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Abstract. Widjayanti T, Kusuma RR, Aini LQ, Fitriani CDA, Sektiono AW, Hadi MS, Setiawan Y. 2023. Screening of phyllospheric and 
endophytic bacteria as biocontrol agents of Xanthomonas oryzae pv. oryzae. Biodiversitas 24: 2072-2079. The use of phyllospheric and 
endophytic bacteria as biocontrol agents may be an eco-friendly alternative strategy to control bacterial leaf blight of rice caused by 
Xanthomonas oryzae pv. oryzae (Xoo). This study aimed to evaluated the antagonistic potential of phyllospheric and endophytic 
bacteria against X. oryzae pv. oryzae. The phyllospheric and endophytic bacteria were isolated from organic rice fields in Tumpang Sub-
district, Malang District, East Java, Indonesia. The pathogenicity of X. oryzae pv. oryzae was tested on rice plants by the leaf clipping 
inoculation method. In this study, eight combinations of phyllospheric bacteria (PB) and endophytic bacterial (EB) isolates were chosen 
based on the highest percentage of inhibition. Streptomycin (positive control) and distilled water (negative control) were also used as a 

treatment. Identification of selected phyllospheric and endophytic bacteria was carried out through morphological and molecular 
characteristics. In total, 181 of PB and 76 of EB were isolated from rice plants. Of these, 11 of PB and 13 of EB isolates had potential as 
antagonists, shown by inhibition zone. Among all treatments, P55+E15 combination showed the highest inhibition zone (83.49%), 
followed by P55+E27 (82.33%) and P55+E18 (80.98%). Based on morphological and molecular identification, P55, E15, E27, and E18 
isolates were identified as Delftia lacustris, Bacillus cereus, Escherichia coli, and Lysinibacillus fusiformis, respectively. The 
combination of D. lacustris (P55) and B. cereus (E15) can be used as a biocontrol agent against X. oryzae pv. oryzae based on in vitro assay. 
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INTRODUCTION 

Rice is the main staple food and one of the most 

important agricultural products in Asia, including in 

Indonesia (Redfern et al. 2012). Rice is cultivated in 

several countries, as it is regarded as a strategic crop for 

food security (Mohanty et al. 2013). However, the 

susceptibility of rice to insect pests and diseases is a major 

problem that may reduce yield. Several reports show that 

25% of the annual rice yield loss is caused by insect pests 

and diseases (Mondal et al. 2017). Bacterial leaf blight 
(BLB) of rice, caused by Xanthomonas oryzae pv. oryzae 

(Xoo), is the most economically important disease in rice 

production, causing yield loss up to 80% (Sudir and 

Yuliani 2016; Banerjee et al. 2018). Several strategies are 

used for the management of BLB, as the usage of resistant 

varieties to limit the disease below the level that causes 

economic detriment as well as treatment with quick-acting 

and readily available chemicals (Khan et al. 2012, 2014). 

Several broad-spectrum bactericides have been used to 

control BLB. However, these methods are costly to 

implement practically and are not eco-friendly (Kim et al. 

2016).  
Biological control of BLB is an emerging alternative 

strategy that has been widely considered for its low cost, 

sustainable, and eco-friendly characteristics (Yang et al. 

2017). Phyllosphere bacteria (PB) are bacteria that live on 

leaf surface and have potential as disease control by 

protecting host against pathogen infection (Sivakumar et al. 

2020; Lestari et al. 2022). PB has been reported to suppress 

the growth of leaf pathogens through direct competition or 

antagonism and provide antimicrobial metabolites to 

several pathogens, such as Ralstonia solanacearum and X. 

oryzae pv. oryzicola (Barrera et al. 2019; Zhou et al. 2012; 

Krishanti et al. 2015). Endophytes are plant-associated 

microbes that grow symptomless within plants as an 

integral part of host metabolism and function (Khare et al. 
2018). Further, microbial endophytes also become an 

interesting area for study, mainly to understand plant-

microbial interactions that enhance plant growth and 

protect plants from environmental stress. Recent studies 

highlighted the potential of endophytes for the synthesis of 

bioactive compounds, promotion of plant growth, and 

enhanced resistance to various pathogens (Sharma et al. 

2016; Kandel et al. 2017; Patel and Archana 2017). In the 

past decade, endophyte bacteria have been looked into as a 

resource in the biocontrol of plant diseases and promotion 

of plant growth. The potential endophyte bacteria as 

biocontrol agents, such as Bacillus methylotrophicus, B. 
amyloliquefaciens, and B. subtilis, were reported to have 

been isolated from rice plants and to show antimicrobial 

activities against rice plant pathogens such as Burkholderia 

glumae and Rhizoctonia solani (Shrestha et al. 2016). The 

use of phyllosphere and endophyte bacteria as biocontrol 
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agents may be an alternative ecofriendly strategy to control 

BLB.  

In the case of foliar pathogens, the disease suppression 

is achieved through activation of host defense response or 

by induced systemic resistance (ISR) (Romera et al. 2019). 

However, the success rate of ISR to manage foliar 

pathogens under field conditions has not been very 

promising (Ji et al. 2006). Several studies have reported on 

the potential of PB in improving plant growth (Sharath et 

al. 2021) and suppression of foliar phytopathogens 
(Sowndhararajan et al. 2013; Agbavor et al. 2022). 

Endophyte bacteria also have been reported to improve 

chickpea (Cicer arietinum L.) plant growth and induce 

suppression of black root rot caused by Fusarium solani 

(Egamberdieva et al. 2017). The combination of biocontrol 

agents that occupy different niches and provide different 

beneficial effects and mechanisms on the host plant is 

advantageous compared to their individual applications (Ji 

et al. 2006; Senthilraja et al. 2010). This study aimed to 

evaluated the antagonistic potential of phyllospheric and 

endophytic bacteria associated with rice plants against 
bacterial leaf blight of rice caused by X. oryzae pv. oryzae. 

MATERIALS AND METHODS 

Isolation of Xanthomonas oryzae pv. oryzae 

Xanthomonas oryzae pv. oryzae was isolated from 

leaves of rice plants with indicated symptoms of bacterial 

leaf blight disease. Symptomatic leaves were cut (into 28×7 

mm pieces) with a sterile scalpel. The surface of leaf was 

sterilized with 1% clorox for three minutes and then 

washed with distilled water. Then, the symptomatic leaves 

were crushed with a mortar and pestle before being mixed 

with 10 mL of distilled water and grown on semi-selective 
Yeast Dextrose CaCO3 Agar (Yeast extract 10 g; CaCO3 

20 g; Dextrose 20 g; agar 20 g, and distilled water 1 L). 

The plates were incubated for 24 to 48 hours at 28°C. 

Single yellow colonies, round and smooth margin, mucoid 

and a non-flat shape were chosen and transferred to 

Nutrient agar (NA) medium as pure culture for this study 

(Fatimah et al. 2014; Chukwu et al. 2020). 

Isolation of phyllospheric and endophytic bacteria  

In this study, phyllospheric and endophytic bacteria 

were isolated from rice fields that were organically 

cultivated in Tumpang Sub-district, Malang District, East 

Java, Indonesia. Phyllospheric bacteria were isolated 
through the leaf washing technique. Five leaves from each 

plant were washed with 25 mL of saline solution (0.85%). 

Bacterial colonies on the leaf surface were dislodged using 

a sterile brush during washing. The suspension was 

transferred to 50 mL tubes and centrifuged at 6,800 g for 

10 minutes. The pellet was dissolved in 1 mL of saline 

solution and used for bacterial isolation following the serial 

dilution technique (up to 10-7) on NA medium. After 

incubation at 35 ± 2°C for 36 hours, morphologically 

different bacterial colonies appearing on the medium were 

selected and pure-cultured on NA slants.  

Endophytic bacteria were isolated from roots and stems 

of healthy rice plants (Hazarika et al. 2021). Samples were 

washed in running water to remove soil particles and 

sterilized by sequential immersion in 70% (v/v) ethanol for 

5 minutes, followed by soaking in sodium hypochlorite 

solution (0.9% available chlorine) for 20 minutes and 

washing of the surface-sterilized samples in sterile water 

three times to remove surface sterilization agents. The 

samples were soaked in 10% (w/v) NaHCO3 solution for 

10 minutes to retard the growth of endophyte bacteria. 
Stems and roots were crushed in a mortar with a pestle, and 

distilled water was added to prepare a bacterial suspension 

of 107 cfu/mL; the bacterial suspension was then 

transferred to NA medium with an inoculating loop 

(Nichrome, Qty/pk-12). Bacterial colonies of phyllospheric 

and endophytic bacteria were examined under a 

stereoscope and identified based on morphological 

characteristics.  

Pathogenicity test of Xanthomonas oryzae pv. oryzae 

The pathogenicity of X. oryzae pv. oryzae was tested on 

rice plants with the leaf clipping inoculation method (Ke et 
al. 2017). Xoo was cultured in nutrient broth at 30°C for 24 

hours, and 109 cfu/mL bacterial suspension was prepared. 

Bacterial suspension was infiltrated into leaves using 

scissors dipped in the test suspension. Virulence of X. 

oryzae pv. oryzae strains was evaluated on 25-day old rice 

plants (IR64 variety). The virulence was assessed on the 

basis of lesion length initiated by individual strains at 14 

days after inoculation.  

Antagonistic assay of phyllospheric and endophytic 

bacteria 

The antagonistic assay for phyllospheric and 
endophytic bacteria was performed following the method 

described by Kawaguchi et al. (2007). Each bacterial 

colony was suspended in 1 mL of sterile water and mixed. 

Then, sterile paper discs (5 mm diameter) were placed on 

the bacterial suspensions; the sterile paper discs were 

drained for 60 minutes before being placed on NA medium 

and incubated for 48 hours at 28°C. Each treatment 

repeated four times and were then placed face down on 

filter paper moistened with chloroform to inactivated the 

test strain bacteria with chloroform vapor. After chloroform 

evaporation for 20 minutes, five plates were obscured by 

suspension of Xoo pathogenic bacterial cells with a density 
of 109 cfu/mL. The plates were incubated 48 hours after the 

drizzle. Phyllospheric or endophytic bacteria that formed clear 

zones around bacterial colonies possessed the mechanism of 

antibiotic inhibition of Xoo pathogenic bacteria. 

Synergy test between phyllospheric and endophytic 

bacteria  

The synergism test was conducted to investigate 

phyllospheric and endophytic bacteria against Xoo 

according to the method of Kawaguchi et al. (2007) with 

modifications. For this, a sterile paper disc (5 mm diameter) was 

dipped into the phyllospheric bacterial suspension. The wet 
discs were dried for 60 minutes before being placed on NA 

medium and incubated for 48 hours at 28°C. The plates 
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were then placed upside down on filter paper moistened 

with chloroform to inactivated the test of bacterial 

strains. After evaporation of chloroform, endophyte 

bacteria with a density of 109 cfu/mL was sprayed 

using sprayer on the same plates of phyllospheric bacterial. 

This testing was observed for 48 hours; if no inhibition 

zones formed around the bacterial colonies, the bacteria 

can then be developed for the consortium.  

In vitro assay of consortium phyllospheric and endophytic 

bacteria against Xanthomonas oryzae pv. oryzae 
The phyllospheric and endophytic bacteria were 

suspended in 1,000 µL of sterile water and mixed using a 

vortex (suspensions for phyllospheric and endophytic 

bacteria were made separately). Then, 500 µL of each 

phyllospheric and endophytic bacteria suspensions were 

transferred to a 1.5 mL of eppendorf tubes and mixed with 

a vortex. Four filter paper sheets were soaked in bacterial 

consortium suspension for 1 minutes. Then, sheets were 

dried or 60 minutes and placed on NA medium, then 

incubated for 48 hours at 28°C. The plates were then 

placed upside down on filter paper moistened with 
chloroform to inactivated the test of bacterial strains. After 

evaporation of chloroform, the pathogenic bacteria Xoo 

was sprayed at 109 cfu/mL using sprayer. The plates were 

examined after 24 hours incubation at 28°C. Phyllospheric 

and endophytic bacteria that formed clear zones around 

bacterial colonies possessed the mechanism of antibiotic 

inhibition of Xoo pathogenic bacteria. The ability of 

bacterial consortium to inhibit the growth of Xoo was 

investigated based on the diameter of clear zones. The 

zones formed in each treatment indicated the inhibition 

index of these bacteria. The following formula was used to 
calculate the inhibitory index (Dias et al. 2014): 
 

 

Morphological and molecular identification of selected 

phyllospheric and endophytic bacteria 

Morphological characterization was performed by 

observing bacterial colonies, including colony shape, 

differences in cell shape, elevation, and edges of colonies. 

The bacterial colonies were observed under a stereoscope 

microscope (OLYMPUS, SZX-ILLB2-200) with a 

magnification of 40x. Molecular identification was carried 

out at PT. Genetica Science Indonesia, City of Tangerang, 

Banten. Molecular identification involved several steps, 

such as isolation of bacterial genome DNA, amplification 

of the 16S rRNA gene by the PCR method, agarose gel 

electrophoresis, and sequencing. The DNA isolation 

process was carried out to obtain genomic DNA that can 

then be used in detection tests by PCR and for sequencing. 

DNA isolation was carried out using the PrestoTM Mini 
gDNA Bacteria Kit. Isolated genomic DNA was amplified 

by the PCR technique using the universal 16S rRNA 

primers of 63f (5'- CAGGCCTAACACATGCAAGTC 3') 

and 1387r (5'-GGGCGGWGTGTACAAGGC-3') with a 

target amplicon of 1500 base pairs. 

Data analysis 

The data of inhibition zone diameter and inhibition 

index were analyzed by using analysis of variance 

(ANOVA), and if the results were significantly different 

among the treatments, a post-hoc test was used with the 

Duncan Multiple Range Test (DMRT) at an error level of 
5%. Data were analyzed with the SPSS program, version 

22. The phylogenetic tree was made by using MEGA X 

(Molecular Evolutionary Genetics Analysis) program. 

RESULTS AND DISCUSSION 

Morphological characteristics of Xanthomonas oryzae 

pv. oryzae from infected rice leaves  

Bacteria isolated from rice leaves were yellowish in 

color, fluidal, and round with equal border colonies (Figure 

1A-B). Xanthomonas oryzae pv. oryzae bacterial isolates 

showed BLB symptoms on IR64 rice varieties. BLB 

symptoms appeared at the tips of inoculated leaves, which 
turned them from green to dull, yellowish, and dry, and 

occurred two days after inoculation (Figure 1C). The 

pathogenic bacteria isolated from rice leaves was identified 

as X. oryzae pv. oryzae. The bacterium was gram-negative, 

showed hypersensitive reactions on tobacco leaves, oxidative, 

not producing fluorescent pigment on King’s B agar, and 

accumulated Poly--hydroxybutyrate in cells (Table 1). 

 
 
 

 
 

Figure 1. Morphological identification of Xanthomonas oryzae pv. oryzae: A. colony of Xanthomonas oryzae pv. oryzae in YDCA 
medium; B. single colony of Xanthomonas oryzae pv. oryzae; and C. BLB symptoms on rice leaf 

A B C 
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Table 1. The characteristic of bacterial leaf blight caused by 
Xanthomonas oryzae pv. oryzae 

 

Characteristic Reactions 

Hypersensitive Reactions (HR) + 
Pathogenicity (wilt symptom on potato plant) + 
Gram - 
Catalase + 

Oxidative/Fermentative O 
Nitrate Reduction - 
Gelatin Hydrolysis + 
Fluorescence pigment production  - 
Arginine Hydrolysis + 

Poly--hydroxibutirate accumulation + 

Levan production + 
Starch hydrolysis + 
Soft rot on potato - 
Acid Production from:  

a. Glycerol + 
b. Sorbitol + 
c. Mannitol + 
d. Glucose + 
e. Galactose + 
f. Sucrose + 
g. Lactose + 
h. Maltose + 

Notes: + indicates positive reaction, - indicates negative reaction 
 
 
Table 2. Percentage of inhibition of phyllospheric and endophytic 
bacteria against Xoo in vitro assay 
 

Origins Isolates code Inhibition (%) 

Phyllosphere P1 59.58 efg 
 P9 33.06 c 
 P47 0.20 a 
 P53 76.59 hi 
 P54 18.27 b 
 P55 79.24 i 
 P123 43.22 cd 
 P124 69.15 ghi 

 P165 76.16 hi 
 P173 65.54 fgh 
 P174 0.40 a 
 P175 0.60 a 
 P176 56.40 ef 
 Streptomycin 20% 52.22 de 
 Aquadest 0.00 a 
Endophyte E15 81.03 ef 

 E18 83.68 f 
 E26 54.89 d 
 E27 80.18 ef 
 E28 22.84 b 
 E29 39.76 c 
 E33 73.28 ef 
 E34 74.30 ef 
 E39 73.42 ef 

 E52 54.61 d 
 E53 71.34 e 
 E54 78.90 ef 
 E55 22.84 b 
 Streptomycin 20% 55.33 d 
 Aquadest 0.00 a 

Note: Means followed by different letters are significantly different in 
each row is not significantly different by Duncan’s test (P < 0.05) 

Phyllospheric and endophytic bacteria isolated from 

rice plants and their antagonistic activity 

In total, 181 phyllospheric bacteria were isolated. 

Among 181 isolates, 11 isolates showed antagonistic 

potential to inhibit Xoo. In the dual culture assay, 11 

bacteria inhibited the growth of Xoo, ranging from 0.2% to 

79.24%. Based on their phylloplane colonization and 

bacterial growth suppression ability (inhibition 

percentages), three bacterial isolates, such as P55 

(79.24%), P53 (76.59%), and P165 (76.16%) were selected 
for further studies (Table 2). From the roots and stems of 

rice plants, 76 of endophytic bacteria were isolated. Of 

these, 13 showed antagonistic activity against Xoo. The 

highest antibacterial activity was showed by EA15 

(81.03%) and EA18 (83.68%) from roots, and EB27 

(80.18%) from the stems of rice plants (Table 2). The 

phyllospheric and endophytic bacteria that had the highest 

inhibition percentages were chosen for synergism assay. 

Synergism of phyllospheric and endophytic bacteria 

against Xanthomonas oryzae pv. oryzae in vitro  

The phyllospheric and endophytic bacterial isolates 
showed synergistic relationship, as they did not form 

inhibitory or clear zones around the paper disc. The P55 

isolate had a synergism with E15, E18, and E27 isolates 

(Figure 2.A). The E27 isolate showed synergism with P124 

isolate, as indicated by the absence of a clear zone around 

the paper disc (Figure 2.B). The EA15 isolates showed 

synergism with P124 and P165 isolates (Figure 2.C), and 

E18 isolates showed synergism with PB124 and P165 

isolates (Figure 2.D). The presence of synergism among 

isolates was indicated by the absence of clear zones around 

the paper disc. 

Effect of the combination of phyllospheric and endophytic 

bacteria against Xanthomonas oryzae pv. oryzae in vitro  

The results showed that bacterial consortium had a 

significant effect on inhibiting Xoo (Table 3). Eight 

treatments of the bacterial consortium showed clear zones 

forming around bacterial colonies on NA media. The 

largest clear zone diameter was found in P55+E15 (3.05 

cm) at 24 hours after inoculation (HAI), which decreased to 

3.03 cm at 48 HAI. The highest inhibition percentage was 

found in P55+E15 bacterial consortium treatment, with 

83.57% at 24 HAI and 83.49% at 48 HAI (Table 3). 

Identification of selected phyllospheric and endophytic 

bacteria 

The results showed that all bacterial isolates had the 

same morphology in form, margin, and elevation (Table 4). 

However, the bacterial isolates showed various colors 

(Figure 3). 

Based on molecular identification, the visualization of 

PCR product on agarose gel showed the presence of DNA 

band encoding the 16S rRNA gene in the sample size of 

1200 bp after comparison with the marker (1 Kb DNA 

ladder Gene DireX) (Figure 4). 
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Figure 2. Phyllospheric and endophytic bacterial synergism against Xoo at 48 DAI: A. P55 with E15, E18, and E27 isolates; B. E27 
with P124 and P165 isolates; C. E15 with P124 and P165 isolates; and D. E18 with P124 and P165 isolates 
 

 
 
Figure 3. Colonies of phyllospheric and endophytic bacteria isolates: A. P55, B. P124, C. P165, D. E15, E. E18, and E27 
 
Table 3. Inhibition zone of Xanthomonas oryzae pv. oryzae by consortium bacteria 

 

Treatments 

Diameter of inhibition zone (cm) Inhibition (%) 

24 HAI 

(Mean ± SD) 

48 HAI 

(Mean ± SD) 
24 HAI 48 HAI 

Control 0.00 a 0.00 a 0.00 a 0.00 a 
P124+E15 2.45 d 2.43 e 79.53 d 79.47 d 

P124+E18 1.47 c 1.42d 26.21 b 22.77 b 
P124+E27 0.30 ab 0.85 b 14.58 ab 14.13 ab 
P165+E15 2.32 d 2.37 e 78.46 d 78.87 d 
P165+E18 0.66 b 1.26 cd 30.96 b 19.80 b 
P55+E15 3.05 e 3.03 h 83.57 d 83.49 d 
P55+E18 2.56 de 2.64 f 80.45 d 80.98 d 
P55+E27 2.76 de 2.83 g 81.85 d 82.33 d 
Streptomycin 20% 1.16 c 1.10 c 56.44 c 54.45 c 

Note: HAI: Hour after inoculation; Means followed by different letters are significantly different in each row is not significantly 
different by Duncan’s test (P < 0.05) 
 
 
Table 4. Colony morphology of phyllospheric and endophytic bacterial isolates 
 

Isolates 
Colony morphology 

Color Shape Margin Elevation 

P55 Cloudy white Round Entire Convex 
P124 Yellow Round Entire Convex 
F165 White Round Entire Convex 
E15 Milky white Round Entire Convex 
E18 Milky white Round Entire Convex 
E27 Yellow Round Entire Convex 

A B C D 

A B C 

D E F 
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Figure 4. Bands of PCR product in agarose gel electrophoresis 
for 16S rRNA gene 

DNA band was firmed and clear on gel when irradiated 

with ultraviolet light. The bacterial isolates collected from 

the phyllosphere and endophyte of rice plants were 

identified as follows: E15 had 98.48% homology with 

Bacillus cereus; E18 had 98.48% homology with 

Lysinibacillus fusiformis; E27 had 98% homology with 

Escherichia coli; P55 had 96.83% homology with the 

bacterium Delftia lacustris; P124 had 84.62% homology 

with uncultured bacterium clone SN_IN_327; and P165 

had 99.39% homology with Bacillus cereus (Table 5). The 
results of bacterial sequences from the 16S rRNA gene 

were analyzed for their relationship level using the 

phylogenetic tree approach (Figure 5). The tree showed the 

position of the sample together with the species to which it 

belonged. 

 
 

 
 

Figure 5. Phylogenetic tree of phyllospheric and endophytic bacteria isolates 
 

 
Table 5. Molecular identification of phyllospheric and endophytic bacteria isolates 
 

Isolates Taxonomical assignment Query cover (%) Similarity (%) Accession numbers 

E15 Bacillus cereus 100 98.48 MG737475.1 

E18 Lysinibacillus fusiformis 92 97.55 LC441149.1 
E27 Escherichia coli 99 98.00 MK478816.1 
P55 Delftia lacustris 97 96.83 KU726262.1 
P124 Uncultured bacterium clone SN_IN_327 9 84.62 JN211282.1 
P165 Bacillus cereus 100 99.39 KY218870.1 

 
 
 

Discussion 

The pathogenic bacteria isolated in the present study 

showed symptoms of BLB in the IR64 rice variety. 

Symptoms of BLB appear on the tips of leaves, which turn 

green to dull and eventually yellow. These symptoms were 

found to be similar to those reported by Ke et al. (2017). In 

the present study, BLB symptoms occurred at two days 

after incubation. The duration of incubation period varies 

for different diseases. Symptoms of the disease can appear 

2 to 4 days after inoculation. However, for most plant 

diseases, symptoms begin to appear several days to several 

weeks after inoculation (Leclerc et al. 2014). According to 

Ahsan et al. (2021), incubation period for 21 rice varieties 

against bacterial leaf blight ranged from 3-5 days. An 

influencing factor for the incubation period is the virulence 

of plant-pathogenic bacteria. According to Leclerc et al. 

(2014), the incubation period of the disease is one of the 

factors that indicates the virulence of a pathogen. BLB 

disease occurs in susceptible rice plants; it is virulent to 

certain plant varieties and under certain environmental 

conditions (Niones et al. 2022).  

 1200 bp 
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The bacterial consortium consisting of phyllospheric 

and endophytic bacteria in this study showed a synergistic 

relationship, as none of the tested bacteria produced 

inhibition zone around the paper disc. According to Zhang 

et al. (2018), the microbial consortium is a combination of 

several microbes that form a community and have 

cooperative, commensal, and mutualistic relationships. In 

this study, the phyllospheric and endophytic bacteria have a 

synergistic relationship as they did not form inhibitory 

zones, indicating that the bacteria could be developed as a 
consortium for Xoo. Nurcahyanti et al. (2021) reported that 

the formation of inhibitory zones indicated a competitive 

relationship between bacteria. Thomloudi et al. (2019) 

stated that consortium of two or more strains of bacteria 

could be carried out if each bacterium does not have a 

growth suppression effect during contact within in vitro 

culture or in adjacent growth sites. The results of in vitro 

synergism test of bacterial strains represent the nature of 

positive interactions between bacteria to a certain extent, 

allowing bacterial strain tests to be conserved (Andhare and 

Babu 2017). Synergistic growth can occur when several 
species produce complementary enzymes that play a role in 

forming secondary metabolites between bacterial isolates. 

The mechanism of synergism between bacterial isolates are 

thought to be due to the aging of bacteria of certain genera, 

which can provide some nutrients that cannot be 

synthesized by bacteria of other genera (Deng and Wang 

2016). 

The consortium with the highest inhibition against Xoo 

was P55+E15 isolate treatment. The P55 isolate was 

collected from the phyllosphere and E15 isolate was 

collected from the roots of organic rice. Based on the 
sequence of 16S rRNA, P55 and E15 isolates were 

identified as D. lacustris and B. cereus, respectively. Han 

et al. (2005), reported that Delftia sp. possesses nitrogen-

fixing trait capable of suppressing the growth of rice 

pathogens, such as X. oryzae pv. oryzae, Pyricularia 

oryzae, and Rhizoctonia solani. Moreover, species of 

Delftia genus have the ability to solubilize phosphate and 

have potential as plant growth-promoting bacteria 

(Woźniak et al. 2019). Whereas, B. cereus collected from 

rice leaves showed antifungal activity against Magnaporthe 

oryzae and contribute to the elucidation of genetic 

mechanisms of plant growth promotion such as IAA, 
phenazine, siderophore, and tryptophan (Zhu et al. 2021). 

Ahmed et al. (2020) reported that B. cereus showed strong 

in vitro antibacterial activity against rice bacterial pathogen 

Xoo along with an increase in plant growth.  

In conclusion, 181 isolates of phyllospheric bacteria 

and 76 isolates of endophytic bacteria were successfully 

isolated from infected rice leaves. From these, 11 isolates 

of phyllospheric bacteria and 13 isolates of endophytic 

bacteria have the potential as antagonists against Xoo, 

because they produced inhibition zones. The consortium of 

P55+E15 isolates showed highest inhibition zone, followed 
by P55+E27 and P55+E18. Based on morphological and 

molecular identification, P55, E15, and E27 isolates were 

identified as D. lacustris, B. cereus, and E. coli, 

respectively. The combination of D. lacustris (P55) and B. 

cereus (E15) can be used as a biocontrol agent against X. 

oryzae pv. oryzae based on in vitro assay. 
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