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 Oil palm is suffering from one major disease in Malaysia known as Basal Stem Rot 

(BSR), which is caused by Ganoderma species. Sabah forests are rich in microbial 

diversity that might contribute to the discovery of potential microorganisms to control 
BSR. The current study was to investigate potential microbes from forest soil against 

Ganodermaboninense and to identify antagonsist microbes. Twenty soil samples were 

collected from virgin forest (Crocker Range) of Sabah, Malaysia. The isolation of 
microbial of interest was conducted using Dilution Plate Method (DPM) with different 

types of media for different target microorganisms. Dual culture assays were carried out 

and the percentage inhibition of radial growth (PIRG) against Ganodermaboninensewas 
recorded. There were 21 fungi isolates, 24 actinomycete isolates and 5 bacterial isolates 

showing more than 50% PIRG. Microbes with the highest PIRG from respective 

groups; Fungi: F15 (84.85%), F46 (80.00%), F44 (77.58%), Actinomycetes: A19 
(80.00%), A16 (78.18%), A72 (70.30%) and Bacteria: B6 (75.76%) were identified 

using Biolog or PCR/sequence homology. The isolates were successfully identified as 

F15 (Penicilliumsimplicissimum), F46 (Trichodermaharzianum), F44 (Aspergillusspp.), 
A19 (Streptomyces sundarbansensis), A16 (Streptomyces spp.), A72 (Streptomyces 

spp.) and B6 (Pseudomonas aeruginosa). The bioactive compounds involved in 

inhibiting the pathogen are under investigation. 
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INTRODUCTION 

 

Basal Stem Rot (BSR) of oil palm is caused by Ganoderma spp. BSR can kill more than 80% of oil palm 

stands by the time the palms are half-way through its normal economic life [1]. Many methods have been 

attempted to control BSR, but to date, no method gives good control of Ganodermainfection in established 

plantations and some have technical limitations in application [2]. Observations of the low incidence of basal 

stem rot due to pathogenic Ganodermaspecies in some natural stands, suggest that the disease is most likely 

kept under control by some biological means. Recent control measures are now focused on the use of biological 

control agents. Forests are rich in biodiversity and they hold the vast majority of the world's terrestrial species. 

Virgin forests have higher microbes population due to availability of favorable soil moisture and better 

availability of organic matter or mineral nutrients. In this study, the potential of microbes from the rich 

biodiversity of Crocker Range in Sabah was studied. Microbes with the highest Percentage Inhibition of Radius 

Growth (PIRG)to G. boninensewere identified and reported.  

 

MATERIALS AND METHODS 

 

2.1 Soil Sampling: 

Twenty soil samples were collected randomly from Crocker Range forests area. Soil samples were collected 

15 cm depth from the ground using sterilized pvc pipe (5cm x 15cm). Soil samples were packed in ziplock bags 

and stored in a container with icepack during transportation from sampling site to the University’s laboratory.  
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2.2 Isolation of Potential Antagonists from Soil Samples: 

The isolation of microbes of interest was conducted using Dilution Plate Method (DPM) with different 

types of media for different target microorganisms. Potato Dextrose Agar (PDA) for fungi, Nutrient Agar (NA) 

for bacteria and Actinomycetes Isolation Agar (AIA) for actinomycetes. A serial dilution of the soil suspension 

from 10
-1

 to 10
-8

 was prepared. To prepare a soil suspension with 10
-1 

dilution, 10 grams of soil was suspended 

into 90 ml of sterile distilled water in a 250 mL conical flask. The suspension was then serially diluted to 10
-8

. 

An aliquot of 100 uL of each dilution was taken and spread evenly on the surface of the respective medium by 

using L-shaped glass spreader. All the plates were incubated at room temperature for one to two weeks. All of 

the colonies formed on the PDA, NA and AIA plates were then sub-cultured to obtain a pure culture.   

 

2.3 Dual Culture Assays: 

Plates with only Ganoderma served as controls. Each culture assay was conducted in three replicates. The 

assays were performed on PDA. Ganodermamycelial plug (6 mm) was taken from Ganoderma pure culture and 

placed 30 mm from one side of the PDA plate. After two days, a loopful of the potential antagonist bacteria was 

streaked 30 mm from the Ganoderma plug [3]. The same procedure was carried out using actinomycetes. 

However, for fungal isolates, a six mm mycelial plug of the potential antagonist fungalisolate was placed at 30 

mm of the edge of another side of the PDA plate instead of being streaked. The radial growth of the pathogen in 

the dual culture and control plates was measured after seven days of incubation at room temperature (28±1°C) 

and the percentage inhibition of radial growth (PIRG) was calculated as described by Bivi[4]. The formula for 

PIRG is as followed:  [(R1- R2)/R1] x 100% where, R1 is the radial growth of Ganoderma in the control plate 

while R2 is the radius of the Ganodermacolony in the direction towards the antagonist colony. Antagonists 

caused more than 50% PIRG to Ganoderma were labeled as effective [5]. 

 

2.4 Identification of Microbes: 

Microbes with the highest PIRG of respective groups (F15, F46, F44, A19, A16, A72 and B6) were 

identified usingBiologMicroPlates or PCR/sequence homology.  

 

BiologMicroPlates: 

For Bacteria identification, Biolog GEN III MicroPlate and Inoculating fluid (IF-A) were first pre-warmed 

to room temperature before use. A colony of about 3 mm diameter was swabbed from the surface of the agar 

plate using a sterilized cotton bud and dipped into IF-A inoculating fluid. The fluid was then vortexed to obtain 

a uniform cell suspension and was read in a turbidimeter. The turbidity must in the range of 90-98%. Each well 

was filled with 100 µL of the fluid. After all wells were completely filled, the plate was incubated at 33°C (6-36 

hours) with the lid on. After being incubated for 24 hours, the MicroPlate was read by using the MicroStation 

Reader.Procedures for identification of actinomycetes were similar to the bacteria except using a different 

inoculation fluid (IF-C) and the turbidity range was between 62% and 68%. While for identification of Fungi, 

Biolog FF MicroPlate and Inoculating fluid (FF-IF) was pre-warmed to room temperature before used. The 

spores or conidia was swabbed from the surface of the agar plate using sterilized cotton bud and dipped into FF-

IF inoculating fluid. The fluid was then vortexed to obtain a uniform cell suspension and was read in the 

turbidimeter. The turbidity must be adjusted to about 75%. Each well was filled with 100 µL of the fluid. After 

all wells were completely filled, the MicroPlatewas covered with its lid and incubated at 26°C (1-4 days). After 

incubation for 2 days, the MicroPlate was read using the MicroStation Reader.  

 

PCR/Sequence Homology: 

The method in extracting the DNA and PCR work was following the one as described by Latifah [6] with 

some modifications.Primer used were ITS1: 5’- TCC GTA GGT GAA CCT GCG G -3’ and ITS 4: 5’- TCC 

TCC GCT TAT TGA TAT GC -3’  for fungi and Eub 518: 5’- ATT ACC GCG GCT GCT GG -3’  and Eub 

338: 5’- ACT CCT ACG GGA GGC AGC AG -3’ for bacteria and actinomycetes. The PCR thermal cycling 

condition was started with initial denaturation at 95°C for 5 minutes, followed by 35 cycles of denaturation at 

95°C for 1 minute, annealing at 53°C for 40 seconds, and extension at 72°C for 50 seconds. The final extension 

was at 72°C for 10 minutes. The PCR product was stored at -20°C before sent out to First BASE laboratories 

Sdn. Bhd. in Selangor, Malaysia for DNA sequencing. Forward and reverse sequences were assembled in 

BIOEDIT v.7.2.5.0 [7] and used for BLASTN at the NCBI GenBank database (http://www.ncbi.nlm.nih.gov). 

Sequences found in the database with the highest nucleotide similarities were considered as the closest relative 

of the query sequence. 

 

Results: 

3.1 Dual Culture Assays of the Potential Antagonists against G. boninense: 

A total of 195 isolates with different morphology were isolated from 20 soil samples collected from 

Crocker Range of Sabah, Malaysia. There were 54 fungal isolates, 72 actinomycetes isolates and 69 bacterial 
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isolates. However, only 21 fungal isolates, 24 actinomycetes isolates and 5 bacterial isolates showed PIRG 

greater than 50% against the tested pathogen. Some potential antagonistsfrom respective groups with higher 

PIRGagainst Ganoderma are shown in Table 1. The dual culture assays of F15, A19 and B6 to G. boninense are 

illustrated in Figure 1. 

 
Table 1: Potential antagonists showing greater mean PIRG against G. boninense 

Type            Isolate Mean percentage inhibition of radial growth (%) 

 
Fungi   F15    84.85 

Fungi   F44    77.58 

Fungi   F46    80.00 
Actinomycetes   A16    78.18 

Actinomycetes   A19    80.00 

Actinomycetes   A72    70.30 

Bacteria   B6    75.76 

 

 

 
 

Fig. 1: Isolates showing the highest PIRG from each group of antagonists. A: Fungi F15 (84.85%), 

    B: ActinomyceteA19 (80.00%), C: Bacteria B6 (75.76%), D: Control plate of Ganodermaboninense 

 

3.2 Identification of Antagonists with the Highest PIRG to G. boninense: 

Out of the isolates with more than 50% of PIRG to G. boninense only F15, F46 and F44 from fungi group, 

A19, A16 and A72 from actinomycetes group and B6 from bacteria group were chosen to be further identified. 

All the chosen isolates are with PIRG greater than 70%. B6 was identified using Biolog as Pseudomonas 

aeruginosaand F44 as Aspergillusspp. However, biolog was unable to give the identity of other isolates. PCR 

and sequence homology confirmed F15 as Penicilliumsimplicissimum, F46 as Trichodermaharzianum, A19 as 

Streptomyces sundarbansensis, A16 and A72 might be Streptomyces spp. 

 

Discussion: 

Recent control measures are now focused on the use of biological control agent since no good methods can 

control Ganoderma infection in established plantations. Soil microbes are sources of extracellular enzyme and 

produce a vast array of secondary metabolites that might be effective against Ganoderma spp.Forest soil has 

higher microbial population compare to disturbed soil such as plantation soil. The relatively dense growth of 

plants and higher accumulation of litter on the forest floor and distribution of fine roots in undisturbed forest 

favor the growth of microorganisms [8]. From the 20 soil samples, there were 54 fungal isolates, 72 

actinomycetes isolates and 69 bacterial isolates.  

In virgin forests, actinomycetes in the 10 to 20 cm layer were greater compare to bacteria and fungi because 

vertical distribution of bacteria and fungi decreasedwith the increasing vertical depth.From the dual culture 

assay tests, different isolates may have different mode of mechanism to attack the pathogen. The mechanisms by 

A B 

C D 
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which antagonistic microorganisms affect pathogen populations might be direct parasitism or lysis and death of 

the pathogen, competition with the pathogen for nutrient or direct toxic effects on the pathogen by antibiotic 

substances released by the antagonist.Microbes might produce mycolytic enzymes such as chitinase and β-1, 3-

glucanase that lyse fungal cells [9,10] and through parasitic mechanism enable the parasite to enter the hyphae 

of the pathogen [11, 12]. 

Pseudomonas aeruginosa will produce certain antimicrobial compounds and cause direct toxic effects on 

the pathogen. The mycelia growth of Ganoderma was inhibited and changes in microbial structures such as cell 

wall, hyphae and conidia might due tothe lack of resistance of this pathogen to the bacteria. Some of the 

characterized antimicrobial compounds produced by Pseudomonas aeruginosa include a group of peptides 

known as pyocins and an assortment of small heterocyclic compounds including the phenazines, quinolines and 

phenylpyrroles. The pyocins are bacteriocins produced by Pseudomonas species. Bacteriocins were defined as 

plasmid-mediated proteinaceous compounds produced by bacteria that kill other [13, 14]. Bacteriocins produced 

by Pseudomonas species are divided into R, F and S type pyocins. Both R and F type pyocins are large protein 

complexes that resemble bacteriophage tails, while the S-type pyocin is a smaller and protease sensitive 

polypeptide pair. Of the two components of the S-type pyocin complex, one appears to confer immunity. The 

other component enters the iron-limited bacterial cell through a membrane ferripyoverdine receptor, exerting 

antibacterial activity by stimulating DNA breakdown [15] and inhibiting phospholipid synthesis. This may the 

possible mechanism which allowed Pseudomonas to inhibit Ganodermain this in vitro study. 

Streptomyces constitute 50% of the total population of soil actinomycetes and 60% of the sources of most 

biologically active compounds that have been developed for agricultural use are originated from them [16]. 

From the 22,500 biologically active compounds that have obtained from microbes, 45% are produced 

fromactinomycetes, 38% from fungi, and 17% from unicellular bacteria [17]. To date, more than 7000 

compounds produced by Streptomyces have been identified [17]. The in vitro mycellial growth of the pathogen 

Ganodermamight be inhibited by some similar bioactive compounds produced by 

Streptomycessundarbansensis.The recent isolate of Streptomyces sundarbansensisfrom sediments of the 

Sundarbans mangrove forest in India was reported to produce 2-allyloxyphenol [18]. Hydroxyl and allyloxy 

groups in 2-allyloxyphenol were responsible for many antimicrobial and antioxidant activities. 

Penicilliumsimplicissimum was reported to produce secondary metabolites such as paraherquamidesand 

chromanols[19]. However, the inhibition of Ganodermaobserved in this in vitro experiment might also cause by 

competition of space and nutrientsof the tested pathogen with P. simplicissimum. The temporal nature of 

secondary metabolism is a genetic matter but expression can be influenced greatly by environmental 

manipulations. Therefore, secondary metabolism is often brought on by exhaustion of a nutrient or addition of 

an inducer or by a decrease in growth rate or by different environmental signals produced by other 

organisms.Secondary metabolites released by P.simplicissimum might have antibiotics effects. Fungal products 

that are mainly toxic to bacteria (such as penicillin) are usually called antibiotics. For example, paraherquamides 

is one of the secondary metabolites produced by  

P. simplicissimumwhichcontaining the bicyclo [2.2.2] diazaoctane core that normally contribute to 

insecticidal, antitumor, anthelmintic, calmodulin inhibitory and antibacterial activities [20, 21, 22]. 

Trichoderma is one of the most exploited fungal biocontrol agents in agriculture for the management of 

plant diseases caused by a wide spectrum of fungal pathogens [23, 24]. Susanto[25] reported that  

Trichodermakoningii  and  Trichodermaharzianum  could  be  used  as  biological  control  of  G. boninense. 

Biocontrol using Trichodermaspp. showed a high efficacy in controlling the growth of and infection by G. 

boninense in plant house trials and under field conditions [25]. It has also been shown that production of certain 

fungal cell wall-degrading enzymes like glucanases and chitinases increase in oil palm trees in the presence 

of Trichodermaspp. [26]as a defence mechanism due to the host-pathogen interaction [27, 28].Filamentous 

fungi have chitin and β1,3-glucan in their hyphae so glucanases and chitinases have a synergistic effect on each 

other [29]. Strains of T. harzianum are currently being commercialised because they exert strong competitive 

effects for space and nutrients more importantly they produce toxins against phytopathogenic species, thus 

making them good biocontrol agents [25, 30, 31]. The efficacy of T. harzianum as a biocontrol agent for BSR 

disease was already proven by previous studies based on leaf data alone [32, 33]. 

Fungi belonging to the genus Aspergillus are especially capable of producing a diverse array of secondary 

metabolites [34, 35]. For example, the filamentous fungus Aspergillusfumigatus secretes more than 226 

secondary metabolites including commonly studied polyketides, such as cyclic peptides, alkaloids, and 

sesquiterpenoids[35]. Among different Aspergillus species, only those associated with aspergillosis, such as A. 

fumigatus, A. terreus, A. flavus, and A. niger, produce gliotoxin [36, 37]. Conversely, A. nidulans, a saprobe not 

normally associated with invasive aspergillosis, does not have the secondary metabolite gene cluster necessary 

to produce gliotoxin or any other ETP [38]. 
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Conclusion: 

From this study, potential microbes from the group of fungi, actinomycetes and bacteria had been 

successfully isolated from virgin forest of Crocker Range and some showed high PIRG against Ganoderma. 

Antagonists which have the highestPIRG from respective groups were identified using biolog and molecular 

technique as F15 (Penicilliumsimplicissimum), F46 (Trichodermaharzianum), F44 (Aspergillusspp.), A19 

(Streptomyces sundarbansensis), A16 (Streptomyces spp.), A72 (Streptomyces spp.) and B6 (Pseudomonas 

aeruginosa). The mechanism of inhibition of the respective antagonists will need to be further evaluated.  
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