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Abstract Button mushroom (Agaricus bisporus) is
the predominant mushroom species cultivated around
the world. In the button mushroom cultivation, cas-
ing soil is one of the main substrate inducing emer-
gence of mushrooms but presence of Trichoderma
aggressivum f. aggressivum (causal agent of green
mould disease) in casing soil causes devastating yield
losses. However, little is known about management
of the green mould in button mushroom cultiva-
tion. The aim of this study was to examine efficacy
of several disinfectants and heat treatments against 7.
aggressivum f. aggressivum in casing soil and mush-
room yield. In this respect, by considering yield (total
amount of sporophores) values, in vivo experiments
were separately set up according to randomized block
design with three replications. As a result, compared
to controls, disinfectants [hydrogen peroxide (H,0,),
formaldehyde (CH,0), sodium hypochlorite (NaOCl)
and hypochlorous acid (HOCI)] and heat treatments
(60, 90 and 120 °C) significantly (P0.01) increased
mushroom yields up to 18.74 and 24.06% in the
treated plots, respectively. Biological efficiency val-
ues ranged from 87.16 to 105.72% in the disinfectant
treatments, while they varied from 93.15 to 95.68%
in the heat treatments. However, applications of the
disinfectants at high doses had negative influence on
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growth of A. bisporus. The overall results suggest
that the tested disinfectants and heat treatments may
significantly increase button mushroom yield by sup-
pressing development of T. aggressivum f. aggressi-
vum in casing soil. The present study not only reveals
management practices that can be used against the
green mould in the in vivo but also presents new
knowledge for mushroom industry.
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Introduction

Trichoderma species, the causal agents of the green
mould disease, induce epidemics in button mushroom
(Agaricus bisporus) cultivation around the world. In
the epidemics, a wide range of Trichoderma (e.g. T.
harzianum, T. atroviride, T. koningii, T. virens, T.
mienum and T. aggressivum) were reported associated
with the green mould (Kim et al., 2012; Kosanovié
et al., 2013). However, Trichoderma aggressivum f.
europaeum and T. aggressivum f. aggressivum are
considered as aggressive biotypes of the green mould
in Europe and North America, respectively (Hatvani
et al., 2007). To date, Trichoderma aggressivum f.
aggressivum has been known to occur in North Amer-
ica, but it was also reported in Hungary and Tiirkiye
(Hatvani et al., 2017; Aydogdu et al., 2020), imply-
ing that apart from North America, T. aggressivum f.
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aggressivum is spreading and posing threat to other
button mushroom growing countries.

Trichoderma species including T. aggressivum can
be found in different soils in various agroecologi-
cal areas (e.g. gardens, orchards, fields, forests) and
in casing soil used in button mushroom cultivation
(Btaszczyk et al., 2011; Mirkhani & Alaei, 2015).
Presence of the green mould in casing soil inhibits
fruiting body (sporophore) formation of A. bisporus.
Thus, yield losses occur in button mushroom cultiva-
tion (Lee et al., 2014). Although the green mould dis-
ease particularly its aggressive biotypes (7. aggres-
sivum) cause epidemics and devastating yield losses
in button mushroom cultivation. Little is known about
management of the disease.

In the management of fungal diseases (green
mould, dry bubble, wet bubble and cobweb) of but-
ton mushroom, several fungicides prochloraz-Mn and
metrafenone in Europe and thiabendazol, tiophanate-
methyl and chlorothalonil in the United States and Can-
ada have been officially recommended (Hatvani et al.,
2012; Santri€ et al., 2018). These fungicides are applied
to casing soil. However, fungicide resistance of the
causal agents in button mushroom cultivation has been
frequently reported (Berendsen et al., 2010; Medvediev
et al., 2019). Apart from this, toxic effects of fungicides
on button mushroom (Kosanovi¢ et al., 2015) should
not be overlooked as well. As regards other alternative
management practices tested, Potocnik et al. (2014)
reported efficacy of peracetic acid in the management
of cobweb disease of button mushroom. In addition,
essential oils were tested against several fungi (Tricho-
derma harzianum, Trichoderma agressivum f. euro-
paeum, Verticillium fungicola, Cladobotryum, Myco-
gone, Lecanicillium and Trichoderma) in the in vitro
studies (Sokovi¢ & van Griensven, 2006; Gorski et al.,
2010; burovi¢-Pejcev et al., 2014; Geosel et al., 2014;
Mehrparvar et al., 2016; Santos et al., 2017; Dianez
et al., 2018; Gea et al., 2019). Results of these experi-
ments seemed to be efficient but negative influence of
the essential oils on mycelial growth of A. bisporus,
cost and application difficulties in the in vivo created
difficulties in their use in button mushroom cultiva-
tion (Geosel et al., 2014; Santos et al., 2017; Gea et al.,
2019). Moreover, Yang et al. (2019) emphasized that A.
bisporus absorbed volatile compounds during storage,
indicating that button mushroom may absorb essential
oils used in the management of the fungal diseases dur-
ing button mushroom cultivation. Consequently, this
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may create marketing problems due to odour and taste
of button mushroom. Thus, other alternative manage-
ment practices that are applicable in the in vivo, cost-
effective, non-toxic to A. bisporus and environmentally
friendly should be considered for the management of
the green mould. In this regard, disinfectants [hydro-
gen peroxide (H,0,), formaldehyde (CH,0O), sodium
hypochlorite (NaOCI) and hypochlorous acid (HOCI)]
and heat treatments (60, 90 and 120 °C) were selected
in the study. The objective of this study was to inves-
tigate efficacy of these disinfectants and the heat treat-
ments against 7. aggressivum f. aggressivum in casing
soil and mushroom yield.

Materials and methods
Green mould inoculum

Green mould isolate 467 [Accession number:
MN177932 in Genbank (http://www.ncbi.nlm.nih.
gov)] of Trichoderma aggressivum f. aggressivum
was used as inoculum source in the experiments. This
isolate was obtained from the culture collection of
mycology laboratory of Bati Akdeniz Agricultural
Research Institute, Antalya province, Tiirkiye.

Agaricus bisporus (button mushroom) strain,
compost and casing soil

Commercial white (192,915 AG, Soc, France) strain
of A. bisporus, compost (trade mark: Ersanlar) and
casing soil (trade mark: Civril) were used for but-
ton mushroom cultivation in the experiments. These
materials were obtained from SMS Ersanlar mush-
room company in Korkuteli county, Antalya province.
In addition, to determine constituents of the mush-
room compost and casing soil, one sample (2 kg) for
the each material was taken and analyzed at the labo-
ratory of soil and plant nutrition department of Bati
Akdeniz Agricultural Research Institute (Table 1).

Disinfectants and material used for heat treatments

Four disinfectants (hydrogen peroxide, formaldehyde,
sodium hypochlorite and hypochlorous acid) were
used in disinfectant experiments (Table 2).

An autoclave (Alp-CL-32 L, Alp Co. Ltd., Japan)
was used for heat application experiments. In this
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Table 1 Constituents of mushroom compost and casing soil
used in the experiments

Constituents Mushroom com-  Casing soil
post

Moisture (%) 68.3 34.6
Dry matter (%) 31.7 65.4
Organic matter (%) 75.8 23.6
Ash (%) 24.2 76.4
N (%) 1.37 0.47
C (%) 44.0 13.7
C/N 32.1 29.0
P (%) 0.82 0.05
K (%) 3.34 1.06
Ca (%) 5.45 3.99
Mg (%) 0.54 1.47
pH 7.8 7.3

respect, three heat treatments (at 60, 90 and 120 °C
for 30 min) were separately applied to casing soil
using steam pressure of the autoclave.

Preparation of the green mould inoculum

Green mould isolate 467 (T. aggressivum f. aggressivum)
on potato dextrose agar (PDA) was incubated at 25 °C for
6 days in an incubator (Thermo Scientific, Thermo Elec-
tron LED GmbH, Germany). Ten millilitre distilled ster-
ile water was put per Petri plate (9 cm in diameter) and
developing colony surfaces of T aggressivum f. aggressi-
vum on PDA were gently scraped through a sterile brush.
Spore suspension was filtered through sterile two-layer
cheesecloth and adjusted to 1x10° conidia/mL using a
hemacytometer (Neubauer, Isolab, Germany).

Preparation of conditions for the experiments

Each experiment either disinfectant or heat treat-
ment was separately conducted in a room (4X5 m)

in the basement of Department of Plant Health of
Bat1 Akdeniz Agricultural Reseach Institute, Antalya
province. Air conditioning, ventilation and humidi-
fication of the room were provided for button mush-
room cultivation. Each experiment was repeated once
and set up according to randomized block design with
three replications.

Disinfectant treatments

Experimental units were composed of bags
(0.2%x0.35x0.2 m) containing 2 kg compost and
650 g casing soil forming a soil layer (3.5-4 cm in
thickness) on the top of the compost (Fig. 1).

Initially, 2 kg compost spawned at 2% (w/w) with
white strain (192,915 AG, Soc, France) of A. bispo-
rus was added into each bag and incubated at 25 °C
for 20 days. Within this period, 2 kg compost in the
bag was colonized by A. bisporus. Ensuing this, 650 g
casing soil per bag was laid to the top of the 2 kg
compost. In this way, a casing soil layer in 3.5 to 4 cm
thickness was formed on the compost. Afterwards, 1
mL green mould inoculum (spore suspension; 1 x 10°
conidia/mL) per bag was injected into central part of
the casing soil using a syringe (Aydogdu et al., 2021).
One day later, three doses of each disinfectant listed
below were separately applied to the casing soil in
each bag in the treatments. Six mL of each disinfect-
ant was sprayed on surface (0.03m?) of the casing soil
using a hand sprayer in each separate treatment.

-Hypochlorous acid (HOCI): 0.1, 0.5 and 1%.
-Hydrogen peroxide (H,0,) : 0.01, 0.1 and 1%.
-Formaldehyde (CH,0) : 0.1, 0.5 and 1%.
-Sodium hypochlorite (NaOCl): 1, 5 and 10%.

EENERUS T (O

In the controls, 1 mL spore suspension (1x10°
conidia/mL) of the isolate T. aggressivum f. aggressi-
vum per bag was injected into the casing soil without
disinfectant treatment. Conditions of the room were

Table 2 Disinfectants

¢ Disinfectants Formula Formulation Producer name  Ratio of active
(formula, formulatlon,. substance
producer name and ratio of
aﬁﬁYe substance) used in Hydrogen peroxide H,0, Liquid RoamTech 250 g/L.
the In VIvo experiments Formaldehyde CH,0 Liquid Delta Tarim 37%
Sodium hypochlorite NaOCl Liquid Tekim Kimya 6-14%
Hypochlorous acid HOCI Liquid Besna Kimya 0.046%
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Fig.1 Arrangement of in vivo experiments; experimental
units (bags containing 2 kg compost spawned with white strain
(192915 AG, Soc, France) of Agaricus bisporus (blue arrows)
+ 650 g-casing soil (orange arrows) forming a soil layer in 3.5
to 4 cm thickness on the top of compost)

kept at 22 to 25 °C with 85 to 90% relative humidity
for ten days. During this period, sterile distilled water
was sprayed on the casing soil at three days intervals
to form suitable emergence conditions for A. bisporus.
After this ten day-period, temperature of the room was
reduced 1 °C per day until 17 °C. Ventilation provid-
ing oxygen from out into the room was initiated to
reduce carbondioxide in the room. Thus, formation
of primordia and then sporophores of A. bisporus
were stimulated. After emergence of sporophores,
mushrooms reaching marketing size in each bag were
picked by hand and weighed. In this way, total yield
values for each bag were calculated in the treatments
and the controls. Total amount of two flushes of but-
ton mushroom were evaluated and mean yield of each
treatment was compared with its control.

Heat treatments

As beforementioned in the disinfectant treatments,
experimental units were set up for the heat treatments
but before adding casing soil to the top of the com-
post, 650 g casing soil was put into one autoclave bag.
Later, 1 mL green mould inoculum (spore suspension;
1x10° conidia/mL) was injected into the casing soil
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in each autoclave bag and exposed at 60 °C for 30 min
in the autoclave. Afterwards, the 650 g casing soil was
laid to top of the compost for each bag in the room.
In the controls, no heat treatment was applied, 650 g
casing soil per bag was laid to the top of the 2 kg com-
post and 1 mL spore suspension (1 x 10° conidia/mL)
of the isolate T. aggressivum f. aggressivum per bag
was injected into the casing soil. In the same way, the
other two heat treatments (at 90 and 120 °C 30 min)
were set up separately. Later, as mentioned in the dis-
infectant treatments, the same mushroom growing
conditions were maintained and yield values were cal-
culated according to two flushes. Mean yield of each
heat treatment was compared with its control plot.

Assessment of biological efficiency of all the
treatments

In addition, for further analyzing efficacy of the disin-
fectants and heat treatments on the mushroom yield,
biological efficiency (BE) values were calculated
according to the formula below.

BE (%)=Fresh weight of total fruiting body
yield + weight of dry spawned substrate mass X 100
(Chrysayi-Tokousbalides et al., 2007).

Statistical analysis

Analysis of variance was performed using SAS 9.1
software program (SAS Institute Inc., Cary, NC,
USA). Means of disinfectants (hydrogen peroxide,
formaldehyde, sodium hypochlorite and hypochlor-
ous acid), heat treatments (60, 90 and 120 °C), rates
of change and biological efficiency values were
grouped using Tukey’s multiple range test with the
significance of P<0.01.

Results

Disinfectant treatments

1-Hypochlorous acid (HOCI) treatment

Mean yields of the first, second and third doses of
hypochlorous acid treatment were 658.33, 670.33
and 641 g in the treated plots, respectively, whereas

they were 570, 589 and 605 g in their control plots.
Mean yield differences between the each dose of
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hypochlorous acid treatments and the control plots
were significant (P“0.01). Compared to the con-
trols, the first and second doses of hypochlorous
acid led to the highest yield increase, 15.49 and
13.8%, respectively, but the lowest yield increase
(5.95%) was detected in the third dose of hypochlo-
rous acid in the treated plots (Fig. 2).

2-Hydrogen peroxide (H,0,) treatment

Compared to the controls, the highest yield increase
(14.21%) was found in the second dose of hydrogen
peroxide in the treated plots but this yield increase
was not different from that of the first dose (P <0.01)
statistically. As for the third dose of hydrogen per-
oxide, although the third dose created a 5.84% yield
increase in the treated plots but mean yield of the
treated plots was not different from that of their con-
trols (P<0.01) statistically. In this context, mean
yields of the second, first and third doses of hydro-
gen peroxide were 605.33, 579.66 and 567.33 g in the
treated plots, respectively (Fig. 2).
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3-Formaldehyde (CH,O) treatment

In the formaldehyde treatment, compared to the con-
trols, the first and second doses of formaldehyde
caused significant (P“0.01) yield increases up to 18.74
and 12.40% by suppressing T. aggressivum f. aggres-
sivum in the treatments. Mean mushroom yields
of these doses of formaldehyde treatments were
591.33 and 576.66 g in the treated plots, respectively,
whereas mean yields of their control plots were 498
and 513 g, respectively. Compared to the controls, the
third dose of formaldehyde treatment formed a 5.26%
yield increase in the treated plots but it was not sig-
nificant (P“0.01) statistically (Fig. 2).

4- Sodium hypochlorite (NaOCl) treatment

In this treatment, compared to the controls, signifi-
cant (P<0.01) differences between the three doses
of sodium hypochlorite were established but the first
dose led to highest yield increase up to 17.20% in
the treated plots. Third dose of sodium hypochlorite

cde

HOCI HOCI  HOCI H202 H202 H202 CH20 CH20 CH20 NaOCl NaOCl NaOCl Heat Heat Heat

B Mushroom yield in control (g)

Fig. 2 Comparison of mushroom yield (total amount of spo-
rophores) in each dose of the tested disinfectants [hydrogen
peroxide (H,0,), formaldehyde (CH,0), sodium hypochlorite
(NaOCl) and hypochlorous acid (HOCI)] and heat treatments

B Mushroom yield in treatment (g)

60°C 90°C 120°C

B Change (%)

(60, 90 and 120 °C) in the treated and control plots. Values of
the bars are means of three replicates and levels not connected
by same letter are significantly (P< 0.01) different according to
Tukey’s multiple range test

@ Springer



51 Page6ofll

Phytoparasitica (2024) 52:51

Fig. 3 Comparison of mushroom yield (total amount of spo-
rophores) in the treated and control plots. A) Yield of the bag
(experimental unit) in the treatment (initially inoculated with
Trichoderma aggressivum f. aggressivum isolate 467 and then

created a 1.34% yield increase in the treated plots,
but it was not significant (P <0.01) statistically. Mean
yield values of the first, second and third doses of
sodium hypochlorite treatments were 610.66, 596.66
and 554.33 g in the treated plots, respectively, while
they were 521, 553 and 547 g in their control plots
(Fig. 2). One photograph (Fig. 3) from sodium
hypochlorite treatment was given as an example for
yield comparison of the disinfectant treatments.

Heat treatments

Efficacy of heat treatments against 7. aggressivum
f. aggressivum in casing soil and mushroom yield
was investigated by testing three different heat treat-
ments. In this context, compared to the control plots,
all the three heat treatments (at 60, 90 and 120 °C for
30 min) led to significant (P<0.01) yield increases in
the treated plots. The highest yield increase (24.06%)
was found in the second heat treatment of 90 °C,
while the lowest yield increase (16.73%) was detected
in the first heat treatment of 60 °C, but the differ-
ences between the each heat treatment were not sig-
nificant statistically. Mean yield values of the heat
treatments of 90, 120 and 60 °C were 606.66, 601.33
and 590.66 g, respectively, while mean yields of their
control plots were 489, 492 and 506 g in the control
plots. The results showed that all the heat treatments
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treated with sodium hypochlorite); B) Yield of the bag in the
control (inoculated with Trichoderma aggressivum f. aggressi-
vum isolate 467 without sodium hypochlorite application), cas-
ing soil layer (orange arrow) and compost (blue arrow)

tested had suppressive effects on growth of T. aggres-
sivum f. aggressivum in casing soil and promoting
mushroom yield as well (Fig. 2).

Overall comparison of all the treatments and their
biological efficiency

Compared to the control plots, all the tested experi-
ments induced considerable yield increases in but-
ton mushroom (A. bisporus) yield by suppressing
growth of the green mould (7. aggressivum f. aggres-
sivum) in casing soil. However, comparing all the
experiments, the heat treatments led to higher yield
increases than majority of the disinfectant treat-
ments. In the disinfectant treatments, the highest
yield increases were detected at the rates of 18.74 and
17.20% in the first doses of the formaldehyde (CH,0)
and sodium hypochlorite (NaOCl) treatments, respec-
tively. In general, compared to the other doses of
the tested disinfectants, the third doses led to lower
yield increases in the treated plots, implying negative
effects of increasing doses of the tested disinfectants
on A. bisporus growth in casing soil as well (Fig. 2).
Biological efficiency (BE) values of majority of
the treatments were significantly higher than those
of the controls. For example, BE of the first dose of
sodium hypochlorite (NaOCl) in the control was
82.17%, while it was 96.31% in the treated plots.
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Fig. 4 Comparison of biological efficiency (BE) for the
tested disinfectants [hydrogen peroxide (H,0,), formaldehyde
(CH,0), sodium hypochlorite (NaOCl) and hypochlorous acid
(HOCI)] and heat treatments (60, 90 and 120 °C) in the treated

However, there were significant differences among
the treatments. In this context, the highest BE val-
ues, 105.72, 103.83 and 101.1%, were found in the
second, third and first doses of the hypochlorous
acid (HOCI) treatments, respectively, but the differ-
ences were not significant statistically. The lowest BE
values, 93.26, 90.95 and 87,16%, were established
in the first, second and third doses of the formalde-
hyde (CH,O) treatments. Except for the third doses
of the sodium hypochlorite (NaOCl), formaldehyde
(CH,0O) and hydrogen peroxide (H,0,), all the doses
of all the treatments provided over 90% biological
efficiency (Fig. 4).

Discussion
Positive effects of hydrogen peroxide (H,0,) on qual-

ity of button mushroom in post-harvest storage were
previously reported (Sharaf-Eldin & Gedsel, 2016).

100 cfd-h
jkl
8
6
4
2

H202 | H202 H202 CH20 CH20 CH20 NaOCl NaOCl NaOCl

cde
Heat = Heat Heat

60°C 90°C 120°C

M BE (%) in treatment

and control plots. Values of the bars are means of three repli-
cates and levels not connected by same letter are significantly
(P<0.01) different according to Tukey’s multiple range test

In the present study, 0.01 and 0.1% concentrations
of hydrogen peroxide caused significant (P <0.01)
yield increases up to 14.21% in the treatments, while
the 1% concentration induced lower yield increase
than the other doses, indicating that increasing dose
of hydrogen peroxide may have negatively affected
growth of A. bisporus. Likewise, Qiu et al. (2017)
reported that hydrogen peroxide at high doses inhib-
ited growth of oyster mushroom strains (e.g. Pleuro-
tus sajor-caju, P. salmoneo-stramineus, P. ostreatus)
and caused toxicity, which corroborated the results of
the present study. Similarly, in the sodium hypochlo-
rite (NaOCl) experiment, as the dose increased, yield
of button mushroom decreased in the treated plots. In
this regard, Oh et al. (2000) reported that high doses
of sodium hypochlorite inhibited development of
oyster mushroom (Pleurotus ostreatus), which is in
agreement with the results of the present study.

In the formaldehyde (CH,O) treatment, the similar
results aforementioned were also found. Compared to
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the control, 0.1 and 0.5% concentrations of formal-
dehyde caused significant (P<0.01) yield increases
in the treatment plots. In this context, Sharma et al.
(2007) suggested treatment of casing soil with for-
maldehyde against soilborne fungus (Lecanicillium
fungicola) in button mushroom cultivation, support-
ing the results of the present study. These findings
may imply applicability of formaldehyde against
fungi in casing soil in button mushroom cultivation.
In the hypochlorous acid (HOCI) experiment, 0.1
and 0.5% concentrations of HOCI created the high-
est yield increases, whereas the 1% concentration led
to significantly lowest yield increase in the treated
plots, indicating adverse effects of increasing dose of
hypochlorous acid on A. bisporus growth in casing
soil. In this respect, Eryilmaz and Palabiyik (2013)
stated that when chlorine was used at appropriate
doses, it did not cause toxicity in biological tissues.
In fact, hypochlorous acid (HOCI), common formu-
lation of chlorine, is used commonly as disinfectant
in various areas such as medicine and industry due to
its antimicrobial features (Gray et al., 2013).

Applicability of the disinfectants tested in the
present study might be evaluated by considering
the related literatures. In this context, formalde-
hyde is the simplest aldehyde compound generated
by plants, animals, and humans and it is also pro-
duced synthetically and used as disinfectant in medi-
cine, industry and other areas (Zhang, 2018). Use
of formaldehyde in A. bisporus cultivation may not
create a concern for health as long as not inhaling
during its application (Claeys et al., 2009). As for
Hydrogen peroxide (H,0,), it is an endogenic reac-
tive oxygen species generated in cells and signal-
ling molecule involved in kinase-driven pathways
(Gough & Cotter, 2011). Moreover, it has beneficial
traits in maintaining post-harvest quality of button
mushroom (Rageh, 2018).

Hypochlorous acid (HOCI) is a natural compound
produced against infections in human body and it is a
common formulation of chlorine. Chlorine is gener-
eally utilised to get rid of microorganisms in drink-
ing water and swimming pools. With antimicrobial
features, it is used as a disinfectant in medical and
industrial areas as well (Gray et al., 2013). In addi-
tion, it was also reported that hydrogen peroxide and
chlorine dioxide (C1O,) could be used at certain doses
against green mould in oyster mushroom (Pleurotus
spp.) production (Atila, 2020). Sodium hypochlorite
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is known as liquid bleach used as disinfectant/bleach-
ing agent since the eighteenth century. It is commonly
utilised in medicine with its antimicrobial traits. Con-
sidering all of these, it could be inferred that the dis-
infectants tested in the present study might be used
as alternative management practices against the green
mould in button mushroom cultivation. Moreover,
these disinfectants are commercial, cost-effective, and
applicable in the in vivo.

In the present study, all the three heat treatments
(at 60, 90 and 120 °C for 30 min) induced significant
(P<0.01) yield increases in the treated plots, imply-
ing effectiveness of the heat treatments against 7.
aggressivum f. aggressivum in casing soil. This may
have been related to death of conidia of T. aggressi-
vum f. aggressivum as a result of the heat exposures
in the treatments. Likewise, in a study, some plant-
pathogenic fungi (e.g. Schizophyllum commune, Phy-
tophthora cinnamomi, Phellinus weirii, Ophiostoma
novo-ulmi, Fusarium circinatum) did not survive
when they were exposed to heat at 55 to 60 °C for
30 min (Ormsby, 2017). In this context, Lee et al.
(2014) reported that heat treatments (at 80 °C for
60 to 90 min or at 100 °C for 30 min) of casing soil
reduced the diseases (green mould and brown blotch)
and caused significant yield increases in button mush-
room cultivation. Similarly, Bechara et al. (2009)
stated that heat treatments (at 121 °C for 60 and
180 min) of casing soil increased the yield of button
mushroom. All these findings are in agreement with
the result of the present study.

With regard to the biological efficiency (BE), in
the present study, BE ranged from 77.12 to 95.42%
among all the controls (inoculated with T. aggressi-
vum f. aggressivum). In this regard, Gea et al. (2013)
reported BE values ranging 66.5 to 123.0% in plots
inoculated with Lecanicillium fungiola (dry bub-
ble disease of A. bisporus). In another study with
the dry bubble disease, Chrysayi-Tokousbalides
et al. (2007) found BE values varying from 84.83 to
132.24% in control (inoculated) plots. These find-
ings are consistent with the results of the present
study. BE values (87.16 to 105.72%) of majority of
the treatments were significantly higher than those
of the controls in the present study. In this respect,
Chrysayi-Tokousbalides et al. (2007) reported that
several fungicides (prochloraz, famoxadone, tebu-
conazole, trifloxystrobin, mancozeb and carbenda-
zim) applied against the dry bubble disease of A.
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bisporus caused BE values ranging from 63.28 to
137.20% in treated plots. Considering all of these
findings, it may be concluded that the disinfectants
and heat treatments inducing BE up to 105.72% in
the present study may also indicate efficacy of the
treatments tested against 7. aggressivum f. aggres-
sivum in casing soil.

In fact, it is hard to find information about man-
agement of green mould disease in button mushroom
cultivation worldwide. However, to give some exam-
ples regarding management of fungal diseases of
mushrooms, efficacy of peracetic acid was reported
in the management of cobweb disease of button
mushroom. In addition, in several in vitro studies,
effectiveness of some essential oils against fungal
pathogens (Cladobotryum, Mycogone, Lecanicil-
lium) including green mould (7. harzianum and T.
aggressivum f. europaeum) were reported (GOrski
et al., 2010; Durovi¢-Pejcev et al., 2014), but they
were found to be non-selective enough and had nega-
tive effects on sporophores of A. bisporus. For exam-
ple, essential oils from Zatariam ultiflora, Satureja
hortensis, Pelargonium roseum and Mentha piperita
displayed antifungal activity against A. bisporus. In
addition, cost and practising problems of the essen-
tial oils in the in vivo made their use in button mush-
room cultivation less applicable than disinfictants
(Geosel et al., 2014; Mehrparvar et al., 2016).

Conclusion

Since the scarcity of the information regarding man-
agement of the green mould (7. aggressivum f. aggres-
sivum) in button mushroom cultivation, the results
of this study present new knowledge for mushroom
industry. The overall results of the present study sug-
gested that the tested disinfectants (hydrogen peroxide,
formaldehyde, sodium hypochlorite and hypochlorous
acid) and heat applications (60, 90 and 120 °C) could
induce significant yield increases in button mushroom
by suppressing growth of T. aggressivum f. aggressi-
vum in casing soil. Thus, these management practices
can be used against 7. aggressivum f. aggressivum in
casing soil in button mushroom cultivation to mitigate
the damage caused by the green mould disease.
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