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ABSTRACT  
A soil bacterium, Bacillus subtilis BAS114, isolated from agricultural field soil in Nakhon Pathom, Thailand, showed high inhibitory 
activity against Curvularia lunata using the dual culture method. Cell-free culture of BAS114 also significantly inhibited mycelial growth 
(85.03%) using the poison agar method, and there was a reduction in the dry weight of this plant pathogen of up to 87.12% when compared 
to the control. Microscopic analysis showed that the bacterial strain and cell-free culture were capable of affecting the development of C. 
lunata. Abnormal hyphae occurred in the presence of the bacterial strain or low concentrations (5-10%) of cell-free culture. A concentration 
above 10% of cell-free culture resulted in a swollen germ tube and consequently, germ tube elongation was completely inhibited. Therefore, 
the in vitro activities of the bacterial strain and cell-free culture against C. lunata in this study suggested that B. subtilis BAS114 can be an 
effective biological antifungal agent.  
 

KEYWORDS: Bacillus subtilis, Curvularia lunata, Biological control, Cell-free culture, Antifungal activity 
 
 

INTRODUCTION 
 
 Curvularia lunata is one of the important pathogens on various plant species such as rice, sugarcane, corn 
and sorghum. The infection may cause leaf spot, root rot, discoloration of the seeds and also infect the embryo 
resulting in almost complete loss in viability of the seeds [1-4]. Generally, chemical fungicides have been used 
to control this plant pathogen; however, these synthetic chemical compounds are considered harmful to human 
health and the environment, and pathogen resistance has developed to the fungicides.   
 Biological control through the application of antagonistic microorganisms or their bioactive agents is an 
effective and environmentally safe strategy for plant protection. The main categories of biocontrol mechanisms 
are classified based on their mode of action, such as parasitism, antibiosis, lysis or competitive antagonism [5]. 
Several strains of the bacteria, Pseudomonas fluorescens, Burkholderia cepacia, Bacillus subtilis, B. 
amyloliquefaciens, and B. lichenniformis, have been effective against plant fungal diseases [6-11]. Among them, 
Bacillus strains are well-known antibiotic producers, which offer several advantages over other biocontrol 
microorganisms due to their inherent property of forming endospores and having resistance to extreme pH, 
temperature and osmotic conditions. Many strains of Bacillus have been shown to control plant diseases by 
different mechanisms of action, including antibiosis, the induction of plant resistance mechanisms and 
competition for space or nutrients [12, 13]. The antagonistic activity of Bacillus to fungal pathogens is usually 
related to the production of antimicrobial proteins and antibiotics as well as to chemical compounds synthesized 
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by secondary metabolism pathways [14]. The present study aimed to isolate, screen efficient antagonistic 
bacteria against C. lunata and in vitro study of the effect of bacterial strain and extracellular metabolites on this 
plant pathogen. In addition, genes involved in the synthesis of antimicrobial peptide compounds were also 
reported. 

MATERIALS AND METHODS 
 
Pathogenic fungus: 
 The pathogenic fungus, Curvularia lunata, was isolated from diseased rice seed collected from paddy fields 
in Nakhon Pathom, Thailand. This pathogenic fungus was identified by morphological and nucleotide sequence 
analysis of the D1/D2 region of the LSU rRNA gene.  
 
Isolation of bacteria: 
 Soil samples were collected from various agricultural fields in Nakhon Pathom, Thailand. Soil samples of 
10 g each were added to 90 ml of sterile deionized water, mixed for 5 min and spread on nutrient agar (NA) with 
appropriate dilution. After incubation at 37 °C for 2 days, colonies of bacteria were purified by repeated 
streaking on new NA plates. 
 
Screening of antagonistic bacteria: 
 The antifungal activity of antagonistic bacteria was evaluated using the dual culture method. A 5 mm plug 
taken from a 5 day-old culture of C. lunata was placed 2.5 cm away from the edge in a Petri dish containing 
potato dextrose agar (PDA) and incubated at 30 °C for 1 day. A loopful of bacteria was then streaked 4.5 cm 
away from the plug of C. lunata on the same Petri dish. After incubation at 30 °C for 10 days, the radial growth 
of fungal colonies was measured. The percentage of inhibition of radial growth (PIRG) was calculated using the 
following formula [15-16]. PIRG (%) = [(R1 – R2)/R1] × 100   
 where, R1 is the radial diameter of C. lunata in the control plate and R2 is the radial diameter of C. lunata 
with the antagonistic bacteria. Experiments were performed in triplicate. 
 
Characterization and identification of the antagonistic bacteria: 
 The morphological and biochemical properties of BAS114 were studied using the methods described in 
Bergey’s Manual of Systematic Bacteriology [17]. Identification of BAS114 was carried out using 16S rRNA 
analysis. Genomic DNA was extracted from bacterial cells by a slight modification of Suh’s method and 
Thammasittirong’s method [18-19] and used as a DNA template for PCR amplification with the universal 
primers 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and 1492R (5′-GGTTACCTTGTTACGACTT-3′). The 
condition of DNA amplification was performed by a slight modification [20]. The obtained sequences were 
compared with available 16S rRNA gene sequences in the GenBank database using the BLAST tool 
(www.ncbi.ncm.gob/blast). 
 
Hyphal morphology:  
 A 5 mm plug of actively growing mycelia of C. lunata was placed on the center of a PDA plate. BAS114 
was streaked in a square pattern around the fungal plug at 2.5 cm distance. The plate was incubated at 30 °C for 
7 days. Mycelial growth at the edge of the zone was observed under a light microscope at 1000x magnification. 
 
Effect of BAS114 cell-free culture on mycelial growth of C. lunata:  
 BAS114 was cultured in nutrient broth (NB) at 30 °C with shaking at 150 rpm for 3 days. Cell-free culture 
was obtained by centrifugation at 15,000 rpm for 10 min at 4 °C. The supernatant was supplemented with 
streptomycin (100 µg/ml) and ampicillin (100 µg/ml). The mycelial growth inhibitory effect of the cell-free 
supernatant was studied using the poison agar method and the dry weight determination method. 
 
Poison agar method: 
 A 5 mm plug of actively growing mycelia of C. lunata was placed on the center of a PDA plate containing 
cell-free culture of BAS114 at 5%, 10%, 15%, 20% and 30%. PDA without cell-free supernatant and 
supplemented with antibiotics at concentrations as described above served as the control. The diameters of 
fungal colonies were measured after 7 days incubation at 30 °C. The percentage of inhibition of diameter growth 
(PIDG) was calculated using the following formula [8, 21]. PIDG (%) = [(C-E)/C] × 100 % 
 where, C is the diameter of the growth zone on the control plate and E is the diameter of the growth zone on 
the treatment plate. Experiments were performed in triplicate. 
 
Dry weight determination method: 
 A spore suspension of C. lunata was prepared in 0.1% Tween 80 and inoculated into 100 ml potato dextrose 
broth (PDB) containing cell-free culture of BAS114 at 5%, 10%, 15%, 20% and 30% to a final concentration of 
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1x106 spores/ml. PDB without cell-free culture served as the control. After incubation at 30 °C with shaking at 
150 rpm for 7 days, fungal mycelia were filtered through Whatman No.2 filter paper and dried in an oven at 55 
°C until a constant weight was reached.  

 
Effect of BAS114 cell-free culture on spore germination: 
 A spore suspension of C. lunata was prepared and incubated into PDB containing cell-free culture at 
various concentrations as described above. After 24 h incubation at 30°C with shaking at 150 rpm, the spore 
germination and germ tube elongation of C. lunata were investigated under a light microscope at 1000x 
magnification. 
 
PCR detection of cyclic lipopeptide genes: 
 Genomic DNA was obtained according to the method described by Harwood and Cutting [22]. BAS114 
was detected using the specific primer of four cyclic lipopeptides (cLPs) biosynthetic gene markers, bmyB 
(bacillomycin), fenD (fengycin), ituC (iturinA synthetase C) and srfAA (surfactin) [23]. PCR was carried out in a 
total volume of 25 μl containing 0.2 mM dNTP (Vivantis Technologies, Malaysia), 0.2 μM of each primer, 1× 
PCR buffer, 2.0 mM MgCl2, 2.0 U of DreamTaq DNA polymerase (Thermo Scientific, USA), and  
1 μl of genomic DNA. The cycling conditions for the amplification of the cLPs targets were as follows: 95 ºC 
for 4 min, 25 cycles of 94 ºC for 1 min, annealing temperature for 1 min and 70 ºC for 1 min. A final extension 
step at 70 ºC for 5 min was followed by a 4 ºC soak. The annealing temperature was set to 55 ºC for bmyB and 
to 58 ºC for fenD, ituC, and srfAA [23]. The obtained sequences were searched for homology with available 
cLPs sequence genes in the GenBank database using the BLAST tool (www.ncbi.ncm.gob/blast). 
 
Results: 
Isolation and screening of antagonistic bacteria:  
 In total, 140 bacterial isolates were obtained from various agricultural soil field samples. Among these, only 
9 isolates showed antifungal activity against C. lunata using the dual culture method. The highest PIRG and 
inhibition zone were observed with isolate BAS114 as shown in Table 1 and Fig.1. BAS114 was therefore 
selected and used for further biological studies. 
 
Table 1: PIRG of BAS114 against C. lunata by dual culture method. 

Isolate PIRG (%) Isolate PIRG (%) 
BAS54 32.67±4.62 BAS115 39.33±0.96 
BAS95 48.67±3.06 BAS135 47.78±1.92 
BAS96 48.67±1.15 BAS137 46.67±1.15 
BAS110 38.67±2.31 BAS138 46.00±2.00 
BAS114 50.67±1.15   

 

 
 
Fig. 1: Antifungal activity of BAS114 against C. lunata using the dual culture method (A) C. lunata; (B) Dual 
     culture of BAS114 and C. lunata. 
 
Characterization and identification of BAS114: 
 BAS114 is a Gram-positive, rod-shaped, motile and endospore-forming bacterium. The results of 
biochemical characterization revealed that a catalase reaction, Voges-Proskauer test and nitrite reduction were 
positive. This bacterium showed ability to utilize citrate and hydrolyzed starch, gelatin and casein. BAS114 was 
capable of producing acid from D-glucose, D-mannitol, D-xylose and L-arabinose. It was also able to grow in 
the presence of 2-10% NaCl. The results of 16S rRNA gene sequence analysis showed that BAS114 is closely 
related to Bacillus subtilis strain BAB-2439 (99%). 
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Effect of BAS114 on hyphal morphology of C. lunata:  
 The margins of the inhibition zones were examined under a light microscope. Noticeable morphological 
changes were found in the hyphae of C. lunata in the presence of the antagonistic bacterium BAS114. The 
corresponding hyphae microphotographs showed hyphal swelling and bulb formation. None of these abnormal 
shapes were observed in the hyphae of C. lunata without B. subtilis BAS114 (Fig. 2). 
 

 
 
Fig. 2: Effect of BAS114 on the hyphal morphology of C. lunata (A) Normal mycelia; (B) Mycelia co- 
   inocualted with BAS114. The arrows indicate the swollen and bulb structures (scale bar: 5 µm). 
 
Effect of BAS114 cell-free culture on fungal growth:  
 The inhibitory activity of fungal growth in response to cell-free culture of BAS114 was performed using the 
poison agar method and the dry weight determination method. As shown in Fig. 3, cell-free culture of BAS114 
inhibited the mycelial growth of C. lunata on PDA. With an increase in the concentration of the BAS114 cell-
free culture, the PIDG gradually increased. The highest PIDG value, 85.03%, in comparison with the control 
was achieved using 30% cell-free culture. In addition, there was 87.12% reduction in the dry weight of C. lunata 
grown with 30% of cell-free culture of BAS114 when compared to the control (Table 2). These results indicated 
that cell-free culture of BAS114 showed inhibitory activity against C. lunata growth. 
 

 
 
Fig. 3: Effect of cell-free culture of BAS114 on mycelia growth of C. lunata using the poison agar method.  
       Different letters indicate significant differences between concentrations of cell-free culture (p < 0.05).    
             Data represent the mean ± standard deviation from three independent experiments. 
 
Table 2: Effect of BAS114 cell-free culture on dry weight of C. lunata.  

Concentration of 
cell-free culture (%) 

Dry weight 
(g) 

0% 1.32±0.01a 

5% 0.30±0.02b 

10% 0.25±0.00c 

15% 0.23±0.00d 

20% 0.21±0.00e 

30% 0.17±0.01f 

 
 Different letters indicate significant differences between concentrations of cell-free culture (p < 0.05). Data 
represent the mean ± standard deviation from three independent experiments. 
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Effect of BAS114 cell-free culture on spore germination and germ tube elongation of C. lunata:  
 Light microscopy showed that the spores of C. lunata cultured in PDB without cell-free culture of BAS114 
germinated normally and the germ tubes developed into long hyphal strands (Fig. 4A). In the presence of cell-
free culture at 5% and 10%, spore germination occurred but the hyphae showed abnormal vacuolization (Fig. 4B 
and 4C). Furthermore, the germ tube showed abnormal swelling in the presence of C. lunata cell-free culture 
above 10% especially at 30% (Fig. 4D, 4E and 4F). These results revealed that extracellular metabolites caused 
the cellular changed of C. lunata. 
 

 
 
Fig. 4: Effect of BAS114 cell-free culture on spore germination and germ tube elongation of C. lunata  (A) 

without cell-free culture; (B) 5% cell-free culture; (C) 10% cell-free culture; (D) 15% cell-free culture, 
(E) 20% cell-free culture; (F) 30% cell-free culture (scale bar: 5 µm). 

 
 
Detection by PCR of cLPs genes in BAS114 
 The presence of the cLPs biosynthetic genes, ituC, bmyB,  fenD, and srfAA, were reported to be related to 
the biocontrol of plant pathogens in several Bacillus strains [6, 8, 24]. In this study, the results of the PCR 
experiments showed that the DNA fragments of each gene marker had one specific band with the right size (Fig. 
5). The sequence of the fragment of the cLPs gene markers showed high homology with ituC (99%), bmyB 
(99%), fenD (99%) and srfAA (100%). This finding suggested that BAS114 is positive for the presence of cLPs 
genes. 
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Fig. 5: Amplification products of cLPs genes. Lane M is a 100 bp ladder. Lane 1 is ituC, Lane 2 is bmyB,  
       Lane 3 is fenD, and Lane 4 is srfAA.  
 
Discussion: 
 Biological control using antagonistic microorganisms is a promising strategy for controlling plant diseases. 
Among the antagonistic bacteria in this study, BAS114 showed the highest antifungal activity against C. lutana 
using the dual culture method. This endospore-forming bacterium was identified to be B. subtilis. The results of 
the poison agar method and the dry weight determination method also showed strong inhibitory activity against 
mycelial growth of C. lutana by the cell-free culture of BAS114. The inhibition of mycelial growth was 
positively related to the concentration of cell-free culture in the medium. In order to further characterize the 
effect of the bacterial strain and extracellular metabolites on C. lunata, microscopic studies were performed. 
Hyphae present in the margin of the inhibition zones showed swelling and bulb formation which inhibited 
further development of the fungus. Similar observations have been made with regard to antagonism of Bacillus 
sp. to C. lutana and B. subtilis to C. gudauskasii [7, 25]. In the presence of 5-10% cell-free culture of BAS114, 
hyphae showed swelling, bulb formation and intense vacuolization. Extracellular metabolites of BAS114 above 
10% (especially 30%) caused a swollen germ tube which inhibited germ tube elongation.The results indicated 
that BAS114 released extracellular metabolites that inhibited the hyphal growth and germ tube elongation of C. 
lutana. 
 Different species of the Bacillus genus, especially B. subtilis, have been reported to produce wide-spectrum 
antibiotics [8, 26]. Among these antibiotics, the cLPs of the surfactin, iturin and fengycin families represent the 
predominant biocontrol compounds. Surfactin is one of the most powerful biosurfactants and exhibits several 
biological activities being antifungal, antibacterial, antiviral, antitumor and antimycoplasma [14]. The iturin and 
fengycin families produced by the B. subtilis strain have shown antimicrobial activity against a wide range of 
fungal and bacterial pathogens [8, 27]. Bacillomycin D is a natural antimicrobial lipopeptide synthesized by 
bmyB, belonging to the iturin family. Bacillomycin D is characterized by antifungal activities and hemolytic 
properties, due to its interaction with the plasma membrane of sensitive cells [28]. The relationships with the 
presence of the cLPs genes, ituC, bmyB, fenD and srfAA and the antimicrobial activity against plant pathogens 
have been reported in many reviews [6, 8, 27, 29]. It has been reported that bulbous and swollen hyphae and a 
swollen germ tube have been detected in the presence of iturin and surfactin [6, 24]. Genes involved in the 
synthesis of cLPs compounds were detected in BAS114 by PCR experiment. This result suggested that B. 
subtilis BAS114 used in this present study may possess some of these chemical compounds. The morphological 
alterations in C. lunata may be due to the toxic effect of the cLPs compounds interfering with the normal growth 
process. 
 
Conclusion: 
 B. subtilis BAS114 isolated from soil was revealed to have strong antagonistic activity against C. lutana (in 
vitro). Further studies are required to characterize the antifungal substances of BAS114. These findings and 
further studies will be useful in developing B. subtilis BAS114 as a powerful biological control agent against C. 
lutana.    
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