


Characterization of bacteria that promote growth from spent mushroom compost and 
their effectiveness on the yield and quality of white button mushrooms

Abstract
Microrganisms in mushroom casing and substrate play a crucial role in initiation and development of primordial. The spent mushroom compost can be a good source of growth promoting bacterial for mushroom cultivation. Therefore, the p.resent investigation entitled “Characterization of bacteria that promote growth from spent mushroom compost and their effectiveness on the yield and quality of white button mushrooms” was carried out The samples of spent mushroom compost (SMC) were collected from different location of Solan (Chambaghat (DMR), Nauni (UHF), Local farmer (Dharja) The isolation of bacterial isolates were carried out by using Nutrient agar medium. A total of 25 bacterial isolates from SMC were selected and purified from spent mushroom compost. Out of 25 bacterial isolates (14 from Chambaghat,7 from Nauni, 4 from Local farmer site ) 12 were P-solubilizer, 15 were nitrogen fixers, 9 were HCN producers, 13 were siderophore producers and 10 were IAA producers. Only 2 bacterial isolates (GPB1 and GPB2) out of 25 isolates were selected on the basis of various PGPR traits .Bacterial isolate NS2 showed maximum P-solubilization qualitative (93.3%) and quantitative (214.76 μg/ml), siderophore production (96.37%) on solid CAS medium and (286.21μg/ml) in liquid assay, IAA production (79.60 μg/ml), HCN .These two bacterial isolates (GPB1, GPB2) were tested for growth of white button mushroom in field experiment. Mushrooms innoculated with Treatment 7(GPB1+ GPB2 on casing and substrate) showed significant increase in yield (75 %) and biological efficiency in all three flushes over Uninoculated control. The treatment T7 (GPB1+ GPB2 ) registered 51.3 per cent increase in antioxidant enzyme assay content,67.83 per cent increase in protein content, 74.5 percent in carbohydrate content , 87.8 per cent increase in ash content over uninoculated control (T1).This treatment also increased NPK content of compost over uninoculated control. Hence these bacterial isolates have enormous potential to be used as biofertilizers for enhanced growth and quality of white button mushroom.
Key words: Spent Mushroom compost, PGPR, White Button Mushroom, IAA

1. Introduction
The spent mushroom compost (SMC) is a valuable by-product of mushroom cultivation. It consists of partially degraded paddy or wheat straw, coconut husk, bagasse, or other agricultural waste. The bacteria within SMC are adapted to the harsh conditions of mushroom cultivation, they play a beneficial role in recycling compost nutrients. The isolation and characterization of microbial diversity with potential growth promoting traits in SMC are of prime importance for researchers and farmers. 
These beneficial microbes can be utilized as efficient biofertilizers and are verified as secure and proficient methods of increasing crop yields and production, and also help to improve the soil health (Premachandra et al., 2016; Vejan et al., 2016). Recently numerous PGP bacterial genera such as Azotobacter, Arthrobacter, Bacillus, Burkholderia, Klebsiella, Enterobacter, Pseudomonas, Serratia, etc. have been used as biofertilizers due to their growth promoting traits, availability and safe handling as reported by various authors (Di Benedetto et al., 2017). 
 
Mushrooms have been favored as food by mankind for a long time. Mushrooms supply a rich addition to the diet in the form of protein, carbohydrates, valuable salts, minerals, and vitamins. There are 2000 edible types of mushrooms, but the white button mushroom (Agaricus bisporus) is the one that’s most commonly eaten worldwide. It is the most popular cultivar among artificially grown fungi, accounting for 31.8 percent of worldwide mushroom cultivation and 85 percent of total yield in India. The white button mushroom is a significant nutritional and medicinal species (Owaid et al., 2017).
 In mushroom cultivation, the microorganisms present in the casing play a crucial role in the initiation and development of primordial and uniform distribution of sporophores, higher mushroom yield, and early cropping. There is a succession of microbial populations in the stages of mushroom cropping which is influenced by casing type affecting mushroom yield. However, isolates from SMC have not been reported and tested for its effect on mushroom yield which may have better potential. Keeping in view the present status of knowledge, there is a need to screen bacterial diversity associated with SMC and to study their application on the growth and yield of white button mushrooms. 

2. Materials and Methods: 
 
The present study “Characterization of bacteria that promote growth from spent mushroom and their effectiveness on the yield and quality of white button mushrooms” will be carried out in Laboratory of Basic sciences and also in Mushroom farm under Lab conditions of Dr YSP university of Horticulture and Forestry, Nauni Solan, HP. The studies were conducted to select best plant growth promoting rhizobacteria from spent mushroom compost and their response in the improvement of growth and yield of white button mushroom.

2.1 COLLECTION OF SAMPLE: The samples of spent mushroom compost were collected from different locations/sites of distt Solan (HIMACHAL PRADESH). Three different sites are Chambaghat (1502 amsl), Nauni (1250 amsl), and from local farmer of district Solan. The mushroom compost were produced after 3-4 mushroom harvest. Samples were placed in plastic bags and stored in laboratory of Department of Basic Sciences for further isolation and for carrying on the analytical work.  
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Replication: 3; Statistical Design: RBD

Chemical and Reagent: Analytical grade (AR) chemical and reagents procured from standard company were used for different experiments under present investigation.

2.2 Microbiological Methods 
 
2.2.1 Isolation and enumeration of bacteria from organic sources of nutrients  
 
   One gram of sample (spent mushroom compost) was dissolved in 9 ml of sterilized distilled water and serial dilutions were made up to 10-8 under aseptic conditions. The serially diluted suspensions of samples were spread on pre-poured nutrient agar medium and also on the selective media: Nitrogen free medium (Jensen, 1987) for nitrogen fixing activity, Pikovskaya medium (Pikovskaya, 1948) for phosphate solubilizing 37 ability as described by Subba Rao (1999). The petri plates were incubated for 24 - 48 h at 35 ± 2˚C temperature in incubator. The microbial count appeared on the plate was expressed as colony forming unit (cfu) per gram/ml of sample (spent mushroom compost) 
 
2.2.2 Screening Of Bacterial Isolates On The Basis Of Plant Growth Promoting Traits 
 
The screening of the bacterial isolates for various plant growth promoting activities like P-solubilization (Pikovskaya 1948), Nitrogen fixing ability on Jensen's medium, siderophore production (Schwyn and Neilands, 1987); Phosphate solubilization index (PSI) was measured using the formula (EdiPremono et al., 1996), HCN (Bakker and Schippers 1987), and auxin production (IAA) by the method of Gorden and Palleg (1957) were performed by adopting the standard methods. 
2.2.3 Morphological and 	Biochemical Characterization of Selected Isolates  
   The most efficient bacterial isolates selected on the basis of plant growth promoting traits and in vitro antagonistic activity were subjected to morphological, physiological and biochemical characterization as per the criteria of Bergey’s Manual of Systematic Bacteriology (Sherman and Cappuccino, 2005). 
 
2.2.4.  Molecular 	Characterization of 	Selected Rhizobial Isolates By 16s rRNA Sequencing  
 
Genomic DNA extraction was carried by conventional method (Sambrook et al., 1989). Bacterial isolates were incubated overnight at 28°C in YEM broth at 200 rpm. The cells were harvested and processed for DNA isolation. The isolated DNA was finally suspended in 100 µl of elution buffer and quantified on 1% (w/v) agarose gel.  The electrophoresis was performed at 1-5 V/cm2 voltage until two dyes resolve and migrated the appropriate distance through the gel. After electrophoresis, the gel was observed under UV light and documented using gel documentation system (Bio-rad). 
 
Universal primers for 16S rDNA amplification of bacterial isolates used were pA (5’-AGAGTTTGATCCTGGCTCAG-3’) and pH (5’-AAGGAGGTGATCCAG CCGCA-3’). 
 Agarose gel slice containing relevant DNA fragments was excised and extra agarose was removed to minimize the size of the gel slice. Representative bacterial isolates of each genotypic profile were chosen for 16S rDNA partial sequencing. The sequencing was performed from Eurofins lab, Bangalore, India, using both forward and reverse primers. The sequence alignment was done using the Clustal W (Thompson et al., 1994) and manually edited using the Bioedit package (Hall, 1999). The cladograms were constructed by neighbor-joining method (Saitou and Nei, 1987) with the Kimura-2-parameter model (Kimura, 1980) and were bootstrapped using the software programs in the MEGA 6.0 package (Tamura et al., 2013). 
 
2.3 Efficacy of Selected Growth Promoting Bacterial Isolates on Growth and Yield Of White Button Mushroom 
 
The efficacy of selected bacterial isolates on white button mushroom will be carried out. 
 
	To1 
To2 
	= 
= 
	Uninnoculated casing 
Uninnoculated substrate 

	T1 
	= 
	GPB1 on casing 

	T2 
	= 
	GPB1 on substrate 

	T3 
	= 
	GPB 2 on casing 

	T4 
	= 
	GPB2 on substrate 

	T5 
	= 
	GPB1 + GPB2 on casing 

	T6 
	= 
	GPB1 + GPB2 on substrate 

	T7 
	= 
	GPB1 + GPB2 on casing and substrate 


Where, 
 
GPB1 is growth promoting bacteria isolated from Nauni , Solan 
GPB2 is growth promoting bacteria isolated from Local site of Solan (Dharja). 
 
	Bacterial isolates 	= 	2 
	Total treatments    	= 	9        
	Replications           	= 	3 
	Experimental Design =  	RBD 
 
2.3.1 Physico-Chemical Properties, Available Nutrients and Microbiological Status Of Casing Mixture And Spent Mushroom Compost
 Potting mixture was analyzed before the application of treatments and after the termination of experiment for important physico-chemical properties, available nutrient and microbiological status by adopting the following standard procedures: 
2.3.2 pH and electrical conductivity 
 	The soil pH was determined in 1:2.5 (soil: water suspension) and the electrical conductivity of the supernatant liquid was recorded and expressed in dSm-1 (Jackson, 1973). 
 
2.3.3 Organic car, Available nitrogen, Available phosphorous and Available potassium:
 
Organic carbon was determined by Chromic acid titration method of Walkley and Black (1934). Available nitrogen was determined by alkaline permagnate method of Subbiah and Asija (1956). 0.5 N NaHCO3 at 8.5pH was used to extract available phosphorus (Olsen’s et al., 1954) and determined spectrophotometrically. Available potassium was extracted by normal neutral ammonium acetate (Merwin and  Peech, 1951) and determined on flame photometer. 

2.3.4 Total microbial count 
 
The compost mixture was also analysed for total bacterial counts. 1g of compost mixture was taken in 9 ml of sterilized water blank and the soil suspension was diluted in 10 fold series, then microbial counts was determined by standard pour plate technique on different media as described by (Subba Rao, 1999). The population was expressed as colony forming units per gram of soil (cfu/g soil). 
 
2.3.5 OBSERVATIONS RECORDED FOR MUSHROOM PARAMETERS 
 
 Sporophore parameters 
 
a) Days taken for completion of case run 
b) Days taken for first harvest post casing 
 After first case run, days taken for first harvesting of mushrooms was recorded.  
c) Total length of mushroom 
 	Length of mushroom will be measure with ruler scale in centimeters (cm) from the    
           bottom of mushroom to cap of mushroom.  
d) Individual weight of fruit  
The fresh weight of individual fruit bodies from each treatment was measured by cutting the above ground portion of mushroom with the help of knife and weighed with the help of weighing balance and the fresh weight was expressed in grams.  	 
e) Length of stalk 
Length of stalk of each mushroom was measured with the help of scale and it was measure in centimeters (cm)   	 
f) Width of stalk  
 Width of stalk of each fruit was measured with the help of ruler scale in centimeters (cm)  
g)  Average diameter of mushroom cap (cm)  
h) Yield (kg/100kg of compost) 
i) Disease and pest if any. 
 Yield parameter  	 
 
Total wt. of mushroom  
Biological efficiency (B. E) % =  X 100 
Weight of compost 
 
2.4  Mushroom biochemical parameters 
 
2.4.1 Antioxidant enzyme assay 
 
The mushroom extracts were mixed with methanol (96 %) and 63 μmol/L solution of DPPH. After 30 min. at room temperature, the absorbance was measured at 517 nm and converted into percentage of radical scavenging activity (Zekovic et al., 2010). 
2.4.2 Total phenolic content  
Total phenols (TP) were determined spectrophotometrically with Folin-Ciocalteu reagent (Waterhouse, 2002).  Results are expressed in mg of gallic acid equivalents per gram (mg GAE g-1) of mushrooms.  
2.4.3 Total ash content: This method was described by (Raghuramulu et al., 2003).
2.4.4 Total protein content  
A mushroom sample of 0.1 gm was placed in 10 ml of cell lysis solution and allowed to sit at room temperature for two days. The samples were then centrifuged for 10 minutes at 7000 rpm, and the preparation was used to estimate protein using Lowry's technique. (Lowry et al.,1951) 
2.4.5 Total carbohydrates content  
The total carbohydrate content of wild edible mushrooms is estimated by the anthrone method (Hedge and Hofreiter, 1962). 
2.4.6 Total crude fibre content  
 This method was described by (Raghuramulu et al., 2003).
2.4.7 Estimation of Soil Nitrogen, Phosphorus And Potassium (NPK) 
The nitrogen was estimated in Kjaldhel apparatus. The phosphorus content was determined by Vanado molybdo-phosphoric yellow colour method. However, potassium was determined by flame-photometer (Jackson, 1973). 
 
2.8  STATISTICAL ANALYSIS 
 	The data recorded on plant, soil and microbiological properties will be statistically analyzed by using MS-Excel and OPSTAT packages (Sheoran et al., 1998). The mean values of data will be used for the analysis of variance (ANOVA) as described by Panse and Sukhatme (2000) by using Completely Randomized Design. 
The standard error of mean SE(m) and critical difference (CD) for comparing the means of any two treatments will be calculated as below: 
 
	SE(m)   	=  	± (Me / r)1/2 SE(d) = ± (2Me / r)1/2 
	CD  	 	=  	SE(d) x t (5%) value at error degrees of freedom. 
 
Where, 
 
	SE(m)   	=  	Standard error of mean SE(d) = Standard error of difference 
	CD (0.05)  	=  	Critical difference at 5% level of significance 
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3. RESULTS AND DISCUSSION 

 
The present investigation entitled “Characterization of growth promoting bacteria from spent mushroom compost and their efficacy on quality and yield of white button mushroom” was conducted at the Department of Basic Sciences, Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni-Solan. The studies were conducted to select best growth promoting bacteria from spent mushroom substrate and to study their response in the improvement of growth and yield of white button mushroom. 

3.1 	Isolation and Enumeration of Bacteria Associated with Spent Mushroom Compost 
The data pertaining to bacterial count from spent mushroom compost (SMC) in nutrient agar medium are presented in Fig 1. It is evident from the data that mushroom compost selected from different locations had significant effects on the total bacterial count. The maximum bacterial count of 6.78 ×106 cfu/g was recorded from DMR Chambaghat of district Solan. However, the minimum bacterial count 5.43 ×106 cfu/g was recorded from Local farmer site (Dharja) of district Solan. On the basis of predominant growth of bacterial isolates on nutrient agar by calculating 106cfu/g, total 25 bacterial isolates were selected. Among 25 isolates 14 isolates from Chambaghat, Solan represented as CSI14, 7 isolates from Nauni named as NSI-7 and 4 isolates from Local Farm, Dharja, Solan represented LSI-4 were selected for further studies (Table 2). 
           Yohalem et al. (1996) reported that the media of button mushroom are habitat for useful microorganisms. They collected different samples from different sites of mushroom compost and found variation of bacterial population in all the collected samples. This variation may be due to composition of compost used for mushroom cultivation. Similar results were reported for white button mushroom compost by Siyoum et al., 2016 reported similar results with 7.6×10 log cfu/g bacteria in SMC of white button mushroom. Rossouw and Korsten (2017) reported high cfu/g (5.2 to 2.4 log cfu/g) form spent mushroom compost. 
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 Fig 1: Comparative microbial population isolated from spent mushroom compost of different sites. 
 



Table 1: Total number of isolates selected from spent mushroom compost 
 
	District 
	Sites 
	Isolates name 
	No. of isolates 

	Solan 
	Chambaghat 
	CSI (Chambaghat solan isolate) 
	14 

	Solan  
	Nauni  
	NSI (Nauni Solan isolate) 
	7 

	Solan  
	Local famer 
	LSI (Local Solan isolate) 
	4 


 
3.2 Screening of 	Bacterial 	Isolates for 	Multifarious Growth Promoting Traits 
The twenty five selected isolates were screened for multifarious growth promoting traits such as IAA production, phosphate solubilization, Nitrogen fixing ability, HCN production and siderophore production. 
 The data presented in Fig 2  for various growth promoting traits showed that out of 25 bacterial isolates only 10 bacterial isolates were found as IAA producer (40%), 15 isolates were found as N fixer(60%), 12 were phosphate solubilizers (48%), 13 were siderophore producer (52%)and only 9 isolates were HCN producer (36%). The isolate NS2 showed the maximum growth promoting traits followed by LS4. However, bacterial isolates CS3, CS8 and CS9 have not shown any growth promotion activities. It is evident from Fig 2 that bacterial isolates from compost of local farm of Dharja and mushroom farm of Nauni had maximum growth promoting traits, whereas spent mushroom compost of Chambaghat was recorded with bacterial isolates having low growth promoting traits. The variation of traits from different sites may be due to composition of compost of different sites and the environmental conditions during mushroom cultivation and time of sampling of compost. 
Carrasco and Preston (2020) and Chen et al. (2022) have also reported that composition and conditions of mushroom cultivation affect the microbial communities. In addition to the cultivation environment, biological factors can also play a pivotal part of production cycle of edible fungi & the microbial communities of compost. 
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Fig 2: Percent of isolates exhibiting growth promoting traits 
 
3.3 Morphological, Physiological and 	Biochemical Characteristics of Selected Bacterial Isolates 
 	 
Two isolates namely NS2 and LS4 were selected on the basis of maximum PGP traits. The selected 2 bacterial isolates, NS2 (Mushroom farm UHF Nauni) and LS4 (Local farmer, Dharja) characterized for morphological and biochemical characterization by using the standard procedures. 
 
 3.4 Morphological and Biochemical characterization of selected bacterial isolates
 	The data presented in Table 2 showed the morphological attributes of isolates NS2 and LS4. The results revealed that bacterial isolate NS2 was gram positive and the isolate LS4 was found as gram negative. The bacterial isolates, NS2 was rod shaped, white, irregular, convex elevation, entire margin, granular surface, slimy texture However bacterial  isolate LS4 was rod shaped, circular, raise elevation, entire margin, smooth surface and slimy texture.  
            The results are supported by Tsegaye et al., (2019) reported that 84.5per cent isolates were Gram-negative and 15.5 percent were Gram-positive, and among bacterial genus Pseudomonas Bacillus, Enterobacter, Serratia, Chryseobacter, Citrobacter, Flavobacter and Klebsiella. Khan et al. (2018) also characterized the form, elevation, margin, opacity and colour of the selected bacterial isolates. They selected a total of 14 bacterial strains for gram staining and out of these selected isolates only 11 bacterial strains were Gram negative while the 3 strains were Gram positive. 
Table 2: Morphological characterization of selected bacterial isolates 
 
	Bacteria Isolates 
	Colony color 
	Form 
	Elevation 
	Margin 
	Surface 
	Texture 
	Shape 
	Arrangement 
	Colour 
	Gram’s reaction 

	NS2 
	White 
	irregular 
	convex 
	Entire 
	Granular 
	Slimy 
	Rods 
	Cluster 
	Pink 
	+ 

	LS4 
	White 
	Circular 
	Raised 
	Entire 
	Smooth 
	Slimy 
	Rods 
	Cluster 
	Pink 
	- 


 
Table 3:  Biochemical characterization of selected bacterial isolates. 
 
	Bacterial isolates 
	Indole test 
	Methyl-
Red test 
	Voges 
Proskauer 
test 
	Hydrogen sulphide production 
	Catalase test 
	Citrate utilisation 
	Starch hydrolysis 
	Casein hydrolysis 

	NS2 
	- 
	+ 
	+ 
	- 
	+ 
	+ 
	- 
	- 

	LS4 
	- 
	+ 
	+ 
	- 
	+ 
	- 
	- 
	- 

	Carbohydrate 
test 
	Xylulose 
	Fructose 
	Sucrose 
	Galactose 
	Maltose 
	Mannitol 
	Lactose 
	Xylulose 

	NS2 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	- 
	+ 

	LS4 
	+ 
	+ 
	+ 
	+ 
	+ 
	+ 
	- 
	+ 


 
Two selected bacterial isolates namely NS2 from Mushroom farm and LS4 from local farmer were characterized by a series of biochemical test and results are presented in Table 3. Results of present study revealed that all bacterial isolates were negative for indole test and positive for methyl red test. Among the selected bacteria isolates all were positive for citrate utilization. In this experiment, all selected bacterial isolates show halos around the colonies indicating positive results. All the bacterial isolates were positive for catalase test as well as able to ferment carbohydrates. All the selected bacterial isolates were positive for Voges proskauer test and unable to hydrolyze Casein. In case of carbon utilization, both the isolates were able to ferment xylulose, sucrose, galactose, maltose, mannitol fructose except lactose.  
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The present results are in conformity with those Rathaur et al. (2012) who also observed similar morphological characteristics for Withania somnifera. Similarly, Prabhukarthikeyan et al. (2017) isolated a total of 60 bacterial isolates from the turmeric rhizosphere and out of which 15 bacterial isolates characterize biochemically. They reported that all the Pseudomonas isolates shows positive reaction for the following test viz., Glucose utilization, Nitrate utilization, Citrate utilization and Catalase activity. 
 3.5 Molecular Characterization 
The most efficient growth promoting two bacterial isolates viz., NS2 (GBP1) and LS4 (GPB2) were selected. These bacterial isolates exhibited all mushroom growth promoting traits and were selected for identification up to species level by molecular technique based on 16S rRNA sequencing. The amplicon of expected size i.e. (1400 bp) was obtained (plate 2).  
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Fig 3.  Neighbour joining tree based on relationship of bacterial isolates GPB1 with the analyzed sequences 
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Fig 4.  Neighbour joining tree based on relationship of bacterial isolates GPB2 with the analyzed sequences 
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[image: ]Plate 2: Molecular identification of bacterial isolates based on 16 S  rRNA amplification.  
 

 
 	The sequence data of the 16S rRNA of selected isolates were subjected to BLAST analysis. As 16S rRNA gene sequence provide accurate grouping of organism even at subspecies level it is considered as a powerful tool for the rapid identification of bacterial species (Jill and Clarridge, 2004). The sequence analysis of 16S rRNA revealed that strain GPB1 (Accession No. OP743914) showed maximum similarity of 99.00 per cent with Serratia fonticola (Fig 3) and strain GPB2 (Accession No. OP743915) showed maximum similarity of 99.00 per cent with Priestia megaterium (Fig 4). The phylogenetic analysis of 16S rRNA sequence of the isolates along with the sequence retrieved from the NCBI was carried out with MEGA X using the neighbor joining method with 1,000 bootstrap replicates. 
 
3.6 Effect of Selected Growth Promoting Bacteria Isolates on Growth and Yield of White Button Mushroom 
           A persual of data presented in Table 4 revealed the effect of bacterial inoculation on the yield of white button mushroom and mushroom growth parameters. The application of selected bacterial isolates showed a significant variation for all the growth parameters of mushroom viz. total length of mushroom, length and width of stalk, diameter of cap, individual weight of mushroom, and yield of mushroom. It was found from the present investigation that all growth parameters and yield showed significant increase over uninoculated control. Plate (3a and 3b) represents the growth characters of mushroom with different treatments. Overall a total of 20-24 days were taken for case run after spawning and 19-20 days taken for first harvest after casing for all the treatments. 
 
Table 4: Effect of selected bacterial isolate on mushroom growth parameters. 
 
	Treatments 
	Total length of 
mushroom 
(cm) 
	Individual weight of mushroom(g) 
	Length of stalk 
(cm) 
	Width of 
stalk 
(cm) 
	Average diameter 
of cap 
(cm) 
	Yield 
(kg/100kg compost) 

	To1(uninnoculated control in casing) 
	1.80 
	12.50 
	0.70 
	1.06 
	2.33 
	10.63 

	To2(uninnoculated 
control in substrate) 
	1.93 
	12.63 
	0.80 
	1.36 
	2.36 
	10.63 

	T1(GPB1 on casing) 
	2.56 
	14.86 
	1.53 
	2.20 
	3.30 
	11.53 

	T2(GPB1 on substrate) 
	3.10 
	13.20 
	2.06 
	2.26 
	3.40 
	12.56 

	T3 (GPB2 on casing) 
	3.36 
	14.36 
	1.60 
	2.36 
	4.16 
	13.16 

	T4(GPB2 on substrate) 
	3.13 
	16.36 
	2.00 
	1.80 
	4.43 
	14.60 

	T5(GPB1 + GPB2 
on casing) 
	4.30 
	18.20 
	2.40 
	2.26 
	5.46 
	15.66 

	T6(GPB1+GPB2 
on substrate) 
	4.13 
	19.20 
	2.33 
	2.50 
	5.16 
	15.60 

	T7(GPB1+GPB2 
on casing and substrate) 
	4.33 
	21.10 
	2.70 
	2.66 
	6.26 
	16.53 

	CD 0.05 
	0.31 
	0.51 
	0.21 
	0.30 
	0.48 
	0.67 


 
The data presented in table 4 showed that the maximum total length of mushroom (4.33cm), individual mushroom weight (21.10g), width of stalk (2.66cm), length of stalk(2.70cm), average diameter of cap of mushroom (6.26cm)  were recorded by Treatment T7 (GPB1+ GPB2) on casing and substrate whereas the minimum values total length of mushroom (1.80cm), individual weight of mushroom (12.50g) , width of stalk (1.06cm) , length of stalk (0.70cm), average diameter of cap of mushroom (2.33 cm)were recorded by Treatment To1 which was uninnoculated control. The highest yield of mushroom (16.53kg) was also recorded with Treatment T7 which was statistically superior to all the treatments. It was found that with application of consortia of bacterial isolates NS2 and LS4 on casing as well as on substrate (T7) yield of mushroom increased with 55 percent over uninnoculated control (Fig 5).The results showed that inoculation of mushroom growth promoting bacteria treatment had more stimulating effect on growth and yield of mushrooms. The increase in growth parameters with biofertilizers may be attributed to the improved nutrient availability specially N (nitrogen fixation), P (P- solubilization) and Fe (siderophore) to the mushroom by direct mechanism.  

 
 [image: ]
Fig 5: Percent increase in yield of white button mushroom. 

Similar results were reported by Kim et al (2008) that Pseudomonas sp.P7014 enhanced the growth of edible oyster mushroom P.eryngii in bottle cultures. Young et al. (2013) reported a significant increase of 64 percent in yield of Agaricus blezzi inoculated with two bacterial isolates Exignobacterium sp. (JN03) and Arthobacter sp. (JN12) over uninoculated cultures. Mohammad and Sabaa (2015) also recorded a 26.6 percent increase in mushroom yield when inoculated with Pseudomonas putida in comparison with uninnoculated control. 

3.7 BIOLOGICAL EFFICIENCY 
 
A perusal data in Table 5 showed that the biological efficiency for all the three flushes ranged between 15.32- 24.83%, 14.22- 22.76%, and 10.23- 15.56% respectively. A significant increase of biological efficiency was recorded for all the treatment in all the three flushes of mushroom in comparison to uninoculated control.  The highest biological efficiency was observed by treatment T7 (24.83 percent) (GPB1+ GPB2) with inoculation of on both casing and substrate) followed by T6. The results of present investigation indicate that inoculation of GPB into casing and substrate has great impact on yield and quality of white button mushroom. It was clearly observed from fig 9 that biological efficiency increased in all the treatments over uninnoculated control. It was found that treatment T7 showed 63.1 percent increase in biological efficiency in first flush, 60.2 percent increase in second flush, and 53.1 percent increase in third flush over uninoculated control. 
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Table5: Effect of selected bacterial isolates on biological efficiency of mushroom. 
 
	Treatments 
	First flush (%) 
	Second flush (%) 
	Third flush (%) 

	TO1(Uninnoculated casing) 
	15.32 
	14.22 
	10.23 

	TO2 (Uninnoculated substrate) 
	15.21 
	14.22 
	10.16 

	T1 (GPB1 on casing) 
	18.39 
	16.25 
	11.86 

	T2 (GPB1 on substrate) 
	17.90 
	17.38 
	10.93 

	T3 (GPB2 on casing) 
	19.52 
	16.44 
	12.60 

	T4 (GPB2 on substrate) 
	20.83 
	18.81 
	11.40 

	T5 (GPB1 + GPB2 on casing) 
	22.19 
	19.24 
	13.26 

	T6 (GPB1+ GPB2 on substrate) 
	22.47 
	21.34 
	13.40 

	T7(GPB1+ GPB2 on both Casing and substrate) 
	24.83 
	22.76 
	15.56 

	CD0.05 
	0.68 
	0.24 
	0.57 


        
The mushroom substrate and casing soil inoculated with MGP improved the mushroom yield and Biological efficiency significantly. This increase in growth and yield parameters may be due to availability of nutrients and metabolism and enzyme activities in the compost with the application of (MGPB) mushroom growth promoting bacteria. Bacteria were closely attached to mycelia surface and enhanced the growth. The findings of current study are similar with the study conducted by Khalili et al. (2015) who reported that biological efficiency were higher 12.1 percent and 20.64 percent and 13.43 percent and 21.08 percent of the control, respectively when substrate or both substrate and casing were inoculated with P. putida. This is in agreement with the findings of Iqbal et al., (2005), where they clarified that Oyster mushroom gave the maximum flushes on sawdust substrate. 
 (
   
    
 
        
 
      
 
  
 
 
      
 
      
 
  
 
 
 
 
 
 
 
        
 
      
 
  
 
 
      
 
      
 
 
 
 
 
Treatment
 
T5 
Treatment
 
T7
 
Treatment
 
T6 
Uninoculated
 
control  
Plate 3
 
b
 
:
 Effect
 
of selected
 
bacterial isolates
 
on
 
quality of 
mushroom
 
)[image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ][image: ]3.8  Effect of selected bacterial cultures on quality parameters of white button mushrooms: The data on quality parameters (Antioxidant enzyme assay, total phenolic content, total ash content, total protein content, total carbohydrate content and total crude fibre content) were presented in Fig 6. A significant increase was found in all the treatments over uninnoculated control. The data revealed that the  maximum antioxidant activity (32.56), phenol content (12.40mg GAE/g), ash content (1.54 g/100g), protein content (4.10 g/100g), Crude fibre content (3.57g/100g) and  carbohydrate content (61.60 g/100g) were recorded with treatment T7(GPB1 + GPB2 on casing and substrate) which was statistically superior to all the treatments. The increase of antioxidant activity may be due to increase of phenol contents. The increase of quality parameter in the treatments with inoculation of growth promoting bacteria may be due to enhanced availability of essential nutrients in the compost, responsible for synthesis of biochemical constituents of white button mushroom. The consortia of both the bacterial isolates had more impact (T7) than the single bacterium. The other possible reason of increase may be attributed to increase of carbohydrates in all treatment which directly affect the other quality attributes of mushroom. Similar results were reported by Prabhu et al. (2016) maximum DPPH radical scavenging activity of 37.04±0.15 and 28.04±0.41 % in Pleurotus florida and Calocybe indica. The results of phenol content are in accordance with Alispahic et al. (2015) who reported total phenolic content in white button mushroom ranged from 4.94 mg GAE/g to 7.66 mg GAE/g. Maknali et al. (2021) reported that inoculated treatment with Pseudomonas had 8.46 percent higher ash content than the non-inoculated treatment. The earlier reports showed varied amount of ash content in white button mushroom which may be due to variation of compost of nutrient availability. The total ash content reported by Alam et al. (2008) in Pleurotus ostreatus, P. sajor-caju, P. florida and C. indica were 1.1-1.3 g, 1-1.2 g, 1.1-1.2 g and 1.2-1.4 respectively. The ash content reported by Okechukwu et al., (2011) showed a range of 3.20 - 25.10 percent in Agaricus bisporus. Sinha et al. (2021) reported the ash content in the fresh white button mushroom was found to be 0.93±0.01 g/100g.  Sinha et al. (2021) reported the protein value as 3.27±0.12/100g in fresh white button mushroom. These high carbohydrate contents are in accordance with Shin et al.,(2007), Hong et al.,(2007), Dhundar et al ., 2008) and Kumari and Srivastava (2020).    
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  Fig 6: Percent increase in mushroom quality parameter. 
 
 3.9 Effect of selected bacterial isolates on nutrient uptake  
 
       The tried treatments registered a significant increase in NPK content of mushroom. The maximum Nitrogen content (6.30 %), Phosphorus content (0.81%), and potassium content (5.00%) were recorded by Treatment T7 followed by Treatment T5 .However, the minimum was recorded by treatment TO1 and TO2 which were uninnoculated control. Fig 7 indicates that with application of consortium of selected bacterial isolates T7 nitrogen increased upto 85.2 percent, P upto 72 percent and K values increased upto 80 percent over uninnoculated control. The NPK content in mushroom may be due to mineralization of compost via application of biofertilizers due to phosphate solubilization, Siderophore production, and nitrogen fixation. Similar results were reported by Khalili et al. (2015) nitrogen content within range of 4.5– 5.3 % and potassium within range of 4.3 – 5.1%).  
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Fig 7: Percent increase of nutrient content N P K of mushroom 


3.10 Effect of selected bacterial isolates on physico chemical properties, nutrient availability and microbial count of compost
 
The data on the physico-chemical properties of soil were recorded at the start and termination of the experiment. 
 
3.10.1 Physico-chemical properties, nutritional status and total microbial count of compost (initial status) 
 
The data pertaining to initial physico-chemical status of the soil are presented in the Table 6 A perusal of data showed that the compost was nearly neutral (pH 6.22 ), EC (1.56dSm-1) and organic carbon was 12.30 per cent. The available N (0.59 percent) and P (0.36 percent) contents were in medium range. However, available K (0.90 percent) was in high range. The total bacterial count was 6.12×106 cfu/g soil on nutrient agar medium.  
 
3.10.2 At the end of experiment 
 
The data pertaining to effect of different treatments on the physico-chemical and biological properties of compost are presented in Table 6. Data revealed that none of the treatment influenced compost pH and electrical conductivity over control. However, organic carbon significantly increased over control. All the treatments registered significant increase in available NPK content. The treatment T7 registered significant per cent increase 72.5% in nitrogen, 88 % increase in phosphorus and 75.2 % increase in potassium over uninoculated control (T1). 
 
The solubilization of P in the rhizosphere is the most common mode of action implicated in biofertilizer that increases nutrient availability to host plants (Bhattacharya and Jha, 2012). The application of biofertilizer have enhanced the solubilization, mobilization, availability and uptake of N, P and K by the mushroom (Zahir et al., 2004).The results obtained in the present study with respect to N, P and K are in agreement with the results reported by Gupta et al. (2015) and Gopalkrishan et al.,(2017). 
 
Table 6. Physico-chemical and biological properties at the end of the experiment 
 
	Treatments 
	pH 
	EC 
(dSm-1) 
	OC 
(%) 
	Available N (%) 
	 Available P (%) 
	Available K (%) 
	 Microbial count (×106 cfu/g soil 

	Initial status               
(compost mixture) 
	6.22 
	1.54 
	12.30 
	0.59 
	0.36 
	0.90 
	6.12 

	TO1 
	6.53 
	1.43 
	20.18 
	0.62 
	0.42 
	0.97 
	6.23 

	TO2 
	6.14 
	1.47 
	21.31 
	0.62 
	0.43 
	0.98 
	6.25 

	T1 
	6.45 
	1.49 
	22.30 
	0.85 
	0.52 
	1.42 
	8.10 

	T2 
	6.40 
	1.56 
	23.12 
	0.73 
	0.56 
	1.33 
	8.30 

	T3 
	6.88 
	1.64 
	21.62 
	0.86 
	0.60 
	1.52 
	7.30 

	T4 
	6.61 
	1.73 
	23.25 
	0.81 
	0.56 
	1.61 
	8.70 

	T5 
	6.65 
	1.74 
	25.44 
	0.94 
	0.64 
	1.60 
	9.16 

	T6 
	6.55 
	1.58 
	24.55 
	0.95 
	0.72 
	1.67 
	10.56 

	T7 
	6.36 
	1.55 
	26.15 
	1.07 
	0.79 
	1.70 
	10.83 

	CD0.05 
	N/S 
	N/S 
	0.86 
	0.04 
	0.06 
	0.08 
	0.54 


 
3.10.3 Microbial count (at the termination of experiment) 
 
The data presented in Fig 8 revealed the significant variation in the microbial count over uninoculated control. The total microbial count was varied from (6.23 to 10.83 × 106 cfu/g soil) NA medium. The maximum (10.83 × 106 cfu/g soil) microbial counts on NA medium was observed in spent mushroom compost whose substrate  were treated with consortia of bacterial isolates (GPB1 +GPB2 )(T7). Whereas, the minimum count (6.23× 106 cfu/g soil) was recorded with uninoculated control (TO2). Ahlawat and Manikandan (2015) reported that after inoculation of Bacillus subtilis casing treatments enhanced 1.72 and 2.73 folds higher bacterial count than control FYM + SMS based casing.  Similarly, Riahi et al., (2011) concluded that the inoculation of native P. putida isolated from casing soil at the primordia formation stage would be very efficient for increasing mushroom yield and quality. 
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Fig 8: Percent increase in NPK. 


4. SUMMARY AND CONCLUSION 

 
The present study entitled ‘Characterization of Growth promoting bacteria from spent mushroom compost and their efficacy on yield and quality of white button mushroom’ were conducted to select best plant growth promoting rhizobacteria from spent mushroom compost and to study their response in the improvement of growth and yield of white button mushroom. 
A variation was observed for bacterial count isolated from spent mushroom compost from different locations of distt Solan. The maximum bacterial population (6.73×106cfu/g) was recorded from compost collected from DMR Chambaghat Solan. A total of 25 bacterial isolates were selected on the basis of predominant growth. Among all 48 percent were P-solubilizer,36 percent were HCN producers, 52 percent  were siderophore producers and 40 isolates were IAA producers and 60 percent were nitrogen fixers. 
Among the selected bacterial isolates NS2 and LS4 showed maximum P-solubilization, siderophore production, IAA and HCN production. These isolates were selected for further study. The selected isolates (NS2 and LS4) were white in color, cluster in arrangement, entire in margin, and slimy colonies with raised elevation in LS4 and convex elevation of NS2. In Gram’, NS2 bacterial isolate was gram positive rods and LS4 was negative for gram staining. On the basis molecular identification GPB1 was identified as Serratia fonticola and GPB2 as Priestia megaterium. 
The application of selected bacterial isolates significantly increased the growth and yield parameters of mushroom over uninoculated control. the maximum total length of mushroom (4.33cm), individual mushroom weight (21.10g), width of stalk (2.66cm), length of stalk(2.70cm), Average diameter of cap of mushroom (6.26cm)  were recorded by Treatment T7 (GPB1+ GPB2 on casing and substrate whereas the minimum values total length of mushroom (1.80cm), Individual weight of mushroom (12.50g) , width of stalk (1.06cm) , length of stalk (0.70cm), Average diameter of cap of mushroom (2.33 cm)were recorded by Treatment TO1 which was uninnoculated control. The highest yield of mushroom (16.53 kg) was also recorded with Treatment T7 which was statistically superior to all the treatments. 
The treatment T7 (GPB1+ GPB2 on casing and substrate) registered 55 percent increase in yield of white button mushroom over uninnoculated control. The  maximum antioxidant activity (32.56) , phenol content(12.40mg GAE/g), ash content (1.54 g/100g),protein content (4.10 g/100g), Crude fibre content (3.57g/100g) and  carbohydrate content (61.60 g/100g) were recorded with treatment T7(GPB1 + GPB2 on casing and substrate) which was statistically superior to all the treatments. 
 The highest available N content (6.30 %), available P content (0.81) and available K content (5.00%) of soil was recorded with treatment T7 (GPB1+ GPB2 with inoculation of on both casing and substrate). 
The treatment T7 registered 85.2 % percent increase in nitrogen content, 72.3 percent increase in phosphorus content and 80.4 % increase in potassium content of white button mushroom over uninoculated control. All the treatments registered significant increase in available NPK content of compost. 
From the present investigation, it was concluded that spent mushroom compost can be a good source of growth promoting bacterial for mushroom cultivation. On the basis of efficiency selected isolates, the consortia of two isolates NS2 and LS4 have significantly increased yield and quality characteristics of white button mushroom.. The consortia of both the isolates increase available NPK content of compost which also increased the nutritional status of mushrooms. Hence, these isolates have enormous potential to be used as multifunctional biofertilizer for enhanced productivity of white button mushrooms. The developed technology may be recommended to the farmers after mutilocational trials. 
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