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“Evaluation of decomposition rates and suitability of various crop residues for vermicompost production”

ABSTRACT
Aims: Evaluation of decomposition rates and suitability of various crop residues for vermicompost production
  Study Design: Randomized block design (RBD)						
   Place and Duration of Study: Centre for Organic Agriculture Research and Training Farm, Department of Agronomy, Dr. PDKV, Akola during experimental period of October 2018 to February 2019.
Methodology: The experiment was laid out in randomized block design with eight treatments and replicated thrice. The treatments comprised various crop residues: soybean straw, rice straw, wheat straw, sunhemp stalk, foxtail millet straw, pigeonpea stalk, cotton stalk, and a mixture of available grasses and crop residues. Eisenia foetida earthworm species was utilized for the study.   
[bookmark: _Hlk193993925][bookmark: _Hlk193994192]Result: The present study was formulated to evaluate decomposition rate and suitability of various crop residues for vermicompost production. To examine these parameters such as periodical changes in mean temperature, change in weight and recovery ratio, time taken for maturity, moisture content (%) at maturity and periodical changes in C: N ratio of crop residue during vermicomposting preparation are studied. The result showed that, as vermicompost preparation proceeded, the temperature was steadily decreased towards maturity in all crop residue used as substrate for vermicompost production. The maximum final weight (11.0 kg), higher percentage of vermicompost yield recovery (55.0%) was achieved in soybean straw (T1) substrate followed by sunhemp straw (T4), which has final weight (10.5 Kg) and yield recovery of vermicompost (51.2%) respectively. The highest reduction in the final volume of vermicompost was observed in rice straw (T2) (0.036 m3) being at par with soybean straw (T1) (0.039 m3), sunhemp stalk (T4) (0.043 m3) and wheat straw (T3) (0.044 m3) and minimum reduction in final volume was recorded with pigeonpea stalk (T6) (0.069 m3).  Vermicompost maturity was significantly earlier in soybean straw (T1) (65 DAF) followed by foxtail millet straw (T5) (68 DAF) and traditional heap method (T8) (72 DAF). At maturity, the lowest C:N ratio (%) exhibited in vermicompost derived from soybean straw (T1) (17.24%), followed by vermicompost from sunhemp stalk (T4) (18.09%) and the traditional heap method (T8) (18.41%). 
Conclusions: Soybean straw proved to be the most suitable substrate for producing high-quality vermicompost, followed by sunhemp and pigeonpea stalk after assessing different parameters. Among parameters especially, the C:N ratio of crop residue at maturity is low, which positively affected the composting duration and quality of vermicompost.
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1.INTRODUCTION
Agricultural activities generate large amounts of crop residue, which is a key source of soil nutrients. Proper utilization, stabilization, and transformation of crop residue are crucial for enhancing soil fertility and prolonging nutrient availability. (Wei and Gui, 2017). Intensive agricultural practices, coupled with optimized nutrient and water management, can enhance crop biomass production and improve the efficiency of water and nutrient utilization, thereby increasing plant-derived carbon input to the soil and lower the rate of organic matter decomposition. (Das et al., 2023). Composting technology has as a successful management strategy for recycling and turning organic waste into a valuable "compost" product that is low in harmful microbes and high in nutrients. (Sanasam, et al, 2017). Crop residue has a high organic matter content, making it an ideal raw material for composting. The resulting compost can be used as a soil amendment to enhance soil structure and fertility, and to supply essential nutrients to plants. Composting is the most eco-friendly option for management of stubble by which the nutrients can be returned into the soil in readily available form. (Dutta, et al, 2022).  Composting crop residue is an environmentally friendly and long-term waste reduction strategy. It has the potential to improve soil health by increasing organic carbon content and nutrient availability. (Sen, et al, 2024). The total amount of crop residues generated and burned for the year 2017–18 was estimated at 516 million tonnes and 116 million tonnes respectively. It is estimated that 116.3 Tg of crop residues burning released about 176.1 Tg of CO2, 10Tg of CO, 313.9Gg of CH4,8.14Gg of N2O, 151.14Gg of NH3, 813.8 Gg of NMVOC, 453.4 Gg of PM 2.5, and 935.9 Gg of PM10. The emission estimates can be used as a substitute for creating a national inventory of air pollutants caused by burning crop residue. (Venkatramanan et al, 2021). According to the Ministry of New and Renewable Energy, crop residue generation is greatest in Uttar Pradesh (60 Mt) followed by Punjab (51 Mt) and Maharashtra (46 Mt). Among different crops, cereals generate 352 Mt of residues followed by fibre crops (66 Mt), oilseeds (29 Mt), pulses (13 Mt) and sugarcane (Saccharum officinarum) (12 Mt). Rice (34%) and wheat (22%) are the dominant cereals contributing to crop residue generation. (NAAS, 2012). Direct application of fresh organic waste to soil is inadvisable due to potential nutrient imbalances, phytotoxicity, heavy metals, pathogens, and high salt content, which can hinder plant growth. Biochemical treatments help recover nutrients, making them safe for agricultural use (Wang et al., 2016). The composition and C/N ratio of CRs, pH, moisture, temperature, and aeration may affect the process of composting (Bhuvaneshwari et al. 2019).  The main objective of vermicomposting is to develop a sustainable agriculture system, which conserves the environment, maintains soil fertility and ensures adequate food production. The earthworms accelerate decomposition of plant litter and organic matter and improve soil fertility by releasing mineral elements in the forms that are easily uptake by plants (Curry, 1987). The passage of soil through earthworm promotes growth of bacteria and actinomycetes, the latter thrive in presence of earthworm and their content in casts is more than 6 times that original soil.  Earthworm casts are rich sources of micronutrient, enzyme, antibiotics and growth earthworm (Prasad, et al. 2014). 
To prevent issues with agricultural residue burning, slow down the rate of organic matter breaks down, and impedes growth. Utilizing agricultural waste to prepare vermicomposting is a better option and has been thought of as a means of converting residues into compost that is beneficial for plants and soil while reducing its detrimental effects on the environment.
2. MATERIAL AND METHODS
The present investigation pertaining to “Evaluation of decomposition rates and suitability of various crop residues for vermicompost production” was carried out during the year 2018-2019 at Centre for Organic Agriculture Research and Training (COART) Farm, Department of Agronomy, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola.  The statistical analysis was carried out by applying randomized block design (RBD) with eight treatments and three replications. The experimental duration was approximately 5 months, due to varying decomposition rates of the residues. Composting was conducted in a tank with dimensions of 0.90 x 0.45 x 0.30 m³, utilizing dung slurry (25%) as the decomposition culture. 
TABLE 1: TREATMENT DETAILS 
	Treatments
	Crop residues

	T1
	Soybean straw

	T2
	Rice straw

	T3
	Wheat straw

	T4
	Sunhemp stalk

	T5
	Foxtail millet straw

	T6
	Pigeon pea stalk

	T7
	Cotton stalk

	T8
	Traditional heap method



The properties of vermicompost like temperature of vermicompost was recorded at 7 days interval by portable digital thermometer. The probe of the thermometer was placed 15 cm depth in the vermicompost tank for 10 minutes to stabilize the reading. Initial weight comprises of total weight of crop residues, dung and soil was recorded at the time of filling of vermicompost tank and final total weight of vermicompost was recorded after confirming complete process of vermicomposting it’s all contributing to weight of vermicompost (kg). The initial volume of vermicompost tank was 0.1215 m3 and the final volume of vermicompost was recorded at the time of maturity of vermicompost from tank. The C: N ratio was calculated from the measured values of C and N. Total Carbon (%) measured by using dichromate oxidation method [Walkley and Black,1934] and total Kjeldahl nitrogen (%) by using alkaline permanganate method. (Jackson, 1973) 
                                      C:N ratio (%) =
Total organic carbon
 Total Nitrogen content 
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Description automatically generated with medium confidence][bookmark: _Hlk187316562]FLOW CHART OF VERMICOMPOST
The 0.9 x 0.45x 0.3 m³ of cement tanks were used
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Dung slurry was made by thoroughly mixing of 5 kg dung in 20-liter water
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Different crop residues were used
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At bottom of tank 2 cm layer of soil was spread evenly
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Crop residues as per the treatments were added upto 5 cm height
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Dung slurry (25%) sprinkled to wet the desired layer 
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Likewise six layers were filled up to top level of tank

At final layer soil is mixed in slurry to plaster the layer to prevent heat and gaseous exchange
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After partial decomposition (21days), the earthworms Eisenia foetida were released @ 100 worms per tank (0.1215 cu. m.)
[image: ]
Temperature was monitored at 7 days of interval
[image: ]
Final vermicompost is ready as per treatments


















Figure1.Plan of layout
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.  Plate 2. Filled tank for predecompostion             
Plate 1. General view of experiment                       



2.2: TANK FILLING AND PRE-DECOMPOSITION: 
The dung slurry was prepared by thoroughly mixing 5 kg of dung in 20 liters of water and was applied layer wise. Pre-decomposition was carried out to establish a conducive environment for earthworm inoculation. A 2 cm layer of soil was evenly spread at the bottom of the tank to retain moisture. A 5 cm layer of crop residue was subsequently added, followed by an adequate amount of dung slurry to sufficiently moisten the residue. This layering process was repeated until the tank was filled, requiring approximately six layers in total. Upon the addition of the final layer, one kg soil is added in dung slurry to plaster the layer to prevent heat and gaseous exchange. These tanks were left undisturbed for 21 days to allow for partial decomposition.
Eisenia Foetida SPECIES AND INOCULATION: 
After the partial decomposition turning is given to partial decomposed material, water is sprinkled to remove excess heat for the convenience of earthworms. About 100 earthworms per tank were released and throughout the composting process, sufficient moisture was maintained at percent of maximum water holding capacity of a material.









3. RESULTS AND DISCUSSION
The investigational data have been arranged in sequential order starting from the initial temperature of vermicompost to till the mature vermicompost prepared.
Table 2. Periodical changes in mean temperature (0C) at 7 days interval as influenced by different crop residues

	Treatments
	Temperature ( 0C )

	
	Days After Filling (DAF)

	
	7
	14
	21
	28
	35
	42
	49
	56
	63
	70
	77
	84
	91
	98
	105
	112
	119

	T1
	Soybean straw
	45.4
	47.3
	42
	33.6
	29.9
	27.1
	24.2
	21.3
	18
	-
	-
	-
	-
	-
	-
	-
	-

	T2
	Rice straw
	44.2
	45
	39.5
	32
	30.1
	26.2
	23
	22.2
	17.3
	18.1
	19.3
	23.1
	22
	-
	-
	-
	-

	T3
	Wheat straw
	44.1
	45.8
	41
	34
	30.3
	25.8
	24.3
	21.5
	17.9
	18.2
	18.4
	22.5
	-
	-
	-
	-
	-

	T4
	Sunhemp stalk
	44.6
	46
	41.5
	31
	29.4
	24.2
	22.4
	19.6
	17.8
	17.1
	19.2
	-
	-
	-
	-
	-
	-

	T5
	Foxtail straw
	44.3
	46.9
	40
	33.2
	29.9
	25.4
	22.6
	19.9
	17.3
	17.6
	-
	-
	-
	-
	-
	-
	-

	T6
	Pigeonpea stalk
	44.8
	46.4
	41.8
	34.1
	30.8
	26.1
	24.8
	21.8
	18.1
	18.3
	18.1
	22.8
	23.5
	23.9
	24.4
	25.3
	25.9

	T7
	Cotton stalk
	45
	47
	42.1
	32.2
	31.2
	26.9
	24.9
	22.4
	19.1
	19.5
	19.2
	23.8
	24.3
	25.8
	26.1
	26.3
	26.6

	T8
	Traditional heap method
	44.6
	46.7
	39.9
	30.2
	30.6
	26
	25.3
	23
	19.9
	20.1
	-
	-
	-
	-
	-
	-
	-

	GM 
	36.32
	40.60
	38.03
	31.97
	30.76
	27.37
	25.90
	23.85
	20.85
	21.73
	23.82
	29.85
	32.70
	39.24
	40.59
	42.08
	43.44



The temperature regime, generated by self-heating resulting from microbial activity, serves as an indicator of the efficacy of the composting process. (Hassan et al., 2023). Top of FormBottom of FormThe persual data is present in table 2. show that, during predecomposition period (21 DAF) there was an increase in temperature up to 14 DAF then it started decline. At 21 DAF, maximum temperature was observed in cotton stalk (42.10C) followed by 420C in soybean straw (T1). Comparison of compost pit temperature with atmospheric temperature revealed erratic variation during the initial stages of composting (up to 15 days). After the inoculation of earthworms, the mean temperature of vermicomposting beds from 28 DAF to its maturity was in between 33.6 to 22.3 0C which was good for the earthworm activity. To support these, Singh (2022) reported the ideal temperature range for earthworms, between 25°C and 37°C, supports their growth, activity, metabolism, reproduction, and cocoon formation, as well as benefiting associated microorganisms. The gradual decrease in temperature after the introduction of earthworms was due to the crawling action of earthworms and activity of microorganisms under ex-situ mode of composting. Similar results were reported by Mayadevi (2016), Nagarvallemma et al. (2004a), Hait and Tare (2011) and Vasanthi et al. (2013). 
3.1: Change in weight (kg) and recovery ratio (%) during vermicomposting as influenced by different crop residues

[bookmark: _Hlk188825866]Figure number 2 illustrated that significantly maximum final weight (11.0 kg) of vermicompost was obtained with soybean straw being at par (10.5 kg) with sunhemp straw (T4) and pigeonpea stalk (T6). However, the lowest final weight (6.50 kg) was observed in rice straw (T2) vermicompost. Figure 3 depicts that the maximum percentage of vermicompost yield recovery was achieved using soybean straw (T1) vermicompost (55.0%), followed by sunhemp stalk (T4) vermicompost (51.2%) and vermicompost made using the traditional heap method (T8) (50.0%). However, using cotton stalk (T7) vermicompost resulted in the lowest yield recovery percentage (40.9%). This might be due to crop residues having different palatability, digestibility, protein and crude fiber contents and even some concentration of special plant metabolites, i.e. polyphenols and related substances and also maximum change in weight was associated with the higher mineralization of organic matter. (Verma et, al, 2014). Similarly, Manaig (2016) concluded that efficiency of vermicomposting is affected by bedding materials. Results were also in conformity with Suthar (2009a), Borang et al. (2016) and Viji and Neelanarayanan (2016).















3.2: Change in volume (m3) during vermicomposting as influenced by different crop residues

	The application of this specific dosage of eco-enzyme resulted in a significant reduction in the volume of organic waste, indicating a faster composting process. Figure 4 revealed that significantly highest reduction in final volume of vermicompost was observed in rice straw (0.036 m3) being on par with soybean straw (T1) (0.039 m3), sunhemp stalk (T4) (0.043 m3) and wheat straw (T3)  (0.044 m3). However, minimum reduction in final volume was recorded with pigeonpea stalk (T6) (0.069 m3) and also, it is observed that rice straw vermicompost (T2) indicated maximum reduction in volume of about 0.086 m3 (70.7%) over initial volume added in vermicompost tank of 0.122 m3 at start of filling of tank. However, pigeonpea stalk vermicompost (T6) recorded less reduction in volume of about 0.053 m3 (43.3%) over initial volume of material added in vermicompost tank and 8% more reduction were observed in rice straw compared to traditional heap method. Most of the scientists reported about loss in weight rather than loss in volume. In fact, when there is loss in weight of crop residue also affects loss in volume linearly. Maximum decrease in volume of rice straw might be due to its light weight with less density occupied in tank initially and due to the less decomposed by the earthworms while in case of soybean volume reduction may be due to its feasibility and palatability therefore more readily decomposed by earthworms. Nagavallemma et al. (2004b) also reported that earthworms consume various organic wastes and reduce the volume by 40–60%.



3.3 Time taken for maturity of vermicompost as influenced by different crop residues.


Figure 5 depicts how the time required for vermicompost maturity (DAF) varies depending on crop residues.  Soybean straw (T1)  vermicompost matured in 65 days, which is earlier than other crop residues, followed by foxtail millet straw (T5)  vermicompost and the traditional heap method (T8), at 68 and 72 days, respectively. However, vermicompost prepared from cotton stalk, pigeonpea stalk and rice straw were matured late i.e.at 120 DAF, 100 DAF and 90 DAF, respectively. This might be due, lignin in plant cell is extremely resistant to microbial decomposition that reflected into maturity durations and that the bioavailability of the other cell-wall components is decreased by lignin, resulting in a lower real C:N ratio (i.e., ratio of biodegradable C to N). Similar findings are reported by Suthar (2009b)
3.4: Moisture content (%) at maturity of vermicompost as influenced by different crop residues
In present study moisture per cent at maturity in vermicompost prepared from different crop residues ranged between 18.6 to 29.5%. The significantly maximum moisture per cent in vermicompost was recorded in wheat straw vermicompost (T3)  (29.5%) being at par with cotton stalk vermicompost (29.2%) (T7)  and pigeonpea stalk (T6) vermicompost (27.6%). However, minimum moisture content (18.6%) was observed in vermicompost prepared by traditional heap method.  Nagarvallemma et al. (2004c) also reported that moisture content of castings ranges between 32 and 66%.


 Table 3. Periodical changes in C: N (%) ratio during vermicomposting as influenced by different crop residues
	Treatments
	C:N ratio (%)

	
	Initial content
	30 DAF
	60 DAF
	90 DAF
	At maturity

	T1
	Soybean straw
	48.25
	35.78
	20.18
	-
	17.24

	T2
	Rice straw
	60.87
	41.56
	31.26
	31.26
	20.52

	T3
	Wheat straw
	78.25
	50.14
	29.77
	
	19.44

	T4
	Sunhemp stalk
	51.91
	36.02
	22.72
	-
	18.09

	T5
	Foxtail  millet straw
	63.27
	33.71
	21.83
	-
	19.29

	T6
	Pigeonpea stalk
	53.06
	35.52
	27.42
	22.42
	20.58

	T7
	Cotton stalk
	77.11
	44.25
	31.47
	25.70
	20.29

	T8
	Traditional heap method
	60.79
	39.53
	21.66
	
	18.41

	GM
	47.85
	35.00
	24.88
	26.65
	20.52



The observed data from table 3 revealed that C:N ratio of vermicompost decreased at all the stages of vermicomposting. Decomposition rate can be predicted from the initial C:N ratio. (Chatterjee & Acharya, 2020). At the initial stage, the C:N ratio across different treatments ranged from 78.25 to 48.25, with a significant decrease to maturity, where the C:N ratio ranged between 20.58 and 17.24. The changes in the C:N ratio from the initial to the final stage, least observed in soybean straw T1 (256.67%) and the highest in wheat straw (T3) (402.52%). The highest initial C:N ratio (78.25) was observed in wheat straw (T3), followed by cotton stalk (T7), whereas the lowest initial C:N ratio (48.25) was recorded in soybean straw (T1), likely due to its higher initial nitrogen content. Vermicompost derived from soybean straw (T1) exhibited the lowest C:N ratio (17.24) at maturity, followed by vermicompost from sunhemp stalk (18.09) and the traditional heap method (18.41).
	The gaseous loss of carbon through microbial respiration and simultaneously addition of nitrogen by worms in the form of mucus and nitrogenous excretory material caused lowered the C:N ratio. Higher C:N ratio indicated slow degradation of substrate and the lower C:N ratio indicated the higher efficiency level of mineralization by the species. Similar results have also been reported by Gajbhiye and Satpute (2014). 
4. CONCLUSIONS  
Soybean straw was most feasible for production of quality vermicompost followed by sunhemp and pigeonpea stalk. Among all the crop residues, the rate of decomposition of soybean straw was faster followed by foxtail millet straw, traditional heap method and sunhemp stalk. Soybean straw exhibited the lowest C:N ratio at maturity, followed by vermicompost from sunhemp stalk and the traditional heap method.
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Figure 2. Change in Weight of different crop resdue (Kg) during vermicompost production  

Change in weight ( kg)	Initial weight (kg)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	20	15	21	20.5	14.5	24	22	14	Change in weight ( kg)	Final weight	(kg)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	11	6.5	9.5	10.5	7	10.5	9	7	



Figure 3. Yield recovery and yield reduction (%) of vermicompost preapare from different crop residues

Per cent  Yield recovery	(%)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	55	43.3	43.2	51.2	48.3	43.7	40.9	50	Per cent Reduction in weight	(%)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	45	56.7	56.8	48.8	51.7	56.3	59.1	50	



Figure 4. Change in volume (m3)  

Volume (m3)	Initial volume	Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	0.122	0.122	0.122	0.122	0.122	0.122	0.122	0.122	Volume (m3)	Final volume	( m3)	Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	3.9E-2	3.5999999999999997E-2	4.3999999999999997E-2	4.2999999999999997E-2	5.2999999999999999E-2	6.9000000000000006E-2	6.5000000000000002E-2	4.4999999999999998E-2	Volume (m3)	Reduction in volume	( m3)	Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	8.2000000000000003E-2	8.5999999999999993E-2	7.8E-2	7.9000000000000001E-2	6.9000000000000006E-2	5.2999999999999999E-2	5.7000000000000002E-2	7.5999999999999998E-2	Volume (m3)	(%)	reduction in volume	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	67.7	70.7	64	65	56.7	43.3	46.7	62.7	Treatments


initial volume 


%   
        reduction




Figure 5. Maturity (DAF) in day's required to vermicompost preaparation 

Maturity (DAF)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail  millet straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	65	90	85	75	68	100	120	72	Treatments 


 Day's 



Figure 6. Moisture content (%) at maturity of vermicompost as influenced by different crop residues

Moisture (%)	
Soybean straw	Rice straw	Wheat straw	Sunhemp stalk	Foxtail  millet straw	Pigeonpea stalk	Cotton stalk	Traditional heap method	T1	T2	T3	T4	T5	T6	T7	T8	20.6	23.5	29.5	22.1	23.8	27.6	29.2	18.600000000000001	Treatments 


Moisture (%)
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Fig. 1. Plan of layout
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