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Abstract
The present study aimed to investigate the effects of various organic substrates on the quality of vermicompost, compost, and the multiplication rate of earthworms. The organic waste substrates, water hyacinth, paddy straw, cow dung, and kitchen waste, were converted into nutrient-rich vermicompost using the earthworm species Eisenia fetida and compost through the composting process. The results indicated that the highest recovery percentage 54.20%, increased nitrogen content 1.80%, and the shortest maturation time was observed in treatment T1 (water hyacinth + paddy straw + cow dung @ 2:1:1). Higher phosphorus and potassium content were recorded in T4 treatment (WH+CD @ 3:1). However, the highest earthworm multiplication rate and the lowest bulk density of vermicompost were recorded in treatment T3 (paddy straw + cow dung @ 3:1). The combinations of water hyacinth, paddy straw and cow dung, were found to be effective organic substrates for producing high-quality vermicompost.
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Introduction
Among the factors affecting the quality of vermicompost, organic substrates and their combinations used as bedding material are the most important (Camposeco et al., 2024; Manaig, 2016; Tanzil et al., 2023).  The necessity of recycling organic agricultural and urban waste extends beyond environmental concerns, it also offers economic and sustainable benefits (Farag et al., 2016). Vermicomposting utilizes earthworms to recycle organic wastes from urban, industrial, and agricultural sources into valuable organic fertilizers (Reinecke et al., 1992; Chattopadhyay, 2012), representing an environmentally friendly, economically viable, and socially acceptable approach. During vermicompost preparation, organic waste products are decomposed through the collaborative activity of beneficial microbes and earthworms. However, the composting process primarily focuses on enhancing the transformation of organic matter into stable organic compounds through the interaction of beneficial microorganisms at regulated temperatures between 45 °C and 60 °C, which facilitates the sanitation of organic waste by eliminating harmful microbes. Vermi-fertilizer is a rich source of macro and micronutrients, growth promoters, and regulatory hormones such as auxins and gibberellins, as well as enzymes like protease, lipase, and chitinase, along with beneficial bacteria such as Bacillus subtilis. 
Materials and Methods
The present study was conducted from 2021 to 2022 at the Agriculture Farm Nidharia, Shri Murli Manohar Town P. G. College Ballia, UP, India (affiliated to Jananayak Chandrashekhar University, Ballia). The experiment comprised four vermicomposting treatments viz. T1 Water hyacinth (WH) + paddy straw (PS) + cow dung (CD) @ 2:1:1 (w/w); T2 Water hyacinth (WH) + paddy straw (PS) + cow dung (CD) @ 1:2:1 (w/w); T3 Paddy straw (PS) + cow dung (CD) @ 3:1 (w/w); T4 Water hyacinth (WH) + cow dung (CD) @ 3:1 (w/w); and one composting treatment T5 Water hyacinth (WH) + paddy straw (PS) + cow dung (CD) + kitchen waste (KW) @ 1:1:1:1 (w/w). Locally available aquatic biomass water hyacinth, paddy straw, cow dung, and kitchen wastes were used for vermicomposting and composting. Vermicomposting experiment was conducted in vermibin of size 0.90 × 0.45 × 0.30 m3.  The organic residues of the paddy straw and water hyacinth weed waste were chopped into 2-5 cm pieces prior to partial decomposition. Kitchen waste used as such the organic residues were filled in vermibin as per treatment and decomposed by adopting standard procedures of pre-decomposition. The led vermibin were filled as per treatment and mixed with cow dung in 3:1 proportion and allowed to decompose for 21 days before releasing the earthworms. The earthworms (Eisenia fetida) were introduced @ 139 adults per vermibin in surface layers after initial pre-decomposing of organic residues. All the vermibin were covered on the top by a jute bag cover to prevent and protect the earthworms from predators, migration of earthworms, and provide sufficient darkness for their activity, and the plastic sheet was used for covering the surface vermibin. Throughout the study, sufficient moisture was maintained by sprinkling the required quantity of water at a two-day interval. Standard analytical methods were employed for the analysis of pH and electrical conductivity (EC) utilizing a pH meter and conductivity bridge (Jackson, 1973). Bulk density (BD) was measured according to the method described by Kanwar and Chopra (1998). Total organic carbon (TOC) was estimated using the Walkley and Black method (1934). Total nitrogen (N) was assessed using the Kjeldahl method (J., 1883), while total phosphorus (P) was determined using the method outlined by Olsen et al. (1954). Total potassium (K) was measured according to the procedure described by Muhr et al. (1952). The sulphur (S) content was determined using the rapid titration method advocated by Williams and Steinberg (1969). 
Result and Discussion
Quality Characterization of Organic Substrates
Data regarding the physico-chemical properties of organic substrates used as bedding material for vermicomposting and composting are presented in Table 1. The findings indicate significant differences in the pH levels of various organic substrates. WH and KW were recorded in the acidic range, with pH values from 6.50 to 6.80. In contrast, PS and CD exhibited pH levels above the normal range, measuring between 7.35 and 7.50. The EC was highest at the initial stage in CD (1.90 dSm-1), closely followed by KW (1.80 dSm-1). Conversely, the lowest EC was observed in WH. At the initial assessment of OC content, PS exhibited the highest concentration (41.10%), followed closely by KW (40.30%), WH (37.20%), and CD (21.25%). The total N content across the organic substrates ranged from 0.67% to 2.20%. The highest total N content (2.20%) was recorded in KW, while the lowest (0.67%) was observed in CD. KW showed the highest level of total P (0.54%) content, followed by WH (0.49%), CD (0.40%), and PS (0.20%). The total K content was greatest in WH (3.68%), followed by KW (2.30%), PS (1.89%), and CD (1.29%). Furthermore, the total S content was highest in CD (0.72%), followed by KW (0.54%), WH (0.39%), and PS (0.36%). The organic substrates' carbon-to-nitrogen (C: N) ratio exhibited considerable variation, ranging from 18:1 to 49:1. Similarly, Bisen et al., (2017) found that among various organic raw materials, guatemala exhibited superior N content, while the maximum K content (3.00%) was recorded in WH.
Vermicompost and compost maturity 
The data regarding maturity, as presented in Table 2, indicate that the utilization of various organic waste biomass significantly affects the maturity of vermicompost and compost. The maturation period for vermicompost and compost ranged from 80 to 136 days. The shortest maturation period of 80 days was observed in two treatments T1 (WH+PS+CD @ 2:1:1) and T4 (WH+CD @ 3:1), whereas the longest maturation period of 136 days was recorded in treatment T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost). Similarly, Bernal et al. (2016) reported that three distinct treatments for vermicomposting achieved stability and maturity after 110 days, with a survival rate of 90% for Eisenia fetida in each treatment. Additionally, George et al., (2021) noted that among various co-composting treatments, the combination of paddy straw with cow dung and poultry manure resulted in mature compost within the shortest time. 
Vermicompost and Compost Recovery (%)
[bookmark: _Hlk194246679]At the maturity stage, the highest percentage recovery (54.20%) was found in T1 (WH+PS+CD @ 2:1:1) while the lowest percentage recovery (33.60%) was recorded in T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost). Similarly, George et al., (2021) noted that paddy straw co-composted with poultry manure in a 4:1 ratio exhibited superior performance, achieving the highest recovery rate of 45%.
Bulk density, pH, and EC of Vermicompost and Compost 
[bookmark: _Hlk194246756]An examination of the data regarding BD presented in Table 2, indicates that the use of various organic waste biomass significantly affects the BD of both vermicompost and compost. The BD of vermicompost and compost ranged from 0.83 Mg m-3 and 1.10 Mg m-3 at 60 days after inoculation (DAI). The lowest BD at 60 DAI recorded was 0.83 Mg m-3 in treatment T2 (WH+PS+CD @ 1:2:1) whereas at maturity, the lowest BD was measured at 0.73 Mg m-3 in treatment T3 (PS+CD @ 3:1). The highest BD 1.10 Mg m-3 and 0.98 Mg m-3 was observed in treatment T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost) at 60 DAI and maturity stage, respectively. In a similar study, Mane and Raskar (2012) reported that the highest BD was associated with vegetable market wastes, while the lowest BD was recorded for maize straw. 
[bookmark: _Hlk194246718]The data concerning pH levels, as presented in Table 2, indicate that the utilization of various organic waste biomass significantly affects pH. The pH values of vermicompost and compost ranged between 6.70 and 7.50 at 60 DAI. The lowest pH value 6.70 and 7.30 at 60 DAI and maturity stage, respectively was observed in T4 (WH+CD @ 3:1), however the highest pH value (7.50) at 60 DAI was recorded in T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost) whereas at the maturity stage it was higher (8.60) in T3 (PS+CD @ 3:1). In a similar study, Sharma et al. (2020) reported that using rice straw and CD for vermicomposting resulted in an average pH range of 6.0 to 7.8. 
The EC data presented in Table 2 indicate that the utilization of organic biomass significantly affects the EC of both vermicompost and compost. The EC values for vermicompost and compost ranged from 0.940 dS m-1 (T2) and 0.980 dS m-1 (T5) at 60 DAI. At maturity, the lowest EC value (0.986 dS m-1) was found in treatment T4 (WH+CD @ 3:1), whereas the highest EC value (0.995 dS m-1) was noted in treatment T5. Similarly, Bernal et al. (2016) reported that vermicompost containing WH and a combination of WH and cow manure exhibited elevated EC. Furthermore, Nedunchezhiyan et al. (2011) documented that the EC of vermicompost ranged from 2.82 dS m-1 to 5.38 dS m-1.
Total OC content in vermicompost and compost
The data about total OC is presented in Table 3. An analysis of the data indicates that the utilization of various organic wastes and biomass significantly affects the total OC content in both vermicompost and compost. The total OC content in vermicompost and compost ranged from 19.10% to 65.0% at 60 DAI and 10.30% to 36.32% at the maturity stage. The lowest total OC content at both 60 DAI and maturity stage was observed in treatment T4 (WH+CD @ 3:1), whereas the highest total OC at both 60 DAI and maturity stage was observed in treatment T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost). In a similar study, Mousavi et al. (2020) reported that, in comparison to the control treatment (which did not include earthworms), the vermicomposting treatment resulted in a decrease in OC after 30 days. Vermicomposting led to a significant reduction in OC, ranging from 3.9% to 32.8%. Further, Bisen et al. (2011) observed a considerably reduced C: N ratio at maturity, with higher N content in tea waste + cow dung with Eisenia fetida.
Total N content in vermicompost and compost
The data presented in Table 3 indicate that the utilization of various organic wastes as bedding material influenced the total N content in both vermicompost and compost. The total N content in vermicompost and compost ranged from 0.50% to 1.60% at 60 DAI. The lowest total N content (0.50%) and 0.93% was observed in treatment T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost) at both 60 DAI and maturity stage, respectively, however the highest total N content (1.60%) was recorded in T4 (WH+CD @ 3:1) at 60 DAI whereas at maturity it was higher (1.80%) in T1 (WH+PS+CD) @ 2:1:1. Similarly, Ogutu (2019) reported that the vermicompost contained 47% more N than compost produced without the involvement of earthworms. Furthermore, Bisen et al. (2017) found that various organic raw materials, particularly WH, exhibited superior N content, with a recorded level of 3.50%. At maturity, the maximum N content (2.60%) was found in guatemala, followed by tea waste, KW, WH, PS, weed biomass, and sawdust.
Total P content in vermicompost and compost
A thorough examination of the total P content data presented in Table 3 indicates that the bedding material of various organic substrates significantly influences the P content in both vermicompost and compost. The total P content in compost and vermicompost ranged from 0.44% and 0.70% at 60 DAI, and at maturity stage it ranged between 0.54% and 0.80%. The lowest total P content (0.44% and 0.54%) was observed in treatment T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost) at both the stage 60 DAI and maturity, respectively. The highest total P content (0.70% and 0.80%) at 60 DAI and maturity, respectively, was recorded in treatment T4 (WH+CD) @ 3:1. In a similar study, Saikrithika et al. (2015) reported that total P and available P levels were elevated in rice straw compost. Additionally, Ogutu (2019) noted that the WH weed contains macronutrients, including P (1.0%), which can be made accessible to plants through the action of earthworms in the composting process. It was determined that vermicompost contains 60% more P than compost produced without the involvement of earthworms.
Total K content in vermicompost and compost
The data regarding the total K content, as presented in Table 4, indicates that using various organic wastes influences the total K content in both vermicompost and compost. The total K content in vermicompost and compost ranged from 1.0% (T2) to 1.75% (T4) at 60 DAI. At maturity, the lowest total K content (3.91%) was again found in T3 whereas the highest total K content (5.11%) was noted in T4 (WH+CD @ 3:1). Similarly, Ogutu (2019) reported that the WH contains macronutrients, including potassium (5.3%), which can be made available to plants through the action of earthworms in the composting process. 
Total S content in vermicompost and compost
The data on total S content presented in Table 3 indicates that using various organic wastes as bedding material significantly affects the total S content in both vermicompost and compost. The total S content in vermicompost and compost ranged from 0.20% to 0.72% at 60 DAI. The lowest total S content (0.20%) and (0.88%) was observed in T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost) at 60 DAI and maturity stage, respectively. The highest S content (0.72%) was recorded in treatments T3 (PS+CD @ 3:1) and T4 (WH+CD @ 3:1) at 60 DAI while at maturity, the highest total S content (2.21%) was observed in T2 (WH+PS+CD @ 1:2:1). Similarly, Savant (2016) reported a significantly higher S content in vegetable market waste vermicompost (0.62%), followed by sugarcane trash vermicompost (0.57%). Conversely, the lowest S value was recorded in paddy straw vermicompost (0.39%). 
Earthworm population and multiplication rate
The data regarding the multiplication rate of earthworms is presented in Table 4, which shows that the utilization of organic waste biomass influences the multiplication rate of earthworms in vermicompost from an initial population of 139 earthworms. At 30 DAI, the multiplication rate of earthworms in the vermicomposting treatments ranged from 262 to 290. The lowest number of earthworms 262, 483, and 888 at 30, 60 DAI and at maturity stage, respectively was found in T2 (WH+PS+CD) @ 1:2:1). The highest earthworm number (290 and 507) was noted T3 (PS+CD) @ 3:1 at 30 and 60 DAI, respectively whereas upon reaching maturity, the highest population (913) was observed in T4 (PS+CD) @ 3:1. Similarly, Bernal et al. (2016) reported that three different treatments for vermicomposting achieved stability and maturity after 110 days, with a survival rate of 90% for Eisenia fetida across all treatments. Additionally, Bisen et al. (2017) noted that the highest multiplication rate of earthworms was recorded for Eisenia fetida, followed by Perionyx excavatus, Eudrilus euginea, and local species. 
Conclusion
The present study revealed that a combination of water hyacinth, paddy straw, and cow dung in a 2:1:1 ratio resulted in the highest recovery percentage and shortest maturation time. Higher phosphorus and potassium content were recorded in the treatment with water hyacinth and cow dung in a 3:1 ratio. The combination of paddy straw and cow dung in a 3:1 ratio had the highest earthworm multiplication rate and lowest bulk density.
Table 1: Physico-chemical characteristics of organic substrates used for vermicomposting and composting 
	Organic Substrates
	pH
	Electrical Conductivity (dSm-1)
	Total Organic Carbon (%)
	Total Nitrogen (%)
	Total Phosphorus (%)
	Total Potassium (%)
	Total Sulphur (%)
	C: N Ratio

	Paddy straw
	7.50
	1.63
	41.10
	0.85
	0.20
	1.89
	0.36
	49:1

	Water hyacinth
	6.50
	1.20
	37.20
	2.10
	0.49
	3.68
	0.39
	18:1

	Cow dung
	7.35
	1.90
	21.25
	0.67
	0.40
	1.29
	0.72
	32:1

	Kitchen waste
	6.80
	1.80
	40.30
	2.20
	0.54
	2.30
	0.54
	23:1








Table 2: Effect of various organic substrates on days to maturity, recovery (%), bulk density, pH, and EC of vermicompost and compost 
	Treatment
	Days to maturity
	Recovery (%) at maturity
	Bulk density (Mg m-3)
	pH
	EC

	
	
	
	60 DAI
	at maturity
	60 DAI
	at maturity
	60 DAI
	at maturity

	T1 (WH+PS+CD @ 2:1:1) 
	80
	54.20
	0.93
	0.75
	6.80
	7.40
	0.978
	0.994

	T2 (WH+PS+CD @ 1:2:1)
	90
	52.40
	0.83
	0.81
	6.90
	8.40
	0.940
	0.990

	T3 (PS+CD @ 3:1)
	85
	50.00
	0.88
	0.73
	6.90
	8.60
	0.964
	0.990

	T4 (WH+CD @ 3:1)
	80
	54.00
	0.95
	0.83
	6.70
	7.20
	0.950
	0.986

	T5 (WH+PS+CD+KW @ 1:1:1:1 (Compost)
	136
	33.60
	1.10
	0.98
	7.50
	8.40
	0.980
	0.995

	CD
	4.599
	2.157
	0.064
	0.044
	0.280
	0.276
	NS
	NS

	SE(m)
	1.410
	0.810
	0.024
	0.013
	0.105
	0.085
	NS
	NS

	CV (%)
	2.595
	2.346
	3.237
	2.821
	2.134
	1.834
	2.554
	2.554





Table 3: Effect of various organic substrates on total OC, N, P, K, and S content of vermicompost and compost
	Treatment
	Total organic
carbon (%)
	Total nitrogen
(%)

	Total Phosphorus (%)
	Total Potassium (%)
	Total Sulphur (%)

	
	60 DAI
	60 DAI
	60 DAI
	At maturity
	60 DAI
	At maturity
	60 DAI
	At maturity
	60 DAI
	At maturity

	T1 (WH+PS+CD) @ 2:1:1 
	22.77
	17.09
	0.96
	1.80
	0.47
	0.58
	1.01
	4.02
	0.59
	1.36

	T2 (WH+PS+CD) @ 1:2:1
	20.50
	13.07
	1.35
	1.20
	0.58
	0.66
	1.00
	3.95
	0.47
	2.21

	T3 (PS+CD) @ 3:1
	24.58
	16.07
	0.88
	1.40
	0.45
	0.62
	1.18
	3.91
	0.72
	1.27

	[bookmark: _Hlk197953589]T4 (WH+CD) @ 3:1
	19.10
	10.30
	1.60
	1.41
	0.70
	0.80
	1.75
	5.11
	0.72
	1.37

	T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost)
	65.0
	36.32
	0.50
	0.93
	0.44
	0.54
	1.30
	2.50
	0.20
	0.88

	CD
	0.923
	1.123
	0.055
	0.103
	0.028
	0.029
	0.021
	0.021
	0.065
	0.065 

	SE(m)
	0.347
	0.344
	0.017
	0.032
	0.009
	0.009
	0.008
	0.008
	0.024
	0.020

	CV (%)
	1.614
	3.211
	2.736
	4.061
	2.802
	2.370
	0.879
	2.106
	2.434
	2.434



Fig 1-  Maturity of  four vermicompost Treatments
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Initial Population 	
T1 (WH+PS+CD) @ 2:1:1 	T2 (WH+PS+CD) @ 1:2:1	T3 (PS+CD) @ 3:1	T4 (WH+CD) @ 3:1	T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost)	139	139	139	139	0	Population at 30 DAI	
T1 (WH+PS+CD) @ 2:1:1 	T2 (WH+PS+CD) @ 1:2:1	T3 (PS+CD) @ 3:1	T4 (WH+CD) @ 3:1	T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost)	289	262	290	270	0	Population at 60 DAI	
T1 (WH+PS+CD) @ 2:1:1 	T2 (WH+PS+CD) @ 1:2:1	T3 (PS+CD) @ 3:1	T4 (WH+CD) @ 3:1	T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost)	503	483	507	495	0	Population at maturity	
T1 (WH+PS+CD) @ 2:1:1 	T2 (WH+PS+CD) @ 1:2:1	T3 (PS+CD) @ 3:1	T4 (WH+CD) @ 3:1	T5 (WH+PS+CD+KW) @ 1:1:1:1 (Compost)	904	888	913	900	0	





