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Introduction

Rice (Oryza sativa L.) is one of the most important food

crop worldwide. The rice production system in the rice

fields depends on the quantity of technology intake

applied in farming such as selection of varieties, fertiliz-

ing, use of pesticides, use of agricultural machinery, and

irrigation [1]. Two types of agricultural farming systems

are organic system and nonorganic system. Organic

farming systems use compost material for fertilization

on agricultural land and have a minimum planting time

of nine times planting or 3 years with organic fertiliza-

tion [2]. Organic farming is considered as an agricultural

system that is able to provide food availability in a sus-

tainable manner because it is environmentally friendly

and produces food that has good quality and is safe for

health [1].

The difference in the agricultural model, which is the

Rhizoctonia solani is one of the major pathogens that cause sheath blight disease in rice. Sheath blight is

one of the most difficult diseases to control. Biological control (with the use of rhizobacteria) is one of the

ways to control this disease. Plant Growth Promoting Rhizobacteria (PGPR) is a rhizosphere bacterium

that can be used to enhance plant growth. The composition of the rhizobacteria in organic and nonorganic

soil is affected by the chemical characteristics of the soil - which influences plant physiology and root exu-

dation patterns. This study aimed to obtain a species of rhizobacteria which shows PGPR activity, from

organic and nonorganic rice fields and test their capability to suppress R. solani growth. Out of 23 isolates

screened for PGPR activity, the following isolates showed high PGPR activity and were selected for in vitro

antagonistic activity testing against R. solani: ISO6, ISO11, ISO15, ISN2, ISN3, and ISN7, The six isolates

produced 43,42−75,23 ppm of IAA, possessed phosphorus solubilization capability, and chitinase-producing

activity. ISO6 (54.88%) and ISN7 (83.33%) displayed high inhibition capacities against R. solani, in vitro.

ISO6 and ISN7 inhibited the growth of R. solani lesions on rice leaves by 89% and 100% (without lesion),

respectively, after 7 days of incubation. Analysis of their 16S rRNA sequences revealed that the ISO6 isolate

was Citrobacter freundii and ISN7 isolate was Pseudomonas aeruginosa.
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organic and nonorganic farming systems applied will

affect the world's biodiversity, including rhizobacteria

diversity. Bulluck and Ristaino [3] in their study found

that the total population of culturable bacteria, Pseudo-

monas fluorescence, and enteric bacteria was higher in

soil given the addition of organic fertilizer in the second

year than in soil with synthetic fertilizer. The research

supports the statement that in soil containing organic

material, one of which is organic fertilizer with high den-

sity will be overgrown with soil microorganisms with

high population [4].

The ability of plants to adapt to different environ-

ments is largely conditioned by rhizobacteria. Rhizobac-

teria will increase plant growth with a direct mechanism,

which are nutrient availability and nutrient uptake

mechanisms by increasing nitrogen fixation, dissolving

mineral nutrients, mineralization of organic compounds,

production of phytohormones [5] and hydrolytic enzymes

[6]. Some of plant-inhabiting microorganisms can sup-

press plant diseases through competition, predation or

antagonism against plant pathogens, or through induc-

tion of plant defense systems [7]. Rhizobacteria isolated

from plant surface, soil and rhizosphere have been

extensively used to improve plant health or increase

yield and control major crop diseases caused by various

fungal and bacterial diseases [8]. The use of Plant

Growth Promoting Bacteria (PGPR) has proved useful in

plant-growth promotion and disease control for various

crop diseases such as rice disease [9, 10]. 

Sheath blight is one of the most economically important

rice diseases worldwide, which is caused by the fungal

pathogen Rhizoctonia solani Kühn. Typical symptoms of

this disease are oval to irregular lesions with grayish

inner and dark brown margin colors on rice sheath and

leaf blades. This fungus leads to the damping of seed-

lings, black lessions on roots and destroys the stem when

plant parts come into contact with the soil [11]. The

pathogen can reduce plant growth by rotting the roots

and decrease the ability of the plants to take up water

and nutrients [12]. R. solani can survive in the soil in the

form of sclerotium and mycelium, that can make diffi-

cult to suppress its spread [13].

Utilization of potential antagonistic microbes originate

from rhizosphere areas that have antagonistic power

against soil-borne disease through antagonistic mecha-

nisms can be used to overcome problems of rice sheath

blight caused by R. solani that result in low rice produc-

tivity [14, 15]. Therefore, this research was conducted to

isolate PGPR from organic and nonorganic rice fields

that have PGPR activity, and to determine the inhibi-

tory activity of PGPR against R. solani.

Materials and Methods

Study area
Rice rhizosphere sampling was carried out in the agri-

cultural area of Bangun Jaya Village, Tomoni District,

East Luwu Regency, South Sulawesi. Soil physical and

chemical properties of organic and nonorganic rice fields

analyzed include total C, total N, C/N Ratio, P2O5 and K.

Soil samples were taken from Ciherang rice varieties.

The age of rice plants from 25−40 days after planting.

Sampling was conducted at the location of organic and

nonnorganic rice fields with a depth of 0−20 cm at three

points for each. Rice roots were observed at the Microbi-

ology Laboratory, Faculty of Biology, Universitas

Gadjah Mada, Yogyakarta.

Isolation of Rhizobacteria
Rhizosphere soil samples were put 10 g into the

Erlenmeyer flask containing 90 ml of aquadest and

homogenized with a shaker for 30 min at a speed of

100 rpm. Soil suspension then let stand for 2 min [16].

Rhizosphere soil suspension was taken 1 ml and made a

series of dilutions up to 10-8 dilutions, then the last three

dilutions were inoculated by the spread plate method on

NA medium. Then incubated for 48 h at 37℃. Further-

more, colonies with different characters (macroscopic

and microscopic) were observed and purified by the

streak plate method on the NA medium to obtain a sin-

gle colony.

Screening ability of bacteria as Plant Growth Promoting
Rhizobacteria (PGPR)

PGPR activity has been analyzed based on secreting

extracellular chitinase enzyme, phosphorus dissolving

and producing IAA.

Secretion of extracellular chitinase enzyme 
Chitinase production was tested by inoculating bacterial

isolates on chitin agar media containing 0.2% colloidal

chitin and incubated for 48 h at 24−28℃. The clear zone
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was formed then calculated chitinolytic index by com-

paring the diameter of the colony and the diameter of

the clear zone as in the following formula:

Phosphorus dissolution test
Test media was conducted on Pikovskaya's agar with

the addition of tri-calcium phosphate (TCP) as a phos-

phate source [17]. Furthermore, the bacteria were incu-

bated for 3 days at 28℃. Solubilization index (SI) was

calculation according to Premono et al. [18].

IAA ability test
Bacterial culture was planted in Nutrient Broth

medium supplemented with L-tryptophan (5 μg ml-1)

and incubated at 28℃ for 48 h. Centrifuged at 3000 rpm

for 30 min. Total of 1 ml of the supernatant from the

culture was taken and added with 2 ml of the salkwoski

reagent (1 ml 8.12% FeCl3.6H2O, 50 ml 35% HClO4 in a

dark bottle), then incubated at 28℃ for 25 min. Absor-

bance readings were carried out at 530 nm using a spec-

trophotometer. IAA concentrations in each sample were

determined by comparison with the IAA standard curve

[5]. The red color change indicates the ability of isolates

to produce indole suspension.

In vitro antifungal activity of PGPR
The in vitro inhibition of mycelium growth of R. solani

by the PGPR was tested on PDA medium. A small block

of agar with fungal growth was cut using sterile blade

and placed in the 3 cm from margin of a fresh PDA plate.

Test suspension bacteria (>108 cfu/ml) were streaked at

3 cm from fungal ends of the plate and incubate at

28 ± 2℃ for 7 days. The distance of the fungal colony

towards and away from the bacterial colony were noted.

The percentage of growth inhibition was calculated

using the following calculation:

% Inhibition= [(R − r)/R × 100]

Where, r is the distance of the fungal colony opposite

the bacterial colony and R is the maximum distance of

the fungal colony away from the bacterial colony [19].

The hyphal morphology of R. solani, grown in indirect

contact with PGPR isolates with high activities of inhibi-

tion, for seven days, was observed and analyzed by Scan-

ning Electron Microscopy (SEM). Mycelial samples were

fixed in a 4% glutaraldehyde solution for 24 h and

washed with phosphate buffer (pH = 7.2). Mycelial sam-

ples were then dehydrated in a gradient of ethanol (70%,

80%, 90% and absolute ethanols). Samples were subse-

quently dried with liquid CO2 for 15 min, incorporated to

aluminium stubs and sputter coated with 10-nm gold

layer using Denton Desk V sputter coater. The scanning

was performed with an accelerating voltage of 20 kV

[19]. 

Rhizoctonia solani inhibition by PGPR on rice leaf
The leaf was taken from a two-month-old rice plant of

the disease susceptible cultivar, and cut into 6 cm-long

pieces. The leaf pieces were surface-sterilized with 1%

sodium hypochlorite solution for 1 min and washed with

sterilized aquadest. The sterilized leaf pieces were then

placed on PDA in the petri plates. Overnight grown

rhiozbacteria culture in NB in a shaking incubator at

28 ± 2℃ at 200 rpm (>108 CFU/ml).

Each rhizobacteria cell suspension was spread on leaf

surfaces with a sterile cotton swab. A mycelium collected

from R. solani culture was placed on the center of each

leaf piece. Three leaves pieces were treated with each

rhizobacteria for three replications. Leaf pieces without

any rhizobacteria treatment and those treated with ster-

ilized aquadest were also included as controls. The petri

dishes containing rice leaf pieces placed with a myce-

lium were incubated at 25℃ for 7 days with 12 h-light

period per day [20]. The relative lesion length on a

detached leaf piece was calculated using the following

way [21]:

Relative Lesion Length (%) = 

Moleculer identification of rhizobacteria
The rhizobacteria isolates with the high activity

inhibition of R. solani were identified using 16S rRNA.

Isolates were grown on NB medium and incubated at

120 rpm shaker (28℃) for 24 h. DNA from isolates of

PGPR efficiently extracted. A quick-ZymocleanTM Gel

DNA Recovery Kit miniprep kit (Zymo Research, USA)

was used to isolate the bacterial DNA of that culture.

16S rRNA genes were amplified in thermocyler

(Eppendorf thermocycler) using 27F (forward primer)

dan 1492R (reverse primer) [22] under the following con-

Citinolitic Index
Clear Zone Diameter

Colony Bacteria Diameter
------------------------------------------------------------------------=

Lesion length cm( )

Leaf length cm( )
---------------------------------------------------- 100×
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ditions: initial denaturation at 95℃ (1 min), denatur-

ation at 96℃ (15 sec), annealing at 52℃ (30 sec), and

extension at 72℃ (45 sec) and hold 4℃. The process of

PCR (denaturation, annealing and extension) were con-

ducted for 35 cycles. Products reinforced were checked

for purity was migrated on a 2% agarose gel by electro-

phoresis technique at 100 V for 60 min. The DNA

sequences obtained were analyzed with basic sequence

alignment BLAST program and were run against the

database from NCBI (National Center for Biotechnology

Information Blast) at http://blast.ncbi.nlm.nih.gov. The

phylogenetic tree was constructed on the aligned data-

sets using the maximum likelihood method imple-

mented in the program MEGA version X.

Statistical analysis
All of the experiments of inhibition of R. solani were

repeated thrice under identical conditions. A one-way

ANOVA (analysis of variance) was applied to confirm

the significance of the data according to Duncan’s

multiple range test (DMRT) at p ≤ 0.05 using SPSS 21

software.

Results and Discussion

Isolation of rhizobacteria and soil analysis from organic
and nonorganic of rice field

Twenty-three rhizobacteria have been isolated from

organic and nonorganic rice fields had PGPR activity.

Fifteen isolates of rhizobacteria (ISO1, ISO2, ISO3,

ISO4, ISO5, ISO6, ISO7, ISO8, ISO9, ISO10, ISO11,

ISO12, ISO13, ISO14, and ISO15 isolates) were

obtained from organic rice fields, while eight rhizobacte-

ria isolates (ISN1, ISN2, ISN3, ISN4, ISN5, ISN6, ISN7,

Table 1. Functional diversity of rice plant rhizosphere bacteria from organic and nonorganic rice fields.

PGPR Isolates Gram Stain
Shape of 
Bacteria

Colony Colour on 
Nutrient

Agar

Colony size/ shape on 
Nutrient Agar

Chitinase 
Production

Phosphate 
solubilization 

ability

IAA 
production 

(ppm)

ISO1 Negative Bacilli Light yellow Small/irreguler - - 6.27

ISO2 Negative Bacilli Light white Large/rhizoid - - 20.66

ISO3 Positive Bacilli Off white Moderate/circular - + / 1.25 20.23

ISO4 Negative Streptobacilli Off white Small/circular - + / 1.2 23.85

ISO5 Positive Bacilli White Moderate/rhizoid - + / 1.3 20.06

ISO6 Negative Coccobacilli Off white shiny Small/circular + / 2.23 + / 1.76 63.42

ISO7 Positive Bacilli Light white Large/filamentous + / 1.4 + / 1.47 43.42

ISO8 Positive Streptobacilli Off white Moderate/irreguler + / 1.2 - 33.08

ISO9 Positive Bacilli White Moderate/punciform - + / 1.34 21.52

ISO10 Negative Bacilli Light white Small/circular + / 1.2 + / 1.42 21.87

ISO11 Positive Diplobacilli White Moderate/circular + / 2.1 + / 1.25 46.78

ISO12 Negative Bacilli White Small/circular + / 1.13 - 32.90

ISO13 Negative Bacilli Light yellow Moderate/circular - - 19.02

ISO14 Negative Streptobacilli Light brown Moderate/circular - - 18.68

ISO15 Positive Bacilli Light yellow Small/circular + / 2.26 + / 1.2 43.85

ISN1 Negative Coccus Yellow Moderate/circular - - 40.40

ISN2 Positive Diplobacilli Light green Small/circular + / 2.2 - 75.23

ISN3 Negative Bacilli Light brown Large/irregular + / 1.76 + / 2.97 68.51

ISN4 Negative Bacilli Light yellow Small/circular - - 25.15

ISN5 Positive Streptococcus Light yellow Small/circular - - 72.73

ISN6 Positive Streptobacilli White Small/circular + / 1.73 + / 3.86 51.09

ISN7 Negative Streptobacilli Shiny green Large/punciform + / 2.43 +/2.05 72.73

ISN8 Negative Coccobacilli Yellow Large/irreguler + / 1.43 + / 2.01 70.23
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ISN8) were isolated from nonorganic rice fields showed

different macroscopic and microscopic characters (Table

1). The two fields have differences in the inhibition of

disease-causing pathogens. Organic rice fields have a

higher inhibitory against plant pathogens due to the

high organic matter content compared to non-organic

rice fields. Bulluck and Ristaino [3] reported that R.

solani as a soil-borne pathogen can be suppressed by the

addition of compost, because it contains various groups

of bacteria, including those that are antagonistic to the

R. solani.

In this study, rhizobacteria from organic rice fields

were more diverse than those from nonorganic fields.

Santoso et al. [2] reported that ten colonies from organic

and nonorganic rice fields obtained showed different

morphological variations, nine of those were from the

organic rice field. These results (Table 2) are in accor-

dance with previous findings that soils containing high

density organic matter produce microorganisms with

high population [4]. The benefical microorganisms in

these conditions can play an optimal role in maintaining

the balance of the ecosystem naturally [3]. Degens et al.

[23] explains that low levels carbon in organic soil can

cause a decrease in the metabolic diversity of soil

microbes and only certain microbes can grow and mul-

tiply. 

Based on the results of the analysis of the two soil

samples from organic and nonorganic rice fields, the C/N

ratio in organic rice fields is low when compared to non-

organic rice fields. The average C/N ratio for organic and

nonorganic rice fields was 18,4433 and 34,0795, respec-

tively. The C/N ratio is a measure of the decomposition

process of organic matter, while bacteria are a compo-

nent that carries out its decomposition activities. The

value of the C/N ratio is a very sensitive indicator to see

the condition of soil fertility [24]. The higher the C/N

ratio value, the slower the rate of decomposition of soil

organic matter by microorganisms. The high C/N ratio

value indicates that the C value is greater than the N

value, this reflects the relatively low quality of the sub-

strate that has been decomposed. Laboratory incubation

studies have demonstrated that addition of litter with

high quality (low C:N ratio) [25] or litter with high solu-

ble C content [26] to soil led to an increase of microbial

biomass and activated a copiotrophic microbial commu-

nity (such as Gram-negative bacteria). Soil C:N ratio can

reflect the substrate quality for soil microorganism

growtshenh [27]. The lower the C/N ratio indicates

microbial activity in the soil, so the higher the PGPR

activity by rhizobacteria. Lupwayi et al. [28] reported

that the application of fungicides in nonorganic rice

Table 2. Soil composition of organic and nonorganic soils.

Sample Analysis Sample 1 Sample 2 Average

Organic Rice field C 3.6766% 3.6213% 3.64895%

N 0.1843% 0.2138% 0.19905%

C/N Ratio 19.949 16.9377 18.4433

P 0.1182% 0.1168% 0.1175%

K 0.0411% 0.0625% 0.0518%

Nonorganic Rice field C 3.4209% 3.5481% 3.4845%

N 0.1001% 0.1044% 0.10255%

C/N Ratio 34.174 33.985 34.0795

P 0.2793% 0.2783% 0.2788%

K 0.0889% 0.0946% 0.09175%

Fig. 1. Effect of Rhizobacteria on inhibition of R. solani
mycelium in vitro. Values followed by different alphabets indi-
cate statistically significant difference between treatment
(DMRT test; p ≤ 0.05). 
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fields changes the composition of the soil and disrupts

the structure and composition of soil microbes, including

organisms that are beneficial to plants such as PGPR,

bacteria play a role in the nutrient cycle which can

decompose organic matter so as to affect soil fertility,

regulate plant growth, and inhibits antagonistic micro-

organisms. Adriano et al. [29] stated that soil with the

addition of organic fertilizers would increase soil fertil-

ity, microbial PGPR activity and inhibition of plant

pathogens. Shen et al. [30] reported that the application

of organic fertilizers can also control Fusarium wilt dis-

ease in banana fields due to soil microbial populations.

Phosphorus content in organic rice fields has an aver-

age value of 0.1175% while in nonorganic rice fields has

an average value of 0.2788%. Degens et al. [23] reported

that low P nutrient status in plants can increase the

exudation of organic acids, especially oxalic acid and cit-

ric acid. These organic acids are then used by the phos-

phate solvent microbes as a substrate, so that the

population has increased along with the increasing num-

ber of these acids.

Screening ability of rhizobacteria as Plant Growth Pro-
moting Rhizobacteria (PGPR)

All isolates that had been tested for PGPR activity

showed different production of chitinase, phosphorus

dissolving, and IAA production. For all three assays,

each rhizobacterial suspensions containing 1 × 108 cells

ml-1 were used. Six rhizobacteria isolates were selected

with the highest PGPR activity and had three activities

including chitinase production, phosphorus dissolving,

and IAA production (Table 1). The PGPR promote plant

growth through more than one mechanism that includes

secretion of variety of growth stimulating hormones and

suppression of plant growth retarding agents, that are

pathogens. In vitro test of this study showed that all of

the six PGPR isolates from rice rhizosphere produce

growth promoting hormone IAA (ppm) from the highest

to the lowest are 75.23 (ISN2), 72.73 (ISN7), 68.51

(ISN3), 63.42 (ISO6), 46.78 (ISO11) and 43.85 (ISO15).

Among six isolates, four showed the ability to convert

insoluble P to dissolve ranging from 1.2 to 2.97 cm of

clear zone. Furthermore the six rhizobacterias have the

ability to produce chitinase with diameters (cm) of clear

zone produced by these isolates from the highest to the

lowest were 2.43 (ISN7), 2.26 (ISO15), 2.23 (ISO6), 2.2

(ISN2), 2.1 (ISN3) and 1.76 (ISN3).

Rhizobacteria have the ability to produce chitinase

enzymes, which can carry out hyperparasitic activity,

attacking pathogens by secreting enzymes to hydrolyze

pathogenic cell walls containing chitin [31]. Chitinase

activity has been shown to suppress pathogenic fungi

such as Sclerotium rolfiii, F. oxysporum, Phytophthora

sp., Rhizoctonia solani, and Pythium ultimum [32]. 

In vitro antifungal activity of PGPR
The six plant growth promoting rhizobacteria were

isolated and tested for antifungal potential against R.

solani. Some bacterial isolates were found to be highly

inhibitory of R. solani growth throught dual culture

assay whereas others showed mild activity or no activity

at all. This suggests that the mode of action exerted and

the type of antifungal metabolites produced by the iso-

lates vary [33]. The activity of inhibitory R. solani shown

on Table 3.

The results in vitro inhibition of mycelium growth of

R. solani by the PGPR isolates, ISO6, ISO11, ISO15,

ISN2, ISN3 and ISN7 tested on PDA medium are pre-

sented in Table 3. Among six isolates, maximum inhibi-

tion of R. solani mycelial growth was found by ISO6 and

Fig. 2. In vitro antagonism assay. (A) Control, (B) ISO6, (C) ISN7.
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ISN7 (Fig. 1). Control plates not treated with the PGPR

isolates were completely covered by the phytopathogen

showing no inhibition. The ISO6 treated plates showed

mycelium inhibition of 54.66% and ISN7 inhibited myce-

lium growth by 81.33% in other words they almost fully

inhibit fungal growth (Fig. 2). Observation by SEM

showed a curved shape of hyphae by ISO6 and shrunken

and lysis of hyphae by ISN7, which suggest the potential

of those rhizobacteria to inhibit R. solani (Fig. 3). Bor-

mann et al. [34] stated that the inhibitory activity of bac-

teria can also be built by the amount of chitinase enzyme

produced and the type of chitinase produced. The activ-

ity of inhibiting fungal growth is also by the ability of

bacteria to produce chitin-binding protein (chitin-

binding protein).

Rhizoctonia solani inhibition by PGPR on rice leaf
In vitro results of antagonistic activity rhizobacteria

against R. solani showed significant effect to control

lesion of leaf rice disease (Table 3). The inoculation by R.

solani (without PGPR) showed that leaf rice produced

100% lesion. Application of PGPR strains with R. solani

showed that the PGPR controlled the infection disease

at various degrees (Fig. 4). Symptoms of lesions that

appear on the leaves included necrotic wounds that were

elliptical in shape on the leaf surface, patches that were

oval-shaped, gray-green, and long in size [35]. Rhizobac-

teria have the ability to inhibit the growth of R. solani so

that it can reduce the severity of symptoms of leaf

lesions. ISO6 and ISN7 inhibited lesion growth of R.

solani on rice leaf by 89% and 100%, (without lesion),

respectively after 7 days of incubation (Fig. 5). The pre-

vious assay conducted by Shrestha et al. [20] showed less

inhibition of R. solani on rice leaf which are 75% by

RAB17S bacterial isolate.

Molecular identification of rhizobacteria
The Rhizobacteria ISO6 and ISN7 that had highest

activity of inhibition of R. solani were identified based on

the 16S rRNA gene. The results of PCR amplification of

16S rRNA gene from ISO6 isolate produced length frag-

ments of 1427 bp, whereas for ISN7 produced 1497 bp.

Table 3. Dual culture experiments and index of sheath
blight of rice in vitro.

Treatment

In vitro inhibition of 
R. solani mycelium on 

PDA media 
(% mycelium inhibition)

In vitro Leaf rice 
infection rate (0-5)/

Percentage of R. solani 
infection

Control - 0/0%

R. solani 0 5/100%

ISO6 54,66 2/11%

ISO11 11,33 4/53%

ISO15 31,33 2/22%

ISN2 45,66 2/8%

ISN3 52,33 2/7%

ISN7 81,33 0/0%

Fig. 3. Scanning electron microscopy of R. solani mycelium antagonized with ISO6 and ISN7 isolates after 7 days. Control
mycelium R. solani (A) was compared with mycelium indirectly exposed to bacteria-inoculated plates ISO6 (B) ISN7 (C). 

Fig. 4. Effect of Rhizobacteria on inhibition of leaves. Values
followed by different alphabets indicate statistically significant
difference between treatment (DMRT test; p ≤ 0.05). 
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BLAST results showed that ISO6 isolate had 99.38%

identity with Citrobacter freundii ATCC 8090 (Acc. No.

NR_117752.1) and ISN7 isolate had 99.37% identity

with Pseudomonas aeruginosa strain FC1384 (Acc. No.

MG871234.1) (data not shown), which were above 99%

and consider as the same species as those available

sequences from the NCBI [36]. Phylogenetic tree recon-

struction confirmed the identity of the species showed

that ISO6 clustered with C. freundii strains with the

bootstrap value of 91%, whereas ISN7 clustered with P.

aeruginosa strains with the bootstrap value of 99%. The

sequence of ISO6 and ISN7 sequences were not clus-

tered with Bacillus subtilis (Fig. 6). B. subtilis belongs to

the class Bacilli, while Pseudomonas and Citrobacter is

a member of the Gamma Proteobacteria class. B. subtilis

have been reported to have PGPR activity and can be

isolated from organic rice fields [2]. 

C. freundii is commonly found to be a member of the

soil microbiome. This microbe is plays an important role

in the nitrogen cycle in the environment. C. freundii is

responsible for reducing nitrate to nitrite in the environ-

ment. Some members of the species are nitrogen-fixing

and have been found in tissues of living sassafras trees

[37]. C. freundii has cellulolytic activity and potential to

be used for non-food applications [38]. The growth from

previous investigations revealed that the microorgan-

isms such as Citrobacter sp., P. aeruginosa are good to

remove heavy metals from contaminated soil [39]. The

uptake of lead by microorganisms capable of removing

toxic metals from sewage effluents and sludge. Pb-resis-

tant strains of C. freundii and S. aureus have also been

reported [40]. Currently there has never been published

Fig. 5. Inhibition of sheath blight lesion development by ISO6 (89%) and ISN7 (100%) after 7 days incubation. 

Fig. 6. Phylogenetic tree showing the position of ISO6 and ISN7 isolates compared to its related Cirobacter freundii strain
LMG 3246 and Pseudomonas aeruginosa strain FC1384. Numbers at the nodes indicate the percentage of bootstrap values based
on 1000 replicates. 
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reports about the potential of C. freundii as a biocontrol

of plant pathogens including R. solani. C. freundii can be

one of the new studies on the potential as biocontrol,

especially in inhibition of R. solani which causes sheath

blight of rice. This research can increase knowledge about

other benefits of C. freundii.

Mahwish et al. [41] reported that the genera Pseudo-

monas was the most dominant and most commonly

found in various plant studies. Hayat et al. [32] also

reported that Bacillus, Enterobacter, Pseudomonas, and

Serratia sp. were very good PGPRs with PGP properties

such as IAA production, phosphate dissolution, and N2

fixation and were also used for crop production as bioin-

oculants. Lavakush et al. [42] has reported P. aeruginosa

shows positive for growth inhibition of R. solani with

inhibition range was varied from 6 to 15 mm at 3 and 6

days incubation. Several studies have demonstrated

that production of lytic enzyme by Pseudomonas strains

was most effective in controlling the plant root patho-

gens including F. oxysporum f. sp ciceris and R. solani

[43]. In conclusion, ISO6 isolate identified as Citrobacter

freundii from organic rice field and ISN7 isolate identi-

fied as P. aeruginosa from nonorganic rice field appears

to be the most potential biocontrol agents for R. solani,

the pathogen of rice sheath blight with inhibition of

sheath blight symptom on rice leaves by 89 to 100%.
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