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Abstract

Endophytic bacteria is an excellent candidates for the biological control of pathogenic fungi 
in plantations. The objectives of this study were to isolate and examine anti-fungal activity 
of endophytic bacteria from oil palm plantations in South Kalimantan against Ganoderma 
boninense. This research was performed in three phases, i.e., isolation, selection, and assess-
ment of endophytic bacteria isolates against Ganoderma boninense. A total of 126 colonies 
of endophytic bacteria were isolated. The result of the anti-fungal activity test with dual 
culture method demostrated that BKA 10 isolate had the largest inhibition zone (62.22%). 
Molecular identification by DNA analysis using 16S rRNA primers showed that BKA 10 is 
most closely related to Bacillus cereus. In conclusion, isolate with the best anti-fungal acitiv-
ity against Ganoderma boninense  has the closest kinship with Bacillus cereus.
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Introduction
Indonesia is one of the country with the 
largest oil palm plantations in the world.1 
In 2013, Indonesia’s oil palm plantations 
reached 10.32 million hectares with palm 
oil production reached 31 million tons.2 

Indonesia contributed to 46% of global palm 
oil exports,  making Indonesia top the lists of 
palm-oil producing countries.3 Unfortunately, 
oil palm plantations in Indonesia currently 
face the deadly  basal stem rot disease caused 
by Ganoderma spp.4 It has been reported that 
the economic loss caused by these pathogens 
in the region of Southeast Asia is more than 
500 million dollars per year.5

 
Various control methods have been applied 
to overcome this disease, but nothing seems 
to be effective. For a long time, burning land 
to iron out this disease is common method, 
but this causes environmental damage in the 
region. The use of chemical fungicides such 
as hexaconazole is also rarely performed 
because besaid causing pollution, this method 
does not show effective results.6 To reduce 
the use of chemical agents and environmental 
pollution, several studies have shown the 
potential use of biocontrol agents that are 
more effective and more environmental-
friendly in controlling plant pathogens7. 
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The observation of the low incidence of 
diseases caused by Ganoderma sp. species 
pathogenic fungi in a number of plantations 
suggested that the disease was likely to be 
controlled by a biocontrol agent. Therefore, 
many research has been conducted to control 
Ganoderma sp. with the use of biocontrol 
agents.8 The study conducted by Idris shows 
that endophytic fungi can be used to compete 
against Ganoderma sp.9 thus reducing the 
chances of Ganoderma sp. to colonize 
the roots of oil palm plantations. Beside 
that, a promising biocontrol agent such 
as Trichoderma sp demonstrated in-vitro 
antagonism activity against G. boninense.10

Endophytic bacterial are the bacteria that 
live in plant tissues without any symptoms 
of the disease shown by the host.11,12 Several 
endophytic bacteria indicate the presence of 
antagonistic properties against pathogenic 
fungi that attack host.13,14 They have been 
isolated from wild hosts as well as those 
grown in agriculture and plantations, such 
as woody plants,15 bananas,16 and grasses.17 
Thus, endophytic bacterial is a relatively new 
candidates for biological disease control.

A large number of endophytic bacteria, 
including gram-positive and negative could 
help their host against pathogens through 
lysis activity of fungal cell wall.7 Several 
endophytic bacteria such as Serratia spp., 
Burkholderia spp., Pseudomonas spp., 
Bacillus spp., And Fusarium spp., which 
were found to induce a crop resistance system 
showed antibiotic and lysis activity 13,14.

Therefore, this study was conducted to 
identify selected endophytic bacteria that have 
anti-fungal properties against Ganoderma 
boninense. This endophytic bacteria was 
isolated from oil palm plantations from 
the Agro plantation of Menara Rahmat in 
South Kalimantan. Data from this study 
are useful for further studies regarding 

selected antagonist endophytic isolates and 
other secondary metabolites against fungal 
pathogen. 

Methods 
Material
The materials used in this research are 
palm oil tissues (roots, stems, leaves and 
fruit) from PT. Agro Menara Rahmat, South 
Kalimantan and fungi culture of G. boninense 
from Laboratory of Mycology-PAU, School 
of Life Sciences and Technology, Bandung 
Institute of Technology.

Sampling and isolation endophytic bacteria
Sampling of parts of oil palm plantation was 
conducted at PT Agro Menara Rahmat, South 
Kalimantan. Sampling of healthy plant oil 
palm parts (roots, stems, leaf barks, leaves and 
fruits) from several ages of oil palm crops was 
conducted randomly. Isolation of endophytic 
bacteria from oil palm plants was conducted 
by taking the tissues in the roots, stems, 
leaves and fruit aseptically. Each tissue (root, 
stem, leaves, and fruit) was sterilized using 
70% ethanol and 2% sodium hypochlorite, 
then planted in aseptic Nutrient Agar (NA) 
medium. After 48 hours incubation, bacterial 
isolates grown on the media was purified into 
pure culture and stored in a reaction tube 
containing NA media as a stock culture. G. 
boninense fungal pathogen culture is grown 
by taking tissue in the pathogen aseptically 
and growing it on the surface of Potato 
Dextrose agar (PDA) medium.

Anti-fungal acitivity test 
G. boninense culture was placed in the 
middle of a Petri dish containing PDA 
medium (diameter: 8 mm). Two days after 
the inoculation of the fungus, bacterial 
culture was streaked (2 cm) from the ends of 
the corners of the mycelium growth region. 
The inhibition zone was calculated when the 
mycelium reaches the tip of petri dish on 
control culture.
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Inhibiton zone resulting from dual culture 
results was calculated based on the formula.18

Keterangan: 
ZH : Inhibition Zone (%)
RMK  : Control Mycelium Radius (cm)
RMH  : Inhibitory Mycelium Radius (cm)

Identification of selected bacterial isolates 
Bacterial isolates were prepared for 
morphological observation of colonies, 
forms and types of bacterial cells with gram 
staining. The morphology of the colony 
was observed visually in petri dishes for 
the shape, color, edges, surface and colony 
growth patterns. Microscopic observations 
of bacterial cells were performed to look at 
the cell shape and reaction of the Gram. The 
gram staining technique was carried out in 
the following manner: the isolate smear was 
dropped with the basic dye of violet crystals 
and left for 1 minute, then washed with water 
flowing carefully. The smear was then stained 
with Gram Iodine (1 g Iodine composition, 2 
g of potassium iodide) in 300 mL of distilled 
water and allowed to stand for 1 minute. The 

excess reagents were removed and the smear 
was soaked in 96% alcohol for 30 seconds. 
The swabs were washed with flowing water 
carefully. The smear was stained with 2.5% 
of safranin for 1 minute, washed again with 
flowing water carefully and then dried. Smear 
was observed with a microscope.

Amplification of 16S rRNA gene was done 
by PCR colony method. The pure bacterial 
isolates were grown on a solid NA medium 
and sampled one colony using Oose into 100 
μL sterile deionized water and homogenized 
to be a template in the PCR process. Template 
of bacterial suspension was used as much as 2 
μL and mixed with 16S rRNA forward primer 
2.5 μL (5 ‘- AGAGTTTGATCCTGGCTCAG- 
3’), reverse 16S rRNA 2.5 μL (5 ‘- 
GGTTACCTTGTTACGACTT - 3’), sterile 
water deion 14 μL, DMSO 4 μL, and PCR 
mix (Fermentas) 25 μL in PCR tube. The 
PCR tube containing 50 μL of mixed material 
was then homogenized using a vortex prior to 
PCR. PCR takes as many as 25 cycles. 

DNA extraction from agarose gel was 
conducted using DNA purification kit from 
Geneaid.  DNA sequencing was conducted 

Figure 1. Comparison of Antagonistic & Non-antagonistic Isolates from Palm Oil Explants
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at Macrogen Inc., Seoul South Korea. This 
sequence analysis was used as a basis for 
constructing phylogenetic trees. 

The result of sequencing was edited using 
Bioedit program and then searched for 
reference species using BLAST nucleotide 
(BLASTn) search engine on NCBI website. 
The sequence of isolates was aligned 
with some reference species using the 

CLUSTAL_W program version 2.0.11. The 
aligned sequence results were re-edited to 
remove unreadable gaps nucleotides during 
sequencing. The phylogenetic tree was 
constructed based on distance analysis using 
neighborjoining method. The construction 
of this phylogenetic tree used the MEGA 5 
program. The trust values of each established 
branch were determined using bootstrap 
analysis based on 1000 times re-sampling.

Table 1. Antagonistic Isolates and Their Inhibition Zone

Colony code

Average 
length of my-
celium radius 

(cm)

Inhibitory 
zone (%) Colony code

Average 
length of my-
celium radius 

(cm)

Inhibitory 
zone (%)

BKA4*(b) 2,10 53,33
BKA5(cd) 2,73 39,26 BKD2(efghij) 3,13 30,37
BKA6(jkl) 3,50 22,22 BKA52*(b) 2,10 53,33
BKA10*(a) 1,73 61,48 BKA53(ghijkl) 3,33 25,93
BKA14(efghi) 3,10 31,11 BKA59(b) 2,33 48,15
BKA15(kl) 3,53 21,48 BKP2*(b) 2,13 52,59
BKA23(b) 2,27 49,63 BKA60(cdefgh) 3,03 32,59
BKA25(ijkl) 3,47 22,96 BKA61(defgh) 3,07 31,85
BKA28(kl) 3,53 21,48 BKB12(ghijkl) 3,33 25,93
BKA30(efghi) 3,10 31,11 BKB18(cdefg) 2,97 34,07
BKA31(ijkl) 3,47 22,96 BKA69(fghijkl) 3,27 27,41
BKA34(ijkl) 3,43 23,70 BKA72(m) 3,90 13,33
BKA38(fghijkl) 3,27 27,41 BKA74(ghijkl) 3,33 25,93
BKA39(hijkl) 3,40 24,44 BKA77(cde) 2,90 35,56
BKA40(hijkl) 3,40 24,44 BKB26(cdefgh) 3,03 32,59
BKA41(cdef) 2,93 34,81 BKA88(efghijk) 3,17 29,63
BKA43*(b) 2,13 52,59 BKB20(b) 2,33 48,15
BKB2(cdefg) 2,97 34,07 BKB22(b) 2,30 48,89
BKA44(ijkl) 3,47 22,96 BKB29*(b) 2,10 53,33
BKA45(lm) 3,60 20,00 BKB31(efghijk) 3,17 29,63
BKA48(cdefgh) 3,03 32,59 BKB30(c) 2,70 40,00
BKA50(ijkl) 3,43 23,70 BKB32(b) 2,33 48,15

Note: the value above is the percentage of inhibition zone compared with the negative control 
(n = 3). Radius mycelium control is 4.5 cm. The numbers followed by the same letter show no 
significant difference based on the Duncan test at a 95% confidence interval. (*) Isolates with 
inhibition zone of more than 50%
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Results and Disscussion
A total of 126 colonies  was determined by 
colony morphology and explant sources. 89 
colonies were derived from roots, 33 colonies 
from fruit, 6 colonies from midrib, and 6 
colonies from leaves. Anti-fungal activies  
of bacterial colonies were then assessed 
using  dual culture method.19 The presence 
of inhibitory zones were observed in several 
isolates, with 35 colonies derived from 
roots (BKA), 6 colonies from fruit (BKB), 
1 midrib colony (BKP) and 1 leaf colony 
(BKD) Figure 1). A total of 43 colonies who 
had an inhibitory zone hereinafter called 
antagonistic colony (Table 1). 

The percentage of antagonistic colonies 
reached approximately 34% of all cultured 
colonies. The proportion and composition of 
indigenous endophytic bacteria (endophytes 
that naturally colonize plant roots) with 
their antagonistic capacity were influenced 
by variations in biotic and abiotic factors, 
with the plant itself being the primary 
factor.20 According to Hallman et al, there 
were plant-specific species factors such as 
root shape, surface structure, root exudate 
composition, as well as non-plant factors 
such as mycorization or injury that might 

affect the spectrum of bacteria to colonize. 
Endophytic bacteria could increase host 
resistance to pathogens by a process called 
induced systemic resistance (ISR) and the 
application of chemical compounds called 
systemic acquired resistance (SAR).21

The results showed that of these 43 
antagonistic colonies, there were six isolates 
possessing inhibitory zones of more than 
50% i.e., BKA 4, BKA 10, BKA 43, BKA 52, 
BKP 2, and BKB 29 (Figure 2). These isolates 
were distinguished by the morphology of 
colonies and cell morphology. One isolate 
(BKA-10) had the largest inhibitory zone, 
with 3 repetitions, wiht the average of 61. 
48%. It had significantly different value 
compared to the inhibition zone of the other 
isolate with 95% confidence interval (Table 
1). Isolate BKA 10 was then selected for 
further identification. 

Identification of selected bacterial isolates
Morphological Identification
The results of morfological identification 
showed that visually, the BKA colonies had 
irregular shapes, milky white collor, the 
edges of filamentous colonies, and smooth 
surfaces, with a colony diameter of about 2.5 

Figure 2. Antagonistic Test of Endophytic Bacteria with Dual Culture Method  (
A) BKA 4, (B) BKA 10, (C) BKA 43, (D) BKA 52, (E) BKP 2, (F) BKB 29. (

*) K: Control, ZH: Inhibition Zone.
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mm. Gram staining results showed that the 
isolates were a type of gram (+) bacteria, It 
was a rod-shaped bacteria, with no slim when 
tested for KOH (Figure 3). 

Molecular Identification of 16S rRNA
Molecular identification was then performed 
on selected isolates, using primer 16S rRNA. 
The PCR results showed that the amplycons 
are at 1500 bp, parallel to the positive 
controllable amplicons (Fig. 4). Amplycon 
was then sequenced and aligned using 
BLASTn program.

16S rRNA sequencing gen
The successful sequence of amplionic has 
a length of 1472 bp after the contig of the 
two-way nucleotide sequencing result using 
the Bioedit program. This sequence then 
was searched for reference species using the 
BLASTn program.

Phylogenetic Tree Analysis
The subject species database base that 
emerged from the analysis using the 
BLASTn program was used as material to 
construct phylogenetic trees using the Mega 5 
program. The reference species search results 
for the BKA 10 (query sequence) using the 
BLASTn program showed that BKA 10 
sequences had similarities to the Bacillus 
cereus group with a percentage of similarity 
of 100%. The percentage of identity showed 
the number of identical nucleotide base 
residues at the alignment of two sequences.22 
Pairwise pairing and multiple sequences 
were performed between BKA 10 sequences 
and some sequences of subjects derived from 
BLASTn results using the Mega 5 program. 
Bacillus myocoides is used as outgrup.

The result of phylogenetic tree construction 
with neighbourjoining test (Figure 5) showed 

Figure 3. BKA 10 morfology (A) Colony shapes in NA culture, (B) Gram Staining Cell Form

Figure 4. Amplicon PCR 16S rRNA BKA 10 isolates (A) & (B) 
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that isolate BKA 10 belongs to Bacillus cereus 
group with a genetic distance of about 0.0006 
with Bacillus cereus group. It is therefore 
suspected that the isolate BKA 10 has a close 
kinship with the Bacillus cereus species.

Bacillus cereus is a rod-shape, aerobic-
facultativebacteria (1x3-4m size), which 
is belong to Gram-positive group. It forms 
endospore. Its cell structure contains an 
inner membrane and a thick peptidoglycan 
whose function is to treat the cell surface.23 
Bacillus cereus is a mesophyll bacteria, that 
grows optimally at temperatures between 
200C-400C and can adapt to a wide range of 
environmental conditions. These bacteria are 
widely distributed in nature and commonly 
found in soils as saprophytic organisms.24 
Bacillus cereus also contributes to insect 
microflora, obtains nutrients from host, found 
in rhizosphere in a number of plants.24

Biocontrol agents are an alternative choice of 
chemical pesticides that can suppress plant 
pests and also increase plant growth. There are 
strains that produce HBL enterotoxins. This 
antifungal compound from Bacillus cereus 
strain has been developed as a biocontrol 
agent that is useful for suppressing fungi and 
agricultural crop diseases25.

The following is a classification of Bacillus 
cereus based on available data at http://www.
ncbi.nlm.nih.gov/Taxonomy/Browser:
Domain  : Bacteria
Phylum  : Firmicutes
Class   : Bacilli
Order   : Bacillales
Family   : Bacillaceae
Genus   : Bacillus
Species Group  : Bacillus cereus group

Bacillus cereus interacts with other 
microorganisms in the rhizosphere the 
region surrounding the plant. The benefit of 
the presence of Bacillus cereus in plant is 
its ability to inhibit pathogen-induced plant 
diseases and also the ability to increase plant 
growth26. A research by Hakizimana et al 
showed that Bacillus cereus was the largest 
endophyte species in avocado root (35.7%), 
and was the largest inhibitor (28.4%) in the 
avocado pathogen fungi on avocado plants, 
among the other five endophytic species 
exhibiting antagonistic properties.27 

Conclusion
Isolate with the bestanti-fungal acitviity 
against G. boninense mycelium has the 
closest kinship with Bacillus cereus.

Figure 5 Construction of Phylogenetic Tree Isolate BKA 10
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