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Efficacy of biofungicide Bacillus subtilis Ch-13  
in the suppression of Hypomyces odoratus 
(cobweb disease) in a large-scale white button 
mushroom production
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Jelena Luković , Emil Rekanović  and Ivana Potočnik* 
Institute of Pesticides and Environmental Protection, Banatska 31b, POB 163,  
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SUMMARY

More frequent application of the biofungicide Bacillus subtilis Ch-13 enhanced 
its efficacy against natural infestation of Hypomyces odoratus (cobweb disease) 
in white button mushrooms (Agaricus bisporus), as well as its positive impact 
on mushroom production. In two different application procedures, strain B. 
subtilis Ch-13 was used at a final concentration of 60 ml per m2 of casing layer  
(1 × 108 CFU ml-1). In comparison to the low efficacy of the fungicide prochloraz 
(53%), optimal efficacy of B. subtilis Ch-13 in the suppression of H. odoratus was 
recorded. Substantially higher efficacy of this biofungicide in cobweb disease 
control was achieved when it was applied in three split doses (42%), rather than 
two (30%), in the large-scale production of white button mushrooms. The greatest 
improvement in white button mushroom production, in comparison to the 
untreated control, was achieved when B. subtilis Ch-13 was applied in three split 
doses (biological efficiency, BE=15%), rather than two (BE=7%). For suppression of 
the mycopathogen H. odoratus on white button mushrooms, this study supports 
the application of the biofungicide B. subtilis Ch-13 in three split doses of 30 + 15 
+ 15 ml m-2 on the second day after casing, two weeks after casing, and after the 
first fruiting flush, respectively.
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INTRODUCTION

The causal agent of cobweb disease, Hypomyces odoratus 
(G.R.W. Arnold) [formerly Cladobotryum mycophilum 
(Oudemans) W. Gams & Hooz.], is one of the major 
fungal pathogens of the white button mushroom [Agaricus 
bisporus (Lange) Imbach] in mainland Europe (Gea et al., 

2012; Tamm & Põldmaa, 2013; Carrasco et al., 2016; 
2017a; Luković et al., 2021), North America (McKay et 
al., 1999), Asia (Back et al., 2010; Muhammad et al., 2019), 
Australia (McKay et al., 1999; Tamm & Põldmaa, 2013), 
and Africa (Chakwiya et al., 2015; 2019), while Hypomyces 
rosellus (Alb. & Schwein.) Tul. [formerly Cladobotryum 
dendroides (Bull.: Fr.) W. Gams & Hooz.] is detected in the 
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British Isles (McKay et al., 1999; Fletcher, 2002; Grogan, 
2006) and North America (McKay et al., 1999; Tamm 
& Põldmaa, 2013). These pathogens are soil-borne fungi 
that are spread by black peat soil, the main component  
of casing soil in the mushroom substrate. Cobweb disease 
agents induce crop losses of 28-40%, which recently  
reduced the number of white button mushroom producers 
(Grogan, 2006; Carrasco et al., 2016). Cobweb disease 
agents may also appear mixed with other substantial 
mycopathogens, such as Zarea fungicola (Preuss) Khons., 
Thanakitp. and Luangsa-ard. [formerly Lecanicillium 
fungicola (Preuss) Zare & W. Gams], Hypomyces perniciosus 
Magnus [formerly Mycogone perniciosus (Magnus) 
Delacroix], and Trichoderma aggressivum Samuels & 
W. Gams. Symptoms of cobweb disease manifest as 
white fluffy colonies that quickly cover the casing soil 
and mushroom fruiting bodies, changing colour with 
sporulation into yellow or pink. Mild symptoms include 
cap spotting and sunken lesions in mushrooms. Conidia 
of Hypomyces odoratus are dry and easily spread by air flow 
throughout the growing chamber (Carrasco et al., 2016). 

Cobweb disease agents are difficult to suppress, 
as the genus Hypomyces is characterized by a lack of 
recombinations, resulting in the quick spread of fungicide 
resistance after single point mutations occur (Tamm & 
Põldmaa, 2013). For example, development of resistance 
in H. odoratus (Grogan, 2006) and Z. fungicola (Grogan 
et al., 2000; Gea et al., 2005) to the fungicide prochloraz 
resulted in its withdrawal from the EU market in June 
2023 (Clarke et al., 2024), whereas it is still used in China 
(Shi et al., 2020) and Australia (Australian Pesticides 
and Veterinary Medicines Authority [APVMA], 
2025). Strains of Hypomyces tolerant to the fungicide 
metrafenone were detected shortly after its introduction 
(Clarke et al., 2024) as the only chemical fungicide 
registered in the EU and North America for the control of 
Hypomyces spp. and Z. fungicola in cultivated mushrooms 
(Carrasco et al., 2017b). Chlorothalonil is authorized 
in some EU countries (France, Poland, Spain) and 
North America for use in mushrooms (Carrasco et al., 
2017b; United States Environmental Protection Agency 
[US EPA], 2020). However, tolerance development to 
chlorothalonil in H. odoratus (Beyer & Kremser, 2004), 
as well as fungicide toxicity in mushroom mycelia were 
recorded (Challen & Elliot, 1985; Fletcher, 2002). 

Thus, the development of pathogen resistance, in 
addition to the negative impacts of fungicides on humans, 
non-target organisms, and the environment, has shifted 
disease control towards the broader use of biological agents. 
Mushroom substrate is composed of various beneficial 
and harmful microorganisms, and its supplementation 

with suitable microbials helps mushrooms to resist 
pathogen infestation (Marčić et al., 2025). Different 
Bacillus species produce a multitude of biomolecules 
with remarkable pesticidal properties (Stanojević et al., 
2019). Furthermore, B. subtilis (Ehrenberg) Cohn is 
considered a safe (Generally Recognized as Safe [GRAS]) 
microorganism for humans and the environment (Food 
and Drug Administration [FDA], 1999), and is also the 
growth promoter of cultivated plants and mushrooms 
(Liu et al., 2015). Though many studies concerning the 
suppression of various mycoparasites with biofungicides, 
such as Bacillus spp., are available, few studies and 
industrial-scale experiments have focused on the control of 
H. odoratus. For example, a large-scale study conducted by 
Regnier and Combrinck (2010) evaluated the application 
rate (40 μl l-1) of essential oils of lemon verbena, thyme, 
and lemongrass, as well as their main components nerol 
and thymol, against natural infestation of H. perniciosus. 

The aim of this study was to use two different 
procedures to (1) compare the efficacy of strain B. subtilis 
Ch-13 to that of the fungicide prochloraz in cobweb 
disease control in natural infestation conditions, and (2) 
compare the effects of B. subtilis Ch-13 and prochloraz 
on white button mushroom production. In these two 
procedures, the same final concentration of B. subtilis 
Ch-13 was applied either in two or three split doses.

MATERIAL AND METHODS

Antifungal agents

Efficacy of the biofungicide Bacillus subtilis Ch-13 
(Ekstrasol F SC, BioGenesis d.o.o., Belgrade, Serbia; 
content of active ingredient [a.i.] 1 × 108 CFU ml-1)  
was evaluated in the suppression of H. odoratus (cobweb 
disease agent) on naturally infected white button 
mushrooms (A. bisporus). The experiment was organized 
in a mushroom growing room (A2) of the mushroom 
factory Delta Danube d.o.o., Kovin, Serbia. Efficacy in 
pathogen control and biological efficiency (impact on 
mushroom yield) of B. subtilis Ch-13 were compared 
to those of the chemical fungicide prochloraz (Mirage® 
EC, ADAMA Agricultural Solutions UK Ltd., UK; 
content of a.i. 450 ml l-1).

Large-scale experiment in mushroom  
growing room

The mushroom substrate used in this study consisted 
of mushroom compost and casing soil. The mushroom 
compost (Phase III) was produced from fermented and  
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pasteurized straw and chicken manure (Champicomp 
d.o.o., Pločica, Kovin, Serbia). Plastic briquettes sized  
0.6 × 0.4 × 0.25 m (l x w x h) contained 18 kg of 
mushroom compost inoculated with 0.7% of grain  
spawn of A. bisporus F56 (Italspawn, Onigo di Pederobba,  
Italy). The surface area of five briquettes was estimated  
at 1 m2. Casing soil made of black peat soil (Pešter peat 
soil, Dallas Company d.o.o., Tutin, Serbia) was layered 
onto the briquettes at a thickness of 40-50 mm (7 kg 
per briquette), and disinfected using 90 ml of 0.02% 
peracetic acid (Peral-S 15%, Vetprom, Belgrade, Serbia) 
per m2 of casing layer. Mushroom mycelia were incubated 
at 25oC in the substrate for 16 days. After casing time 
(day one), the air temperature was gradually lowered 
to 17oC for 7 days for the case run. The experiment 
was conducted according to the standard PP 1/270(1) 
methodology (European and Mediterranean Plant 
Protection Organization [EPPO], 2010). Bio/fungicides 
were applied on the casing soil as a drench application. 
The fungicide prochloraz was used at the standard 
product application rate of 3 ml per m2 of casing layer, 
in two split applications (2 × 1.5 ml in 1 l of water per 
m2, four days after casing and after the first fruiting 
flush). The biofungicide B. subtilis Ch-13 was used 
at a rate of 60 ml m-2 in two protocols: (1) three split 
applications (30 + 15 + 15 ml in 1 l of water per m2, on 
the second and 15th day after casing, and after the first 
flush, respectively); (2) two split applications (2 × 30 ml 
in 1 l of water per m2, on the second day after casing and 
after the first flush). Bio/fungicides were applied with 
an automatic “fir” sprayer with 10 full cone nozzles, in 
the amount of 1 l per m2 of casing layer. The untreated 
mushroom control was sprayed with tap water.

Each treatment was repeated twice (repetitions I and 
II) in a randomized block design, on 43 m2 of casing 

surface per block. Each block consisted of 214 briquettes. 
Mushrooms were picked from the 14th to the 21st day 
of the first fruiting flush, and from the 24th to the 34th 
day of the second flush. The harvested mushrooms were 
classified as healthy and diseased, and then weighed. 
The effect of bio/fungicides on mushroom yield was 
calculated via biological efficiency (BE) (Chrysayi-
Tokousbalides et al., 2007). Bio/fungicide efficacy (E) 
was evaluated using Abbott's formula (Abbott, 1925) 
based on disease incidence (DI) (proportion of diseased 
mushrooms and total yield) in the untreated control and 
each treated sample (Gea et al., 2010).

Statistical analyses

Data concerning the efficacy of bio/fungicides (E) in 
the suppression of H. odoratus and their effect on yield 
(biological efficiency, BE) of white button mushrooms 
were analyzed using the one-way analysis of variance 
(ANOVA). Average values for E and BE, obtained in 
two repetitions of bio/fungicide treatments against H. 
odoratus, were compared and any statistically significant 
differences were detected using the F-test. The level 
of significance was determined at p<0.05 (Sokal & 
Rohlf, 1995). Statistical data analysis was conducted 
using the software Statistica for Windows 7.0 (StatSoft 
Inc., 2004). 

RESULTS

Cobweb disease symptoms in white button 
mushrooms, including white fluffy colonies on casing 
soil and mushroom fruiting bodies, were detected from 
the 20th to the 34th day of casing time.

Table 1. �Efficacy of bio/fungicides in relation to the untreated control or standard fungicide treatment against Hypomyces odoratus 
on naturally infected white button mushrooms

Treatments Fungicide application rate 1Est
 (%) 2Ec (%) SE

Bacillus subtilis Ch-13 1 × 108 CFU ml-1 (II) 2 × 30 ml m-2   56.78 b3 30.13 c 0.75 

Bacillus subtilis Ch-13 1 × 108 CFU ml-1 (III) 30 ml m-2 + 2 × 15 ml m-2   79.12 a 41.98 b 0.58 

Prochloraz 450 ml l-1 2 × 1.5 ml m-2 100.00 53.06 a 0.61 

Untreated Control –     1.88 c – 1.25 

The data represent means (of two repetitions, each including 214 experimental units) ± SE, standard error of the mean; efficacy in relation 
to the fungicide prochloraz (standard) set to 100% 1(Est), or untreated control 2(Ec); SED, standard error of difference = 32.64; df, degrees 
of freedom = 3; F = 69.54; p-value = 0.001. 3Values marked with same letter within each repetition series are not significantly different 
according to the F-test (p<0.05).
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The incidence of cobweb disease in mushrooms varied 
depending on different treatments (Figure 1). Mushrooms 
in the untreated control had the highest disease incidence 
(12.62-12.8%). Reduction of disease symptoms was 
recorded in briquettes treated with B. subtilis Ch-13 in 
two (DI=8.84-8.92%) or three (DI=7.27-7.48%) split 
doses. The lowest disease incidence was observed after 
treatment of mushrooms with the fungicide prochloraz 
(DI=5.81-6.12%). Efficacy of each bio/fungicide in 
disease control was estimated in two ways: in relation 
to standard prochloraz treatment set to 100% efficacy  
(Est), or in relation to the untreated control (Ec) (Table 1).  
A statistically significant difference in the efficacy of 
bio/fungicides in cobweb disease control was detected 
between prochloraz and the biofungicide B. subtilis 

Ch-13 used in both application protocols (two or 
three split doses). In relation to the untreated control 
(Ec), prochloraz showed the highest efficacy against 
H. odoratus (53.1%), followed by the biofungicide B. 
subtilis Ch-13 applied three times (42%) (Table 1). The 
biofungicide B. subtilis Ch-13 used twice exhibited the 
lowest efficacy against H. odoratus (30.1%). In relation to 
the fungicide prochloraz when its efficacy was set to 100% 
(Est), the biofungicide B. subtilis Ch-13 used three times 
showed 28% higher efficacy in pathogen suppression 
(79.1%), than when applied twice (56.8%) (Table 1). 
Furthermore, when the biofungicide B. subtilis Ch-13 
was used three times, it considerably diminished the 
incidence of cobweb disease of white button mushrooms, 
by up to 58% compared to the untreated control.

Figure 1. �Incidence of cobweb disease (Hypomyces odoratus) after using bio/fungicides on white button mushrooms. The 
biofungicide Bacillus subtilis Ch-13 was used in two (II) or three (III) split doses. Data represent means of repetition 
trials I and II (each performed on a set of 214 experimental briquettes) ± SE, standard error of the mean; SED, 
standard error of difference = 0.8 (I); 0.9 (II); df, degrees of freedom = 3; F = 62.52 (I); 73.64 (II); p-value = 0.001. 
Values marked with the same letter within each repetition series (I – capital letters; II – lowercase letters) are not 
significantly different according to the F-test (p<0.05).

Table 2. �Biological efficiency (BE%) of bio/fungicides in relation to the untreated control or standard fungicide treatment of 
white button mushrooms naturally infected with Hypomyces odoratus

Treatments Fungicide application rate 1BEst
 (%) 2BEc (%) SE

Bacillus subtilis Ch-13 1 × 108 CFU ml-1 (II) 2 × 30 ml m-2 104.82 b3 107.41 b 2.05 

Bacillus subtilis Ch-13 1 × 108 CFU ml-1 (III) 30 ml m-2 + 2 × 15 ml m-2 112.66 a 115.44 a 2.22 

Prochloraz 450 ml l-1 2 × 1.5 ml m-2 100.00 102.47 b 2.02 

Untreated Control –   97.57 c 100.00 2.42 

The data represent means (of two repetitions, each including 214 experimental units) ± SE, standard error of the mean; fungicide prochloraz 
(standard) impact 1(BEst) or untreated control impact 2(BEc) value is set to 100%; SED, standard error of difference = 32; df, degrees of freedom = 3;  
F = 28.32; p-value = 0.001. 3Values marked with same letter within each repetition series are not significantly different according to the F-test (p<0.05).

Untreated Control B. subtilis-Ch 13 II B. subtilis-Ch 13 III Prochloraz
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Figure 1. Incidence of cobweb disease (Hypomyces odoratus) after using bio/fungicides on white

button mushrooms. The biofungicide Bacillus subtilis Ch-13 was used in two (II) or three (III) split

doses.  Data  represent  means  of  repetition  trials  I  and  II  (each  performed  on  a  set  of  214

experimental briquettes) ± SE, standard error of the mean; SED, standard error of difference = 0.8

(I); 0.9 (II); df, degrees of freedom = 3; F = 62.52 (I); 73.64 (II); p-value = 0.001. Values marked

with the same letter within each repetition series (I – capital letters; II – lowercase letters) are not

significantly different according to the F-test (p<0.05).
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The effect of bio/fungicides on white button 
mushroom production was estimated with biological 
efficiency (BE) (Table 2; Figure 2). In comparison to 
the untreated control (BE=78.4-85.3%), application 
of B. subtilis Ch-13 significantly improved mushroom 
yield, whether used in three (BE=93.3-95.6%) or two 
split doses (BE=85.7-90.1%). No significant difference in 
biological efficiency was recorded between the untreated 
control (BE=78.4-85.3%) and prochloraz treatment 
(BE=75.4-78.4%) (Figure 2). The effect of bio/fungicides 
on mushroom production (biological efficiency) was 
evaluated in two ways: in relation to the untreated control 
(BEc) or standard prochloraz treatment (BEst), when the  
value of each was set to 100% biological efficiency (Figure 
2). Compared to the untreated control set at 100% (BEc),  
B. subtilis Ch-13 applied in three split doses significantly 
increased mushroom production (BE=115.4%), whereas 
B. subtilis Ch-13 applied in two split doses and prochloraz 
treatment did not significantly affect mushroom 
production (BE=107.4; 102.5%, respectively) (Table 2). 
When prochloraz treatment was set to 100% biological 
efficiency (BEst), three split doses of the biofungicide B. 
subtilis Ch-13 promoted a mushroom yield (BE=112.7%) 
that was 7% higher than the yield obtained with two split 
doses (BE=104.8%) (Table 2). Additionally, in relation 
to the fungicide prochloraz (BEst), mushroom yield 
obtained with the biofungicide B. subtilis Ch-13 applied 

in two split doses significantly differed from that of the 
untreated control (BE=97.6%) (Table 2). The use of the 
biofungicide in three split doses significantly increased 
mushroom production, in contrast to its application in 
two split doses, the fungicide prochloraz treatment, or 
the untreated control. In comparison to the untreated 
control and prochloraz treatment, the application of 
strain B. subtilis Ch-13 in three split doses significantly 
increased white button mushroom production: up to 
15% and 13%, respectively.

DISCUSSION

Symptoms found in all experimental briquettes with 
white button mushrooms resembled those of cobweb 
disease caused by H. odoratus (Luković et al., 2021). 
Tested for the suppression of natural infestation of cobweb 
disease agent H. odoratus, the biofungicide B. subtilis Ch-
13 was applied at a concentration of 60 ml (1 × 108 CFU 
ml-1) per m2 of casing layer in two procedures – using two 
(2 × 30 ml m-2) or three (30 ml m-2 + 2 × 15 ml m-2) split 
doses – whereas the fungicide prochloraz was applied 
at the standard application rate used in industrial-scale 
conditions of white button mushroom cultivation. The 
effects of B. subtilis Ch-13 and prochloraz on mushroom 
production were also estimated.

Figure 2. �The impact of bio/fungicides on yield (biological efficiency – BE%) of white button mushrooms naturally infected 
with Hypomyces odoratus. The biofungicide Bacillus subtilis Ch-13 was used in two (II) or three (III) split doses. Data 
represent means of repetition trials I and II (each including 214 experimental briquettes) ± SE, standard error of the mean; 
SED, standard error of difference = 2.1 (I); 2.2 (II); df, degrees of freedom = 3; F = 30.2 (I); 28.8 (II); p-value = 0.001. 
Values marked with the same letter within each repetition series (I – capital letters; II – lowercase letters) are not 
significantly different according to the F-test (p<0.05).

Untreated Control B. subtilis-Ch 13 II B. subtilis-Ch 13 III Prochloraz
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Figure 2. The impact of bio/fungicides on yield (biological efficiency – BE%) of white button

mushrooms naturally infected with  Hypomyces odoratus.  The biofungicide  Bacillus subtilis

Ch-13 was used in two (II) or three (III) split doses. Data represent means of repetition trials I

and II (each including 214 experimental briquettes) ± SE, standard error of the mean;  SED,

standard error of difference = 2.1 (I); 2.2 (II); df, degrees of freedom = 3; F = 30.2 (I); 28.8

(II);  p-value = 0.001. Values marked with the same letter within each repetition series  (I –

capital  letters;  II – lowercase letters)  are not significantly different according to the  F-test

(p<0.05).
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Strain B. subtilis Ch-13 has been registered as 
a microbiological fertilizer, fungicide, and wheat 
seed disinfectant in several countries (Chebotar et 
al., 2009; Kayin et al., 2015; Potočnik et al., 2019). 
Concerning the protection of naturally infected white 
button mushrooms, B. subtilis Ch-13 was previously 
tested only against the mycopathogen T. aggressivum 
in industrial-scale cultivation (Potočnik et al., 2021). 
The biofungicide B. subtilis Ch-13 displayed optimal 
efficacy in the suppression of H. odoratus when used 
in three split doses (≈42%) and to a certain extent 
when applied twice (≈30%), compared to the fungicide 
prochloraz (≈53%). The efficacy of B. subtilis Ch-13 
against H. odoratus was substantially higher when 
applied three times, rather than twice, despite the 
same total concentration of B. subtilis Ch-13 used in 
both applications. The efficacy of three split doses 
of B. subtilis Ch-13 (≈42%) against H. odoratus was 
comparable to the very low efficacy of the fungicide 
prochloraz (≈53%).

When the strain B. subtilis Ch-13 was previously 
tested against T. aggressivum in an industrial-scale 
experiment, Potočnik et al. (2021) found that it 
displayed higher efficacy when applied in three (53.6%) 
or two split doses (46.4%), than when used in the 
same manner to control H. odoratus in the present 
study. Additionally, the fungicide prochloraz showed 
much lower efficacy against H. odoratus (53%) in the 
current study than found by Potočnik et al. (2021) in 
the suppression of T. aggressivum (71%). The decreased 
efficacy of prochloraz in cobweb disease control implies 
the importance of replacing it with effective beneficial 
microorganisms to suppress H. odoratus.

Strains B. velezensis QST 713 (formerly B. subtilis), 
QST 713 (Ehrenberg) Cohn, B. amyloliquefaciens 
subsp. plantarum D747, and B. amyloliquefaciens 
MBI 600 were authorized for use against Trichoderma 
harzianum Rifai and T. aggressivum on white button 
mushrooms worldwide (Marčić et al., 2025). Strain B. 
velezensis QST 713 (5.13 × 1010 CFU g-1) used at the 
standard application rate showed distinct efficacies in 
the suppression of various mushroom disease agents: 
45-62% against Z. fungicola (Stanojević et al., 2019), 
48-58% against T. aggressivum (Milijašević-Marčić 
et al., 2017; Potočnik et al., 2018; 2019; Stanojević et 
al., 2019), 44% against T. harzianum (Kosanović et 
al., 2013; Milijašević-Marčić et al., 2017), and 17-21% 
against H. perniciosus (Navarro et al., 2023). Strain B. 
amyloliquefaciens subsp. plantarum D747 (5 × 1013 CFU 
g-1) used at the standard application rate exhibited an 
efficacy of 15-19% against H. perniciosus (Navarro et al., 

2023). On the other hand, B. subtilis QST 713 failed to 
control cobweb disease (H. rosellus) in the experiment 
conducted by Ślusarski et al. (2012).

Various native Bacillus spp. strains also showed 
different efficacies against white button mushroom 
pathogens: B. velezensis Kos, 30-40% against H. 
odoratus (Clarke et al., 2024), similar to B. subtilis 
Ch-13 in the current study (30-42%); B. subtilis B-38,  
50% against T. harzianum (Milijašević-Marčić et  
al., 2017); B. subtilis B-38, 36% (Milijašević-Marčić 
et al., 2017) and B. amyloliquefaciens B-241, 53-68% 
against T. aggressivum (Stanojević et al., 2019); and B. 
amyloliquefaciens B-241, 46-58% against Z. fungicola 
(Stanojević et al., 2019).

Furthermore, various Bacillus spp. strains distinctly 
improved mushroom yield: B. velezensis QST 713, 
15% (Milijašević-Marčić et al., 2017; Navarro et al., 
2023); B. velezensis, 18-26% (Büchner et al., 2021); B. 
amyloliquefaciens subsp. plantarum D747, 4-8% (Navarro 
et al., 2023); and B. subtilis Ch-13, 8-12% (Potočnik et 
al., 2019; Potočnik et al., 2021), consistent with data 
reported in the current study (7-15%).

More specifically, findings from the current study 
support the application of strain B. subtilis Ch-13 at a 
concentration of 60 ml m-2 (1×108 CFU ml-1) in three 
split doses to control cobweb disease and improve the 
yield of white button mushrooms.

CONCLUSION 

More frequent application of the biofungicide B. 
subtilis Ch-13 enhanced its efficacy against natural 
infestation of H. odoratus in white button mushrooms. 
Used at a final concentration of 60 ml m-2 (1 × 108 CFU 
ml-1), strain B. subtilis Ch-13 was substantially more 
effective in the large-scale production of white button 
mushrooms when applied in three split doses (42% 
efficacy), rather than two (30% efficacy). Compared 
to the low efficacy of the fungicide prochloraz (53%), 
optimal efficacy of B. subtilis Ch-13 was recorded in the 
suppression of H. odoratus. The greatest improvement in 
mushroom production, in comparison to the untreated 
control, was found when B. subtilis Ch-13 was applied in 
three split doses (15%), rather than two (7%). Therefore, 
current data support the application of the biofungicide 
B. subtilis Ch-13 in three split doses (30 + 15 + 15 ml 
m-2 on the second day after casing, two weeks after 
casing, and after the first fruiting flush, respectively) 
against the mycopathogen H. odoratus in white button 
mushrooms.
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Efikasnost biofungicida Bacillus subtilis Ch-13  
u suzbijanju prouzrokovača paučinaste 
plesni (Hypomyces odoratus) u uslovima 
industrijske proizvodnje šampinjona

REZIME

Učestalija primena biofungicida Bacillus subtilis Ch-13 povećala je njegovu efikasnost u 
suzbijanju prirodne zaraze Hypomyces odoratus (paučinate plesni) i pozitivan uticaj na prinos 
šampinjona (Agaricus bisporus). Soj B. subtilis Ch-13 je bio primenjen u ukupnoj koncentraciji od 
60 ml m-2 (1 × 108 CFU ml-1). Značajno veća efikasnost biofungicida u suzbijanju prouzrokovača 
paučinaste plesni je postignuta kada je primenjen u tri podeljene doze (42%), umesto u dve 
(30%), u uslovima industrijske proizvodnje šampinjona. Zadovoljavajuća efikasnost B. subtilis 
Ch-13 u suzbijanju H. odoratus je uočena u poređenju sa vrlo smanjenom efikasnošču fungicida 
prohloraza (53%). Najveće povećanje prinosa je zabeleženo kod primene B. subtilis Ch-13 u 
tri podeljene doze (15%), umesto u dve (7%), u poređenju sa netretiranom kontrolom. Može 
se preporučiti primena B. subtilis Ch-13 u tri podeljene doze: 30 + 15 +15 ml po m2 (drugog 
dana, dve nedelje nakon pokrivanja i posle prve berbe) u suzbijanju H. odoratus.

Ključne reči: jestive gljive; agens biološke zaštite; zaštita od bolesti
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