



Influence of Trichoderma viridae and Pleurotus sajarcasu in Enhancing Vermicomposting of Cellulose and Lignin-Rich Organic Materials

Abstract
In the present experiment, the efficiency of two common cellulose degrading micro flora viz. Trichoderma viridae and Pluerotus sajarcasu in degrading three relatively cellulose rich organic wastes were assessed under different combinations. Microorganisms procured from market contained 10x105 no. of organism count per g of material. The microbes were inoculated after reduction of initial flush of heat in the composting medium. This was followed by introduction of earthworms and maintenance of 40-50% moisture in the substrates covering a period of 60 days of incubation. Most of the organic wastes contain compounds, which are comparatively resistant to microbial degradation. Use of some suitable microorganisms with proven efficiency of degrading such resistant components helps in hastening the rate of composting However, for using these microbes in vermicomposting, they are required to be compatible to earthworm gut environment also. For preventing immobilization and encouraging mineralization of nitrogen during the composting of such slowly degradable organic wastes, use of small amount of nitrogenous fertilizer, may appear to be effective and further studies may be carried out in this regard.  
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Introduction
Vermicomposting, the use of earthworms to process and transform organic wastes into nutrient-rich end-products, provides a viable alternative for waste management within the wine sector. This bioprocess also produces vermicompost that enhances soil health and fosters optimal conditions for plant growth, thereby promoting resilient and sustainable viticulture practices (Nascimento-Gonçalves et al., 2024; Rodrigues Machado et al., 2023). During vermicomposting, earthworm gut micro-organisms breakdown the organic wastes to form vermicompost [7]. However, in most cases, these wastes contain some components like cellulose, lignin etc which are slowly degradable or comparatively resistant to decomposition. Commonly occurring microorganisms, in general, find it difficult to degrade such organic compounds (Spaccini et al., 2019; Thomas et al., 2019).  Under this situation, the introduction of some specific microorganisms with proven efficiency of degrading these resistant organic compounds may appear to be effective (Dos Santos et al., 2021). Gaur [3], while discussing the benefits of using such microorganisms for accelerating the decomposition of resistant organic compounds, mentioned several organisms for such purpose. However, information on the use efficiency of these microorganisms under a vermicomposting system in still very meager. In the present investigation, the efficiency of two cellulose-decomposing microorganisms viz. Trichoderma viridae [3] and Pleurotus sajarcasu [10] in composting some slowly degradable organic wastes in the absence and presence of epigeic earthworms have been studied.
Materials and method
For the purpose of the study, three slow-decomposing organic wastes viz. sugarcane trash, rice husk and bamboo leaves with high cellulose contents were used. These wastes were taken in earthen pots, mixed with cow dung at 1:1(w/w) ratio and treated with Trichoderma and Pleaurotus using the following treatment combinations:

i) Organic wastes (OW)

ii) OW + 10 nos. of earthworm (EW) per kg waste

iii) OW + 10 EW + Trichoderma viridae (TV) @ 1%

iv) OW + 10 EW + Pleurotus sajarcasu (PS) @ 1%

v) OW + 10 EW + TV @ 0.5% + PS @ 0.5%

Each of the treatments was replicated 4 times under randomized block design.

Microorganisms procured from market contained 10x105 no. of organism count per g of material. The microbes were inoculated after the reduction of the initial flush of heat in the composting medium. This was followed by the introduction of earthworms and maintenance of 40-50% moisture in the substrates covering a period of 60 days of incubation.

Periodic sampling was done at 15-day intervals and the samples were analyzed for, pH, MBC, microbial respiration, CEC and easily mineralisable nitrogen for assessing the microbiological activity as well as the rate of decomposition. In addition, an assessment of the fungal population in the substrates as well as earthworm guts was carried out after 30 day of incubation under the treatment with bamboo leaves only.   

Analytical method

Brief outlines of the methods of analyses have been presented below.

pH of substrates and soil pH of the substrates and soils were determined at 1:2 substrate/soil: water ratio using a digital pH meter. Microbial biomass carbon
In each case, microbial biomass carbon (MBC) was estimated by following the chloroform fumigation method as described by Vance et al.[9]. Here two parts of the organic waste sample, each weighing 2g were taken separately in a 50ml beaker and a 250ml conical flask fitted with stopper. The beaker was placed in a vacuum desiccator containing a vial of 10g soda lime and a beaker containing 25ml ethanol free chloroform. The desiccator was then evacuated until the chloroform boiled for 2 minutes. The desiccator with the content was then incubated at 250C for 24 hrs. After fumigation, the beaker containing the chloroformed organic waste sample was then transferred to a 250ml conical flask. Both the sets of fumigated and unfumigated samples were extracted with 100ml 0.5M K2SO4 after shaking for 30 minutes and then filtered. The filtrates were finally used for the determination of organic carbon with the help of standard potassium dichromate in the presence of strong acid mixture (H2SO4 : H3PO4 :: 2:1 V/V). The difference between fumigated and unfumigated organic carbon value was used to calculate the microbial biomass carbon using a calibration factor and expressed as µg of MBC g-1 of sample. Basal respiration Basal respiration was estimated by following a modified method of Alef [1]. For this purpose, 10g of the organic waste material was taken in 1 L conical flask and wetted to 50% of it’s maximum water-holding capacity. A vial containing 10ml of 0.5M NaOH was hanged inside the flask and the mouth of the flask was closed with a cork. The flask was incubated at 250C for 24 hrs. The CO2 that evolved during this period was determined by titrating the residual NaOH with 0.1M HCl. Cation exchange capacity Cation exchange capacity (CEC) values of the samples were determined by following the method of Harada and Inoko [4]. In addition to these common properties, several other parameters were studied for different studies, depending on the needs of the experiments. Brief outlines of the methods of those analyses have been presented in this section. Easily mineralisable nitrogen from wastes 
This was determined by using alkaline permanganate method of Subbiah and Asija [8]. Statistical analysis Statistical analyses of the results were carried out by using MS-Office-Excel-2007 software packages. 

Results and discussion
Sugarcane trash, the residual material after extraction of sugar juice; rice husk and bamboo leaves contain high concentrations of cellulolytic materials and are, therefore, found to be highly resistant to decomposition. In this study, the effects of vermicomposting in the absence and presence of different cellulose-degrading fungi have been assessed. 
The pH values of the composting materials ranged between 6.55 and 6.98 under different treatments during the period of inoculation (Table 1). The variations were found to be insignificant between the treatments. The pH values were considered to remain under the congenial range for promoting the growths of the earthworms and the decomposing microorganisms. The use of different treatments did not exert any significant effect on pH values of the substrates.

Microbiological activity, as indicated by microbial biomass carbon (MBC) value, was found to be the lowest in the control series (Table 2) due to obvious reasons. The introduction of earthworms helped to improve the MBC values due to the effects of earthworm gut microorganisms. Introduction of Trichoderma viridae and Pluerotus sajarcasu singly and also in combination, to the vermicomposting system increased the MBC values considerably and the increments were found to be statistically significant over the only vermicomposting series in most of the cases. In all the cases, MBC values were higher during the initial period of study and showed a declining trend as the composting assumed maturation. Increased abundance of microorganisms during the early stages of decomposition and it’s gradual reduction with the completion of composting has been discussed by Brady [2] and many others. 

Almost similar was the situation with microbial respiration under different treatments (Table 3). Respiration values were higher during the initial period of the study and declined gradually at the later phases. Such gradual reduction of microbial activity with the completion of decomposition is well documented [6]. The introduction of cellulose-degrading microorganisms in the vermicomposting treatments helped to increase the microbial respiration values over the only vermicomposting series and the highest increments were obtained in the treatment with 50% Trichoderma sp. and 50% Pleurotus sp. On the other hand, there was practically no variation in basal respiration values between Trichoderma sp. and Pleurotus sp. treatments when applied at 100% rates. This indicates that degradation of more resistant components of these organic wastes was more effective when both these organisms were used together. 

These variations in microbiological population as well as activities under different treatments influenced the humification of the organic wastes considerably. This behaviour was reflected in variations in cation exchange capacity (CEC) of the substrates at different periods of incubation under various treatments (Table 4). The importance of CEC as an important indicator of composting has been discussed by Harada and Inoko (1980) and others. The CEC values, in general, showed an increasing trend with the period of incubation under all the treatments. This was obviously owing to the increased opening of exchange sites with the course of composing. High CEC values of humic substances have been reported by Kononova [5] and others. The property showed numerically higher values with the introduction of the microorganisms and the highest CEC values were observed when both Trichoderma sp. and Pleurotus sp. were used together. As discussed earlier, this treatment showed comparatively higher MBC and basal respiration values. Such increased microbial activity helped the composting process to proceed at faster rate resulting in more complete humification. This was reflected in higher CEC values under this trewella statement. However, the variations in CEC values among the microbiological treatments were not found to be statistically significant always. 

In order to understand the fungal behaviour under different microbial treatments, an attempt was made to study the fungal occurrence in the substrates as well as earthworm intestines during mid period of incubation by using bamboo leaves only. As observed from figure-1, the introduction of Trichoderma sp. and Pleurotus  sp. helped to increase the fungal population in the substrates as well as in the earthworm intestines . Between the two fungi,  Trichoderma sp. appeared to be more effective in increasing the fungal population in the substrates. However, it was only a primary study and more investigations need to be carried out in this field.

Since nitrogen forms a major component of organic materials which is gradually transformed into available form with the mineralization of organic matter, the easily mineralizable form of organic matter is likely to indicate the rate of decomposition of any organic waste. In the present study, therefore, the occurrence of easily mineralisable nitrogen has been used as an indicator of the rate of decomposition of the organic wastes. The values of easily mineralisable nitrogen showed an increasing trend with the period of incubation under all the treatments, obviously owing to consistent mineralization of the organic form of nitrogen during the courses of decomposition of the wastes. The adoption of vermicomposting helped to increase the availability of nitrogen due to more intense decomposition. The introduction of microorganisms in the composting systems increased the occurrence of easily mineralizable form of nitrogen further due to more intense microbiological activities. In general, use of Trichoderma sp. @ 100% maintained higher amount of easily minerablizable nitrogen over the other two treatments. This was in contrary to the general observations that the treatment with 50% Trichoderma sp. + 50% Pleurotus sp. treatment showed comparatively higher rates of microbial activity, as were evident by MBC and basal respiration values. This behaviour may be due to the occurrence of very wide C : N ratio in these organic wastes which contained higher amount of cellulolytic and lignin like compounds. Higher microbial activity in the above-mentioned treatment increased the rate of microbial decomposition of the wastes, as was evident by increased CEC values (Table-4). However, at the same time, release of nitrogen to mineral forms became limited due to the immobilization of the nitrogen under wide C : N values and also intensified microbial activities. The results indicated that the use of cellulose-degrading microorganisms may be considered as an effective proposition for enhancing the rate of vermicomposting of various slowly degrading organic wastes. However, for preventing immobilization and encouraging mineralization of nitrogen during the composting of such slowly degradable organic wastes, the use of the small amount of nitrogenous fertilizer may appear to be effective and further studies may be carried out in this regard. 

Conclusion
Organic wastes generally contain some relatively resistant components, especially cellulose. Introduction of some cellulose-degrading microorganisms has been known to hasten the decomposition of such components. However, information pertaining to use of such microbes with regard to vermicomposting is meagre. In the work programme of the first phase of the study, therefore, an attempt was made to study the effects of two cellulose-degrading fungi viz. Trichoderma viridae and Pleurotus sajarcasu in degrading three slowly decomposing organic wastes viz. Sugarcane trash, rice husk and bamboo leaves under vermicomposting. These wastes were treated with different combinations of Trichoderma and Pleurotus and the effects of such inoculations were assessed with regard to periodic changes in pH, MBC, microbial respiration, CEC, easily mineralisable nitrogen and also midway occurrence of these microbes in the substrates and earthworm intestines under different treatments. Inoculations of these microorganisms were found to increase the microbiological activities in the earthworm intestines and also in the composting substrates. These, in turn, helped to enhance the pace of vermicomposting of these more resistant organic wastes. Of the two microorganisms, Trichoderma viridae appeared to be more efficient for the purpose of vermicomposting.
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Figure 1:CFU of Trichoderma viridae & Pleutotus sojarcasu

Table 1. pH in different treatments during the period of incubation 

	Treatments
	Sugarcane trash
	Rice husk
	Bamboo leaves

	
	Days after incubation

	
	15
	30
	45
	60
	15
	30
	45
	60
	15
	30
	45
	60

	O.W.(control)
	6.55
	6.60
	6.68
	6.77
	6.65
	6.76
	6.7325
	6.9025
	6.99
	6.39
	6.75
	6.91

	O.W. + E.W
	6.75
	6.73
	6.81
	6.93
	6.72
	6.78
	6.9625
	6.925
	6.56
	6.42
	6.90
	6.94

	O.W. + E.W + T100%
	6.77
	6.54
	6.72
	6.90
	6.84
	6.81
	6.8725
	6.8775
	6.63
	6.35
	6.75
	6.94

	O.W. + E.W + P100%
	6.83
	6.50
	6.96
	6.85
	6.81
	6.84
	6.78
	6.8175
	6.53
	6.58
	6.99
	7.15

	O.W. + E.W + T50% + P50%
	6.98
	6.78
	6.95
	6.90
	6.86
	6.91
	7.09
	7.0275
	6.68
	6.49
	6.87
	6.93

	C. D.
	0.50
	0.41
	0.44
	0.48
	0.48
	0.56
	0.520
	0.450
	0.53
	0.41
	0.45
	0.48


O.W.= Organic wastes, E. W. = Earthworm, T= Trichoderma viridae, P = Pleurotus sajarcasu

Table -2. MBC ( µg g-1) of  dry sample in different treatments during the period of incubation

	Treatments
	Sugarcane trash
	Rice husk
	Bamboo leaves

	
	Days after incubation

	
	15
	30
	45
	60
	15
	30
	45
	60
	15
	30
	45
	60

	O.W.(control)
	178.41
	160.33
	151.86
	147.33
	241.80
	229.32
	170.23
	101.75
	251.25
	219.35
	175.24
	100.40

	O.W. + E.W
	223.06
	201.96
	154.06
	171.73
	288.34
	241.23
	180.64
	122.95
	273.84
	236.79
	176.51
	129.35

	O.W. + E.W + T100%
	234.04
	232.89
	172.96
	176.77
	297.32
	269.23
	180.42
	165.75
	287.745
	247.61
	178.20
	175.54

	O.W. + E.W + P100%
	242.82
	254.66
	191.41
	189.32
	294.96
	283.86
	183.97
	170.28
	283.26
	255.33
	178.20
	166.81

	O.W. + E.W + T50% + P50%
	237.76
	246.09
	211.83
	189.32
	306.95
	295.17
	191.35
	183.35
	285.29
	267.38
	189.53
	189.79

	C. D.
	12.328
	14.635
	12.595
	14.275
	21.251
	20.018
	12.315
	9.572
	12.076
	13.007
	13.796
	15.103


O.W.= Organic wastes, E. W. = Earthworm, T= Trichoderma viridae, P = Pleurotus sajarcasu
Table -3. Microbial respiration (mg. CO2  g-1 of  dry sample  hr-1  at 25o C) in different treatments during the period of incubation 

	Treatments
	Sugarcane trash
	Rice husk
	Bamboo leaves

	
	Days after incubation

	
	15
	30
	45
	60
	15
	30
	45
	60
	15
	30
	45
	60

	O.W.(control)
	2.00
	1.78
	0.98
	0.64
	1.05
	0.83
	0.66
	0.59
	1.09
	0.475
	0.455
	0.21

	O.W. + E.W
	2.13
	1.86
	1.05
	0.67
	1.44
	0.92
	0.79
	0.6
	1.12
	0.5825
	0.555
	0.3275

	O.W. + E.W + T100%
	2.36
	2.04
	1.50
	0.76
	1.85
	0.95
	0.86
	0.74
	1.1275
	0.7825
	0.75
	0.4

	O.W. + E.W + P100%
	2.38
	2.04
	1.52
	0.74
	2.08
	1.06
	0.93
	0.84
	1.185
	0.8
	0.7525
	0.4025

	O.W. + E.W + T50% + P50%
	2.41
	2.62
	1.72
	0.90
	2.17
	1.32
	1.00
	0.88
	1.33
	1.025
	0.945
	0.4325

	C. D.
	0.143
	0.269
	0.190
	0.115
	0.143
	0.108
	0.112
	0.087
	0.128
	0.131
	0.119
	0.050


O.W.= Organic wastes, E. W. = Earthworm, T= Trichoderma viridae, P = Pleurotus sajarcasu
Table-4. CEC in C. mol. (P+) kg-1 in different treatments during the period of incubation 

	Treatments
	Sugarcane trash
	Rice husk
	Bamboo leaves

	
	Days after incubation

	
	15
	30
	45
	60
	15
	30
	45
	60
	15
	30
	45
	60

	O.W.(control)
	155.85
	171.83
	187.61
	189.53
	142.29
	173.21
	195.96
	201.33
	128.31
	142.69
	166.18
	192.55

	O.W. + E.W
	179.75
	178.57
	197.57
	201.57
	146.27
	181.33
	183.99
	217.29
	171.16
	174.37
	214.98
	218.59

	O.W. + E.W + T100%
	180.61
	197.67
	207.17
	211.92
	238.45
	170.95
	204.20
	195.54
	176.80
	189.22
	233.44
	234.14

	O.W. + E.W + P100%
	187.63
	192.25
	197.25
	199.25
	217.51
	182.99
	176.51
	183.43
	186.27
	190.97
	234.30
	248.47

	O.W. + E.W + T50% + P50%
	173.31
	195.73
	199.35
	203.74
	217.14
	201.78
	171.14
	199.37
	202.36
	209.09
	238.09
	267.38

	C. D.
	18.72
	20.34
	23.489
	21.90
	17.64
	16.89
	16.86
	11.57
	17.16
	19.65
	20.10
	16.67


O.W.= Organic wastes, E. W. = Earthworm, T= Trichoderma viridae, P = Pleurotus sajarcasu
Table -5.  Available N2 content (ppm) in different treatment during the period of incubation 

	Treatments
	Sugarcane trash
	Rice husk
	Bamboo leaves

	
	Days after incubation

	
	15
	30
	45
	60
	15
	30
	45
	60
	15
	30
	45
	60

	O.W. (Control)
	487.41
	618.82
	711.25
	811.25
	794.98
	830.27
	844.27
	855.44
	660.78
	826.17
	841.53
	718.30

	O.W. + E.W
	534.36
	867.57
	1008.55
	1025.57
	834.44
	853.33
	852.81
	855.45
	680.48
	854.96
	844.07
	865.12

	O.W. + E.W + T100%
	688.71
	1026.05
	1035.25
	1052.34
	917.73
	927.29
	941.72
	976.77
	829.78
	858.22
	936.11
	979.39

	O.W. + E.W + P100%
	606.26
	839.36
	985.53
	1006.97
	909.95
	913.95
	915.05
	926..38
	830.30
	874.32
	939.79
	943.36

	O.W. + E.W + T50% + P50%
	607.45
	859.03
	868.33
	974.08
	907.60
	927.60
	927.29
	945.375
	822.33
	896.34
	890.47
	934.98

	C. D.
	53.04
	69.75
	57.53
	68.64
	59.989
	87.844
	56.519
	63.769
	48.34
	51.49
	40.44
	52.32


O.W.= Organic wastes, E. W. = Earthworm, T= Trichoderma viridae, P = Pleurotus sajarcasu

