


Biodegradable Index and Earthworm Population in Vermicompost: Influence of Substrates, Composting Period, and Rock Phosphate Enrichment
Abstract 
Vermicomposting is a sustainable technique for converting organic waste into high-quality vermicompost using earthworms. This study investigated the effects of different substrates, composting periods, and enrichment with rock phosphate on the biodegradable index (BI) and earthworm populations in vermicompost. The experiment was conducted at Madan Bharti Agricultural College, Agwanpur, Saharsa (Bihar), using agricultural wastes, cow dung, rock phosphate, and phosphate-solubilizing bacteria (PSB) in various treatment combinations. BI decreased with increasing days after sowing (DAS), with no significant change from 30 to 60 DAS, a significant decrease at 90 DAS, and a non-significant change at 120 DAS. The average BI values ranged from 5.43 to 4.80 for DAS 30-120 at 30-day intervals. The earthworm population increased with varying substrates and the application of rock phosphate and PSB, with a significant decrease from 30 to 120 DAS. The average earthworm population increased from 630 to 986 for DAS 30-120 at 30-day intervals. The results demonstrated that altering substrates and enriching vermicompost with rock phosphate and PSB influenced its characteristics, leading to the disintegration of organic debris and interactions between bacteria and earthworms. The BI values suggested that inoculation substrates matured, reaching a value of 2.71 in the humification phase. This study highlighted the importance of appropriate organic substrates for earthworm growth and reproductive performance, which are significantly influenced by substrate quality, temperature, and moisture content.
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Introduction 
India showed stagnated/declined crop yield due to the injudicious application of synthetic fertilizers (Juhi et al. 2022). Challenges to food security for the growing population can be addressed through improved crop productivity (Padbhushan et al. 2016), which can be achieved by sustaining soil quality using organic sources either as integration or supplementation of chemical inputs (Padbhushan et al. 2021; and Kumar 2019). Vermicomposting is the technique of utilizing organic wastes such as organic residues, agriculture wastes, and municipal wastes in the presence of earthworms to convert them into high-quality vermicompost. The qualities of vermicompost were best found under Agricultural waste based vermicompost enriched with rock phosphate. The efficiency of vermicomposting process using earthworms was found maximum for enriched and without enriched Agricultural based vermicompost (Kumar et al. 2023). Stability and maturity are two important terms that define the decomposition rate of compost and its transformation from organics and are used in determining the quality of prepared compost. The stability of the vermicompost is deeply related to the activity of microbes and diversity and can be assessed using various respirometry measures and/or by examining changes in the chemical properties of the vermicompost. The maturity of the vermicompost has been evaluated using a variety of criteria and characteristics, albeit the majority of them apply to compost prepared by households. Physical traits including colour, smell, temperature, moisture, moisture retention, porosity, and bulk density provide a rough notion of the stage of decomposition achieved, but they don't provide much about the degree of maturation. The determination of compost stability has been reported using a wide range of methodologies (Wang et al. 2004). Studies are more concentrated on the specific maturity index of the composts prepared under similar composting conditions, or of similar So far rare information is available to understand the impact of stability and maturity indices on vermicompost prepared by utilizing organic wastes viz. Agricultural waste enriched with rock phosphate.
Materials and Methods
Study site and materials required for the experiment
The research was undertaken to assess the different types of vermicompost prepared from agricultural waste with or without enriched rock phosphate and PSB at Madan Bharti Agricultural College (MBAC), Agwanpur, Saharsa (Bihar). The experimental site was located at 25° 88' 34" N latitude, 86° 60' 06" E longitude, and 55 m above mean sea level. The different organic materials used for vermicompost preparation were agricultural wastes. Organic residue, namely, rice straw, was obtained from the research farm of MBAC, Agwanpur, Saharsa. Then, all these waste materials were dried in shade for approximately 2-3 days then it was processed for vermicompost preparation. For each composting mass, cattle dung was supplemented as usual inoculants to speed up disintegration. Total organic carbon of the substrates was 23.19 & 44.77 for cow dung and agriculture wastes, respectively. The detailed chemical characteristics of the agricultural wastes and cow dung are shown in Table 1.
Quality enriched vermicompost production and treatment details
Mass production of enriched vermicompost organic residues of paddy and low-grade rock phosphate was performed at the vermicompost production unit of MBAC, Agwanpur, Saharsa. The treatment combinations for vermicomposting were: T1: 100% Cow-Dung + Earthworm , T2: 100% Cow-Dung + Earthworm + 5% P2O5 (w/w) Rock-Phosphate, T3: 100% Cow Dung + Earthworm + 5% P2O5 (w/w) Rock-Phosphate + PSB (100 ml/t waste), T4: 40% Agricultural waste + 60% Cow-Dung + Earthworm, T5: 40% Agricultural waste + 60% Cow-Dung + Earthworm + 5% P2O5 (w/w) Rock-Phosphate. The total number of windrows was 5 with three replications, and the size of the individual windrows was 12.0’ × 2.50’ × 1.50’ in the shade.  The biodegradable index (BI), which is a function of TOC and WSCHO over time, was calculated using equation (1) given by Morel et al. (1979). BI = 3.166 + 0.039 TOC + 0.832WSCHO - 0.011 days. Statistical analysis was performed using the Duncan Multiple Range Test (DMRT), and the variation in the data for various parameters was examined while considering the treatments represented by the treatments with the least significant difference at 5%. The data of the mean values are presented in the table.
Results and Discussion
Effect of different substrates, composting period, and enrichment with rock phosphate on biodegradable index and earthworm population in vermicompost
The substrates and enrichment techniques had no impact on the biodegradability index (BI) of the prepared compost with time; however, the progression of the period resulted in lower BI (Table-2). The BI decreased with increasing DAS. No statistically significant change was observed in the BI value from 30 to 60 DAS; further, it decreased significantly at 90 DAS and was non-significant at 120 DAS. The average BI was 5.43, 5.13, 4.92, and 4.80 for DAS from 30-120 at 30 days intervals, respectively.  Data shown in Table -2 shows that the population of earthworms increased on variable substrates and applying rock phosphate and PSB. The earthworm population decreased significantly with increasing DAS from 30 to 120. The average earthworm population increased with increasing DAS from 30 to 120. The average earthworm populations were 630, 784, 851, and 986 for DAS–30-120 at 30 days intervals, respectively (Fig.1). The research demonstrated that altering the substrates and enriching the vermicompost with rock phosphate and Phosphate Solubilizing Bacteria (PSB) had an impact on its characteristics. This resulted in the disintegration of organic debris and interactions between bacteria and earthworms. The Biodegradable Index reduced as the number of days spent vermicomposting increased, reaching an average value of 4.80 after 120 days. During the first 90 days of decomposition, the BI values suggested by Morel et al. (1979) varied from 3.5 to 4.6 in injected earthworms and from 3.9 to 2.9 in inoculated controls. The degradation of organic materials into simpler, stable compounds reduces the Biodegradable Index over time. This reduction signifies the transformation and stabilization of organic waste into humus-like substances, rich in nutrients, which are crucial for soil fertility and plant growth. Therefore, the observed average value of the Biodegradable Index after 120 days indicates substantial organic matter decomposition, resulting in a stable end-product suitable for use in agriculture as a soil conditioner and organic fertilizer (Bhat et al., 2024; Das et al., 2023; Zapałowska et al., 2024). According to the experiment's findings by Sahu et al. (2019), non-inoculated plant residues varied from 3.20 to 3.77, increasing immaturity, while inoculated plant residues had BI values between 2.63 and 2.98 at the stage of humification. It was determined that inoculation substrates matured because the BI rating in the humification phase reached 2.71. According to Garcia et al. (1992), if the BI is higher than 2.9, the compost is not yet mature. The use of appropriate organic substrates is important for earthworms to increase their growth and reproductive performance. The substantial rise in average worm biomass during vermicomposting suggests that feeding on earthworm substrates is a possibility. Our research made it abundantly evident that the earthworms' life cycle was significantly influenced by substrate quality, temperature, and moisture content. The growth rates of epigeic earthworms were inversely correlated with temperature (Eisenia fetida). According to Manna et al. (1997), substrate quality can affect the growth dynamics of P. excavatus. According to Manna et al. (2003), Eisenia fetida out performed P. excavatus and D. bolauiin overall populations, survival, and vermicompost quality. Kumar et al., 2023 noticed that the average population of earthworms (Eisenia fetida) increased with increasing DAS from 30 to 120.The average population of Eisenia fetida increases with cultivation over time; for instance, studies have noted population gains during prolonged durations, like from Day 30 to Day 120, as the vermicompost becomes richer and more stable, providing a conducive environment for earthworms (Peng et al., 2024; Yang et al., 2017; Zhang et al., 2020).
Recommendation
Based on the ongoing results, we determined the impact of various substrates, composting durations, and rock phosphate enrichment on the biodegradable index (BI) and earthworm populations in vermicompost. BI exhibited a decline with increasing days after sowing (DAS), reaching an average value of 4.80 after 120 days. The earthworm population increased with different substrates and the application of rock phosphate and PSB, although a significant decrease was observed from 30 to 120 DAS. This study underscores the significance of selecting appropriate organic substrates for the growth and reproductive performance of earthworms, which are substantially influenced by substrate quality, temperature, and moisture content.
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Table 1: Characterization of agricultural residue and cow dung 
	Chemical Characteristics
	Agricultural residue
	Cow-dung

	pH
	7.19
	8.55

	EC (dS m-1)
	0.93
	1.41

	Total Organic Carbon (%)
	44.7
	23.19

	Total nitrogen (%)
	0.57
	0.58

	Total phosphorus (%)
	0.13
	0.26

	Total potash (%)
	1.07
	0.78

	Total Fe (mg kg-1)
	998
	1067

	Total Cu (mg kg-1)
	12.0
	24.9

	Total Mn (mg kg-1)
	51.9
	349.5

	Total Zn (Mg kg-1)
	51.7
	92.9


Table2:-Effect of substrates and enrichment technique used in vermicompost preparation on biodegradability index (BI), and population of earthworm with progression of period
	Window composition
	Biodegradability index (BI)   

	
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	T1: 100% Cow Dung+ Earthworm  
	5.35
	5.07
	4.90
	4.76

	T2: 100% Cow Dung + Earthworm + 5% P2O5 (w/w) Rock-Phosphate + PSB (100ml/t waste)
	5.46
	5.16
	4.92
	4.83

	T3: 40% Agricultural waste + 60% Cow Dung + Earthworm
	5.43
	5.10
	4.88
	4.77

	 T4: 40% Agricultural waste + 60%Cow Dung + Earthworm + 5%P2O5 (w/w) Rock-Phosphate + PSB (100ml/t waste)  
	5.45
	5.18
	4.97
	4.82

	T5: 100% Cow Dung+ Earthworm  
	5.43
	5.13
	4.92
	4.80

	Population of earthworm

	Window composition
	Population of earthworm (adults) per m2

	
	30 DAS
	60 DAS
	90 DAS
	120 DAS

	T1: 100% Cow Dung+ Earthworm  
	582
	699
	804
	907

	T2: 100% Cow Dung + Earthworm + 5% P2O5 (w/w) Rock-Phosphate + PSB (100ml/t waste)
	629
	782
	866
	992

	T3: 40% Agricultural waste + 60% Cow Dung + Earthworm
	630
	794
	836
	1000

	 T4: 40% Agricultural waste + 60%Cow Dung + Earthworm + 5%P2O5 (w/w) Rock-Phosphate + PSB (100ml/t waste)  
	678
	859
	899
	1045

	T5: 100% Cow Dung+ Earthworm  
	630
	784
	851
	986

	SEm ±                                                              
	26.99
	29.57
	27.35
	11.14

	CD(0.05)
	2.18
	2.17
	2.17
	2.18





Fig.1: Population of earthworm (adults) per m2

30 DAS	T1	T2	T3	T4	T5	582	629	630	678	630	60 DAS	T1	T2	T3	T4	T5	699	782	794	859	784	90 DAS	T1	T2	T3	T4	T5	804	866	836	899	851	120 DAS	T1	T2	T3	T4	T5	907	992	1000	1045	986	 ( Number of adults) per m2







