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ABSTRACT 

	Fruit body extract of twenty wild mushrooms growing across Kangra and Mandi district of Himachal Pradesh, India were collected and has been evaluated for antisporulant activity against Alternaria brassicae, Rhynchosporium oryzae, Fusarium oxysporum f.sp. psi and Colletotrichum capsici. Initial screening was conducted at 50% concentration of fruit body extracts to identify potential mushroom extracts. Seventeen wild mushrooms extract exhibit varying degree of antisporulant activity which ranged from 0 to 100 % inhibition depending upon fungal pathogen. Complete spore germination of Rhynchosporium oryzae was found to be inhibited by Lactarius sp. and Coprinus sp. followed by 96.25, 95.00 and 91.66 per cent against Alternaria brassicae with Phellinus sp., Amanita sp., and Rusula sp. respectively. On the basis of per cent inhibition in spore germination, wild mushrooms have categorized into six group. Strongly active inhibition (91-100 %) was observed in Alternaria brassicae and Rhynchosporium oryzae followed by very active inhibition (76-90 %) in Rhynchosporium oryzae. However, active (50-75%) and moderately active inhibition (20-49 %) were found among all the tested phytopathogens. To determine minimal inhibitory concentration (MIC) of potential mushroom extracts was further screened at 10, 20, 25, 50 and 80 per cent concentration over phytopathogenic fungi. MIC at 10% was found to be in fruit body extract of Phellinus sp., Amanita sp., Ganoderma lucidum over Alternaria brassicae followed by Lactarious sp., Russula sp., and Amanita sp. in Rhynchosporium oryzae and Fusarium oxysporum.
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1. INTRODUCTION 

Fungicide resistance toward plant pathogenic fungi has appeared grave worldwide problem in modern days due to indiscriminate use of agrochemical (Gao et al., 2003). It has an adverse effect on economic of farming community, environment, public health as well as harsh condition for pesticide manufacturing company.
This scenario has become matter of concern to develop a new source of pesticide particularly in biological origin, which is stable and environmental friendly. Wild mushroom occurred naturally throughout the world in diverse agro-ecological condition from tropic to tundra. It has natural source of various bio active molecule that have been antimicrobial, hypolipidemic, hypo-glycaemic and antitumorgenic property (Venturini et al., 2008). Mushroom synthesis several secondary metabolites active against fungi, bacteria and viruses. (Gbolagade et al., 2007). It was through that wild mushrooms lives in adverse and challenging ecological situation for survival they need several antimicrobial compounds. Various countries had screened several agarics and polypores for antimicrobial activity form their fruit body and mycelial extracts. Nearly 75 % of polypore fungi were tested to have strong antimicrobial activity (Zjawiony, 2004). Imtiaz and Lee, (2000) reported the liquid culture filtrate of nine Korean wild mushroom have strong antifungal activity against Botrytis cinerea, Colletotrichum gloeosporioides and C. miyabeamus and inhibitory effect against Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa. The first antifungal strobilurin compound, strobilurin-A was originally isolated from the mushroom Strobilurus tenacellus by Anke et al., (1977). Strubilurin from mushroom are the inspiration for the creation of B-methoxyacrylate class of agricultural fungicide globally used to combat various plant disease (Bartett et al., 2001; FAO Meeting, 2008; Risa et al., 2018; Feng et al, 2020). From these finding, it is evident that wild mushrooms are a vital source of bioactive compounds which may use to prevent plant pathogenic organism. To identify antifungal compound, we study antisporulant effect of fruit body extract of wild mushroom against phytopathogenic fungi.
2. material and methods
Basidiocarp of 20 wild mushrooms viz., Trametes versicolor, Lactariussp., Phellinus sp., Tricholomasp., Lenzitessp., Amanita sp., Laccaria sp., Ganoderma lucidum, Russula sp., Coprinus sp., Marasmius sp., Hydnum sp., Lentinus sp., Daldinia sp., Lepiota sp., Schizophyllum communi, Amanita sp., Clitocybe sp., Ramaria sp., and Cantharellus cibarius were collected during the rainy season in the forest area of Himachal Pradesh viz., Kangra, Mandi and Kullu districts (Table. 1). During collection sporocarps were removed from ground with a great care to avoid damage to the base of the stipe to reveal any volva, rotting base, and bulb or buried substrata that included cones, fruits and other fungi. Soil was removed using a soft brush (Stojchev et al., 1998). The habitat and morphological characteristics of the macrofungi were noted (Peksen and Karaca, 2003; Kaya, 2005) for diagnosis during the collection (Demirel and Uzun, 2002). The specimens were collected in the plastic bags for further identification in the laboratory (Afyon et al., 2005). The specimens were wrapped in the aluminium foil, which offers a good protection. Small plastic boxes were used for woody basidiomycetes and ascomycetes. Care was taken to avoid distortion of fleshy fungi and labelled the specimen. Identification of the specimens was carried out by standard microscopic methods (Roy and De 1996) and also considering various morphological and anatomical features into account (Bondarstev, 1953; Ryvarden and Johansen, 1980; Dickinson and Lucas, 1982; Roy and De, 1996; Sharma, 2000).
2.1 Isolation of Plant Pathogens
 
Four sporulating plant pathogenic fungi viz., Alternaria brassicae, Fusarium oxysporum f.sp. pisi, Colletotrichum capsici and Rhynchosporium oryzae were isolated from their hosts namely cabbage, pea, capsicum and rice respectively, showing characteristic disease symptoms. The infected specimens were collected from research farm fields around CSKHPKV, Palampur. The collected diseased samples were washed thoroughly in running tap water for 30 minutes to remove soil particles, air-dried, and cut into 5 mm pieces. Root stems and leaves were surface sterilized in 0.1% Mercuric Chloride solution for 15 seconds and rinsed three times in sterilized distilled water and were on sterilized dry blotting sheet. The surface sterilized segment was placed on petridishes (three to four segments per plate) containing potato dextrose agar medium. The plates were incubated for 2 to 3 days at 25 +10C in the incubator. Pure cultures of the pathogenic fungi were obtained by hyphal tip method (Hyamumachi et al., 2005). The identification of isolated plant pathogenic fungi was done following Alexopoulos et al., (2004).
 

2.2 Preparation of Spore Suspension of Plant Pathogenic Fungi
[bookmark: _Hlk217252072]Small bits of mycelium of phytopathogenic fungi from freshly prepared culture tube was transferred it on Oat meal Agar plate aseptically and placed the inoculated plate for four days in black light Blue (Hitachi FL20BLB; 16 hours light/8hr dark) at 20oC. After five to six days plates are fully covered with spore of the fungus. Make 0.01% Tween 20 solution in distilled water in 100 ml. Take 20ml 0.01% Tween 20 solution poured into culture plate and washed gently and hardly with brush and filtered it through tissue paper. Then filtrate is diluted by Tween 20 solution to adjust 1×106cfu spore per mlfollowing Haemocytometer count.
2.3 Preparation of Fruit Body Extract of Wild Mushrooms 
Extracts from whole fruit body were made as per standard procedures. The fruit bodies of each of the test mushroom was cut into bits and dried at 400C. These dried carpophores were pulverized in a Moulinex blender and 50.0g each of the powdered samples were soaked separately in 300 ml of 95% methanol in an Erlenmeyer flask. The flasks were covered with aluminium foil and allowed to stand for 7 days for extraction. It was then filtered through Whatman filter paper no 1 and the filtrate obtained were concentrated in a rotary evaporator at 400C. The methanol was recovered and the extract was collected and store at 40cfor further use (Jonathan and Fasidi, 2003).
2.4 Evaluation of Antisporulant Assay 
Inhibitory effect of fruit body extracts against Spore inhibition against four fungi was tested. In experimental sets, pre sterilized cavity slides were used. The mushroom extract was dissolved in Dimethyl sulfoxide and suspension was sterilized by filtration through membrane filter (Turkoglu et al., 1997). The mushroom extract of about 100 micro liters was filled into cavity slide followed by addition of 100 micro liters spore suspension in same cavity slide. In case of control, 100 micro liters spore suspension was placed in cavity slide followed by 100 micro liters of sterile distilled water. The slides were then incubated at 28±1 0C in a humid chamber. Two small glass rods (60 mm in length) were placed in a 90 mm petri dish and a slide was placed on the rods in a uniformly balanced position. Sterile distilled water was carefully poured in the petri dish so that the bottom of the slide remained just above the water surface. The petridishes were then covered and incubated at 28±10C. Following 48 h of incubation, the slides were stained with lacto phenol-cotton blue and observed under the microscope. Approximately, 100 spores were observed in each slide for germination. The entire experiment was repeated thrice. After incubation, the spores were observed under microscope for their germination status. Per cent inhibition was calculated as (Bindu and Padma 2009)

Where,
I=% spore Inhibition; A=Spore germination in control; B=Spore germination in treatment


2.5 Standardization of minimum inhibitory concentration (MIC)
The fruit body extracts from different mushrooms were taken along with experimental setup as described above and considered to be 100% pure. MIC of fruit body extract of wild mushroom was workout at 10, 25, 50, 80 percent concentration by adopting standard methodology (Hirasawa et al., 1999; Fang 1998).

2.6 Statistical Analysis
Statical analysis (Student’s t-test) was performed p=0.05.

Table 1. List of Test Organism

	Mushroom
	Sporulating phytopathogenic fungi 

	 Trametes versicolor, Lactarius sp., Phellinus sp., Tricholoma sp., Lenzites sp., Amanita sp., Laccaria sp., Ganoderma lucidum, Russula sp., Coprinus sp., Marasmius sp., Hydnum sp., Lentinus sp., Daldinia sp., Lepiota sp., Schizophyllum communi, Amanita sp., Clitocybe sp., Ramaria sp. and Cantharellus cibarius
	Alternaria brassicae, Rhynchosporium oryzae, Fusarium oxysporum and Colletotrichum capsici 





3. results 

The Antisporulant activities of 20 fruit body extract of wild mushrooms at 50% concentration was evaluated on Alternaria brassicae, Rhynchosporium oryzae, Fusarium oxysporum and Colletotrichum capsici through spore inhibition assay in cavity slide to identify spore inhibition properties of wild mushrooms. The details of inhibition were presented in table No.2. Seventeen fruit body extract were showed varying degree of inhibition while Laccaria sp., Ramaria sp., and Cantharellus cibarius were found to have no inhibitory effect on tested phytopathogenic fungi. Under primary screening 100 percent inhibition was recorded by Lactarius sp. and Coprinus sp., on Rhynchosporium oryzae. The maximum inhibition 96.25 per cent was found with Phellinus sp., Amanita sp. and Russula sp., respectively over Alternaria brassicae. In case of Fusarium oxysporum, maximum inhibition (70.41%) was observed with Russula sp. followed by Amanita sp. (68.75%). Average inhibition 66.22 and 56.44 percent were recorded with Phellinus sp., and Ganoderma lucidum over Colletotrichum capsica. The detailed varying degrees of inhibition were presented in Table. No.3. Strongly active inhibition (91-100 percent) of wild mushrooms extracts was recorded in Alternaria brassicae and Rhynchosporium oryzae followed by very active inhibition (76-90 percent) on only Rhynchosporium oryzae. Active (50-75% inhibition) and moderately active (20-49% inhibition) were most common type of inhibition observed in all the tested phytopathogenic fungi.

For study more appropriate spore inhibition range, MIC of identified fruit body extracts was determined at 10, 25, 50, and 80% concentration respectively against four phytopathogenic fungi has been presented in Tables 4 to 7. The MIC of Alternaria brassicae was presented in Table 4. in which MIC inhibition was found at 10% concentration (Phellinus sp., Amanita sp., Russula sp., and Ganoderma lucidum), 20% concentration (Lactarius sp., Lenzites sp., and Coprinus sp.,) and 50% concentration (Tricholoma sp., Marasmius sp., Lepiota sp., Schizophyllum communi). In case of Rhynchosporium oryzae (Table 5.)  four mushrooms fruit body extracts showed MIC at 10% concentration (Lactarius sp., Russula sp., Coprinus sp., Lentinus sp.,) followed by seven wild mushrooms, (Trametes versicolor, Tricholoma sp., Marasmius sp., Daldinia sp., Schizophyllum communi and Amanita sp.,) at 25 % concentration The MIC against Fusarium oxysporum was ranged between 10-50 % concentration which was detailed in Table No.6. Colletotrichum capsici was found to be most robust fungal pathogen in which only one fruit body extract (Phellinus sp,) exhibit MIC at 10% concentration shown in table No. 7. Among all the tested fruit body extracts 38.72 % showed MIC at 25 percent concentration followed by 35.47, and 25.78 % respectively at 50 and 10 percent concentration against four phytopathogenic fungi.


Table 2. Inhibitory effect of fruit bodies extracts on spore germination against plant pathogenic fungi

	Fruit bodies extract
	Per cent spore germinated at 50% concentration 
	Per cent inhibition of spore germination at 50% concentration 

	
	Name of pathogen 
	Name of pathogen 

	
	**AB 
	RO 
	FO 
	CC 
	AB 
	RO 
	FO 
	CC 

	Trametes versicolor     
	80.00
(63.40)*
	41.00
(39.79) 
	70.00
(56.76) 
	75.00
(59.97) 
	0.00
(0.00) 
	48.75
(44.27) 
	12.50
(20.70) 
	0.00
(0.00) 

	Lactarius sp. 
	61.33
(51.53) 
	0.00
(0.00) 
	45.66
(42.49) 
	67.66
(55.32) 
	23.33
(28.86) 
	100.00
(90.00) 
	42.91
(40.90) 
	9.77
(18.20) 

	Phellinus sp.
	3.00
(9.87) 
	72.66
(58.46) 
	65.33
(53.91) 
	25.33
(30.17) 
	96.25
(78.90) 
	9.16
(17.60) 
	18.33
(25.32) 
	66.22
(54.50) 

	Tricholoma sp.               
	51.00
(45.55) 
	45.00
(42.11) 
	60.33
(50.94) 
	73.00
(58.67) 
	36.25
(37.00) 
	43.75
(41.40) 
	24.58
(29.70) 
	2.66
(9.20) 

	Lenzites sp.
	21.66
(27.72) 
	80.00
(63.40) 
	80.00
(63.40) 
	71.00
(57.39) 
	72.91
(58.62) 
	0.00
(0.00) 
	0.00
(0.00) 
	5.33
(13.30) 

	Amanita sp.
	4.00
(11.47) 
	80.00
(63.40) 
	60.00
(50.74) 
	74.33
(59.53) 
	95.00
(77.11) 
	0.00
(0.00) 
	25.00
(30.00) 
	0.88
(0.90) 

	Laccaria sp.
	80.00
(63.40) 
	80.00
(63.40) 
	77.00
(61.32) 
	75.00
(59.97) 
	0.00
(0.00) 
	0.00
(0.00) 
	3.75
(11.05) 
	0.00
(0.00) 

	Ganoderma lucidum 
	20.00
(2654) 
	80.00
(63.40) 
	44.00
(41.53) 
	32.66
(34.83) 
	75.00
(60.0) 
	0.00
(0.00) 
	45.00
(42.11) 
	56.44
(48.70) 

	Russula sp.                    
	6.66
(14.89) 
	7.33
(15.65) 
	23.66
(29.06) 
	52.00
(46.12) 
	91.66
(73.30) 
	90.83
(72.40) 
	70.41
(57.06) 
	30.66
(33.60) 

	Coprinus sp.                   
	40.00
(39.21) 
	0.00
(0.00) 
	61.00
(51.33) 
	65.33
(53.91) 
	50.00
(45.00) 
	100.00
(90.00) 
	23.75
(29.13) 
	12.88
(20.91) 

	Marasmius sp.
	45.33
(42.29) 
	30.33
(33.40) 
	70.33
(56.97) 
	69.00
(56.14) 
	43.33
(41.13) 
	62.08
(52.00) 
	12.08
(20.32) 
	8.00
(16.40) 

	Hydnum sp.
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	75.00
(59.97) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 

	 Lentinus sp.             
	80.00
(63.40)*
	20.00
(26.54) 
	40.00
(39.21) 
	61.33
(51.53) 
	0.00
(0.00) 
	75.00
(60.00) 
	50.00
(45.00) 
	18.23
(25.20) 

	Daldinia sp.                   
	80.00
(63.40) 
	40.33
(39.40) 
	75.00
(59.97) 
	71.6
(57.82) 
	0.00
(0.00) 
	49.58
(44.74) 
	6.25
(14.42) 
	4.44
(12.00) 

	Lepiota sp.
	60.00
(5074) 
	80.00
(63.40) 
	73.00
(58.67) 
	41.00
(39.79) 
	25.00
(30) 
	0.00
(0.00) 
	8.75
(17.20) 
	45.33
(42.30) 

	Schizophyllum communi
	72.33
(58.24) 
	66.66
(54.71) 
	79.00
(62.70) 
	75.00
(59.97) 
	9.58
(18.00) 
	16.66
(24.07) 
	1.25
(5.17) 
	0.00
(0.00) 

	Amanita sp.
	68.33
(55.73) 
	49.00
(44.01) 
	25.00
(29.98) 
	75.00
(59.97) 
	14.58
(22.43) 
	38.75
(38.50) 
	68.75
(56.00) 
	0.00
(0.00) 

	Clitocybe sp.
	78.00()
62.01 
	80.00
(63.40) 
	73.00
(59.10) 
	75.00
(59.97) 
	2.50
(7.33) 
	0.00
(0.00) 
	7.91
(16.30) 
	0.00
(0.00) 

	Ramaria sp.
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	75.00
(59.97) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 

	Cantharellus cibarius  
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	75.00
(59.97) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 

	Control 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	75.00
(59.97) 
	- 
	- 
	- 
	- 

	CD (p=0.05)     
	1.67 
	0.98 
	1.35 
	1.41 
	3.10 
	1.30 
	2.60 
	2.84 



*The figures in parentheses are arc sine transformed values
**AB: Alternaria brassicae, RO: Rhynchosporium oryzae, FO: Fusarium oxysporum f.sp pisi, CC: Colletotrichum capsici

Table 3. Inhibitory groups of fruit bodies extract over tested phytopathogenic fungi
	[bookmark: _Hlk216692668]Activity groups
	Alternaria brassicae
	Rhynchosporium oryzae
	Fusarium oxysporum
	Colletotrichum capsici 

	Unactive 
(0% inhibition)
	Trametes versicolor, Laccaria sp., Hydnum sp., Lentinus sp., Daldinia sp., Ramaria sp. and Cantharellus cibarius

	Lenzites sp., Amanita sp., Laccaria sp., Ganoderma lucidum, Hydnum sp., Lepiota sp., Lepiota sp., Clitocybe sp., Ramaria sp. and Cantharellus cibarius

	Lenzites sp., Amanita sp., Marasmius sp., Hydnum sp., Ramariasp. and Cantharellus cibarius

	Trametes versicolor, Laccaria sp., Marasmius sp., Hydnum sp., Schizophyllum communi, Amanita sp., Clitocybe sp., Ramariasp. and Cantharellus cibarius


	Poorly Active
(1-19% inhibition)
	Amanita sp., Clitocybe sp.,

	Phellinus sp., Schizophyllum communi

	Trametes versicolor, Phellinus sp., Laccaria sp., Marasmiussp., Daldinia sp., Lepiota sp.,Schizophyllumcommuni Clitocybe sp.,

	Lactarius sp., Tricholoma sp., Lenzites sp., Coprinus sp., Marasmius sp., Lentinus sp., Daldinia sp., Schizophyllum communi


	Moderately Active
(20-49% inhibition)
	Tricholoma sp., Lepiota sp., Lepiota sp.,

	Trametes versicolor, Lactarius sp., Tricholoma sp., Daldinia sp., Amanita sp.,

	Tricholoma sp., Amanita sp., Coprinus sp.

	Russula sp., Lepiota sp.,


	Active
(50-75% inhibition)
	Tricholoma sp., Lepiota sp., Lepiota sp.,
Lenzites sp., Ganoderma lucidum, Coprinus sp., Marasmius sp.,

	Lentinus sp.
	Ganoderma lucidum, Russula sp., Amanita sp.,

	Phellinus sp., Ganoderma lucidum


	Very active
(76-90% inhibition)
	
	Russula sp., Marasmius sp.,

	
	

	Strongly active
(91-100% inhibition)
	Phellinus sp., Amanita sp., Russula sp.,

	Lactarius sp., Coprinus sp.,

	
	



Table 4. Minimum inhibition concentration of fruit body extract of wild mushrooms based on spore germination of Alternaria brassicae

	Fruit body extracts of wild mushroom
	 Per cent spore germinated at different concentrations
 ( %) 
	Per cent inhibition of spore germination at different concentrations (%) 

	
	***10 
	25 
	50 
	80 
	10 
	25 
	50 
	80 

	Lactarius sp. 
	**80.00
(63.40)*
	74.66
(59.76) 
	61.33
(51.53) 
	50.00
(44.98) 
	0.00
(0.00) 
	6.66
(14.90) 
	23.33
(28.90) 
	37.50
(37.74) 

	Phellinus sp. 
	70.00
(56.76) 
	22.00
(27.94) 
	3.00
(9.87) 
	0.00
(0.00) 
	12.50
(20.70) 
	72.50
(58.40) 
	96.25
(78.90) 
	100.00
(90.00) 

	Tricholoma sp.  
	80.00
(63.40) 
	80.00
(63.40) 
	51.00
(45.55) 
	40.00
(39.21) 
	0.00
(0.00) 
	0.00
(0.00) 
	36.25
(37.00) 
	50.00
(45.00) 

	Lenzites sp. 
	80.00
(63.40) 
	50.66
(45.36) 
	21.66
(27.72) 
	17.33
(24.56) 
	0.00
(0.00) 
	71.66
(57.83) 
	72.91
(58.62) 
	78.33
(62.30) 

	Amanita sp.          
	62.66
(52.32) 
	22.66
(28.39) 
	4.00
(11.42) 
	0.00
(0.00) 
	21.66
(27.70) 
	45.00
(42.10) 
	95.00
(77.11) 
	100.00
(90.00) 

	Ganoderma lucidum 
	72.66
(58.47) 
	44.00
(41.52) 
	20.00
(26.54) 
	12.00
(20.24) 
	9.16
(17.50) 
	73.33
(59.00) 
	75.00
(60.00) 
	85.00
(67.20) 

	Russula sp.
	64.00
(53.12) 
	21.33
(27.45) 
	6.66
(14.89) 
	0.00
(0.00) 
	20.00
(26.50) 
	17.91 
(25.00) 
	91.66
(73.30) 
	100.00
(90.00) 

	Coprinus sp. 
	80.00
(63.40) 
	65.66
(54.11) 
	40.00
(39.21) 
	31.66
(34.22) 
	0.00
(0.00) 
	25.00
(30.00) 
	50.00
(45.00) 
	60.41
(51.00) 

	Marasmius sp.               
	80.00
(63.40) 
	60.00
(50.75) 
	43.66
(41.33) 
	39.00
(38.62) 
	0.00
(0.00) 
	0.00
(0.00) 
	45.41
(42.33) 
	51.25
(45.70) 

	Lepiota sp. 
	80.00
(63.40) 
	80.00
(63.40) 
	60.00
(50.74) 
	50.00
(44.98) 
	0.00
(0.00) 
	0.00
(0.00) 
	25.00
(30.00) 
	37.50
(37.74) 

	Schizophyllum communi
	80.00
(63.40) 
	80.00
(63.40) 
	72.33
(58.24) 
	61.00
(51.33) 
	0.00
(0.00) 
	0.00
(0.00) 
	9.58
(18.00) 
	23.75
(29.14) 

	Amanita sp. 
	80.00
(63.40) 
	80.00
(63.40) 
	68.33
(55.73 
	57.33
(49.19) 
	0.00
(0.00) 
	0.00
(0.00) 
	14.58
(22.43) 
	28.33
(32.12) 

	Clitocybe sp.
	80.00
(63.40) 
	80.00
(63.40) 
	78.00
(62.01 
	65.33
(53.90) 
	0.00
(0.00) 
	0.00
(0.00) 
	2.50
(7.33) 
	18.33
(25.33) 

	Control 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	- 
	- 
	- 
	- 

	CD (p=0.05)     
	1.41 
	2.02 
	2.23 
	1.25 
	2.30 
	2.70 
	4.00 
	1.60 


[bookmark: _Hlk216697025]*The figure in parentheses is arc sine transformed values
**Percent Spore Germination
***Concentration of Fruit body extract in percent

Table 5. Minimum inhibition concentration of fruit body extract of wild mushrooms based on spore germination of Rhynchosporium oryzae 
	Fruit body extract 
	Per cent spore germinated at different concentrations 
( %) 
	Per cent inhibition of spore germination at different concentrations (%) 

	
	***10% 
	25% 
	50% 
	80% 
	10% 
	25% 
	50% 
	80% 

	Trametes versicolor     
	**80.00
(63.40)*
	69.00
(56.14) 
	41.00
(39.79) 
	34.33
(35.84) 
	0.00
(0.00) 
	13.75
(21.74) 
	48.75
(44.30) 
	57.08
(49.05) 

	Lactarius sp. 
	76.33
(60.87) 
	45.33
(42.30) 
	0.00
(0.00) 
	0.00
(0.00) 
	4.58
(12.16) 
	43.33
(41.14) 
	100.0
(90.00) 
	100.00
(90.00) 

	Phellinus sp.
	80.00
(63.40) 
	80.00
(63.40) 
	72.66
(58.46) 
	63.00
(52.51) 
	0.00
(0.00) 
	0.00
(0.00) 
	9.16
(17.60) 
	21.25
(27.41) 

	Tricholoma sp. 
	80.00
(63.40) 
	71.66
(57.82) 
	45.00
(42.11) 
	36.00
(36.85) 
	0.00
(0.00) 
	10.4
(18.80) 
	43.75
(41.40) 
	55.00
(47.90) 

	Russula sp. 
	65.00
(53.70) 
	45.00
(42.11) 
	6.66
(14.89) 
	0.00
(0.00) 
	18.75
(25.64) 
	43.75
(41.40) 
	91.66
(73.26) 
	100.00
(90.00) 

	Coprinus sp. 
	71.00
(57.39) 
	40.33
(39.40) 
	0.00
(0.00) 
	0.00
(0.00) 
	11.25
(19.60) 
	49.58
(44.74) 
	100.00
(90.00) 
	100.00
(90.00) 

	Marasmius sp
	80.00
(63.40) 
	61.33
(51.53) 
	30.33
(33.40) 
	19.00
(25.82) 
	0.00
(0.00) 
	23.33
(28.90) 
	62.08
(52.00) 
	76.25
(60.81) 

	Lentinus sp.
	75.00
(60.02) 
	61.66
(51.72) 
	20.00
(26.54) 
	12.00
(20.24) 
	6.25
(13.50) 
	22.91
(28.60) 
	75.00
(60.00) 
	85.00
(67.20) 

	Daldinia sp.                   
	80.00
(63.40) 
	65.00
(53.70) 
	40.33
(39.40) 
	29.00
(32.56) 
	0.00
(0.00) 
	18.75
(25.64) 
	49.58
(44.74) 
	63.75
(53.00) 

	Lepiota sp. 
	80.00
(63.40) 
	80.00
(63.40) 
	80.0
0(63.40) 
	73.66
(59.10) 
	0.00
(0..00) 
	0.00
(0.00) 
	0.00
(0.00) 
	7.91
(16.32) 

	Schizophyllum communi
	80.00
(63.40) 
	73.66
(59.10) 
	66.66
(54.71) 
	50.66
(45.36) 
	0.00
(0.00) 
	7.91
(16.30) 
	16.66
(24.07) 
	36.66
(37.24) 

	Amanita sp. 
	80.00
(63.40) 
	61.66
(51.70) 
	49.00
(44.40) 
	41.00
(39.79) 
	0.00
(0.00) 
	22.91
(28.60) 
	38.75
(38.50) 
	48.45
(44.26) 

	Clitocybe sp.
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	69.00
(56.14) 
	0.00
(0.00) 
	0.00
(0.00) 
	0.00
(0.00) 
	13.75
(21.74) 

	Control 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	- 
	- 
	- 
	- 

	CD (p=0.05)     
	1.33 
	1.29 
	1.25 
	1.22 
	3.3 
	2.0 
	1.64 
	1.60 



[bookmark: _Hlk216697243]*The figure in parentheses is arc sine transformed values
**Percent Spore Germination
***Concentration of Fruit body extract in percent

[bookmark: _Hlk216697331]Table 6. Minimum inhibition concentration of fruit body extract of wild mushrooms based on spore germination of Fusarium oxysporum

	Fruit body extract 
	 Per cent spore germinated at different concentrations (%) 
	Per cent inhibition of spore germination at different concentrations (%) 

	
	***10 
	25 
	50 
	80 
	10 
	25 
	50 
	80 

	Trametes versicolor     
	**80.00
(63.40)*
	80.00
(63.40) 
	70.00
(56.76) 
	60.00
(50.74) 
	0.00
(0.00) 
	0.00
(0.00) 
	12.50
(2070) 
	25.00
(30.00) 

	Lactarius sp. 
	77.00
(61.32) 
	64.33
(53.31) 
	45.66
(42.49) 
	36.66
(37.24) 
	3.75
(11.00) 
	19.58
(26.23) 
	42.91
(40.90) 
	54.16
(47.40) 

	Phellinus sp.                
	80.00
(63.40) 
	80.00
(63.40) 
	65.33
(53.91) 
	54.33
(47.46) 
	0.00
(0.00) 
	0.00
(0.00) 
	18.33
(25.32) 
	32.08
(34.50) 

	Tricholoma sp
	80.00
(63.40) 
	73.00
(58.67) 
	60.33
(50.94) 
	49.00
(44.40) 
	0.00
(0.00) 
	8.75
(17.20) 
	24.58
(29.70) 
	38.75
(38.50) 

	Amanita sp.
	80.00
(63.40) 
	70.00
(56.76) 
	60.00
(50.74) 
	44.00
(41.53) 
	0.00
(0.00) 
	12.50
(20.70) 
	25.00 
(30.00) 
	45.00
(42.11) 

	Ganoderma lucidum 
	80.00
(63.40) 
	68.00
(55.52) 
	44.00
(41.53) 
	35.00
(36.25) 
	0.00
(0.00) 
	15.00
(22.80) 
	45.00
(42.11) 
	56.25
(48.60) 

	Russula sp. 
	72.00
(58.03) 
	41.00
(39.79) 
	23.66
(29.06) 
	13.33
(21.38) 
	10.00
(18.40) 
	48.75
(44.30) 
	70.41
(57.06) 
	83.33
(65.90) 

	Coprinus sp.                   
	80.00
(63.40) 
	77.33
(61.55) 
	61.00
(51.33) 
	51.66
(45.93) 
	0.00
(0.00) 
	3.33
(10.20) 
	23.75
(29.12) 
	35.41
(36.50) 

	Marasmius sp.               
	80.00
(63.40) 
	80.00
(63.40) 
	70.33
(56.97) 
	58.66
(49.97) 
	0.00
(0.00) 
	0.00
(0.00) 
	12.08
(20.32) 
	26.66
(31.07) 

	Lentinus sp.
	80.00
(63.40) 
	60.00
(50.74) 
	40.00
(39.21) 
	28.00
(31.93) 
	0.00
(0.00) 
	25.00
(30.00) 
	50.00
(45.00) 
	65.00
(53.70) 

	Daldinia sp.                   
	80.00
(63.40) 
	80.00
(63.40) 
	75.00
(59.97) 
	69.00
(56.14) 
	0.00
(0.00) 
	0.00
(0.00) 
	6.25
(14.42) 
	13.75
(21.74) 

	Lepiota sp. 
	80.00
(63.40) 
	80.00
(63.40) 
	73.00
(58.67) 
	67.00
(54.91) 
	0.00
(0.00) 
	0.00
(0.00) 
	8.75
(17.20) 
	16.25
(23.80) 

	Amanita sp. 
	80.00
(63.40) 
	44.66
(41.91) 
	25.00
(29.98) 
	19.00
(25.82) 
	18.75
(25.60) 
	44.16
(41.62) 
	68.75
(56.00) 
	76.25
(60.81) 

	Clitocybe sp.
	80.00
(63.40) 
	80.00
(63.40) 
	73.66
(59.10) 
	66.66
(54.72) 
	0.00
(0.00) 
	0.00
(0.00) 
	7.91
(16.30) 
	16.66
(24.02) 

	Control 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	80.00
(63.40) 
	- 
	- 
	- 
	- 

	CD (p=0.05)     
	0.79 
	1.01 
	1.55 
	1.28 
	1.44 
	2.00 
	2.23 
	1.74 


[bookmark: _Hlk216697503]*The figure in parentheses is arc sine transformed values
**Percent Spore Germination
***Concentration of Fruit body extract in percent

Table 7. Minimum inhibition concentration of fruit body extract of wild mushrooms based on spore germination of Colletotrichum capsica

	Fruit body extract
	 Per cent spore germinated at different concentrations (%) 
	Per cent inhibition of spore germination at different concentrations (%) 

	
	***10 
	25 
	50 
	80 
	10 
	25 
	50 
	80 

	Lactarius sp. 
	**75.00
(59.97)*
	75.00
(59.97) 
	67.66
(55.32) 
	59.00
(50.16) 
	0.00
(0.00) 
	0.00
(0.00) 
	9.77
(18.20) 
	21.33
(27.50) 

	Phellinus sp.                
	71.00
(57.39) 
	51.33
(45.74) 
	25.33
(30.17) 
	18.00
(25.08) 
	5.33
(13.30) 
	31.53
(34.15) 
	66.20
(54.46) 
	76.00
(60.64) 

	Ganoderma lucidum 
	75.00
(59.97) 
	61.00
(51.33) 
	32.66
(34.83) 
	24.33
(29.53) 
	0.00
(0.00) 
	18.66
(25.60) 
	56.44
(48.70) 
	67.55
(55.30) 

	Russula sp. 
	75.00
(59.97) 
	69.00
(56.14) 
	52.00
(46.12) 
	42.00
(40.37) 
	0.00
(0.00) 
	8.00
(16.38) 
	30.66
(33.60) 
	44.00
(41.53) 

	Lenzites sp. 
	75.00
(59.97) 
	75.00
(59.97) 
	71.00
(57.39) 
	53.33
(46.98) 
	0.00
(0.00) 
	0.00
(0.00) 
	5.33
(13.30) 
	28.89
(32.50) 

	Marasmius sp
	75.00
(59.97) 
	75.00
(59.97) 
	69.00
(56.14) 
	56.66
(48.81) 
	0.00
(0.00) 
	0.00
(0.00) 
	8.00
(16.40) 
	24.44
(9.61) 

	Lentinus sp.
	75.00
(59.97) 
	72.33
(58.24) 
	61.33
(51.53) 
	49.00
(44.40) 
	0.00
(0.00) 
	3.55
(10.82) 
	18.22
(25.20) 
	34.66
(36.05) 

	Lepiota sp. 
	75.00
(59.97) 
	64.00
(53.10) 
	41.00
(39.79) 
	28.00
(31.93) 
	0.00
(0.00) 
	14.66
(22.50) 
	45.33
(42.30) 
	62.66
(52.31) 

	Control 
	75.00
(59.97) 
	75.00
(59.97) 
	75.00
(59.97) 
	75.00
(59.97) 
	- 
	- 
	- 
	- 

	CD (p=0.05) 
	0.34 
	0.94 
	1.86 
	1.31 
	0.92 
	1.71 
	2.90 
	1.80 


*The figure in parentheses is arc sine transformed values
**Percent Spore Germination
***Concentration of Fruit body extract in percent

3. discussion

[bookmark: _Hlk216387078]In our present work, twenty fruit body extracts from different wild mushroom have been investigated for its antisporulant activity over four phytopathogenic fungi such as Alternaria brassicae, Rhynchosporium oryzae, Fusarium oxysporium and Colletotrichum capsici. To our knowledge, very little or no investigation has been performed for comparing of inhibitory effect of fruit body extract on spore germination of plant pathogenic fungi, however, Song and Ji (2006) reported 61.44 to 90 % inhibition of culture filtered and ultra-sonified mycelial extracts of 8 toxic mushroom strains on spore germination of Alternaria alternata. Luo et al., (2005) reported complete inhibition of spore germination of Fusarium graminearum, Gloeosporium fructigenum and Pyricularia oryzae by grifolin isolated from basidiomycete Albatrellus dispansus. Agrocybin, an antifungal peptide isolated from Agrocybe cylindracea fruiting bodies, showed activity against Mycosphaerella arachidicola (Ngai et al., 2005). Peptides with antifungal activity were also described as pleurostrin, isolated from Pleurotus ostreatus, which showed activity against Fusarium oxysporum, Mycosphaerella arachidicola and Physalospora piricola (Chu et al., 2005). Hypsin, isolated from Hypsizigus mmarmoreus fruiting bodies, showed activity against Botrytis cinerea, Fusarium oxysporum, Mycosphaerella arachidicola and Physalospora piricola (Lam and Ng, 2001). Lyophyllin and Lyophyllum antifungal protein isolated from Lyophyllum shimeji revealed activity against Physalospora piricola (Lam and Ng, 2001). Trichogin is also an antifungal protein, isolated from the mushroom Tricholoma giganteum. It showed antifungal activity against Fusarium oxysporum, Mycosphaerella arachidicola and Physalospora piricola (Guo et al., 2005). Pandey and Paul (2025), evaluated antagonistic activity of wild mushroom and proved their inhibitory effect against phytopathogenic fungi. Imtiaj et al., (2007) reported inhibition of mycelial growth and mycelial weight of Botrytis cinerea, Colletotrichum gloeosporides and C. miyabeans by Korean wild mushrooms. Pushpa and Purushotama, (2010) studied inhibitory effect of Lycophyllum decastes over clinical isolate of Candida albicans, Crytococcus sp.. Aspergillus ocraceous, Curvularia sp., and Alternaria sp. Inhibition of filamentous fungi through water and methanolic extracts of medicinal mushroom was reported by Kim et al., (2022.) Hwanget et al., (2000) isolated the antifungal agent phellinsin Afrom Phellinus sp. capable of inhibiting the growth of fungi such as Colleotrichum lagenarium, Pyricularia oryzae, Rhizoctonia solani, Aspergillus fumigatus and Trichophyton mentagrophytes. Ramos et al., (2025) recorded antifungal activity of Turbinellus floccosus fruit body extract against phytopathogenic fungus Acremonium strictum and Colletotrichum asianum. Imtiaj et al., (2007) determined 40 mg/ml fruit body extract of Stereum Ostrea against Colletotrichum gloeosporides and C. miyabeans. Dharani et al., (2025) also reported that presence of antimicrobial compounds including terpenoids, steroids, phenols glycoprotein derivatives and polysaccharides in the fruiting bodies of mushroom fungi. Ubalua and Oti (2007) tested the culture filtrate of Trichoderma viride against post-harvest pathogens (Rhizopus oryzae, Aspergillus flavus, Fusarium solani, Botryodiplodi atheobromae,) on spore germination and found that the percentage germination of the spores was observed to decrease with increasing dilution of the culture filtrate (100, 50, 25, and 10%). 


4. Conclusion

Antisporulant activities of twenty wild mushroom extracts were investigated against four phytopathogenic fungi through spore inhibition assay. It was found that seventeen wild mushrooms have antisporulant properties against Alternaria brassicae, Rhynchosporium oryzae, Fusarium oxysporium and Colletotrichum capsici. However, no inhibition was observed in Hydenum sp., Ramaria sp. and Cantharellus cibarius. Minimum inhibitory concentration was also determined which was ranged between 10-50 % concentration depending upon nature and properties of phytopathogenic and fruit body extracts of wild mushrooms. Overall results suggested that wild mushroom have antisporulant properties which can be source for development of potential novel fungicide for sustainable plant disease management.
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ABBREVIATIONS
CFU= Colony forming units
MIC= Minimal inhibitory concentration
CSKHPKV= Chaudhary Sarwan Kumar Himachal Pradesh Krishi Vishvavidyalaya







