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Abstract

Ganoderma boninense is a pathogenic fungus that
causes the base rot of oil palm trunks. Antagonistic
microorganisms can inhibit, suppress, or eliminate
populations of plant pathogens. Antagonistic
microorganisms can be utilized through symbiotic
bacteria. The capability of symbiotic bacteria to
degrade cellulose enables them to be more utilized
as biological agents for controlling plant pathogens.
Oryctes rhinoceros larvae are one of the insects that
have symbiotic bacteria. This study aims to analyze
the morphological and biochemical characteristics
of symbiotic bacteria of O. rhinoceros larvae and
see their effectiveness in inhibiting the growth of
G. boninense. This research employed a non-
factorial completely randomized design with six
treatments: SO, Ganoderma boninense (control); S1,
G. boninense + isolate of symbiotic bacteria (P2);
and S2, G. boninense + isolate of symbiotic bacteria
(P3). The results showed that treatment P2 that c,
which contains Bacillus subtilis, was able to inhibit G.
boninense by 35.21%, and the P3 bacterial isolate,
which is Bacillus sp., was able to inhibit the growth of
G. boninense by 23.66%. The identification showed
that bacteria P2 is B. subtilis, and P3 is Bacillus sp.

Keywords: antagonist agents, Ganoderma
boninense, Oryctes rhinoceros, Symbiotic
bacteria

Introduction

Basal stem disease on oil palm, caused by
Ganoderma boninense, is the most serious oil palm
disease in Indonesia and worldwide. Socfindo (2022)
reported that basal stem rot caused by Ganoderma is
a deadly disease that can cause up to 80% mortality.
Previously, basal stem rot disease was not considered
economically important because it primarily affected
older oil palms resulting from replanting. Effective
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control strategies for basal Stem rot in oil palms
have so far proven to be difficult. Appropriate
control techniques are necessary to minimize
losses caused by Ganoderma, a biological control
that is environmentally sustainable. Ganoderma
can be controlled biologically using antagonistic
microorganisms, which can serve as agents that
inhibit or eliminate plant pathogen populations.
Bacteria are one of the microorganisms that can be
used as biological agents to control plant pathogens
(Dabamona et al., 2019).

Bacteria and insects have various symbiotic
relationships, including both mutualistic and
commensal ones. According to Hadi et al. (2021)
about 65% of insects have symbiotic bacteria.
Symbiotic bacteria are primarily found in the gut of
insects. The gastrointestinal tract serves as a link
between the natural environment and the animal’s
physiology, thereby allowing for the permanent
colonization of microbes from the environment. The
symbiosis between bacteria and insects may be
beneficial and pathogenic. Based on mutualism,
symbiotic bacteria utilize the host as a habitat. On
the other hand, symbiotic bacteria can increase
the host insect’'s immunity to pathogen infection
and environmental stress. Oryctes rhinoceros
(Coleoptera; Scarabaeidae) larvae need biocatalysts,
such as bacteria in their gut system, to metabolize
food.

Symbiotic bacteria are types of bacteria that settleon a
host and can produce the same secondary metabolite
compounds as their host (Mokos et al., 2023). The
type of bacteria symbiotic with the insect gut depends
on the food source to be absorbed. Cellulosic bacteria
are one of the symbiotic microorganisms found in
the gut, and they can be identified in the gut of O.
rhinoceros larvae. The presence of bacteria in the gut
of O. rhinoceros larvae is because the food source of
these larvae is the roots of softened oil palm trunks
and empty oil palm bunches. Symbiotic bacteria also
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serve to improve host insect immunity to pathogen
infection and environmental stress. Symbiotic
bacteria are primarily found in the gut of insects.
The gut is the link between the environment and the
animal’s physiology. Bacteria native to the gut have
a mutualistic relationship with their host, utilizing the
host as a habitat. Bacteria exhibit various biochemical
activities, including the acquisition of nutrients from
the environment (Marheni and Lubis, 2019).

Symbiotic bacteria settle on a host and can produce
the same secondary metabolite compounds as their
host. Bacteria exhibit various biochemical activities
using raw materials, or nutrients, obtained from their
surrounding environment (Marheni and Lubis, 2019).

Oryctes rhinoceros larvae are one of the insects that
have a symbiotic bacterium. The type of bacteria
symbiotic with an insect’s digestive tract depends on
the food source to be digested. Cellulolytic bacteria
are one type of symbiotic microorganism found in the
digestive tract. Cellulolytic bacteria can be found in
the digestive tract of O. rhinoceros larvae because
the larvae’s food source is oil palm stems and empty
fruit bunches. The utilization of cellulolytic microbes
can be a direct competitor of pathogens, such as G.
boninense, in terms of competition for nutrients in
the form of cellulose, thereby preventing fungi from
utilizing cellulose in the roots and stems of oil palms.
The identification results of Marheni et al. (2021)
revealed six bacterial isolates from the hindgut of O.
rhinoceros larvae, including B. stratosphericus, B.
siamensis, B. cereus, Haemophilus parainfluenzae,
Achromobacter xylosoxidans, and Alcaligenes
faecalis.

The capability of symbiotic bacteria to decompose
cellulose may enable them to be utilized as biological
agents to control plant pathogens. Cellulose is a
constituent component of the cell wall of pathogenic
fungi. Symbiotic bacteria are expected to be capable
of breaking down cellulose in the pathogen cell wall,
thereby inhibiting pathogen growth. The research
related to the use of cellulosic bacteria includes
Steronophomonas rhizophila, which inhibits the
growth of G. boninense by 63% and produces
cellulase enzymes with a cellulase index of 0.46
(Rupaedah et al., 2018). There has been limited
research on symbiotic bacteria from the digestive
tracts of insects. Based on the topic, researchers aim
to investigate the symbiotic bacteria found in the gut
of O. rhinoceros larvae in relation to the fungus G.
boninense.
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Materials and Methods
Research Location and Specimen Preparation

The experiment was conducted at the Plant Disease
Laboratory of the Agrotechnology Study Department,
Faculty of Agriculture, University of Sumatra Utara,
from January to June 2024. Oryctes rhinoceros 3™
instar larva was collected from empty palm oil bunches
in smallholder plantations in Langkat Regency, North
Sumatra, and pure isolates of the fungus of G.
boninense from the collection of Marihat Oil Palm
Research Center, Simalungun Regency. This study
employed a completely randomized design with six
replications. The treatments are

S0 = G. boninense (Control)

S1 = G. boninense + symbiotic bacterial isolate (P2)
S2 = G. boninense + symbiotic bacterial isolate (P3)

Preparation for Symbiotic Bacteria Isolate

Oryctes rhinoceros larvae from empty bunches were
collected from the field and brought to the laboratory.
Bacteria from the gut of O. rhinoceros larvae were
isolated by piercing the larvae’s abdomen and opening
it using sterile scissors. The digestive tract was
crushed and put into an Erlenmeyer flask containing
100 ml of sterile water. The Erlenmeyer was shaken
at 100 rpm for 1 hour to obtain a suspension that was
expected to include potential bacterial isolates. The
suspension was diluted with serial dilutions (10! to
10®) by taking 1 mL of suspension and putting it into
a test tube which contained 9 mL of sterile water and
taking the suspension at a dilution of 10 and then
spreading it with the spreader method on Nutrient
Agar (NA) media. The isolate was then incubated
for 24 hours at 35°C in an incubator; after 48 hours,
bacterial isolation was subjected to several steps of
the quadrant method to obtain a pure isolate.

Identification of Cellulosic Bacteria by Morphology,
Physiology, and Biochemistry

Cellulosic bacteria are identified based on their
morphology, including shape, margin, surface texture,
size, elevation, and colony color. Physiological
characteristics include bacterial Gram staining and
biochemical tests, such as citrate utilization, catalase
production, starch hydrolysis, gelatin liquefaction,
triple sugar iron agar (TSIA), and protease activity.
Bacterial Cellulosic Activity Test

The bacteria to be tested were inoculated on carboxy
methyl cellulose (CMC) media. The presence of
cellulolytic activity from symbiotic bacteria was
indicated by the formation of a clear zone on CMC
media after being treated with Congo red dye. The
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clear zone formed is caused by the process of
cellulose degradation by cellulolytic bacteria. The
cellulolytic activity of each isolate can be observed
and measured with a measuring rod. The cellulotic
index is measured using the following formula
(Hidayatullah et al., 2022).

Diameter of Clear Zone (mm) — Diameter Of Colony (mm)

Cellulotic index =
etulotic index Diameter Of Colony (mm)

According to Choi et al. (2005), the cellulosic index
value is categorized as low if Cl < 1, medium if Cl is
1-2, and high if CI= 2.

Inhibition Test of Cellulosic Bacteria against
Ganoderma boninense In Vitro

Ganoderma boninense inoculum was isolated using a
10 mm cork borer and inoculated on PDA media. The
fungi’s inoculum was placed 3 cm from the edge of the
Petri dishes. A total of 1 mg of the cellulolytic bacterial
isolate was streaked 3 cm opposite to 3 cm from the
pathogenic fungi and incubated at room temperature
(Figure 1B). In the control treatment (Figure 1 A), the
PDA media contained only G. boninense inoculum on
one side.

1010
Lel

A B

Figure 1. Placements of fungi and symbiotic bacteria
inocula. A= G. boninense inoculum on PDA
media; B = the cellulolytic bacterial isolate
was streaked opposite to the pathogenic
fungi.

Measurement of inhibition was determined by using
the Farhan et al. (2023) formula:

1—-R2

Inhibition =
nhibition R

X 100%

Where R1 is the diameter of fungal colonies on the
control treatment (mm), and R2 is the diameter of
fungal colonies on the tested treatments (mm)

The inhibition percentage is based on thevgrowth
inhibition category (GIC), with a scale of 0-4 (Zivkovi¢
et al., 2010).

According to Prastya et al. (2014), the determination

400

Received 11/09/2024; Revised 18/02/2025; Accepted 03/06/2025
https://doi.org/10.29244/jtcs.12.02.398-407

of the antagonistic capability is categorized into four
groups based on the percentage of inhibition zone
(Table 1). Table 2 presents the categories based
on the percentage of the inhibition zone and their
corresponding symbols, as described by Prastya et
al. (2014).

Table 1. Inhibition percentage of pathogen growth
scales based on Zivkovic¢ et al. (2010)

Scale Inhibition of pathogen growth (%)
0 No inhibition

1 1-25

2 26-50

3 51-75

4 76-100

Table 2. Categories of the inhibition zones and their
corresponding symbols (Prastya et al., 2014)

Categorized by percentage Symbol
Strong (>40%) .
Medium (40%-30%) ++

Weak -

16S rDNA Bacterial Identification

Bacterial 16S rDNA identification was analyzed at
Genetics Science Indonesia. 16S rDNA sequencing
was determined based on the Gene Bank
database using the BLAST program at the National
Biotechnology Information Center https://www.ncbi.
nim.nih.gov/. The sequences obtained from the
sequencing results were combined and analyzed with
the BLAST program.

Results and Discussion
Bacterial Morphology, Physiology, and Biochemistry

The results of the bacterial isolation that was carried
out showed that two bacteria were selected for
testing in the next step. Table 1 presents the bacterial
morphological characterization of both symbiotic
bacterial isolates from the gut of O. rhinoceros
larvae collected from empty bunches. Differences in
morphological characteristics include shape, color,
margin, and elevation of colonies (Table 3).

Based on the two isolates of symbiotic bacteria, there
are differences in colony morphology, color, margin,
and elevation of the colonies.

Isolate P2 has a circular shape (round), white color,
entire margins (flat), and convex elevation, (Figure 2 A
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and B), whereas P3 has an irregular shape (irregular),
yellowish-white color, undulated edges (wavy), and
umbonate elevations (convex with prominent center)
(Figure 2 C and D).

Gram staining is a procedure used to classify bacteria
into two large groups: gram-positive and gram-
negative. Gram staining of both bacteria showed
purplish-blue results. This indicates that the symbiotic
bacteria P2 and P3 are gram-positive and have a
Bacillus cell shape (Figure 2). In Gram staining, cells
that cannot release the color and remain colored,
such as those stained with crystal violet, which is
purplish-blue, are called Gram-positive bacteria. In
contrast, cells that can release crystal violet and bind
saffranin appear pink and are classified as Gram-
negative bacteria. According to Amin et al. (2023).
The difference in response to the Gram-staining
mechanism in bacteria is based on the structure and
composition of the bacterial cell wall. Gram-positive
bacteria contain protein, whereas gram-negative
bacteria contain a higher percentage of lipids. The
structure of the cell wall also affects the color of
Gram-negative bacteria. The walls of Gram-negative
bacteria have a higher lipid content compared to those
of Gram-positive bacteria. Gram-negative bacteria
have three layers of cell walls. The outer layer of
lipopolysaccharide (lipid) is likely to be washed away
by alcohol, and when stained with saffranin, it will
appear red. The presence of Lugol iodine causes the
bonding of crystal violet with iodine, which increases
the affinity of the dye for bacteria.

P2 and P3 have a Bacillus form. According to
Dwimartina et al. (2021), commonly, bacilli are rod-
shaped or cylindrical cells and one of the most common
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forms of bacterial morphology found in prokaryotic
cells (bacilli, cocci, and spirals). Bacteria with the
Bacillus form are divided into three forms, i.e., single
rod-shaped bacilli (monobacilli), rod-shaped bacteria
arranged in pairs (diplobacilli), and bacilli-shaped
bacteria arranged like a chain (Streptobacillus).

Based on the observation of symbiotic bacteria
colonies isolated from the gut of O. rhinoceros
larvae using biochemical tests, which include starch
hydrolysis test, gelatin test, TSIA test, citrate test,
catalase test, and protease test. The results of citrate
testing showed that symbiotic bacteria isolate P2 and
P3 could not use citrate as a carbon source. This is
indicated by the color of the medium not changed.
Fallo et al. (2022) suggest that the change in medium
color indicates that microorganisms use citrate as the
only source of carbon and energy. A change in the
color of the medium from green to blue will indicate
positive results. Changes in medium color from green
to blue due to increased pH in the media. The use
of citrate by bacteria causes the acid to disappear
from the culture, resulting in an increase in pH and
changing the color of the media from green to blue.

The catalase test results showed that symbiotic
bacteria with code P2 produced catalase enzyme.
This is characterized by the formation of bubbles
around the colony with the addition of 3% H,O,.
Catalase test results of symbiotic bacteria with code
P3 showed negative results because they did not
produce bubbles in the tested preparations. According
to Purba et al. (2024), the catalase enzyme works
by breaking down hydrogen peroxide (H,O,) into
dihydrogen-oxide (H,O) and oxygen (O,). Therefore,
bacteria that break H,O, with the enzyme catalase

Table 3. Characteristics of symbiotic bacteria isolated from the gut of Oryctes rhinoceros larvae

Morphology of bacterial colonies

Isolate codes

Shape Color Margin Elevation
P2 Circular White Entire Convex
P3 Irregular White yellowish Undulate Umbonate

Cc

Figure 2. Morphological characteristics of symbiotic bacteria: G. boninense + symbiotic bacterial isolate P2 (A
and B), G. boninense + symbiotic bacterial isolate P3 (C and D).

Biology of Cellulosic Bacteria from Hindgut Oryctes rhinoceros as Antagonistic Agent .......... 401


https://doi.org/10.29244/jtcs.12.02.398-407

Journal of Tropical Crop Science Vol. 12 No. 2, June 2025
www.j-tropical-crops.com

will immediately form a defense system from toxic
H,O, that produces itself.

The results of the starch hydrolysis test showed that
both isolates of symbiotic bacteria derived from the
gut of O. rhinoceros larvae could hydrolyze starch by
producing an amylase enzyme. The observation of
the starch hydrolysis test results was characterized by
the formation of a clear zone after iodine was dripped
on the symbiotic bacterial isolates. The positive
starch hydrolysis test was characterized by a clear
zone after dropping iodine on bacterial isolates. This
happens because starch molecules are water-soluble
molecules that give a blue color when mixed with
iodine. They will form a clear zone when hydrolyzing
starch. According to Nuryanti et al. (2021), the starch
hydrolysis test is carried out to determine the ability
of bacteria to utilize starch that produces the enzyme
amylase.

The gelatin test aims to test whether bacteria can
hydrolyze gelatin into simpler compounds, including
amino acids. The gelatin test results showed that
both symbiotic bacteria isolates can hydrolyze
gelatin. The symbiotic bacteria gelatin test results
indicate a positive result because the gelatin medium
remains liquid after being put into the refrigerator. The
statement of Raharja et al. (2023) bacterial isolates
in gelatin test observations that react positively
are characterized by melting of the media, while if
negative, the test media will freeze. The thawing is
caused by several microorganisms that can produce
proteolytic extracellular enzymes called gelatinase.
The enzyme works by hydrolyzing proteins into amino
acids.

The results of the TSIA test of P2 show the yellow slant
and red butt. The P3 isolate showed yellow slant and
butt results. TSIA test is used to determine the ability
of bacterial isolates to ferment glucose, sucrose, and
lactose. According to Raharja et al. (2023), the red
color in the TSIA test indicates an alkaline reaction,
the yellow color indicates an acidic reaction, and

Table 5. Biochemical test results of symbiotic bacteria.
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the black precipitate is due to the formation of H2S
gas. The TSIA test results are characterized by
the yellow top and yellow bottom, which indicates
glucose, sucrose, and lactose can be fermented. If
the top is red and the bottom is yellow, only glucose
can be fermented; if the top and the bottom are red,
the bacteria cannot ferment carbohydrates. If there
is black sediment, it indicates that the bacteria can
produce gas from H,S. Isolate of P2 indicates that
bacteria only ferment glucose, while the isolates of P3
indicate that bacteria can ferment glucose, lactose,
and sucrose.

Bacterial isolates P2 and P3 showed positive
protease test results. This is because there is a clear
zone around the bacterial colonies on Skim Milk Agar
(SMA) media. This indicates that symbiotic bacteria
from the gut of O. rhinoceros can produce protease
enzymes and are included in proteolytic bacteria.
According to Simamora and Sukmawati (2020), the
clear zone that appears indicates the breakdown
of protein molecules contained in bacteria on SMA
media. Based on the literature of Nurikhsanti et al.
(2024) bacteria that can produce protease enzymes
can be used, and protease enzymes play a role in
hydrolyzing the cell walls of plant pathogens.

Bacterial Cellulotic Activity Test

The utilization of cellulosic-producing microbes can
be a direct competitor of pathogens. Based on the
literature of Kurniawan et al. (2021) the utilization
of cellulolytic microbes can be a direct competitor
of pathogens, one of them is G. boninense in terms
of competition for nutrients in the form of cellulose,
to prevent G. boninense from being able to utilize
cellulose in the roots and base of the oil palm trunk.
Analysis of cellulosic bacterial activity can be done by
measuring the clear zone formed around the colony.
According to Talantan et al. (2018), cellulosic activity
is measured based on the clear zone formed around
the colony using a vernier and calculated using the
bacterial cellulase activity index formula.

Code of bacterial isolates

Biochemical Test

P2 P3
Citrate Test + -
Catalase Test + -
Starch Hydrolysis Test + +
Gelatin test + +
TSIA Test Y/R YIY
Protease Test + +

Notes: + = Positive, - = Negative, */* = Slant/Butt, R = Red, Y = Yellow.
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Based on the observation results (Table 3), the
symbiotic bacteria with isolate code P2 were classified
in the medium category, with a cellulosic index of 1.26
mm. Meanwhile, symbiotic bacteria with isolate code
P2 belongs to the low category with an isolate code
of 0.57 mm. The magnitude of the bacterial cellulosic
index is evident from the inhibitory ability produced by
these bacteria. In Table 3, bacteria with the highest
cellulosic index have great inhibitory power against
the fungus G. boninense. According to Alpandari et
al. (2022), cellulosic bacteria possess a greater ability
to decompose materials rich in cellulose and lignin.
Additionally, cellulosic bacteria can inhibit the growth
of pathogenic microorganisms, producing lactic acid
and acetic acid, and the resulting compost does not
harm plants. According to Sembiring (2019), the
differences in clear zones produced by each cellulosic
bacterium vary because each bacterium produces a
distinct cellulase enzyme complex, depending on the
genetic makeup and the carbon source used. The
research results by Nisa et al. (2020) showed that
cellulosic bacteria can inhibit the growth of the fungus
G. boninense.

The cellulosic index value does not affect a bacteria’s
inhibition amount. High cellulase enzyme activity
does not correlate positively with the ability to inhibit
plant pathogens. The research results by Nisa et
al. (2020) found that isolate DBS1 has the highest
antagonistic power in inhibiting the growth of the
pathogenic fungus G. boninense, which is 40.17%
and has a low cellulosic index. In contrast, LBS1 and
DBS6 have a high cellulosic index, namely 4.38 and
2.81. The results have a weak inhibition percentage
(27.92% and 1.16%). Other mechanisms or activities
are involved in bacterial antagonism, such as the
production of compounds that can function as
inhibitors of an enzyme.

Table 3. Bacterial cellulolytic activity
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Inhibition test of Symbiotic Bacteria Against G.
boninense

Measurement of inhibition based on the results of
the growth of G. boninense fungal colonies. The
measurement of the percentage of inhibition aims to
determine the number of symbiotic bacteria inhibiting
the growth of G. boninense fungus after 10 days.

The results of inhibition testing using symbiotic
bacteria at 10 days against the growth of
G. boninense showed that all treatments applying
symbiotic bacteria can inhibit its growth with varying
inhibition (23.66 - 35.21%). Treatment P2 has the
highest percentage of inhibition, at 35.21%, while
treatment P3 has the lowest percentage of inhibition,
at about 23.66%.

Based on the inhibitory power research results, both
symbiotic bacteria can antagonistic agents against
the pathogenic fungus G. boninense. According to
Flori et al. (2020) bacteria are antagonistic agents
for pathogenic fungi because they can produce
several growth-inhibitory compounds. The inhibitory
compounds produced by antagonistic bacteria
function in degrading the fungus cell wall, affecting cell
membrane permeability, inhibiting fungal enzymes,
and inhibiting protein synthesis.

On the control treatment, the growth of the mycelium
of G. boninense after 10 (the days after inoculation)
did not fill the entire Petri dish because the mycelium
growth of G. boninense tended to be slow. In about
10-12 days, the new mycelium can grow to a
diameter of approximately 9 cm in a whole petri dish.
According to Alviodinasyari et al. (2015), the growth
of G. boninense takes 15-40 days. The growth of G.
boninense mycelium is influenced by several factors,
such as culture media, pH, temperature, and nutrition.
Based on laboratory tests, G. boninense can grow at

Codes of bacterial Diameter Cellulosic index Category
isolate Clear zone (mm) Colony (mm) (mm)

P2 42.55 18.80 1.26 Medium
P3 10.80 6.84 0.57 Low

Table 4. Inhibition test of symbiotic bacteria against G. boninense

Treatments Inhibition (%) Activity value Scale
Control 0 - 0
++
P2 35.21 (medium) 2
P3 23.66 * 1
(low)
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pH 3.0 - 8.5 with an optimal temperature of 30°C. The
mycelium growth was disrupted at temperatures of
15°C and 35°C and could not grow at 40°C. Mycelial
growth of G. boninense tends to be inhibited on PDA.
Media containing symbiotic bacterial isolates P2
and P3. This suggests that the symbiotic bacterial
isolates P2 and P3 exhibit antagonistic properties
and possess antibiotic capabilities. Sihombing et al.
(2019) stated that bacteria with antibiotic abilities
can typically interfere with the morphological and
physiological growth of fungi.

On antagonistic tests, it was shown that there was
activity from each symbiotic bacterium against
G. boninense fungi. The macroscopic inhibition
mechanisms of symbiotic bacterial isolates are
competition and antibiosis. In the P1 treatment, there
was competition between bacteria and G. boninense;
both utilized the PDA media as a growth space and
source of nutrients. P2 has rapid growth and the
ability to spread. According to Marilna and Hakim
(2023), the competition mechanism occurs when the
pathogen lacks space for development, rendering
it unable to thrive. The inhibition is caused by the
antibiotic compounds damaging the cell wall of the
pathogen, thereby disrupting its metabolic activities.

The P2 isolate showed the mechanism of antibiosis.
Antibiosis is a condition where an organism produces
one or more metabolites that negatively affect other
organisms. Metabolite compounds that can inhibit
or destroy another organism are called antibiotics.
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In their research, Jatnika et al. (2013) stated that
bacteria produce antibiotic compounds, such as
chitinase enzymes, which can hydrolyze fungal cell
walls, siderophores, and other antibiotics, thereby
inhibiting the development of pathogens. The
mechanism of bacterial antibiosis against pathogenic
fungus is related to the ability of bacterial isolates
to produce degradation enzymes such as chitinase,
protease, cellulase, and other related compounds.

Macroscopic and Microscopic Observations of G.
boninense After Treatments with Symbiotic Bacteria

Macroscopic observations of G. boninense fungi in all
treatments do not vary too much, i.e., the margin of
the fungi is entire (control PO and P1) and undulate
(P2). The texture of the colony is cottony; the elevation
has a central protrusion (umbonate), the growth of
mycelium up (aerial), there is exudate (droplets on
the surface), and has a slow growth type. This is
following the literature of Susanto et al. (2013), which
states that the fungi G. boninense has a velvety white
mycelium with slow mycelial growth.

Microscopic observation of G. boninense in each
treatment, using 1000x magnification, is shown
in Figure 4 to illustrate the growth of hyphae after
applying symbiotic bacteria. The development of
fungal hyphae in isolates P1 and P2 is abnormal,
such as hyphae that curl, twist, frizzle, branch, and
swell (Figure 4 C, D, E). Abnormal hyphal growth
can be indicative of plasma membrane damage in G.

Figure 3. Macroscopic fungus of G. boninense after being treated with symbiotic bacteria. A) Control (A); G.
boninense + symbiotic bacterial isolate P2 (B); G. boninense + symbiotic bacterial isolate P3 (C).

Magnification: 1000x
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Figure 4. Microscopic fungi of G. boninense in the control (A), P2 (B and C), and P3 (D and E): normal hyphae
(A), branched hyphae (B), twisted and curled hyphae (C), frizzy hyphae (D), and swollen hyphae (E).

Magnification: 1000x.
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boninense. Eliza et al. (2007) stated that antifungal
compounds produced by bacteria generally result in
the abnormal development of hyphae, characterized
by malformation, which is indicated by swelling and
shortening of the hyphae, leading to abnormal growth.

Based on the literature of Maulidia et al. (2021),
antagonistic bacteria produce cellulase, protease,
and chitinase enzymes that can degrade the fungal
cell wall by penetrating and absorbing the contents
of the fungal cell. Antibiotic compounds produced
by symbiotic bacteria also cause abnormal hyphal
growth. This agrees with the statement by Masyitah
et al. (2023) that hyphal growth becomes abnormal,
such as curling, lysis, and malformation, due to the
presence of antibiotic compounds that can degrade
cell walls and affect fungal growth.

Results of Bacterial Identification Based on 16S
rRNA

The results of bacterial identification based on 16S
rRNA showed that P2 bacteria are B. subtilis and
P3 bacteria are Bacillus sp. The Bacillus genus is
recognized as one of the genera that controls various
types of phytopathogens in plants, and B. subtilis is
a type of antagonistic bacterium primarily used to
control soil-borne pathogens. Bacteria, as a biological
agent, can produce metabolite compounds that have
antifungal effects. B. subtilis can suppress the growth
of its pathogen by releasing antibiosis, which inhibits
the growth of other fungi, and by releasing toxic
enzymes that can destroy fungi.

Conclusions

The two isolates of symbiotic bacteria from the
digestive tract of O. rhinoceros showed morphological
and biochemical differences. Symbiotic bacteria can
inhibit the growth of G. boninense with a variable
percentage of inhibition (23.66%-35.21%). The
highest rate of inhibition was observed in treatment
S1, which involved the application of a symbiotic
bacteria isolate coded P2, with a cellulolytic index of
1.26. The microscopic observation revealed that the
hyphae of G. boninense appeared abnormal after
treatment with the symbiotic bacteria; they became
curled, twisted, branched, and swollen.

Acknowledgment

The authors thank the Faculty of Agriculture,
University of North Sumatra, for granting permission
and providing facilities to conduct this research. The
author stated that the results of this research are
original and do not conflict with those of other parties.

Received 11/09/2024; Revised 18/02/2025; Accepted 03/06/2025
https://doi.org/10.29244/jtcs.12.02.398-407

References

Alpandari, H., Prakoso, T., Astuti, A., and Mulyono.
(2022). Pemanfaatan isolat bakteri tongkol
jagung sebagai bioaktivator alami dalam
pengomposan tongkol jagung (Zea mays).
Muria Jurnal Agroteknologi 1, 1-7. DOI: https://
doi.org/10.24176/mjagrotek.v1i1.8215.

Alviodinasyari, R., Martina, A., and Lestari, W. (2005).
Pengendalian Ganoderma boninense oleh
Trichoderma sp. pada kecambah dan bibit
kelapa sawit (Elaeis guineensis Jacq.) di tanah
gambut. Jurnal Online Mahasiswa FMIPA 2,
99-107.

Amin, S. S., Ghozali, T. Z., and Efendi, M. R. (2023).
Identifikasi bakteri dari telapak tangan dengan
pewarnaan gram. Chemrivo Jurnal Kimia dan
llmu Lingkungan 1, 30-35.

Choi, Y., Hodgkiss, I., and Hyde, K. (2005). Enzyme
production by endophytes of Brucea javanica.
Journal of Agricultural Technology 1, 55-66.

Dabamona, W., May, N. L., and Worabai, D. (2019).
Eksplorasi bakteri asal jamur Ganoderma sp.
sebagai potensial antagonis penyakit tanaman
Coriolus versicolor. Jurnal Kehutanan Papua
Asia 5, 186—195. https://www.doi.org/10.46703/
jurnalpapuasia.Vol5.1ss2.154.

Dwimartina, F., Joko, T., and Arwiyanto, T. (2021).
Karakteristik morfologi dan fisiologi bakteri
endofit dan rhizobakteri dari tanaman cengkeh
sehat. Jurnal Agrowiralodra 4, 1-8.DOI: https://
doi.org/10.31943/agrowiralodra.v4i1.58.

Eliza, Munif, A., Djatnika, I., and Widodo. (2007).

Karakter fisiologis dan peranan antibiosis

bakteri perakaran Gramineae terhadap

Fusarium dan pemacu pertumbuhan tanaman

pisang. Jurnal Hortikultura 17, 150-160.

Fallo, G., Banusu, M. S., Pardosi, L., and Tefa, A.
(2022). Isolasi dan identifikasi bakteri rizosfer
dari tanaman kacang gude (Cajanus cajan L.)
sebagai penghasil hormon IAA (indole acetic
Acid) dan aplikasinya pada benih padi (Oryza
sativa L.). Jurnal llmu-llmu Hayati 22, 129-
138. DOI: https://doi.org/10.31289/biolink.
v6i1.2090.

Farhan, I., Nurahmi, E., and Syamsuddin. (2023).
In vitro test of rhizobakteri isolates of cacao
plants (Theobroma cacao L.) against growth
Phytophthora palmivora and as a growth

Biology of Cellulosic Bacteria from Hindgut Oryctes rhinoceros as Antagonistic Agent .......... 405


https://doi.org/10.29244/jtcs.12.02.398-407
https://doi.org/10.24176/mjagrotek.v1i1.8215
https://doi.org/10.24176/mjagrotek.v1i1.8215
https://www.doi.org/10.46703/jurnalpapuasia.Vol5.Iss2.154
https://www.doi.org/10.46703/jurnalpapuasia.Vol5.Iss2.154
https://doi.org/10.31943/agrowiralodra.v4i1.58
https://doi.org/10.31943/agrowiralodra.v4i1.58
https://doi.org/10.31289/biolink.v6i1.2090
https://doi.org/10.31289/biolink.v6i1.2090

Journal of Tropical Crop Science Vol. 12 No. 2, June 2025
www.j-tropical-crops.com

booster. Jurnal llmiah Mahasiswa Pertanian
8, 32-40. DOI: https://doi.org/10.17969/jimfp.
v8i3.25881.

Flori, F., Mukarlina, and Rahmawati. (2020). Potensi
antagonis isolat bakteri Bacillus spp. asal
rizosfer tanaman lada (Piper nigrumL.) sebagai
agen pengendali jamur Fusarium sp. Jurnal
Biologi Makassar 5, 111-128. DOI: https://doi.
org/10.20956/bioma.v5i1.9923.

Hadi, M. S., Abadi, A. L., and Himawan, T. (2021). The
role of bacterial symbionts in the biodegradation
of chlorpyrifos in the digestive tract of Plutella
xylostella larvae. Biodiversitas 22, 702-712.
DOI: https://doi.org/10.13057/biodiv/d220222.

Hidaytullah, A., Yahdiyani, N., and Nurhayati, L. S.
(2022). lIsolasi dan seleksi bakteri kandidat
selulotik dari proses pembuatan pupuk organik
pada pengolahan limbah peternakan. Jurnal
Teknologi Hasil Peternakan 3, 65-72. DOI:
https://www.doi.org/10.24198/jthp.v3i2.41774.

Jatnika, W., Abadi, A. L., and Aini, L. Q. (2013).
Pengaruh  aplikasi  Bacillus sp. dan
Pseudomonas  terhadap perkembangan
penyakit bulai yang disebabkan oleh jamur
patogen Peronosclerospora maydis pada
tanaman jagung. Jurnal Hama dan Penyakit
Tanaman 1, 19-28.

Kurniawan, C. A., Afriani, M., and Maulana, A. (2021).
Literature study: Ability test of the consortium
of cellulolytic bacterial isolates in accelerating
the decomposition of empty palm oil signs.
Jurnal Tanaman Lingkungan 23, 28-32. DOI:
https://doi.org/10.29244/itl.23.1.28-32.

Marheni, and Lubis, L. (2019). Bacteria simbion
landscape (Oryctes rhinoceros L.) as a
bioactivator for oil palm empty fruit bottle for
organic mulsa. Abdimas Talenta 4, 391-395.
DOI: https://doi.org/10.32734/abdimastalenta.
v4i2.4101.

Marheni, Martono, E., and Sijabat, O. S. (2021).
Exploration of symbiotic bacteria of Oryctes
rhinoceros (Coleoptera: Scarabaeidae) larvae
from oil palm empty fruit bunches. AGRIVITA
Journal of Agricultural Science 43, 190-
197. DOI: https://doi.org/10.17503/agrivita.
v43i1.2301.

Marlina, M., and Hakim, L. (2023). Uji antagonis

beberapa spesies cendawan endofit
Trichoderma terhadap Pyricularia oryzae Cav.

406

Received 11/09/2024; Revised 18/02/2025; Accepted 03/06/2025
https://doi.org/10.29244/jtcs.12.02.398-407

in vitro. Jurnal llmiah Mahasiswa Pertanian 8,
977-989.

Masyitah, N., Chamzurni, T., and Oktarina, H.
(2023). Uji kompatibilitas kombinasi Bacillus
thuringiensis dan Pseudomonas aeruginosa
untuk mengendalikan Fusarium oxysporum
pada pembibitan melon (Cucumis melo L.).
Jurnal llmiah Mahasiswa Pertanian 8, 466—
482. DOI:  https://doi.org/10.17969/jimfp.
v8i1.23901.

Maulidia, V. R. S., Soesanto, L., Syamsuddin,
Hamaguchi, T., and Hasegawa, K. (2021).
Endophytic bacteria isolated from higher
plant in Aceh, Indonesia, and their chemical
compounds  activity against  Fusarium
oxysporum f. sp. lycopersici. Egyptian Journal
of Biological Pest Control 31, 1-7. DOI: https://
doi.org/10.1186/s41938-021-00379-5.

Mokos, A. F., Presson, J., Kolo, S. M., and Pardosi,
L. (2023). Aktivitas bakteri fraksi metanol
dari ekstrak bakteri SM10 yang bersimbiosis
dengan spons Stylissa massa. Journal of
Chemical Science and Application 1, 13-20.

Nisa, M., Aini, F., and Maritsa, H. U. (2020). Aktivitas
antagonistik bakteri selulotik asal rhizosfer
kelapa sawit (Elaeis guineensis Jacq.)
terhadap Ganoderma boninense. Jurnal
Biologi 13, 9-19.

Nurikhsanti, M., Zulkifli, L., and Rasmi, D. A. (2024).
Antagonistic test of bacteria producing
siderophore and protease enzymes from
the rhizosphere of peanut plants on the
growth of pathogenic fungus Colletotrichum
gloeosporioides. Jurnal Biologi Tropis 24,
100-108. DOI: https://doi.org/10.29303/jbt.
v24i1.6459.

Nuryanti, S., Fitriani, and Pratiwi, A. R. (2021).
Karakterisasi isolat bakteri penghasil selulosa
dari buah naga merah (Hylocereus polyrhizus).
As-Syifaa Jurnal Farmasi 13, 71-79.

Prastya, M. E., Suprihadi, A., and Kusdiyantini, E.
(2014). Eksplorasi rhizobakteri indigenous
tanaman cabai rawit (Capsicum frutescens
Linn.) dari pertanian semi organik Desa Batur
Kabupaten Semarang sebagai agen hayati

pengendali pertumbuhan jamur Fusarium
oxysporum f. sp. capsici. Jurnal Biologi 2, 18—
31.

Vita Mutiara Rizky Purba, Marheni


https://doi.org/10.29244/jtcs.12.02.398-407
https://doi.org/10.17969/jimfp.v8i3.25881
https://doi.org/10.17969/jimfp.v8i3.25881
https://doi.org/10.20956/bioma.v5i1.9923
https://doi.org/10.20956/bioma.v5i1.9923
https://doi.org/10.13057/biodiv/d220222
https://www.doi.org/10.24198/jthp.v3i2.41774
https://doi.org/10.29244/jitl.23.1.28-32
https://doi.org/10.32734/abdimastalenta.v4i2.4101
https://doi.org/10.32734/abdimastalenta.v4i2.4101
https://doi.org/10.17503/agrivita.v43i1.2301
https://doi.org/10.17503/agrivita.v43i1.2301
https://doi.org/10.17969/jimfp.v8i1.23901
https://doi.org/10.17969/jimfp.v8i1.23901
https://doi.org/10.1186/s41938-021-00379-5
https://doi.org/10.1186/s41938-021-00379-5
https://doi.org/10.29303/jbt.v24i1.6459
https://doi.org/10.29303/jbt.v24i1.6459

Journal of Tropical Crop Science Vol. 12 No. 2, June 2025
www.j-tropical-crops.com

PT Socfindo. (2022). Laporan keberlanjutan Socfindo.
Socfin Indonesia. https://www.socfindo.
co.id/documents/idn/Laporan-Keberlanjutan-
Socfindo-2022.pdf.

Purba, G. E., Rasyidah, and Mayasari, U. (2024).
Isolasi dan identifikasi bakteri penghasil enzim
gelatinase di Muara Pantai Lubuk Tukko
Tapanuli Tengah. Jurnal Median 16, 11-21.
DOI: https://doi.org/10.33506/md.v16i1.3072.

Raharja, H., Zubaidah, A., and Prasetyo, D. (2023).
Analisis biokimia bakteri kandidat probiotik
yang diisolasi dari saluran pencernaan udang
jerbung (Penaeus merquiensis). Aquatic
Sciences Journal 10, 158-162. DOI: https://doi.
org/10.29103/aa.v10i2.9062.

Rupaedah, B., Amanda, D. V., Indrayani, R., Asiani,
N., Sukmadi, B., Ali, A., Sugianto, T. F. (2018).
Aktivitas Stenotrophomonas rhizophila
dan Trichoderma sp. dalam menghambat
pertumbuhan Ganoderma boninense. Jurnal
Bioteknologi dan Biosains Indonesia 5, 53-63.

Sembiring, A. (2019). Isolasi dan uji aktivitas bakteri
penghasil selulase asal tanah kandang sapi.
Journal of Biology Science and Education 6,
21-26.

Received 11/09/2024; Revised 18/02/2025; Accepted 03/06/2025
https://doi.org/10.29244/jtcs.12.02.398-407

Sihombing, I. H., Pinem, M. I., and Safni, I. (2019).
Pengujian bakteri endofit asal cabai dalam
menekan pertumbuhan Fusarium oxysporum
f.sp. capsici penyebab penyakit layu Fusarium

pada cabai. Jurnal Agroekoteknologi 7,
339-346. DOI: https://doi.org/10.32734/
ja.v7i2.2446.

Simamora, C. J.,, and Sukmawati, S. (2020).

Identification and characterization of a PrTK-
2 bacterial isolate producing an extracellular
protease enzyme from rubber seed tempeh.
Bioscience 4, 79-88. DOI: https://doi.
org/10.24036/0202041108255-0-00.

Susanto, A., Prasetyo, A. E., Priwiratama, H.,
Wening, S., and Surianto. (2013). Ganoderma
boninense penyebab penyakit busuk batang
atas kelapa sawit. Jurnal Fitopatologi Indonesia
9, 123-126. DOI: https://doi.org/10.14692/
jfi.9.4.123.

Talantan, V. M., Marina, and Lambui, O. (2018). Uji
Aktivitas selulase dari jamur selulotik asal
tanah Danau Kalimpa’a Sulawesi tengah.
Journal of Science and Technology 7, 323-333.

Zivkovié, S; Stojanovié, S; Ivanovié, Z; Gavrilovi¢,
V. (2010). Screening of antagonistic activity
of microorganisms against Colletotrichum
acutatum and Colletotrichum gloeosporioides.
Archives Biological Science Belgrade 62, 611-
623.

Biology of Cellulosic Bacteria from Hindgut Oryctes rhinoceros as Antagonistic Agent .......... 407


https://doi.org/10.29244/jtcs.12.02.398-407
https://www.socfindo.co.id/documents/idn/Laporan-Keberlanjutan-Socfindo-2022.pdf
https://www.socfindo.co.id/documents/idn/Laporan-Keberlanjutan-Socfindo-2022.pdf
https://www.socfindo.co.id/documents/idn/Laporan-Keberlanjutan-Socfindo-2022.pdf
https://doi.org/10.33506/md.v16i1.3072
https://doi.org/10.29103/aa.v10i2.9062
https://doi.org/10.29103/aa.v10i2.9062
https://doi.org/10.32734/ja.v7i2.2446
https://doi.org/10.32734/ja.v7i2.2446
https://doi.org/10.24036/0202041108255-0-00
https://doi.org/10.24036/0202041108255-0-00
https://doi.org/10.14692/jfi.9.4.123
https://doi.org/10.14692/jfi.9.4.123



