02). While the lower C:N ratio was recorded in button mushroom spent compost (12.10). The consistent C:N ratio less than 20:1 across all vermicompost indicated immediate nutrient availability for plants and sufficient maturity of the compost. Manna et al. (1997) and Chauhan and Joshi (2010) obtained similar results. At the end of composting significantly higher C:P ratio was observed in coconut coir (104.35) followed by wheat straw (95.82). However, the lower C:P ratio was observed in tree litter (35.24).
Macronutrients and Micronutrients 
Macronutrients
Data related to macronutrients is presented in Table 2. Tree litter vermicompost had the higher nitrogen level (1.93%) followed by button mushroom spent compost (1.64%). However, the lower nitrogen content was recoded in farm yard manure (1.00%). According to Mistry et al. (2015), earthworms are vital for boosting the nitrogen levels in vermicompost and stimulating the breakdown of nitrogen into usable forms. Similar findings were reported by Jadhav et al. (2024) and Kauser and Khwairakpam (2022). At the end of composting, significantly higher total phosphorus content (0.68%) was recorded in tree litter followed by button mushroom spent compost (0.35%) whereas, lower phosphorus content was noticed in vermicompost prepared from coconut coir (0.20%). According to Yadav and Garg (2009), increase in phosphorus throughout the vermicomposting process might be due to production of acid by bacteria as they break down organic waste, which makes practical sense for the solubilization of insoluble phosphorus. These findings are also consistent with Suthar (2009) and Geremu et al. (2020). At maturity, significantly higher total potassium content was observed in tree litter (1.25%) which was at par with soybean straw (1.24%). However, the lower potassium content was observed in coconut coir vermicompost (0.57%).

Table 2 Macronutrients and Micronutrients content in vermicompost as influenced by different   
             substrates

	Treatments
	Total N (%)
	Total P (%)
	Total K(%)
	Iron
(mg kg-1)
	Manganese (mg kg-1)
	Zinc
(mg kg-1)
	Copper
(mg kg-1)

	T1
	Tree litter
	1.93
	0.68
	1.25
	2954.67
	426.38
	299.30
	184.95

	T2
	Button mushroom spent compost
	1.64
	0.35
	0.78
	2392.47
	419.84
	267.42
	178.91

	T3
	Wheat straw
	1.17
	0.22
	1.05
	2108.90
	384.67
	213.84
	154.94

	T4
	Soybean straw
	1.29
	0.30
	1.24
	2287.19
	409.13
	225.23
	168.28

	T5
	Coconut coir
	1.09
	0.20
	0.57
	1523.90
	210.70
	171.39
	28.26

	T6
	Sugarcane trash
	1.12
	0.28
	0.95
	1877.27
	327.97
	184.73
	60.87

	T7
	Farm yard manure
	1.00
	0.30
	0.81
	2040.03
	340.83
	211.54
	81.53

	SE (m) ±
	0.05
	0.01
	0.05
	13.86
	1.70
	4.11
	0.89

	CD (0.05)
	0.15
	0.04
	0.17
	42.03
	5.14
	12.46
	2.69



Micronutrients	
Data related to micronutrients is presented in Table 2. Vermicompost prepared from tree litter registered significantly higher iron content (2954.67 mg kg-1). At the end of the composting process the higher manganese content was found in tree litter (426.38 mg kg-1) followed by button mushroom spent compost (419.84 mg kg-1) and soybean straw (409.13 mg kg-1). However, coconut coir had the lower manganese concentration (210.70 mg kg1). At the end of composting the higher total zinc content was recorded in tree litter (299.30 mg kg-1) followed by button mushroom spent compost (267.42 mg kg-1) while lower zinc content (171.39 mg kg-1) was recorded in treatment coconut coir. At the end of composting the higher total copper content was recorded in tree litter (184.95 mg kg-1) followed by button mushroom spent compost (178.91 mg kg-1) while lower total copper (28.26 mg kg-1) was recorded in treatment coconut coir.

Heavy Metals
Total cadmium
At the end of composting the higher cadmium content was recorded in coconut coir (0.97 mg kg-1) which was at par with farm yard manure (0.84 mg kg-1) while lower cadmium (0.28 mg kg-1) was recorded in treatment tree litter (Table 3). In the present study, the decrease in cadmium concentration may be due to its absorption and retention in the body tissues of earthworms. Similar findings were reported by Quadar et al. (2022) and Suthar (2008). A significant decrease in the levels of cadmium (Cd) and chromium (Cr) was attributed to vermistabilization, as demonstrated by Suthar et al. (2014). Cadmium concentration in the vermicomposted materials was considerably low (Hussain et al., 2018).

Table 3 Heavy Metals content in Vermicompost as Influenced by Different Substrates

	Treatments
	Cadmium
(mg kg-1)
	Lead
(mg kg-1)
	Chromium (mg kg-1)
	Nickel
(mg kg-1)

	T1
	Tree litter
	0.28
	0.49
	0.36
	0.68

	T2
	Button mushroom spent compost
	0.61
	0.65
	0.41
	0.71

	T3
	Wheat straw
	0.52
	0.80
	0.53
	1.06

	T4
	Soybean straw
	0.40
	0.49
	0.57
	0.67

	T5
	Coconut coir
	0.97
	0.98
	0.81
	0.88

	T6
	Sugarcane trash
	0.32
	0.78
	0.60
	0.59

	T7
	Farm yard manure
	0.84
	0.68
	0.93
	0.97

	SE (m) ±
	0.08
	0.01
	0.06
	0.09

	CD (0.05)
	0.25
	0.03
	0.17
	0.26


Total lead
At the end of composting the significant lower lead content was observed in tree litter (0.49 mg kg-1) and soybean straw (0.49 mgkg-1) and the higher was observed in coconut coir (0.98 mg kg-1). Song et al. (2014) illustrated that significant quantity of metals bioaccumulated in their tissues, earthworms reduced the amounts of heavy metals.
Total chromium
The lower chromium content was observed in vermicompost prepared from tree litter (0.36 mg kg-1). However, the higher chromium content was recorded in farm yard manure (0.93 mg kg-1) which was at par with coconut coir (0.81 mg kg-1). Earthworm’s capacity for bioaccumulation and microbial immobilization activities, which lower metal bioavailability in the substrate, are responsible for the decrease in chromium content. Additionally, earthworm activity promotes organic matter decomposition, which makes it easier for heavy metals to bond into stable humic complexes (Wang et al., 2017).
Total nickel
At the end of composting the nickel content in vermicompost prepared from different substrates is decline as compare to the initial nickel content. The sugarcane trash recorded the lower nickel content (0.59 mg kg-1) and the higher nickel content observed in wheat straw (1.06 mg kg-1). 
Enzymatic activities in vermicompost as influenced by different substrates
The data on enzymatic activities in vermicompost as influenced by different substrates in presented in Table 4.
Dehydrogenase activities
It was clearly noticed that the vermicompost prepared by using tree litter registered significantly higher dehydrogenase activities (34.90 μg TPF g-1 24 hr-1) followed by button mushroom spent compost (27.97 μg TPF g-1 24 hr-1) and coconut coir (18.87 μg TPF g-1 24 hr-1). However, the lower dehydrogenase activities was noticed in sugarcane trash (12.68 μg TPF g-1 24 hr-1). This suggests that the abundance of easily degradable organic substances facilitated microbial proliferation, which in turn likely led to increased microbial activity and, consequently, elevated dehydrogenase activity. However, in the later, or final, stages of decomposition, microbial activity slows down. This reduction in microbial function subsequently leads to a decrease in dehydrogenase activity (Singh and Ganguly, 2005).
 Acid phosphatase activities
It was observed that the vermicompost prepared by using tree litter registered higher acid phosphatase activities (3.84 μg PNP g-1 2 hr-1) followed by sugarcane trash (3.75 μg PNP g-1 2 hr-1) and button mushroom spent compost (3.60 μg PNP g-1 2 hr-1). The lower acid phosphatase activities registered by coconut coir (3.04 μg PNP g-1 2 hr-1). The varying levels of acid and alkaline phosphatase activities observed in composts made from different materials likely stem from several factors. These include differences in earthworm and microbial activity, the types of organic phosphate compounds present in the initial material and the specific stage of composting. These findings confirm with reports from Benitez et al. (1999), Susan and Chhonkar (2004) and Shanthi et al. (2010).
Urease activities
It was clearly noticed that the vermicompost prepared by using tree litter (118.42 μg NH4+-N g-1 day-1) registered higher urease activities followed by button mushroom spent compost (99.17 μg NH4+-N g-1 day-1) and soybean straw (84.73 μg NH4+-N g-1 day-1) while lower urease activities registered by farm yard manure (15.75 μg NH4+-N g-1 day-1). The higher urease activity in tree litter might be due to initial high nitrogen content in tree litter substrate (Suthar 2010). The increased biomass of earthworms and microbial population in vermicomposting might be the cause of the enhanced urease activities compared to other composting techniques (Anina, 2002 and Susan & Chhonkar, 2004).

[bookmark: _GoBack]Table 4 Enzymatic activities in vermicompost as influenced by different substrates

	Treatment
	Dehydrogenase
(μg TPF g-1 24 hr-1)
	Acid phosphatase
(μg PNP g-1 2hr-1)
	Urease
(μg NH4+-N g-1day-1)

	T1
	Tree litter
	34.90
	3.84
	118.42

	T2
	Button mushroom spent compost
	27.97
	3.60
	99.17

	T3
	Wheat straw
	18.04
	3.22
	67.75

	T4
	Soybean straw
	16.47
	3.51
	84.73

	T5
	Coconut coir
	18.87
	3.04
	58.33

	T6
	Sugarcane trash
	12.68
	3.75
	57.75

	T7
	Farm yard manure
	15.88
	3.56
	15.75

	SE (m) ±
	0.72
	0.44
	0.72

	CD (0.05)
	2.19
	NS
	2.19



4. CONCLUSION
Among different substrate tried for making vermicompost, the tree litter was observed to superior in respect of nutrient composition (macronutrients and micronutrients) and enzymatic activities. Vermicompost prepared from vermicompost also showed lower heavy metals concentration.  However, coconut coir found inferior substrate for preparation of vermicompost in respect to duration and composition.
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