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INTRODUCTION

Base rot or known as twisted disease is caused
by F. oxysporum f.sp. cepae and is a major challenge
for shallot production that can cause up to 50% of
yield loss (Dinata et al., 2021). Potential yield loss
due to twisted disease infection during early and late
plant development can cause 20‒100% of  yield loss
depending on shallot cultivation practices (Triwidodo
& Tanjung, 2020). Management using synthetic pes-
ticides is commonly done, but may pollute soil that
later result in reduce yield in shallot productions
(Supriatna et al., 2021).

Alternative management strategies for twisted
disease that have been done include the application
of  Trichoderma sp. that have to be effective to 43.68%
(Deden & Umiyati, 2017). Bacillus sp. is a species of
plant growth promoting rhizobacteria (PGPR) that
can be used to manage twisted disease and produce

various plant hormones, such as gibberellins, cy-
tokinins, indole acetic acid, and ethylene, fix nitro-
gen, produce siderophore, dilute phosphate, and
produce antibacterial or antifungal compounds (Ismy
et al., 2019). Several species of  Bacillus genera can
induce plant defense (Prihatiningsih et al., 2017). 
Bacillus sp. is an antagonic bacteria with the

ability to produce endospore that can withstand ex-
treme condition and broaden its possibility to be
used as a natural enemy and growth promoting
symbiont. Rhizosphere are areas surrounding plant
roots that are suitable sampling zones to identify
beneficial microorganisms for isolation. Wulandari
et al. (2019) stated that rhizospheres contains more
bacteria, fungi, and Actinomycetes compared to soil
without root systems. Several abundant bacteria in
the rhizosphere include Pseudomonas, Azotobacter,
Agrobacterium, Flavobacter, Cellulomonas, Micrococcus,
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ABSTRACT

Bacillus sp. is a Plant Growth Promoting Rhizobacteria (PGPR) species that lives in the rhizosphere. This bacterium
can produce antifungal compounds that suppress pathogenic fungi, such as Fusarium oxysporum. The aim of
this research was isolate, characterize, and obtain Bacillus sp. that can inhibit F. oxysporum which causes twisted
disease in shallots. Isolation was done by sampling 10 g of  soil from shallot roots, placing it in 9 mL of  sterile water,
and carrying out a series of  dilutions. The first dilution was incubated at 80 °C for 20 minutes to obtain Bacillus sp.
on the selective medium HiChrome. Colony morphology, shape, cell color, Gram staining, catalase and endospore
staining were observed from obtained isolates. An antagonist test was done to determine the inhibitory effects of
isolates against the pathogenic fungus F. oxysporum. Four isolates of  Bacillus sp. were obtained with irregular colony
shape, dull white color without muccus, edges varying in shape between lobate and undulate, and raised elevation.
The results of  the antagonist test showed that the four isolates had the ability to inhibit the growth of  the
pathogenic fungus F. oxysporum with the greatest inhibition shown by isolate BM1 at 30.12%, with an antibiosis
mechanism and hyphae swelling.
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Mycobacter, and Bacillus (Mukamto et al., 2015). Shal-
lots that are known as host of  F. oxysporum is a suit-
able isolation site for beneficial bacteria, such as
Bacillus, which can be later used to effectively man-
age twisted disease (Tuhuteru et al., 2019). Previous
research showed that Bacillus sp. isolated from potato
rhizosphere was able to suppress Ralstonia solanacearum
using an antibiosis mechanism (Prihatiningsih et al.,
2020) while the rice root endophyte, Bacillus subtilis,
was able to suppress rice leaf  blight by producing
protease and chitinase (Prihatiningsih et al., 2022).
This study aims to isolate, characterize, and obtain
Bacillus sp. from shallot rhizosphere with ability to
suppress F. oxysporum that later can be transfered to
agriculture settings. 

MATERIALS AND METHODS

Research was done at the Plant Protection Lab-
oratory of  the Faculty of  Agriculture, Universitas
Jenderal Soedirman from May to August 2023. This
research was divided into three stages, namely iso-
lation, characterization, and selection. Rhizosphere
soil samples were collected from healthy shallot
plants.
Bacillus specific mediums were used in this study,

namely HiCrome Bacillus agar base, Nutrient Agar
(NA), and Potato Dextrose Agar (PDA). Approxi-
mately 10 g of  pepton was placed into HiCrome
medium with 1 g of  HM extracts, 10 g of  D-manitol,
10 g of  Sodium chloride, 3.2 g of  Chromogenic
mixture, 0.025 g of  phenol red, and 15 g of  agar.
Gram staining was done using crystal violet, iodine,
alcohol, and safranin. Endospore coloring used
malachit green and safranin; while catalase test used
hydrogen peroxide (H2O2). Other materials used in
this research was 96% alcohol. Tools used in this
study were petri dishes, bunsen burner, reaction
tubes, micropipettes, brush, object glass, cover glass,
microscope, oven, autoclave, LAF, and incubator.

Soil from healthy plant rhizosphere was collected
using brushes and placed on sterile Petri dishes. As
much as 1 g of  soil samples were dilluted into 9 mL
of  sterile water in reaction tubes. Samples were oven
for 20 minutes at 80 °C to select Bacillus sp. due to
their ability to survive at this temperatures com-
pared to other bacterium genera. Serial dillution
were done by taking 1 mL of  isolate samples and

dilluted into 9 mL of  sterile water, homogenized
for 20 s and repeated until a dillution of  10-3 was
obtained. As much as 50 µL of  suspension from
the 2nd and 3rd dilutions were taken and grown on
Bacillus selective medium and incubation was done
for 24 h and colony was then purified on NA medium.

Isolate characterization was done using Gram
staining, catalase test, endospore staining. Endospores
are Bacillus defence mechanisms against extreme
conditions where other bacteria species cannot
withstand. Pandyala et al. (2019) stated that endo-
spore is not produced by all bacteria, except Bacillus
and Clostridium. Differences between endospores
produced by Bacillus and Clostridium is where endo-
spores are formed. Bacillus endospores were round
or oval and formed within cells while Clostridium
endospores were elongated and formed outside of
the cell. Antagonistics test of  Bacillus sp. against F.
oxysporum growth was done on PDA by placing
both organisms on the petri dishes at room tem-
perature, observed daily, and inhibition was calcu-
lated using the formula as of  the following (Ainy et
al., 2015):

Notes: P = Growth inhibition (%); R1= radius of  F.
oxysporum colony growing against Bacillus sp. colony;
R2= radius of  F. oxysporum colony growing towards
Bacillus sp. colony.

RESULTS AND DISCUSSION

Thirteen isolates were obtained and later selected
based on colony morphology and catalase test.
Bacillus is a genus of  bacteria that can produce cata-
lase (Bais et al., 2004). From the catalase test, four
Bacillus isolates were obtained and later named
BM1, BM2, BM3, and BM4.

All four colonies were dull white and had irreg-
ular with lobate edges for BM1 and BM4, while
BM2 and BM3 had undulate edges (Figure 1 and
Table 1). Isolated bacteria were rod shaped with
various sizes (Figure 2) which was consistent with
findings from Mukamto et al. (2015) that state the
same characteristics for the Bacillus bacteria found
in their work. Gram staining and catalase test showed
positive results for all isolates (Table 2). 
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Bacillus is a genus of  bacteria that is commonly
found in soil and plant tissue (Saxena et al., 2020).
Bacillus can be isolated from soil by heating samples
at 80 °C for 10−30 minutes. This temperature will
kill other bacteria besides Bacillus due to their
ability to form endospores (Kavitha et al., 2022).
Prihatinigsih et al. (2023) patent No. IDS000005984
demonstrated that heating at 80 °C for 20 minutes
was able to select for Bacillus sp. isolates. Endospore
staining showed that all isolates had endospore and
shows Bacillus ability to survive in extreme conidi-

tons (Table 2). Endospore are structures with thick
walls, low amounts of  water, and formed by bacte-
ria as a respond to physical and chemical conditions.
Bacillus endospores are oval, round, of  cylindrical
and formed in the middle or edge of  vegetative cells
(Yuliana & Hidayati, 2022). Bacillus sp. is bacteria
species known to inhibit fungi growth by producing
antifungal compounds, such as bacillomicin D, sur-
factin, and fengcyn (Jo et al., 2021). Antagonistic test
showed that all four Bacillus isolates could suppress
F. oxysporum growth with BM1 showing the highest
inhibition of  30.12% (Figure 3). 

Suppresing ability of  each isolate were different
and may be due to the different antibiotic that each
isolate can produce. Besides previously mentioned
compounds, Bacillus sp. is able to produce chitinase
that can suppress and degrade chitin of  fungi wall cell
(Figure 4) (Lestari et al., 2017; Rahayuniati & Mugi-
astuti, 2012). Inhibition mechanisms showed swelling
of hyphae with swelling appearing more on fungi closer
to bacteria colony compared to fungi in the middle.

Mycelium growth was suppressed due to the
ability of  Bacillus sp. isolates to produce various sec-
ondary metabolites, such as pyrrolnitrin, phenazine
and cepabactin that known to affect mycelium mor-
phology and growth (Prihatiningsih et al., 2019; Wu-
lansari et al., 2017). Bacillus sp. can produce antibiotics
that can penetrate pathogen cells and disrupt their
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Figure 1. Isolate colonies: BM1 (a), BM2 (b), BM3 (c), and BM4 (d)

Figure 2. Cell shape of  collected isolates. BM1 (a), BM2 (b), BM3 (c), and BM4 (d) 

Table 1. Bacillus sp. isolate morphology

Table 2. Chemical test of  Bacillus sp. isolates

Isolate Shape Margin Color Elevated
BM1 Irregular Lobate White Raised
BM2 Irregular Undulate White Raised
BM3 Irregular Undulate White Raised
BM4 Irregular Lobate White Raised

Isolate Gram 
staining

Endospore
coloring

Catalase 
test

BM1 + + +
BM2 + + +
BM3 + + +
BM4 + + +
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Figure 3. Fusarium oxysporum growth inhibition by Bacillus sp. isolates from shallot rhizospheres

Figure 4. Fusarium oxysporum f.sp. cepae growth inhibition by Bacillus sp. isolate from shallot rhizosphere (A) and
hyphae swelling as a inhibition mechanism (B)
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