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Abstract. Budi MBS, Giyanto, Tondok ET. 2022. Isolation of actinomycetes from peatland to suppress the growth of Ganoderma
boninense the causal agent of basal stem rot disease in oil palm. Biodiversitas 23: 5914-5922. Basal stem rot is a major constrain in oil
palm cultivation. The aim of this study was to obtain actinomycetes isolates that can suppress the growth of Ganoderma boninense. The
research stages included rejuvenation of actinomycetes isolate stock cultures, observation of morphological characters, analysis of the
potency of actinomycetes as biological control agents against G. boninense (antibiosis, volatile organic compound, effect of bioactive
compounds in actinomycete culture supernatants and their concentration levels in suppressing G. boninense), physiological
characterization and molecular identification was also done of selected actinomycetes. All actinomycetes colonies were grey and brown
in color with rectiflexible and vertilicillate spore chain types. Three of the seven isolates tested, namely AKT19, AKT28, and AKT52,
were able to suppress the growth of G. boninense up to 100% based on the dual culture test and the percent inhibition of G. boninense
growth was 12.27; 17.50; and 23.23% by volatile organic compounds. At 10% concentration, the bioactive compounds of three
actinomycetes isolates inhibited the growth of G. boninense, i.e., 89.17, 88.30 and 86.50%, respectively. Further results revealed that
isolate AKT19 was the strongest suppressor (70.93) of G. boninense at a concentration of 0.5%, while isolates AKT 28 and 52 inhibited
only 15.30 and 4.80%, respectively. All potential actinomycetes isolates produce chitinase, glucanase, cellulase, phosphatase enzymes,
fixes nitrogen and secreted indole acetic acid growth hormone. Based on the analysis of 16S rRNA gene, it was noted that all potential
isolates were identified as Streptomyces gelaticus.
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INTRODUCTION

Basal stem rot disease (BSR) is the main disease in oil
palm plantations caused by the fungus Ganoderma
boninense. In Southeast Asian countries that are mostly
engaged in the oil palm industry, such as Indonesia and
Malaysia, this disease poses a serious threat to the
production and export of oil palm (Naher et al. 2013;
Afandi et al. 2018). BSR disease is reported to cause 30-
50% damage in oil palm plantations (Ibrahim et al. 2020).
The total loss caused by basal stem rot disease in oil palm
producing countries such as Indonesia and Malaysia even
reached 500 million USD/year and became the country with
the highest losses due to BSR disease (Rees et al. 2012).

Some controls that have been carried out to suppress the
infection of fungus G. boninense include controlling
technical culture, planting holes in holes, making isolation
trenches and using several resistant varieties (Naher et al.
2012). Control with technical and mechanical culture is
less efficient and often fails due to the characteristics of G.
boninense as a soil-borne pathogen that has high
saprophytic ability and a very wide host range (Rees et al.
2012). Efforts to control BSR disease are mostly carried
out with chemical fungicides, but with consideration of
environmental safety, the use of biological agents has been
widely developed as alternative control technique. Several

antagonistic microorganisms that have been used to control
BSR disease include Bacillus cepacia, Enterobacter sp.,
and Pseudomonas aeruginosa (Bivi et al. 2010; Suryanto et
al. 2012). Several endophytic bacteria from the group
Pseudomonas  aeruginosa, Serratia  marcescens,
Burkholderia cepacia and have also been reported to be
used to control BSR disease (Zaiton et al. 2006). Use of
Trichoderma harzianum and Trichoderma sp have also
been reported but have not yet yielded maximum results
(Alviodinasyari et al. 2015).

Actinomycetes are a group of Gram-positive bacteria
and have a structure that resembles a fungus, which has
soft filaments such as hyphae and mycelia (Madigan et al.
2006). Actinomycetes have high potential to be developed
and used as biological control agents because
actinomycetes are known to increase resistance and
promote plant growth. Various antimicrobial compounds
produced by actinomycetes, especially Streptomyces
species (Hasani et al. 2014). The antimicrobial compound
includes antimycin, tetracycline, streptomycin,
erythromycin, chloramphenicol, ivermectin, and rifampin
(Todar 2008). The antimicrobial by actinomycetes is also
known to act as antifungal compounds that suppress the
growth and development of pathogens. One of the
antifungal compounds produced is urauchimycins which is
a group of antimycin compounds. This compound can act
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as antifungal by inhibiting electrons that act as
mitochondrial respiration (Sharma et al. 2015).

Actinomycetes from the genus Streptomyces produce
the most antibiotics compared to other species. It is
estimated that 80% of antibiotic products are produced by
Streptomyces (Singh et al. 2006). Actinomycetes are
known to be effective in suppressing several plant
pathogens including Verticillium dahlia, Fusarium
oxysporum and groups of oomycetes such as Phytophthora
sp and Pythium ultimum. The antagonistic mechanisms
included hyperparasitism, antibiosis, producing cell wall
degrading enzymes and induction of plant resistance
(Errakhi et al. 2009). Actinomycetes as prokaryotic
microbes are able to play an important role in the nutrient
cycle, nitrogen fixation, secondary metabolite production
and promote plant growth (Olanrewaju and Babalola 2019).
As plant growth promoting rhizobacteria (PGPR),
actinomycetes are reported to be able to produce
phytohormones, namely auxins, gibberellins, and
cytokinins (El-Tarabily et al. 2020).

The expansion of oil palm plantations in Indonesia
continues and even on peat soil. Ganoderma boninense, the
causal agent of BSR disease, has not been widely explored
in oil palm in peat soil as biological agents of
actinomycetes. The aim of this study was to obtain
actinomycete isolates from peat soil capable to suppress the
growth of G. boninense to be developed as biological
agents for controlling BSR disease in of oil palm.

MATERIALS AND METHODS

Rejuvenation of actinomycetes isolate culture stocks
and confirmation based on general morphological
characteristics

Actinomycetes isolates were acquired from the Plant
Bacteriology Laboratory, Department of Plant Protection,
Bogor Agricultural University and isolated from peatlands
in Musi Banyuasin Regency, South Sumatra Province. The
isolates used were named AKTh, AKT19, AKT28, AKT41,
AKT52, AKT56, and AKT57. The conformation of
actinomycetes included colony color, substrate mycelium
color, pigment produce in medium, and the shape of spore
chain. All the isolates were grown on two medium, namely
YSA medium (yeast extract 2.0 g soluble starch 10.0 g agar
15.0 g and 1 L distilled water) and 1SP2 medium (yeast
extract 4.0 g, malt extract 10.0 g, dextrose, 4.0 g, bacto
agar 20.0 g and 1 L distilled water) (Akbar et al. 2017).
Ganoderma boninense isolates were obtained from fruiting
bodies appeared on oil palm plants infected with G.
boninense. The inoculum was grown on Himedia potato
dextrose agar (PDA) media and molecularly identified
using primers ITS1 and ITS4.

Potency test of actinomycete isolates as biological agents
of Ganoderma boninense
Growth inhibition of Ganoderma boninense by
actinomycetes using dual culture technique

All the isolates of actinomycetes were tested for their
ability to inhibit the growth of G. boninense isolate SMU
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as described by Kunova et al. (2016). Actinomycetes
isolates were scratched from the sides of petridish and
incubated for 3 days. After incubation, G. boninense isolate
was placed on the other side of the petri dish for further
incubation for 7 days. Observations were made on the
presence or absence of a clear zone and also the relative
inhibition of pathogen using the formula.

R1-R2
H =

x 100%

Where:

H : Relative inhibition of G. boninense growth by
actinomycetes

R1: Radius G. boninense colony close to actinomycetes
culture

R2: Control

Effect of volatile organic compound (VOC) produced by
actinomycetes on the growth of Ganoderma boninense
Ganoderma boninense was cultured on PDA and
actinomycete was grown on I1SP2 media. The two cultures
in petri dishes were cupped together and sealed with
parafilm, then incubated for 7 days. In control treatment,
the same method was used, actinomycetes were not culture
on ISP2 medium. Observations were made on 7th day by
measuring the diameter of the fungal colonies and
compared with the control treatment (Yuan et al. 2012).

Test the effect of bioactive compounds produced by
actinomycetes on the growth of Ganoderma boninense

Preparation of bioactive compounds was carried out by
growing actinomycetes on liquid 1SP2 medium and
incubating on a shaker at 114 rpm for 7 days. The
supernatant of actinomycetes cultures was separated and
sterilized by 0.22 ['m millipore filter to obtain sterile crude
bioactive compounds (Susilowati et al. 2007). ISP medium
was added with actinomycetes bioactive compounds.
Furthermore, G. boninense was grown on PDA medium
containing 10% (v/v) of bioactive compounds. As a
control, G. boninense was grown on PDA medium without
the addition of actinomycetes bioactive compounds.
Observation of inhibition was carried out after 7 days of
incubation. The percentage of inhibition (1) was determined
using the formula.

I(%)= 2= x 100%
Where:
DK: Diameter of G. boninense colonies on control (cm)
DP: Diameter of G. boninense colonies in treatment (cm)

Three selected isolates with the highest percentage
inhibition to G. boninense were further tested using several
concentrations of bioactive compounds at 3, 2.5, 2, 1.5, 1,
0.5 and 0% according to Achmad (2015). Ganoderma
boninense was grown in liquid PDB medium containing
actinomycetes  bioactive compounds with  various
concentrations as mentioned above. On the seventh day
mycelia of G. boninense were separated from liquid media
by filtering the mycelia using Whatman filter paper no 1
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and then placed in an oven for 24 hours at 60°C. The
weight of G. boninense biomass was measured based on
the formula by Pratomo (2006).

Physiological characterization of selected actinomycetes
isolates
Chitinase production

Chitinase production by actinomycetes was detected
using chitin agar medium containing 0.1 g MgSO..7H.0, 1
g KH2PO4, 1 g NaCl, 7 g (NH4),S04, 2 g yeast extract, 1 g
tryptone, 15 mL colloidal chitin, 20 g bacto agar and 1 L of
distilled water. 3 mm diameter of actinomycetes culture
pieces were inoculated in the center of media and then
incubated for 3 days. The overgrown medium of
actinomycetes was flooded with 1 mL of 0.1% congo red
dye solution and rinsed with 1M NaCl solution. The
presence of a clear zone around the bacterial colonies
indicated chitinolytic activity and chitinolytic index was
calculated based on Hariprasad et al. (2015).

Glucanase production

The ability of actinomycetes to degrade glucan was
carried out using glucan agar media containing 1.5 ¢
KH,PO,, 0.65 g Na,PO4, 2.5 g NaCl, 0.05 g CaCl,, 1.25 g
peptone, 0.5 g yeast extract, 0.5 g (NH4);SO4, 10 mL
glucan substrate, 20 g of bacto agar and 1 L of distilled
water. Actinomycetes culture pieces with a diameter of 3
mm diameter were inoculated in the center of media and
then incubated at 30°C for four days. Furthermore, the
medium overgrown by actinomycetes was flooded with 1
mL of 0.1% congo red dye solution and rinsed with 1M
NaCl solution. The clear zone formed was observed and the
glucanase activity index was calculated based on Dawood
and Muhammed (2015).

Cellulase production

Carboxymethyl cellulose (CMC) agar media containing
1.36 g KH2PO4, 1 g (NH4),S04, 0.2 g MgS0..7H,0, 2 g
NaCl, 1 g yeast extract, 0.01 g CaCl..2H;0,5g CMC, 15 ¢
of bacto agar and 1 L of distilled water. Actinomycetes
culture pieces with a diameter of 0.3 mm were inoculated
in the center of media and then incubated at 30°C for four
days. The medium that had been overgrown with
actinomycetes was flooded with 1 mL of 0.1% congo red
dye solution and rinsed with 1M NaCl solution. The clear
zone formed was then calculated as cellulase index based
on Hastuti et al. (2014)

Phosphatase production

The production of phosphatase by actinomycetes was
tested using pikovskaya agar medium containing 10 g
dextrose, 0.5 g yeast extract, 0.5 g (NH.)2SO4, 0.1 g
MgSO,, 0.0001g MnSO4-H.O, 0.0001 g FeSO4 5 ¢
Ca3(POs),, 0.2 g KCL, 15 g bacto agar and 1 L distilled
water. A clear zone was formed as a result of phosphate
solubilizing activity around actinomycetes colonies (Sarker
et al. 2014). The clear zone was measured by calculating
the phosphate dissolution index based on Ulfiyanti and
Zulaikha (2015).
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Nitrogen fixation

The test was carried out by culturing actinomycetes on
NFB (nitrogen-free bromthymol blue) semi agar containing
0.05 g FeSO..7H;O, 4 g KOH, 5 g malic acid, 0.01 g
MgS0,4.7H20, 0.01 g MnSO4.H.0, 0.5 g KoHPO,, 0.002 g
NaCl, 0.01 g CaCly, 0.002 g Na;M0O..2H,0, 1.75 g bacto
agar, 2 mL of 0.5% bromothymol blue in 1 L distilled
water (Dobereiner et al. 1976). The culture was incubated
at room temperature for 5-7 days. The formation of pellicle
under the surface of media indicated that actinomycetes
isolate was able to fix nitrogen from air for their growth.

Production of indole acetic acid (IAA)

The ability of actinomycetes to produce IAA
compounds was tested based on Patten and Glick (2002).
Actinomycetes were cultured in ISP2 broth media
containing L-tryptophan (L-trp) 2 mg mL?, then incubated
at room temperature and shaken at 150 rpm for 3 days.
Actinomycetes supernatants were separated using a 0.22

m millipore filter to obtain crude metabolites. A total of 1
mL of crude metabolite was mixed with Salkowsky's
reagent (1 mL of 0.5 M FeCI3 and 49 mL of 35%
perchloric acid) with a ratio of 1:2 and incubated in a room
without light for 30 minutes (Gordon and Weber 1951). If
the suspension turn pink color, it indicates that
actinomycetes isolate produced IAA.

Identification of actinomycetes isolates by sequencing of
16S rRNA gene

Extraction of total DNA from actinomycetes isolates
was carried out using PrestoTM Mini DNA Bacteria Kit
Geneaid according to the protocol of product. 16S rRNA
gene amplification was carried out by PCR in a volume of
25 L consisting of 12.5 pL Thermo Scientific PCR master
mix (2x), 1 uyL 27F forward primer (5'-
AGAGTTTGATCCTGGCTCAG-3") (Bruce et al. 1992), 1
uL reverse primer 16Sact1114R (5'-
GAGTTGACCCCGGCRGT-3', 1 yL DNA template and
9.5 pL Nuclease free water (NFW). PCR amplification was
achieved with one cycle of an initial denaturation at 94°C
for 2 minutes, followed by 30 cycles consisting of
denaturation at 94°C for 30 seconds, annealing at 52°C for
30 seconds, and elongation/extension at 72°C for 2 minutes
and one cycle for a final extension at 72°C for 2 minutes.
The PCR products were further analyzed by electrophoresis
in 0,1% agarose gel and Vvisualized using UV
transilluminator. The PCR products were then sequenced
through sequencing service company. Sequencing results
were aligned with the data on GenBank using the Blast-N
(Basic Local Alignment Search Tool-Nucleotida) program
from the National Center for Biotechnology Information
(NCBI) website.

Data analysis

All treatments were repeated three times. The data
obtained were collected in MS Excel and analyzed using
analysis of variance (ANOVA). The significance of the
parameters was tested using the least significant difference
multiple range test at P < 0.05.
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RESULTS AND DISCUSSION

Morphological characteristics of actinomycetes

All actinomycetes isolates had aerial mycelium with
different types of spore chains. Isolates AKT19, AKT28
and AKT52 had the same spore chain shape, namely
rectiflexibles and isolates coded AKTb, AKT41, AKT56
and AKT57 showed verticilliate spore chains (Table 1).
This is in accordance with Liu et al. (2016), who reported
that the genus Streptomyces has classic polyspores that
form long chains and have more than 50 spores or
commonly referred to as spore chains. Several types of
spore chains that show characteristics of the genus
Streptomyces include rectiflexibiles, retinaculiaperti, spira
and verticillate. In addition, Streptomyces colonies were
usually covered with aerial hyphae. The color of
actinomycetes colonies of isolates AKT19, AKT28 and
AKT52 were grey and produced yellow pigment on ISP 2
and YSA media. AKTb and AKT41 isolates showed brown
colony color with brown pigment on medium. Colony
colors on AKT56 and AKT57 isolates were grey, brown
and both produced brown pigment in ISP2 and YSA
growing medium (Table 1).

Streptomyces belongs to the Streptomycetaceae family,
and suborder Streptomycineae. Streptomyces grow as
filamentous mycelia in the soil. The adult actinomycetes
colony consists of two different types of mycelia, namely
substrate mycelium (vegetative) and air mycelium (aerial
mycelium). Substrate mycelium and aerial mycelium have
different roles. Substrate mycelium plays a role in
absorbing nutrients needed for growth (Hastuti 2014).
Substrate mycelium can penetrate the substrate or grow on
the surface, while aerial mycelium grows vertically. Aerial
mycelium covers the surface of colony so that the colony
looks hairy and powdery (Islam et al. 2014). Aerial
mycelium acts as a reproductive organ, when
environmental nutrients are reduced, aerial mycelium

Tabel 1. Morphological characteristics of actinomycetes isolates
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develops to form a spore chain like the adult phase in its
life cycle. The spores germinate and develop into a new
mycelium (Koepff et al. 2018)

Growth inhibition of Ganoderma boninense by
actinomycetes

Seven actinomycetes isolates tested by dual culture
technique showed inhibition of G. boninense from 33.3 to
100%. AKT19, AKT28 and AKT52 isolates showed the
highest inhibition up to 100% (Table 2). All the three
isolates showed widest zone of inhibition compared to
other isolates (Figure 1). AKT41 and AKT57 isolates
showed 45% and 50.13% percentage of inhibition,
respectively, while the lowest percentage of inhibition was
shown by AKT56 isolates with a value of 33.33% (Table
2). One of the characteristics of actinomycete group of
bacteria as biological control agents against several soil-
borne pathogens is that they are able to produce bioactive
compounds that can effectively suppress the growth of
pathogens (Adegboye and Babalola 2012).

Table 2. Growth
actinomycetes

inhibition of Ganoderma boninense by

Growth inhibitions of

Actinomycetes isolates G. boninense (%)

AKT b 45.0 £5.00 bc
AKT19 100.00 £0.00 a
AKT28 100.00 + 0.00a
AKT41 56.43 +12.38b
AKT52 100.00 + 0.00a
AKT56 33.33+9.11c

AKT57 50.13 + 9.48bc

Note: Data are the means * standard deviation of three replicates.
The numbers in each treatment in the same column followed by
the same letter show that they are not significantly different
according to the Tukey test at the 5% level.

Actinomycetes isolates

Parameters AKTb AKTI9 AKT 28 AKT4L AKT52 AKT56 __ AKT57
Aerial mycelium + + + + + + +
Spore chain shape
Rectiflexibiles - + + - + - -
Spirales - - - - -
Vertilicilate + - - + - + +
Rectinaculiaperti - - - - -
Colony color, mycelium and pigment on YSA medium
Colony color White Brown Grey Brown Grey Brown Brown
Pigment production to media - - - - - - -
Under colony White Brown Grey Brown Grey Brown Brown
Colony color, mycelium and pigment on ISP2 medium
Colony color Brown Grey Grey Brown Grey Grey Brown
Pigment production to media Brown Yellow Yellow - Yellow - Brown
Under colony Brown Yellow Yellow Brown Yellow Brown Brown

Note: +: Presence of spore chain; -: absence of spore chain.
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Figure 1. Dual culture test between actinomycetes isolates and Ganoderma boninense A) Actinomycetes isolate AKTb vis G.
boninense; B) AKT19 vis G. boninense; C) AKT28 vis G. boninense; D) AKT41 vis G. boninense; E) AKT52 vis G. boninense; F)

AKTS56 vis G. boninense; G) AKT57 vis G. boninense 7; H) Control

Three of the seven actinomycetes isolates from peat
soil, namely AKT19, AKT28 and AKT52 isolates were
able to inhibit the growth of G. boninense up to 100%
(Figure 1). This is in line with previous studies which
reported that actinomycetes could suppress fungal growth
ranging from 80% to 100% (Muzaimah et al. 2015).
Streptomyces spp. showed strong antagonistic activity
against the dikaryotic mycelium of G. boninense with the
percentage of inhibition reaching more than 70% (Y usoff et
al. 2021). Degradation of the cell wall of G. boninense
resulted in abnormal hyphae morphology and changes in
hyphae morphology resulted in abnormal growth of G.
boninense (Suryanto et al. 2012). In the dual culture test
conducted by Lim et al. (2018), bioactive compounds
produced by Streptomyces spp. played an important role in
inhibiting the growth and density of G. boninense.
Actinomycetes are also known to suppress the growth of
other soil-borne pathogens such as V. dahliae, F. oxysporum,
B. cinerea, R. solani, and A. flavus (Aouar et al. 2020).

Effect of VOCs and bioactive compounds on the growth
of Ganoderma boninense

The effect of VOC produced by actinomycetes isolates
on the growth of G. boninense was less effective. The
relative inhibition ranged from 2.87% (AKT41) to 20.23%
(AKT52). Several actinomycetes isolates indicated no real
difference in suppressing G. boninense growth (Table 3).
Previous research indicated that volatile organic
compounds produced by actinomycetes showed an
inhibition on the growth of plant pathogens (Wang et al.
2013). Several VOC compounds produced by the genus
Streptomyces which are known to suppress the growth of

soil-borne pathogens are trans-1,10-dimethyl-trans-9-
decalol (geosmin) and 2-methylisoborneol (MIB). This
compound is also responsible for the odor produced by
actinomycetes (Jiang et al. 2007). VOC compounds
produced by the Streptomyces genus can cause abnormal
morphology of pathogen and suppress the growth of
pathogenic hyphae (Cordovez et al. 2015).

Streptomyces platensis F-1 produces VOC compounds
which are antifungal against Rhizoctonia solani, S.
sclerotiorum, and Botrytis cinerea (Wan et al. 2008).
Similarly, VOCs produced from Streptomyces globisporus
JK1 were able to suppress Penicillium italicum (Li et al.
2010). VOC compounds produced by Streptomyces albulus
NJZJSAZ2 is known to inhibit mycelia growth of pathogenic
fungi. The VOC compound produced by Streptomyces
albulus NJZJSA2 was able to inhibit the growth of
Fusarium oxysporum by 56.3% and inhibit Sclerotium
sclerotiorum up to 100% after 60 days after incubation.
The resulting VOC cannot kill fungal mycelia, however
only inhibits the growth of fungus (Wu et al. 2015).

Results of present investigation showed that the
bioactive compounds of actinomycetes supernatant at a
concentration of 10% varied in inhibiting the growth of G.
boninense (Table 3). The three highest relative inhibition
percentages i.e., 89.17%, 88.83%, and 86.50% were shown
by AKT19, AKT 52 and AKT52. Meanwhile, AKT41
isolate did not show any inhibitory activity on the growth
of G. boninense. Actinomycetes are known to be producer
of bioactive compounds that can act as antifungals such as
ribostamycin, benxylmalic, landomycin and Salinomycin
(Lim et al. 2018). Several strains of bacteria belonging to
the genus Streptomyces can also produce antibiotics such as
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vancomycin, erythromyecin, tetracycline, streptomycin and
chloramphenicol (Hasani et al. 2014). These compounds
are capable of damaging cell walls, disrupting cell
membrane function, and interfering with protein and
nucleic acid synthesis of fungal pathogens (Purnomo et al.
2017).

Based on the ability to inhibit G. boninense growth,
three potential isolates, namely AKT19, AKT28 and
AKT52 were further investigated at different level of
concentration. Result revealed that AKT19 isolates showed
the strongest inhibition of G. boninense at a concentration
of 0.5% which suppressed growth by 70.93%, while
isolates AKT 28 and AKT52 inhibit only 15.30% and
4.80% growth, respectively. Bioactive compounds at low
concentrations can able to suppress the mycelial biomass of
G. boninense. The concentration of metabolites added to
the growth media showed differences in the biomass of G.
boninense (Table 4).

The data indicated that actinomycetes AKT19 isolate
had a very strong activity to inhibit the growth of G.
boninense. Previous result reported that application of
bioactive compounds with a concentration of 4%
suppressed the growth of several pathogenic fungi such as
G. boninense, Alternaria sp., Fusarium sp., Rhizopus
stolonifer, A. niger., A. flavus, Alternaria sp., Fusarium sp.,
Rhizopus stolonifer, Pythium ultimum and
Helminthosporium (Sharma and Parihar 2010). Reduced
biomass and decreased growth are due to fungal
malformations such as thickened, shortened hyphae
structures, hyphae fragments that are destroyed and
undergo lysis (Azura et al. 2016).

Characteristic of selected actinomycetes in production
of chitinase, glucanase and cellulase

All the selected actinomycetes isolates were able to
degrade chitin, glucan and cellulose substrates as indicated
by the presence of a clear zone close to the colony. The
highest glucanase, chitinase and cellulase indexes were
shown by isolate AKT28 (Table 5).

These characteristics can support the development of
actinomycetes isolates as biological agents. For example,
the ability to produce chitinase enzymes is thought to
increase the ability to suppress the development of
Ganoderma boninense through the degradation of chitin as
a constituent of fungal cell walls. Actinomycetes can
produce chitin and glucan-degrading enzymes which are
the main components of the cell wall of Ganoderma (Ma et
al. 2019). According to Prapagdee et al. (2008), enzymes
that are generally produced by bacteria belonging to the
genus Streptomyces are chitinase enzymes and 1.3 B-
glucanase which can lyse chitin and glucan compounds in
fungal cell walls, respectively. Actinomycetes are a group
of microorganisms that have an significant role in
producing cellulase enzymes to decompose organic
material (Das et al. 2014).

Physiological characterization of selected actinomycetes
as bio-fertilizers and growth promotor

Further characterization of selected isolates indicated
that none of the isolates produced phosphatase, but only
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AKT28 isolate has the ability to fix nitrogen. All the
isolates produced indole acetic acid, promote plant growth
(Table 6).

Table 3. Growth inhibition of Ganoderma boninense by volatile
organic compound and bioactive compound actinomycetes
isolates

Growth inhibition of G. boninense

Actinomycetes Relative inhibition

Relative inhibition

isolates by bioactive
by VOC (%) compounds

AKTb 7.97 £6.91a 37.50 + 33.07ab
AKT19 12.27 £11.38a 89.17 £ 3.82a
AKT28 17.50 £ 9.62a 88.33+3.82a
AKT41 2.87 £4.96a 0.00 + 0.00b
AKT52 20.23+£18.12a 86.50 = 6.206a
AKT56 4.47 + 4.30a 27.50 + 23.84b
AKT57 16.53 + 18.87a 18.77 + 32.50b

Note: Data are the means * standard deviation of three replicates.
The numbers in each treatment in the same column followed by
the same letter show that they are not significantly different
according to the Tukey test at the 5% level.

Table 4. Growth inhibition of Ganoderma boninense at different
concentration of bioactive compound produced by selected
actinomycetes isolates

Growth inhibition of G. boninense (%)

0,

Conc. (%) AKT19 AKT28 AKT52

0 0.00+000c _ 0.00x0.00b __ 0.00%0.00b
0.5 70.93+7.0lb  1530+9.05b  4.80 + 2.65b
1.0 7423+6.98ab 13.97+1652b  4.70+5.28b
15 75.93+1.62ab 27.90+1532ab  8.97+587b
2.0 73.40+3.34ab 27.77+1494ab  7.40+6.3%
25 74.37+36lab 17.87 +1449b 12.00 + 18.04b
3.0 83.67+2.22bh 61.80+1036a 49.53 +21.38a

Note: Data are the means * standard deviation of three replicates.
The numbers in each treatment in the same column followed by
the same letter show that they are not significantly different
according to the Tukey test at the 5% level.

Table 5. Ability of three actinomycetes isolates to degrade chitin,
glucan and cellulose substrates

Isolates Gl_ucanase Chitinase Ce_llulose
index index index
AKT19 0.31+0.07b 018 + 0.04a 1.09 £ 0.51a
AKT28 0.39+0.03b 0.31 +0.09a 1.27 £0.37a
AKT52 0.27 +0.11b 0.25 + 0.04a 1.10 £0.10a

Note: Data are the means + standard deviation of three replicates.
The numbers in each treatment in the same column followed by
the same letter show that they are not significantly different
according to the Tukey test at the 5% level.

Table 6. Production of phosphatase, nitrogen fixation, and I1AA
by actinomycetes isolates

Isolates Phosphatase Nitrogen Producer
index fixation IAA

AKT19 - - +

AKT28 - + +

AKT52 - - +
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Gupta et al. (2014) reported that bacterial isolates with
ability to produce phosphatase, nitrogen fixation and
secreting IAA are able to increase plant growth. Phosphate
and nitrogen are essential in the synthesis of chlorophyll,
proteins, enzymes, DNA and RNA (Santi et al. 2013). One
of the characteristics of bacteria known to be able to
dissolve nitrogen is to form a pellicle or ring and cause a
change in the color of NfB medium from yellow to bluish
yellow (Islam et al. 2019). Furthermore, IAA is significant
hormone in stimulating plant root development, increasing
resistance to pathogens and promoting plant growth (Joshi
and Bath 2011).

Molecular identification of selected actinomycetes
Amplification of 16S rRNA gene successfully resulted
DNA fragment (amplicon) with a size of about 1200 base
pair as shown in Figure 3. Alignment of all sequences of
the amplicon to the GenBank database indicated that all
actinomycetes isolates have similarities with Streptomyces
gelaticus strain NRRL B-2928 originating from the United
States (Table 7). Based on research conducted by Osman et
al. (2020), Streptomyces gelaticus is known to act as a
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biocontrol agent in suppressing the growth of Alternaria
solani and also Botrytis fabae in tomato plants.

3000 bp—
1200bp —»

1000bp —»

Figure 3. Visualization of amplified actinomycetes potential
DNA bands using specific  primers  actinomycetes
27F/16Scatt111R on 0.1% agarose gel with 1 kb DNA marker. (1)
AKT19, (2) AKT28, (3) AKT52

Figure 2. Characterization potential actinomycetes as biofertilizers and plant growth promoters A) phosphate solubilizing activity, B)

nitrogen fixation activity, C) IAA hormone

Table 7. Homology of nucleotide sequences of AKT19, AKT28 and AKT52 isolates

Isolates Isolates in GenBank Query cover Identity (%) PI:]CJI’C:;LC:'H
AKT19 Streptomyces gelaticus strain NRRL B-2928 100% 99.73% NR_043488.1
S. gelaticus strain NBRC 12866 100% 99.73% NR_112308.1
S. atratus strain NRRL B-16927 100% 99.55% NR_043490.1
S. atratus strain NBRC 3897 100% 99.55% NR_112503.1
S. sanglieri strain NBRC 100784 100% 99.46% NR_041417.1
AKT28 Streptomyces gelaticus strain NRRL B-2928 100% 99.54% NR_043488.1
S. gelaticus strain NBRC 12866 100% 99.54% NR_112308.1
S. sanglieri strain NBRC 100784 100% 99.45% NR_041417.1
S. atratus strain NRRL B-16927 100% 99.36% NR_043490.1
S. atratus strain NBRC 3897 100% 99.36% NR_112503.1
AKT52 Streptomyces gelaticus strain NRRL B-2928 100% 99.63% NR_043488.1
S. gelaticus strain NBRC 12866 100% 99.63% NR_112308.1
S. sanglieri strain NBRC 100784 100% 99.54% NR_041417.1
S. atratus strain NRRL B-16927 100% 99.45% NR_043490.1
S. atratus strain NBRC 3897 100% 99.45% NR_112503.1
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Conclusion

The selection results obtained three potential isolates
with inhibitory abilities G. boninense growth of 33.33 to
100% was shown by isolate AKT19, AKT28, and AKT52.
The effect of VOC compounds and bioactive compounds
on potential isolates suppressed the growth of G. boninense
with sequential inhibition ranging from 12.27 to 20.23%
and 86.50 to 89.17%. lIsolates AKT19, AKT28, and AKT
52 were able to degrade glucan, chitin, and cellulose,
produce IAA hormone, and cannot dissolve phosphate but
isolate AKT28 was able to bind nitrogen. Molecular
identification shows that isolates AKT19, AKT28, and
AKT52 had the highest homology with Streptomyces
gelaticus strain NRRL B-2928 originating from the USA.

ACKNOWLEDGEMENTS

The authors are thankful to the Ministry of Education
and Culture of the Republic of Indonesia for supporting
this research and publication through the National
Competitive Basic Research scheme in 2022 with a grant
number 3744 /IT3.L1/PT.01.03/P/B/2022.

REFERENCES

Adegboye FM, Babalola OO. 2012. Taxonomy and ecology of antibiotic
producing Aktinomiset. Afr J Agric Res 7 (15) : 2255-2261. DOI:
10.5897/AJARX11.071,

Achmad A. 2015. Pengaruh pH, penggoyangan media, dan ekstrak daun
sirih merah (Piper crocatum Linn.) terhadap pertumbuhan cendawan
Rhizoctonia sp. Hortikultura 25 (2): 150- 159. DOI:
10.21082/jhort.v25n2.2015.p150-159. [Indonesian]

Afandi D, Basyuni M, Putri LAP, Chalil D, Syahputra I. 2019. Expression
of oil palm Elaeis guineensis) polyisoprenoids in response to
Ganoderma boninense infection. Biodiversitas 20: 68-76. DOI:
10.13057/biodiv/d200109.

Akbar RA, Dini R, Dyah FK. 2017. Potensi Aktinomisetes asal tanah
perakaran mangrove segara anakan Cilacap sebagai penghasil anti-
fungi terhadap Candida albicans. J Trop Biodivers Biotechnol 2 (1):
39-44. DOI: 10.22146/jtbb.26554. [Indonesian]

Alviodinasyari R, Martina A, Lestari W. 2018. Pengendalian Ganoderma
boninense oleh Trichoderma sp. Shj8 pada kecambah dan bibit kelapa
sawit (Elaeis guineensis jacg.) di tanah gambut. JOM FMIPA 2 (1):
99-107. [Indonesian]

Aouar L, Boukelloul I, Benadjila A. 2020. Identification of antagonistic
Streptomyces strains isolated from Algerian Saharan soils and their
plant growth promoting properties. Biodiversitas 21 (12): 5672-5683.
DOI: 10.13057/biodiv/d211212.

Azura ABN, Yusoff M, Tan GYA, Jegadesh R, Appleton DRA. 2016.
Streptomyces sanglieri which colonised and enhanced the growth of
Elaeis guineensis Jacq. seedlings was antagonistic to Ganoderma
boninense in in vitro studies. J Ind Microbiol Biotechnol 43 (1) :485-
493. DOI: 10.1007/s10295-015-1724-4.

Bivi MR, Farhana MSN, Khairulmazmi A, Idris A. 2010. Control of
Ganoderma boninense: a causal agent of basal stem rot disease in oil
palm with endophyte bacteria in vitro. Intl J Agric Biol 12: 833-839.

Bruce KD, Hiorns WD, Hobman JL, Oshorn AM, Strike P, Ritchie DA.
1992. Amplification of DNA from native populations of soil bacteria
by using the polymerase chain reaction. Appl Environ Microbiol 58
(10): 3413-3416. DOI: 10.1128/aem.58.10.3413-3416.1992.

Cordovez V, Carrion VJ, Etalo DW, Mumm R, Zhu H, van Wezel GP,
Raajimakers. 2015. Diversity and functions of volatile organic
compounds produced by Streptomyces from a disease-suppressive
soil. Front Microbiol 6 (1): 1081. DOI: 10.3389/fmich.2015.01081.

5921

Das P, Solanki R, Khanna M. 2014. Isolation and screening of cellulolytic
Actinomycetes from diverse habitats. Intl J Adv Biotechnol Res 5:
438-451.

Dawood ES, Mohamed AA. 2015. Isolation and screening of different
chitinolytic mycoflora isolated from sudanese soil for biological
control of Fusarium oxysporium. Asian J Agric Food Sci 3 (4): 412-
418.

Débereiner J, Marriel TE, Neru M. 1976. Ecological distribution of
Spirillum lipoferum. Beijerinck. J Microbiol 22: 1464-1473. DOI:
10.1139/m76-217.

El-Tarabily KA, El-Baghdady KZ, Al-Khajeh AS, Ayyash MM. Al-jneibi
RS, ElKeblawy A, Abu-Qamar SF. 2020. Polyamine-producing
actinobacteria enhance biomass production and seed yield in
Salicornia  bigelovii. Biol Fertil Soils 56: 499-519. DOI:
10.1007/s00374-020-01450-3.

Errakhi R, Lebrihi A, Barakate M. 2009. In vitro and in vivo antagonism
of Aktinomiset isolatd from Moroccan rhizospherical soils against
Sclerotium rolfsii: a causal agent of root rot on sugar beet (Beta
vulgaris L.). J Appl Mycrobiol 107: 672-681. DOI: 10.1111/j.1365-
2672.2009.04232.x.

Gordon SA, Weber RP. 1951. Colorimetric estimation of indoleacetic
acid. Plant Physiol 26: 192-195. DOI: 10.1104/pp.26.1.192.

Gupta S, Meena MK, Datta S. 2014. Isolation characterization of plant
growth promoting bacteria from the plant Chlorophytum borivilianum
and in-vitro screening for activity of nitrogen fixation, phospthate
solubilization and 1AA production. Intl J Curr Microbiol App Sci 3
(7): 1082-1090.

Hariprasad P, Divakara S, Niranjana S. 2015. Isolation and
characterization of chitinolytic rhizobacteria for the management of
Fusarium wilt in tomato. Crop Prot 30 (12): 1606-1612. DOI:
10.1016/j.cropro.2011.02.032.

Hasani A, Kariminik A, Issazadeh. 2014. Streptomycetes: Characteristics
and their antimicrobial activities. Inlt J Adv Biol 2 (1): 63-75.

Hastuti US, Yakub P, Khasanah N. 2014. Biodiversity of indigenous
amylolytic and cellulolytic bacteria in sago waste product at Susupu,
North Moluccas. J Life Sci 8 (1): 920-924 DOI: 10.17265/1934-
7391/2014.11.010.

Ibrahim SM, Seman IA, Rusli MH, Izzuddin MA, Kamarudin N, Hasyim
K, Manaf ZA. 2020. Surveillance of Ganoderma disease in oil palm
planted by participants of the smallholders replanting incentive
scheme in Malaysia. J Oil Palm Res 32 (2): 237-244. DOI:
10.21894/jopr.2020.0024.

Islam H, Nelvia N, Zul D. 2019. Isolasi dan uji potensi bakteri diazotrof
non simbiotik asal tanah kebun kelapa sawit dengan aplikasi tandan
kosong dan limbah cair pabrik kelapa sawit. J Agrotek 9 (2): 35-40.
DOI: 10.24014/ja.v9i2.4508. [Indonesian]

Islam M, Aktar BA, Rahman MM, Uddin KMM. 2014. Isolation and
characterization of Streptomyces spp collected from Bangladeshi soils
on the basis of morphological and biochemical studies. Intl J Curr
Microbiol Appl Sci 3 (11): 734-742.

Jiang J, He X, Cane DE. 2007. Biosynthesis of the earthy odorant geosmin
by a bifunctional Streptomyces coelicolor enzyme. Nat Chem Biol 3
(1): 711-715. DOI: 10.1038/nchembio.2007.29.

Joshi P, Bath AB. 2011. Diversity and function of plant growth-promoting
rhizobacteria associated with with wheat rhizosphere in North
Himalaya Region. Intl J Environ Sci 16: 1135-1143.

Koepff J, Sachs CC, Wiechert W, Kohlheyer D, Noh K, Oldiges M,
Grunberger A. 2018. Germination and growth analysis of
Streptomyces lividans at the single-cell level under varying medium
compositions. Front Microbiol 9: 2680. DOl:
10.3389/fmich.2018.02680.

Kunova A, Maria B, Marco S, Cristina P, Xiaoyulong C, Paulo C. 2016.
Selection of Streptomyces against soil borne fungal pathogens by a
standardized dual culture assay and evaluation of their effects on seed
germination and plant growth. BMC Microbiol 16: 272. DOI
10.1186/512866-016-0886-1.

Li Q, Ning P, Zheng L, Huang J, Li G, Hsiang T. 2010. Fumigant activity
of volatiles of Streptomyces globisporus JK1 against Penicillium
italicum on Citrus microcarpa. Postharvest Biol Technol 58: 157-
165. DOI: 10.1016/j.postharvbio.2010.06.003.

Lim P, Gangsau JA, Chong KP. 2018. Streptomyces spp. a potential
biocontrol agents againts Ganoderma boninense of basal stem rot. J
Oil Palm Res 30 (2): 265-275 DOI: DOI: 10.21894/jopr.2018.0024.

Liu Q, Chen X, Jiang Y, Jiang C. 2016. Morphological Identification Of
Actinobacteria. Intech. DOI: 10.5772/61461



5922

Madigan MT, Martinko JM, Parker J. 2006. Biology of Microorganism.
Pretince Hal, New Jersey.

Ma Z, Xu M, Wang Q, Wang F, Zheng H, Gu Z, Li Y Shi G, Ding Z.
2019. Development of an efficient strategy to improve extracellular
polysaccharide production of Ganoderma lucidum wusing |-
phenylalanine as an enhancer. Front Microbiol 10 (1): 2306. DOI:
10.3389/fmich.2019.02306.

Muzaimah SA, Idris AS, Madihah AZ, Dzolkifli O, Kamaruzzaman S,
Cheong PCH. 2015. Isolation of Aktinomiset from rhizosphere of oil
palm (Elaeis guineensis jacq.) for antagonism against Ganoderma
boninense. J Oil Palm Res 27 (1): 19-29.

Naher L, Yusuf UK, Ismail, Tan SG, Mondal MMA. 2013. Ecological
status of Ganoderma and basal stem rot disease of oil palms (Elaeis
guineensis Jacq.). Aust J Crop Sci 7 (11): 1723-1727.

Naher L, Soon GT, Yusuf UK, Ho CL, Abdullah F. 2012. Biocontrol
agent Trichoderma harzianum Strain FA 1132 as an enhancer of oil
palm growth. Pertanika J Trop Agric Sci 35 (1): 173-182. DOI:
10.1100/2012/647504.

Olanrewaju OS, Babalola OO. 2019. Streptomyces: Implication and
interactions in plant growth promotion. Appl Microbiol Biotechnol
103: 1179-1188. DOI: 10.1007/s00253-018-09577-y.

Osman ME, Elnasr AAA, El all WSMA, Mohamed ET. 2020. In-vitro
studies on biocontrol of Alternaria solani and Botrytis fabae. Res J
Biol Chem Sci 11 (2): 93-107

Prapagdee B, Kuekulvog C, Mongkulsuk S. 2008. Antifungal potensial of
extracellular metabolites produce by Streptomyces hygrospicus
against phytophstogenic fungi. Intl J Bol Sci 4 (5): 330-337. DOI:
10.7150/ijbs.4.330.

Pratomo R. 2006. Pengaruh macam pH dan penggoyangan media terhadap

pertumbuhan cendawan Rhizoctonia. Littri 15 (4): 19-26.
[Indonesian]
Purnomo E, Mukarlina, Rahmawati. 2017. Uji antagonis bakteri

Streptomyces spp. terhadap jamur Phytophthora palmivora bbk01
penyebab busuk buah pada tanaman kakao. Protobiont 6 (3): 1-7.
[Indonesian]

Rees RW, Flood J, Hasan Y, Wills MA, Cooper RM. 2012. Ganoderma
boninense basidiospores in oil palm plantations: evaluation of their
possible role in stem rots of Elaeis guineensis. Plant Pathol 61 (3):
567-578. DOI: 10.1111/j.1365- 3059.2011.02533.x.

Santi C, Bogusz D, Franche C. 2013. Biological nitrogen fixation in non-
legume plants. Ann Bot 111 (5): 743-767. DOI: 10.1093/aob/mct048.

Sarker A, Talukder NM, Islam MT. 2014. Phosphate solubilizing bacteria
promote growth and enhance nutrient uptake by wheat. Plant Sci
Today 1 (2): 86-93. DOI: 10.14719/pst.2014.1.2.25.

Sharma H, Parihar L. 2010. Antifungal activity of extracts obtained from
Aktinomiset. J Yeast Fungal Res 1 (10): 197-200.

BIODIVERSITAS 23 (11): 5914-5922, November 2022

Sharma BK, Yadav SK, Singh S, Singh HB. 2015. Microbial
consortiummediated plant defense against phytopathogens:
readdressing for enhancing efficacy. Soil Biol Biochem 87 (1): 25-33.
DOI: 10.1016/j.s0ilbi0.2015.04.001.

Singh LS, Baruah I, Bora TC. 2006. Aktinomiset of loktak habitat :
isolation and screening for antimicrobial activities. Biotechnol 5 (2):
217-221. DOI: 10.3923/biotech.2006.217.221.

Suryanto D, Wibowo RH, Siregar EBM, Munir E. 2012. A possibility of
chitinolytic bacteria utilization to control basal stem disease caused
by Ganoderma boninense in oil palm seedling. Afr J Microbiol 6 (9):
2053-2059. DOI: 10.5897/ajmr11.1343.

Susilowati DN, Ratih D, Hastuti, Erny Y. 2007. Isolasi dan karakterisasi
Aktinomisetes penghasil antibakteri enteropatogen Escherichia coli
K1.1, Pseudomonas pseudomallei 02 05, dan Listeria monocytogenes
5407. Agrobiogen 3 (1): 15-23. DOI: 10.21082/jbio.v3n1.2007.p15-
23. [Indonesian]

Todar K. 2008. Antimicrobial Agensts Used in Treatment of Infection
Disease [research report]. University of Wisconsin, Madison.

Ulfiyanti N, Zulaikha E. 2015. Isolat bacillus pelarut fosfat dari kalimas
surabaya. Jurnal Sains dan Seni ITS 4 (2): 2337-3520. [Indonesian]

Wan M, Li G, Zhang J, Jiang D, Huang HC. 2008. Effect of volatile
substances of Streptomyces platensis F-1 on control of plant fungal
diseases. Biol Control 46 1): 552-559. DOI:
10.1016/j.biocontrol.2008.05.015.

Wang C, Wang Z, Qiao X, Li Z, Li F, Chen M, wang Y, Huang Y, Cui H.
2013. Antifungal activity of volatile organic compounds from
Streptomyces alboflavus TD-1. FEMS Microbiol Lett 341: 45-51.
DOI: 10.1111/1574-6968.12088.

Wu Y, Yuan J, Yaoyao E, Raza W, Shen Q, Huang Q. 2015. Effects of
volatile organic compounds from Streptomyces albulus NJZJSA2 on
growth of two fungal pathogens. J Basic Microbiol 54 (1): 1-14. DOI:
10.1002/jobm.201400906.

Yuan J, Raza W, Shen Q, Huang Q. 2012. Antifungal activity of Bacillus
amyloliquefaciens NJN-6 volatile compounds against Fusarium
oxysporum f. sp. cubense. Appl Environ Microbiol 78 (16): 5942-
5945. DOI: 10.1128/AEM.01357-12.

Yusoff A, Ashaari FHM, Samad MAA, Wahab AFF, Bharuddin I. 2021.
Identification of soil bacteria with antifugal activity towards palm oil
pathogens Ganoderma boninense. Sains Malays 50 (12): 3557-3567.
DOI: 10.17576/jsm-2021-5012-08.

Zaiton S, Sariah M, Zainal Abidin MA. 2006. Isolation and
characterization of microbial endophytes from oil palm roots:
implication as biological control agents against Ganoderma. Planter
82 (966): 587-597.



