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Abstract. Rahma H, Martinius, Khairul U, Rahmi F. 2023. The potential of beneficial microbes to suppress the development of bacterial 
leaf blight in rice plants caused by Xanthomonas oryzae pv. oryzae. Biodiversitas 24: 4209-4217. Xanthomonas oryzae pv. oryzae (Xoo) 
is caused bacterial leaf blight in rice plants. One technique for controlling the bacterial leaf blight that currently being developed is using 
beneficial microbes. The purpose of this study was to isolate and identified beneficial microbes that can suppress bacterial leaf blight 
development in rice plants. In the present study fifteen isolates of beneficial microbes were investigated for their potential as an 

antagonist against Xoo, the causal agent of bacterial leaf blight of rice plants. Four isolates, namely Act-SK2, Act-Mn2, Act-Hr21, and 
Act-Pha4, showed the ability to reduce the area under progress curve (AUDPC) values by 51.33, 51.00, 84.00, and 82.33, respectively. 
The effectiveness of AUDPC suppression ranged between 80%-88%. Two out of four isolates showed potential in reducing the severity 
of BLB disease by 3.65% (Act-Sk2) and 3.88% (Act-Mn2) as compared to control. The effectiveness of both isolates in reducing disease 
severity was 86.34% (Act-Sk2) and 85.48% (Act-Mn2). Furthermore, identification based on 16S rRNA gene sequence analysis showed 
that three isolates, namely Act-Sk2, Act-Hr21, and Act-Pha4, belong to Actinobacteria. Each isolate showed 99.68% similarities 
with Streptomyces sp. strain KS02 (Acc. No. AB373961, 99.84% with Streptomyces sp. strains Al-Dhabi-119 (Acc. No.MK675528), 
and 99.64% with Streptomyces griseus strain K 2 (Acc. No. MK811436). Isolate Act-Mn2 showed 100% similarity with Penicillium 
janthinellum strain CMV006C1 (Acc. No. MK450697). The results of this study indicate that the four microorganisms tested have 

potential to be developed as biological agents.  
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INTRODUCTION  

Indonesia is the world's fourth-largest rice producer. 

The benefit of rice Indonesia's production was accumulated 
at 35.4 million metric tons with a land area of 12.16 million 

hectares, slightly different from Bangladesh, which was 

35.85 million metric tons with a land area of 12 million 

hectares (USDA 2023). Plant-disturbing organisms are one 

of the limiting factors for increasing rice production. 

Bacterial leaf blight (BLB) is one of the main diseases of 

rice. BLB is a vascular disease that causes systemic 

infection in rice plants. Symptoms of BLB disease are gray 

to white sores along the vascular tissue. The disease is 

caused by the bacterium Xanthomonas oryzae pv. oryzae 

(Xoo) (EPPO 2022; Xu et al. 2022), and it ranks fourth 

position of the ten most plant-pathogenic severe bacteria 
(Bai et al. 2022). Infections of defenseless plants directly 

affected by Xoo in rice crops can lead to significant yield 

losses of up to 50% in tropical Asia (Kim and Reinke 

2019; Fiyaz et al. 2022). However, somewhere at 

maximum tillering, crop losses result in a 20-40% decrease, 

whereas in the early infection stage, yield losses are 

approximately 50% (Yasmin and Hafeez 2017). In 

Indonesia, yield loss due to BLB disease reach 70-80%, 

while only 6-60% in India, and around 20-50% in Japan 

(Safrizal et al. 2020).  

Various efforts have been made to control bacterial leaf 

blight, including planting resistant varieties and using 

bactericides. However, controlling the disease using 
resistant varieties has not given good results because Xoo 

bacteria have a high diversity of pathotypes and gene 

mutability. This condition makes Xoo easily able to break 

host plant resistance genes (Nafisah et al. 2019). Control of 

BLB using bactericides can potentially suppress BLB 

disease in the field. However, the continuous use of 

bactericides harms the environment, triggers resistance to 

pathogens, and impacts human health (Ooi et al. 2022).  

The biological control of plant diseases is done by 

suppressing plant pathogen populations by living 

organisms utilizing beneficial microbes (Köhl et al. 2019; 

Montoya-Martínez et al. 2022). Some beneficial microbes, 
such as plant growth-promoting rhizobacteria (PGPR) 

(Mohanty et al. 2021) and plant growth promoting Fungi 

(PGPF) (Jahagirdar et al. 2019), are essential members of 

the plant microbiome. PGPR are non-pathogenic 

microorganisms that colonize the host plant root area, 

compete and suppress the growth of pathogenic organisms, 

so that PGPR has the potential as an antagonist 

(biopesticide) and biofertilizer (Mohanty et al. 2021). 

Many of these bacteria have been classified into the 

genera Azoarcus, Azospirillum, Azotobacter, Arthrobacter, 

Bacillus, Paenibacillus, Klebsiella, Enterobacter, 
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Pseudomonas, Serratia and Actinomyces (Backer et al. 

2018; Lahlali et al. 2022). Actinomyces are a group of 

prokaryotic microorganisms considered an intermediate 

between bacteria and fungi, so their morphology is similar 

to that of filamentous fungi (Kaari et al. 2022). At the same 

time, some varieties of PGPF have been studied, including 

those belonging to the genera Trichoderma, Phoma, 

Fusarium, and Penicillium (Hossain and Sultana 2020; 

Myung et al. 2020; Choudhary and Nayak 2023). PGPR or 

PGPF is reported to have the ability to inhibit the growth of 
various pathogenic bacteria and fungi (Jalmi SK and Sinha 

2022). According to Ilsan et al. (2016), eight actinomycetes 

from rice's phyllosphere could suppress Xoo in vitro and 

stop bacterial leaf blight's severity by 25.87%. 

Streptomyces has been shown to have the potential to both 

enhance plant development and generate plant resistance in 

oak (Kurth et al. 2014) and rice (Suárez-Moreno et al. 

2019). A previous study reported that actinobacteria in 

rice's rhizosphere have an antibacterial activity to Xoo 

(Rahma et al. 2023). Hossain et al. (2014) reported 

that Penicillium spp. GP15-1 inhibited the development of 
damping off disease by Rhizoctonia solani on cucumber 

plants. These beneficial microbes can dissolve phosphate 

(Mohanty et al. 2021), bind nitrogen, and produce 

phytohormones Bizos et al. (2020); Chen et al. (2018); 

Sharma et al. (2013) and as a biocontrol agent (Jiao et al. 

2021) and induction of plant resistance (Zhu et al. 2022); 

Hossain and Sultana (2020); Mitra et al. (2021). The 

purpose of this study was to isolate and identified 

beneficial microbes that can suppress bacterial leaf blight 

development in rice plants.  

MATERIALS AND METHODS  

Research site 

This research was conducted in the Microbiology 

Laboratory and Experimental Garden of the Faculty of 

Agriculture, Universitas Andalas, Padang, Indonesia, from 

March to October 2022. 

Beneficial microbes  

Fifteen beneficial microbes isolates (Act-SK2; Act-

LB3; Act-Ph 2.1; Act-Mn 2; Act-Pha 3.4; Act-Pha 2.3; 

Act-Pha 3.3; Act-Pha 4; Act-Pha 3.5; Act-Krj 21; Act-Hr 

24; Act-Hr 21; Act-Hr 56; Act-Hr 49; Act-Hr 47) were 

used in the present study. These isolates were obtained 

from the Microbiology Laboratory, Faculty of Agriculture, 
Andalas University, Padang, Indonesia (Table 1).  

 
Preparation of beneficial microbes  

Beneficial microbes were cultured on International 

Streptomyces Project 2 (ISP-2) medium (composition g/l: 

Yeast extract 4 g, Malt extract 10 g, Dextrose 4 g, Agar 20 

g, and Aqua dest 1 L) using the quadrant scratch method to 
obtain single colonies, and incubated for 2 x 24 hours at 

room temperature. The microbes were then propagated 

using ISP-2 broth media on a rotary shaker for 14 days for 

further testing. 

 

Table 1. Beneficial microbes used in the study 
 

Name of 

isolates 
Isolation sources Location Year 

Act-SK2 Rhizosphere (Corn) Padang, West Sumatra  2020 
Act-LB3 Rhizosphere (Corn) Padang, West Sumatra  2020 
Act-Ph 2.1 Rhizosphere (Corn) Padang, West Sumatra  2020 
Act-Mn 2 Rhizosphere (Corn) Padang, West Sumatra  2020 

Act-Pha 3.4 Rhizosphere (Rice)  Padang, West Sumatra  2020 
Act-Pha 2.3 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Pha 3.3 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Pha 4 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Pha 3.5 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Krj 21 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Hr 24 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Hr 21 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Hr 56 Rhizosphere (Rice) Padang, West Sumatra  2020 

Act-Hr 49 Rhizosphere (Rice) Padang, West Sumatra  2020 
Act-Hr 47 Rhizosphere (Rice) Padang, West Sumatra  2020 

 

 
Confirmation of beneficial microbes  

A hypersensitivity reaction test on tobacco leaves was 

conducted to confirm that the microbes were not plant 

pathogenic. Beneficial microbe’s isolates were grown in 
ISP2 broth media with an incubation period of 7 days at 

37°C in a shaking incubator at 150 rpm. The density of 

liquid culture cells was calculated using a hemocytometer. 

The culture injected into tobacco has a minimum density of 

106 CFU mL-1. The culture was injected into the underside 

of leaf (the part of leaf between two major veins) using a 

sterile syringe (Rahma et al. 2022). The necrosis in the 

tissue of injected leaves was observed. If no symptoms of 

necrosis were observed in the treated leaves 2 x 24 hours 

after injection, this indicated that microbe did not have the 

potential as plant pathogens. As a control, sterile distilled 

water was injected with the same method. The distilled 
water did not cause necrotic symptoms on the injected 

leaves. 

Source of Xoo isolates  
Xoo phototype III was obtained from the Microbiology 

Laboratory, Department of Plant Pests and Diseases, 

Faculty of Agriculture, Universitas Andalas. The isolates 

were cultured by the quadrant scratch method on 

Wakimoto Agar medium (g/L composition: Ca(NO3)2 0.5 

g, Na2HPO4.12 H2O 2 g, peptone 5 g, Sucrose 15 g, 

FeSO4.7 H2O 0.5 g, Agar 15 g, distilled water 1 L), and 

incubated for 2 x 24 hours at room temperature. A single 
colony of Xoo strain was used as a source of inoculum and 

purified on the same medium. After incubation, Xoo was 

diluted with sterile distilled water. Cell suspensions were 

adjusted to 108 CFU/mL using a McFarland solution scale 8. 

 

Pathogenicity test of Xanthomonas oryzae pv. oryzae  
Pathogenicity test was performed to confirm that Xoo 

strain cause bacterial leaf blight in rice. Xoo bacteria were 

inoculated on 21-day-old rice seedlings by cutting the rice 

leaves' tips using sterile scissors dipped in Xoo suspension 

(population 107 CFU/mL) for ±10 seconds. Disease 

symptoms were observed daily until 14 days after 
inoculation (Ke et al. 2017).  



RAHMA et al. – Actinobacteria to suppress the development of bacterial leaf blight in rice plant 

 

4211 

Capability of beneficial microbes to inhibit disease 

development of BLB in rice plant  

Research design  

The experiment was conducted in a completely 

randomized design (CRD) with 16 treatments and three 

replications. The treatments used in this study consisted of 

15 isolates of beneficial microbes inoculated with Xoo and 

control (infected plants without beneficial microbes 

treatment). 

Preparation of planting media  
The planting medium was a mixture of soil and manure 

as much as 2: 1 (v/v). First, the soil was put into a heat-

resistant plastic measuring 5 kg, then sterilized using an 

autoclave for one hour at a temperature of 100°C (Rahma 

et al. 2022). After the soil cooled, it was put into a tube of 

sprouts and polybags covered with plastic. 

Propagation and application of beneficial microbes  

Isolates of beneficial microbes were propagated in the 

ISP-2 broth medium. A single colony of beneficial 

microbes on ISP-2 media was put into 100 mL of ISP-2 

Broth medium in 250 mL Erlenmeyer flask, and incubated 
for 14 x 24 hours on a rotary shaker at 70 rpm. A 

population density of 106 spores/mL was used for 

application. Rice seeds were surface sterilized using 2% 

NaOCl for 1 minute, then rinsed with sterile distilled water 

for 1 minute. Next, seed treatment of rice in each beneficial 

microbes suspension for 15 minutes and air-dried for 5 

minutes. After soaking, rice seeds were planted in a 25 x 20 

x 5 cm seedling tub containing sterile soil and manure (2: 

1) media. The seedling was kept for 21 days. First, 21-day-

old rice seedlings were removed. Next, roots were cleaned 

from the remaining soil and then immersed in each 
beneficial microbes isolate (prepared as a seed immersion 

experiment) for 30 minutes. For control, roots were immersed 

in sterile distilled water at the same time (Mitra et al. 2021). 

After soaking, one seedling was planted in polybags 

containing clean soil and manure (2:1) in 20 cm x 20 cm 

polybags, and each experiment was repeated three times.  

Inoculation of Xanthomonas oryzae pv. oryzae after 

application of beneficial microbes in rice plant  

Xoo bacterium was inoculated on rice seedlings after 

being treated with beneficial microbes was done 21 days 

after planting. Xoo bacteria were inoculated on rice leaves 

using the leaf-cutting method. The leaves are cut using 
sterile scissors and dipped in Xoo suspension (population 

107 CFU/mL) for ±10 seconds. The incubation period was 

determined when the first symptoms appeared after the 

inoculation of Xoo bacteria. Disease symptoms were 

observed daily until 14 days after inoculation (Ke et al. 

2017). The effectiveness of suppressing the incubation 

period of bacterial leaf blight symptoms is calculated using 

the formula: Effectiveness of suppression of incubation 

period = (incubation period of beneficial microbes 

treatment - incubation period of control)/incubation period 

of control) x 100%. Development of bacterial leaf blight 
was observed by measuring the symptom's length of the 

sign and comparing it to the size of the leaf. Symptoms of 

BLB disease were classified into the following grades 

based on the percentage of leaf area covered by infection 

(Table 2).  

Observations were made every day after pathogen 

inoculation until the first symptoms appeared. The severity 

of disease was determined using the following formula:  

 

 
Where:  

DS  : Disease severity 

Ni  : The number of infected leaves in each category 

Vi  : Numerical value (score) in each attack category 

N  : The number of leaves observed 

Z  : Numerical value (score) for the most challenging 

attack category 

 
Furthermore, disease severity was calculated based on 

an analysis of the area under the disease progression curve 

(AUDPC), according to the formula of Simko (2012):  

  

 
Where:   

Yi  : The ith observation data 

yi + 1  : The ith observation data + 1 

ti + 1  : Time of the ith observation + 1 

Ti  : Time of the ith observation 

 

The following formula was used to calculate the 
effectiveness of suppressing the incubation period, disease 

severity, and AUDPC:  

 

E = ((P - C)/C) x 100% 

 

Where:  

E : Effectiveness 

P : Treatment 

C : Control   

Molecular identification of selected beneficial microbes 

DNA extraction  

For the extraction of DNA, isolated beneficial microbes 
(50-100 mg) were suspended using distilled water in a 1.5 

mL microtube. DNA was extracted using Genomic DNA 

extraction with Quick-DNA Fungal/Bacterial Miniprep Kit 

(Zymo Research, USA) following company recommendation. 

 
Table 2. Scale and severity of BLB disease  
 

 Scale Symptoms in Leaf Area (%) 

0 No symptoms 
1 Symptoms 1-6% 
3 Symptoms >6-12 % 
5 Symptoms >12-25 % 
7 Symptoms >25-50 % 
9 Symptoms >51-100 % 

Note: Standard Evaluation System for Rice (SES) (IRRI 2014) 
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PCR amplification  

The amplification of Gene 16S rRNA of isolates Act 

Pha4, Act LB3, Act Sk2, and Act Hr21 base was carried 

out by the polymerase chain reaction (PCR) technique 

using universal primers 27F (5' AGAGTTTGATCCTGG 

CTCAG-3') and 1492R (5'-GGTTACCTTGTTACGAC 

TT-3' (Fujiyoshi et al. 2020). PCR mix contained Taq HS 

Red Mix (Bioline, PCR Biosystems Inc. USA.) 25 L, each 

primer 1 L (20 M each), 1 L genomic DNA (200 ng), and 

dH2O so that the total reaction volume is 50 L. The PCR 
reactions were subjected to the following temperature: 

cycling profile denaturation of DNA at 95°C for 1 min, 

primer annealing at 55°C for 1 min, DNA elongation at 

72°C for 1.5 minutes, and the final stage at 72°C for 5 

minutes. Meanwhile, Act Mn2 isolates were amplified 

based on the internal transcribed spacer (ITS) using the 

ITS-1 primer pair (5'-TCCGTAGGTGAACCTGCGG-3') 

ITS-4(5'TCCTCCGCTTA TTGATATGC-3') (Divya et al. 

2013), and PCR reaction following (Ali et al. 2023), Whole 

genomic DNA was exposed to PCR using the GeneAmp 

PCR System 9700 equipment model (Applied Biosystems, 
USA). The amplification results were separated with 1% 

agarose gel electrophoresis under an ultraviolet 

transilluminator with a DNA marker size of 1 kb 

(Geneaid).  

 
Sequencing analysis  

DNA sequencing was performed on the amplification 
results by Genetika Science Indonesia. Related sequences 

were identified using the BLAST search program, National 

Center for Biotechnology Information (NCBI), National 

Library of Medicine, USA (http: //www.ncbi.nlm.nih.gov/). 

Phylogenetic analysis was performed using the MEGA X 

software and the Maximum Likelihood approach (Hall 

2013). Then, the phylogenetic tree was constructed using 

the neighbor-joining method and viewed using the 

MEGAX software's Tree Explorer. During tree 

construction, a bootstrap test with 1000 replications was 

added. 

Data analysis 

The parameters observed were the incubation period, 

and disease severity was analyzed using the analysis of 

variance (ANOVA). If the data were significantly different, 

followed by the Least Significant multiple t-tests difference 

(LSD) at the 5% level.  

RESULTS AND DISCUSSION 

Confirmation of beneficial microbes  
Confirmation of beneficial microbes was carried out 

through a hypersensitive reaction test by inoculating 

beneficial microbes on the lower surface of tobacco leaves. 

Beneficial microbes did not trigger necrotic symptoms on 
inoculated tobacco leaves after 2 x 24 hours. These results 

indicate that inoculated microbes were not plant pathogenic 

microbes. Furthermore, it can be used as a biocontrol agent 

against plant pathogens.  

 

Table 3. Effect of propagation and application of beneficial 
microbes to suppression of incubation periods of Xoo cause 

bacterial leaf blight in rice plants  
 

Isolates code 
Incubation periods 

(dai) 

Suppression 

effectiveness (%) 

Act-LB3 4.33 62.78 
Act-Pha 3.5 4.33 62.78 

Act-SK2 3.66 37.59 
Act-Mn2 3.66 37.59 
Act-Pha 2.3 3.66 37.59 
Act-Krj 21 3.66 37.59 
Act-Hr 56 3.66 37.59 
Act-Ph 2.1 3.33 25.18 
Act-Pha 3.4 3.33 25.18 
Act-Pha 3.3 3.33 25.18 
Act-Hr 24 3.33 25.18 

Act-Hr 21 3.33 25.18 
Act-Hr 49 3.33 25.18 
Act-Hr 47 3.33 25.18 
Act-Pha 4 3.00 12.78 
Control  2.66 0 

Note: dai = days after inoculation 

 

Capability of beneficial microbes to inhibit disease 

development of BLB in rice plant  

Propagation and application of beneficial microbes 
The results showed that seed treatment beneficial 

microbes had no significant effect on the incubation period 

of the inoculation of Xoo bacteria causing BLB disease in 

rice plants. The application of beneficial microbes can 

suppress incubation period of BLB disease symptoms. The 

incubation of periods of BLB disease in the treatment of 

beneficial microbes ranged from 3.0 to 4.33 days after 

inoculation (dai), while in the control it was 2.66 dai. The 

symptom appeared to be a characteristic gray-yellow color 

at the tips of injured leaves. Isolates Act-LB3 and Act-Pha 

3.5 suppressed the most prolonged incubation period of 

Xoo compared to other beneficial microbes isolates, with a 

suppression effectiveness value of 62.78% (Table 3).  

Disease severity and area under the disease progress 

curve (AUDPC) 

Beneficial microbes treatment had a significantly 

different effect on the severity of BLB disease, with an 

average range of 3.65-26.10% and effectiveness of 2.35-

86.34% compared to negative control. The moderate 

disease severity in beneficial microbes treatment ranged 

from 3.65-26.10% with an effectiveness of 2.35-86.34%. 

Not all treatments of beneficial microbes isolates were able 

to potentially suppress the severity of BLB disease. Two 

isolates, namely Act-MN2 and Act-SK2, were able to 
reduce the disease severity with an effective range of 

disease suppression of 85.48-86.34% (Table 4).  

 The application of beneficial microbes had a 

significantly different effect on the AUDPC value of BLB 

disease compared to controls. BLB disease developed from 

the initial appearance two days after injection. The AUDPC 

value and condition suppression index in each treatment 

showed disease progression. AUDPC of BLB disease in 

rice after beneficial microbes isolate treatment ranged from 
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51.333-446.33 with negative control of 418.33, while the 

percentage of AUDPC suppression ranged from -6.69 - 

88%. The lowest AUDPC value of BLB disease in rice was 

observed by Act-SK2 isolate at 51.333, with a disease 

suppression percentage of 88%. The highest (446.33) 

AUDPC value of BLB disease was found in Act-Krj 21 

isolate treatment, with -6.69% disease suppression (Table 

4). This showed that if the AUDPC number was lower, the 

treatment was more effectively control pathogens.  
On the other hand, the higher the AUDPC number, the 

less affected the pathogen infection. Four beneficial 

microbes isolates, namely Act-Ak2, Act-Mn2, Act-Hr21, 

and Act-Pha4 showed the lowest AUDPC values which 

ranged between 51-82.33. The four isolates were able to 

suppress the development of bacterial leaf blight compared 

to other beneficial microbes isolates. This study indicated 

that the AUDPC value could indicate the resistance of rice 

plants after the application of beneficial microbes isolates. 

The AUDPC observed over a certain period illustrates the 

disease development rate over time in each beneficial 

microbes isolate treatment. According to Sanchez-

Gonzalez et al. (2019), AUDPC value shows a genotype's 

resistance level, where the high value is regarded as 

susceptible and resistant if the AUDPC value is low. Plant 

disease often begins at a low level and steadily increases in 

frequency and severity during the period. During disease 
epidemics, disease progression in plants is frequently 

detected numerous times. According to Simko and Piepho 

(2012), measuring disease progression is critical for 

understanding plant-pathogen interaction in quantitative 

resistance, where distinctions in the resistance level are 

usually less evident.  
 
 
 
Table 4. Disease of severity and AUDPC of BLB disease in rice plants after inoculated by beneficial microbes 
 

Isolates code 
Disease severity 

(%) 

Disease suppression 

effectiveness (%) 
AUDPC 

AUDPC suppression 

effectiveness (%) 

Control  26.73 a* 0.00 418.33 a* 0 
Act-Hr 47 26.10 ab 2.35 427.33 a -2.15 
Act-Krj 21 25.89 ab 3.14 446.33 a -6.69 
Act-Pha 2.3 20.93 abc 21.69 366.33 ab 12.43 
Act-Pha 3.3 20.37 abcd 23.79 431.00 a -3.03 

Act-Pha 3.4 9.38 bcd 44.25 127.67 bc 69.48 
Act-Hr 56 8.95 cd 64.9 136.33 bc 67.41 
Act-Pha 3.5 8.92 cd 66.51 139.67 bc 66.61 
Act-LB3 7.93 cd 66.62 111.00 bc 73.47 
Act-Hr 49 7.02 cd 70.33 109.67 bc 73.78 
Act-Hr 24 6.88 cd 73.73 113.00 bc 72.99 
Act-Pha 4 5.96 cd 74.26 82.33 c 80 
Act-Ph 2.1 5,706 cd 78,653 83.00 c 80 

Act-Hr 21 4.95 cd 81.48 84.00 c 80 
Act-Mn2 3.88 d 85.48 51.00 c 88 
Act-SK2 3.65 d 86.34 51.33 c 88 

Note: *The numbers followed by the same letter in the same column are not significantly different according to the LSD test at the 5% level 
 
 

 
 
Figure 1. Development of bacterial leaf blight in rice plants after inoculation by beneficial microbes  
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The development of symptoms of bacterial leaf blight 

can be seen in Figure 1. Fifteen beneficial microbes isolates 

could suppress the growth of BLB disease compared to the 

control, while the other four isolates did not conceal the 

development of BLB disease. The best suppression of the 

development of BLB symptoms was shown by Act-Sk2, 

Act Mn2, and Act-Hr21. The low severity of BLB disease 

indicated beneficial microbes isolates ability to increase 

rice plants resistance compared to control. According to 

Franco-Correa et al. (2016), beneficial microbes have 
direct and indirect interaction mechanisms in influencing 

the growth of host plants. Natural methods include 

generating essential crop growth factors, such as growth 

hormones and supportive actions on nitrogen fixation, 

phosphate solubilization, and iron acquisition. The indirect 

mechanism occurs through the induction of plant resistance 

by suppressing the development of plant diseases and 

producing antimicrobial secondary metabolites. A previous 

study by Rahma et al. (2022) reported that the beneficial 

microbes isolate Act-LB3, Act Mn2, and Act-Pha4 could 

suppress Xoo growth in vitro. The beneficial microbes 
isolates have the activity of phosphatase, protease, and 

amylase enzymes. 

Identification of selected beneficial microbes 

The result showed that obtained sequence length of 

beneficial microbes isolates ranged from 1157 - 1535 bp. 

Beneficial microbes sequester Act-Hr21 had 99.84% 

similarity with Streptomyces sp. strain Al-Dhabi-119 

(accession number MK675528). Isolate Act-Pha4 had 

99.64% similarity with Streptomyces griseus strain K 21 

with accession number MK811436, and Act Sk2 isolate 

had 99.68% similarity with Streptomyces sp strain KS02 
(accession number AB373961) (Table 5). Moreover, Act-

Mn2 isolate was amplified using a genetic marker based on 

the internal transcribed spacer (ITS), resulting in a 

sequence length of 858 bp. Act Mn2 isolate was similar to 

Penicillium janthinellum strain CMV006C1 (MK450697) 

by 100% (Table 5). Srinivasan et al. (2015) reported the 

most commonly utilized molecular marker for bacterial 

classification is 16S ribosomal RNA (rRNA) genes. 

According to Kai et al. (2019), 16S rRNA gene in bacteria 

is about 1500 bp long and comprises both conserved and 

variable sections that change at various rates. The sluggish 

evolution rates of the former areas allow the invention of 
universal primers that amplify genes across taxa. 

Furthermore, quick regions indicate species differences 

and are helpful for taxonomic classification. At the same 

time, the Internal Transcribed Spacer (ITS) region of 

nuclear DNA (rDNA) has evolved into the largest 

sequenced domain to determine fungal classification at the 

species and even within species levels. Therefore, this area 

was recently selected as the fungus kingdom's DNA 

barcode. The ITS domain is a highly polymorphic non-

coding area with a sufficient number of taxonomic units, 

spanning 450 to 750 bp (Beeck et al. 2014). 

Figure 2 depicts the phylogenetic analysis that divided 

the three actinobacteria isolates into two groups. 

Streptomyces griceus, the closest species to Act-Hr21 and 

Act-Pha4, was found in the same branch (MK811436.1, 
MK675528.1, and MK134628.1). The Act-Sk2 isolates 

were found to be phylogenetically distinct from their 

nearest relatives. Streptomyces is a well-known 

actinobacteria genus. It is regarded as one of the most 

helpful rhizosphere bacterium genera because it performs 

various tasks in soil nutrient cycles and improves plant 

growth. The ability of Streptomyces to enhance plant 

development and induce plant resistance has been 

demonstrated in rice (Hata et al. 2021; Ilsan et al. 2016; 

Suárez-Moreno et al. 2019). The results of this study 

showed that the identified actinobacterial isolates have 
potential as biological agents against bacterial leaf blight. 

This study revealed that identified actinobacterial 

isolates have potential as biological agents against bacterial 

leaf blight. Many reports have demonstrated the potential 

of Streptomyces as a plant disease control agent. 

Streptomyces can potentially increase plant growth and 

protect plants against various pathogens. According to Ilsan 

et al. (2016), eight actinomycetes from rice's phyllosphere 

can suppress Xoo in vitro and the severity of bacterial leaf 

blight by 25.87%. Streptomyces has been shown to have 

the potential to both enhance plant development and 
generate plant resistance in oak (Kurth et al. 2014) and rice 

(Suárez-Moreno et al. 2019). According to Vilasinee et al. 

(2019) and Abbasi et al. (2019), reported that seed 

treatment of tomato seeds using Streptomyces sp. increase 

tomato plant resistance to F. oxysporum f.sp. lycopersici. 

Vergnes et al. (2020) reported treating Arabidopsis leaves 

with Streptomyces sp. AgN23, which results in resistance 

to Alternaria brassicicola infection. According to 

Olanrewaju and Babalola (2019), Streptomyces is the most 

proactive microbe, and these microorganisms are a 

conveniently available natural choice in identifying novel 

ways to treat plant infections. The following qualities 
contribute to their ability to combat plant pathogens: 

antibiotics production (Couillerot et al. 2013), synthesis of 

plant growth regulators (Goudjal et al. 2013), Siderophore 

synthesis (Vijayabharathi et al. 2015), Volatile compound 

secretion (Jones and Elliot 2017) and Nutrient competition. 

 
 
 
Table 5. BLAST result of 16S rRNA and ITS gene sequences 

 

Isolates code Sequence length (bp) Similarity (%) Accession numbers Species 

Act-Hr21 1491 99.84 MK675528 Streptomyces sp. strain Al-Dhabi-119 
Act-Sk2 1157 99.68 AB373961 Streptomyces sp. strain KS02 
Act-Pha4 1252 99.64 MK811436 Streptomyces griseus strain K 21 
Act-Mn2 858 98.48 MK450697 Penicillium janthinellum strain CMV006C1 
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Figure 2. The phylogenetic tree analysis based on the 16S rRNA 
gene  
 
 
 

 
 
Figure 3. The phylogenetic tree based on the rDNA-ITS region of 
Act-Mn2 isolate  
 
 

This study succeeded in identifying Act-Mn2 isolate as 

Penicillium janthinellum. Figure 3 shows that Act-Mn2 

isolate showed affinity with the fungal groups P. 

janthinellum, P. glaucoroseum, and P. ludwigii. The Act-

Mn2 isolate has high potential as a biocontrol agent against 

Xoo in vitro (Rahma et al. 2022) and suppressed the 

development of BLB disease in plants. The fungus can 

produce protease enzymes and dissolve phosphate. 

Protease enzyme activity was thought to act as an inhibitor 

of Xoo growth in vitro. According to Nagraj and Gokhale 

(2018), P. janthinellum produces cellulase, amylase, and 

protease enzymes. It can be a potent disruptor/degrader of 

the biofilms produced by Escherichia coli, Salmonella 

enterica, Pseudomonas aeruginosa, and Staphylococcus 

aureus. According to Khokhar and Bajwa (2014), 

Penicillium species are crucial in agriculture. They recycle 
vital nutrients like phosphate-solubilizing fungus.  

In conclusion, a total of four isolates, namely Act-SK2, 

Act-Mn2, Act-Hr 21, and Act-Pha 4 showed the potential 

to suppress the development of bacterial leaf blight, with a 

percentage of disease suppression effectiveness of 86.34%, 

85.48%, 81.48 %, and 74.26, respectively. Furthermore, 

identification results showed that three isolates, Act Sk2, 

Act-Hr21, and Act-Pha4, belonged to Actinobacteria 

group. Each isolate showed similarities with Streptomyces 

sp. strain KS02, Streptomyces sp. strains Al-Dhabi-119, 

and Streptomyces griseus strain K 2, respectively. Isolate 
Act-Mn2 was found similar to Penicillium janthinellum 

strain CMV006C1. The study suggests that Streptomyces 

sp and Penicillium janthinellum, which are beneficial 

microbes, have the potential to act as biocontrol agents 

against Xoo bacteria. Therefore, we recommend further 

testing these beneficial microbes against the field-scale Xoo 

pathogen to increase rice yields and support sustainable 

farming systems.  

ACKNOWLEDGEMENTS 

This research was funded by Andalas University, 

Padang, Indonesia under the Research Contract for 
Penelitian Riset Publikasi Terindeks (RPT) number: 

T/82/UN.16.17/PT.01.03/Pangan-RPT/2022, fiscal year 

2022.  

 REFERENCES 

Abbasi S, Safaie N, Sadeghi A, Shamsbakhsh M. 2019. Streptomyces 

strains induce resistance to Fusarium oxysporum f.sp. lycopersici race 

3 in tomato through different molecular mechanisms. Front Microbiol 

10 (1505): 1-16. DOI: 10.3389/fmicb.2019.01505.  

Ali M, Afzaal S, Sharif F, Ali SW, Nawaz HH, Khan W. 2023. 

Morphological and molecular characterization of Pythium species 

from Punjab, Pakistan. Arch Phytopathol Plant Prot 56 (4): 307-321. 

DOI: 10.1080/03235408.2023.2184232. 

Backer R, Rokem JS, Ilangumaran G, Lamont J, Praslickova D, Ricci E, 

Subramanian S and Smith DL. 2018. Plant growth-promoting 

rhizobacteria: Context, mechanisms of action, and aoadmap to 

commercialization of biostimulants for sustainable agriculture. Front 

Plant Sci 9: 1473. DOI: 10.3389/fpls.2018.01473. 

Bai X, Zhou Y, Feng X, Tao M, Zhang J, Deng S, Lou B, Yang G, Wu Q, 

Yu L, Yang Y and He Y. 2022. Evaluation of rice bacterial blight 

severity from lab to field with hyperspectral imaging technique. Front 

Plant Sci 13: 1037774. DOI: 10.3389/fpls.2022.1037774. 

Beeck M, Lievens B, Busschaert P, Declerck S, Vangronsveld J, Colpaert 

J V. 2014. Comparison and validation of some ITS primer pairs 

useful for fungal metabarcoding studies. PLoS ONE 9 (6): e0097629. 

DOI: 10.1371/journal.pone.0097629. 

Bizos G, Papatheodorou EM, Chatzistathis T, Ntalli T, Aschonitis VG, 

Monokrousos N. 2020. The role of microbial inoculants on plant 



 BIODIVERSITAS  24 (8): 4209-4217, August 2023 

 

4216 

protection, growth stimulation, and crop productivity of the olive tree 

(Olea europea L.). Plants 9: 743. DOI: 10.3390/plants9060743. 
Chen Y, Wang J, Yang N, Wen Z, Sun X, Chai Y, Ma Z. 2018. Wheat 

microbiome bacteria can reduce virulence of a plant pathogenic 

fungus by altering histone acetylation. Nat Commun 9: 3429. DOI: 

10.1038/s41467-018-05683-7. 

Couillerot O, Vatsa P, Loqman S, Ouhdouch Y, Jane H, Renault J-H, 

Clément C, Barka EA. 2013. Biocontrol and biofertilizer activities of 

the Streptomyces anulatus S37: an endophytic actinomycete with 

biocontrol and plant-growth promoting activities. IOBC-WPRS Bull 

86: 271-276. 

Divya D, Rishad KS, Arjunan S, Gopinath LR, Merlin Christy P. 2013. 

ITS - PCR based molecular identification of fungi associated with 

Piper nigrum and its growth sensitivity sgainst Pseudomonas 

Fluorescens. Intl J Interdiscip Res Revs 01 (03): 26-33.  
EPPO Datasheet: Xanthomonas oryzae pv. oryzae. Last update 2022-09-

29. 

Fiyaz RA, Shivani D, Chaithanya K, Mounika K, Chiranjeevi M, Laha 

GS, Viraktamath BC, Rao LVS, Sundaram RM. 2022. Genetic 

improvement of rice for bacterial blight resistance: Present status and 

future prospects. Rice Sci 29 (2): 118-132. DOI: 

10.1016/j.rsci.2021.08.002. 

Franco-Correa M, Chavarro-Anzola V. 2016. Actinobacteria as plant 

growth-promoting rhizobacteria in actinobacteria - basics and 

biotechnological applications. IntechOpen 249-270. DOI: 

10.5772/61291. 

Fujiyoshi S, Muto-Fujita A, Maruyama F. 2020. Evaluation of PCR 

conditions for characterizing bacterial communities with full-length 

16S rRNA genes using a portable nanopore sequencer. Sci Rep 10: 

12580. DOI: 10.1038/s41598-020-69450-9. 

Goudjal Y, Toumatia O, Sabaou N, Barakate M, Mathieu F, Zitouni A. 

2013. Endophytic actinomycetes from spontaneous plants of Algerian 

Sahara: indole-3-acetic acid production and tomato plants growth 

promoting activity. World J Microbiol Biotechnol 29 (10): 1821-

1829. DOI: 10.1007/s11274-013-1344-y. 

Hall BG. 2013. Building Phylogenetic Trees from Molecular Data with 

MEGA. Mol Biol Evol 30 (5): 1229-1235. DOI: 

10.1093/molbev/mst012. 
Hata EM, Yusof MT, Zulperi D. 2021. Induction of systemic resistance 

against bacterial leaf streak disease and growth promotion in rice 

plant by Streptomyces shenzhenesis TKSC3 and Streptomyces sp. 

SS8. Plant Pathol J 37 (2): 173-181. DOI: 

10.5423/PPJ.OA.05.2020.0083. 

Hossain M, Sultana F, Miyazawa M, Hyakumachi M. 2014. The plant 

growth-promoting fungus Penicillium spp. GP15-1 enhances growth 

and confers protection against damping-off and anthracnose in the 

cucumber. J Oleo Sci 63 4: 391-400. DOI: 10.5650/jos.ess13143. 

Hossain M, Sultana F. 2020. Application and mechanisms of plant growth 

promoting fungi (PGPF) for phytostimulation. In: Kumar Das S (eds). 

Organic Agriculture. IntechOpen. DOI: 10.5772/intechopen.89775. 

Ilsan NA, Nawangsih AA, Wahyudi AT. 2016. Rice Phyllosphere 

actinomycetes as biocontrol agent of bacterial leaf blight disease on 

rice. Asian J Plant Pathol 10 (1-2): 1-8. DOI: 

10.3923/ajppaj.2016.1.8. 

IRRI. 2014. Standard evaluation system for rice. 4th Edition, IRRI, The 

Philippines. 

Jahagirdar S, Kambrekar DN, Navi SS, Kunta M. 2019. Plant Growth-

Promoting Fungi: Diversity and Classification. In: Jogaiah S, 

Abdelrahman M (eds). Bioactive Molecules in Plant Defense. 

Springer Nature Switzerland AG. Bioactive Molecules in Plant 

Defense. DOI: 10.1007/978-3-030-27165-7_2.  

Jalmi SK, Sinha AK. 2022. Ambiguities of PGPR-induced plant signaling 

and stress management. Front Microbiol 13: 899563. DOI: 

10.3389/fmicb.2022.899563. 
Jiao X, Takishita Y, Zhou G, Smith DL. 2021. Plant associated 

rhizobacteria for biocontrol and plant growth enhancement. Front 

Plant Sci 12: 634796. DOI: 10.3389/fpls.2021.634796. 

Jones SE, Ho L, Rees CA, Hill JE, Nodwell JR, Elliot MA. 2017. 

Streptomyces exploration is triggered by fungal interactions and 

volatile signals. Elife 6: 21738. DOI: 10.7554/eLife.21738. 

Kai S, Matsuo Y, Nakagawa S, Kryukov K , Matsukawa S, Tanaka H, 

Iwai T, Imanishi T, Hirota K. 2019. Rapid bacterial identifification by 

direct PCR amplifification of 16S rRNA genes using the MinION TM 

nanopore sequencer. FEBS Open Bio 9: 548-557. DOI: 

10.1002/2211-5463.12590. 

Kaari M, Manikkam R, Annamalai KK, Joseph J. 2022. Actinobacteria as 

a source of biofertilizer/biocontrol agents for bio-organic agriculture. 

J Appl Microbiol 134: 1-16. DOI: 10.1093/jambio/lxac047.  

Ke Y, Hui S, Yuan M. 2017. Xanthomonas oryzae pv. oryzae inoculation 

and growth rate on rice by leaf clipping method. BioProtoc 7 (19): 1-

7. DOI: 10.21769/BioProtoc.2568. 

Kim SM and Reinke RF. 2019. A novel resistance gene for bacterial 

blight in rice, Xa43(t) identified by GWAS, confirmed by QTL 

mapping using a biparental population. PloS One 14 (2): e0211775. 

DOI: 10.1371/journal.pone.0211775. 
Khokhar I, Bajwa R. 2014. Prevalence of Penicillium species in 

rhizosphere soils of selected economically important trees in district 

Punjab, Pakistan. Intl J Adv Res Biol Sci 1 (9): (2014): 20-24. 

Köhl J, Kolnaar R, Ravensberg WJ. 2019. Mode of action of microbial 

biological control agents against plant diseases: Relevance beyond 

efficacy. Front Plant Sci 10: 845. DOI: 10.3389/fpls.2019.00845 

Kurth F, Mailänder S, Bönn M, Feldhahn L, Herrmann S, Große I, Buscot 

F., Schrey SD, Tarkka MT. 2014. Streptomyces-induced resistance 

against oak powdery mildew involves host plant responses in defense, 

photosynthesis, and secondary metabolism pathways. Mol Plant-

Microbe Interact 27 (9): 891-900. DOI: 10.1094/MPMI-10-13-0296-

R.  

Lahlali R, Ezrari S, Radouane N, Kenfaoui J, Esmaeel Q, El Hamss H, 

Belabess Z, Barka EA. 2022. Biological control of plant pathogens: a 

global perspective. Microorganisms 10: 596. DOI: 10.3390/ 

microorganisms10030596. 

Myung SP, Leea JW, Kima SH, Parka J-H, Youb Y-H, Lima YW. 2020. 

Penicillium from rhizosphere soil in terrestrial and coastal 

environments in South Korea. Mycobiology 48 (6): 431-442. DOI: 

10.1080/12298093.2020.1823611. 
Mitra D, Mondal R, Khoshru B, Shadangi S, Mohapatra PKD, 

Panneerselvam P. 2021. Rhizobacteria mediated seed bio-priming 

triggers the resistance and plant growth for sustainable crop 

production. Curr Res Microb Sci 2: 100071. DOI: 

10.1016/j.crmicr.2021.100071. 

Mohanty P, Singh PK, Chakraborty D, Mishra S, Pattnaik R. 2021. Insight 

into the role of PGPR in sustainable agriculture and environment. 

Front Sustain Food Syst 5: 667150. DOI: 10.3389/fsufs.2021.667150. 

Montoya-Martínez AC, Parra-Cota FI, de los Santos-Villalobos S. 2022. 

Beneficial microorganisms in sustainable agriculture: harnessing 

microbes’ potential to help feed the world. Plants 11: 372. DOI: 

10.3390/plants11030372. 

Nafisah, Rozaa C, Yunania N, Hairmansisa A, Rostiatia T, Jamil A. 2019. 

Genetic variabilities of agronomic traits and bacterial leaf blight 

resistance of high yielding rice varieties. Indones J Agric Sci 20 (2): 

43-54. DOI: 10.21082/ijas.v20n2.2019.p43-54. 

Nagraj AK, Gokhale D. 2018. Bacterial biofilm degradation using 

extracellular enzymes produced by Penicillium janthinellum EU2D-

21 under submerged sermentation. Adv Microbiol 8: 687-698.DOI: 

10.4236/aim.2018.89046. 

Ooi YS, Mohamed Nor NMI, Furusawa G, Tharek M, Ghazali AH. 2022. 

Application of bacterial endophytes to control bacterial leaf blight 

disease and promote rice growth. Plant Pathol J 38 (5): 490-502. DOI: 

10.5423/PPJ.OA.01.2022.0014.  

Olanrewaju OS, Babalola OO. 2019. Streptomyces: implications and 

interactions in plant growth promotion. Appl Microbiol Biotechnol 

103: 1179-1188. DOI: 10.1007/s00253-018-09577-y. 

Rahma H, Martinius, Trisno J, Shafira SD. 2023. Potential of 

actinobacteria as biocontrol agents to Xanthomonas oryzae pv. oryzae 

in vitro. IOP Conf Ser: Earth Environ Sci 1160: 012040. DOI: 

10.1088/1755-1315/1160/1/012040.  

Safrizal, Lisnawita1, Lubis K, Maathui FJM, Safni I. 2020. Mapping 

bacterial leaf blight disease of rice (Xanthomonas oryzae pv. oryzae) 

in North Sumatra. IOP Conf Ser: Earth Environ Sci 454: 012160. 

DOI: 10.1088/1755-1315/454/1/012160. 

Sanchez-Gonzalez EI, Gutierrez-Soto JG, Olivares-Saenz E, Gutierrez-

Díez A. 2019. Screening progenies of mexican race avocado 

genotypes for resistance to Phytophthora cinnamomi Rands. 

Hortscience 54 (5): 809-813. DOI: 10.21273/HORTSCI13552-18. 

Sharma SB, Sayyed RZ, Trivedi MH, Gobi TA. 2013. Phosphate 

solubilizing microbes: sustainable approach for managing phosphorus 

deficiency in agricultural soils. Springerplus 2: 587. DOI: 

10.1186/2193-1801-2-587. 

Simko I, Piepho H-P. 2012. The area under the disease progress stairs: 

calculation, advantage, and application. Phytopathol 102 (4): 381-

389. DOI: 10.1094/PHYTO-07-11-0216. 

http://dx.doi.org/10.5772/61291
http://dx.doi.org/10.5772/61291
https://www.nature.com/articles/s41598-020-69450-9#auth-So-Fujiyoshi
https://www.nature.com/articles/s41598-020-69450-9#auth-Ai-Muto_Fujita
https://www.nature.com/articles/s41598-020-69450-9#auth-Fumito-Maruyama
https://doi.org/10.7554/eLife.21738
https://doi.org/10.1093/jambio/lxac047
https://doi.org/10.21273/HORTSCI13552-18


RAHMA et al. – Actinobacteria to suppress the development of bacterial leaf blight in rice plant 

 

4217 

Srinivasan R, Karaoz U, Volegova M, MacKichan J, Kato-Maeda M, 

Miller S, Nadarajan R, Brodie EL, Lynch SV. 2015. Use of 16S 

rRNA gene for identifification of a broad range of clinically relevant 

bacterial pathogens. PLoS One 10: e0117617. DOI: 

10.1371/journal.pone.0117617. 

Suárez-Moreno Z R, Vinchira-Villarraga DM, VergaraMorales DI, 

Castellanos L, Ramos FA, Guarnaccia C, Degrassi G, Venturi V, 

Moreno-Sarmiento N. 2019. Plant-growth promotion and biocontrol 

properties of three Streptomyces spp. isolates to control bacterial rice 

pathogens. Front Microbiol 10: 290. DOI: 

10.3389/fmicb.2019.00290. 

USDA. 2023. Rice Sector at a Glance. Economic Research Service, U.S. 

Department of Agriculture, Last updated: Thursday, June 29, 2023. 

https://www.ers.usda.gov/topics/crops/rice/rice-sector-at-a-glance/ 

Vergnes S, Gayrard D, Veyssière M, Toulotte J, Martinez Y, Dumont V, 

Bouchez O, Rey T, Dumas B. 2020. Phyllosphere colonization by a 

soil Streptomyces sp. promotes plant defense responses against fungal 

infection. Mol Plant Microbe Interact 33: 223-234. DOI: 

10.1094/MPMI-05-19-0142-R. 

Vilasinee S, Toanuna C, McGovern R, Nalumpang S. 2019. Expression of 

pathogenesis-related (PR) genes in tomato against Fusarium wilt by 

challenge inoculation with Streptomyces NSP3. Intl J Agric Technol 

15: 157-170. 

Xu X, Li Y, Xu Z, Yan J, Wang Y, Wang Y, Cheng G, Zou L,and Chen 

G. 2022. TALE-induced immunity against the bacterial blight 

pathogen Xanthomonas oryzae pv. oryzae in rice. Phytopathol Res 4: 

47 DOI: 10.1186/s42483-022-00153-x. 

Yasmin S, Hafeez FY, Mirza MS, Rasul M, Arshad HMI, Zubair M, Iqbal 

M. 2017. Biocontrol of bacterial leaf blight of rice and profiling of 

secondary metabolites produced by rhizospheric Pseudomonas 

aeruginosa BRp3. Front Microbiol 8: 1895.DOI: 

10.3389/fmicb.2017.01895. 

Zhu L, Huang J, Lu X, Zhou C. 2022. Development of plant systemic 

resistance by beneficial rhizobacteria: Recognition, initiation, 

elicitation and regulation. Front Plant Sci 13: 952397. DOI: 

10.3389/fpls.2022.952397. 

 

https://doi.org/10.3389/fmicb.2019.00290
https://doi.org/10.1094/MPMI-05-19-0142-R

	INTRODUCTION
	Capability of beneficial microbes to inhibit disease development of BLB in rice plant


