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Macrophomina phaseolina (Tassi) Goid. is a fungal pathogen causes charcoal rot disease (Sin: 

Rhizoctonia bataticola) and is responsible for significant yield losses in many plants. In our study, 

we aimed to evaluate the antagonistic ability of 39 different bacteria, isolated from the fields of 

sugar beet in 2019, against the pathogen Macrophomina phaseolina isolated from sugar beet, beans 

and chickpeas. Approximately 31% of the bacteria showed antibiosis effect against the pathogen. It 

was determined that the effectiveness level of Lelliottia amnigena, Bacillus atrophaeus, B.pumilus 

and B. cereus (7 isolates) was moderate to high against Macrophomina phaseolina. Bacillus 

atrophaeus (PTo15-1a) showed the highest efficacy of 80%, 72.94% and 82.35% against 

Macrophomina phaseolina of chickpea, bean and sugar beet respectively. Lelliottia amnigena (Pto 

14-1b) was moderately effective (57.78%) against the chickpea isolate of the pathogen. It was 

observed that of the seven Bacillus cereus isolates used in the experiment, three isolates (Pto14-1a, 

Pto12-1b, Pto17-1b) were highly effective against the chickpea pathogen, two (Pto12-1b, Pto14-

2b) against bean pathogen, and one (Pto15-1b) against sugar beet isolate. Results have shown varied 

level of antagonism by different test bacterial against different Macrophomina phaseolina isolates, 

while the highest level of antibiosis shown by Bacillus atrophaeus against all pathogenic isolates 

indicated that it can be a potential future bioagent in managing the disease. 

 

Keywords: 

Macrophomina 

Antibiosis 

Bacillus 

Bioagent  

Charcoal rot  

 
a  ozdensalman@selcuk.edu.tr  http://orcid.org/0000-0002-7871-4105  b  fatmarana64@gmail.com  http://orcid.org/0000-0002-4530-9496 
c  nboyraz@selcuk.edu.tr  http://orcid.org/0000-0001-6822-9360  d  rkocak@selcuk.edu.tr  http://orcid.org/0000-0002-8221-0452 

 

 

 This work is licensed under Creative Commons Attribution 4.0 International License 

 

 

 

Introduction 

Macrophomina phaseolina (Tassi) Goid. (Sin: 

Rhizoctonia bataticola) is a soil-borne polyphage pathogen 

which causes disease in more than 500 plant species from 

100 different families (Jana et al., 2003). The name 

charcoal rot is given to the disease due to the development 

of charcoal like color in the infected plant tissues. 

In Turkey, M. phaseolina was first reported in cotton, 

anise, sesame, tobacco, potato, pepper and eggplant in 

Izmir and Ankara (Korkom and Yıldız, 2020). Studies 

carried out in recent years have suggested that this 

pathogen is posing an increasing threat to crop production 

(Ganeshamoorthi and Dubey, 2013; Khan et al, 2012; 

Lakhran et al., 2018; Leyva et al., 2019; Prasad et al., 2014; 

Sharma et al., 2012). It has been reported that dry root rot 

caused by this pathogen limits the production of host 

plants, especially in arid conditions (Sharma et al., 2010). 

Depending on the soil moisture, it can infect plants in a 

wide temperature range, from 20°C to 35°C 

(Nagasubramanian et al., 2018). It is common in temperate 

and arid regions of the world, especially in areas with high 

temperature and low precipitation, and can survive in the 

soil for a long time (2-15 years) with the microsclerotia it 

forms. The pathogen can be transmitted by seed and soil 

(agricultural instruments, irrigation water, animals and soil 

carried by the wind) and spends the winter as sclerot or 

pycnidium in plant residues or seeds in contaminated soil 

(Baird et al., 2003). Symptoms are generally seen during 

the late flowering and capsular bonding periods of the 

plant, and the infected plants are completely dry. In the root 

system of infected plants, there is an intense root rot that 

causes the reduction of lateral roots, especially small 

pinhead-sized microsclerotia on the root collar and stem 

along the roots (Pande et al., 2004).  

http://creativecommons.org/licenses/by-nc/4.0/
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Difficulties in managing the soil-borne pathogens result 

in great economic losses. Soil disinfection and seed 

treatment are recommended in chemical control, but it only 

provides short-term protection against the pathogen. 

Therefore, the use of biological control agents against soil-

borne pathogens is becoming popular as an alternative to 

synthetic chemicals along with the development of 

resistant varieties. Application of some biological control 

agents such as Trichoderma spp., Bacillus spp., and 

Pseudomonas spp. in combination with solarization in 

small production areas is one of the alternative control 

methods (Elmore et al., 1997; Subbarao et al., 1999). 

Bacillus spp. are widely used in the control of plant 

diseases and have been defined as potent antagonists 

against Macrophomina phaseolina (Singh et al., 2008; 

Cawoy et al., 2011). The mode of action of these 

antagonistic microorganisms include the induction of 

defense systems including mycoparasitism, production of 

antibiotics and secondary metabolites, competition for 

space and nutrients, and induction of systemic resistance in 

the plants (Howell, 2003; Benitez et al., 2010). In addition, 

since Bacillus species are considered plant growth-

promoting rhizobacteria (PGPR), they can colonize plant 

roots and increase the growth and yield of plants (Sturz et 

al., 2000; Welbaum et al., 2004; Harman, 2006). Bacillus 

spp, which is environmentally friendly and among the most 

commercialized species, contributes to sustainable 

agriculture by providing a 40% increase in product yield 

(El-Akhdar et al., 2020). Bacillus subtilis effectively 

reduced the sclerotia germination of M. phaseolina in 

chickpea and was determined to be a potential candidate 

for biological control against root rot (Ahamad and 

Srivastava, 2000). In in vitro trials, P12 strain of Bacillus 

spp. inhibited M. phaseolina in beans and reduced the 

pathogen growth between 55% and 70% (Sabaté et al., 

2020). Bacillus subtilis subsp. subtilis and B. 

amyloliquefaciens exhibited a high inhibitory effect (over 

50%) against three different strains of Macrophomina 

phaseolina (Torres et al., 2016). In a dual culture 

experiment, Bacillus spp. had a 43% effect on colony 

growth of Macrophomina phaseolina isolated from the 

strawberry plant. In addition, the application of the 

bioagent as root immersion reduced the severity and 

progression of Macrophomina phaseolina charcoal rot 

under controlled and field conditions (Pastrana et al., 

2016). Kumar et al. 2020 reported complete inhibition of 

mycelial growth of M. phaseolina by Bacillus cereus at 

different concentrations under in vitro conditions. 

The antagonistic activities of vermicompost were 

investigated under in vitro conditions against Sclerotinia 

sclerotiorum, Macrophomina phaseolina, Botrytis cinerea, 

and Verticilium dahliae. Among the potential antagonistic 

bacterial isolates, 28 isolates inhibited the development of 

M. phaseolina in dual culture assay at varying rates ranging 

between 1.67%-65.83%, the majority of which belonged to 

Bacillus spp. Further experiments indicated that Bacillus 

pumilus was most effective (65.83%) in inhibiting the 

mycelial growth of M. phaseolina (Soylu et al., 2019). 

Therefore, the aim of this study was to determine the 

antagonistic effects of bacteria isolated from soil samples 

taken from Ilgın district of Konya against M. phaseolina 

isolates under in vitro conditions. 

 

Material and Method  

 

Material 

Macrophomina phaseolina isolates used in the 

experiment 

Three different isolates of the pathogen Macrophomina 

phaseolina, isolated from sugar beet, chickpea and bean 

plants, tested for pathogenicity in previous studies, were 

obtained from the culture collection of Selçuk University 

Mycology Laboratory. 

Bioagent Bacteria Used in Experiment 

In this study, bacteria isolated from soil samples taken 

from the rhizosphere region of sugar beet plants in Ilgın-

Konya in 2019 and were diagnosed by MALDI-TOF 

biotyping were used as bioagents. 

 

Method 

Reproduction and inoculum preparation of 

Macrophomina phaseolina isolates 

Toothpick from the previously-stored slant agar of 

respective pathogenic cultures was placed onto the PDA 

medium containing antibiotic (Streptomycin sulfate) in 

order to obtain the fresh pathogenic cultures. The petri 

dishes were then incubated at 23-25℃ for 7 days. 

Isolation and identification of bioagent bacteria 

Isolation of beneficial bacterial agents from the soil 

samples was done according to Saygılı et al. (2006) and the 

petri dishes were incubated at 27℃ for 24-48 hours. Pure 

cultures were obtained by streaking the single bacterial 

colonies with different growth patterns followed by an 

incubation period as mentioned earlier. The pure cultures 

were stored in 30% glycerol at -20℃. 

Determination of antibiosis effect 

In order to determine the antibiosis effects, 7 days old 

cultures of Macrophomina phaseolina and biocontrol 

agents incubated for 24-48 hours were used. Intensive PDA 

medium without antibiotics was used as the medium. An 

agar disk taken from the pathogen is placed in the middle 

of the 9 cm petri dishes. Then, a loopful of bacteria was 

streaked around the agar disk in the middle of the petri dish 

with a 3 cm diameter circle. Control petri dishes only 

contained the pathogen. After 7 days, the mycelial growth 

of the pathogen was measured with the help of a ruler. 

Antifungal activity of bacteria against the fungus was 

measured using following formula; 

 

Inhibition (%)=
A1-A2

A1
×100 

 

A1= Mycelial growth (control),  

A2= Mycelial growth (treatment) (Tariq et al., 2010). 

 

Potential bioagents effective on all 3 isolates were sent 

to Hatay Mustafa Kemal University Plant Health 

Application and Research Center for diagnosis through 

MALDI-TOF biotyping. 

 

Results and Discussion 

 

In this study, a total of 39 rhizospheric bacterial isolates 

were tested for their potential antibiosis effect against 

Macrophomina phaseolina. Twelve of these bacteria 

showed antagonistic effects at different levels (17.64%-
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82.35%) against the pathogen. Results of MALDI-TOF 

MS biotyping diagnosis identified these bacterial species 

as Lelliottia amnigena, Bacillus atrophaeus, B. pumilus, 

and B. cereus (7 isolates). Bacterial species, isolate codes, 

% effectiveness against the pathogen isolated from 

different hosts is given in Table 1. 

 

Table 1. Bacteria used in the experiment and % effects of bacteria against Macrophomina phaseolina isolates 

Antagonistic Bacteria 
Code of Antagonist 

Isolates 

Effect on Macrophomina phaseolina Isolates (%) 

Chickpea Bean Sugar Beet 

Lelliottia amnigena Pto14-1b  57.78** - - 

B. atrophaeus Pto15-1a  80*** 72.94*** 82.35*** 

- Pto16-1 32.22* 17.64* - 

B.pumilus PTo13-1cb  60** - 33.33* 

B. cereus 

Pto14-1a  65.56*** 58.82** 64.44** 

PTo12-1b  67.78*** 72.94*** 35.29* 

PTo14-2b  64.44** 68.89*** 35.56* 

Pto15-2b  - 58.82** - 

Pto15-1b  - - 61.11*** 

PTo17-2  - 58.82** - 

PTo17-1b  65.88*** 62.35** - 

- Pto12-1c - 27.78* - 
*Isolates with efficacy level below 50%, **Moderate effectiveness, *** High level of effectiveness  

 

    
a b c d 

    
e f g h 

Figure 1. The bacterial inhibitioin zones against Macrophomina phaseolina bean isolate; a-Control, b-Pto 14-2b, c-Pto 
14 1a, d-Pto 17 1b, e-Pto 14 2b, f-Pto 12 1b, g-Pto 15 1a, h-Pto 15 2b. 

 

    
a b c d 

    
e f g h 

Figure 2. The bacterial inhibitioin zones against Macrophomina phaseolina chickpea isolate; a-Control, b-Pto 12 1b, c-

Pto 13cb, d-Pto 14 1a, e-Pto 14 2b, f-Pto 15 1a, g-Pto 17 1b, h-Pto 14 1b. 
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a b c d 

Figure 3 The bacterial inhibitioin zones against Macrophomina phaseolina sugar beet isolate; a-Control, b-Pto 14 1a, c-

Pto 15 1a, d-Pto 15 1c. 

 

According to the results of in vitro tests, it was observed 

that the bacterial isolates had different levels of antagonism 

against different isolates of the pathogen, while some 

bacteria was effective against only 1 or 2 isolates of the 

pathogen. Approximately 31% of the bacteria showed an 

antibiosis effect against the pathogen. Bacteria with 50-

65% efficacy were considered as moderately effective, 

while ≥65% effective bacteria were considered as highly 

effective. Isolates Pto15-1a, Pto14-1a, PTo12-1b, and 

PTo14-2b were effective against 3 isolates of the pathogen. 

PTo15-1a showed the highest antagonistic potential 

against Macrophomina phaseolina isolates of chickpea, 

bean, and sugarbeet with 80%, 72.94%, and 82.35% 

activity, respectively. Eight bacterial isolates exhibited an 

antibiosis effect against the chickpea isolate of the 

pathogen, ranging between 32.22%-80% (Figure 2). 

Highly effective bacterial isolates were Pto15-1a, Pto14-

1a, PTo12-1b, and Pto 17-1b, while Pto14-1b, PTo13-1cb, 

and PTo14-2b gave moderate results. Nine bacterial 

isolates were found to be effective (17.64%-72.94%) 

against the bean isolate of the pathogen, from which Pto15-

1a, PTo12-1b, PTo14-2b were highly effective while the 

moderate effectiveness was recorded for Pto14-1a, Pto15-

2b, PTo17-2, and PTo17-1b (Figure 1). The data from the 

sugar beet isolate was different from the other isolates in 

the way that only one bacterial isolate, Pto15-1a, was 

found to be highly active against this isolate while Pto14-

1a and Pto15-1b were determined to be moderately 

effective (Figure 3). 

Bacterial isolates with moderate or high efficacy 

against at least one pathogen isolate were sent to Hatay 

Plant Health Clinic Research and Application Center to be 

identified. Bacterial strains identified by MALDITOF MS 

were; B. cereus (Pto14-1a, PTo12-1b, PTo14-2b, Pto15-

2b, Pto15-1b, PTo17-2 and PTo17-1b), B. pumilus 

(PTo13-1cb), Lelliottia amnigena (Pto14-1b) and B. 

atrophaeus (Pto15-1a). Pto14-1b, determined as L. 

amnigena according to MALDI-TOF MS results, showed 

an antibiosis effect of 57.78% against the chickpea isolate 

of the pathogen. This bacterial species in our study has 

been previously used in different studies in terms of 

promoting plant growth in saline soils. A study revealed 

that Bacillus halotolerans MSR-H4 and Lelliottia 

amnigena MSR-M49 have great potential when evaluated 

in promoting wheat growth in saline soils and will offer a 

promising agricultural solution to increase crop yield in 

semi-arid regions (Liu et al., 2016; Al-Akhdar et al., 2020). 

In another study, the effects of 5 different bacterial isolates 

on the growth of wheat at 4 different salt concentrations 

were investigated in pot experiments. They reported that L. 

amnigena showed a positive effect on the development of 

wheat (Ateş and Kıvanç, 2020). The use of L. amnigena as 

a potential antifungal biocontrol agent has also been 

reported. In particular, strains that produce high levels of 

chitinase and protease have inhibited the growth of 

Fusarium spp. and Macrophomina phaseolina (Gohel et 

al., 2004). Despite many studies of its antagonistic abilities 

against plant pathogens, it is not considered suitable for use 

in biological control as it can cause infection in humans 

and also is responsible for soft rot of potatoes and onions 

(Abd Elhafeez et al., 2018). 

Bacillus atrophaeus Pto15-1a showed highest 

antagonistic activity against all Macrophomina isolates in 

this study with 80%, 72.94% and 82.35% efficacy against 

the chickpea, bean and sugar beet isolates, respectively. 

Bacillus atrophaeus D8 was found to be 51.30% effective 

in in vitro inhibition of Macrophomina phaseolina 

CHP421 causal agent of charcoal rot of oilseed plants 

(Gözübüyük et al., 2021).  

The bacterial isolate PTo13-1cb was identified as 

Bacillus pumilus and exhibited 60% effectiveness against 

chickpea isolate and 33.33% against sugar beet isolate of 

M. phaseolina. It did not show an antagonistic activity 

against the bean isolate of the pathogen. Abd-El-Khair et 

al. (2016) tested 30 bacteria obtained from the rhizosphere 

region of healthy plants in a study on Macrophomina 

phaseolina and Rhizoctonia solani diseases in peanuts. The 

inhibition percentages of bacteria obtained against these 2 

diseases were between 11.1% and 88.9%. The isolates 

showing the strongest antagonistic effects in dual cultures 

of M. phaseolina and R. solani are Rb14 (Bacillus 

pumilus), Rb 18 (Bacillus subtilis) and Rb28 (Bacillus 

subtilis). In in vivo pot experiments, Rb 14, Rb18 and Rb 

28 reduced the symptoms of damping off and root rot in 

infected soil infected compared to the control. 

Pto14-1a, PTo12-1b, PTo14-2b, Pto15-2b, Pto15-1b, 

PTo17-2 and PTo17-1b isolates were determined as 

Bacillus cereus. Although there are studies about Bacillus 

cereus showing antagonistic properties against plant 

pathogens, there are almost no studies against 

Macrophomina phaseolina. In a study by Soylu et al. 

(2019), it was determined that Bacillus cereus BV-2e 

isolate caused darkening in S. sclerotiorum hyphae and 

suppressed the disease. B. cereus is known to cause local 

infections in wounds and eyes, septicemia, central nervous 

system infections including meningitis, respiratory tract 

infections, and toxin-induced syndromes in terms of 

human health (Drobniewski, 1993). When considered from 
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this point of view, there are some concerns in the 

conversion of Bacillus cereus into biological preparations. 

As a result of this research, we obtained different 

bacteria from different plant rhizospheres which we found 

effective against Macrophomina phaseolina. Although the 

reactions of these bacteria vary according to the pathogen, 

but a strong bacterial isolate such as Pto15-1a was acquired 

which produced the maximum inhibition zone against all 

pathogen isolates and the disease was suppressed. In the 

light of all these data obtained, it is important to evaluate 

Pto15-1 a in further research. 
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