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A B S T R A C T 

Rice blast, caused by Pyricularia oryzae, is a major rice-yield-reducing disease. Although the disease can be controlled by 
fungicides, these are often harmful to agriculturists, and fungicide residues that remain in the environment can negatively 
affect other living organisms. To avoid such effects, antagonistic bacteria is an alternative solution for controlling plant 
pathogens. Therefore, this study aimed to isolate the plant pathogen P. oryzae and identify its antagonistic bacteria from 
paddy soil. Two antagonistic bacteria, Bacillus inaquosorum and Streptomyces albus, were found to inhibit P. oryzae with 
54.44% and 94% inhibition, respectively. Subsequently, the cell free supernatant and volatile compounds (VOCs) of these 
two strains were screened. The result showed that VOCs did not affect mycelium growth, even though the culture filtrated 
solution distressed fungal mycelium expansion and spore formation, there was no secreted enzymes (amylase, chitinase, 
cellulase) inhibiting P. oryzae growth. However, for further study, some factors affecting fungal mycelium growth will be 
studied. Moreover, there was another technique to control the disease, plant crude extraction, three types of Thai 
traditional plants, Noni (Morinda citrifolia L.), Galangal (Alpinia galanga L.) and Siamese neem tree (Azadirachta indica A. 
Juss. var. siamensis Valeton.), and four solvents: water, ethanol, hexane and ethyl acetate, were done crude extraction. The 
result showed that galangal with hexane was effective against P. oryzae and the LD50 was 52% inhibition and the galangal 
ethyl acetate showed 33.3% inhibition at 300000 ppm while the other treatments failed to inhibit P. oryzae growth. 
Overall, these findings demonstrated that Streptomyces sp. possessed greater potential against P. oryzae as compared to 
Bacillus sp. in vitro and could be further explored in vivo. Furthermore, galangal contained effective compounds that 
inhibited P. oryzae, so the rice pathogen will be managed using both approaches. 

Keywords: Antagonistic, Bacillus sp., Actinomycetes sp., rice blast disease, Pyricularia oryzae, crude extract. 

 

INTRODUCTION

Rice (Oryza sativa) is a staple crop for more than half of the 

world’s population in various parts of the world, and is 

mainly cultivated in Southeast Asia, East Asia, and South 

Asia (Plodpai et al., 2013; Parinthawong and Poosin., 2020; 

Imran et al., 2020; Khan et al., 2022). Several rice cultivation 

areas have experienced problematic yield loss caused by 

many different insects and diseases. One particularly 

serious disease is rice blast caused by the ascomycete 

fungus Pyricularia oryzae (synonym: Magnaporthe oryzae), 

which previous studies have shown to reduce yield by about 

90% (Singh et al., 2015; Parinthawong and Poosin., 2020; 

Arooj et al., 2023). P. oryzae can infect rice in various stages 

of cultivation, such as at the tillering, flowering, and milk 

stages, with infected rice leaves showing white-to-grey, 

diamond-shaped lesions (Kunyosying et al., 2018; Shahbaz 

et al., 2021). 
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Rice blast is commonly controlled by using chemical agents 

or synthetic fungicides harmful to agriculturists and the 

environment. A less environmentally harmful solution is the 

use of resistant cultivars; however, P. oryzae has a short life 

span and rapidly adapts to resistant cultivars and new 

environments, resulting in breeders having to continuously 

develop new resistant cultivars. An alternative solution to 

controlling rice blast is biological control. Antagonistic 

microorganisms are widely used, and are well known to 

control various plant pathogens. For example, Trichoderma 

sp. was effectively used to control many pathogens, such as 

Rhizoctonia spp., Fusarium spp., and Phytophthora spp. 

(Pfordt et al., 2020; Zin and Badajuddin, 2020). However, 

subsequent studies reported that Trichoderma sp. also had 

harmful effects on mushroom cultivation because it infected 

crop mushrooms, resulting in 50% yield loss (Fletcher, 

1997; Samuels et al., 2002; Sobieralski et al., 2012). 

Moreover, some Trichoderma sp. were shown to have 

negative effects on human health, especially through 

respiratory tract problems caused by a volatile compound 

produced by Trichoderma sp. (Larsen et al., 1998; Alanio et 

al., 2008). 

Subsequently, other microorganisms were discovered to be 

effective biocontrol reagents. For example, Bacillus sp., 

known as Plant Growth Promoting Bacteria (PGPB), have 

been found to effectively antagonize plant pathogens, with 

an ability to manipulate a broad range of pathogens and 

resist various environmental conditions (Albayrak, 2019). 

Bacillus sp. produce volatile compounds, and extracellular 

enzymes such as pectinase, -glucanase, chitinase, and so 

forth, to control pathogen growth. Volatile compounds of B. 

subtilis controlled the airborne fungal pathogen Alternaria 

solani, which causes potato early blight disease (Zhang et al., 

2020), while its hydrolytic enzymes and antimicrobial 

metabolite, HCN, were found to inhibit the mycelial growth 

of various fungal plant pathogens (Zhao et al., 2014; 

Mardanova et al., 2017; Zhao et al., 2022). Furthermore, 

Actinomycetes are among the rhizospheric microorganisms 

with an ability to generate extracellular enzymes, including 

antibiotics, that can control fungal and bacterial pathogen 

growth, so are widely used as antagonistic bacteria (Hata et 

al., 2015; Chauhan et al., 2015; Djebaili et al., 2020). These 

bacteria could inhibit Fusarium oxysporum and Rhizoctonia 

solani, Pseudomonas syringae, and others (Gangwar et al., 

2011; Djebaili et al., 2020). 

Moreover, plant crude extraction is another method widely 

used to manage plant pathogens because plants have 

various active compounds, secondary metabolites, such as 

flavonoids, tannins and phenols etc. to be antimicrobial 

activity that is also advantage for sustainable disease 

management. In Thailand, there are various plants; herbal 

plants and traditional plants having antimicrobial activity 

such as Piper Betle and Terminalia bellirica extracted with 

ethyl acetate were high efficiency controlling Erwinia 

carotovara that caused soft rot disease of Chinese cabbage 

(Barbin et al., 2018). Crude extraction of galangal, lemon 

grass and garlic inhibited Colletotrichum sp., caused mango 

anthracnose disease (Sutthisa et al., 2014). Therefore, this 

study aimed to isolate and identify antagonistic bacteria and 

screening Thai traditional plants for controlling Pyricularia 

oryzae causing rice blast disease in Thailand.  

MATERIALS AND METHODS 

Pyricularia oryzae Py-02 isolation: Infected rice leaves 

were collected from several sampling areas in Lopburi 

province, central Thailand. The leaves were then cut into 

small pieces before being rinsed with sterilized distilled 

water. Dissected leaves were placed on potato dextrose agar 

(PDA) medium and incubated at 28-30°C for seven days. 

White to light-gray colonies were selected and moved to PDA 

for single-colony isolation. Subsequently, single conidia were 

observed and identified under a light field microscope. 

Positive colonies were transferred to PDA slant medium for 

maintenance before use. 

Bacillus sp. Isolation: Ten grams of soil sample was 

suspended in 90 mL sterile normal saline and heated at 80°C 

for 10 min to destroy vegetative cells. Subsequently, the soil 

suspensions were serially diluted in normal saline (10−1 to 

10−4) and spread onto nutrient agar (NA, Hi-Media, Mumbai, 

India) plate. After incubation at 37 °C for 48 h, single colonies 

were re-inoculated onto nutrient agar for purification. The 

isolated colonies were identified by gram staining, spore 

staining and catalase-production. 

Actinomycetes isolation: Ten gram of soil sample was 

suspended in 90 mL sterile normal saline shaken at 180 rpm, 

28-30°C for 10 min. Subsequently, the soil suspensions were 

serially diluted (10−1 to 10−6) and the soil suspension each 

dilution was plated on starch casein agar medium (10 g 

soluble starch, 2 g K2HPO4, 2 g KNO3, 0.3 g casein, 0.05 g 

MgSO4.7H2O, 0.02 g CaCO3, 0.01 g FeSO4.7H2O, 15 g agar, and 

1 L distilled water). The plates were incubated at 28-30°C for 

7-14 days. The colonies were sub-cultured on ISP-2 medium 

(10 g glucose, 4 g malt extract, 4 g yeast extract, 15 g agar, 

and 1 L distilled water) for purification and kept in 20% 

glycerol at −20°C as stock culture. This method followed 

Chaiharn et al. (2020). 

In vitro screening of antagonistic actinomycetes and 
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Bacillus sp.: The actinomycetes and Bacillus isolates were 

screened for antagonistic activity against rice blast pathogen 

by using dual culture technique. For antagonistic activity of 

actinomycete was determined according to (Loqman et al., 

2009). The actinomycetes colonies on ISP2 agar was cut in 5 

mm diameter discs with a cork borer and transferred to the 

PDA plates, placed 3 cm away from the center of the plate. 

After incubation at 28-30C for 7 days, 5 mm in fungal disc 

was placed in the center of the plate. PDA plates with a 

fungal mycelia disc in the center of the plate as a control. The 

plates were then incubated at room temperature for 10 days. 

For Bacillus, the PDA plate was inoculated with 5 mm of 

fungal mycelia disc 1.5 cm away from the edge of the agar 

plate. Then, Bacillus colony on NA plate was streaked 3 cm at 

the opposite direction, 1.5 cm away from the edge of the agar 

plate. A control plate without streaking bacterial culture. 

Both the test and control plates were incubated at room 

temperature for 14 days. The percentage of inhibition was 

calculated using the formula:  

Percentage of inhibition = [(r1 − r2)/r1] × 100  

where r1 represents the radial of fungal growth in the 

control and r2 is the radial of fungal growth in the test plate. 

Determination of antimicrobial activity in vitro (Broth 

vs. VOC): Cell-free supernatant assay: Both antagonistic 

bacterial strains were cultured in nutrient broth for 5 days 

for secondary metabolic secretion, and then the supernatant 

was collected by centrifugation at 3000 rpm for 10 min 

before extracellular hydrolytic enzyme assay. A P. oryzae Py-

02 plug was placed in the center of an PDA plate for 5 days’ 

preincubation, and then the holes for the enzymatic assay 

were made with a 5-mm diameter cork borer. Subsequently, 

the supernatant was added to the hole in triplicate, then the 

plates were incubated for 3 days before measuring the 

diameter of P. oryzae Py-02 compared to the control plates, 

in which distilled water was used instead of bacterial 

supernatant. 

Volatile organic compounds (VOCs) test: A P. oryzae Py-02 

plug (5-mm diameter) was placed on the center of a PDA 

plate, and an antagonistic bacteria plug was placed on 

another PDA plate. All half-plates were positioned face to 

face and sealed with parafilm to prevent the loss of volatile 

compounds. After incubation at 28-30°C for 7 days and the 

experiment was done in triplicate, the diameter of P. oryzae 

Py-02 was measured (the distance between the bacterium 

and mycelium of P. oryzae Py-02) and compared with the 

control, which had no antagonistic bacteria plug.  

Hydrolytic enzyme production: Cellulase: This was a 

manipulation of the technique of Bischoff et al. (2006). 

Carboxymethyl cellulose (CMC) medium was used as a 

substrate for the cellulase secreted from the antagonistic 

bacteria. The antagonistic bacteria were grown on CMC at 

28-30C for 24 hr (aerobic condition), the CMC plates were 

stained with 1% (w/v) Congo-red solution for 15 minutes 

and washing with 1 M NaCl to enhance the halo zone; then, 

the cellulase activity was calculated by the halo-zone 

formation visible around the positive colony. This 

experiment was done in triplicate. 

Amylase: Starch agar was the substrate for the amylase test, 

containing 10 g starch, 10 g tryptone, 5 g meat extract, 15 g 

Agar, and 1000 mL distilled water, pH 7. The antagonistic 

bacteria were plated on starch agar and incubated at 28-

30°C for 24 hr. These plates were then stained with 2% 

iodine solution for 15 min, after which the clear zone was 

measured (Chaiharn et al., 2020). This experiment was done 

in triplicate. 

Chitinase: Colloidal chitin (0.1% concentration) was the 

substrate for the chitinase test. Both antagonistic bacteria 

were grown on the medium and incubated at 28-30°C for 48 

hr, after which the halo zones appeared around the positive 

colonies were measured (Chaiharn et al., 2020). 

Thai traditional plant crude extraction: Noni (Morinda 

citrifolia L.), Galangal (Alpinia galanga L.) and Siamese neem 

tree (Azadirachta indica A. Juss. var. siamensis Valeton.), Thai 

traditional plant having some medicinal properties, were 

studied to control P. oryzae. Noni leaves, Siamese neem 

leaves and Galangal rhizome were rinsed with tap water for 

cleaning before sliced into small and thin pieces then plant 

samples were dried at 50°C for 5 days before grinding into 

fine powder by electric grinder. Four solvents: distilled 

water, 99% ethanol, hexane and ethyl acetate were used in 

this study, then 10 grams of each dried sample was soaked in 

100 ml of each solvent and shook at 120 rpm for 3 days for 3 

times before filtration through No.1 Whatman filter paper. 

All filtrated solutions were done evaporation in water bath 

with temperatures below the solvent’s boiling point 

(approximately 50-80°C) to get yield of crude extract. 

Subsequently, crude was dissolved in 0.2% DMSO. There 

were 12 treatments namely 3 traditional plant extracts and 

four solvents for this study. 

In vitro assay of Thai traditional crude extracts against 

P. oryzae: Plant crude extraction activity was done by agar 

well diffusion. A plug of mature mycelium P. oryzae was 

placed at the center of PDA and then a sterilized cork borer 

punched on the PDA plate away from a fungal plug 

approximately 2.5 cm and done for four wells per plate. A 

hundred microliters of each of crude extracts (50000, 
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100000, 200000 and 300000 ppm) were filled into each well 

and done triplicate for each sample, moreover, 0.2% DMSO, 

solvent-only treatment, was negative control before 

incubation at 28°C for 3-5 days subsequently diameter of 

fungal colony growth was measured and calculated the 

percentage of growth inhibition by the formula (Tun et al., 

2018) 

PIA = [(Rc- Rt)/Rc] x 100 

PIA = Percentage of inhibition activity 

Rc = Radial of fungal mycelium control  

Rt = Radial of fungal mycelium treatment  

Molecular genetics identification: The mycelium of P. 

oryzae Py-02 and the antagonistic bacteria underwent DNA 

extraction. The ITS and 16S rRNA primers, used for P. oryzae 

Py-02 and the antagonistic bacteria, respectively (Table 1), 

were amplified by PCR. The PCR products were purified and 

sequenced, after which the ITS and 16Sr RNA nucleotide 

sequences were compared to those in the GenBank database 

(http://www.ncbi.nlm.nih.gov). Phylogenetic trees 

including reference sequences were constructed using the 

MEGA X program by the neighbor-joining model with 1000 

bootstrap values. 

The GenBank accession number of the sequences 

reported in this paper is PLK010801, CNT010110, 

AYA010801, SSK010110, SK010110 and NR_185623 for 

P. oryzae for phylogenetic tree construction whereas 

AB184522.1, MH_628441.1, NR_0434981, KP170481.1 

and KP704806.1 used for Actinomycetes phylogenetic 

tree construction, moreover, GenBank accession numbers 

for Bacillus sp. phylogenetic tree construction were 

OK178285.1, EF532601.1, HM486497.1, ON242120.1 

and NR036794.1. 

Table 1. Nucleotide primers for PCR assay. 
Target region Primer name Nucleotide sequences Target size (bp) Tm (C) Reference 

ITS 
ITS1 5-TCCGTAGGTGAACCTGCGG-3 

649 55 White et al. 1990 
ITS4 5-TCC-TCC-GCT-TAT-TGA-TAT-GC-3 

16S 
27F 5′-AGAGTTTGATCCTGGCTCAG-3′ 

1400 57 Heure et al., 1997 
1492R 5′-TACGGYTACCTTGTTACGACTT-3′ 

DATA ANALYSIS 

All collected data were statistically analyzed based on 

SPSS software using an analysis of variance (One-way 

ANOVA test) and means were compared with at least 5% 

significant level using. 

RESULTS 

Pyricularia oryzae identification: Infected leaves with 

lesions, which were white-to-brown and diamond 

shaped, were isolated on PDA after preliminary selection 

via spore morphological identification. Fungal colonies 

were stained with lactophenol blue, and spore 

morphology was observed under a microscope (Figure 1). 

Positive spore morphology was indicated by a pear shape, 

the presence of a hilum on the tip of the spore, and two 

septa dividing each conidiophore. Moreover, the positive 

fungal colonies had white mycelia, whereas the mycelia of 

negative colonies were green and black. Next, the colony 

underwent DNA extraction and PCR with ITS1 and ITS4, 

after which the extracted sequences were compared with 

GenBank sequences. The nucleotide sequences and 

phylogenetic tree revealed that the extracted isolate was 

P. oryzae, with 99% similarity. Furthermore, the 

phylogenetic tree showed that the isolate belonged in a 

group with P. oryzae from GenBank (Figure 2). 

   

A B C 
Figure 1. (A) Morphology of Pyricularia oryzae Py-02 -caused rice blast disease, (B) blast disease leaf lesion surrounded 

by a P. oryzae Py-02 colony, and (C) conidia and conidiophore of P. oryzae Py-02. 
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Figure 2. Phylogenetic tree based on the ITS gene of P. oryzae Py-02, constructed for comparison with related P. oryzae 

species using the neighbor-joining method in MEGA X. 
Antagonistic bacteria identification: Paddy field soil was 

collected, and antagonistic bacteria were isolated on NA and 

GYM for Bacillus sp. and Actinomycetes sp., respectively. The 

Bacillus colony was creamy-white in color, gram-positive, 

and returned a positive catalase test, while the Actinomycetes 

sp. had white mycelium and was also a gram-positive colony. 

All antagonistic bacteria—four isolates of Bacillus sp. and 

eight isolates of Actinomycetes sp.—were tested for 

antagonistic activity. The results showed that four 

Actinomycetes and one Bacillus isolate could inhibit P. oryzae 

Py-02; however, only one Actinomycetes isolate, named Act-

03, had strong antagonistic activity (approximately 94%), 

whereas the Bacillus Isolate S-04 yielded 54.44% inhibition 

(Table 2, Figure 3). 

Table 2. Antifungal activity of Bacillus isolates and actinomycetes isolates 

P.oryzae Py-
02 

Percent Inhibition (%) 
Bacillus isolates 

S-01 S-02 S-03 S-04 
43±0.4b 10.4±0.4c 43.44±0.23b 54.44±0.3a 

Actinomycete isolates 
Act-01 Act-02 Act-03 Act-04 Act-05 Act-06 Act-07 Act-0 8 

88.78±0.25b 87.5±0.2b 94±0.3a 72.74±0.5d 83.81±0.1c 62.4±0.1f 72.33±0.4d 67.78±0.5e 
a, b, c, d, e, f = the same letter superscript is not significantly different at 5% level of significance 

  
Figure 3. Efficiency of antagonistic bacteria against P. oryzae Py-02 in a dual-culture test; (A) control, (B) P. oryzae Py-

02 inhibition by Bacillus sp., and (C) P. oryzae Py-02 inhibition by Actinomycetes sp. 
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Then, two antagonistic bacteria, Act-03 and S-04, underwent 

spore morphological analysis, with the result showing that 

the Act-03 spore was of an open-spiral type, whereas the S-

04 endospore was located at the center of the vegetative cell. 

16S rDNA analysis: The positive antagonistic bacteria 

underwent DNA extraction and PCR with 16S rRNA 

primers. The resulting nucleotide sequences were then 

blasted, and the results revealed that Act-03 was a 

Streptomyces sp., whereas the S-04 antagonistic bacteria 

isolate was a Bacillus sp. A phylogenetic tree was 

constructed based on the antagonistic bacteria sequences 

as well as GenBank sequences. Figure 4 shows that Act-03 

was grouped with Streptomyces albus with strong 

bootstrap support, while Figure 5 shows that S-04 was 

grouped with Bacillus inaquosorum with moderate 

bootstrap support. 

 
Figure 4. The phylogenetic tree based on the 16S rDNA gene of an Actinomycetes isolate, constructed using the 

neighbor-joining method in MEGA X, shows its relatedness with other Streptomyces species. 

 
Figure 5. The phylogenetic tree based on the 16S rDNA gene of the Bacillus isolate, constructed using the neighbor-

joining method in MEGA X, shows its relatedness with other Bacillus species. 
Cell free supernatant screening: The antagonistic 

bacteria were screened for secondary metabolite 

secretion inhibiting P. oryzae mycelium growth. The 

results of the volatile organic compound (VOC) assay 

showed that these did not affect P. oryzae growth, 

whereas culture filtrated secretion could inhibit 

mycelium growth and spore formation, as shown in 

Figure 6. 
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Figure 6. In vitro cell free supernatant test: A P. oryzae on PDA and B Inhibition of P. oryzae with cell free supernatant, 

(A) PDB broth, (B) distilled water, (C) cell free secretion from Bacillus inaquosorum, (D) enzyme secretion from 
Streptomyces albus.  

Enzymatic assay: Both antagonistic bacteria were tested 

for enzyme secretion, namely of cellulase, amylase, and 

chitinase. The result showed there was even no enzyme to 

inhibit P. oryzae mycelium growth (Data not shown). 

Thai traditional plant crude extracted assay: The table 

showed percent of inhibition from various treatments 

and the result showed that galangal hexane crude extract 

having the highest activity approximately 52% inhibition 

at 300000 ppm whereas the other concentrations of 

galangal hexane crude extract could be significant 

moderately inhibited P. oryzae that was found in galangal 

ethyl acetate crude extract at 300000 ppm. On the other 

hand, the other treatments could not be inhibited P. 

oryzae growth (Table 3).  

Table 3 Effective inhibitory concentration of plant crude extractions against P. oryzae 

plant Type of solvent 
Percentage of radial growth inhibition (%) 
Concentration of plant extraction (ppm) 

50000 100000 200000 300000 

galangal 

Hexane 26.40±0.43d 30.40±0.43c 43.03±0.21b 52±0.82a 
Ethyl acetate 9.97±0.25g 15.58±0.29f 19.02±0.83e 31.70±1.16c 

Absolute ethanol 6.17±0.05h 6.23±0.05 h 6.3±0.08 h 6.37±0.05 h 
water 6.23±0.09 h 6.50±0.16 h 6.4±0.08 h 6.23±0.05 h 

Noni 

Hexane 5.93±0.09 h 6.07±0.09 h 5.97±0.05 h 6.0±0.16 h 
Ethyl acetate 5.33±0.12 h 5.47±0.05 h 5.43±0.05 h 5.47±0.09 h 

Absolute ethanol 6.3±0.08 h 6.28±0.03 h 5.73±0.09 h 5.93±0.05 h 
water 6.10±0.08 h 6.27±0.05 h 6.47±0.17 h 6.4±0.05 h 

Siamese neem tree 

Hexane 6.19±0.01 h 6.23±0.02 h 6.07±0.09 h 6.03±0.12 h 
Ethyl acetate 6.19±0.07 h 6.22±0.05 h 6.32±0.02 h 6.59±0.01 h 

Absolute ethanol 6.0±0.16 h 6.33±0.09 h 6.31±0.02 h 6.06±0.19 h 
water 5.70 ±0.08 h 5.86±0.10 h 5.73±0.09 h 5.87±0.12 h 

a, b, c, d, e, f, g, h = the same letter superscript is not significantly different at 5% level of significance 
DISCUSSION 

Rice is a major crop in Thailand for both domestic 

consumption and export; however, it faces many diseases 

caused by various pathogens. One of the major pathogens 

is P. oryzae, which causes rice blast disease and drives 

yield loss. Agriculturists commonly control the disease 

by using chemical or synthetic fungicides; however, the 

fungicide residues remain in soil, air, and water, and may 

be encountered by agriculturists.  To protect the 

environment and agriculturists, biocontrol agents have 

been developed against fungal pathogens, with previous 

studies reporting that Bacillus sp. and Actinomycetes 

both functions to control fungal pathogens (Gangwar et 

al., 2011; Rai et al., 2018; Chen et al., 2019; Gao et al., 

2020). Though biological control may be slow to control 

pathogens, it is not harmful to living organisms in the 

soil, thus demonstrating a board spectrum of antifungal 

activity while supporting the natural  balance of 

ecosystems (Ramanathan et al., 2002; Gao et al., 2020). 

Many studies have used Bacillus sp. to control crop 

pathogens through indirect mechanisms, such as the 

production of hydrolytic enzymes to damage pathogen 

cell walls (Shakeel et al., 2015; Majeed et al., 2016). 

Moreover, Bacillus sp.  can trigger induced systemic 



Pak. J. Phytopathol., Vol. 37 (01) 2025. 27-38    DOI: 10.33866/phytopathol.037.01.1249 

34 

 

resistance (ISR), which causes plant physiological change 

by increasing the content of antioxidant enzymes such as 

superoxide dismutase, peroxidase, polyphenol oxidase, 

and phenylalanine ammonia-lyase (Gajbhiye et al., 2010; 

El-Sayed et al., 2014; Hassan et al., 2015; Fatima and 

Anjum, 2017; Rai et al., 2018). Additionally, previous 

studies have reported that Bacillus sp. is able to increase 

plant antioxidant enzymes such as superoxide dismutase, 

polyphenol oxidase, and peroxidase to increase plants’ P. 

oryzae resistance (Ng et al., 2016; Rais et al., 2017). 

This study shows that the most highly antagonistic 

Bacillus inaquosorum and Streptomyces albus isolates 

from paddy soil secreted elicitors into cell free solution 

to inhibit fungal mycelium. Natural fibrous materials 

such as cellulose, chitin, proteins, etc. produced at the 

hyphal tip of the fungal cell wall can be destroyed by 

these extracellular enzymes—which may be proteolytic, 

cellulolytic, and amylolytic—produced by antagonistic 

bacteria. Furthermore, the results revealed that the 

isolates secreted cell free supernatant to inhibit the 

fungal mycelium, with 54.44% and 94% inhibition for B. 

inaquosorum and S. albus, respectively. The inhibition 

efficiency of B. inaquosorum was similar to that of the 

Bacillus strains KFP-5, KFP-7, and KFP-17, which were 

reported to have 40–52% inhibition against blast disease 

(Rais et al., 2018). Although, enzymatic assay showed 

that there was even no secreted enzyme inhibiting P. 

oryzae ,  there were other biological  agents against 

pathogens such as antibiotics, soluble compounds 

(lipopeptides, polyketides, siderophores) or bacteriocins 

(pediocin, thuricin or lantibiotics) (Clavo et al., 2020). 

Previous studies showed that the defense mechanism of 

Bacillus sp. against P. oryzae was demonstrated in the 

Bacillus strains KFP-5, KFP-7, and KFP-17, while B. 

subtilis  strain GB519 induced the ISR mechanism, 

secreted protease and glucanase,  and produced 

siderophores (Rais et al., 2017, Rai et al., 2018; Zhu et al., 

2022). Bacillus velezensis was shown to antagonize P. 

oryzae by secreting hydrolytic enzyme, and increasing 

the accumulation of salicylic acid and hydrogen peroxide 

(Chen et al.,  2021). Additionally, the present study 

examined whether VOCs,  which are produced by 

organisms such as fungi, yeast, and bacteria and are 

beneficial for interactions between host plants and 

microorganisms, inhibited P. oryzae growth. Previous 

studies have found that VOCs can control plant–pathogen 

interaction and promote plant growth (Tahir et al., 2017; 

Zhao et al., 2023). However, the present study found that 

the VOCs of B. inaquosorum and S. albus could not inhibit 

P. oryzae growth. This contrasts with the results of a 

previous study in which B. subtilis produced VOC to 

control Alternaria solani (Zhang et al., 2020). 

Unlike Bacillus sp. antagonistic bacteria, there are very 

few reports of Actinomycetes antagonistic to pathogens, 

even though this phylum includes a powerful antagonistic 

genus— Streptomyces—that can control pathogens such 

as Colletotrichum gloeosporioides , Cephalosporium 

maydis, Rhizoctonia solani, and P. oryzae (El-Mehalawy et 

al., 2005; Prapagdee et al., 2008; Pan et al., 2015; Awla et 

al., 2017). Moreover, it is a Plant Growth Promoting 

Rhizobacteria (PGPR), thus improving plant growth and 

yield. Streptomyces is one of the free-living genera of 

Actinomycetes, and has been easy to study as it consists 

of more than 500 species in natural environments 

(Seipke et al. ,  2012). These bacteria are efficient 

antagonists as they have colonized numerous root crops 

and inhabit the rhizosphere; consequently, they have 

evolved abilities to promote plant growth and produce 

secondary lytic enzymes to inhibit plant pathogens 

(Palaniyandi et al., 2013; Bonaldi et al., 2015; Kunova et 

al.,  2016). In the present study, S. albus  had higher 

efficiency than Streptomyces strain UPMRS4 (67.9%), S. 

albidoflavus OsiLf-2 (74.1%), and rhizobacterial isolate 

IS4 (81.7%) to inhibit P. oryzae (Awla et al., 2017; Gao et 

al., 2020; Nabila, 2021). Streptomyces sp. reportedly 

combine various mechanisms against plant pathogens; 

for instance, S. mutabilis, Streptomyces strain DBT204, 

and S. endus OsiSh-2 secreted chitinase and antibiotics 

and produced siderophores to inhibit R. solani ,  F. 

proliferatum, and P. oryzae, respectively (Goudjal et al., 

2014; Passari et al., 2015; Xu et al., 2017), while S. albus 

secreted cellulase to inhibit P. oryzae in the present study. 

According to crude extraction, several studies showed 

that crude extraction was another management for 

instance Alpinia galanga strongly against Ceratocystis sp. 

moreover Fusarium oxysporum (Suprapta and Khalimi, 

2009) and Tectona grandis L.f. was board range to inhibit 

various fungi namely  Arthrinium phaeospermum, 

Aspergillus flavus, Acremonium butyri, Nigrospora sp., and 

Penicillium citrinum that were wood-pathogen to Albizia 

falcataria (Suprapta, 2012) due to the efficiency of active 

compounds to control phytopathogens such as phenolic 

compounds, tannin, flavonoids etc. Various researches 

showed that P. oryzae  was inhibited by plant crude 

extractions such as Epicoccum sp, chromoluena odorata, 

Prosophis juliflora and Ziziphus jujuba (Sena et al., 2013, 
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Suriani et al.,  2015 ) and this result showed that A. 

galangal hexane was potential crude extraction to inhibit 

P. oryzae similar to previous studies that used C. longa 

hexane to inhibit P. oryzae including Botrytis cinerea, 

Chaetomium olivaceum, Fusarium graminearum, and 

Magnaporthe grisea  (Nabila et al. ,  2021) while Z. 

officinale hexane was slightly activity to inhibit P. oryzae 

(Supratra and Khalimi, 2009). Additionally, this result 

showed that A. galangal ethyl acetated at 300000 ppm 

was slightly inhibited P. oryzae consequent to previous 

study stated A. galangal, C. longa and Z. officinale were 

wide-ranged ability to against several bacterial and fungi 

depending on kind and the number of active components 

in crude extraction (Nabila et al., 2021). 

CONCLUSION 

In conclusion,  biological  control  and plant crude 

extraction are an important solution for inhibiting plant 

pathogens, and is harmless to agriculturists and the 

environment. Moreover, some antagonistic bacteria are 

also PGPRs for plant growth. S. albus demonstrated 

greater potential as a candidate for a biocontrol agent to 

manage rice blast disease. Moreover, A. galangal with 

hexane was high potential to against P. oryzae as well, so 

further study will examine its PGPR properties such as 

IAA production, potassium and phosphorus solubility 

etc. and A. galangal hexane crude extraction will be used 

as spray on rice in pot experiment.  
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