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Abstract. This study was carried out to determine the effects of antagonistic bacteria, which were
obtained from the soil rhizosphere and have the strong abilities to dissolve phosphorus and reduce
nitrogen, on the white mold disease agent Sclerotinia sclerotiorum (Lib.) de Bary. In the study, ten
antagonistic bacteria of the genus Pseudomonas were used. In the in vitro study, the tested antagonistic
bacteria suppressed the mycelial growth of S. sclerotiorum by 65.49-88.25%. Isolates with a high
inhibition rate on mycelial growth were also effective on the viability of the sclerotia of the pathogenic
fungus. Five bacterial isolates caused complete sclerotia viability loss for S. sclerotiorum. According to
the result of the in vitro studies, antagonistic bacterial isolates with strong effects on the pathogenic
fungus were selected and assayed in pot studies under greenhouse conditions. In pot studies, single
treatments with Pseudomonas chlororaphis (R-7) and the dual treatments with Pseudomonas
brassicacearum + Pseudomonas chlororaphis (R-3 + R-7) were the most effective against white mold
disease. The results of this study show that these antagonistic bacteria can be used in the biological
control of S. sclerotiorum. In addition to the in vitro and in vivo studies, it is necessary to determine the
performances of antagonistic bacterial isolates, which had the highest effect on white mold disease, in
greenhouses and field conditions.

Keywords: biological control, Sclerotinia sclerotiorum, Pseudomonas brassicacearum, Pseudomonas
chlororaphis

Introduction

Species in Sclerotinia genus are soil-borne pathogens that cause significant losses to
host plants. Sclerotinia sclerotiorum (Lib.) de Bary, causes white mold disease in field
crops and vegetables all over the world especially in temperate regions (Ferreira and
Boley, 2002). S. sclerotiorum is a reported host range of over 500 plant species from 75
families (Saharan and Mehta, 2008). In Turkey, white mold diseases has been reported
in various proportions on lettuce (Lactuca sativa L.) in lzmir, Manisa and Aydin
(Y1ldiz, 1970), on sunflower (Helianthus annus L.) in Thrace Region and Cukurova
Region (Yucer, 1980; Cinar and Bicici, 1982), on cucumber (Cucumis sativus L.),
tomato (Solanum lycopersicum L.) and eggplants (Solanum melongena L.) in the
Eastern Mediterranean Region (Aksay et al., 1991), on cucumber in Tokat and Amasya
(Onaran and Yanar, 2004), on lettuce in Canakkale (Turk and Dogu, 2004), on
greenhouse tomatoes in the provinces of Hatay, Adana, Mersin and Antalya (Tok and
Kurt, 2007), in the sunflower fields of the Pasinler Plain of Erzurum (Tozlu and
Demirci, 2008), on cucumbers in the greenhouses of Antalya (Onaran, 2009) and on
potato in Hatay province (Kurt et al., 2017).

Sclerotinia sclerotiorum produces lots of mycelia and these mycelia aggregate to
form a hard, dark brown or black sclerotia, which are of different sizes and irregular
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shapes. This agent is easily recognized from this sclerotium, which is resistant to
unfavorable environmental conditions. S. sclerotiorum usually attacks the roots or
stem of the host that are in close proximity to the soil. Lesions develop on the stem
and gradually surround the roots, and the host plant withers and dies. This fungus can
cause complete rotting of seedlings, especially in humid environments (Anonymous,
2008).

This pathogen overwinters as sclerotium in soil, contaminated plant debris or as
mycelia. In the spring, sclerotia germinates and forms apothecia in which asci and
ascospores are produced. Ascospores are released into the air from the apothecia and
infection begins when they land and germinate on host plant (Agrios, 1997). Studies
have stated that the sclerotia of this fungus can survive in the soil for more than 5 years
(Adams and Ayers, 1979) and that environmental conditions are important in the
development of the disease.

Cultural measures, physical control, fumigation of soil and green parts are used in the
management of white mold disease (Anonymous, 2008), however, difficulties are
experienced in managing the disease as some varieties are susceptible to the pathogen,
sclerotia of this fungal pathogen can remain viable or many years and not all of them
germinate at the same time and more importantly the pathogen is becoming more
resistant to currently available fungicides. Accordingly, different alternative methods to
chemical control such as the use of antagonistic bacteria and plant growth promoting
rhizobacteria (PGPR) are in demand. These bacteria are densely located around the soil
rhizosphere of plant roots and they carry out physiochemical activities in the soil. They
are in close relationship with plant roots and directly or indirectly have positive effect
the development of the plants. These bacteria can be found in several genera but those
in the genus Pseudomonas are highly efficacious and can multiply rapidly in the soil
rhizosphere and spread to the root. In addition, by protecting the plant from stress, they
promote plant root and shoot development, improve yield and protect plants against
diseases (Imriz et al., 2014).

Several studies have been conducted by various researchers on the biological control
of Sclerotinia sclerotiorum (Zazzerini and Tosi, 1985; Bogdanova et al., 1986; Turhan
and Grossmann, 1986; Inbar et al., 1996; Aksay et al., 1991; Tuncer and Damdere,
1997; Thaning et al., 2001; Al-Masri et al., 2002; Kamensky et al., 2003; Mansour et
al., 2008; El-Kafrawy, 2008; Onaran and Yanar, 2011; Tozlu and Demirci, 2011;
Rostami et al., 2013; Tozlu et al., 2016; Abdeljalil et al., 2016; Helmy, 2016; Mun et al.,
2019). In the search for alternatives, a number of mycoparasitic fungi grow on sclerotia
(Adams, 1990) and Coniothyrium minitans was the most investigated fungi on S.
sclerotiorum (Whipps and Gerlagh, 1992; Budge et al., 1995; McLaren et al., 1996;
Whipps et al., 2008) and has become available as a commercial product for sclerotia
(Gerlagh et al., 1999). Also, Gliocladium virens and Trichoderma harzianum have been
reported to reduce growth of mycelium and apothecial production of S. sclerotiorum
(Phillips, 1986; Whipps and Budge, 1990; Srinivasan et al., 2001; Mehta et al., 2012).
Among the antagonistic bacteria species tested, Bacillus subtilis and Bacillus cereus
have been reported to reduce germination of sclerotia and cause hyphal death (Zazzerini
et al., 1987; Kamal et al., 2015; Sun et al., 2017). Similarly, it has been determined that
Pseudomonas putida and P. fluorescens species reduce the damage caused by S.
sclerotiorum (Expert and Digat, 1995), and that Bacillus spp. and Pseudomonas spp.
prevent disease development by 75.3% (Soylu et al., 2005). Also, Serretia plymuthia
was highly effective in inducing complete suppression of apothecial formation and
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strongly inhibited the germination of ascospores (Thaning et al., 2001). Under in vivo
conditions, Burkholderia cepacia, and Serratia plymuthica species (Onaran and Yanar,
2011), B. subtilis, Serratia sp., and P. fluorescens (Helmy, 2016; El-Kafrawy, 2008), P.
chlororaphis PA-23 (Savchuck, 2002) species have described to significantly reduce
disease development. Studies conducted at the same time have also determined that B.
subtilis, B. thuringiensis, B. amyloliquefaciens, Enterobacter cloacae, and P.
fluorescens isolates positively affect plant growth (El-Kafrawy, 2008; Abdeljalil et al.,
2016).

The aim of this study was to determine the effects of antagonistic bacteria isolates
obtained from tomato production areas in Tokat province on Sclerotinia sclerotiorum,
which causes white mold disease in cucumbers.

Materials and methods

In the study, 10 antagonistic bacterial isolates with high phosphate-reducing and
nitrogen-binding properties, previously isolated from tomato production areas in Tokat
province in Turkey and described with biochemical tests and MALDI-TOF technique,
were used (Table 1). Sclerotinia sclerotiorum isolate used in the study was isolated
from infected tissues of cucumber plant and identified using morphologically and
molecular analysis (PCR).

Tests were carried out in Tokat province of Turkey in 2019. In vitro and in vivo tests
were carried out as laboratory test and pot studies, respectively.

Table 1. Scientific names and codes of antagonistic bacteria used in this study

Isolate code Scientific name of the isolate
R-1 Pseudomonas kilonensis
R-2 Pseudomonas monteilii
R-3 Pseudomonas brassicacearum
R-4 Pseudomonas thivervalensis
R-5 Pseudomonas koreensis
R-6 Pseudomonas thivervalensis
R-7 Pseudomonas chlororaphis
R-8 Pseudomonas sp.

R-9 Pseudomonas sp.
R-10 Pseudomonas thivervalensis

In vitro tests

Determination of the effects of antagonistic bacteria on the mycelial development of
Sclerotinia sclerotiorum

Tryptic soy agar (TSA) was used throughout this study. The antagonistic bacterial
isolates grown TSA for 24 h were inoculated in a ring form on the edges of the
medium in 90 mm diameter petri dishes. Then, a 5 mm diameter mycelium disc was
taken from S. sclerotiorum culture and placed in the center of the medium (Fig. 1). In
the control group, only the pathogen fungus was plated onto the medium without
bacteria. Petri dishes were wrapped with Parafilm and left to incubation at 25 °C. The
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experiments were ended when the fungus in the control group completely covered the
petri dish and the radial growth of fungi in the control group and petri dishes treated
with antagonist bacteria were measured (Tozlu et al., 2016; Kotan, 2017). Inhibition
rates (%) were calculated by comparing the measured mycelium diameters. The
experiment was repeated twice with five replicates per treatment (Aeron et al., 2011).

I (%) =[(C-T)/(C-Co)] x 100
I: inhibition rate (%); C: mycelial diameter of the pathogen in control; T: mycelial

diameter of the pathogen in bacterial treatment; Co: the diameter of the test fungus agar
discs (5 mm).

Figure 1. Inoculation of antagonistic bacteria in a ring form on the edges of the medium-
position of mycelium disc from S. sclerotiorum culture in the center of the medium

Determination of the effects of antagonistic bacteria on germination of Sclerotinia
sclerotiorum sclerotia

First the sclerotia of S. sclerotiorum, which were developed on Potato Dextrose Agar
(PDA) medium for 10 days, were subjected to surface sterilization by immersing in 2%
sodium hypochlorite and passing through sterile distilled water three times. The surface-
sterilized sclerotia were placed in bacterial suspensions with 108 cells/ml density
prepared with 10 ml of Luria Bertani Broth (LB) medium. Five sclerotia were used for
each antagonistic bacteria isolate, and the treated erlenmeyers were incubated in a rotary
incubator at 175 rpm for 24 h. The sclerotia treated with antagonistic bacteria were
dissected into two with a scalpel and transferred to the PDA medium and left to
incubate at 25°C for five days. The sclerotia that germinated at the end of the
incubation period were considered to be alive and the diameter of mycelium were
measured and recorded. For the control group, five sclerotia were placed in LB medium
without bacterial isolates. Each treatment in the experiment had three replicates and the
study was repeated twice. The effects of the antagonistic bacterial isolates on the
survival rates and mycelium growth of sclerotia was determined and compared with the
control group (Abdeljalil et al., 2016).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(2):1135-1147.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1902_11351147
© 2021, ALOKI Kft., Budapest, Hungary



Bayram - Belguzar: The effects of antagonistic bacteria against white mold disease agent [Sclerotinia sclerotiorum (Lib.) de Bary]
in cucumber
- 1139 -

In vivo test

According to the results obtain in the in vitro test, pot experiments were conducted
using single, double and triple combinations of the three antagonistic bacteria isolates
which had the highest effect on the pathogen. Dortel F1 cucumber variety, which is
sensitive to pathogen fungus, was used in the study which was conducted under
controlled greenhouse conditions. Bacterial isolates that were streaked on King B
media and incubated at 28 °C for 48 h. Grown bacterial isolates were suspended in
saline (0.85% NaCl), and the density was adjusted to 108 cells/ml at 600 nm using
spectrophotometer (PG Instrument T60U UV/VIS). Cucumber seedlings were dipped
into the prepared suspension and left for 1 h for bacteria colonization and then planted
in pots with sterile soil, peat and perlite (1:1:0.5). Seven days after the seedlings were
transferred to the pots, a wound with a diameter of 5 mm was opened on the plant
stem 4 cm above the soil, then 0.5 ml (108 cells/ml) bacterial suspension pipetted was
on the wounds. Immediately afterwards, a 5-mm mycelium disc of S. sclerotiorum
was placed on the opened wound. The inoculated spot was covered with moist cotton
and wrapped with plastic film. Positive control group had plants inoculated only with
S. sclerotiorum (Tozlu et al., 2016). In the negative control group, only water was
applied to the plants, and for the chemical control group, Metalaxyl-M + Fludioxonil
was applied to the plants at the dose recommended by the producer. Trial coincidence
plots were set up two times with 10 replicates according to the trial pattern. Seven
days after the application, dead and living plants in the control group and the
treatments were counted.

Statistical analyses

The data obtained in the study were analyzed using variance analysis in SPSS
statistics 25 package program and the differences between the means were determined
with Duncan multiple comparison test at the p < 0.05 significance level.

Results
In vitro tests
Effects of antagonistic bacteria on the mycelial development of Sclerotinia sclerotiorum

In in vitro studies, ten of the antagonistic bacteria isolates tested showed varying
effects ranging between 65.49 and 88.25% on the pathogenic fungus, S. sclerotiorum.
As can be seen in Table 2, it was determined that the effect of all bacterial isolates on
the fungus were statistically significant compared to the control group. R-6 coded
Pseudomonas thivervalensis isolate had the highest (88.25%) effect on fungal pathogen
(Fig. 2). All of the bacterial isolates tested had an inhibitory effect on the mycelium
growth of the fungal pathogen greater than 60% (Table 2).

The effect of antagonistic bacteria on the germination of Sclerotinia sclerotiorum
sclerotia

In this part of the study, the effect of the bacterial isolates on sclerotia viability was
examined and according to the results, sclerotia treated with five isolates (R-1, R-2, R-4,
R-5, R8) remained viable while the sclerotia treated with other five isolates (R-3, R-6, R-
7, R-9, R-10) were dead. Isolates which were highly efficacious on mycelium
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development were also effective on sclerotia. In addition, R2, R4 and R5 coded
antagonists significantly suppressed mycelial growth of sclerotia that did not lose their
viability. This situation reveals that these antagonists have fungistatic effects (Table 3).

Table 2. The effects of antagonistic bacteria on the mycelial development of Sclerotinia
sclerotiorum

Codes Treatments Diameter of mycelium (mm) | Average effect rate (%)
K Control 90 a* of

R-1 Pseudomonas kilonensis 23.81cd 73.54 cd
R-2 Pseudomonas monteilii 13.46 ef 85.04 ab
R-3 Pseudomonas brassicacearum 10.85f 87.93a
R-4 Pseudomonas thivervalensis 12.40 ef 86.31 ab
R-5 Pseudomonas koreensis 15.27 e 83.03b
R-6 Pseudomonas thivervalensis 10.56 f 88.25a
R-7 Pseudomonas chlororaphis 14.71 ef 83.64 ab
R-8 Pseudomonas sp. 31.05b 65.49 ¢
R-9 Pseudomonas sp. 25.86 ¢ 71.26 d
R-10 Pseudomonas thivervalensis 20.03d 77.73 ¢

*The same letters next to averages in the same column indicate that difference between applications are
not significant. (Duncan multiple comparison test, p < 0.05)

Table 3. The effect of antagonistic bacteria on Sclerotinia sclerotiorum sclerotia viability

Codes Treatments Sclerotia viability | Diameter of mycelium (mm)
K Control Viable 60 a*
R-1 Pseudomonas kilonensis Viable 53.09 b
R-2 Pseudomonas monteilii Viable 21.25d

R-3 Pseudomonas brassicacearum Dead of
R-4 Pseudomonas thivervalensis Viable 1427 e
R-5 Pseudomonas koreensis Viable 26.38 cd
R-6 Pseudomonas thivervalensis Dead of
R-7 Pseudomonas chlororaphis Dead of
R-8 Pseudomonas sp. Viable 32.39¢
R-9 Pseudomonas sp. Dead of
R-10 Pseudomonas thivervalensis Dead 0f

*The same letters next to averages in the same column indicate that difference between applications are
not significant. (Duncan multiple comparison test, p < 0.05)

In vivo test

In vivo tests were conducted with three isolates (R-3, R-6 and R-7) which had the
highest effects on the mycelial growth and sclerotia viability of S. sclerotiorum in the in
vitro studies. Single, double and triple combinations of these three isolates were used. In
the evaluation of the applications in the pot study conducted under greenhouse conditions,
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the dead/alive plants were counted. According to the results of the study, 100% death
occurred in positive control where only the fungal pathogen was applied, whereas no
plant death occurred in negative control and pesticide control applications. In R-3 single
application and R-3 + R-6 + R-7 triple combination application, death (50%) occurred in
5 out of 10 plants. In R-6 single application, and R-3+ R-6 and R-6 + R-7 double
combination applications, death occurred in 6 out of 10 plants (60%). Among the
applications, the highest effect was seen in R-7 single application (Fig. 3) and R-3 + R-7
double application. In both applications, while death occurred in 2 out of 10 plants, it was
observed that 8 of them were alive and there were no signs of disease or death. It was
found that the disease was suppressed by 80% in both applications (Table 4).

Figure 2. Effect of R-6 coded Pseudomonas thivervalensis isolate on the mycelial development
of S. sclerotiorum

Figure 3. Differences in plant growth in NK, R-7 and PK treatments
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Table 4. The effect of antagonistic bacteria on white rot disease in cucumber plant

Number of Number of | Inhibition

Codes Treatments dead plants live plants | rate (%)
PK Sclerotinia sclerotiorum treatment 10 0 0
NK Treatment with pure water 0 10 100
IK Metalaxyl-M + Fludioxonil 0 10 100
R-3 Pseudomonas brassicacearum 5 5 50
R-6 Pseudomonas thivervalensis 6 40
R-7 Pseudomonas chlororaphis 2 8 80

R-3 + R-6 Pseudomonas bras_smacearurp + 6 A 0
Pseudomonas thivervalensis

Pseudomonas brassicacearum +
R-3+R-7 Pseudomonas chlororaphis 2 8 80

Pseudomonas thivervalensis +
R6+R-7 Pseudomonas chlororaphis 6 4 40

Pseudomonas brassicacearum + Pseudomonas
thivervalensis + Pseudomonas chlororaphis

R-3+R-6 + R-7 5 5 50

Discussion

Today, in order to increase the quality and yield in plant production and reduce the use
of pesticides, the use of antagonistic bacteria against plant diseases and/or plant growth
regulating rhizobacteria within the scope of biological control has been an important
research topic. Studies with these bacteria show that they are promising in terms of
suppressing plant diseases and ensuring healthy plant growth. Although cultural measures,
physical and chemical control are used in the management of white mold disease, there are
difficulties in managing the disease due to fungicide resistance problem and the survival of
sclerotia for many years.

In this study, the effects of antagonistic bacteria which were obtained from the soil
rhizosphere and have the high ability to dissolve phosphorus and reduce nitrogen, was
determined on the white mold disease agent Sclerotinia sclerotiorum (Lib.) de Bary in vitro
and in vivo conditions. Our in vitro studies, antagonistic bacteria isolates tested showed
varying effects ranging between 65.49-88.25% on S. sclerotiorum. And, five bacterial
isolates caused complete sclerotia viability loss for S. sclerotiorum. Numerous studies
similar to our in vitro study have been carried out by various researchers. El-Kafrawy
(2008) reported that Pseudomonas fluorescens had an antagonistic effect of 69.26% on the
radial growth of S. sclerotiorum and showed a significant suppressive effect on formation of
sclerotia. A study by Helmy (2016) established that Streptomyces sp., Pseudomonas
fluorescens and Bacillus subtilis (Bs1) reduced mycelium growth of S. sclerotiorum by
72.2%, 68.0, 62.22 respectively. Soylu et al. (2005) examined the antagonistic potential of
113 bacterial isolates against S. sclerotiorum in dual petri dishes and reported that
Pseudomonas spp. AFP104 isolate was 83.3% effective on fungal pathogen. Similarly,
study conducted by Onaran and Yanar (2011) showed that 12 of the 23 tested isolates
especially P. putida and P. fluorescens from the genus Pseudomonas, Paenibacillus
macerans, and Bacillus pumilis were highly effective and caused sclerotia death.

In our pot studies, Pseudomonas chlororaphis (R-7) and Pseudomonas
brassicacearum + Pseudomonas chlororaphis (R-3 + R-7) were the most effective against
white mold disease. It was found that the disease was suppressed by 80% in both
applications. Previous studies conducted on the biological control of white mold disease
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have determined that several antagonistic bacteria partially or completely inhibits this
fungal agent. Similar to our study, Onaran and Yanar’s (2011) study under greenhouse
conditions showed that the bacterial isolates tested were effective at 43.20-89.22% on white
mold disease with Burkholderia cepecia being the most effective. Likewise, Helmy (2016)
reported that dipping seedlings into bacterial suspensions of Bacillus subtilis, B.
thuringiensis and Streptomyces sp. prevented the disease severity caused by fungal
pathogen by 100% after one week. A greenhouse study determined that Bacillus subtilis
and Pseudomonas fluorescens species prevented white mold disease by 95-100% and 85-
90%, respectively when cucumber seedlings were planted in soils treated with these
antagonistic bacteria (EI-Kafrawy, 2008).

Besides cucumber plants, a study conducted under greenhouse and field conditions for
the biological control of S. sclerotiorum in canola plant, showed that P. chlororaphis (PA-
23), Pseudomonas sp. (DF-41) significantly suppressed the disease compared to B.
amyloliquefaciens (BS6) fungicide application. While the rate of stem mold in the canola
plants varied between 20-75%, this rate was 5.0-29.6% in P. chlororaphis application
(Fernando et al., 2007). In addition, Savchuck and Fernando (2004) stressed that the
application of P. chlororaphis and P. brassicacearum at a density of 10%-108 cfu/ml was
highly effective on ascospore germination.

Antagonistic bacteria against S. sclerotiorum affect the systemic resistance of the host
plant. Pseudomonas spp., produces numerous antimicrobial compounds such as
pyoluteorin, pyrrolnitrin, phenazines, siderophores, cyanide, 2,4-diacetylphloroglucinol
(Compant et al., 2005) and enzymes such as cellulose, chitinase, proteases, beta-glucanase
(Hernandez-Leon et al., 2015). Similarly, bacterial isolates of Pseudomonas spp. DF200
and DF209 which inhibit S. sclerotiorum under in vitro conditions produce benzothiazole,
cyclohexanol, n-decanal, dimethyl trisulfide, 2-ethyl 1-hexanol, nonanal antifungal organic
volatile compounds. In the field, bacteria prevent carpogenic germination of sclerotia and
emergence of ascospores (Fernando et al., 2004). It has been reported that Pseudomonas
brassicacearum, used in the present study, uses hydrogen cyanide (HCN), protease,
alginate, sclerocin and lipopeptide molecules, 2,4-diacetylphloroglucinol and antifungal
compounds such as cyanide in suppressing S. sclerotiorum (Berry et al., 2010, 2014; Ortet
etal., 2011; Loewen et al., 2014).

Pseudomonas chlororaphis, also used in this study, is an important biocontrol agent that
suppresses S. sclerotiorum by producing antibiotics such as phenazine-1-carboxylic acid,2-
hydroxyphenazine and pyrrolnitrin (PRN) which causes hyphal lysis, vacuolation and
protoplast leakage, hereby preventing sclerotia and spore germination (Savchuck, 2002;
Fernando et al., 2007; Zhang et al., 20044, b; Selin et al., 2010).

Conclusion

In recent years, negatives effects of pesticides used extensively in agricultural areas on
both the environment and human health have been reported in many studies. Antagonistic
bacteria or plant growth promoting rhizobacteria have the potential to protect against soil-
borne pathogens. Biopreparat or biofertilizers made from such microorganisms can be
widely used in areas where sustainable organic agriculture. Our study revealed that
antagonistic bacterial isolates have the potential to be used as a biological control agent
against white rot disease. In this context, the efficacy of the R-7 coded isolate and the R-
3+ R-7 coded double combination, which were effective on the agent in both the in vitro
and in vivo studies, should also be evaluated under greenhouse and field conditions.
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