Aydogdu et al. Egyptian Journal of Biological Pest Control
https://doi.org/10.1186/5s41938-021-00401-w

(2021) 31:70

Egyptian Journal of
Biological Pest Control

RESEARCH Open Access

In vitro and in vivo biological control of the
green mold using different bacteria in

Check for
updates

button mushroom cultivation

Mehmet Aydogdu’, Serap Melike Stlti, ilker Kurbetli and Gérkem Siil

Abstract

button mushroom cultivation.

experiment, respectively.

casing soil in button mushroom cultivation.

Background: Aggressive biotype (Trichoderma aggressivum f. aggressivum) of green mold is one of the main biotic
factors limiting button mushroom (Agaricus bisporus) cultivation. Due to issues such as fungicide resistance, cost,
and adverse effects, biological control seems to be an applicable management method against the green mold in

Results: The objective of the study was to assess biological control of green mold in button mushroom cultivation.
Five native bacterial isolates from mushroom compost and 3 commercial biological preparations were tested
against two isolates of T. aggressivum f. aggressivum. Dual culture tests were used in vitro experiments. In vivo,
compost and casing soil experiments were conducted by comparing yield values of treated plots with negative
and positive controls. In vitro, the bacterial isolates inhibited mycelial growth of isolates of T. aggressivum f.
aggressivum and A. bisporus up to 46.60 and 56.94%, respectively. In vivo, in the compost experiment, compared
with positive control plots, bacterial isolate MSG-5 (Bacillus subtilis) caused the highest yield increase (40.56%) in the
treatments. In the casing soil experiment, commercial biological preparation Tic-3 (Ampelomyces quisqualis) caused
the highest yield increase (36.15%) in the treated plots. Compared with positive and negative controls, all the
treatments caused 30.23% increase but 4.86% decrease in yield of A. bisporus in the compost experiment,
respectively. However, they caused 20.25% increase but 17.33% decrease in the yield of A. bisporus in the casing soil

Conclusions: Results suggested that biological control of the green mold in compost can be more efficient than
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Background

Button mushroom (Agaricus bisporus) is the most culti-
vated mushroom in the world. One of the main con-
straints to button mushroom cultivation is the green
mold disease. Trichoderma aggressivum f. aggressivum
and T. aggressivum f. europaeum, aggressive biotypes of
green mold, cause epidemics and yield losses by 100% in
North America and Europe, respectively (Hatvani et al.
2007). T. aggressivum f. aggressivum was known to occur
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in North America, but it was also reported in Hungary
and Turkey (Aydogdu et al. 2020), indicating that apart
from North America, this aggressive biotype of green
mold is spreading and posing a new risk to other button
mushroom-growing countries.

Despite the destructive yield losses and epidemics
caused by the aggressive biotypes of green mold, little is
known about their management in button mushroom
cultivation. Moreover, in the management of pathogens
of button mushroom, few chemicals are registered due
to sensitivity of mycelium of A. bisporus to various mole-
cules including chemicals (Santri¢ et al. 2018). In
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addition, there is a high risk of residues of pesticide on
button mushrooms picked for marketing. Since button
mushrooms emerge and then reach adequate size for
picking within a short period of time after application of
chemicals to casing soil. Pesticide resistance and their
cost are also additional problems in button mushroom
cultivation. For these reasons, the button mushroom
sector is under pressure in terms of human and environ-
mental health and food safety (Savoie et al. 2016).
Therefore, alternative management strategies should be
developed in the management of green mold in button
mushroom cultivation. With regard to alternative man-
agement practices, several in vitro studies were per-
formed using essential oils (Purovi¢-Pejcev et al. 2014).
However, cost and application difficulties in vivo and
adverse effects of essential oils on the mycelium of A.
bisporus are issues that must be handled (Geosel et al.
2014). In this regard, biological control comes to the
forefront with its certain features such as being specific
to target microorganism, cost-effective, and environmen-
tally friendly (Stanojevi¢ et al. 2016).

There are a few examples of biological control in the
management of the green mold in button mushroom
cultivation (Milijasevi¢-Marci¢ et al. 2017). However,
findings of experiments in vitro may not reflect in vivo
(Stanojevi¢ et al. 2016) because button muhrooms are
cultivated in microorganism-rich media like compost
and casing soil. In such media, a vast number of fungi
and bacteria are involved in complex interactions vary-
ing from mutualism to antagonism. These interactions
might affect any growth stage of A. bisporus and conse-
quently mushroom vyield depending on the presence of
microorganisms in the same medium (Deveau et al
2018 and Carrasco and Preston 2020). In addition, one
of the major interference in the aforementioned complex
interactions might occur in the presence of green mold
in compost and casing soil (Aydogdu et al. 2020). In this
context, a plausible biological control strategy should be
created based on two assumptions; formation of bio-
logical control methods against green mold in compost
and casing soil. Thus, the aims of this study were (i) to
examine effects of 5 native bacterial isolates on mycelial
growth of the two isolates of T. aggressivum f. aggressi-
vum and one strain of A. bisporus in vitro and (ii) to as-
sess biocontrol efficacy of the bacterial isolates and 3
commercial biological preparations against the two iso-
lates of T. aggressivum f. aggressivum in compost and
casing soil.

Methods

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

Commercial white (192915 AG, Soc, France) strain of A.
bisporus, mushroom compost and casing soil were
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obtained from SMS Ersanlar company in Korkuteli
county, Antalya province, Turkey. Trademarks of com-
post and casing soil were Ersan and Civril, respectively.
Composition of the casing soil consisted of organic mat-
ter, silt, and various elements (e.g. C, N, P, K, Ca, Mg).
No treatment was applied to the casing soil.

Green mold isolates

Two isolates, Com1 (Accession number: MH133213 in
Genbank (http://www.ncbi.nlm.nih.gov)) and K39 (Ac-
cession number: MH133214) of T. aggressivum f. aggres-
sivum, were used from culture collection of the
mycology laboratory of Bati Akdeniz Agricultural Re-
search Institute. Both isolates, Com1 and K39, were pre-
viously isolated from mushroom compost in Comakli
village and Akyar district of Antalya province, respect-
ively in 2015 (Aydogdu et al. 2020). The isolates were
grown on potato dextrose agar (PDA) at 25 °C for 10
days. Under these conditions, they initially formed whit-
ish colonies, and 4 to 5 days later, colonies began to turn
green as a result of sporulation.

Bacterial isolates

In 2019, five bacteria were isolated from mushroom
compost (Phase 3). Samples were obtained from mush-
room farms in the Korkuteli county, Antalya province.
These bacterial isolates were designated as MSG-5,
MSG-11, MSG-15, SGM-1, and SGM-2.

Identification of the bacterial isolates

Morphological and biochemical traits of each bacterial
isolate were examined in vitro. Gram reactions of the
bacterial isolates were determined by mixing bacteria
with a drop in 3% solution of KOH (Suslow et al. 1982).
Biochemical traits of the bacterial isolates were charac-
terized according to the standard methods of Bergey’s
Manual of Determinative Bacteriology (Holt et al. 1994).

To confirm morphological and biochemical identifica-
tion, molecular diagnosis was also performed. DNA of
each bacterium was extracted and purified, using Promega
DNA purification kit. 16S rRNA was amplified, using uni-
versal oligonucleotide primers, 27F (5'-AGA GTT TGA
TCC TGG CTC AG-3’) and 1492R (5'-GGT TAC CTT
GTT ACG ACT T-3') (Lane 1991; Kadaikunnan et al.
2015). In addition, gyrA gene was amplified, using primers
5'-CAG TCA GGA AAT GCG TACGTC CTT-3’ (for-
ward primer) and 5-CAA GGT AAT GCT CCA GGC
ATT GCT-3’ (reverse primer) (Chun and Bae 2000).

PCR products were seperated from 1.5% agarose gels,
stained with safe DNA dye and visualized under UV
light. Sequence analysis was done by Letgen (Kazim
Dirik Mah. 296/2 Sok. No:33 35100 Bornova/lzmir-
Turkey). The sequences were compared to BLAST
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searches (http://www.ncbi.nlm.nih.gov) to find the clos-
est sequence matches and deposited at the GenBank.

In vitro experiments

Dual culture tests were used to examine effects of the
bacterial isolates on mycelial growth of T. aggressivum f.
aggressivum and A. bisporus. Owing to weak mycelial
growth of A. bisporus on artificial media (e.g., potato
dextrose agar and so on), compost extract medium
(CEM) was prepared as described by Rainey (1989) and
used to secure mycelial growth of A. bisporus in vitro
experiments.

Effects of bacterial isolates on T. aggressivum f.
aggressivum and A. bisporus

One mycelial plug (0.5 cm) of each isolate of T. aggressi-
vum f. aggressivum was placed at nearly 2-cm away from
the edge of a Petri dish (9 ¢cm in diameter) containing
CEM and a loopful of each bacterial isolate was streaked
to the opposite side. The same process was performed
for each interaction and incubated at 25 °C for 7 days.
The experiments were set up according to the com-
pletely randomized factorial design with four replica-
tions. In the controls, only mycelial plugs of the isolates
of T. aggressivum f. aggressivum were placed. In each
treatment, colony radial growth of T. aggressivum f.
aggressivum was measured, using a caliper and com-
pared with the control. Five days later, growth inhibition
of T. aggressivum f. aggressivum caused by each bacterial
isolate was determined, using the formula below (Vinale
et al. 2008).

Growth inhibition ratio (%) = (R1-R2 <+ R1) x 100,

where R1 = colony radial growth (mm) of T. aggressivum
f. aggressivum in the control and R2 = colony radial
growth (mm) of T. aggressivum f. aggressivum in the
treatment.

Three spawn grains covered by white strain (192915
AG, Soc, France) of A. bisporus were placed on CEM
and incubated at 25 °C for 7 days. To use in dual culture
tests, mycelial plugs (0.5 cm) of the strain of A. bisporus
were taken from the 7-day-old colonies growing on
CEM, and as aforementioned, dual culture tests were
conducted with the bacterial isolates. The experiments
were set up according to the completely randomized de-
sign with 4 replications. In the controls, only mycelial
plugs of the strain of A. bisporus were placed on CEM.
In each treatment, colony radial growth of the strain of
A. bisporus was measured, using a caliper and compared
with the control. Fourteen days later, growth inhibition
of A. bisporus caused by each bacterial isolate was deter-
mined, using the above formula of Vinale et al. (2008).
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In vivo experiments

Commercial biological preparations

In addition to the native bacterial isolates, 2 commercial
bacterial preparations and one fungal biological prepar-
ation were also used in vivo experiments. These com-
mercial preparates were designated as Tic-1, Tic-2, and
Tic-3, and their commercial names were Serenade (SC),
Cedriks (SL), and Ovnier (SL), respectively.

Preparation of bacterial suspensions of the native isolates
Bacterial suspension of each isolate was prepared from
2-day-old cultures grown on nutrient agar medium.
Inoculum concentration was adjusted to 10° cfu/ml,
using sterile distilled water in a spectrophotometer
(SHIMADZU UV-120-01).

Preparation of green mold inoculum

Each isolate of T. aggressivum f. aggressivum was incu-
bated on PDA at 25 °C for 10 days. Later, 12 ml sterile
distilled water per Petri dish was added to the colony of
each isolate growing on PDA. Spore suspension was
sieved through a muslin and transferred to a 2-1 beaker.
Spore density was adjusted to 1 x 10° conidia/ml, using
a hemocytometer.

Preparation of casing soil
Commercial casing soil was passed through a sieve to re-
move big pieces from it.

Providing mushroom-growing conditions
Mushroom-growing conditions (temperature, humidifi-
cation, and ventilation arrangements) were provided in a
room in the basement of the Department of Plant
Health of Bati Akdeniz Agricultural Research Institute,
Antalya province. For assessments of biological control
of green mold in compost and in casing soil, 2 separate
experiments were conducted.

Compost and casing soil experiments

Compost experiment was carried out according to a com-
pletely randomized design in factorial with 3 replications.
Each experimental unit consisted of one bag (40 x 25 cm)
containing 2.2 kg compost and 660 g casing soil. Initially,
2.2 kg compost spawned with white strain (192915 AG,
Soc, France) of A. bisporus was added into each bag and
incubated at 25 °C for 7 days. Within this period, the
strain of A. bisporus partially colonized the compost.
Afterwards, 3 ml inoculum (1 x 10° conidia/ml) of each
isolate of T. aggressivum f. aggressivum was injected into
the midsection of each bag using a syringe. Three days
later, in the treatments, 5 ml suspension (10° cfu/ml) of
each bacterial isolate was injected into the compost nearly
5 c¢cm above from the section in which T. aggressivum f.
aggressivum inoculum was given. Commercial biological
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preparations were applied as the same way for each
bag in the treatment plots (A. bisporus + T. aggressi-
vum f. aggressivumm + Bacterial isolate/Commercial
biological preparation).

In the experiment, two separate controls were ar-
ranged for each treatment plot. In negative controls, nei-
ther T. aggressivum f. aggressivum nor the bacterial
isolates/commercial biological preparates were applied
to compost, but only the strain of A. bisporus grew in
the compost. In positive controls, no bacterial isolates/
commercial biological preparations were applied but just
green mold inoculum (7. aggressivum f. aggressivum)
was given into the compost containing the strain of A.
bisporus. All bags were kept at 25 °C for 10 days with 85
to 90% relative humidity. Afterwards, casing soil (660 g)
was added to the top of each bag. Ten days later,
temperature in the room was reduced 1 °C per day until
reaching to 17 °C. Afterwards, ventilation providing oxy-
gen from outside into the room was initiated and thus
carbon dioxide level in the room was reduced. Casing
soil was daily watered by spraying sterile water to keep
its dampness. Ensuing emergence of fruiting bodies
(sporophores) of the strain of A. bisporus, mushrooms in
marketing size were picked and weighed per bag. Yield
values of each treatment, negative and positive control
plots, were calculated separately. Efficacy of each treat-
ment was assessed by comparing both control plots.

Casing soil experiment was conducted according to a
completely randomized factorial design with 3 replica-
tions. Each experimental unit was composed of one bag
(2.2 kg compost + 660 g casing soil). Initially, neither T.
aggressivum f. aggressivum nor the bacterial isolates were
applied to the compost in this experiment. The compost
containing spawn of the strain (192915 AG, Soc, France)
of A. bisporus was kept at 25 °C for 19 days. Within this
period, mycelium of the strain of A. bisporus colonized
the compost in each bag. Later, casing soil (660 g) per
bag was laid on the top of the compost in each bag.
Addition of casing soil formed nearly 4- to 5-cm-
thick layer on the top of the compost. In this stage,
in the treatments, 3 ml inoculum (1 x 10° conidia/
ml) of each isolate of T. aggressivum f. aggressivum
was injected into central part of the casing soil. Fol-
lowing inoculation of T. aggressivum f. aggressivum, 1
day later, 5 ml bacterial suspension (10° cfu/ml) of
each bacterial isolate was injected into the same cen-
tral part of the casing soil in the treatments. The
commercial biological preparations were aplied as the
same way for each bag in the treatment plots. In the
experiment, 2 separate controls were arranged as
aforementioned in compost experiment. In addition,
as aforementioned, the same mushroom-growing con-
ditions were maintained, and the same experimental
evaluations were done.
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Statistical analysis

Analysis of variance (ANOVA) was done using SAS 9.1
software program (SAS Institute Inc., Cary, NC, USA).
In vitro and in vivo experiments were conducted using 4
and 3 replicates for each treatment in each experiment,
respectively. In vitro experimental data were analyzed
using one- and two-way ANOVA, while in vivo experi-
mental data were analyzed using three-way ANOVA.
Mean values of each experiment in vitro and in vivo
were grouped according to Tukey’s multiple range test
with significance level of 1%. Dunnett test (P < 0.01) was
also used to compare treatment plots with positive and
negative control plots in in vivo experiments.

Results

Assessment of in vitro experiments

As a result of morphological and molecular identifica-
tion, native bacterial isolates (MSG-5, MSG-11, MSG-
15, SGM-1, and SGM-2) were identified as Bacillus sub-
tilis, Stenotrophomonas maltophilia, Pseudomonas rho-
desiae, and Bacillus amyloliquefaciens, respectively.

In addition, certain features of commercial biological
preparations (Tic-1, Tic-2, and Tic-3) used in vivo ex-
periments are given in Table 1.

In dual culture tests, compared with controls, presence
of each bacterial isolate in the same artificial medium
(CEM) caused significant (P “ 0.01) inhibitory effect on
the mycelial growth of both T. aggressivum f. aggressi-
vum and A. bisporus in the treatments.

In this respect, the highest growth inhibition (46.60%)
was found in the interactions between bacterial isolate
MSG-15 (Pseudomonas rhodesiae) and T. aggressivum f.
aggressivum isolate Coml. However, the lowest growth
inhibition (38.61%) was detected in the interactions be-
tween bacterial isolate SGM-2 (Bacillus amyloliquefa-
ciens) and T. aggressivum f. aggressivum isolate K39.

Compared with controls, bacterial isolate MSG-11
(Stenotrophomonas maltophilia) caused up to 56.94%
growth inhibition on the strain of A. bisporus in dual
culture tests, whereas bacterial isolate SGM-1 (B. amylo-
liguefaciens) showed the lowest growth inhibition
(31.23%) on the strain of A. bisporus.

Examples of interactions between the 5 bacterial iso-
lates and 2 isolates of T. aggressivum f. aggressivum on
CEM are shown in Figs. 1 and 2. In addition, examples
of interactions between 5 bacterial isolates and the strain
of A. bisporus on CEM are given in Fig. 3 in dual culture
tests.

Assessment of in vivo experiments
Assessment of compost experiment
Application of the bacterial isolates/commercial bio-
logical preparations in compost inoculated with T.
aggressivum f. aggressivum led to significant (P < 0.01)
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Table 1 Commercial biological preparations used in compost and casing soil experiments

Designated names in the experiments Commercial names Formulation Biological preparations Concentrations
Tic-1 Serenade (SC)-Bayer Liquid Bacillus subtilis QST 713 1% 10° cfu/ml
Tic-2 Cedriks (SL)-Agrobest Liquid Pseudomonas fluorescens Pf1 1 % 10® cfu/ml
Tic-3 Ovnier (SL)-Agrobest Liquid Ampelomyces quisqualis Ag1 2 % 10° cfu/ml

effects on the yield of A. bisporus. In addition, fungus,
treatment, and bacterium x treatment interactions were
significant (P < 0.01) in the compost experiment.

In comparison of mean yields of each experimental
unit (the plot) in the compost experiment, yield values
of the treated plots were higher than the positive con-
trols. However, they were lower than the negative con-
trols. Mean yields of the negative control plots ranged
from 547 to 449.66 g, while they ranged from 506 to
378.33 g in the treated plots. Mean yields of the positive
control plots varied from 393.66 to 313.33 g.

Compared with positive control plots, native bacterial
isolates (MSG-5, MSG-11, MSG-15, SGM-1, and SGM-
2) exhibited higher yield increases than commercial bio-
logical preparations (Tic-1, Tic-2, and Tic-3) in the
treated plots. Yield increases induced by the bacterial
isolates ranged from 40.56 to 20.74% in the treated plots,

while they ranged from 30.64 to 18.53% in the treated
plots of the commercial biological preparations. Com-
pared with negative control plots, mean yield decreases
in the treated plots of the native bacterial isolates varied
from 0.68 to 9.69%, whereas they ranged from 6.52 to
13.78% in the treated plots of the commercial biological
preparations (Fig. 4).

In the overall assessment of the compost experiment,
differences in mean yields of the treatment, negative and
positive control plots were significant (P < 0.01). The
highest mean yield, 477 g, was detected in negative con-
trol plots, while the lowest mean vyield, 348.43 g, was
established in positive control plots. Mean yield of the
treated plots was 453.79 g. Compared with positive con-
trols, application of the bacterial isolates/commercial
biological preparations into compost caused on average
30.23% increase in yield of the treatment plots. However,

Fig. 1 Colony growths of Trichoderma aggressivum f. aggressivum isolates in controls and dual culture tests. a and b Five-day-old colony growth
of T. aggressivum f. aggressivum isolate Com1 and K39, respectively, ¢ and d 5-day-old interactions between bacterial isolate SGM-1 (Bacillus
amyloliquefaciens) and T. aggressivum f. aggressivum isolate Com1 and K39, respectively, e and f 5-day-old interactions between bacterial isolate
SGM-2 (B. amyloliquefaciens) and T. aggressivum f. aggressivum isolate Com1 and K39, respectively
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Fig. 2 Dual culture tests. g and h Five-day-old interactions between bacterial isolate MSG-5 (Bacillus subtilis) and Trichoderma aggressivum f.
aggressivum isolate Com1 and K39, respectively, j and k 5-day-old interactions between bacterial isolate MSG-11 (Stenotrophomonas maltophilia)
and T. aggressivum f. aggressivum isolate Com1 and K39, respectively, I and m 5-day-old interactions between bacterial isolate MSG-15
(Pseudomonas rhodesiae) and T. aggressivum f. aggressivum isolate Com1 and K39, respectively

compared with negative control plots, their application
induced on average 4.86% decrease in the yield of the
treated plots (Fig. 5).

Assessment of casing soil experiment

Application of the bacterial isolates/commercial biological
preparates in casing soil inoculated with 7. aggressivum f.
aggressivum caused significant (P < 0.01) effects on the
yield of A. bisporus. Bacterium, fungus, treatment, bacter-
ium x fungus, and bacterium x treatment interactions
were also significant (P < 0.01) statistically.

In the comparison of yields of each experimental unit
(the plot) in the casing soil experiment, mean yields of
the treated plots were higher than the positive controls,
but they were lower than the negative ones. In this re-
spect, mean yields of negative control plots varied from
47433 to 416.66 g, while they varied from 414.66 to
325.33 g in the treated plots. Mean yields of positive
control plots ranged from 321.33 to 260 g.

Compared with positive control plots, the native bacter-
ial isolates/commercial biological preparations led to sig-
nificant (P < 0.01) yield increases in the treated plots. The
highest yield increase (36.15%) was found in the treated
plots of Tic-3 (Ampelomyces quisqualis) x Com1, whereas

the lowest yield increase (15.14%) was detected in the
treated plots of MSG-5 (Bacillus subtilis) x K39. On the
other hand, compared with negative controls, decreases in
mean yields of the treated plots ranged from 6.6 to 22.83%
in the casing soil experiment (Fig. 6).

In the overall assessment of the casing soil experiment,
the highest mean yield, 440.35 g, was found in negative
control plots, while the lowest one, 302.70 g, was de-
tected in positive control plots. Mean yield of the treated
plots was 364 g. Differences in mean yields of the treat-
ment, negative and positive control plots were significant
(P < 0.01). Compared with positive controls, application
of the bacterial isolates/commercial biological prepara-
tions caused on average 20.25% increase in yield of the
treatment plots but compared with negative controls,
their applications induced on the average of 17.33% de-
crease in yield of the treated plots (Fig. 7).

Discussion

Compost is one of the two components for mycelial
growth of A. bisporus in button mushroom cultivation.
In the present study, the treatments caused significant
(P < 0.01) yield increases in the compost experiment, in-
dicating efficacy of the treatments (bacterial isolates/
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Fig. 3 Colony growth of Agaricus bisporus strain (192915 AG, Soc, France) in control and dual culture interactions between bacterial isolates and
the A. bisporus strain. a Fourteen-day-old colony growth of the A. bisporus strain in control, b—f 14-day-old interactions between bacterial isolates
SGM-1 (Bacillus amyloliquefaciens), SGM-2 (B. amyloliquefaciens), MSG-5 (B. subtilis), MSG-11 (Stenotrophomonas maltophilia), MSG-15 (Pseudomonas
rhodesiae), and the A. bisporus strain, respectively

commercial preparations) on 7. aggressivum f. aggressi-  of A. bisporus colonized compost for nearly 20 days be-
vum in compost. However, it seemed difficult to give a  fore casing soil addition. Vos et al. (2017) stated that
precise explanation regarding mode of action of these during the compost colonization period, Gram-positive
treatments because the compost was rich in microbiota  bacteria in compost were less affected by A. bisporus
including various bacteria, fungi, and yeasts (Siyoum than Gram-negative bacteria, indicating interaction of A.
et al. 2016). In such environment, mycelia of the strain  bisporus with bacteria in compost. This finding may also

50

®Yield decrease in treatment (comparing to negative control) (%)

B Yield increase in treatment (comparing to positie control) (%)

Fig. 4 Comparison of mean yields of the treated plots with positive and negative controls in compost experiment
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Fig. 5 Overall comparison of mean yields of all the treated plots with positive and negative controls in the compost experiment. Levels not
connected by same letter are significantly (P < 0.01) different according to Tukey's test. Compared with positive and negative controls, mean
yield differences (105.36 and — 23.21 g) of the treatments were significant at P < 0.01 (Dunnett test)

imply that presence of Gram-positive bacteria in com-
post might have a positive influence on mycelial growth
of A. bisporus. In this regard, in this study, Gram-
positive bacterial isolate MSG-5 (B. subtilis) caused the
highest yield increase (40.56%) in the treated plots by
suppressing colonization of T. aggressivum f. aggressivum
in compost. Likewise, Stanojevi¢ et al. (2016) reported
that Gram-positive bacterium B. amyloliquefaciens was
effective against 7. aggressivum f. europaeum. However,
in the present study, Gram-negative bacterial isolates
MSG-11 (S. maltophilia) and MSG-15 (Pseudomonas
rhodesiae) also caused yield increases up to 38.73 and
28.93%, respectively, in the treated plots in compost ex-
periment. Similarly, Shah and Nasreen (2011) stated that
Gram-negative bacterium (P. fluorescens) caused 23.1%
yield increase by suppressing Trichoderma species in
oyster mushroom (Pleurotus ostreatus) cultivation. Con-
sidering all of these, it may be inferred that mushroom
yield may not be directly related to dominance of either
Gram-positive or Gram-negative bacteria in compost.

In the compost experiment, mean yield of the treated
plots was 30.23% higher than the positive control plots,
indicating that artificial addition of the bacterial isolates/
commercial biological preparations may have constituted
positive effect on vyield of A. bisporus due to suppress-
sion of T. aggressivum f. aggressivum in compost. Pandin
et al. (2016) reported that B. subtilis QST713 provided a
protective effect against 7. aggressivum f. europaeum in
compost and caused a significant yield increase in but-
ton mushroom. However, in this study, mean yield of
the treatments was 4.86%, lower than the negative con-
trol plots, indicating that the application of the bacterial
isolates/commercial biological preparations may have in-
duced a negative effect on the yield of A. bisporus as
well. Likewise, the bacterial isolates displayed inhibitory
impact on mycelial growth of A. bisporus in vitro, which
corroborated the in vivo results. In this context, Kosano-
vi¢ et al. (2013) reported that B. subtilis reduced mush-
room vyield in treated plots compared with negative
controls. Liu et al. (2015) emphasized the negative effect
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Fig. 6 Comparison of mean yields of the treated plots with positive and negative controls in casing soil experiment
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of B. subtilis B154 on Neurospora sitophila due to fengy-
cin production (antifungal substance). In addition, in a
study, of 20 Bacillus species, some of them displayed an-
tagonistic effects on Trichoderma harzianum, T. konin-
gii, and T. viridescens, while most of them also inhibited
mycelial growth of mushroom species (Flammulina
velutipes, Lentinus edodes, and Pleurotus ostreatus)
in vitro (Kim et al. 2008). All of these indicate that bac-
teria displaying antagonistic effect on Trichoderma spe-
cies might also show similar effects on the other fungi
like mushroom species including button mushroom (A.
bisporus). Similarly, significant (P < 0.01) inhibitory ef-
fects of the bacterial isolates on mycelial growth of both
T. aggressivum f. aggressivum and A. bisporus in vitro
were found. However, it was difficult to give an exact ex-
planation due to the possibility of occurrence of multiple
biotic interactions in compost. Apart from the bacterial
isolates/commercial biological preparations added, com-
mercial compost had its own microbiota containing vari-
ous bacteria and fungi (Pandin et al. 2019). Moreover,
various thermophilic actinobacteria (e.g., Saccharomo-
nospora viridis, Streptomyces thermovulgaris, and Ther-
moactinomyces vulgaris) might be found in compost
(Santri¢ et al. 2018). Therefore, alterations in microbiota
in compost could determine yield stability of A. bisporus
(Kertesz and Thai 2018).

Casing soil is the other main component of button
mushroom cultivation. In casing soil, a vast number of
fungi and bacteria involve in complex interactions vary-
ing from mutualism to antagonism, which plays a signifi-
cant role in mushroom yield (Deveau et al. 2018; Kumar
et al. 2018 and Carrasco and Preston 2020). In the
present study, compared with positive controls, artificial
application of the bacterial isolates/commercial bio-
logical preparations in casing soil caused significant (P <
0.01) vyield increases. This implied that the bacterial

isolates/commercial biological preparations may sup-
press T. aggressivum f. aggressivum in casing soil. How-
ever, Frey-Klett et al. (2011) reported that mushroom
yield might vary depending on bacterial isolate present
in the same medium in casing soil. Poto¢nik et al. (2019)
reported that commercial biological preparation B. subti-
lis Ch-13 was more effective than B. velezensis QST713
against T. aggressivum f. europaeum in casing soil aplica-
tions. In this study, commercial biological preparations
(A. quisqualis Agl and B. subtilis QST 713), bacterial
isolates (S. maltophilia and P. rhodesiae) caused the
highest yield increases in the treated plots. Zarenejad
et al. (2012) emphasized that artificial addition of P.
putida in casing soil increased mushroom yield, but
some strains of P. putida had a negative impact on the
development of A. bisporus and mushroom yield. From
all of these findings, it may be inferred that mushroom
yield may vary depending on isolate/strain of bacteria or
fungi in casing soil. In this respect, Carrasco et al. (2019)
reported that when inoculum levels of some microor-
ganisms are low in casing soil, their growth can be sup-
pressed by natural microbiota, while these microbiata in
the casing soil can not suppress high inoculum levels of
microorganisms like fungi. This finding is in aggrement
with our results of the casing soil experiment. All the
treatments caused on average a 20.25% increase in yield
in the treated plots, while compared with negative con-
trols, they caused a 17.33% decrease in yield. This could
be explained as follows: in the presence of a certain
amount of 7. aggressivum f. aggressivum in casing soil,
either the bacterial isolates/commercial biological prepa-
rations may not have properly displayed their antifungal
potential or the artificially applied microorganisms and
natural microbiota in casing soil may not have properly
suppressed 7. aggressivum f. aggressivum. Another rea-
son could be that the bacterial isolates/commercial
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biological preparations may have negatively affected my-
celial growth of A. bisporus in casing soil and conse-
quently the yield of A. bisporus because in the in vitro
experiment, the bacterial isolates showed inhibitory in-
fluence on mycelial growth of A. bisporus. Cai et al.
(2009) stated that ensuing the addition of casing soil, in-
creasing the amount of Gram-negative bacteria had a
significant influence on the sporophore formation of A.
bisporus. Kim et al. (2008) reported that Bacillus species
might show antagonistic activity on green mold, while
they might also show the same effect on mycelial growth
of mushroom species in vitro. In an in vivo study, Poto¢-
nik et al. (2019) reported that Bacillus velezensis
QST713 could adversely affect mushroom yield at high
application concentrations. Mohammad and Sabaa
(2015) reported that in addition to Bacillus species,
Pseudomonas bacteria (e.g., P. putida, P. fluorescens, and
P. aeruginosa) present in casing soil had different effects
on A. bisporus. For example, P. putida had a positive ef-
fect on mycelial development and mushroom yield of A.
bisporus, whereas P. aeruginosa had a negative effect on
A. bisporus by reducing yield. From all of these findings,
it could be inferred that type and amount of microbiota
in casing soil might affect mushroom yield.

Due to the occurrence of multiple interactions be-
tween bacteria and fungi, either in compost or casing
soil during button mushroom cultivation, addition of
biological microorganisms to any of those substrates
could positively/negatively affect emerging mushrooms
by enhancing/reducing vyield (Carrasco and Preston
2020). In the present study, comparing the compost and
casing soil experiments, artificial addition of the bacterial
isolates/commercial biological preparations to compost
caused higher yield increase and created less adverse af-
fects on mycelial growth and yield of A. bisporus than
those of the casing soil. Similarly, Santri¢ et al. (2018) re-
ported that Streptomyces flavovirens A06 was more ef-
fective against green mold in compost than casing soil.
In this context, functional and biological differences
in compost and casing soil may be associated with
these findings because A. bisporus initially colonized
compost and then casing soil. As a result of aggrega-
tion of mycelium of A. bisporus, primordia and sporo-
phores of A. bisporus emerged on casing soil. In fact,
this is a delicate process due to gaining ultimate tar-
get (mushrooms) in button mushroom cultivation.
Therefore, a little alteration in microbiota in casing
soil might affect this delicate process. In previous
studies, the importance of casing soil in sporophore
formation of A. bisporus was reported (Pardo-Gimé-
nez et al. 2017; Szukdcs and Geodsel 2018). Consider-
ing all of these, it may be inferred that a little
alteration in microbiota in casing soil could signifi-
cantly affect mushroom yield.
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Conclusions

Irrespective of either Gram-positive or Gram-negative,
every single bacterial isolate could be of prime import-
ance in the management of the green mold in button
mushroom cultivation. This is also far more important
for the management of green mold in compost because
fungicides or other alternative management practices
could not be used against the green mold in compost
due to their possible negative impact on the growth of
A. bisporus in compost during mushroom cultivation.
Based on the findings of the present study, it could be
inferred that an artificial application of bacterial isolates/
commercial biological preparations to compost and cas-
ing soil might induce significant yield increases by sup-
pressing green mold, but they might also cause a
negative influence on A. bisporus. Overall results also
suggested that biological control of the green mold in
compost might be more efficient than the casing soil.
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