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ABSTRACT 

Rice blast disease, caused by the pathogenic fungus Magnaporthe oryzae, is a widespread 

infection leading to serious crop loss worldwide. In order to achieve sustainable agriculture, 

root-associated bacteria have been applied to manage fungal diseases and promote growth. 

The present study aimed to evaluate in vitro the growth-promoting ability and in vivo 

biocontrol activity against M. oryzae of rice rhizosphere bacterium. Out of sixty-eight 

isolates recovered from the rhizosphere of blast-infected rice plants, isolate NRV12 

exhibited the highest antifungal activity against M. oryzae SH, with an inhibition percentage 

of 72.7±3.44%. By analysis of 16S rRNA sequence associated with morphology, 

physiological and biochemical tests, the strain was identified as Burkholderia vietnamiensis. 

In addition, NRV12 produced hydrolytic enzymes (amylase, cellulase, protease), indole 

acetic acid (IAA), exhibited nitrogen-fixing potential and the ability to solubilize phosphate 

and zinc. Innoculation with NRV12 significantly promoted in vivo rice seedling growth to 

23.3% as compared to the non-bacteria-treated seedlings. Importantly, infected rice 

seedlings treated with NRV12 led to a 40% disease reduction in rice blast. These findings 

suggest that NRV12 is a valuable and promising isolate with biocontrol potential against rice 

blast caused by M. oryzae. 

Keywords: Antifungal activity, biocontrol, Burkholderia, chitinase, plant growth promotion, 

rice blast disease. 

INTRODUCTION 

Rice blast caused by the ascomycete, 

filamentous pathogenic fungus 

Magnaporthe oryzae (syn. Pyricularia 

oryzae) can infect all growth stages and 

affect all above-ground parts of the plant 

including rice leaves, collars, nodes, necks, 

and parts of the panicle. The blast disease 

can lead to yield losses of up to 80% and 

cause serious threat to global food security. 

In Vietnam, rice blast occurred in numerous 
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rice-growing areas, especially under 

favorable weather conditions for the disease 

at 25 - 30°C and 80 - 95% humidity (Phi, 

2023).  

Various strategies have been implemented to 

control the blast disease, such as agricultural 

practices, resistant rice varieties, and 

chemical and biological control (Phi, 2023). 

Among them, chemical fungicides are easy 

to use and show certain effectiveness, 

however overuse has resulted in resistant 

strains and adverse effects on human health 

and the environment. Novel approaches 

based on biological fungicides to suppress 

the blast fungus are needed for sustainable 

management of the disease, for instance, 

using antagonistic microorganisms as 

alternatives to chemical fungicides. Plant 

growth-promoting rhizobacteria (PGPR) are 

known as effective biocontrol agents for the 

suppression of fungal phytopathogens. The 

common biocontrol mechanisms include 

competition, production of siderophores, 

antagonism and induced systemic resistance 

via metabolites such as lytic or defense 

enzymes/compounds e.g., protease, 

chitinase, peroxidase, catalase, polyphenol 

oxidase, phenylalanine ammonia-lyase, and 

cycling lipopeptides (fengycin, iturin and 

surfactin) (Lam et al., 2021; Meng et al., 

2023). The characterization of plant growth 

promotion by rhizobacteria involves other 

mechanisms, including IAA production, 

phosphate and zinc solubilization, nitrogen 

fixation, and ACC deaminase activity that 

enhance metabolism, root development and 

enzyme activity of the plant. These strategies 

also support other beneficial 

microorganisms in promoting advantageous 

interactions with the plant and suppressing 

plant pathogens (Yadav et al., 2017).  

Burkholderia is one of the most commonly 

encountered PGPR genera known for its 

plant colonization and growth-promoting 

properties through direct and indirect 

mechanisms. A nitrogen-fixing bacterium, B. 

vietnamiensis, was first isolated from the 

rice plant in Vietnam (Gillis et al., 1995). 

Following that, many study demontrated the 

roles of the genus Burkholderia in 

promoting rice plant growth. Mattos et al. 

(2001) reported strain B. brasiliensis from 

rice root with nitrogen fixation and 

exopolysaccharide synthesis. Studies by 

Singh and colleagues showed that 

Burkholderia sp. and B. cepacia RRE25 

mutants from rice root overproduced IAA, 

exhibited growth promotion of seedlings 

through enhancement of plant biomass 

(Singh et al., 2011) and improved plant 

height, chlorophyll content, shoot dry weight, 

and root dry weight (Singh et al., 2013) 

under greenhouse conditions. Rice seedling 

growth and development could involve 

significant uptakes of phosphorous, nitrogen 

and potassium (Singh et al., 2013). Reports 

from Vietnam also determined that the 

species B. vietnamiensis was able to fix 

nitrogen (Phong et al., 2010) enhancing rice 

productivity (Phong et al., 2018; Phong, 

2018; Van et al., 2000; Gillis et al., 1995). 

Also, several Burkholderia spp. promote 

other crop plants such as maize, potato, and 

sugarcane through the production of auxin, 

nitrogen fixation, phosphate solubilization, 

and siderophore production (Young et al., 

2013; Luvizotto et al., 2010; Da et al., 2012).  

Burkholderia species are also known for 

their biocontrol potential against several 

fungal phytopathogens. B. phytofirmans 

conferred grapevine resistance against the 

fungus Botrytis cinerea via a direct 

antimicrobial effect (Miotto-Vilanova et al., 

2016). Kim et al. (2020) reported that 
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ginseng endophyte B. stabilis produced 

antimicrobial compounds against ginseng 

root rot disease caused by Cylindrocarpon 

destructans (Kim et al., 2020). Other 

Burkholderia presented inhibition against 

fungal phytopathogens such as 

Macrophomina phaseolina (charcoal rot 

disease in many crops) (Zaman et al., 2021), 

Sporisorium scitamineum (sugarcane smut 

disease) (Cui et al., 2020), Phytophthora sp. 

(root diseases) (Kong et al., 2020), 

Calonectria pseudonaviculata (boxwood 

blight) (Kong and Hong, 2020), Fusarium 

oxysporum (corm-rot) (Ahmad et al., 2022), 

and Rhizoctonia solani (blight disease) 

(Meng et al., 2023). Also, several 

Burkholderia spp. have shown great 

efficiency in protecting host plants under 

abiotic stress, e.g. diesel-contaminated soil 

(Afzal et al., 2013) and cadmium stress 

(Wang et al., 2019). 

This study had the following objectives: (i) 

selection of antifungal rhizobacteria against 

rice blast, previously isolated from rice roots, 

(ii) evaluation of the growth-promoting 

ability of the bacterial strain, and (iii) 

verification of blast disease tolerance in rice 

seedlings inoculated with the antifungal 

bacterium in greenhouse conditions.  

MATERIALS AND METHODS  

Bacterial, fungal strains, and plant 

materials 

The bacterial isolates were previously 

isolated from the root (endosphere or 

rhizosphere or both) of M. oryzae-infected 

rice plants that were grown in the field of 

Nam Dinh province, Vietnam, and stored at 

-80ºC at the VAST Culture Collection of 

Microorganisms. The fungus strain M. 

oryzae SH was provided by the Laboratory 

of Plant Cell Biotechnology, Institute of 

Biotechnology. For bioassays, the rice 

cultivar BT7 (a rice variety commonly 

grown in North Vietnam, and susceptible to 

the rice blast fungal pathogen M. oryzae) 

was selected for the experiment.  

In vitro screening of bacterial isolates for 

antagonistic activity against M. oryzae SH 

Bacterial isolates were screened for 

antifungal activity against M. oryzae SH in 

dual culture (Lei et al., 2023). An 8-mm-

diameter mycelial plug of 3-day-old M. 

oryzae SH on a PDA plate was cut and 

placed 1 cm away from the border of the 9-

cm-diameter PDA plate. Then, the bacterial 

isolate was streaked on the opposite side of 

the plate at a distance of 2 cm from the M. 

oryzae SH plug. The petri dish was 

inoculated with only the mycelial disc of M. 

oryzae SH alone, which served as the control. 

The plates were incubated for 5 - 7 days at 

room temperature (25±2ºC) or until the 

mycelium of M. oryzae SH covered the 

entire control plate. The diameter of 

mycelial growth was determined, and the 

percentage growth inhibition was calculated 

following the formula: [(D − d)/D] x 100, in 

which D and d represented the diameter of 

fungal mycelium growth in the control and 

the plate with bacterial isolate (mm). The 

experiment was done in three replicates.  

Identification of the bacterial isolate 

NRV12 

The morphological characteristics such as 

shape, size, colour and opacity of the 

isolated colonies were determined. The 

Gram staining was done using a Gram 

staining kit (Himedia, India). The 

physiological tests such as effect of NaCl 

concentration (a range of 0.5, 1, 2, 3, 4 and 

5%), medium pH (a range of 5, 6, 7 and 8) 
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and growth temperature (a range of 25, 30, 

35 and 37ºC) of the isolate NRV12 were 

performed on medium MPA following 

standard microbiological methods. The 

biochemical properties of the isolate NRV12 

such as catalase activity, citrate utilization, 

assimilation of glucose, lactose and 

saccarose, activity of lipase andgelatine 

hydrolysis were done (Gillis et al., 1995). 

The 16S rRNA sequence of the isolate that 

showed the strongest antifungal activity was 

performed following the description of Jing 

et al. (2020). In brief, DNA of the isolates 

was extracted using the commercial product 

QIAamp DNA mini-Kit (QIAGEN) in 

accordance with the manufacturer’s 

instructions. The bacterial 16S rRNA 

sequence was amplified using the universal 

primers 27F (5′-

AGAGTTTGATCCTGGCTCAG-3′) and 

1492R (5′-GGTTACCTTGTTACGACTT-

3′) in a thermal cycler (T100 Thermal 

Cycler, BIO-RAD). The PCR reaction was 

done with a volume of 25 µL containing 12.5 

µL of MyTaq Mix 2x (Bioline), 1 µL of each 

primer (10 pmol/µL), 1 µL of genomic DNA 

(50 ng/µL and 9.5 µL of ddH2O for 25 µL 

total reaction volume. The PCR reaction was 

performed following the protocol: initial 

denaturation for 5 min at 95ºC, followed by 

35 cycles of denaturation for 30 s at 94ºC, 

annealing for 45 s at 55ºC, DNA extension 

for 60 s at 72ºC and a final extension for 10 

min at 72ºC. The PCR product was analyzed 

via electrophoresis on a 1% agarose gel and 

purified by the PCR GeneJET™ Gel 

Extraction Kit (Thermo Scientific). The 

purified PCR product was sequenced at First 

Base (Malaysia). The bacterial isolate was 

identified by comparing the 16S rRNA 

sequence with those available in the 

GenBank database using the BLASTN 

program of the NCBI 

(http://www.ncbi.nlm.nih.gov). The 

phylogenetic tree was constructed by the 

neighbor-joining method with 1000 

bootstraps using Kimura 2-parameter 

distances in MEGA v7.0 (Kumar et al., 

2016). 

Characterization of extracellular enzyme 

activity 

The activity of enzymes including amylase, 

cellulase, chitinase and protease was 

determined by culturing the tested bacteria 

on medium plates with corresponding 

substrates. For amylase, cellulase and 

protease tests, a single colony of the NRV12 

culture was placed on the MPA medium 

plate (5 g/L peptone, 3 meat extracts, 5 g/L 

NaCl, (pH = 7) and 17 g/L agar) with 0.2% 

starch, 0.5% carboxymethyl cellulose 

(CMC) and 1% casein, respectively. The 

plates were incubated at 30ºC for 24 – 48 h. 

For chitinase test, the NRV12 was cultured 

on a medium plate containing 3 g/L meat 

extract, 5 g/L peptone, 0.01 g/L FeSO4.7H2O, 

0.5 g/L MgSO4·5H2O, 0.3 g/L KH2PO4, 0.7 

g/L K2HPO4, 2 g/L chitin colloidal at pH 7, 

17 g/L agar and incubated at 30ºC for 24-48 

h (Murthy and Bleakley, 2012). For 

detecting enzyme activities, the culture 

plates were overlaid with a layer of 1% 

Lugol’s solution for amylase, cellulase and 

chitinase, 1% TCA solution for protease. 

The development of a clear zone around the 

bacterial colony was an indication of 

hydrolytic enzymes. The diameter of the 

clear zone was determined. Each test was 

replicated three times. 

Growth promoting traits of Burkholderia 

vietnamiensis NRV12 

Nitrogen fixating ability  

http://www.ncbi.nlm.nih.gov/
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A bacterial isolate NRV12 exhibiting the 

highest antifungal activity as a result of the 

previous experiments was identified as 

Burkholderia vietnamiensis by the 16S 

rRNA sequence. The isolate was selected for 

the nitrogen-fixing test on Ashby agar 

medium. The NRV12 was grown on a 

nitrogen-free Ashby agar plate (20 g/L 

glucose, 0.1 g/L CaSO4, 0.1 g/L KH₂PO4, 5 

g/L CaCO3, 0.2 g/L MgSO4.7H₂O, 20 g/L 

NaCl, 18 g/L agar, adjusted for a final 

volume of 1000 mL with water, and at pH = 

7.0) at 30ºC for 5-7 days (Richard et al., 

2009). The nitrogen fixation capacity of the 

bacteria was determined by the presence of a 

bacterial colony on the Ashby plate. The 

experiment was done in three replicates. 

IAA production 

The IAA concentration was determined by 

the color reaction of the Salkovski reagent 

following the method of Glickmann and 

Dessau (1995). The isolate NRV12 was 

cultured in MPA broth supplemented with 

100 mg/L tryptophan (3 g/L meat extract, 5 

g/L peptone, 5 g/L NaCl, pH = 7) then 

incubated at 30ºC, with shaking at 200 rpm 

for 3 days. After each 24h interval, a 1-mL 

bacterial suspension was centrifuged for 5 

min. The cell-free supernatant was added to 

0.5 mL of Salkowski coloring reagent (35% 

HClO4 50 mL, 0.5 M FeCl3 1 mL). The 

mixture was incubated in the dark for 30 min 

at room temperature. After the reaction, 

absorbance at 530 nm was measured and 

IAA concentration was calculated according 

to the standard curve. 

Phosphate and zinc solubilization 

The ability of NRV12 to solubilize 

phosphate and zinc was tested using the 

Pikovskaya’s agar plate culturing method. 

The spot NRV12 inoculation was placed 

sequentially on the P1 medium plate (10 g/L 

glucose, 1 g/L NaCl, 5 g/L NH4Cl, 1 g/L 

MgSO4∙7H2O, 2 g/L Ca3(PO4)2 at pH 7 and 

15 g/L agar) and the Z1 medium plate (10 

g/L glucose, 1 g/L NaCl, 1 g/L (NH4)2SO4, 

0.2 g/L KCl, 0.1 g/L K2HPO4, 1 g/L 

MgSO4.7H2O, 2 g/L ZnO, at pH 7 and 15 g/L 

agar) at 30ºC for 5-7 days. The diameter of 

clear halos around the colony was 

determined. The experiment was done in 

three replicates. 

In vivo assay for plant growth promotion 

of the strain Burkholderia vietnamiensis 

NRV12 

The plant growth-promotion assay was 

conducted following the description of Riaz 

et al. (2021) with modifications. Rice seeds 

of cultivar BT7 were surface sterilized for 

five minutes using 70% alcohol, then added 

to 20 mL of Javen 60% and shaken at 190 

rpm for 45 minutes. Then, the rice seeds 

were rinsed five times in sterile distilled 

water. After that, sterilized seeds were 

soaked in Burkholderia vietnamiensis 

NRV12 suspension (OD600 of 0.1) for 16 

hours at 28ºC with gentle shaking at 50 rpm. 

The seeds incubated with sterile distilled 

water were used as a control. The bacterial 

inoculated seeds were placed in the box 

containing sterilized paper for 6 days in a 

dark room, at 26ºC and 80% humidity. Ten 

of 7-day-old rice seedlings were transferred 

to hydroponic boxes with 1/10 MS solution 

(1650 mg/L NH4NO3, 440 mg/L 

CaCl2.2H2O, 180.7 mg/L MgSO4.7H2O, 170 

mg/L KH2PO4, 1900 mg/L KNO3, trace 

elements 6.2 mg/L H3BO3, 0.025 mg/L 

CoCl2.6H2O, 27.8 mg/L FeSO4.7H2O, 22.3 

mg/L MnSO4.4H2O, 0.83 mg/L KI, 0.25 

mg/L Na2MoO4.2H2O, 8.6 mg/L 

ZnSO4.7H2O, 36.7 mg/L FeNaEDTA, 0.025 
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mg/L CuSO4.5H2O, vitamins of 100 mg/L 

Myo-Inositol, 0.5 mg/L Nicotinic Acid, 0.5 

mg/L Pyridoxine.HCl, 0.1 mg/L 

Thiamine.HCl, 2 mg/L Glycine). All the rice 

seedlings were placed in greenhouse 

conditions for 12/12 h (light/dark) with 80% 

relative humidity and 26°C. After 45 days of 

growth, the fresh weight of the rice seedlings 

was measured in milligrams. The 

experiment was done in three replicates. 

In vivo assay for antagonism of the strain 

Burkholderia vietnamiensis NRV12 

For the pathogenicity assay, one-month-old 

rice seedlings were infected with M. oryzae 

SH, as described by Lam et al. (2021). In 

detail, rice seeds (BT7 cultivar) were first 

sterilized and germinated as described above. 

Subsequently, the 7-day-old seedlings were 

transferred to hydroponic boxes 

supplemented with 1/10 MS (the same 

component listed for the plant growth 

promotion assay).  Furthermore, M. oryzae 

SH was grown on PDA plates for 10 days 

under UV light (12/12 h of light/dark) to 

induce sporulation. Then, the spores were 

obtained by adding 10 mL of 0.01% Tween 

20 to the M. oryzae petri dish and wiping the 

spores loose with a paint brush. The 

suspension was filtered using gauze cloth to 

collect the spore suspension and remove 

mycelium. The spore suspension was diluted 

to get 1 x 105 spores/mL. After that, the 

spore suspension was sprayed on one-

month-old rice seedlings and kept in an 

infection room for 24 h at 26ºC, 100% 

humidity, and dark conditions. Afterward, 

infected seedlings were transferred to the 

greenhouse for three weeks. Assessment of 

the antagonistic effect was defined 

according to Sha et al. (2020) with 

modifications as follows: counting diseased 

lesions (equivalent to disease scales of 1, 2 

and 3), measuring the diseased area on the 

leaves (comprising the scales of 4, 5, 6, 7, 8 

and 9) and photographing the leaves after 

evaluation. The experiment was done in 

three replicates.  

Statistical analysis  

The data from all experiments was presented 

as the means ± standard deviation of three 

replicates. The statistical analysis was done 

using a t-test with significant differences at 

p < 0.05.  

RESULTS AND DISCUSSION  

Screening of antifungal bacterial isolates 

against M. oryzae SH 

A total of 68 bacterial isolates were 

previously isolated from the roots of M. 

oryzae-infected plants and tested for 

antagonistic activity against M. oryzae SH in 

vitro. Among them, nine isolates exhibited 

strong inhibition against mycelial growth, 

ranging from 35.1 to 72.7% (Table 1). The 

result also showed that NRV12 displayed the 

highest antagonistic activity (72.7 ± 3.44 %) 

against M. oryzae SH followed by NRV30 

(71.9 ± 0.75%) and NRV40 (70.1 ± 3.44%). 

In addition, the isolate NRV12 was capable 

of fixing nitrogen as a strong growth on 

Ashby agar plates (Table 1). 

Table 1. The antagonistic activity of nine bacterial isolates against the fungus M. oryzae SH. 

No. Bacterial isolates Mycelial inhibition (%) Nitrogen fixation 

1 NRV1 35.1 ± 2.25 + 
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2 NRV4 41.6 ± 1.30 - 

3 NRV5 48.1 ± 1.30 + 

4 NRV6 48.5 ± 4.92 + 

5 NRV12 72.7 ± 3.44 ++ 

6 NRV16 39.4 ± 1.98 + 

7 NRV30 71.9 ± 0.75 + 

8 NRV39 67.5 ± 2.60 + 

9 NRV40 70.1 ± 3.44 - 

Note: ++, strong growth; +, slow growth; -; no growth. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Antagonistic activity against rice blast fungi M. oryzae of NRV12 isolate. 

Identification of the antagonistic bacterial 

isolate 

The isolate NRV12 was further studied for 

its morphological characteristics. On MPA 

medium, most colonies were light brown in 

color, circular in shape, opaque, and about 1-

2 mm in size (Fig. 2a). Under the light 

microscope, the NRV12 cells are rod-shaped, 

Gram-negative, aerobic, and motile (Fig. 2b). 

Isolate NRV12 grew in the presence of 0-2% 

(w/v) NaCl and optimally at 30°C and pH 

7.0 (Table 2). The biochemical analyses 

showed the ability to ferment glucose, 

sucrose, and itaconate. Further 16S rRNA 

sequence analysis revealed that the isolate 

NRV12 showed 99.9% similarity with B. 

vietnamiensis LMG 10929T (NR 041720). A 

phylogenetic tree supported that the NRV12 

and B. vietnamiensis LMG 10929T were 

clustered in the same group of B. 

vietnamiensis with a bootstrap value of 71% 

(Fig. 2c). B. vietnamiensis LMG 10929T 

isolated from rice rhizosphere soil, Binh 

Thanh, Vietnam was previously proposed to 

be a novel species (Gillis et al., 1995). 

Moreover, itaconate was utilized by B. 

vietnamiensis, but not by Burkholderia 

cepacia or Burkholderia gladioli (Gillis et 

al., 1995). Taken together, the isolate 

NRV12 was assigned to the species B. 

vietnamiensis based on the morphological 
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and biochemical characteristics as well as 

16S rRNA gene sequence analysis. The 16S 

rRNA gene sequence of B. vietnamiensis 

NRV12 was deposited into the GenBank 

database under the accession number 

OR584139.

  

 

Figure 2. Morphological and molecular identification of the isolate NRV12. Colony grown on the MPA 
plate. (a) and cell morphology (b) of the isolate NRV12 with scale bars of 5 mm and 5 µm, respectively. 
(c) Phylogenetic tree based on 16S rRNA gene sequences from the NRV12 and type strains of 
closely-related Burkholderia species. 

Table 2. Biochemical and physiological characteristics of the isolate NRV12. 

No. Tests Results 

1 Maximum salt tolerance 1 – 2% 

2 Optimal pH for growth 7.0 
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3 Optimal temperature for growth  30°C 

4 Catalase activity positive 

5 Citrate utilization positive 

6 Gelatin hydrolysis negative 

7 Lipase activity negative 

8 Glucose utilization positive 

9 Sucrose utilization positive 

10 Itaconate utilization positive 

Plant growth-promoting traits of B. 

vietnamiensis NRV12 

B. vietnamiensis NRV12 was tested in vitro 

for traits related to plant growth-promotion 

including enzymatic production, IAA 

secretion, phosphate and zinc solubilization, 

and nitrogen fixation. The enzymatic tests 

showed that the halo zones formed around 

the test colony were determined for amylase 

(18.7 ± 1.15 mm), cellulase (18 ± 1 mm), and 

protease (18.3 ± 0.58 mm) (Table 3, Fig. 3a, 

3b, 3c). However, chitinase activity was not 

observed. The IAA content in the NRV12 

culture broth reached a maximum level of 

14.8 ± 0.49 µg/mL after 48 h. The phosphate 

and zinc solubilization abilities of NRV12 

were determined by the diameter of the clear 

zone of 7 ± 0.82 mm and 13 ± 0.54 mm, 

respectively (Table 3, Fig. 3e, 3f). The 

nitrogen fixation capacity of NRV12 showed 

a positive result with the colonies presence 

on the nitrogen-free Ashby medium plate 

after 5 days (Fig. 3g). 

IAA production, phosphate and zinc 

solubilization and biological nitrogen 

fixation by rhizospheric and endophytic 

bacteria play an important role in plant 

growth and development (Duca et al., 2020; 

Spaepen et al., 2007; Ngalimat et al., 2021). 

Burkholderia isolates from rice, maize, and 

sugarcane plants contributed to crop growth 

via the secretion of growth-promoting 

substances such as IAA and gibberellic acid, 

siderophore, and ACC deaminase. These 

isolates also exhibited apparent colony 

growth on nitrogen-free medium 

(Aroumougame et al., 2020). The nitrogen 

fixation ability of the NRV12 was also 

consistent with earlier studies of B. 

vietnamiensis capable of fixing nitrogen 

(Van et al., 2000; Gillis et al., 1995; Phong 

et al., 2010). The metagenomic analysis of 

soil in Taoyuan, China for super rice yield 

revealed the taxa diversity with nitrogen 

metabolism functions and an abundance of 

genes involved in the nitrification process 

(Zhong et al., 2020).  

Extracellular hydrolytic enzymes such as 

amylase, cellulase, chitinase, and protease 

play a key role in the survival of microbes 

and contribute to plant pathogenic 

suppression (Bardin et al., 2015; Rais et al., 

2016). For complex organic matters 

composed of cellulose, hemicelluloses, 

pectins, starch, chitin, glycoprotein, and 

lignins, extracellular degradation requires 

the simultaneous and sequential activities of 

different types of enzymes (multi-enzymes). 

Thanks to hydrolytic enzymes, polymeric 

compounds are degraded into monomeric 

and oligomeric molecules, which could be 
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directly taken up by cells. Given that 

chitinase-producing bacteria have the 

potential to control phytopathogenic fungi 

(Veliz et al., 2017), B. vietnamiensis NRV12 

was not found to produce chitinase. A 

previous study revealed that B. 

vietnamiensis WPB showed antifungal 

activity against Rhizoctonia solani AG-

8, Fusarium culmorum 70110023, and 

Gaemannomyces graminis var. tritici ARS-

A1 due to the presence of biosynthetic gene 

clusters encoding for antimicrobial 

compounds including occidiofungin A, 

cepacin A, and ornibactin (Doty et al., 2022). 

These results indicated that B. vietnamiensis 

NRV12 might produce secondary 

metabolites against M. oryzae, which will be 

an interesting subject for future study.  

Table 3. Characterization of the antifungal bacterial isolate NRV12. 

 

  

Figure 3. Characterization of the NRV12: extracellular enzyme activity of amylase (a), cellulase (b), 
protease (c), and chitinase (d); solubilization of phosphate (e) and zinc (f); and growth on Ashby agar 
plate (g) at 5 days after incubation. 

Effect of B. vietnamiensis NRV12 on the 

growth of rice seedlings 

In order to identify the growth promotion of 

NRV12 isolate in greenhouse conditions, a 

hydroponic system was used to perform this 

Extracellular enzyme activity Results 

Amylase 18.7 ± 1.15 mm 

Cellulase 18 ± 1 mm 

Chitinase 0 

Protease 18.3 ± 0.58 mm 

Growth promotion traits  

Phosphate solubilization 7 ± 0.82 mm 

Zinc solubilization 13 ± 0.54 mm 

IAA production 14.8 ± 0.49 µg/mL  
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assay. The result showed that NRV12 could 

promote the growth of rice seedlings under 

in vivo conditions. A significant increase 

(23.3%) in fresh weight was observed in the 

NRV12-inoculated seedlings (4206 ± 231 

mg) compared to the control (3227 ± 222 

mg) (p < 0.05) (Fig. 4). The increase in fresh 

weight of NRV12-inoculated seedlings 

might be attributed to several plant-growth 

promotion traits, such as IAA production, 

phosphate and zinc solubilization, or 

nitrogen fixation of B. vietnamiensis NRV12. 

For instance, Meng et al. (2023) reported 

that B. vietnamiensis C12 exhibited plant-

promoting abilities on rice via IAA 

production, nitrogen fixation and phosphate 

solubilization. The previous study by King et 

al. (2019) showed that Paraburkholderia 

kururiensis M130 and B. vietnamiensis 

LMG 10929T exhibited significant growth 

promotion in rice plant through fixing 

nitrogen and stimulating a higher 

transcriptional level in the aerial parts of 

leaves than in roots at 7 days post-

inoculation. Moreover, B. vietnamiensis 

LMG 10929T significantly increased shoot 

and root weights, leaf surface, and grain 

yield without adding nitrogen fertilizers 

(Van et al., 2000). Another study by Mattos 

et al. (2008) illustrated that IAA-producing 

B. kururiensis could promote both plant 

growth and grain yield in rice. As a result, 

the isolated B. vietnamiensis NRV12 strain 

could become a potential candidate for 

growth promotion in rice plants. 

  

Figure 4. The effect of bacterial strain B. vietnamiensis NRV12 on the growth of rice seedlings in 
greenhouse conditions. (A) NRV12 inoculated seedlings and a control box were grown in a 
hydroponic system after 45 days of growth. (B) Rice plant fresh weight comparison between 
inoculated and control seedlings after 45 days of growth. An asterisk represents a statistically 
significant difference between the 2 groups at p < 0.05 (t-test). A ruler is 30 cm in length.  

Effect of B. vietnamiensis NRV12 on rice 

blast development under greenhouse 

conditions 

After observing the growth promotion 

capacity of NRV2 on rice seedlings, we want 

to test its blast disease tolerance on rice 

seedlings in greenhouse conditions. The 

results showed that strain NRV12 exhibited 

an inhibitory effect on the incidence of rice 

blast to the rice seedlings infected with 

the pathogenic fungus M. oryzae SH (Table 

4). In details, the number of diseased lesions 

was significantly reduced by 40% in the 

NRV12-inoculated seedlings compared with 

control groups (p < 0.05). In addition, the 

rate of infected leaves with more than 25% 

of the diseased area in the control seedling 

group was greater than that of the NRV12-

inoculated seedling (Table 4). Especially in 

the presence of NRV12, the percentage of 

the healthy leaves accounted for 20.16 ± 

https://doi.org/10.15625/vjbt-xxxxx
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3.57%, whereas none was found in the 

control group (Table 4; Fig. 5). Inoculating 

rice seeds with B. vietnamiensis NRV12 not 

only resulted in a significant reduction in the 

number of diseased lesions on leaves and the 

number of leaves with diseased areas larger 

than 25%, but also an increase in healthy 

leaves. 

The biocontrol of M. oryzae by plant 

growth-promoting bacteria serves as an 

alternative to synthetic fungicides. Bacteria 

such as Bacillus, Burkholderia, and 

Streptomyces genera have been reported as 

effective biocontrol agents to control rice 

blast (Zeng et al., 2023). The application of 

Bacillus subtilis G5 reduced the disease 

index of rice blast to 28.2% in a greenhouse 

(Lei et al., 2023), which was higher than that 

of B. vietnamiensis NRV12. Streptomyces 

globisporus JK-1 was shown to provide 

88.3% protection against rice blast as 

compared to rice plants treated with M. 

oryzae alone (Law et al., 2017). However, 

Streptomyces spp. and Burkholderia spp. 

have not been formulated to be commercial 

biocontrol products yet. It raises a chance to 

develop B. vietnamiensis NRV12 as a 

biocontrol or bio-fertilizing agent.  

To date, only a few studies have reported the 

biocontrol efficacy of B. vietnamiensis in 

controlling rice blast disease. Endophytic B. 

vietnamiensis C12 isolated from Ficus 

tikoua Bur acted as a biocontrol agent for 

rice sheath blight caused by Rhizoctonia 

solani because of its ability to induce 

enzymatic antioxidant defense systems such 

as superoxide dismutase, phenylalanine 

ammonia lysae, lactoperoxidase, catalase, 

and catechol oxidase (Meng et al., 2023). In 

support of this report, B. gladioli KRS027 

promoted the expression of genes related to 

inducing systemic resistance in cotton plants 

and produced extracellular metabolites and 

volatile organic compounds conferring 

fungal cell wall degradation, inhibition of 

melanin biosynthesis, and disturbing the 

autophagy process (Wang et al., 2023). Plant 

growth-promoting rhizobacteria B. 

vietnamiensis B418 exhibited potent 

biocontrol effects against root-knot 

nematodes on watermelon through the 

modulation of the rhizosphere microbial 

community (Liu et al., 2022). In contrast, a 

previous study proved that Burkholderia sp. 

BV6 significantly decreased the disease 

index of rice blast via the production of 

small-molecule secondary metabolites (Xue 

et al., 2022). Thus, it is required to shed light 

on a possible mode of action of B. 

vietnamiensis NRV12 in future studies. 

Table 4. Biocontrol effect of isolate B. vietnamiensis NRV12 against rice blast disease in vivo 

Treatment 
Number of diseased 
lesions 

Non diseased leaf (%) Diseased leaf area with 
more than 25% (%) 

DC 114 ± 23.5* 0 24.2 ± 4.29 

NRV12 68 ± 16.1 20.16 ± 3.57 16.1 ± 2.57 

Values are presented as mean ± standard deviation and representative of three replicates. 

The asterisk * indicates significant differences (p < 0.05). 
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Figure 5. Effect of B. vietnamiensis NRV12 on rice seedlings at 3 weeks after infecting with M. oryzae 
SH fungus in a greenhouse condition. HC – Heathy control; DC – Diseased control and NRV12 – the 
inoculated group with NRV12. 

CONCLUSION 

The obtained results indicated that the plant-

growth promotion bacterial isolate, B. 

vietnamiensis NRV12, showed efficient 

suppression of blast disease under 

greenhouse conditions. Inoculation of rice 

seeds with the strain NRV12 significantly 

enhanced plant growth through IAA 

production, phosphate and zinc 

solubilizations, and nitrogen fixation. The 

presence of NRV12 reduced the blast 

disease incidence (number of diseased 

lesions and diseased leaf area with more than 

25%) and increased the number of healthy 

leaves in rice seedlings after infecting with 

M. oryzae. These findings present the 

antagonistic B. vietnamiensis NRV12 as a 

biologically potential agent for the control of 

rice blast disease. However, rice blast 

resistant effect of the bacterial strain on rice 

plants should be further evaluated under 

field conditions and in combination with 

other antagonistic strains or control 

strategies.  

ACKNOWLEDGMENTS 

This research was funded by the Vietnam 

Academy of Science and Technology for the 

project: “Investigation of microbiome on 

blast-disease infected rice in Red River 

Delta and initial control by biological trials” 

(Grant No. VAST02.03/22-23). 

CONFLICT OF INTEREST 

The authors declare that there is no conflict 

of interest. 

REFERENCES 

Afzal M, Khan S, Iqbal S, Mirza MS, Khan QM 

(2013) Inoculation method affects colonization 

and activity of Burkholderia phytofirmans PsJN 

during phytoremediation of diesel-contaminated 

soil. Int Biodeterior Biodegrad 85: 331-336. 

https://doi.org/10.1016/j.ibiod.2013.08.022. 

Ahmad T, Bashir A, Farooq S, Riyaz‐Ul‐Hassan 

S (2022) Burkholderia gladioli E39CS3, an 

endophyte of Crocus sativus Linn., induces host 

resistance against corm‐rot caused by Fusarium 

oxysporum. J Appl Microbiol 132(1): 495-508. 

https://doi.org/10.1111/jam.15190. 

Aroumougame S, Geetha TM, and Thangaraju 

M (2020) Exploitation of PGPR endophytic 

Burkholderia isolates to enhance organic 

agriculture. Am J BioSci 8(3): 57-64. doi: 

10.11648/j.ajbio.20200803.12. 

Bardin M, Ajouz S, Comby M, Lopez-Ferber M, 

Graillot B, Siegwart M, Nicot PC (2015) Is the 

efficacy of biological control against plant 

diseases likely to be more durable than that of 

chemical pesticides? Front Plant Sci 6: 566. 

https://doi.org/10.3389/fpls.2015.00566. 

https://doi.org/10.15625/vjbt-xxxxx
https://doi.org/10.1016/j.ibiod.2013.08.022
https://doi.org/10.1111/jam.15190
https://doi.org/10.1111/jam.15190
doi:%2010.11648/j.ajbio.20200803.12
doi:%2010.11648/j.ajbio.20200803.12
https://doi.org/10.3389/fpls.2015.00566


Nguyen Thi Thanh Loi et al. 

 

354 

Cui G, Yin K, Lin N, Liang M, Huang C, Chang 

C, Deng YZ (2020) Burkholderia gladioli 

CGB10: a novel strain biocontrolling the 

sugarcane smut disease. Microorganisms 8(12): 

1943. https://doi.org/10.3390/microorganisms8

121943. 

Da K, Nowak J, Flinn B (2012) Potato cytosine 

methylation and gene expression changes 

induced by a beneficial bacterial endophyte, 

Burkholderia phytofirmans strain PsJN. Plant 

Physiol Biochem 50: 24-34. 

https://doi.org/10.1016/j.plaphy.2011.09.013. 

Duca DR, Glick BR (2020) Indole-3-acetic acid 

biosynthesis and its regulation in plant-

associated bacteria. Appl Microbiol Biotechnol 

104: 8607–8619. 

https://doi.org/10.1007/s00253-020-10869-5. 

Gillis M, Tran Van V, Bardin R, Goor M, 

Hebbar P, William A, Segers P, Heulin T, 

Fernandez MP (1995) Polyphasis taxonomy in 

the genus Burkholderia leading to an emended 

description of the genus and proposition of 

Burkholderia vietnamiensis sp. nov. for N2-

fixing isolates from rice in Vietnam. Int J Syst 

Bacteriol 45: 274-289. 

https://doi.org/10.1099/00207713-45-2-274. 

Jing R, Li N, Wang W, Liu Y (2020) An 

endophytic strain JK of genus Bacillus isolated 

from the seeds of super hybrid rice (Oryza sativa 

L., Shenliangyou 5814) has antagonistic activity 

against rice blast pathogen. Microb Pathog 147: 

104422. 

https://doi.org/10.1016/j.micpath.2020.104422. 

Kim H, Mohanta TK, Park YH, Park SC, 

Shanmugam G, Park JS, Bae H (2020) Complete 

genome sequence of the mountain-cultivated 

ginseng endophyte Burkholderia stabilis and its 

antimicrobial compounds against ginseng root 

rot disease. Biol Control 140: 104126. 

https://doi.org/10.1016/j.biocontrol.2019.10412

6. 

King E, Wallner A, Rimbault I, Barrachina C, 

Klonowska A, Moulin L, Czernic P 

(2019). Monitoring of rice transcriptional 

responses to contrasted colonizing patterns of 

phytobeneficial Burkholderia sl reveals a 

temporal shift in JA systemic response. Front 

Plant Sci 10: 1141. 

https://doi.org/10.3389/fpls.2019.01141. 

Kong P and Hong C (2020) A potent 

Burkholderia endophyte against boxwood blight 

caused by Calonectria 

pseudonaviculata. Microorganisms 8(2), 

310.  https://doi.org/10.3390/microorganisms80

20310. 

Kong P, Richardson P, Hong C (2020) 

Burkholderia sp. SSG is a broad-spectrum 

antagonist against plant diseases caused by 

diverse pathogens. Biol Control 151, 104380. 

https://doi.org/10.1016/j.biocontrol.2020.10438

0. 

Kumar S, Stecher G, Tamura K (2016) MEGA7: 

Molecular evolutionary genetics analysis 

version 7.0 for bigger datasets. Mol Biol Evol 

33(7):1870-1874. 

https://doi.org/10.1093/molbev/msw054. 

Lam VB, Meyer T, Arias AA, Ongena M, Oni 

FE, Höfte M (2021) Bacillus cyclic lipopeptides 

iturin and fengycin control rice blast caused by 

Pyricularia oryzae in potting and acid sulfate 

soils by direct antagonism and induced systemic 

resistance. Microorganisms 9(7): 1441. 

https://doi.org/10.3390/microorganisms907144

1. 

Law JWF, Ser HL, Khan TM, Chuah LH, 

Pusparajah P, Chan KG, ... & Lee LH (2017). 

The potential of Streptomyces as biocontrol 

agents against the rice blast fungus, 

Magnaporthe oryzae (Pyricularia 

oryzae). Frontiers in microbiology, 8, 215552. 

https://doi.org/10.3389/fmicb.2017.00003 

Lei LY, Xiong ZX, Li JL, Yang DZ, Li L, Chen 

L, ... & Xiao SQ (2023). Biological control of 

Magnaporthe oryzae using natively isolated 

Bacillus subtilis G5 from Oryza officinalis 

roots. Frontiers in Microbiology, 14, 1264000. 

https://doi.org/10.3389/fmicb.2023.1264000. 

https://doi.org/10.3390/microorganisms8121943
https://doi.org/10.3390/microorganisms8121943
https://doi.org/10.1016/j.plaphy.2011.09.013
https://doi.org/10.1007/s00253-020-10869-5
https://doi.org/10.1099/00207713-45-2-274
https://doi.org/10.1016/j.micpath.2020.104422
https://doi.org/10.1016/j.biocontrol.2019.104126
https://doi.org/10.1016/j.biocontrol.2019.104126
https://doi.org/10.3389/fpls.2019.01141
https://doi.org/10.3390/microorganisms8020310
https://doi.org/10.3390/microorganisms8020310
https://doi.org/10.1016/j.biocontrol.2020.104380
https://doi.org/10.1016/j.biocontrol.2020.104380
https://doi.org/10.1093/molbev/msw054
https://doi.org/10.3390/microorganisms9071441
https://doi.org/10.3390/microorganisms9071441
https://doi.org/10.3389/fmicb.2017.00003
https://doi.org/10.3389/fmicb.2023.1264000
https://doi.org/10.3389/fmicb.2023.1264000


Vietnam Journal of Biotechnology 22(2): 341-356, 2024. DOI: 10.15625/vjbt-20167 

355 

Liu M, Philp J, Wang Y, Hu J, Wei Y, Li J, 

Ryder M, Toh R, Zhou Y, Denton MD, Wu Y, 

Yang H (2022) Plant growth-promoting 

rhizobacteria Burkholderia vietnamiensis B418 

inhibits root-knot nematode on watermelon by 

modifying the rhizosphere microbial 

community. Sci Rep 12(1): 8381. 

https://doi.org/10.1038/s41598-022-12472-2. 

Luvizotto DM, Marcon J, Andreote FD, Dini-

Andreote F, Neves AA, Araújo WL, Pizzirani-

Kleiner AA (2010) Genetic diversity and plant-

growth related features of Burkholderia spp. 

from sugarcane roots. World J Microbiol 

Biotechnol 26: 1829-1836. 

https://doi.org/10.1007/s11274-010-0364-0. 

Mattos KA, Jones C, Heise N, Previato JO, 

Mendonça‐Previato L (2001) Structure of an 

acidic exopolysaccharide produced by the 

diazotrophic endophytic bacterium 

Burkholderia brasiliensis. Eur J 

Biochem 268(11): 3174-3179. 

https://doi.org/10.1046/j.1432-

1327.2001.02196.x. 

Mattos KA, Pádua VL, Romeiro A, Hallack LF, 

Neves BC, Ulisses TM, Barros CF, Todeschini 

AR, Previato JO, Mendonça-Previato L (2008) 

Endophytic colonization of rice (Oryza sativa 

L.) by the diazotrophic bacterium Burkholderia 

kururiensis and its ability to enhance plant 

growth. Anais da Academia Brasileira de 

Ciências 80: 477-

493. https://doi.org/10.1590/S0001-

37652008000300009. 

Meng XJ, Medison RG, Cao S, Wang LQ, 

Cheng S, Tan LT, Sun ZX, Zhou Y (2023) 

Isolation, identification, and biocontrol 

mechanisms of endophytic Burkholderia 

vietnamiensis C12 from Ficus tikoua Bur against 

Rhizoctonia solani. Biol Control 178: 105132. 

https://doi.org/10.1016/j.biocontrol.2022.10513

2. 

Miotto-Vilanova L, Jacquard C, Courteaux B, 

Wortham L, Michel J, Clément C, Sanchez L 

(2016) Burkholderia phytofirmans PsJN confers 

grapevine resistance against Botrytis cinerea via 

a direct antimicrobial effect combined with a 

better resource mobilization. Front Plant Sci 7: 

1236. https://doi.org/10.3389/fpls.2016.01236. 

Murthy NK and Bleakley BH (2012) Simplified 

method of preparing colloidal chitin used for 

screening of chitinase-producing 

microorganisms. The Internet Journal of 

Microbiology 10(2): 1-5. DOI:10.5580/2e87. 

Ngalimat MS, Mohd Hata E, Zulperi D, Ismail 

SI, Ismail MR, Mohd Zainudin NAI, Saidi NB, 

Yusof MT (2021) Plant growth-promoting 

bacteria as an emerging tool to manage bacterial 

rice pathogens. Microorganisms 9, 682. 

https://doi.org/10.3390/microorganisms904068

2. 

Phong NT (2018) Evaluating the effect of 

Burkholderia vietnamiensis CT1 bio-product on  

high-yield plants rice of OM4218 variety. 

CTUJoS 54(6): 29-34. (in Vietnamese). 

DOI:10.22144/ctu.jvn.2018.092. 

Phi A (2023) Current status of rice blast in 

Vietnam and future perspectives. OALib 10(11): 

1-17. https://doi.org/10.4236/oalib.1110636. 

Rais A, Shakeel M, Hafeez FY, Hassan MN 

(2016) Plant growth promoting rhizobacteria 

suppress blast disease caused by Pyricularia 

oryzae and increase grain yield of 

rice. BioControl 61: 769-780. 

https://doi.org/10.1007/s10526-016-9763-y. 

Riaz M, Kamran M, El-Esawi MA, Hussain S, 

Wang X (2021) Boron-toxicity induced changes 

in cell wall components, boron forms, and 

antioxidant defense system in rice 

seedlings. Ecotoxicol Environ Saf 216: 112192. 

https://doi.org/10.1016/j.ecoenv.2021.112192. 

Sha Y, Zeng Q, Sui S (2020) Screening and 

application of Bacillus strains isolated from 

nonrhizospheric rice soil for the biocontrol of 

rice blast. Plant Pathol J 36(3): 231. 

doi: 10.5423/PPJ.OA.02.2020.0028. 

Singh MK, Singh DP, Mesapogu S, Babu BK, 

Bontemps C (2011) Concomitant colonization of 

nifH positive endophytic Burkholderia sp. in rice 

(Oryza sativa L.) promotes plant growth. World 

https://doi.org/10.15625/vjbt-xxxxx
https://doi.org/10.1038/s41598-022-12472-2
https://doi.org/10.1007/s11274-010-0364-0
https://doi.org/10.1046/j.1432-1327.2001.02196.x
https://doi.org/10.1046/j.1432-1327.2001.02196.x
https://doi.org/10.1590/S0001-37652008000300009
https://doi.org/10.1590/S0001-37652008000300009
https://doi.org/10.1016/j.biocontrol.2022.105132
https://doi.org/10.1016/j.biocontrol.2022.105132
https://doi.org/10.3389/fpls.2016.01236
doi:10.5580/2e87
https://doi.org/10.3390/microorganisms9040682
https://doi.org/10.3390/microorganisms9040682
doi:10.22144/ctu.jvn.2018.092
https://doi.org/10.4236/oalib.1110636
https://doi.org/10.1007/s10526-016-9763-y
https://doi.org/10.1016/j.ecoenv.2021.112192
https://doi.org/10.5423%2FPPJ.OA.02.2020.0028


Nguyen Thi Thanh Loi et al. 

 

356 

J Microbiol Biotechnol 27: 2023-2031. 

https://doi.org/10.1007/s11274-011-0664-z. 

Singh RK, Malik N, Singh S (2013) Improved 

nutrient use efficiency increases plant growth of 

rice with the use of IAA-overproducing strains 

of endophytic Burkholderia cepacia strain 

RRE25. Microb Ecol 66: 375-384. 

https://doi.org/10.1007/s00248-013-0231-2. 

Spaepen S, Vanderleyden J, Remans R (2007) 

Indole-3-acetic acid in microbial and 

microorganism-plant signaling. FEMS 

Microbiol Rev 31: 425–448. 

https://doi.org/10.1111/j.1574-

6976.2007.00072.x. 

Van VT, Berge O, Ke SN, Balandreau J and 

Heulin T (2000) Repeated benefical effects of 

rice inoculation with a strain of Burkholderia 

vietnamiensis on early and late yield components 

in low fertility sulphate acid of Vietnam. Plant 

and Soil 218(1-2): 273-284. 

https://doi.org/10.1023/A:1014986916913. 

Wang X, Zhang X, Liu X, Huang Z, Niu S, Xu 

T, Zhu Y (2019) Physiological, biochemical and 

proteomic insight into integrated strategies of an 

endophytic bacterium Burkholderia 

cenocepacia strain YG-3 response to cadmium 

stress. Metallomics 11(7): 1252-1264. 

https://doi.org/10.1039/c9mt00054b. 

Wang D, Luo WZ, Zhang DD, Li R, Kong ZQ, 

Song J, ... & Chen JY (2023). Insights into the 

biocontrol function of a Burkholderia gladioli 

strain against Botrytis cinerea. Microbiology 

Spectrum, 11(2), e04805-

22. https://doi.org/10.1128/spectrum.04805-22. 

Xue L, Yang C, Jihong W, Lin L, Yuqiang Z, 

Zhitong J, Yanxin W, Zhoukun L, Lei F, Zhongli 

C (2022) Biocontrol potential of Burkholderia 

sp. BV6 against the rice blast fungus 

Magnaporthe oryzae. J Appl Microbiol 133(2): 

883-897. https://doi.org/10.1111/jam.15605. 

Yadav AN, Verma P, Singh B, Chauhan VS, 

Suman A, Saxena AK (2017) Plant growth 

promoting bacteria: biodiversity and 

multifunctional attributes for sustainable 

agriculture. Adv Biotechnol Microbiol 5(5): 1-

16. DOI: 10.19080/AIBM.2017.05.555671. 

Young LS, Hameed A, Peng SY, Shan YH, Wu 

SP (2013) Endophytic establishment of the soil 

isolate Burkholderia sp. CC-Al74 enhances 

growth and P-utilization rate in maize (Zea mays 

L.). Appl Soil Ecol 66: 40-47. 

https://doi.org/10.1016/j.apsoil.2013.02.001. 

Zhong Y, Hu J, Xia Q, Zhang S, Li X, Pan X, 

Zhao R, Wang R, Yan W, Shangguan Z, Hu F, 

Yang C, Wang W (2020) Soil microbial 

mechanisms promoting ultrahigh rice yield. Soil 

Biol Biochem 143: 107741. 

https://doi.org/10.1016/j.soilbio.2020.107741. 

Doty SL, Joubert PM, Firrincieli A, Sher AW, 

Tournay R, Kill C, ... & Okubara P (2022). 

Potential biocontrol activities of Populus 

endophytes against several plant pathogens 

using different inhibitory 

mechanisms. Pathogens, 12(1), 

13. https://doi.org/10.3390/pathogens12010013. 

Veliz EA, Martínez-Hidalgo P, Hirsch AM 

(2017). Chitinase-producing bacteria and their 

role in biocontrol. AIMS microbiology, 3(3), 

689. doi: 10.3934/microbiol.2017.3.689. 

Zeng Q, Man X, Huang Z, Zhuang L, Yang H, 

Sha Y (2023). Effects of rice blast biocontrol 

strain Pseudomonas alcaliphila Ej2 on the 

endophytic microbiome and proteome of rice 

under salt stress. Frontiers in Microbiology, 14, 

1129614. 

https://doi.org/10.3389/fmicb.2023.1129614. 

 

https://doi.org/10.1007/s11274-011-0664-z
https://doi.org/10.1007/s11274-011-0664-z
https://doi.org/10.1007/s00248-013-0231-2
https://doi.org/10.1007/s00248-013-0231-2
https://doi.org/10.1111/j.1574-6976.2007.00072.x
https://doi.org/10.1111/j.1574-6976.2007.00072.x
https://doi.org/10.1023/A:1014986916913
https://doi.org/10.1039/c9mt00054b
https://doi.org/10.1128/spectrum.04805-22
https://doi.org/10.1111/jam.15605
doi:%2010.19080/AIBM.2017.05.555671
https://doi.org/10.1016/j.apsoil.2013.02.001
https://doi.org/10.1016/j.soilbio.2020.107741
https://doi.org/10.3390/pathogens12010013
https://doi.org/10.3934%2Fmicrobiol.2017.3.689
https://doi.org/10.3389/fmicb.2023.1129614

