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Abstract

Grey mold, caused by the fungus Botrytis cinerea, is one of the most prevalent diseases affecting
strawberry plants (Fragaria ananassa). The objective of this study was to assess the antagonistic effect
of 5 bacterial strains belonging to the genus Bacillus spp. (BAl, BF2, BB3, BI3, and BO4) against
B. cinerea, tested both in vitro and in vivo on strawberry fruits. The strains exhibited antifungal activity
against B. cinerea under in vitro conditions, both through direct confrontations and antibiosis tests,
as well as through the effect of organic compounds. Strain BO4 could inhibit mycelial growth by 62.92%
through direct confrontation and 64.58% through the secretion of volatile organic compounds.
Additionally, the strain BF2 demonstrated a high antibiosis effect (74.64%) compared to the control at
a concentration of 25%. Treating fruits with the bacterial suspension and culture filtrate of the 5 studied
strains controlled grey mold growth in vivo, as indicated by low severity indices in strawberries treated
with strains BI3, BF2, and BA1, marked by percentages of 24.44%, 24.44%, and 37.78%, respectively,
for preventive treatment. The difference in the effectiveness of various strains depended on the treatment
mode; preventive treatment proved to be more effective compared to curative treatment.
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INTRODUCTION

Grey mold, caused by Botrytis cinerea, is and regulatory authorities about the risks

responsible for significant post-harvest losses in
a wide range of crops. Primary infection begins
in the field before harvest, and symptoms develop
during storage as the disease spreads from fruit
to fruit. The pathogen also takes advantage
of fruit injuries during harvesting, transport, and
packaging operations to establish itself and infect
fruit tissue. B. cinerea can develop even at 0 °C
and spread among fruit by mycelial growth
and conidia. To minimize post-harvest grey mold,
control programs mainly focus on chemical
control using fungicides (Romanazzi et al., 2016).
However, growing concerns among consumers
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associated with chemical residues in food have
prompted strict regulations, prohibitions on using
certain chemical groups, and consumer preference
to avoid chemically treated crops. This has
prompted researchers to develop biological
controls, such as biological control agents, plant
extracts, minerals, and organic compounds (Nicot
et al.,, 2011). In this context, the present study
set out to develop a biological control method for
post-harvest grey mold using new antagonistic
bacterial strains belonging to the Bacillus genus
and to demonstrate the mechanisms of action they
employ against B. cinerea.
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Species of the bacterial genus Bacillus spp.
have been extensively studied and utilized
as biocontrol agents against phytopathogenic
fungi in agriculture, owing to the diversity of
their secondary metabolism and their ability to
produce a wide variety of structurally different
antagonistic substances (Fira et al., 2018).
As a result, high inhibition rates have been
achieved through both the secretion of metabolites
and the action of volatile organic compounds
released by certain Bacillus species. This is
attributed to compounds such as lipopeptides
(iturin, bacillomycin, fengycin, and surfactin),
whose effectiveness has been determined both
in vitro and in vivo by Bacillus velezensis (Toral
et al., 2018; Nifakos et al., 2021), Bacillus
amyloliquefaciens (llham et al., 2020; Maung
et al., 2021), and Bacillus subtilis (Kilani-Feki
et al, 2016). Additionally, B. velezensis,
B. subtilis, and B. amyloliquefaciens have been
described as species capable of producing and
releasing antifungal volatile organic compounds
(VOCs) against B. cinerea, thereby inhibiting
the germination of its spores and the growth of
hyphae (Gao et al., 2017; Gao et al., 2018; Luo
et al., 2022).

This study aimed to assess the antagonistic
potential of 5 bacterial strains belonging to the
genus Bacillus spp.: BAL, BB3, BF2, BI3, and
BO4 in the biocontrol of B. cinerea through
both in vitro and in vivo trials on strawberry fruits.
To achieve this objective, the kinetics of mycelial
growth was monitored and the incidence of
the pathogen and the antagonistic potential of
the studied strains was assessed through the
implementation of in vitro confrontations using
3 methods: direct confrontations, tests of
antifungal activity of volatile organic compounds,
and antibiosis tests between the 5 bacterial strains
and B. cinerea. Furthermore, the efficacy of
these antagonistic bacteria in vivo on mature and
immature strawberries of the SABRINA variety
was evaluated by examining the preventive and
curative action of each strain.

MATERIALS AND METHOD

The biological material

The visit to the organic strawberry production
farms in the Gharb region of Morocco identified
that the SABRINA variety is highly susceptible
to grey mold. This is the reason why researchers
chose this variety for in vivo trials. The fruit
were collected from the SABEMA farms using
a random sampling technique. In the laboratory,

the fruits with no symptoms of grey mold and
of the same caliber were selected.

The B. cinerea strain used in this study was
isolated from infected fruits of the SABRINA
variety. Therefore, a mycelium fragment was
taken under sterile conditions, placed on potato
dextrose agar (PDA) medium acidified and
incubated in darkness at 25 °C. Subsequently, the
strain was purified through monosporic culture
and maintained in culture at 25 °C in darkness.

The antagonistic bacterial strains were selected
from the collection of the Laboratory of
Phytopathology at the Hassan Il Institute of
Agronomy and Veterinary Medicine in Morocco
(IAV Hassan 1) based on their antifungal
potential against several pathogens. The strains
were stored in glycerol at -80 °C and then
recultivated on non-acidified PDA medium in
9 cm diameter petri dishes and incubated in
darkness at 25 °C (Table 1).

In vitro evaluation of the antagonistic potential
of bacterial strains against B. cinerea

Direct confrontations

In the following, the modified method of Patel
and Brown (1969), is described. A 5 mm explant
was taken from the B. cinerea culture in PDA
for 7 days and placed on a petri dish containing
20 ml of the same medium. The bacterial
strain was inoculated diametrically opposite to
the fungus and at a distance of 5 cm. This
experiment was carried out with 3 replicates.
The control consisted of replanting the fungus
alone in the petri dish. Then, the petri dishes were
incubated in darkness at 25 °C for 6 days.

Confrontations  through  volatile
compounds

To highlight the effect of volatile substances
secreted by bacteria during the inhibition of the
mycelial growth of the pathogen, the modified
method of Dennis and Webster (1971) was used.
In the petri dishes containing PDA, the bacterium
was replanted as a square in the center of the plate.
The entire setup was incubated for 48 hours

organic

Table 1. List of the tested bacterial strains for
their antifungal activity
Strain

Concentration

code Strain (CFU ml™?)
BAl  B. amyloliquefaciens 108
BF2 B. subtilis 108
BB3  B. subtilis 108
BI3 B. amyloliquefaciens 108
BO4  B.velezensis 108
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at a temperature of 27 °C. After incubation, the lid
was replaced with the bottom of another petri dish
containing PDA medium, where the pathogen
was placed in the center as a 5 mm explant.
The 2 dishes were sealed with parafilm, and the
entire setup was incubated for 7 days in darkness
at 27 °C. This experiment was carried out with
3 replicates. The control consisted of 2 dish
bottoms containing PDA medium and the
pathogen in a single compartment without the
addition of the antagonist.

Tests of antibiosis

To highlight the action of culture filtrates
on the inhibition of the mycelial growth of the
pathogen, the modified technique of Sedra and
Maslouhy (1995) was applied. The tested bacteria
were separately cultured in sterile flasks
containing 300 ml of Lysogeny Broth (LB) or
Luria-Bertani medium and agitated in darkness
for one week at 28 °C at a speed of 75 rpm.
The cultures were first filtered through filter paper
and then subjected to centrifugation at 6,000 rpm
for 60 minutes. The supernatant was collected
and filtered on a sterile millipore membrane
(0.45 pm in diameter) using a sterile syringe.
The obtained culture filtrate was stored cold at
4 °C in sealed sterile bottles.

The culture filtrate obtained from each strain
was incorporated into the PDA medium at 2
concentrations, 25% and 50% of the crude
filtrate diluted with PDA. Then, 5 mm explants
were taken from B. cinerea cultures and placed
in the center of each petri dish containing
the PDA and culture filtrate mixture at the
mentioned concentrations. For each bacterial
strain, the experiment was conducted with
3 technical and biological repetitions. The control
consisted of replanting the pathogen in the center
of a petri dish containing a mixture of PDA
and sterile LB medium at 25% and 50%
concentrations.

Methods of evaluation

For all 3 types of confrontations, the mycelial
growth of the pathogen was assessed every
24 hours by measuring the diameter of the
pathogen’s growth. The test concluded when
the control fully covered the petri plate.

The assessment of antifungal activity was

estimated by the percentage of inhibition
calculated using Equation 1.
Dc-D
1(%) = (;—B) (1)
C

Where D¢ = diameter of the B. cinerea colony
in the control petri dishes (in cm), Dg = diameter
of the B. cinerea colony in the petri dishes with
bacteria or its filtrate (in cm).

To account for the kinetics of B. cinerea
pathogen growth for each strain, the average
speed of pathogen growth was calculated using
Equation 2.

V (em dayy = 22 2
(emday )= At (2)
Where D = diameter of pathogen, t = the number
of days of incubation for each confrontation
method.

In vivo evaluation of the antagonistic potential
of bacterial strains against B. cinerea on fruits

Disinfection and preparation of the fruits

The selected fruits are mature and uniform
in size and color. The harvested fruits were
randomly divided into batches of 3 fruits each.
To test the pathogenicity of the B. cinerea
isolate, the strawberry fruits were firstly surface-
disinfected by immersion in a 2% sodium
hypochlorite solution for 3 minutes, then rinsed
twice in sterile distilled water and finally dried
under a laminar flow hood (Biobase BBS-H1300).
After preparation, each fruit was wounded
(1 mm wide and deep) using a sterile pipette tip
(10 pl) (Kahramanoglu et al., 2022). The trials
were conducted to examine the preventive and
curative activity of cultures of antagonistic
bacterial strains and their sterile filtrates. The time
interval between treatment and inoculation by the
pathogen was 8 hours. The experiments were
carried out in a completely randomized design
with 3 repetitions per treatment and each
repetition contained 3 fruits.

Bioassay of direct confrontation

The direct confrontation assay was conducted
following the modified method of Gao et al.
(2018). The fruits were treated by injection with
the bacterial suspension, previously adjusted at
a concentration of 108 CFU ml?, of each bacterial
strain used in each treatment mode (preventive
or curative). The pathogen was used at 5 x 10*
CFU ml™* concentration. For the control, the fruits
were inoculated with B. cinerea and injected
with sterile distilled water instead of antagonist
suspensions. After treatment, the strawberries
were placed in a sterile plastic container closed
to maintain high relative humidity (RH = 95%),
and incubated at 25 °C in darkness for 24 hours
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2: Infection between
20.1% and 40%

1: Infection less
than 20%

Figure 1. The disease severity scale (Laboratory of Phytopathology, IAV Hassan II)

to initiate infection. They were then kept at
a temperature of 10 °C for 10 days to monitor the
development of symptoms.

Bioassay of antibiosis

The in vivo antibiosis test was conducted
identically to the direct confrontation assay on
fruits (2.2.3), by injecting the fruits with the sterile
filtrate obtained after filtering each bacterial
suspension. The control treatment involved
injecting the fruits with nutrient broth (LB) only.
The incubation conditions were the same as those
in the direct confrontation assay (2.3.2).

Method of evaluation

The assessment of antifungal activity was
estimated by the disease severity index (DSI),
evaluated from the rating of each fruit on a scale
of 1 to 5, as indicated in Figure 1 (Kahramanoglu
et al., 2022). Then, the DSI (%) was calculated
using Equation 3.

1*a+2*b+3*c+4*e+5%e
N*5

DSI (%) = [ ] x100 (3)
Where a, b, ¢, d, and e correspond to the number
of fruits belonging to levels 1, 2, 3, 4, and 5,
respectively, and N corresponds to the total
number of fruits observed per treatment (Chiang
etal., 2017).

Statistical analysis

Statistical analyses were performed using
analysis of variance with SPSS software.
Inhibition percentage and severity index data were
tested for normal distribution using the Shapiro-
Wilk test (oo = 0.05). To demonstrate differences
between treatments, an analysis of variance was
performed with a single classification factor at
a significance level of 5% for the inhibition rate.
Means were compared using Duncan’s test at
a 5% significance level.

For severity index data, a non-parametric
Kruskal-Wallis  ANOVA  and multiple
comparisons to detect differences between control

3: Infection between
40.1% and 60%

5: Infection more
than 80.1%

4: Infection between
60.1% and 80%

and treatments were performed for non-normally
distributed data.

RESULTS AND DISCUSSION

Inhibition of the mycelial growth of B. cinerea
through direct confrontation between the
pathogen and bacterial strains

Among the 5 bacterial strains (BAl, BF2,
BB3, BI3, BO4), only BO4, BF2, and BAL exhibit
significant antagonistic activity against B. cinerea
compared to the control. The antagonistic action
of the bacterial strains is reflected in the limited
mycelial growth of the pathogen over the 7-day
incubation period and a significant decrease
(p < 0.001) in the average growth rate of
the fungus compared to the control. Indeed,
the average growth rate of B. cinerea in control
dishes is 1.07 cm day™, whereas in the presence
of strains BO4, BF2, BALl, BB3, and BI3,
the average growth rates are 0.34, 0.53, 0.56, 0.72,
and 0.73 cm day™, respectively (Table 2). The
assessment of antifungal activity was estimated by
a percentage of inhibition ranging from 30.56 to
62.92% (Figure 2a).

In studies conducted by Jiang et al. (2018)
to determine whether the antifungal activity of
B. velezensis 5YN and DSN012 was due to the
direct effect of bacteria or the secretion of
antifungal substances. The metabolic results
indicated that the secondary metabolites of
strains 5YN8 and DSNO012 could significantly
inhibit the mycelial growth of B. cinerea by
secreting effective antifungal  substances.
Furthermore, Nifakos et al. (2021) evaluated
the inhibition activity of B. velezensis against
a strain of B. cinerea through direct confrontation.
In all repetitions of the experiment, a clear zone of
more than 0.7 cm was formed between the fungus
and the Bacillus inoculum, suppressing the radial
growth of fungal mycelium by 70% compared
to the control, correlating with the results of this
study.
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Inhibition of the mycelial growth of B. cinerea
by the effect of volatile organic compounds
from bacterial strains

The inhibition of mycelial growth of B. cinerea
through the production of wvolatile organic
compounds was observed for all 5 strains of
antagonistic  bacteria. The production of
volatile antifungal compounds was observed
in all strains of antagonistic bacteria with
very high statistical significance (p < 0.001).
The assessment of antagonistic activity using the
method of confrontations with VOCs highlighted
the presence of volatile organic compounds
with inhibitory effects in strain BO4, supported by
an inhibition percentage of 64.58%, significantly
higher than that of the other tested strains which
generated inhibition rates of approximately
58.61% for strain BI3, 57.92% for strain BF2,
57.50% for strain BAL, and 55.97% for strain
BB3 (Figure 2b).

Furthermore, the VOCs secreted by
antagonistic  bacteria  significantly reduced
(p < 0.001) the average growth rate of B. cinerea
compared to the control. The growth rate of
B. cinerea in control dishes was 1.06 cm day™,
whereas in the presence of strains BO4, BI3, BAL,
BF2, and BB3, the growth rates were respectively
0.41,0.48, 0.49, 0.53, and 0.53 cm day™* (Table 2).

According to a study conducted by Zhang et al.
(2017), B. subtilis can achieve an inhibitory
effect against B. cinerea ranging from 71 to 80%
in in vitro biological assays. The results of
this study revealed inhibition rates of 60.39%
for the tests of volatile organic compounds’
activity for the BF2 strain and 58.56% for the BB3
strain. Thus, the results of this study align with the
findings of previous research. Indeed, the results
of the study by Gao et al. (2018) demonstrated
that VOCs in the 24-hour fermentation liquid
of B. subtilis CF-3 inhibited the mycelial growth
of B. cinerea with an average inhibition rate
of 59.97%. In another in vitro assay conducted

by Gao et al. (2017), the VOCs produced by
B. velezensis ZSY-1 showed significant antifungal
activity against B. cinerea with an inhibition rate
of 92%.

Inhibition of the mycelial growth of B. cinerea
through antibiosis

Test with a concentration of 25% of bacterial
culture filtrate

Secondary metabolites secreted in the culture
medium by antagonistic bacteria had a significant
(p < 0.001) effect on the growth kinetics of the
fungus, leading to a substantial reduction.
Specifically, due to the presence of 25% bacterial
culture filtrates, the mycelial growth rates of
B. cinerea were 0.29, 0.39, 0.48, 0.55, and
0.71 cm day* for BF2, BI3, BA1l, BO4, and
BB3, respectively. In contrast, the growth rate of
the pathogen in the control group was 1.07 cm
day™ (Table 2).

The filtrate from strain BF2 exhibited
a significantly high antibiosis effect on the
B. cinerea fungus with an inhibition percentage
of 74.64%. Nevertheless, the other strains showed
antibiosis effects, resulting in the cessation of
mycelial growth by the third day of incubation.
The inhibition rates reached percentages of
69.80% for BI3, 61.70% for BAL, 55.56% for
BO4, and 45.10% for BB3 (Figure 2c).

Test with a concentration of 50% of bacterial
culture filtrate

The inhibitory effect was significantly
correlated with the filtrate concentration
(p < 0.01). Indeed, in the presence of 50%
bacterial filtrate, the average growth rate of
the pathogen reached 0.31 c¢cm day™ for BI3,
0.42 cm day™ for BO4, 0.43 cm day™ for BA1,
0.49 cm day™ for BB3, and 0.51 c¢m day™ for
BF2, compared to 1.14 cm day™ for the control
(Table 2). However, no significant difference was
noted between the inhibition rates of different
strains. There was an antibiosis effect resulting

Table 2. Average growth rates of B. cinerea for the 3 confrontation methods

The average rate of pathogen growth (cm jour™)

Treatment . . . . Antibiosis test
Direct confrontation Confrontation with COV 5506 of filtrate  50% of filtrate

Control 1.07¢ 1.06° 1.07¢ 1.14°
BO4 0.34% 0.41% 0.55°¢ 0.42%®
BI3 0.73° 0.48%® 0.39%® 0.31°
BF2 0.53® 0.53° 0.29? 0.51°
BB3 0.72° 0.53° 0.71¢ 0.49°
BA1l 0.56%® 0.49%® 0.48 0.43%®

Note: Averages with a common letter belong to the same group according to the Duncan test at a 5% significance

level
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Figure 2. Inhibition rates (%) for the 5 studied bacterial strains after 6 days of incubation at 25 °C
for direct confrontation method (a), confrontation with VOCs (b), and the 25% (c) and
50% (d) bacterial culture filtrate antibiosis test
Note: Bars indicate standard deviations of the means. Means with a common letter are not significantly
different according to the Duncan test at a 5% significance level

In the inhibition of mycelial growth with
percentages of 75.95% for BI3, 70.45% for BO4,
68.5% for BAL, 64.44% for BB3, and 62.48%
for BF2 (Figure 2d).

Moreover, B. amyloliquefaciens has been
proven to significantly inhibit the mycelial growth
of Alternaria panax, B. cinera, Colletotrichum
orbiculare, Penicillium digitatum, Pyricularia
grisea, and Sclerotinia sclerotiorum, as well as
the germination tube elongation of B. cinerea
spores (Ji et al., 2013). On their part, the study by
Kefi et al. (2015) demonstrated the antifungal
activity of the BF11 strain filtrate of
B. amyloliquefaciens and its ability to inhibit
the mycelial growth of B. cinerea by 53%
compared to the control. This is consistent with
the results of the present study. Indeed, the BA1
strain of B. amyloliquefaciens inhibited mycelial
growth by 52% compared to the control through
antibiosis.

In vivo inhibitory effect of bacterial strains
against grey mold disease on fruit

To test the antagonistic activity of strains
BO4, BI3, BF2, BB3, and BA1 against B. cinerea
on strawberries, the inhibitory effect of bacterial
cultures with a bacterial density of 10 CFU ml™
and their filtrate on strawberries either before
(preventive treatment) or after (curative
treatment) artificial inoculation with a conidial
suspension of B. cinerea at a concentration of
5x10* CFU ml™* were assessed.

The curative treatment with bacterial
suspensions showed a highly significant
inhibition for the BI3 treatment compared to
the control (p = 0.005) and a significant inhibition
for the BAL treatment (p = 0.034). Indeed,
treatment with bacterial cultures of BI3 and
BAL after B. cinerea inoculation reduced disease
severity from 51.11% (for the control) to 24.44%
and 33.33%, respectively, on the tenth day of
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Figure 3. The effect of preventive and curative treatment with bacterial strains BO4, BI3, BF2, BB3,
and BA1 against grey mold in vivo on strawberries after 10 days of incubation at 10 °C; (a)
and (b) represent the severity index of curative bacterial treatment with bacterial cultures and
culture filtrates, respectively, (c) and (d) represent the severity index of preventive treatment
with bacterial suspensions and culture filtrates, respectively

Note: Data values represent the mean of 3 repetitions. Asterisks indicate statistically significant (*), highly
significant (**), or very highly significant (***) differences of each treatment compared to the control

incubation (Figure 3a). However, for the
curative treatments based on bacterial filtrate,
no significant difference was observed between
the treatments and the control (Figure 3b).

The preventive treatment proved to be more
effective than the curative treatment, and disease
severity was reduced compared to the control
during the incubation period. Treatment with
BI3 and BF2 cultures before artificial inoculation
by B. cinerea significantly (p = 0.001) reduced
grey mold severity 10 days after inoculation
(Figure 3c). Disease severity on strawberry fruits
was reduced to 24.44% for fruits treated with BI3
and BF2 compared to 66.67% for the control
treatment.

Furthermore, preventive treatment with BA1,
BI3, and BF2 filtrates also significantly reduced

disease severity values after 10 days of
incubation. As shown in Figure 3d, the disease
severity of grey mold on treated fruits decreased
compared to the control treatment with
a percentage of 33.33% for strains BA1 and
BI3, and 37.78% for strain BF2, suggesting
the involvement of metabolites in their biocontrol
activity. These results highlight that BI3, BF2,
and BA1 were the most effective strains.

The in vivo tests on fruits revealed that
pretreatment with the filtrates of the BI3 and
BAL1 strains of B. amyloliquefaciens, as well as
the BF2 strain of B. subtilis, resulted in significant
inhibition of grey mold development on
artificially inoculated fruits. Indeed, a study
conducted by de Moura et al. (2021) showed
that B. subtilis was the most effective in
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controlling the mycelial growth of B. cinerea
for the strawberry cultivar “Albion”, which is
highly susceptible to the disease. Furthermore,
electrospray mass spectrometry analysis revealed
that Bacillus strains produced a heterogeneous
mixture of metabolites belonging to iturin and
surfactin for the BR8 strain of B. subtilis; and to
bacillomycin D, fengycin, and surfactin for the
BF11 strain of B. amyloliquefaciens, explaining
the inhibitory power of the sterile filtrates of these
strains (Kefi et al., 2015).

According to Abbey et al. (2019),
biofungicides are only preventive and cannot
“cure” already infected crops. In this context,
the study by Hang et al. (2005) detected that
pretreatment with B. subtilis S1 before inoculation
with B. cinerea was more effective in controlling
grey mold in strawberries than post-application,
concluding that the pre-colonization of
antagonistic agents on host plants can be a critical
factor in protecting the host against fungal
pathogen infection. This confirms that in the case
of the Bacillus genus, the preventive application
of the biocontrol agent allows the colonization of
bacterial tissues and the production of antifungal
compounds that protect the fruit from infection by
the pathogen, thereby achieving effective control
of Botrytis infections (Hang et al., 2005; Arrebola
et al., 2010; Calvo et al., 2017).

CONCLUSIONS

The in vitro and in vivo trials showed
a statistically significant decrease in the average
mycelial growth rate and the severity of B. cinerea
compared to the control. This confirms the
presence of an antagonistic action constraining
the growth of the fungus. This occurs through
competition between bacteria and the fungus
for space and nutrients, the secretion of volatile
organic compounds preventing the normal
development of B. cinerea mycelium, and the
secretion of metabolites with antifungal activity.
The results obtained are highly encouraging
and deserve to be continued in the field
conditions, in addition to the identification of
secondary metabolites and volatile compounds
produced by these bacteria.

ACKNOWLEDGEMENT

The authors are grateful to the proprietor of
the SABEMA farm, who kindly provided the fruit
samples for all the trials carried out. Authors also
thank the technical staff of the laboratories who
contributed to the realization of this work.

REFERENCES

Abbey, J. A., Percival, D., Abbey, L., Asiedu, S.
K., Prithiviraj, B., & Schilder, A. (2019).
Biofungicides as alternative to synthetic
fungicide control of grey mould (Botrytis
cinerea)—prospects and challenges. Biocontrol
Science and Technology, 29(3), 207-228.
https://doi.org/10.1080/09583157.2018.
1548574

Arrebola, E., Sivakumar, D., Bacigalupo, R., &
Korsten, L. (2010). Combined application
of antagonist Bacillus amyloliquefaciens
and essential oils for the control of peach
postharvest diseases. Crop Protection, 29(4),
369-377. https://doi.org/10.1016/j.cropro.
2009.08.001

Calvo, H., Marco, P., Blanco, D., Oria, R., &
Venturini, M. E. (2017). Potential of a new
strain of Bacillus amyloliquefaciens BUZ-14
as a biocontrol agent of postharvest fruit
diseases. Food Microbiology, 63, 101-110.
https://doi.org/10.1016/j.fm.2016.11.004

Chiang, K. S., Liu, H. I., & Bock, C. (2017). A
discussion on disease severity index values.
Part I: Warning on inherent errors and
suggestions to maximise accuracy. Annals
of Applied Biology, 171(2), 139-154.
https://doi.org/10.1111/aab.12362

De Moura, G. G. D., de Barros, A. V., Machado,
F., Martins, A. D., da Silva, C. M., Durango,
L. G. C, ... & Doria, J. (2021). Endophytic
bacteria from strawberry plants control gray
mold in fruits via production of antifungal
compounds against Botrytis cinerea L.
Microbiological Research, 251, 126793.
https://doi.org/10.1016/j.micres.2021.126793

Dennis, C., & J. Webster. (1971). Antagonistic
properties of species-groups of Trichoderma:
Il.  Production of volatile antibiotics.
Transactions of the British Mycological
Society, 57(1), 41-48. https://doi.org/
10.1016/S0007-1536(71)80078-5

Fira, D., Dimki¢, 1., Beri¢, T., Lozo, J., &
Stankovi¢, S. (2018). Biological control of
plant pathogens by Bacillus species. Journal of
Biotechnology, 285, 44-55. https://doi.org/
10.1016/j.jbiotec.2018.07.044

Gao, H., Li, P., Xu, X., Zeng, Q., & Guan, W.
(2018). Research on volatile organic
compounds from Bacillus subtilis CF-3:
Biocontrol effects on fruit fungal pathogens

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.1080/09583157.2018.1548574
https://doi.org/10.1080/09583157.2018.1548574
https://doi.org/10.1016/j.cropro.2009.08.001
https://doi.org/10.1016/j.cropro.2009.08.001
https://doi.org/10.1016/j.fm.2016.11.004
https://doi.org/10.1111/aab.12362
https://doi.org/10.1016/j.micres.2021.126793
https://doi.org/10.1016/S0007-1536(71)80078-5
https://doi.org/10.1016/S0007-1536(71)80078-5
https://doi.org/10.1016/j.jbiotec.2018.07.044
https://doi.org/10.1016/j.jbiotec.2018.07.044

Caraka Tani: Journal of Sustainable Agriculture, 39(2), 311-320, 2024 319

and dynamic changes during fermentation.
Frontiers in  Microbiology, 9, 456.
https://doi.org/10.3389/fmich.2018.00456

Gao, P., Qin, J., Li, D.,, & Zhou, S. (2018).
Inhibitory effect and possible mechanism
of a Pseudomonas strain QBA5 against gray
mold on tomato leaves and fruits caused by
Botrytis cinerea. PLoS ONE, 13(1), e0190932.
https://doi.org/10.1371/journal.pone.0190932

Gao, Z., Zhang, B., Liu, H., Han, J., & Zhang, Y.
(2017). Identification of endophytic Bacillus
velezensis ZSY-1 strain and antifungal activity
of its volatile compounds against Alternaria
solani and Botrytis cinerea. Biological
Control, 105, 27-39. https://doi.org/10.1016/
j-biocontrol.2016.11.007

Hang, N. T. T., Oh, S. O., Kim, G. H., Hur, J. S,
& Koh, Y. J. (2005). Bacillus subtilis S1-0210
as a biocontrol agent against Botrytis cinerea
in strawberries. The Plant Pathology Journal,
21(1), 59-63. https://doi.org/10.5423/PPJ.
2005.21.1.059

Ilham, B., Chtaina, N., Grappin, P., Abdenbi, E.,
& Brahim, E. (2020). Efficacy of secondary
metabolites produced by Bacillus
amyloliquefaciens on the inhibition of
Zymoseptoria tritici. Global Journal of
Science Frontier Research, 20(D1), 9-16.
Retrieved from https://journalofscience.org/
index.php/GJSFR/article/view/2580

Ji, S. H., Paul, N.C,, Deng, J. X., Kim, Y. S,, Yun,
B. S., & Yu, S. H. (2013). Biocontrol activity
of Bacillus amyloliquefaciens CNU114001
against fungal plant diseases. Mycobiology,
41(4), 234-42.  https://doi.org/10.5941/
myco0.2013.41.4.234

Jiang, C. H., Liao, M. J., Wang, H. K., Zheng, M.
Z., Xu, J. J.,, & Guo, J. H. (2018). Bacillus
velezensis, a potential and efficient biocontrol
agent in control of pepper gray mold caused by
Botrytis cinerea. Biological Control, 126,
147-57. https://doi.org/10.1016/j.biocontrol.
2018.07.017

Kahramanoglu, 1., Panfilova, O., Kesimci, T. G.,
Bozhiylk, A. U., Gurblz, R., & Alptekin, H.
(2022). Control of postharvest gray mold
at strawberry fruits caused by Botrytis cinerea
and improving fruit storability through
Origanum onites L. and Ziziphora
clinopodioides L. volatile essential oils.
Agronomy, 12(2), 389. https://doi.org/
10.3390/agronomy12020389

Kefi, A., Slimene, I. B., Karkouch, I., Rihouey,
C., Azaeiz, S., Bejaoui, M., ... & Limam,
F. (2015). Characterization of endophytic
Bacillus  strains from tomato plants
(Lycopersicon esculentum) displaying
antifungal activity against Botrytis cinerea
Pers. World Journal of Microbiology and
Biotechnology, 31, 1967-1976. https://doi.org/
10.1007/s11274-015-1943-x

Kilani-Feki, O., Khedher, S. B., Dammak, M.,
Kamoun, A., Jabnoun-Khiareddine, H.,
Daami-Remadi, M., & Tounsi, S. (2016).
Improvement of antifungal metabolites
production by Bacillus subtilis V26 for
biocontrol of tomato postharvest disease.
Biological Control, 95, 73-82. https://doi.org/
10.1016/j.biocontrol.2016.01.005

Luo, L., Zhao, C.,, Wang, E.,, Raza, A, &
Yin, C. (2022). Bacillus amyloliguefaciens
as an excellent agent for biofertilizer and
biocontrol in agriculture: An overview for
its mechanisms. Microbiological Research,
259, 127016. https://doi.org/10.1016/j.micres.
2022.127016

Maung, C. E. H., Baek, W. S., Choi, T. G., & Kim,
K.Y. (2021). Control of grey mould disease on
strawberry using the effective agent, Bacillus
amyloliquefaciens Y1. Biocontrol Science and
Technology, 31(5), 468-82. https://doi.org/
10.1080/09583157.2020.1867707

Nicot, P. C., Bardin, M., Alabouvette, C., & Kohl,
J. (2011). Potential of biological control based
on published research. 1. Protection against
plant pathogens of selected crops. Classical
and augmentative biological control against
diseases and pests: Critical status analysis
and review of factors influencing their success,
pp. 1-11. Retrieved from https://www.
researchgate.net/publication/254838853 Cha
pter_1 Potential_of biological control

Nifakos, K., Tsalgatidou, P. C., Thomloudi, E. E.,
Skagia, A., Kotopoulis, D., Baira, E., ... &
Katinakis, P. (2021). Genomic analysis and
secondary metabolites production of the
endophytic Bacillus velezensis Bvell: A
biocontrol agent against Botrytis cinerea
causing bunch rot in post-harvest table grapes.
Plants, 10(8), 1716. https://doi.org/10.3390/
plants10081716

Patel, J. J., & Brown, M. E. (1969). Interactions
of Azotobacter with rhizosphere and root-

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.3389/fmicb.2018.00456
https://doi.org/10.1371/journal.pone.0190932
https://doi.org/10.1016/j.biocontrol.2016.11.007
https://doi.org/10.1016/j.biocontrol.2016.11.007
https://doi.org/10.5423/PPJ.2005.21.1.059
https://doi.org/10.5423/PPJ.2005.21.1.059
https://journalofscience.org/index.php/GJSFR/article/view/2580
https://journalofscience.org/index.php/GJSFR/article/view/2580
https://doi.org/10.5941/MYCO.2013.41.4.234
https://doi.org/10.5941/MYCO.2013.41.4.234
https://doi.org/10.1016/j.biocontrol.2018.07.017
https://doi.org/10.1016/j.biocontrol.2018.07.017
https://doi.org/10.3390/agronomy12020389
https://doi.org/10.3390/agronomy12020389
https://doi.org/10.1007/s11274-015-1943-x
https://doi.org/10.1007/s11274-015-1943-x
https://doi.org/10.1016/j.biocontrol.2016.01.005
https://doi.org/10.1016/j.biocontrol.2016.01.005
https://doi.org/10.1016/j.micres.2022.127016
https://doi.org/10.1016/j.micres.2022.127016
https://doi.org/10.1080/09583157.2020.1867707
https://doi.org/10.1080/09583157.2020.1867707
https://www.researchgate.net/publication/254838853_Chapter_1_Potential_of_biological_control
https://www.researchgate.net/publication/254838853_Chapter_1_Potential_of_biological_control
https://www.researchgate.net/publication/254838853_Chapter_1_Potential_of_biological_control
https://doi.org/10.3390/plants10081716
https://doi.org/10.3390/plants10081716

320

Caraka Tani: Journal of Sustainable Agriculture, 39(2), 311-320, 2024

surface microflora. Plant and Soil, 31, 273—
281. https://doi.org/10.1007/BF01373570

Romanazzi, G., Smilanick, J. L., Feliziani, E., &

Droby, S. (2016). Integrated management
of postharvest gray mold on fruit crops.
Postharvest Biology and Technology, 113,
69-76. https://doi.org/10.1016/j.postharvbio.
2015.11.003

Sedra, M. H., & Maslouhy, M. A. (1995). La

fusariose vasculaire du palmier dattier
(Bayoud). II. Action inhibitrice des filtrats de
culture de six microorganismes antagonistes
isolés des sols de la palmeraie de Marrakech
sur le développement in vitro de Fusarium
oxysporum f. sp. albedinis. Al Awamia, 90,

1-8. Retrieved from https://scholar.google.
co.id/scholar?cites=5870104220054670988&
as_sdt=2005&sciodt=0,5&hl=id

Toral, L., Rodriguez, M., Béjar, V., & Sampedro,

I. (2018). Antifungal activity of lipopeptides
from Bacillus XT1 CECT 8661 against
Botrytis cinerea. Frontiers in Microbiology,
9, 377923. https://doi.org/10.3389/fmich.
2018.01315

Zhang, X., Zhou, Y., Li, Y., Fu, X., & Wang,

Q. (2017). Screening and characterization
of endophytic Bacillus for biocontrol of
grapevine downy mildew. Crop Protection,
96, 173-79. https://doi.org/10.1016/j.cropro.
2017.02.018

Copyright © 2024 Universitas Sebelas Maret


https://doi.org/10.1007/BF01373570
https://doi.org/10.1016/j.postharvbio.2015.11.003
https://doi.org/10.1016/j.postharvbio.2015.11.003
https://scholar.google.co.id/scholar?cites=5870104220054670988&as_sdt=2005&sciodt=0,5&hl=id
https://scholar.google.co.id/scholar?cites=5870104220054670988&as_sdt=2005&sciodt=0,5&hl=id
https://scholar.google.co.id/scholar?cites=5870104220054670988&as_sdt=2005&sciodt=0,5&hl=id
https://doi.org/10.3389/fmicb.2018.01315
https://doi.org/10.3389/fmicb.2018.01315
https://doi.org/10.1016/j.cropro.2017.02.018
https://doi.org/10.1016/j.cropro.2017.02.018

	Biocontrol of Grey Mold on Strawberry Fruit by Bacillus spp. and Study of  the Mechanisms Involved
	Abstract
	Keywords: antagonism; Bacillus spp.; biological control; Botrytis cinerea; postharvest diseases
	Cite this as: Barakat, I., Chtaina, N., Caidi, K., & Bentata, F. (2024). Biocontrol of Grey Mold on Strawberry Fruit by Bacillus spp. and Study of the Mechanisms Involved. Caraka Tani: Journal of Sustainable Agriculture, 39(2), 311-320. doi: http://dx...
	INTRODUCTION
	MATERIALS AND METHOD
	The biological material
	In vitro evaluation of the antagonistic potential of bacterial strains against B. cinerea
	Direct confrontations
	Confrontations through volatile organic compounds
	Tests of antibiosis
	Methods of evaluation

	In vivo evaluation of the antagonistic potential of bacterial strains against B. cinerea on fruits
	Disinfection and preparation of the fruits
	Bioassay of direct confrontation
	Bioassay of antibiosis
	Method of evaluation

	Statistical analysis

	RESULTS AND DISCUSSION
	Inhibition of the mycelial growth of B. cinerea through direct confrontation between the pathogen and bacterial strains
	Inhibition of the mycelial growth of B. cinerea by the effect of volatile organic compounds from bacterial strains
	Inhibition of the mycelial growth of B. cinerea through antibiosis
	Test with a concentration of 25% of bacterial culture filtrate
	Test with a concentration of 50% of bacterial culture filtrate

	In vivo inhibitory effect of bacterial strains against grey mold disease on fruit

	CONCLUSIONS
	ACKNOWLEDGEMENT
	REFERENCES

