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Potential of Bacillus subtilis potato isolate as biocontrol agent of
Xanthomonas oryzae pv. oryzae and candidate for nanosuspension
formula

Abstract. Bacillus subtilis potato isolate was able to be an antagonist of plant pathogens. The aims of this study were (1) to examine
the potential of potato isolate B. subtilis as a control for Xanthomonas oryzae pv. oryzae (Xoo) as a pathogen rice bacterial leaf blight,
(2) determine the inhibition mechanism of their isolates, (3) Evaluating the best B. subtilis to make nanosuspension formula. The
method was carried out in a completely randomized design with 5 treatments of B. subtilis potato isolates B46, B209, B211, B298 and
B315, repeated 4 times. Xoo and five B. subtilis were grown in nutrient broth medium in a shaker. Xoo and B. subtilis were grown in
yeast extract peptone glucose agar medium by the diffusion method. Xoo was inoculated on medium, suspension of B. subtilis was
immersed in 5 mm diameter filter paper and placed on the medium. The best B.subtilis as a controller was used to formulate into
nanosuspension. The variables are zone of inhibition, inhibition mechanism and antibiosis index. The results showed that only three B.
subtilis were able to inhibit the growth of Xoo, namely isolates of B211, B298 and B315 with the largest inhibition zone being 10 mm
by B. subtilis B315 isolates. The mechanism of inhibition of the three isolates of B. subtilis against Xoo was bacteriostatic. The
antibiosis index of B. subtilis B315 against Xoo was 1 (strong). The selected B. subtilis B315 was developed as a nanosuspension
formula with inhibition zone of 2.1 mm and antibiosis index was 0.42.
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INTRODUCTION

Bacillus subtilis is known as a useful bacterium that can be used as an antagonist against plant pathogens. B. subtilis
can be explored from soil, water, air, plant surfaces and endophytes from plant tissues such as roots, stems, sheath, and
leaves. B. subtilis is an antagonistic bacterium that is Gram positive, rod-shaped, 7-8 x 2-3 um, flagellated, aerobic, not
encapsulated, have endospores that are ovoid to cylindrical, measuring 0.6-0.9 x 1.0-1.5 pm, thin walled. Spores are
formed generally within 24 hours (Gordon et al. 1973). One of the strong characteristics bacteria are classified into
Bacillus is their ability to form endospores under extreme conditions. Based on the endospore morphology, Bacillus can
be divided into 3, namely: (I) oval or cylindrical spores located in the middle, subterminal or terminal, swollen rods, or not
swollen, (I1), oval, slightly cylindrical spores, subterminal or terminal, stems do not swell, (II) spores are spherical,
subterminal or terminal, rods are swollen (Chun and Vidaver 2001).

B. subtilis isolated from potato rhizosphere, has been selected to obtain five superior isolates, there are B. subtilis B46,
B209, B211, B298 and B315. Molecularly Bacillus isolates B46, B209, B211, B298 are homologous to B. subtilis subsp.
spizizeni RRLKEZ2, while B315 is homologous to B. subtilis strain WIFD5 (Prihatiningsih et al. 2020a). B. subtilis potato
isolate has been tested for control of bacterial wilt disease by Ralstonia solanacearum of potatoes, tomatoes, tobacco, and
chilies. Control effectiveness varies both in the greenhouse and in different fields. This shows that its effectiveness
depends on weather conditions, plant age and population density of B. subtilis.

Control of potato R. solanacearum with B. subtilis B315 was 64.9% effective, while tomato, chili and eggplant in the
lowlands reached 74.6% with a population density of 108 cfu.mL (Prihatiningsih, 2013; Prihatiningsih and Djatmiko,
2016). B. subtilis is also reported to be able to produce IAA (Indole Acetic Acid) in the range of 57.56-79.33 ppm, that
stimulate plant growth (Prihatiningsih et al. 2020b). Bacillus spp. consortium indigenous can control Colletotrichum
capsici and increase chili growth (Yanti et al. 2020). B. amyloliquefaciens can reduce the incidence of tomato bacterial
wilt, suppress the population of R. solanacearum and improve the growth of tomato plants (Singh et al. 2016).

The mechanism of controlling pathogens by Bacillus is antibiosis, which is to inhibit pathogens by producing
compounds such as antibiotics, enzymes, and other volatile compounds. In vitro testing of mechanism character antibiosis
is characterized by the formation of a clear zone around the antagonist colony. The liquid formula of B. subtilis B315 as a
controller of R. solanacearum in vitro showed the effectiveness with an inhibition zone of 18 mm with an antibiosis
inhibition mechanism indicated by the enzymes amylase, chitinase and proteases produced (Prihatiningsih and Djatmiko
2016; Lestari et al. 2017; Prihatiningsih et al. 2020b; Prihatiningsih et al. 2021).
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Based on the ability of these B. subtilis potato isolate, in this study it was cross tested to another plants, against
Xanthomonas oryzae pv. oryzae which causes bacterial leaf blight of rice. Evaluation of pathogen inhibition by
antagonistic bacteria can be measured by the size of the inhibition zone, such as measuring the diameter of the clear zone
to calculating the area of the inhibition potential. Thus according to these data, an antibiotic index can be calculated. The
mechanism of antagonistic bacteria inhibiting pathogenic bacteria is bacteriostatic and bactericidal (Goto 1992).

Rice bacterial leaf blight caused by X. oryzae pv. oryzae (X00) is an important disease and has long been recognized as
a bacterial disease of rice in Asia (Nagvi gt al. 2014) thoroughly in several locations of rice cultivation. Yield losses varied
up to 20% under moderate conditions and more than 50% in conducive conditions to disease development such as
varieties, plant growth stages and weather conditions. This bacterial rice blight disease was once an epidemic during 1998
in the Palakkad area of Kerala and since then several proportions have been observed each year (Swamy et al. 2006; Kala
et al. 2015). Several disease management strategies used to solve these problems such as using resistant plants based on a
single gene (monogenic), hence break its resistance gradually.

Symptoms of bacterial leaf blight caused elongated spots starting from the tips of the leaves are white to gray with
irregular wavy edges, dry, occurring during the vegetative period of the plant called crackle symptoms, and during the
generative period of the plant the symptoms are called blight (Shanti et al. 2010; Lia 2018). If the pathogen attacks the
plant approaching mature, the leaves turn pale yellow. So far, there is no control yet to solve this Xoo attack problem.
Based on the description above, it is necessary to carry out a biological control with B. subtilis.

Nanoparticles are one of the pesticide formulations with nano technology, also known as nanobiopesticides.
Nanobiopesticides can be in the form of nanosuspensions, nanoemulsions and nanoparticles (Lade et al. 2019) which have
been developed since the 19™ century, but have only been noticed since 1959. Nanotechnology in the field of plant disease
management can be used for disease diagnosis and detection of pathogens, evaluation of pathogens suppression, and
pesticides reformulating. Application and effectiveness of plant disease control using nanobiopesticides is application to
soil, seeds or leaves to protect plants from pathogen invasion (Alghuthaymi et al. 2015). Nanotechnology has advantages
as pesticides by reducing the toxicity, improve shelf-life and solubility of pesticides that are less soluble in water, and have
a positive effect on plants and the environment (Worrall et al. 2018).

The aims of this study were (1) to test of the potential B. subtilis potato isolate as a control for X. oryzae pv. oryzae
pathogenic rice bacterial leaf blight, (2) determine the suppression mechanism of B. subtilis potato isolate against Xoo, (3)
Evaluating the best B. subtilis potato isolate to make a nanosuspension formula.

MATERIALS AND METHODS
Preparation of bacteria
The research materials used were B. subtilis B46, B209, B211, B298 and B315 potato isolates (Prihatiningsih
collection) were growth in yeast peptone glucose agar (YPGA), Xoo in Sucrose Peptone Agar (SPA), and they were
growth in nutrient broth (NB) for dual culture inhibition test. Xoo bacteria isolate from rice field at Karangwangkal
Purwokerto. The research was performed from February to June 2021. All the experiments at the Plant Protection
Laboratory, Faculty of Agriculture Universitas Jenderal Soedirman (UNSOED) Purwokerto.

Bacterial antagonist test of B. subtilis against Xoo

Five isolates of B. subtilis from potato rhizosphere, namely B. subtilis B46, B209, B211, B298 and B315 were tested
for their inhibition against Xoo by the agar diffusion method using filter paper with a diameter of 5 mm according to the
method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was grown on NB medium shaken at 150 rpm at
room temperature for 24 hours. Bacterial density Xoo 108cfu/mL was inoculated by pour plate on YPGA medium. The 5
mm diameter filter paper was dripped with 10 pL suspension, then placed on the YPGA medium in 3 parts. The clear zone
formed around the filter paper indicated the inhibition of Xoo growth.

Evaluation of inhibition mechanism
To evaluate the ability of antagonistic bacteria to inhibit Xoo the percentage of inhibition was detemined by the
inhibition zone formed. Determination of inhibition using the method of Balouiri et al. (2016) by measuring the diameter

of the clear zone, and the diameter of the colony (Figure 1). Inhibition measurement (P) was performed after 24 hours.
P = {diameter of clear zone (A) - diameter of bacterial colony (B)} (Balouiri et al. 2016)

—. ”’

Figure 1. Antibiotic index measurement.
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(A). Diameter of the clear zone, (B). diameter of the colony or filter paper

Antibiosis index

The antibiosis index was determined according to the enzyme index using the formula for measuring the chitinolytic
index refer to (Halimahtussadiyah et al. 2017) or phosphate solvent produced by antagonistic bacteria, by measuring the
diameter of the clear zone, and the diameter of the colony using the following formula:

(diameter of clear zone - diameter of bacterial colony)
Al =

diameter of bacterial colony

or
Al = (A-B) : B (Halimahtussadiyah et al. 2017)
(A). Diameter of the clear zone, (B). diameter of the colony or filter paper

According to Azizah (2017), determination of the inhibition category grouped based on the index of inhibition or index of
antibiosis, namely:

a. Very Strong (>2.0) with symbol (+++)

b. Strong (1.0 — 1.9) with symbol (++)

c. Weak (0.1 — 0.9) with the symbol (+)

d. Has no antagonistic ability (0.0) with the symbol (-)

Preparation of nanosuspension formula from supernatant of selected Bacillus subtilis

B. subtilis B315 was grown in NB medium, shaken 2x24 hours at 150 rpm at room temperature, then centrifuged at
3000 rpm for 15 minutes at room temperature, the supernatant obtained was used as the active ingredient. Chitosan was
dissolved in 1% acetic acid. 0.5 mL of B. subtilis B315 supernatant was put into a microcentrifuge tube containing 490 pL
of chitosan solution in 1% acetic acid pH 4.0-5.0, shaken with a vortex for 20 seconds. The homogeneous mixture was
added with 10 pL of 0.1% tripolyphosphate (TPP) solution and continuing homogenized by vortex for 20 seconds. The
nanoparticle preparation was performed characterized, the morphology, the particle size and the distribution of particle
size.

Evaluation of inhibition effect of B. subtilis supernatant nanosuspension formula to suppress Xoo

The inhibition of B. subtilis supernatant in nanosuspension formula against Xoo was determined by agar diffusion
method using filter paper according to the method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was
grown on NB medium shaken at 150 rpm at room temperature for 24 hours. Bacterial density Xoo 10%cfumL;® was
inoculated on YPGA medium. The 5 mm diameter filter paper was dripped with nanosuspension formula, then placed in
the YPGA medium in 3 parts. The clear zone around the filter paper showed the effect inhibition of B. subtilis supernatant
nanosuspension formula to suppress Xoo (Balouiri et al. 2016).

Data analyses
Data were analysis by descriptive methods and comparative to references. The results were expressed as the mean + sd of
mean. Raw data were imported to Microsoft Excel program for graphical representation.

RESULTS AND DISCUSSION

Inhibition assay of Bacillus subtilis. to Xoo

The results of this study included the selection of 5 isolates of B. subtilis (B46, B209, B211, B298 and B315) to be able
to determine which isolates would be formulated into nanoparticles for the next research stage. Selection of B. subtilis
against pathogenic bacteria Xoo is shown in Table 1 and Figure 2. B. subtilis B315 isolate was highest with 10+0.12 mm
inhibition zone than another isolates.

Table 1. Inhibition of five isolates of B. subtilis against Xoo

B. subtilis isolate Inhibition Zone (mm) Inhibition mechanism
B46 - -
B209 - -
B211 9+0.14 bacteriostatic
B298 8+0.12 bacteriostatic
B315 10+0.12 bacteriostatic
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Figure 2. Inhibition of B. subtilis against Xoo

The mechanism of inhibition of B. subtilis against Xoo is bacteriostatic antibiosis, it’s mean B. subtilis only able to
inhibit the growth of Xoo but it is not lethal effect. It was demonstrated by the cloudy peptone water which indicated that
Xoo was still growing, while the bactericidal mechanism occurred when the peptone water remained clear or it’s as same
as the control (Figure 3), which was a lethal. The bacteriostatic mechanism of these five B. subtilis isolates was also shown
against the pathogenic bacterium Ralstonia solanacearum that causes potato bacterial wilt disease (Prihatiningsih 2013).

Ty

Figure 3. Bacteriostatic mechanism of three isolates B. subtilis to Xoo

Antibiosis index

The highest antibiosis index was shown by isolate B. subtilis B315 of 1 and according to the category of inhibition
index it was strong (++) (Figure 4). This result indicates that B. subtilis B315 from potato rhizosphere has good prospects
to be developed as a biological agent for biopesticides to control pathogenic bacteria not only in the habitat of R.
solanacearum which causes potato bacterial wilt, but also against Xoo which causes rice bacterial leaf blight. B. subtilis
isolates B46 and B209 in the inhibition test against potato R. solanacearum were able to inhibit, but after cross-testing
against rice pathogenic bacteria the two isolates were unable to inhibit (-).

Antibiosis index is useful as an indicator that bacteria are capable of being antagonists against pathogens, both bacteria
and fungi. Bacteria are able to control pathogenic fungi by producing the enzyme chitinase as an inhibitory mechanism
since this enzyme degrades the cell walls of pathogenic fungi which consists mostly of chitin (Halimahtussadiyah et al.
2017). Chitinase activity of B. subtilis B298 was detected at 15 hours of incubation, optimum temperature of 40°C and

optimum pH of 5.0, respectively, at 6.936 UmL?, 5.764 U.mL* and 6.813 U.mL* (Lestari et al. 2017). B. subtilis also

produce proteases and siderophores hence able to inhibit pathogenic bacteria such as rice Xoo and potato R. solanacearum
(Prihatiningsih et al. 2017; Prihatiningsih et al. 2021).
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Figure 4. Antibiosis index of the five isolates of B. subtilis against Xoo,

Nanosuspensi formula of B. subtilis B315 supernatant to control Xoo

The inhibition of Xoo growth by nanosuspension formula of B. subtilis B315 supernatant was 2.1 mm (Figure 5) in
diameter and in accordance with Marcic et al. (2018) that B. subtilis can suppress X. vesicatoria in tomatoes with an
inhibition zone of 5-9 mm but without in nanosuspension formula. The antibiosis index of this nanosuspension formula
was 0.41 (+) which was classified as inhibiting but weak. The mechanism of inhibition is strong bacteriostatic because the
zone formed is clearer than B subtilis B315 without nanosuspension (Figure 2 and 5).

Figure 5. Inhibition of nanosuspension formula of B. subtilis B315 against Xoo (A) and its bacteriostatic mechanism (B).

In conclusion B. subtilis B315 is an isolate of Bacillus from potato rhizosphere that could suppresses Xoo in vitro with
an antibiosis index was 1 and is categorized strong. The mechanism of inhibition is bacteriostatic antibiosis, which only
inhibits the growth of Xoo bacteria and it is not a lethal effect. B. subtilis B315 supernatant nanosuspension formula was
able to inhibit Xoo with an antibiosis index of 0.42 (+). The nanosuspension formula was prospective to developed as
biocontrol against Xoo and bacterial leaf blight on fields.
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Potential of Bacillus subtilis potato isolate as biocontrol agent of
Xanthomonas oryzae pv. oryzae and candidate for nanosuspension
formula

Abstract. Bacillus subtilis potato isolate was able to be an antagonist of plant pathogens. The aims of this study were (1) to examine
the potential of potato isolate B. subtilis as a control for Xanthomonas oryzae pv. oryzae (Xoo) as a pathogen rice bacterial leaf blight,
(2) determine the inhibition mechanism of their isolates, (3) Evaluating-evaluating the best B. subtilis to make nanosuspension formula.
The method was carried out in a completely randomized design with 5 treatments of B. subtilis potato isolates B46, B209, B211, B298
and B315, repeated 4 times. Xoo and five B. subtilis were grown in nutrient broth medium in a shaker. Xoo and B. subtilis were grown in
yeast extract-peptone glucose agar medium by the diffusion method. Xoo was inoculated on medium, and then a 5 mm diameter filter
paper immersed with suspension-of B. subtilis suspension was immersed-in-5-mm-diameterfilter-paper-and-placed on the medium. The
best B.subtilis as a controller was used to formulate into nanosuspension. The variables are-were zone of inhibition, inhibition
mechanism and antibiosis index. The results showed that only three B. subtilis were able to inhibit the growth of Xoo, namely isolates-of
B211, B298 and B315 isolates. with-the-The fargest-highest (10 mm) inhibition zone beirg-10-mm- was recorded by B. subtilis B315
isolates. The mechanism of inhibition of the three isolates of B. subtilis against Xoo was bacteriostatic. The antibiosis index of B. subtilis
B315 against Xoo was 1 (strong). The selected B. subtilis B315 was developed as a nanosuspension formula with inhibition zone of 2.1
mm and antibiosis index was 0.42.

Key words: Antagonist, antibiosis, nanosuspension, Xanthomonas oryzae,

INTRODUCTION

Bacillus subtilis is known as a useful bacterium that can be used as an antagonist against plant pathogens. B. subtilis
can be explored from soil, water, air, plant surfaces and endophytes from plant tissues such as roots, stems, sheath, and
leaves. B. subtilis is an antagonistic bacterium that is Gram positive, rod-shaped, 7-8 xx 2-3 um, flagellated, aerobic, not
encapsulated, have endospores that are ovoid to cylindrical, measuring 0.6-0.9 xx 1.0-1.5 um, thin walled. Spores are
formed generally within 24 hours (Gordon et al. 1973). One of the strong characteristics bacteria are classified into
Bacillus is their ability to form endospores under extreme conditions. Based on the endospore morphology, Bacillus can
be divided into 3, namely: (I) oval or cylindrical spores located in the middle, subterminal or terminal, swollen rods, or not
swollen, (I1), oval, slightly cylindrical spores, subterminal or terminal, stems do not swell, (I1l) spores are spherical,
subterminal or terminal, rods are swollen (Chun and Vidaver 2001).

B. subtilis isolated from potato rhizosphere, has been selected to obtain five superior isolates, there are B. subtilis B46,
B209, B211, B298 and B315. Molecularly Bacillus isolates B46, B209, B211, B298 are homologous to B. subtilis subsp.
spizizeni RRLKEZ2, while B315 is homologous to B. subtilis strain WIFD5 (Prihatiningsih et al. 2020a). B. subtilis potato
isolate has been tested for control of bacterial wilt disease by Ralstonia solanacearum of potatoes, tomatoes, tobacco, and
chilies. Control effectiveness varies both in the greenhouse and in different fields. This shows that its effectiveness
depends on weather conditions, plant age and population density of B. subtilis.

Control of potato R. solanacearum with B. subtilis B315 was 64.9% effective, while tomato, chili and eggplant in the
lowlands reached 74.6% with a population density of 108 cfu.mL* (Prihatiningsih, 2013; Prihatiningsih and Djatmiko,
2016). B. subtilis is also reported to be able to produce IAA (Indole Acetic Acid) in the range of 57.56-79.33 ppm, that
stimulate plant growth (Prihatiningsih et al. 2020b). Bacillus spp. consortium indigenous can control Colletotrichum
capsici and increase chili growth (Yanti et al. 2020). B. amyloliquefaciens can reduce the incidence of tomato bacterial
wilt, suppress the population of R. solanacearum and improve the growth of tomato plants (Singh et al. 2016).

The mechanism of controlling pathogens by Bacillus is antibiosis, which is to inhibit pathogens by producing
compounds such as antibiotics, enzymes, and other volatile compounds. In vitro testing of mechanism character antibiosis
is characterized by the formation of a clear zone around the antagonist colony. The liquid formula of B. subtilis B315 as a
controller of R. solanacearum jn vitro showed the effectiveness with an inhibition zone of 18 mm with an antibiosis
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inhibition mechanism indicated by the enzymes amylase, chitinase and proteases produced (Prihatiningsih and Djatmiko
2016; Lestari et al. 2017; Prihatiningsih et al. 2020b; Prihatiningsih et al. 2021).

Based on the ability of these B. subtilis potato isolate, in this study it was cross tested to another plants, against
Xanthomonas oryzae pv. oryzae which causes bacterial leaf blight of rice. Evaluation of pathogen inhibition by
antagonistic bacteria can be measured by the size of the inhibition zone, such as measuring the diameter of the clear zone
to calculating the area of the inhibition potential. Thus according to these data, an antibiotic index can be calculated. The
mechanism of antagonistic bacteria inhibiting pathogenic bacteria is bacteriostatic and bactericidal (Goto 1992).

Rice bacterial leaf blight caused by X. oryzae pv. oryzae (X00) is an important disease and has long been recognized as
a bacterial disease of rice in Asia (Naqgvi gt al. 2014) thoroughly in several locations of rice cultivation. Yield losses varied
up to 20% under moderate conditions and more than 50% in conducive conditions to disease development such as
varieties, plant growth stages and weather conditions. This bacterial rice blight disease was once an epidemic during 1998
in the Palakkad area of Kerala and since then several proportions have been observed each year (Swamy et al. 2006; Kala
et al. 2015). Several disease management strategies used to solve these problems such as using resistant plants based on a
single gene (monogenic), hence break its resistance gradually.

Symptoms of bacterial leaf blight caused elongated spots starting from the tips of the leaves are white to gray with
irregular wavy edges, dry, occurring during the vegetative period of the plant called crackle symptoms, and during the
generative period of the plant the symptoms are called blight (Shanti et al. 2010; Lia 2018). If the pathogen attacks the
plant approaching mature, the leaves turn pale yellow. So far, there is no control yet to solve this -Xoo attack problem.
Based on the description above, it is necessary to carry out a biological control with B. subtilis.

Nanoparticles are one of the pesticide formulations with nano—technology, also known as nanobiopesticides.
Nanobiopesticides can be in the form of nanosuspensions, nanoemulsions and nanoparticles (Lade et al. 2019) which have
been developed since the 19™ century, but have only been noticed since 1959. Nanotechnology in the field of plant disease
management can be used for disease diagnosis and detection of pathogens, evaluation of pathogens suppression, and
pesticides reformulating. Application and effectiveness of plant disease control using nanobiopesticides is application to
soil, seeds or leaves to protect plants from pathogen invasion (Alghuthaymi et al. 2015). Nanotechnology has advantages
as pesticides by reducing the toxicity, improve shelf-life and solubility of pesticides that are less soluble in water, and have
a positive effect on plants and the environment (Worrall et al. 2018).

The aims of this study were (1) to test of the potential B. subtilis potato isolate as a control for X. oryzae pv. oryzae
pathogenic rice bacterial leaf blight, (2) determine the suppression mechanism of B. subtilis potato isolate against Xoo, (3)
Evaluating-evaluating the best B. subtilis potato isolate to make a nanosuspension formula.

MATERIALS AND METHODS

Preparation of bacteria

The research materials used were B. subtilis B46, B209, B211, B298 and B315 potato isolates (Prihatiningsih
collection) that were grewth-grown in yeast peptone glucose agar (YPGA), X00 in Suerese-sucrose Peptene-peptone Agar
agar (SPA), and further they were growth-grown in nutrient broth (NB) for dual culture inhibition test. Xoo bacteria isolate
was collected from rice field at Karangwangkal Purwokerto. The research was performed from February to June 2021. All
the experiments at the Plant Protection Laboratory, Faculty of Agriculture Universitas Jenderal Soedirman (UNSOED)
Purwokerto.

Bacterial antagonist test of B. subtilis against Xoo

Five isolates of B. subtilis from potato rhizosphere, namely B. subtilis B46, B209, B211, B298 and B315 were tested
for their inhibition against Xoo by the-agar diffusion method using filter paper with a diameter of 5 mm according to the
method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was grown on NB medium shaken at 150 rpm at
room temperature for 24 hours. Bacterial density Xoo 108cfu/mL was inoculated by pour plate on YPGA medium. The 5
mm diameter filter paper was dripped with 10 pL suspension, then placed on the YPGA medium in 3 parts. The clear zone
formed around the filter paper indicated the inhibition of Xoo growth.

Evaluation of inhibition mechanism

To evaluate the ability of antagonistic bacteria to inhibit Xoo the percentage of inhibition was detemined determined by
the inhibition zone formed. inati i itiop-Inhibition was determined using the method of Balouiri et al.
(2016) by measuring the diameter of the clear zone, and the diameter of the colony (Figure 1). Inhibition measurement (P)
was performed after 24 hours.

P = {diameter of clear zone (A) - diameter of bacterial colony (B)} (Balouiri et al. 2016)
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Figure 1. Antibiotic index measurement.
(A). Biameterdiameter of the clear zone, (B). diameter of the colony or filter paper

Antibiosis index

The antibiosis index was determined according to the enzyme index using the formula for measuring the chitinolytic
index refer to (Halimahtussadiyah et al. 2017) or phosphate solvent produced by antagonistic bacteria, by measuring the
diameter of the clear zone, and the diameter of the colony using the following formula:

(diameter of clear zone - diameter of bacterial colony)
Al =

diameter of bacterial colony

or
Al = (A-B) : B (Halimahtussadiyah et al. 2017)
(A). Biameter-diameter of the clear zone, (B). diameter of the colony or filter paper

According to Azizah (2017), determination of the inhibition category grouped based on the index of inhibition or index of
antibiosis, namely:

a. Very Strong (>2.0) with symbol (+++)

b. Strong (1.0 — 1.9) with symbol (++)

¢. Weak (0.1 — 0.9) with the symbol (+)

d. Has no antagonistic ability (0.0) with the symbol (-)

Preparation of nanosuspension formula from supernatant of selected Bacillus subtilis

B. subtilis B315 was grown in NB medium, shaken 2xx24 hours at 150 rpm at room temperature, then centrifuged at
3000 rpm for 15 minutes at room temperature, the supernatant obtained was used as the active ingredient. Chitosan was
dissolved in 1% acetic acid. 0.5 mL of B. subtilis B315 supernatant was put into a micro_centrifuge tube containing 490 pL
of chitosan solution in 1% acetic acid pH 4.0-5.0, shaken with a vortex for 20 seconds. The homogeneous mixture was
added with 10 pL of 0.1% tripolyphosphate (TPP) solution and continuing homogenized by vortex for 20 seconds. The
nanoparticle preparation was performed characterized, the morphology, the particle size and the distribution of particle
size.

Evaluation of the irhibitien-inhibitory effect of B. subtilis supernatant nanosuspension formula to suppress Xoo

The inhibition of B. subtilis supernatant in nanosuspension formula against Xoo was determined by agar diffusion
method using filter paper according to the method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was
grown on NB medium shaken at 150 rpm at room temperature for 24 hours. Bacterial density of Xoo (10%cfumL®) was
inoculated on YPGA medium. The 5 mm diameter filter paper was dripped with nanosuspension formula, then placed in
the YPGA medium in 3 parts. The clear zone around the filter paper showed the effect inhibition of B. subtilis supernatant
nanosuspension formula to suppress Xoo (Balouiri et al. 2016).

Data analyses analysis
Data were analysis by descriptive methods and comparative to references. The results were expressed as the mean + sd of
mean. Raw data were imported to Microsoft Excel program for graphical representation.

RESULTS AND DISCUSSION

Inhibition assay of Bacillus subtilis- to Xoo

The results of this study included the selection of 5 isolates of B. subtilis (B46, B209, B211, B298 and B315) to be able
to determine which isolates would be formulated into nanoparticles for the next research stage. Selection-of B—subtilis
against-pathogenic-bacteriaXoo-is-shown-in-Table-1and-Figure2—Result revealed that B. subtilis B315 isolate was-showed
highest (10+0.12 mm) with-10+0-22 mm-inhibition zone than another isolates (Table 1 and Figure 2).

Table 1. Inhibition of the five isolates of B. subtilis against Xoo

B. subtilis isolates, Inhibition Zere-zone (mm) Inhibition mechanism
B46 - -
B209 - -
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B211 9+0.14 bacteriostatic
B298 8+0.12 bacteriostatic
B315 10+0.12 bacteriostatic

Figure 2. Inhibition of B. subtilis against Xoo

The mechanism of inhibition of B. subtilis against Xoo is-was bacteriostatic antibiosis, it’s mean that B. subtilis only
able to inhibit the growth of Xoo but it is-was not lethal effect. It was demonstrated by the cloudy peptone water which
indicated that Xoo was still growing, while the bactericidal mechanism occurred when the peptone water remained clear or
it’s as same as the control (Figure 3), which was a lethal. The bacteriostatic mechanism of these five B. subtilis isolates
was also shown against the pathogenic bacterium Ralstonia solanacearum that causes potato bacterial wilt disease
(Prihatiningsih 2013).

W

Figure 3. Bacteriostatic mechanism of three isolates of B. subtilis te-against Xoo

Antibiosis index

The highest antibiosis index was shown by isolate B. s_ubtilis B315 of 1 and according to the category of inhibition
index it was strong (++) (Figure 4). This result indicates that B. subtilis B315 from potato rhizosphere has good prospects
to be developed as a biological agent for biopesticides to control pathogenic bacteria not only in the habitat of R.
solanacearum which causes potato bacterial wilt, but also against Xoo which causes rice bacterial leaf blight. B. subtilis
isolates B46 and B209 in the inhibition test against potato R. solanacearum were able to inhibit, but after cross-testing
against rice pathogenic bacteria the two isolates were unable to inhibit (-).

Antibiosis index is useful as an indicator that bacteria are capable of being antagonists against pathogens, both bacteria
and fungi. Bacteria are able to control pathogenic fungi by producing the enzyme chitinase as an inhibitory mechanism
since this enzyme degrades the cell walls of pathogenic fungi which consists mostly of chitin (Halimahtussadiyah et al.
2017). Chitinase activity of B. subtilis B298 was 6.936 UmL™?, 5.764 U.mL"* and 6.813 U.mL"1, which were detected at 15
hours of incubation, optimum temperature of 40°°C and optimum pH of 5.0, respectively—at 6:936- U -5:764-U-mb*
ane-6:813-U-mk* (Lestari et al. 2017). B. subtilis also produce proteases and siderophores hence able to inhibit pathogenic
bacteria such as rice Xoo and potato R. solanacearum (Prihatiningsih et al. 2017; Prihatiningsih et al. 2021).
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Antibiosis index

1
0,8
0,23
0,6
0,6
04
0,2
0
0

0
B46 B209 B211 B298 B315

B. subtilisisolates

Figure 4. Antibiosis index of the five isolates of B. subtilis against Xoo,

Nanosuspension formula of B. subtilis B315 supernatant-to control Xoo

The inhibition of Xoo growth by nanosuspension formula of B. subtilis B315 supernatant was 2.1 mm (Figure 5) in '

diameter. and-in-aceordanee-According to with Marcic et al. (2018), that-B. subtilis can suppress X. vesicatoria in tomatoes
with an inhibition zone of 5-9 mm but without #-nanosuspension formula. The antibiosis index of this nanosuspension
formula was 0.41 (+) which was classified as weak inhibitor irhibiting-but-weak. The mechanism of inhibition is-was
strong bacteriostatic because the zone formed is-was clearer than B subtilis B315 without nanosuspension (Figures 2 and
5).

Figure 5. (A). Inhibition of the nanosuspension formula of B. subtilis B315 against Xoo {A)-(B) and-its bacteriostatic

mechanism-(B).
In conclusion B. subtilis B315 is-was an isolate of Bacillus isolated from potato rhizosphere that could suppresses Xoo
Jn vitro, with-had an antibiosis index was-of 1 and is-was categorized as strong. The mechanism of inhibition is-was

bacteriostatic antibiosis, which only inhibits the growth of Xoo bacteria ard-but it is-was not a-lethal-effeet. B. subtilis
B315 supernatant nanosuspension formula was able to inhibit Xoo with an antibiosis index of 0.42 (+). The
nanosuspension formula was-has the prospective to be developed as biocontrol against Xoo and bacterial leaf blight on
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Potential of Bacillus subtilis potato isolate as biocontrol agent of
Xanthomonas oryzae pv. oryzae and candidate for nanosuspension
formula

Abstract. Bacillus subtilis potato isolate was able to be an antagonist of plant pathogens. The aims of this study were (1) to examine
the potential of potato isolate B. subtilis as a control for Xanthomonas oryzae pv. oryzae (Xoo) as a pathogen rice bacterial leaf blight,
(2) determine the inhibition mechanism of their isolates, (3) evaluating the best B. subtilis to make nanosuspension formula. The method
was carried out in a completely randomized design with 5 treatments of B. subtilis potato isolates B46, B209, B211, B298 and B315,
repeated 4 times. Xoo and five B. subtilis were grown in nutrient broth medium in a shaker. Xoo and B. subtilis were grown in yeast
peptone glucose agar medium by the diffusion method. Xoo was inoculated on medium, and then a 5 mm diameter filter paper immersed
with B. subtilis suspension was placed on the medium. The best B.subtilis as a controller was used to formulate into nanosuspension.
The variables were zone of inhibition, inhibition mechanism and antibiosis index. The results showed that only three B. subtilis were
able to inhibit the growth of Xoo, namely B211, B298 and B315 isolates. The highest (10 mm) inhibition zone was recorded by B.
subtilis B315 isolate. The mechanism of inhibition of the three isolates of B. subtilis against Xoo was bacteriostatic. The antibiosis index
of B. subtilis B315 against Xoo was 1 (strong). The selected B. subtilis B315 was developed as a nanosuspension formula with inhibition
zone of 2.1 mm and antibiosis index was 0.42.

Key words: Antagonist, antibiosis, nanosuspension, Xanthomonas oryzae

INTRODUCTION

Bacillus subtilis is known as a useful bacterium that can be used as an antagonist against plant pathogens. B. subtilis
can be explored from soil, water, air, plant surfaces and endophytes from plant tissues such as roots, stems, sheath, and
leaves. B. subtilis is an antagonistic bacterium that is Gram positive, rod-shaped, 7-8 x 2-3 um, flagellated, aerobic, not
encapsulated, have endospores that are ovoid to cylindrical, measuring 0.6-0.9 x 1.0-1.5 pum, thin walled. Spores are
formed generally within 24 hours (Gordon et al. 1973). One of the strong characteristics bacteria are classified into
Bacillus is their ability to form endospores under extreme conditions. Based on the endospore morphology, Bacillus can
be divided into 3, namely: (I) oval or cylindrical spores located in the middle, subterminal or terminal, swollen rods, or not
swollen, (I1), oval, slightly cylindrical spores, subterminal or terminal, stems do not swell, (I1I) spores are spherical,
subterminal or terminal, rods are swollen (Chun and Vidaver 2001).

B. subtilis isolated from potato rhizosphere, has been selected to obtain five superior isolates, there are B. subtilis B46,
B209, B211, B298 and B315. Molecularly Bacillus isolates B46, B209, B211, B298 are homologous to B. subtilis subsp.
spizizeni RRLKEZ2, while B315 is homologous to B. subtilis strain WIFD5 (Prihatiningsih et al. 2020a). B. subtilis potato
isolate has been tested for control of bacterial wilt disease by Ralstonia solanacearum of potatoes, tomatoes, tobacco, and
chilies. Control effectiveness varies both in the greenhouse and in different fields. This shows that its effectiveness
depends on weather conditions, plant age and population density of B. subtilis.

Control of potato R. solanacearum with B. subtilis B315 was 64.9% effective, while tomato, chili and eggplant in the
lowlands reached 74.6% with a population density of 108 cfu.mL (Prihatiningsih, 2013; Prihatiningsih and Djatmiko,
2016). B. subtilis is also reported to be able to produce IAA (Indole Acetic Acid) in the range of 57.56-79.33 ppm, that
stimulate plant growth (Prihatiningsih et al. 2020b). Bacillus spp. consortium indigenous can control Colletotrichum
capsici and increase chili growth (Yanti et al. 2020). B. amyloliquefaciens can reduce the incidence of tomato bacterial
wilt, suppress the population of R. solanacearum and improve the growth of tomato plants (Singh et al. 2016).

The mechanism of controlling pathogens by Bacillus is antibiosis, which is to inhibit pathogens by producing
compounds such as antibiotics, enzymes, and other volatile compounds. In vitro testing of mechanism character antibiosis
is characterized by the formation of a clear zone around the antagonist colony. The liquid formula of B. subtilis B315 as a
controller of R. solanacearum in vitro showed the effectiveness with an inhibition zone of 18 mm with an antibiosis
inhibition mechanism indicated by the enzymes amylase, chitinase and proteases produced (Prihatiningsih and Djatmiko
2016; Lestari et al. 2017; Prihatiningsih et al. 2020b; Prihatiningsih et al. 2021).



Based on the ability of these B. subtilis potato isolate, in this study it was cross tested to another plants, against
Xanthomonas oryzae pv. oryzae which causes bacterial leaf blight of rice. Evaluation of pathogen inhibition by
antagonistic bacteria can be measured by the size of the inhibition zone, such as measuring the diameter of the clear zone
to calculating the area of the inhibition potential. Thus according to these data, an antibiotic index can be calculated. The
mechanism of antagonistic bacteria inhibiting pathogenic bacteria is bacteriostatic and bactericidal (Goto 1992).

Rice bacterial leaf blight caused by X. oryzae pv. oryzae (X00) is an important disease and has long been recognized as
a bacterial disease of rice in Asia (Naqvi et al. 2014) thoroughly in several locations of rice cultivation. Yield losses varied
up to 20% under moderate conditions and more than 50% in conducive conditions to disease development such as
varieties, plant growth stages and weather conditions. This bacterial rice blight disease was once an epidemic during 1998
in the Palakkad area of Kerala and since then several proportions have been observed each year (Swamy et al. 2006; Kala
et al. 2015). Several disease management strategies used to solve these problems such as using resistant plants based on a
single gene (monogenic), hence break its resistance gradually.

Symptoms of bacterial leaf blight caused elongated spots starting from the tips of the leaves are white to gray with
irregular wavy edges, dry, occurring during the vegetative period of the plant called crackle symptoms, and during the
generative period of the plant the symptoms are called blight (Shanti et al. 2010; Lia 2018). If the pathogen attacks the
plant approaching mature, the leaves turn pale yellow. So far, there is no control yet to solve this Xoo attack problem.
Based on the description above, it is necessary to carry out a biological control with B. subtilis.

Nanoparticles are one of the pesticide formulations with nanotechnology, also known as nanobiopesticides.
Nanobiopesticides can be in the form of nanosuspensions, nanoemulsions and nanoparticles (Lade et al. 2019) which have
been developed since the 19™ century, but have only been noticed since 1959. Nanotechnology in the field of plant disease
management can be used for disease diagnosis and detection of pathogens, evaluation of pathogens suppression, and
pesticides reformulating. Application and effectiveness of plant disease control using nanobiopesticides is application to
soil, seeds or leaves to protect plants from pathogen invasion (Alghuthaymi et al. 2015). Nanotechnology has advantages
as pesticides by reducing the toxicity, improve shelf-life and solubility of pesticides that are less soluble in water, and have
a positive effect on plants and the environment (Worrall et al. 2018).

The aims of this study were (1) to test of the potential B. subtilis potato isolate as a control for X. oryzae pv. oryzae
pathogenic rice bacterial leaf blight, (2) determine the suppression mechanism of B. subtilis potato isolate against Xoo, (3)
evaluating the best B. subtilis potato isolate to make a nanosuspension formula.

MATERIALS AND METHODS
Preparation of bacteria
The research materials used were B. subtilis B46, B209, B211, B298 and B315 potato isolates (Prihatiningsih
collection) that were grown in yeast peptone glucose agar (YPGA), Xoo in sucrose peptone agar (SPA), and further they
were grown in nutrient broth (NB) for dual culture inhibition test. Xoo bacteria isolate was collected from rice field at
Karangwangkal Purwokerto. The research was performed from February to June 2021. All the experiments at the Plant
Protection Laboratory, Faculty of Agriculture Universitas Jenderal Soedirman (UNSOED) Purwokerto.

Bacterial antagonist test of B. subtilis against Xoo

Five isolates of B. subtilis from potato rhizosphere, namely B. subtilis B46, B209, B211, B298 and B315 were tested
for their inhibition against Xoo by agar diffusion method using filter paper with a diameter of 5 mm according to the
method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was grown on NB medium shaken at 150 rpm at
room temperature for 24 hours. Bacterial density Xoo 108cfu/mL was inoculated by pour plate on YPGA medium. The 5
mm diameter filter paper was dripped with 10 pL suspension, then placed on the YPGA medium in 3 parts. The clear zone
formed around the filter paper indicated the inhibition of Xoo growth.

Evaluation of inhibition mechanism
To evaluate the ability of antagonistic bacteria to inhibit Xoo the percentage of inhibition was determined by the
inhibition zone formed. Inhibition was determined using the method of Balouiri et al. (2016) by measuring the diameter of

the clear zone, and the diameter of the colony (Figure 1). Inhibition measurement (P) was performed after 24 hours.
P = {diameter of clear zone (A) - diameter of bacterial colony (B)} (Balouiri et al. 2016)

—. ”’

Figure 1. Antibiotic index measurement.
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(A). diameter of the clear zone, (B). diameter of the colony or filter paper

Antibiosis index

The antibiosis index was determined according to the enzyme index using the formula for measuring the chitinolytic
index refer to (Halimahtussadiyah et al. 2017) or phosphate solvent produced by antagonistic bacteria, by measuring the
diameter of the clear zone, and the diameter of the colony using the following formula:

(diameter of clear zone - diameter of bacterial colony)
Al =

diameter of bacterial colony

or
Al = (A-B) : B (Halimahtussadiyah et al. 2017)
(A). diameter of the clear zone, (B). diameter of the colony or filter paper

According to Azizah (2017), determination of the inhibition category grouped based on the index of inhibition or index of
antibiosis, namely:

a. Very Strong (>2.0) with symbol (+++)

b. Strong (1.0 — 1.9) with symbol (++)

c. Weak (0.1 — 0.9) with the symbol (+)

d. Has no antagonistic ability (0.0) with the symbol (-)

Preparation of nanosuspension formula from supernatant of selected Bacillus subtilis

B. subtilis B315 was grown in NB medium, shaken 2x24 hours at 150 rpm at room temperature, then centrifuged at
3000 rpm for 15 minutes at room temperature, the supernatant obtained was used as the active ingredient. Chitosan was
dissolved in 1% acetic acid. 0.5 mL of B. subtilis B315 supernatant was put into a micro centrifuge tube containing 490 puL
of chitosan solution in 1% acetic acid pH 4.0-5.0, shaken with a vortex for 20 seconds. The homogeneous mixture was
added with 10 pL of 0.1% tripolyphosphate (TPP) solution and continuing homogenized by vortex for 20 seconds. The
nanoparticle preparation was performed characterized, the morphology, the particle size and the distribution of particle
size.

Evaluation of the inhibitory effect of B. subtilis supernatant nanosuspension formula to suppress Xoo

The inhibition of B. subtilis supernatant in nanosuspension formula against Xoo was determined by agar diffusion
method using filter paper according to the method of Balouiri et al. (2016). Xoo as the tested pathogenic bacteria was
grown on NB medium shaken at 150 rpm at room temperature for 24 hours. Bacterial density of Xoo (10%cfumL) was
inoculated on YPGA medium. The 5 mm diameter filter paper was dripped with nanosuspension formula, then placed in
the YPGA medium in 3 parts. The clear zone around the filter paper showed the effect inhibition of B. subtilis supernatant
nanosuspension formula to suppress Xoo (Balouiri et al. 2016).

Data analysis
Data were analysis by descriptive methods and comparative to references. The results were expressed as the mean + sd of
mean. Raw data were imported to Microsoft Excel program for graphical representation.

RESULTS AND DISCUSSION
Inhibition assay of Bacillus subtilis to Xoo
The results of this study included the selection of 5 isolates of B. subtilis (B46, B209, B211, B298 and B315) to be able
to determine which isolates would be formulated into nanoparticles for the next research stage. Result revealed that B.

subtilis B315 isolate showed highest (10+0.12 mm) inhibition zone than another isolates (Table 1 and Figure 2).

Table 1. Inhibition of the five isolates of B. subtilis against Xoo

B. subtilis isolates Inhibition zone (mm) Inhibition mechanism
B46 - -
B209 - -
B211 9+0.14 bacteriostatic
B298 8+0.12 bacteriostatic
B315 10+0.12 bacteriostatic
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Figure 2. Inhibition of B. subtilis against Xoo

The mechanism of inhibition of B. subtilis against Xoo was bacteriostatic antibiosis, it’s mean that B. subtilis only able
to inhibit the growth of Xoo but it was not lethal effect. It was demonstrated by the cloudy peptone water which indicated
that Xoo was still growing, while the bactericidal mechanism occurred when the peptone water remained clear or it’s as
same as the control (Figure 3), which was a lethal. The bacteriostatic mechanism of these five B. subtilis isolates was also
shown against the pathogenic bacterium Ralstonia solanacearum that causes potato bacterial wilt disease (Prihatiningsih
2013).

0

Figure 3. Bacteriostatic mechanism of three isolates of B. subtilis against Xoo

Antibiosis index
The highest antibiosis index was shown by isolate B. s_ubtilis B315 of 1 and according to the category of inhibition

index it was strong (++) (Figure 4). This result indicates that B. subtilis B315 from potato rhizosphere has good prospects
to be developed as a biological agent for biopesticides to control pathogenic bacteria not only in the habitat of R.
solanacearum which causes potato bacterial wilt, but also against Xoo which causes rice bacterial leaf blight. B. subtilis
isolates B46 and B209 in the inhibition test against potato R. solanacearum were able to inhibit, but after cross-testing
against rice pathogenic bacteria the two isolates were unable to inhibit (-).

Antibiosis index is useful as an indicator that bacteria are capable of being antagonists against pathogens, both bacteria
and fungi. Bacteria are able to control pathogenic fungi by producing the enzyme chitinase as an inhibitory mechanism
since this enzyme degrades the cell walls of pathogenic fungi which consists mostly of chitin (Halimahtussadiyah et al.
2017). Chitinase activity of B. subtilis B298 was 6.936 U.mL™, 5.764 U.mL? and 6.813 U.mL, which were detected at 15
hours of incubation, optimum temperature of 40°C and optimum pH of 5.0, respectively (Lestari et al. 2017). B. subtilis
also produce proteases and siderophores hence able to inhibit pathogenic bacteria such as rice Xoo and potato R.
solanacearum (Prihatiningsih et al. 2017; Prihatiningsih et al. 2021).
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Figure 4. Antibiosis index of the five isolates of B. subtilis against Xoo,
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Nanosuspension formula of B. subtilis B315 to control Xoo

The inhibition of Xoo growth by nanosuspension formula of B. subtilis B315 supernatant was 2.1 mm (Figure 5) in
diameter. According to Marcic et al. (2018), B. subtilis can suppress X. vesicatoria in tomatoes with an inhibition zone of
5-9 mm but without nanosuspension formula. The antibiosis index of this nanosuspension formula was 0.41 (+) which was
classified as weak inhibitor-. The mechanism of inhibition was strong bacteriostatic because the zone formed was clearer
than B subtilis B315 without nanosuspension (Figures 2 and 5).

Figure 5. (A). Inhibition of the nanosuspension formula of B. subtilis B315 against Xoo (B) its bacteriostatic mechanism.

In conclusion B. subtilis B315 was an isolate of Bacillus isolated from potato rhizosphere that could suppresses Xoo in
vitro, had an antibiosis index of 1 and was categorized as strong. The mechanism of inhibition was bacteriostatic
antibiosis, which only inhibits the growth of Xoo bacteria but it was not lethal. B. subtilis B315 supernatant
nanosuspension formula was able to inhibit Xoo with an antibiosis index of 0.42 (+). The nanosuspension formula has the
prospective to be developed as biocontrol against Xoo and bacterial leaf blight on fields.
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