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Abstract: Basal stem rot (BSR) disease caused by white rot fungus, Ganoderma boninense causes great economic
losses to the oil palm industries in Malaysia and other Southeast Asian countries. Traditionally, chemical fungicides
are used to control BSR diseases, however, they do carry other side effects to both the environment and human
health. This brings in the suggestion of the application of biocontrol agents as they are a more environmentally-
friendly approach. This study discusses the use of an environmentally-friendly approach to treat BSR with the
application of biocontrol agents. Microbes that produce mycolytic enzymes were targeted due to their ability to
degrade the fungal cell wall composition. Thus, protease- and glucanase-producing microbes were the focus in this
study. The microbes were successfully isolated out from the local soil samples collected in Sarawak. A total of 21
out of 46 isolates were protease-producing microbes whereas the other 25 isolates were glucanase-producing
microbes. The selective media Carboxymethylcellulose agar and Skim milk agar were used in the screening
experiment. The antifungal properties of the potential bacterial isolates were tested against Ganoderma boninense by
dual culture test. Among all the isolated strains, Pseudomonas putida showed the highest PIDG which was 86.3 %.

The isolated strains showed promising results in anti-Ganoderma testing.
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INTRODUCTION

Malaysia and Indonesia cover about 83% of the world’s
total production of palm oil [6]. According to
Malaysian Palm Qil Council [13], Malaysia is one of
the largest palm oil exporters in the world contributing
to about 33% of world export and 28% of world palm
oil production. The major challenge faced by the oil
palm industries lately is basal stem rot disease (BSR),
caused by white rot fungus, Ganoderma boninense (G.
boninense). The BSR disease causes economic losses in
oil palm industries of various regions around the world,
which includes Southeast Asian countries as well [16].
The phytopathogenic fungus G. boninense, also
known as white rot fungus, is a soil-borne fungus. In
recent years, G. boninense has been found in younger
plants and even in the seedlings of oil palms. The first
sign of the basal stem rot disease shows the yellowing
of the young fronds [17]. According to a previous
study, it is believed that the spreading method of basal
stem rot disease was through root-to-root method by the

contact of the adjacent root [15]. Chemical, cultural,
and mechanical control were conducted on the basal
stem as disease management in oil palm cultivation but
none of the control practices have shown satisfactory
results in the disease management [17].

The traditional practice of using chemical
fungicide, with the injection of a combination of
carboxin and quintozene fungicides into the trunk,
shows significant results in reducing BSR incidence
[15]. However, the use of chemical fungicides causes
adverse effects on the environment [7]. Besides that, the
chemical fungicides are costly and may eventually
induce the pathogen’s resistance to said fungicides.
Therefore, the use of biological control to suppress the
plant diseases is an environmentally-friendly approach
to controlling the phytopathogens in the agricultural
industry [18].

Antagonistic activity of microbes is the most
common approach of biological control which involves
the secretion of secondary metabolites of one or more
microbes that cause toxicity towards other microbes [1].
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The antagonistic microbes possess the ability to
produce certain secondary metabolites such as
antibiotic, mycolytic enzymes, and volatile compounds
with antibacterial or antifungal properties [20].
Numerous of such biological control agents have been
reported in previous studies such as Pseudomonas spp.,
Bacillus spp., and Trichoderma spp. The antagonistic
microbes that have the ability to produce mycolytic
enzymes are able to degrade the cell wall of pathogenic
fungi [1]. Study conducted by Muniroh et al., [14],
stated that Pseudomonas aeruginosa and Trichoderma
asperellum were able to suppress the growth of G.
boninense by secreting protease, glucanase and
cellulase in combating pathogen infection.

Chitin and -1,3-glucan are the major cell wall
components of the fungal cell wall [19]. Mycolytic
enzymes’ base formulation consists of chitinases,
proteases, and glucanases which have been used in the
control of fungal plant pathogens [7]. Due to the
capabilities of the mycolytic enzymes produced by
certain microbes to degrade the fungal cell wall, they
could be the ideal candidates as potential biological
control agents in the basal stem rot disease management
in oil palm cultivation. Since there were ample studies
on chitinase enzyme while less on glucanases and
proteases enzymes as biocontrol agents [7], therefore,
the main idea of this study was mainly focused on
isolation of microbes with the ability to secrete
glucanase and protease enzymes.

Furthermore, microbes that colonize around
rhizospheres are ideal to be used as biological control
agents. The rhizosphere serves as the first line of
defence for the roots system of the plants against attack
by pathogenic microorganisms [23]. Therefore, the
rhizosphere microorganisms are the ideal candidates for
biological control agents to suppress the soil borne
pathogens. The rhizobacteria, Bacillus spp., Serratia
spp., and Pseudomonas spp. has shown to be effective
biological control agents against Fusarium. oxysporum
f. sp melonis, the causative agent of Fusarium wilt in
Rock melon [4]. The rhizobacteria such as Serratia
spp. has been reported to act as biological control
agents against nematodes, and also as plant growth
enhancer, under greenhouse conditions [2]. This paper
reports the isolation and characterisation of microbes
that produce mycolytic enzymes from the soil
ecosystem in Sarawak and the evaluation of their
potential as biological control agents against, G.
boninense.

MATERIALS AND METHODS

Sampling, Screening, and Isolation of pure bacteria
strains from samples
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Soil samples were collected at random from 4 locations,
namely, Fairy cave Nature Reserve Park, Betong,
Padawan, and Swinburne University of Technology,
Sarawak campus at the rhizosphere; all locations are
within Sarawak. The serial dilution plating technique
was performed in the screening processes. Skim milk
agar (SMA) (Difco, New Jersey, NY) and
Carboxymethylcellulose agar (CMC) (Sigma-Aldrich,
St Louis., USA) were chosen as the selection media.
Skim milk agar (SMA) and Carboxymethylcellulose
agar (CMC) were chosen for primary screening of
protease- and glucanase-producing strains from the soil
samples collected. SMA plates were used to screen for
protease-producing bacteria while CMC plates were
used to screen for glucanase-producing bacteria. SMA
was commonly used to demonstrate coagulation and
proteolysis of casein while CMC was used to examine
the isolated strains for glucanase activity. The diluted
factors 101, 10 107%, and 10 microbes were chosen
and spread evenly in plates and incubated at 35° * 2°C
for three days. The potential microbial producers of
protease and glucanase enzymes were determined from
the sight of a clear zone formation area around certain
bacterial colonies present on the SMA and CMC
screening plates. The incubated plates were observed
for the purity of the bacteria based on morphology and
enzyme activity on the selective media. The purification
step was done by repeated streaking of the bacterial
colony of interest onto new selective media until the
growth of colony was uniform on the plate.
Contaminated microbes were eliminated at each of the
streaked process. The pure cultures of mycolytic
enzymes producing bacteria obtained were then coded.
Glucanase enzyme-producing microbes were coded as
C1 until C24 and protease enzyme-producing microbes
were coded as S1 to S21 respectively.

Molecular Identification by 16S rDNA sequencing

The selected pure bacteria strains were identified by
16S rDNA sequencing analysis. The genomic DNA of
pure bacteria strains were extracted by using genomic
DNA purification kit (Fermentas, USA). The bacteria’s
DNA was amplified by polymerase chain reaction
(PCR).  Universal primer sets, 8 F (5°-
AGAGTTTGATCCTGGCTCAG-3’) and 519 R (5’-
GWATTACCGCGGCKGCTG- 3”) [22], targeting 16 s
rRNA sequences were selected. MyTaq Red Mix
(Bioline, USA) was used in PCR amplification
according to the manufacturer’s instructions. The PCR
master mix contained the following: MyTagq Red Mix
(25 pL), forward primer (1 pL, 20 pM), reverse primer,
(1 pL, 20 pM), and sterilized MilliQ water (18 pL).
Each PCR tube contained 45 pL of master mix and
were added with 5 pL of crude DNA extract. DNA
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amplification was performed using a MasterCycler
Gradient Thermal Cycler (Eppendorf, Germany) with
the following cycling conditions: initial denaturation at
95°C for 1 minute followed by 29 cycles of
denaturation process at 95°C for 15 seconds, annealing
process at 55°C for 15 seconds and an extension process
at 72°C for 15 seconds and, lastly, a final elongation
process at 72°C for 5 minutes. The final PCR amplified
products were analysed on a 1% (w/v) agarose gel and
added with 3uL of Midori stain (Nippon Genetics
Europe GmBH, Duren, Germany for better
visualization under the UV light. The gel image of PCR
products were visual and captured by Gel
Documentation EQ System for DNA/ RNA Gel Photos
(Bio- Rad, USA). The final PCR products were sent to
First Base Laboratories Sdn Bhd, Selangor, Malaysia
for DNA sequencing analysis. The sequenced results
obtained were analysed by matching them to the known
16s rRNA gene sequences in the Genbank database [5]
using BLAST (Basic Local Alignment Search Tool) of
the National Centre for Biotechnology Information
[10]. Mega 6 was used to create a phylogenetic tree by
the use of the maximum likelihood method [21].

Evaluation of the In Vitro Antifungal Activity of the
Bacterial Isolates against Plant Pathogenic Fungi,
Ganoderma boninense

The dual culture test was adapted to be used for the
evaluation of the antagonistic activity of the protease
and glucanase enzyme-producing bacterial isolates
against plant pathogenic fungi, G. boninense [4]. The
Nutrient Agar (NA) media plates were divided into half
and labelled. The 16 different isolated strains were
inoculated onto NA media plates by a single streak in
the middle on the half side of the NA plates. An agar
plug from a 5-day old G. boninense culture plate was
placed in the middle of the other half side of the NA
plates. As for control plates, an agar plug was
transferred from 5 days old G. boninense culture plate
and placed in the middle of NA media plate without the
presence of isolated bacterial strains. The inoculated
plates were then incubated in the incubation room at
35°C £ 2°C for 7 days. The plates were observed and
measured on the 3 and 7" day. Three replicates were
made for each test strain plate as well as the control
plates. The microbial inhibitions activities were
observed by measuring the diameter of the inhibition
zones. After 7 days, the diameter growth of G.
boninense was measured. The percentage inhibition of
diameter growth (PIDG) was calculated according to
the equation [10] as follows:

Percentage Inhibition of Diameter Growth = [C-
T]/C x 100
Where;
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C — Diameter growth of G. boninense in the
control plate

T — Diameter growth of G. boninense in the
test plate

Statistical Analysis

Data collected were processed and analysed primarily
using MS Excel.

RESULTS AND DISCUSSION

Sampling, Screening, and Isolation of pure bacteria
strains from samples

The soil samples were collected from various locations
within Sarawak. Mycolytic enzyme producing bacteria
were targeted due to its ability to synthesize enzymes
that can degrade the cell wall of plant pathogenic fungi
[1]. Previous studies have shown that the mycolytic
enzymes increase in large amounts at infected areas of
plants when the defence response gene of the infected
plants are triggered [15]. Mycolytic enzymes’ base
formulation consisting of proteases and glucanases have
been used in the control of plant pathogenic fungi [7]
As shown in Figure 1, the clear zone formations on
SMA (A) plates indicated the presence of protease
enzymes as the protein content, casein within the media
had degraded. The isolated bacteria hydrolyzed casein
into soluble nitrogenous compounds thus resulting in
the formation of the clear zones observed [9]. Similarly,
the formation of clear zone in CMC (B) agar plates in
Figure 1 showed that there were hydrolysis activities of
B-1,3-glucan. It indicated the presence of glucanase
enzymes secreted by test strains [8]. The microbes of
interests with clear zone formation as shown in Figure 1
were inoculated to new SMA and CMC agar plates for
pure culture isolation.

Molecular Identification by 16S rDNA sequencing

The isolates were identified using molecular
identification via DNA sequencing of the 16s rRNA
gene sequence. The crude DNA for the 46 isolates were
successfully extracted by the use of DNA extractions
kits and also freeze and thaw method. The selected
universal primers sets, 8F and 519R were used to target
the 16s rRNA sequences. PCR products size obtained
for the isolates were approximately 500bp. The
microbes were identified to species level based on the
reference of query cover and identity percentage which
is not less than 70% for both percentage. The isolates
were selected based on the closest match and the
accession number for the closest match species were
indicated. On the basis of the partial 16s rRNA
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sequence comparison results in Table 1, Figure 3 and 4,
the isolates bacteria were classified to be members of

the genus of Bacillus, Delftia, Acinetobacter,
Stenotrophomonas, Ralstonia, Burkholderia,
Pseudomonas, Serratia, Staphylococcus,  and

Chryseobacterium.

Evaluation of the In Vitro Antifungal Activity of the
Bacterial Isolates against Plant Pathogenic Fungi,
Ganoderma boninense

Dual culture plate assay was adapted to be used in this
study. The comparison of the growth of
phytopathogenic fungi, G. boninense in control and test
plate is presented in Figure 2. The PIDG of 16 different
isolated strains were calculated according to the growth
diameter (cm) results at day 7 of the anti-Ganoderma
experiment as shown in Figure 2. The results of PIDG
for 16 different isolated strains are presented in Figure
5. The results showed that Pseudomonas putida,
Bacillus cereus, Serratia marcescens,
Chryseobacterium indologenes, Acinetobacter
calcoaceticus, and Bacillus flexus had higher PIDG rate
when compared to the other isolated strains. The PIDG
for P. putida showed highest PIDG amongst all isolated
strains which was 86.3 %. The PIDG for P. putida is
then followed up by B. cereus and S. marcescens where
the PIDG for both strains were 85.8% and 84.7%. C.
indologenes, A. calcoaceticus, and B. flexus isolates
showed almost similar PIDG results in the anti-
Ganoderma test which were 83.7%, 82.8%, and 82.0%
respectively. Bacillus spp., Serattia spp. and
Pseudomonas spp. has been reported to act as
biocontrol agents in previous studies. The modes of
action involves the production of antibiotic (iturin,
surfactin, and fengycin), the secretion of the mycolytic
enzymes (chitinases, glucanases, and proteases) that
have the capabilities to degrade fungi cell wall, and also
volatile compounds that possess antifungal or
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APPENDIX

Figure 1: Screening for potential protease- and glucanase-producing microbes. The formation of a clear zone by
potential isolates on selective media SMA (A) and CMC (B) agar plates indicate positive mycolytic enzyme
production.

Figure 2: Dual culture plate assay to evaluate the efficiency of the isolated strains inhibiting the growth of the
phytopathogenic fungi, G. boninense. The comparison of the mycelial growth of phytopathogenic fungi, G.
boninense, in control plate (A) and test plate with the presence of B. cereus, C12 (B) at day 7. C is the diameter
growth of G. boninense in the control plate, T represents the diameter growth of G. boninense in the test plate.
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Figure 3: Phylogenetic tree shows the position of the glucanase enzyme-producing isolates, based on the partial
16s rRNA sequence comparison. The phylogenetic tree was constructed based on Maximum Likelihood

method.
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Chryseobacterium gleum strain CCUG 14555 165 ribosomal RMNA gene partial sequence
S8

S10
Staphylococcus sp. SPT122 gene for 165 ribosomal RMNA partial sequence

Staphylococcus sciuri gene for 165 ribosomal RMNA partial sequence isolate: MN21_126
Staphylococcus lugdunensis 165 ribosomal RMA gene partial sequence

Staphylococcus sciuri strain Dc-04 165 ribosomal RMA gene partial sequence

Staphylococcus sciuri subsp. rodentium strain GTC 844 165 ribosomal RMNA gene partial sequence
S16

Bacillus flexus strain NM25 163 ribosomal RMNA gene partial sequence

Bacillus flexus strain P15 165 ribosomal RMNA gene partial sequence

Bacillus subtilis strain DCGS1 165 ribosomal RMNA gene partial sequence

Bacillus coagulans strain KTSMBML-08 165 ribosomal RMA gene partial sequence

Bacillus sp. Lp10 165 ribosomal RMNA gene partial seguence

Bacillus thuringiensis strain Ag13 168 ribosomal RMA gene partial sequence

Bacillus cersus strain X9 165 ribosomal RMA gene partial sequence

Bacillus anthracis strain 2-Sj-2-2-26-M 165 ribosomal RMNA gene partial sequence

Bacillus cereus strain BQAR-01d 165 ribosomal RNA gene partial sequence

Bacillus sp. enrichment culture clone DWSRK131 163 ribosomal RMA gene partial sequence
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Bacillus sp. enrichment culture clone BB_XS5-2 165 ribosomal RMNA gene partial sequence

Bacillus ceresus strain EGU261 165 ribosomal RMA gene partial sequence
Bacillus cereus strain T3 165 ribosomal RMNA gene partial sequence

S21

S6
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Bacillus cersus strain LPTS 165 ribosomal RMA gene partial sequence
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Figure 4: Phylogenetic tree shows the position of the protease enzyme-producing isolates, based on the partial
16s rRNA sequence comparison. The phylogenetic tree was constructed based on Maximum Likelihood

method.
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Table 1: The closest match of the strains’ identity obtained after comparison with Genbank database.

Strain species Strains identity obtained Number of isolates
Bacillus cereus 9
Bacillus coagulans 3
Bacillus spp.
Bacillus flexus 1
Bacillus anthracis 3
Delftia spp. Delftia tsuruhatensis 1
Acinetobacter spp. Acinetobacter calcoaceticus 6
Stenotrophomonas spp. Stenotrophomonas maltophilia 2
Ralstonia spp. Ralstonia pickettii 2
Burkholderia metallica 1
Burkholderia spp.
Burkholderia cepacia 7
Pseudomonas plecoglossicida 1
Pseudomonas spp. Pseudomonas mosselii 1
Pseudomonas putida 2
Serratia spp. Serratia marcescens 2
Staphylococcus spp. Staphylococcus sciuri 3
Chryseobacterium spp. Chryseobacterium indologenes 2
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Figure 5: Percentage inhibition of diameter growth (PIDG) results on the 7th day of the anti-Ganoderma
experiment. The 16 different isolated strains tested against phytopathogenic fungi, G. boninense.
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