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ABSTRACT

The most extensively farmed mushroom in the world is Agaricus bisporus (Lange) Imbach. WBD, which is
predominantly instigated by Mycogone perniciosa, might pose a severe danger to A. bisporus output over the
world. Because of the similarity between A. bisporus and M. perniciosa, it was predicted that the current
study would choose reliable antimycotic agents that could favorably treat this fungal disease on mushrooms.
The antimycotic susceptibility of host and pathogen was investigated in vitro using six different fungicides.
The effects of chlorothalonil, carbendazim, thiophanate-methyl, azoxystrobin, difenoconazole, and kresoxim-
methyl on M. perniciosa, the mycoparasite that origins white button mushroom wet bubble disease, were
evaluated in vitro and in vivo. Chlorothalonil and carbendazim were the potent antimycotic agents for
reducing M. perniciosa mycelial growth in vitro, with inhibitions of 96.93 percent and 94.15 percent,
respectively. Chlorothalonil inhibited the pathogen’s mycelial growth at 25-500 ppm, whereas carbendazim
did so at 5 to 100 ppm, with least (16.67 percent) inhibition of A. bisporus mycelium. Difenoconazole, kresoxim-
methyl and azoxystrobin among other fungicides, were shown to be very repressive to the pathogen (91.81
percent, 83.26 percent and 71.05 percent) with the largest percentage of inhibition (87.77 percent, 84.44
percent and 75.55 percent) of A. bisporus mycelium. Chlorothalonil and carbendazim and thiophanate-
methyl continued to handle WBD in field experiments with a smaller impact on mushrooms than other
fungicides.
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Introduction

The white button mushroom, Agaricus bisporus
(Lange) Imbach, is the utmost widely farmed mush-
room in the world, belonging to the Agaricaceae
family. China is one of the largest producers of A.
bisporus on the planet (Royse et al., 2017). The white

button mushroom is becoming a more common part
of people’s diets because of its nutritional worth,
medical benefit (antitumor activity and
hypocholesterolemic effects), and ecologically ac-
ceptable approach (Zhang et al., 2014; Du et al.,
2017). Mycogone perniciosa (Magnus) Eugene
Delacroix, which causes wet bubble disease how-
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ever, have a significant impact on A. bisporus assem-
bly (Tu and Liao, 1989; Sharma and Singh, 2003; Fu
et al., 2016). Mycogone perniciosa, initially reported in
1888 from Paris and from time to time, the disease
has been reported to spread to other important
mushroom-growing countries such as the United
States, United Kingdom, the Netherlands, the,
China, Brazil, Australia, Africa, Hungary, Taiwan
and Europe. This pathogen was first discovered in
India in the year of 1978 in mushroom fields in
Jammu and Kashmir (Kaul et al., 1978). Himachal
Pradesh and Haryana were later reported to have
contracted the disease. Several workers exhibit the
symptoms of wet bubble at various phases of mush-
room cultivation.

Artificial vaccination of M. perniciosa has resulted
in yield losses of up to 100%, according to Bhatt and
Singh (2000). Because M. perniciosa causes a eclectic
array of symptom severity during infection, the ail-
ment is normally managed by cultural practices and
the use of fungicides (Kaul et al., 1978).  Because
both the host and the infective agent are fungi, man-
agement of this fungus disease of A. bisporus is com-
plicated. As a result, it’s critical to choose fungicides
that have the fewest effects on mushroom growth.
Aimed at the control of many plant diseases, chemi-
cal management is an effective strategy (Shi et al.,
2020). The usage of various fungicides is a typical
disease management approach used on farms all
over the world. Several compounds have been re-
jected for use in Europe as a result of recent chemi-
cal evaluations. As a result, disease management
with no or few pesticides in the smallest mode is a
severe problem for mushroom farmers in the
twenty-first century. Antifungal resistance amongst
pathogen populations, which is handled by pres-
ently accessible pesticides, and the introduction of
novel infections are two examples of problems

(Grogan, 2008). The effectiveness of fungicides is
determined by the frequency with which they are
used (Bonnen and Hopkins, 1997), also their perse-
verance in higher concentrations in mushroom cov-
ering soil (Grogan and Jukes, 2003). When fungi-
cides from the category of methyl benzimidazole
carbamates (MBC) were developed in 1960s, they
provided exceptional treatment of a variety of fun-
gal infections of cultivated mushrooms (Delp, 1987;
McKay et al., 1998; Grogan and Gaze, 2000; Potonik
et al., 2007, 2008). Carbendazim and Thiophenate
methyl fungicides belong to MBC (Methyle Benz-
imidazole Carbamate) group and their target site is
-tubulin assembly in mitosis. Carbendazim was
likewise revealed to be the utmost efficient fungicide
for reducing M. perniciosa mycelial evolution, ac-
cording to Gea et al., (2010). However, resistant
pathogen strains emerged after many years of exten-
sive usage (Bollen and van Zaayen, 1975; Bonnen
and Hopkins, 1997; Potonik et al., 2008b). Many fun-
gal infections on mushrooms are effectively inhib-
ited by imidazole demethylation inhibitors (DMIs),
by preventing the demethylation phase in sterol
biosythesis, a vital molecule accountable for the per-
manency and function of mushrooms (Hamamoto et
al., 2000). Strobilurin are the fungicides isolated
from the mushrooms (Basidiomycetes) (Anke et al.,
1977) are also known as QUI fungicidesinhibit the
mitochondrial respiration by blocking the electrons
transfer at cytochrome, they include kresoxim- me-
thyl, Azoxystrobin, pyraclostrobin, trifloxystrobin
and fluoxastrobin (Isamu and Makoto, 2005;
Rodrigues et al., 2013; Khandelwal et al., 2014;
Zubrod et al., 2019).

Pesticide biodegradation is a remarkable environ-
mental feature because it prevents hazardous com-
pounds from accumulating in the atmosphere, how-
ever there must be a balance between the chemical

Table 1. Technical details of fungicides used under the study

Common name Trade name Chemical name

Chlorothalonil Kavach 2,4,5,6-tetrachlorobenzene-1,3-dicarbonitrile
Carbendazim Bavistin methyl N-(1H-benzimidazol-2-yl)carbamate
Thiophanate Methyl Ditto Dimethyl N,N2-[1,2-phenylenebis

(azanediylcarbonothioyl)] dicarbamate
Azoxystrobin Amistar Methyl (2E)-2-(2-{[6-(2-cyanophenoxy)pyrimidin-4-yl]oxy}phenyl)-3-

methoxyprop-2-enoate
Difenoconazole Score 1-[[2-[2-chloro-4-(4-chlorophenoxy)phenyl]-4-methyl-1,3-dioxolan-

2-yl]methyl]-1,2,4-triazole
Kresoxim -methyl Ergon methyl (E)-methoxyimino[á-(o-tolyloxy)-o-tolyl]acetate
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treatment against its target microorganism and the
time it takes for it to break down into harmless com-
ponents at the end (Grogan, 2008). The concentra-
tion of thiabendazole in covering soil persisted high
through the harvesting period, but carbendazim and
prochloraz manganese concentrations decreased
dramatically in the end of the subsequent flush
(Grogan and  Jukes, 2003; Papadopoulos, 2006).
Carbendazim is identified to be vulnerable to micro-
organism squalor in soils (Fletcher et al., 1980;
Yarden et al., 1990), which might lead to a reduction
in pathogen control in zones wherever the antifun-
gal is still effective. These of fungicides in efficacy
tests on cultivated mushrooms is quite unusual.
Highly specific fungicides are essential for the
chemical management of fungal infections so as to
prevent infection without hindering the growth of
A. bisporus. Due to the few studies and stringent reg-
istration procedures, commercial fungicides certi-
fied for mushroom growing are not widely available
(White head, 2002; Stoddart et al., 2004). The objec-
tive of this research was to find fungicides that could
help with WBD control. Table 1 shows technical de-
tails of fungicides used in this study. As a result, we
evaluated the sensitivity of six fungicides in vitro
and in vivo against M. perniciosa and A. bisporus.

Material and Methods

The extant study was steered at the Central Univer-
sity of Himachal Pradesh in the department of envi-
ronment science to check the standing of wet bubble
disease in white button mushrooms.

In vitro testing of fungitoxicants

Using the Nene and Thapliyal poisoned food tech-
nique (2000), six fungitoxicants were inspected in
vitro against to M. perniciosa and A. bisporus myce-
lium. The systemic fungitoxicant was tested at con-
centrations of 5, 10, 25, 50 and 100 ppm whereas the
non-systemic fungitoxicant was tested at concentra-
tions of 25, 50, 100, 200, and 500 ppm. A 25 ml
double strength test fungitoxicant concentration was
aseptically added to double strength sterilised PDA
in a 150 ml Erlenmeyer flask. After being thoroughly
but gently shaken, the contents were aseptically
placed on pre-sterilized Petri plates. Mycogone
perniciosa and A. bisporus culture mycelial discs were
retained aseptically in the Petri plate and incubated
at 23±20 C for 7 and 14 days, respectively. Three
times each experiment was repeated. As controls, M.

perniciosa and A. bisporus were permitted to breed
disjointedly in Petri plates. After the test pathogen
had nearly filled the Petri plate, data on radial myce-
lial development was collected. Vincent’s approach
(1947) was used to determine mycelium growth in-
hibition as a measure of fungicidal activity.

(C–T)
Percent mycelial growth inhibition = × 100 

C

Where C = Radial mycelial growth (mm) under con-
trol
T = Radial mycelial growth (mm) within the treat-
ment

In vivo evaluation of fungitoxicants

During the current study, fungicides that had good
results in vitro and showing minimum inhibition to
host mushroom mycelium were applied in vivo as
well. Chlorothalonil was evaluated at doses of 0.05,
0.1, and 0.2 percent. The systemic fungicides
carbendazim and thiophanate-methyl were tested at
0.025, 0.05, and 0.1 percent. Before inoculating the
pathogen, apiece fungicidal concentration was com-
bined with exterior mixture at the rate of 100 ml/kg
casing mixture. 1 x 108 spores ml-1 solution obtained
from a 10-days old culture, put to covering soil at
the degree of 20 ml/bag of 30 cm diameter, apiece
treatment was replicated three times. Experiment
was run with inoculated and uninoculated control
without any fungicidal treatment. The experiment
was conducted without the use of any software.
There were three mushroom flushes that were
looked into. For each treatment, the number of
healthy and sick mushrooms as well as the overall
weightiness of strong fruiting bodies was noted.
Mushroom fruiting times, hues, and shapes were ex-
amined and noted. For each treatment, the yield of
healthy mushrooms was estimated. Founded on the
proportion of the quantity of infected sporophores
to the entire number of cropped mushrooms, dis-
ease prevalence was determined as a fraction. Each
fungicide’s efficacy to control disease, was evalu-
ated according to the following formula (Gea et al.,
2010).

Disease incidence of control - disease
incidence of treated

Control efficacy = × 100
Disease incidence of control

Statistical analysis

Statistical investigation was accomplished on the
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acquired data. Bestowing to the procedures recom-
mended by Gomez and Gomez, the alterations
shown by the behaviors in several studies were
evaluated for their implication (1984).

Results

In vitro evaluation of Fungitoxicants

The inhibitory effects of fungicides, namely
chlorothalonil, carbendazim and thiophanate-me-
thyl, difenoconazole, kresoxim-methyl and
azoxystrobin on the Mycogone perniciosa and Agari-
cus bisporus mycelium, were assessed using the poi-
soned food technique at 5, 10, 25, 50, 100, 200, and
500 ppm concentrations.

Effect on pathogen’s mycelial development

Chlorothalonil was the most effective, inhibiting
growth by 96.93 percent, followed by carbendazim,
which inhibited growth by 94.15 percent and
azoxystrobin was the least effective fungicide
against the test pathogen (75.55 percent) (Table 2).

The results (Fig.1) also demonstrated that as the
fungicide concentration was increased, the myce-

lium growth inhibition of the pathogen increased as
well, chlorothalonil caused overall inhibition of
97.84 percent, attained at the highest dose of 500
ppm, whereas a fungicide dose of 25 ppm inhibited
total growth by 73.72 percent. Carbendazim was the
second-best fungicide, inhibiting growth by 94.15
percent followed by difenoconazole (93.81 percent),
thiophanate methyl (91.66 percent), kresoxim-me-
thyl (83.26 percent) and azoxystrobin (71.05 per-
cent).

Effect on the host’s mycelial development

The results (Table 3) demonstrated that the inhibi-
tory possessions of the test fungicides on the host
varied significantly.  In comparison, carbendazim
inhibited A. bisporus’s development by the least
amount (16.67 percent, followed by thiophanate me-
thyl and chlorothalonil (23.26-32.36 percent), while
difenoconazole was the least effective, greatest
growth inhibition was 87.77 percent.

The percent growth inhibition increased with in-
creasing fungicide concentration, with the lowest
(2.88 percent) inhibition obtained at 25 ppm and the
highest (32.36 percent inhibition obtained at 500

Fig. 1. In vitro evaluation of fungitoxicants against pathogen Mycogone perniciosa: (a) Chlorothalonil fungitoxicants
against Mycogone perniciosa (b) Cabendazim fungitoxicants against Mycogone perniciosa (c) Thiophanate methyl
fungitoxicants against Mycogone perniciosa (d,f) Azoxystrobin,  Difenoconazole, Kresoxim-methyl.
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Table 2. In vitro assessment of diverse fungitoxicants w.r.t inhibitory effects on the evolution of Mycogone perniciosa, the
cause of wet bubble disease

Fungicide % growth inhibition over control at diverse concentrations (g ml–1) Mean
5 (25)* 10 (50) * 25 (100) * 50 (200) *      100 (500) *

Chlorothalonil 73.72 79.14 86.12 91.74 96.93 85.53
(59.19)** (62.82) (68.13) (73.35) (80.01) (68.70)

Carbendazim 67.76 70.13 75.27 85.13 94.15 78.49
(55.39) (56.87) (60.15) (67.40) (76.14) (63.19)

Thiophanate methyl 57.37 63.96 71.37 81.65 91.66 73.20
(49.22) (53.08) (57.79) (64.61) (73.20) (59.55)

Difenoconazole 32.76 71.62 72.83 87.63 91.81 71.46
(34.90) (57.79) (58.56) (69.39) (74.06) (58.94)

Kresoxim-methyl 54.98 51.54 64.99 81.85 83.26 67.32
(47.84) (45.86) (53.70) (64.76) (65.83) (55.60)

Azoxystrobin 52.41 61.76 67.25 59.28 71.05 62.35
46.36 (51.81) (55.07) (50.33) (57.43) (52.20)
Mean 56.50 66.36 72.97 81.21 88.25

(48.82) (54.70) (58.87) (64.97) (71.11)

CD0.05 S.E(d) S.E(m)

Fungicide 1.07 0.53 0.37
Concentration 0.98 0.48 0.34
Fungicide x Concentration 2.40 1.19 0.84

*Concentrations of chlorothalonil
** Figures are angular transformed values

Table 3. In vitro assessment of different fungtoxicants w.r.t inhibitory effects on the growth of Agaricus bisporus myce-
lium

Fungicide            % growth inhibition over control at diverse concentrations (g ml–1) Mean
5 (25)* 10 (50)* 25 (100)* 50(200)* 100(500)*

Chlorothalonil 2.88 5.49 15.40 28.30 32.36 16.89
(9.73)** (13.47) (23.07) (32.04) (34.60) (22.58)

Carbendazim 3.13 7.63 10.98 14.07 16.67 10.49
(10.15) (16.02) (19.30) (21.99) (24.02) (18.30)

Thiophanate methyl 3.74 6.51 18.58 18.65 23.26 14.15
(11.07) (14.76) (25.49) (25.54) (28.82) (21.13)

Difenoconazole 66.66 75.55 77.77 83.33 87.77 78.21
(54.78) (60.39) (61.94) (65.94) (69.81) (62.57)

Kresoxim- methyl 66.66 63.33 74.42 78.88 84.44 73.54
(54.72) (52.83) (59.72) (62.72) (67.05) (59.41)

Azoxystrobin 47.77 53.99 63.33 68.88 75.55 61.90
(43.65) (47.32) (52.85) (56.17) (60.50) (52.10)

Mean 31.81 35.42 43.41 48.68 53.34
(30.68) (34.13) (40.40) (44.07) (47.47)

CD0.05 S.E(d) S.E(m)

Fungicide 2.84 1.41 1.00
Concentration 2.59 1.29 0.91
Fungicide x Concentration N/S 3.17 2.24

*Concentrations of chlorothalonil
** Figures are angular transformed values
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ppm in chlorothalonil. The least inhibiting fungicide
concentrations were carbendazim and thiophanate
methyl at 5 ppm followed by chlorothalonil at
25ppm. At 100 ppm, difenoconazole and kresoxim-
methyl inhibited the test fungal mycelium the most
(87.77-84.44 percent) (Fig. 2).

In vivo assessment of fungitoxicants

Table 4 represents the outcome of fungitoxicants
merged in exterior on % incidence of wet bubble dis-
ease of white button mushroom (Agaricus bisporus).
The data discovered that entirely the fungicidal
treatments abridged the % disease strength as
equated to inoculated unprocessed check-I. Associ-
ated to a wet bubble strength of 31.55 % attained in
inoculated crude check-I, the disease was abridged
to 3.49 per cent by application of chlorothalonil at
0.2% unveiling the disease control of 88.93 %.
Carbendazim and Thiophanate methyl at 0.1% were
the subsequent best actions revealing wet bubble
intensity of 7.83-8.04 percent with a disease control
of 75.08-74.51 percent.

The application of thiophanate methyl at 0.1 per-
cent concentration yielded the less fruit-bodies per
kg mushroom (79.50), trailed by carbendazim and
chlorothalonil yielding 80.13-82.66 fruit-bodies per

kg mushroom (Table 5), With different fungicidal
treatments, the average fruit-body weight also var-
ied greatly. Chlorothalonil and carbendazim at 0.2
percent and 0.1 percent concentration each showed
maximum (14.24-14.14 g) average, compare to that
of an inoculated and uninoculated control (10.62-
12.51 g). Chlorothalonil and carbendazim (0.2 per-
cent and 0.1 percent) produced the highest button
yields of 17.40-15.61 kg/quintal compost, compared
to 16.6 6kg/quintal compost in the uninoculated
tests and 5.8.kg/quintal compost in inoculated con-
trol. The least efficient fungicides were thiophanate
methyl (0.1 percent) with average yields of (14.78)
kg / quintal compost.

Effect of quality parameters of sporophores

The characteristics of sporophores were also consid-
erably impacted by fungicidal sprays on infested
casing (Table 6). The pileus weight of 4.9 g in the in-
oculated control was observed to improve remark-
ably to 7.78 g-6.86g in the chlorothalonil and
carbendazim treatments (0.2 percent and 0.1 per-
cent). In the uninoculated control, the pileus weight
improved remarkably to 6.9 g. The next best treat-
ments were thiophanate-methyl, which provided a

Fig. 2. In vitro evaluation of fungitoxicants against host Agaricus bisporus: (a) Chlorothalonil fungitoxicants against
Agaricus bisporus (b) Cabendazim fungitoxicants against Agaricus bisporus (c) Thiophanate methyl fungitoxicants
against Agaricus bisporus (d,f) Azoxystrobin, Difenoconazole,  Kresoxim-methyl.
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pileus weight of 6.02 g. Among the different fungi-
cidal treatments, chlorothalonil (0.20 percent) had
the largest pileus diameter (3.60 cm), which was
comparable to the uninoculated control (3.57cm).
The next best treatments were carbendazim and
thiophanate-methyle (0.1 percent), which provided
pileus dia of 3.77-3.44cm. In the carbendazim fungi-
cide (0.1 percent), the stipe weight was highest (7.15
g). The next best treatments were chlorothalonil and
thiophanate-methyl (0.20 and 0.1 percent percent),
which provided stipe weights of 6.59-6.07g. In the
inoculated control, the average stipe weight was 5.2
g, compared to 6.23 g in uninoculated control. The

treatments receiving carbendazim and
chlorothalonil had the largest stipe diameter of 1.51-
1.32cm, compared to 1.16 cm in the inoculated con-
trol, compared to 1.33 cm in uninoculated control.

Discussion

Chlorothalonil, carbendazim and thiophanate me-
thyl exhibited the greatest in vitro inhibition against
M. perniciosa and the tiniest against A. bisporus. At
100 ppm, carbendazim, thiophenate-methyl, and
difenoconazole reduced the pathogen mycelium at
large extent, but at 200 ppm, chlorothalonil did the

Table 4. Outcome of fungitoxicants unified in covering on % incidence of wet bubble disease of white button mush-
room (Agaricus bisporus)

Fungicide Concentration Disease Incidence Disease
(g ml–1) Control (%)

Chlorothalonil 0.05% 7.27 (2.86) 76.95
0.1% 5.47 (2.53) 82.66
0.2% 3.49 (2.10) 88.93

Carbendazim 0.025% 11.46 (3.38) 63.67
0.05% 10.93 (3.45) 65.35
0.1% 7.83 (2.97) 75.08

Thiophanate methyl 0.025% 12.93 (3.73) 59.01
0.05% 10.62 (3.40) 66.33
0.1% 8.04 (3.00) 74.51

Check I (inoculated - untreated)     31.55
Check II (unioculated -   untreated) 0.00

S.E± 0.122 0.122
CD0.05 0.28 0.28

Table 5. Effect of three selected fungitoxicants on Mycogone perniciosa and agronomical traits of white     button mush-
room (Agaricus bisporus) under mushroom house conditions

Fungicide Concentration No. of fruit bodies Weight of fruit Button yield
per kg of bodies (g) kgs/q compost

mushroom

Chlorothalonil 0.05% 83 (9.16) 12.77 (3.71) 11.65 (3.55)
0.1% 83.83(9.21) 12.99 (3.74) 14.41 (3.92)
0.2 % 82.66 (9.14) 14.24 (3.90) 17.40 (4.28)

Carbendazim 0.025% 81.50 (9.08) 11.63 (3.55) 11.50 (3.53)
0.05% 81.66 (9.09) 12.84 (3.72) 13.40 (3.79)
0.1 % 80.13 (9.01) 14.14 (3.89) 15.61 (4.07)

Thiophanyte methyl 0.025% 81.83 (9.10) 11.23 (3.49) 9.76 (3.28)
0.05% 80.50 (9.02) 11.74 (3.56) 11.19 (3.50)
0.1 % 79.50 (8.97) 12.74 (3.70) 14.78 (3.92)

Inoculated control 81.33 10.62 5.8
Un-inoculated control 82.66 12.51 16.66
CD0.05 0.28 0.08 0.07
S.E(d) 0.12 0.04 0.03
S.E(m) 0.08 0.02 0.02
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same. At 25 ppm carbendazim had 16.67 percent
maximum repressive outcome on the evolution of A.
bisporus mycelium, however chlorothalonil and
thiophanate methyl inhibited the 32.36-23.26 percent
growth of host. Carbendazim, a systemic fungicide,
was shown to be extremely fungitoxic, reducing the
pathogen’s mycelial growth at various test dosages.
However, Chalaux et al., (1993) discovered that
carbendazim was hazardous to A. bisporus in the
past. Agaricus bisporus strain X22 was found by
Chrysayi-Tokousbalides et al., (2007) to have a poor
sensitivity to carbendazim. Potnik et al., 2010 and
Gea et al., 2010 reported that fungicide group MBC
was quite operative to control M. perniciosa in mush-
room industry although they don’t improve the any
efficiencies of A. bisporus. It was observed that
carbendazim has slightly reduced the efficiency of
pathogen inhibition as compare to chlorothalonil
and A. bisporus strain NBS5 was susceptible to the
fungicide carbendazim and has shown minimum
inhibition among other fungicides. Findings of
Fletcher et al., (1980) indicated the same thing during
the advance stage of crop cycle there is small decline
in the efficacy of carbendazim and this finding is
also supported by Grogan and Jukes (2003).
Chlorothalonil was reported to cause toxicological
issues in mushroom mycelial development at differ-
ent concentrations (Challen and Elliott, 1985;
Fletcher, 2002; Beyer and Kremser, 2004). However,
at low doses Chalaux et al., (1993) found no evidence
of toxicity of that fungicide to some selected strains

of A. bisporus which is consistent with our results.
France, Poland, and Spain have also allowed the
usage of chlorothalonil. American law authorizes
the usage of methyl benzimidazole carbamate
(MBC) fungicide and chlorothalonil formulations in
mushroom harvests. Chlorothalonil and
carbendazim were the efficient fungicides against
the pathogen Mycogone perniciosa and gave maxi-
mum growth inhibition as comparison to other fun-
gicides but chlorothalonil has shown much growth
inhibition against host A. bisporus compare to the
carbendazim, this finding is in favor with the find-
ing of (Fletcher, 2002; Beyer and Kremser, 2004) who
reported  the carbendazim was the best and suitable
fungicide in fungicide sensitivity from A. bisporus
with the slightly reduction in the crop yield (Table
3).

A momentous interaction existed amongst fungi-
cides and their concentrations. Difenoconazole,
Kresoxim methyl and azoxystrobin were the other
fungitoxicants that had shown good efficacy against
the mycelium growth of pathogen. 91.81 percent ef-
ficacy was observed from difenoconazole fungicide
but it has shown highest toxicity against the host
mycelium (87.77) percent followed by the kresoxim-
methyl has shown 84.44 percent inhibition at 100
ppm. Triazole group of fungicides has shown sig-
nificant inhibition against a variety of pathogens in
mushroom crop described by several investigators
(Chrysayi-Tokousbalides et al., 2007; Shi et al., 2020)
which is conflicting with our results of

Table 6. The effect of fungitoxicants introduced in Mycogone perniciosa verminous casing on quality parameters of
white button mushroom (Agaricus bisporus).

Fungicide Concentration Weight of Diameter of Stipe Stipe
pileus (g)  pileus (cm) Weight (g)  Diameter

(cm)

Chlorothalonil 0.05% 5.82 (2.61) 3.10 (2.02) 6.18 (2.67) 1.58 (1.60)
0.1% 6.60 (2.75) 3.44 (2.10) 6.53 (2.74) 1.27 (1.50)
0.2% 7.78 (2.77) 3.60 (2.14) 6.59 (2.75) 1.32 (1.52)

Carbendazim 0.025% 5.21 (2.49) 3.33 (2.08) 6.05 (2.65) 0.91 (1.38)
0.05% 5.97 (2.64) 3.55 (2.13) 6.59 (2.75) 1.13 (1.46)
0.1% 6.86 (2.79) 3.77 (2.18) 7.15 (2.85) 1.51 (1.58)

Thiophanyte methyl 0.025% 5.12 (2.47) 3.24 (2.06) 5.80 (2.60) 0.85 (1.36)
0.05% 5.34 (2.51) 3.34 (2.08) 6.76 (2.78) 1.04 (1.42)
0.1% 6.02 (2.65) 3.44 (2.10) 6.07 (2.65) 1.22 (1.49)

Inoculated Control 4.9 2.69 5.2 1.16
Uninoculated Control 6.9 3.57 6.23 1.33
CD0.05 0.05 0.02 0.02 0.07
S.E (d) 0.02 0.01 0.01 0.03
S.E (m) 0.01 0.00 0.00 0.02
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difenoconazole, showing good inhibition against
pathogen but very toxic to host A. bisporus. Many
researchers reported the unsatisfactory efficacy of
Strobillurin group of fungicide in terms of their in-
terference with the A. bisporus growth (Potocnik et
al., 2009; Chrysayi-Tokousbalides et al., 2007). QUI
fungicide Azoxystrobin and Kresoxim methyl have
showed significant efficacy against M. perniciosa at
low doses but also inhibited the growth of A.
bisporus at high extent so they were not use in vivo
studies since they failed to inhibit the development
of the M. perniciosa isolates without affecting the
host growth (Table 3). This finding supported
bymany researchers reported the unsatisfactory ef-
ficacy of Strobillurin group of fungicide in terms of
their interference with the A. bisporus growth
(Potocnik et al., 2009; Chrysayi-Tokousbalides et al.,
2007). Three out of six tested fungitoxicants
carbendazim, chlorothalonil and thiophanate me-
thyl may be recommended effective against M.
perniciosa. Chlorothalonil has shown maximum inhi-
bition and azoxystrobin has the least inhibition
against pathogen M. perniciosa. The best fungicide
was the carbendazim have given better disease con-
trol without impairing vegetative development and
fructification of A. bisporus.
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