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Abstract

Antimicrobial metabolites are produced as secondary metabolites by microorganism as well as the plant growth promoting rhi-
zobacteria. These compounds are widely distributed in nature, where they play an important role in regulating the microbial popu-
lation of soil, water, sewage and compost. In the present investigation, some antimicrobial metabolites such as antibiotics, sidero-
phores, and HCN were detected in vitro by TLC, CAS agar universal test plates and filter paper with alkaline picrate solution method 
respectively from the two rhizobacterial strains Pseudomonas aeruginosa UPMP3 and Burkholderia cepacia UPMB3. In vitro bioassay 
was carried out through antagonistic activity test against G. boninense based on the percentage inhibition of radial growth (PIRG). 
The strains showed antifungal activity against Ganoderma boninense that is responsible for the disease of basal stem rot in oil palm. 
The crude extracts obtained from ethyl acetate solvent extraction and analyzed by thin layer chromatography (TLC). Six different 
antibiotics were detected with different retention factors (Rf) on TLC plates. The Rf values were calculated as 0.88, 0.77, 0.63, 0.53, 
0.47, 0.28 and 0.23 for 2-4 DAPG, pyoluteorin, phenazine, pyocyanin, phenazine-1-carboxamide (PCN) and pyrrolnitrin successively 
developed with different solvent systems. Among the different solvent systems ethyl acetate: chloroform was most effective in sepa-
rating the active bands from the extracts. Siderophores were detected through colour change into blue to orange and HCN was in dark 
brown to red colour. The antagonistic activity of Pseudomonas aeruginosa UPMP3 and Burkholderia cepacia UPMB3 was evaluated. 
In case of bacterial antibiotics and volatile and non-volatile effects, the strain P. aeruginosa UPMP3 showed the highest 94.21% and 
51.16% inhibitory on the mycelial growth of G. boninense than B. cepacia UPMB3 (21.27% and 8.89%) compared to control treatment 
after 7 days of incubation respectively. The findings of this study indicate that these two rhizo-bacterial strains are capable to control 
Ganoderma boninense through producing antimicrobial metabolites.
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Abbreviations
PGPR: Plant Growth-Promoting Rhizobacteria; P.a.: Pseudomonas 
aeruginosa; B.c.: Burkholderia cepacia; G.b.: Ganoderma boninense; 

PDA: Potato Dextrose Agar; KB: King’s B Agar; NB: Nutrient Agar; 
MEA: Malt Extract Agar; CAS: Chrome Azurol Sulphonate, HDTMA: 
Hexa Decyltrimethylammonium Bromide; TLC: Thin Layer Chro-
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matography; HCN: Hydrogen Cyanide; 2,4-DAPG: 2, 4-diacetylphlo-
roglucinol; PLT: Pyoluteorin, PRN: Pyrrolnitrin; PCN: Phenazine-1 
- Carboxamide, PCA: Phenazine -1 - Carboxylic Acid; PIRG: Percent-
age Inhibition of Radial Growth; CRD: Completely Randomized De-
sign; LSD: Least Significant Difference; MPOB: Malaysian Palm Oil 
Board

Introduction
The plant growth-promoting rhizobacteria (PGPR) improve 

plant growth either directly via production of plant growth regula-
tors such as auxins and cytokinin’s and by increasing the plant up-
take of some micro and macro elements in the rhizosphere or indi-
rectly, through biological control of pathogens or induction of host 
defense mechanisms. Production of antifungal secondary metabo-
lites, such as antibiotics, hydrogen cyanide (HCN), siderophore and 
lytic enzymes is a prominent feature of many biocontrol fluores-
cent pseudomonads. There are several bacterial antibiotics which 
to play a central role in disease management. A variety of antibi-
otics have been identified, including: amphisin, 2,4-diacetylphlo-
roglucinol (2,4-DAPG), oomycin A, phenazine, pyoluteorin (PLT), 
pyrrolnitrin (PRN), tensin, tropolone, and cyclic lipopeptides pro-
duced by pseudomonads and Oligomycin A, kanosamine, zwitter-
micin A, and xanthobaccin were found to be produced by Bacillus, 
Streptomyces, and Stenotrophomonas spp respectively [1,2]. The 
first antibiotics described as being implicated in biocontrol were 
phenazine derivatives produced by fluorescent pseudomonas [3]. 
The axenic culture of Peudomonas aeruginosa strain UPMP3 has 
shown to produce core phenazine (PHZ), phenazine-l-carboxylic 
acid (PCA) and pyocyanin (PYO) antibiotics at variable concentra-
tions and those antibiotics were able to inhibit the growth of Gano-
derma boninense in vitro [4]. Production of antibiotics is closely 
related to the overall metabolic system of the organism, which in 
turn is dictated by nutrient availability and other environmental 
stimuli, such as type of carbon source and supply, major and minor 
minerals, pH, temperature, and other parameters [5]. The varied 
arsenal of bio antagonistic strains may enable the pathogen to per-
form their ultimate objective of disease suppression under differ-
ent environmental conditions. For example, in P. fluorescens CHA0 
biosynthesis of DAPG is stimulated and pyoluteorin is repressed in 
the presence of glucose as a carbon source. As glucose is depleted, 
however, pyoluteorin becomes the more abundantly antimicro-
bial compound produced by this strain. This ensures a degree of 
flexibility for the antagonist when confronted with a different or a 
changeable environment. Biotic environment can also effect pro-

duction of antibiotics [6]. Secondary metabolites e.g. salicylates 
and pyoluteorin can influence DAPG produced by P. fluorescens 
CHA0. Furthermore, plant development and growth also influence 
antibiotic synthesis [7]. Since biological activity of DAPG producers 
strain is not affected by the exudates of young plant roots but is 
induced by the exudates of older plants, which results in selective 
pressure against other microflora. 

Plant growth promoting bacteria produce low molecular weight 
compounds, under iron limiting condition, called siderophores to 
competitively acquire ferric ion. Although various bacterial sidero-
phores differ in their abilities to sequester iron, in general, they 
deprive pathogenic fungi of this essential element since the fungal 
siderophores have lower affinity. Lodewyckx., et al. [8] stated that 
some plant growth promoting bacteria draw iron from heterolo-
gous siderophores excreted by other soil microflora. The produc-
tion of siderophores is an indirect mechanism associated with the 
increase in plant growth by PGPR. The production of bacterial si-
derophores stimulates plant growth by increasing iron availability 
in the rhizosphere and inhibiting pathogen growth in the rhizos-
phere [9]. Siderophores are produced by Pseudomonas bacteria to 
compete for iron and consequently impairing growth of soil-borne 
phytopathogens, and thus are considered as a control mechanism 
for many pathogens. In addition, in vitro assays showed that the 
inhibition of pathogens based on competition for iron tends to de-
crease with increasing iron content of the medium [10].

Volatile and non-volatile compounds such as HCN, ammonia, 
aldehydes, aliphatic alkanes, alcohols, organic acids, ketones, fat-
ty acid, gasoline etc. are produced by many rhizosphere strains 
and have been implicated as important metabolites in biocontrol. 
The use of such PGPR producing phytohormones and antimicro-
bial metabolites is a new concept to solve the replant problem to 
some extent. More specifically, the soil-borne Pseudomonas sp. has 
received particular attention because of their capacity to produce 
a wide range of phytohormones, and antimicrobial metabolites. 
PGPR produce HCN which depend on soil and plant characteristics. 
It is a volatile secondary metabolite that suppresses the develop-
ment of microorganisms and also affects negatively the growth and 
development of plants, if produce in excess amount [11]. HCN first 
inhibits the electron transport and the energy supply to the cell is 
disrupted leading to the death of the organisms. To date many dif-
ferent bacterial genera have shown to produce HCN, including spe-
cies of Alcaligenes, Aeromonas, Bacillus, Pseudomonas and Rhizo-
bium [12]. Volatile and nonvolatile compounds may also contribute 
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to inhibition of growth of fungal pathogens. Indeed, several studies 
have shown the importance of volatiles and nonvolatiles in the bio-
control of different plant diseases. Production of volatiles and non-
volatiles in liquid cultures proved inhibitory to spore germination 
and mycelial growth [13]. 

Aim of the Study
The aim of this study was to detect important antimicrobial me-

tabolites (antibiotics, siderophores, and HCN) produced by Pseu-
domonas aeruginosa UPMP3 and Burkholderia cepacia UPMB3 iso-
lated from oil palm rhizosphere and to evaluate the suppression of 
G. boninense in vitro.

Materials and Methods
Sources of the bacterial strains

Two plant growth promoting rhizobacteria Pseudomonas 
aeruginosa UPMP3 and Burkholderia cepacia UPMB3 were collect-
ed from Plant Protection Department, Universiti Putra Malaysia. 
These bacterial strains were isolated from oil palm rhizosphere. 
Pseudomonas aeruginosa strain UPMP3 is a γ Proteobacterium 
and Burkholderia cepacia strain UPMB3 is a β Proteobacterium 
[14]. Both strains have been characterized, sequenced and depos-
ited with NCBI Gen Bank (P. aeruginosa strain UPMP3 -Accession 
no. GQ183951 and B. cepacia strain UPMB3 - GQ183952) by Aza-
deh and Sariah [15]. In the current study, these bacterial strains 
were prepared from stock cultures stored at 4˚C and subsequently 
sub-cultured on nutrient agar when required. The bacterial strains 
were also identified based on Biolog® identification system [14].

Detection of antibiotics 
Preparation of bacterial strains

P. aeruginosa UPMP3 and B. cepacia UPMB3 (108 cfu/mL) were 
cultured in KB (Kings B agar) medium and incubated at 28 ± 2°C 
for 24 hours. Then the bacterial strains were cultured in King’s 
B broth. The initial pH of broth medium was adjusted to 7.0. The 
experiment was carried out in 500 mL Erlenmeyer flasks contain-
ing 200 mL of the medium and the medium was inoculated with 2 
loops of 24 hours pre-cultured bacterial strains separately. Inocu-
lated flasks were incubated at 28 ± 2°C on an incubator shaker at 
170 rpm for 5 days. 

Extraction of antibiotics from P. aeruginosa UPMP3 and B. ce-
pacia UPMB3

The bacterial culture was centrifuged at 10,000 rpm for 20 
minutes after 5 days of incubation. The pellet was discarded and 

the supernatant was acidified to pH 2.5 with 1 N HCl. Then the su-
pernatant was centrifuged again at 8,000 rpm for another 10 min 
and the precipitate was discarded. The final pH of the supernatant 
was adjusted to 7.0 with phosphate buffer (1M, pH 8). This solu-
tion was designated as crude supernatant [16]. For the extraction 
of different antibiotics, different solvents were used. Equal volume 
of benzene, ethyl acetate and chloroform were used for the extrac-
tion of antibiotic phenazine, 2, 4 Diacetyl phloroglucinol and pyo-
cyanin respectively. Double volume of ethyl acetate was used for 
Phenazine -1 - Carboxamide (PCN). 80% acetone was used for pyo-
luteorin and pyrrolnitrin. Each fraction was evaporated separately 
and dried. The antibiotics were dissolved in 1- 3 mL of absolute 
methanol and purified with 0.22 μm membrane filter. These partial 
purified stocks were used for the detection of antibiotics through 
TLC analysis. 

Thin layer chromatography analysis

The purified antibiotic stocks were spotted on TLC plates and 
run with different solvent systems to detect the antibiotics. 10µL 
of each stock were used for spotting. Different solvent systems i.e. 
toluene: acetone (4:1), chloroform: acetone (9:1), isopropanol: am-
monia: water (8:1:1), ethyl acetate: chloroform (9:1), hexane: ethyl 
acetate (3:2), acetonitrile: methanol: water (1:1:1) were used to 
detect different antibiotics. TLC plates were visualized under UV 
light at 254 nm and 365 nm wavelength and bands were detected. 
Rf values of the detected bands were compared with Rf values of 
antibiotics extracted from reference strains. 

Detection of siderophores
Bacterial strains and media preparation

P. aeruginosa UPMP3 and B. cepacia UPMB3 (108 cfu/mL) were 
cultured in nutrient agar or King’s B agar medium and incubated 
at 28 ± 2°C for 24 hours. To detect and optimize siderophores pro-
duction, both the bacterial strains were cultured in three different 
culture media i.e. Chrome Azurol S (CAS, Sigma Aldrich), Nutrient 
agar combined with CAS (NA + CAS) and King’s B agar combined 
with CAS (KB + CAS) medium. 

Preparation of modified CAS agar universal test plates

The universal CAS assay was modified to test the ability of the 
bacterial strains to produce siderophores. CAS-blue agar medium 
(1L) was prepared according to Schwyn and Neilands [17] using 
60.5 mg CAS dissolved in 50 mL water distilled, deionized, and 
mixed with 10 mL iron (III) solution (1 mM FeCl3.6H2O, 10 mM 
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HCl). Under stirring, this solution was slowly added to 72.9 mg 
HDTMA (Hexa decyltrimethylammonium bromide) dissolved in 40 
mL water. The resultant dark blue liquid was autoclaved at 121°C 
for 15 min. Another mixture of 750 mL water, 15g agar, 30.24 g 
Pipes, and 12 g of a solution of 50% (w/w) NaOH was autoclaved to 
raise the pH to the pKa of Pipes (6.8). The dye solution was finally 
poured along the glass wall and agitated with enough care to avoid 
foaming. Petri dishes (10 cm in diameter) were prepared with 30 
mL of appropriate medium to culture each strain. After solidifica-
tion, the CAS medium was cut into halves (15 mL), one of which 
was replaced by NA medium to prepare NA + CAS agar plates. Sim-
ilarly, to prepare KB + CAS plate halves (15 mL) was replaced by 
KB medium.

Bacteria culture and observations

The bacterial strains were cultured on each different plates 
mentioned above to observe the response of siderophores pro-
duction. One loop of pre-cultured bacterial strains (108 cfu/mL) 
was streaked on CAS agar plate only. In the case of combined me-
dia plates NA + CAS and KB + CAS, the pre-cultured inoculum was 
placed as far as possible from the borderline between the two me-
dia. The plates were incubated at 30˚C temperature for 3 weeks in 
the dark. The growth rate of strains were daily monitored and ex-
pressed as the number of days required by the bacteria to cover the 
halves of petriplates containing the culture medium. The CAS reac-
tion rate was determined by measuring the advance of the color-
change in the CAS-blue agar, starting from the borderline between 
the two media. The CAS-agar color changed blue to orange. The 
control plates of CAS-agar and combined CAS agar un-inoculated 
were incubated under the same conditions as described above and 
no color change in the CAS-blue agar was observed, even after long 
incubation periods (3-4 weeks).

Detection of hydrogen cyanide
Bacterial strains and growth conditions

P. aeruginosa UPMP3 and B. cepacia UPMB3 was used to detect 
HCN production. Bacterial strains were cultured in King’s B agar 
medium and incubated at 28 ± 2°C for 24 hours.

Media preparation for HCN production

Production of HCN from the both bacterial strains was detected 
using the method of Reddy., et al. [18] with few modifications. Pre 
cultured bacterial strains (108 cfu/mL) were grown in sterilized 
test tubes containing 10 mL of King’s B broth medium supplement-

ed with 4.4 gm/L glycine and incubated for 48 hours at 28 ± 2°C at 
120 rpm on incubator shaker. Filter paper (Whatman No. 1) strips 
of uniform size (10 cm x 0.5 cm) soaked in 1.3% alkaline picrate 
solution (2.5 g picric acid and 2.5g Na2CO3/L) and placed inside the 
test tubes in hanging position and closed with cap. Then the test 
tubes were wrapped with parafilm and incubated at room tem-
perature (28 ± 2°C) for 7 to 10 days. After incubation, the sodium 
picrate present in the filter paper was reduced yellow to reddish 
compound in proportion to the amount of HCN acid evolved. Un-in-
oculated broth medium was used as control.

In vitro bioassay of antimicrobial compounds against Gano-
derma boninense

Antimicrobial metabolites HCN, siderophores, and different an-
tibiotics (phenazines, pyocyanin, pyrrolnitrin, 2,4-diacetylphloro-
glucinol, pyoluteorin etc.) produced by the two PGPR P. aeruginosa 
UPMP3 and B. cepacia UPMB3 have been detected in this study. 
These bacterial strains were then screened for their antagonistic 
activity test against G. boninense in vitro based on the percentage 
inhibition of radial growth (PIRG). 

Preparation of bacterial strains and G. boninense 

Both the bacterial strains were cultured and maintained on Nu-
trient agar (NB) or King’s B (KB) agar media. The culture plate of 
the pathogen G. boninense, strain PER71 was first obtained from 
Malaysian Palm Oil Board (MPOB). It was maintained and stored 
at the pathology lab, Department of Plant Protection, Faculty of 
Agriculture, Universiti Putra Malaysia. After that it was collected 
from pathology lab and used for bioassay of antifungal activity. 
The method was adapted from Zaiton., et al. [14]. The culture was 
sub-cultured on Malt Extract Agar (MEA, Merck) medium at 28˚C 
for 8 to 9 days until the mycelium had fully covered the whole agar 
plate. The Ganoderma culture agar plates were checked daily to 
examine the growth of mycelium and if there were any bacterial 
or fungal contamination. Culture with crust after 6 to 7 days of in-
cubation was considered as good inoculum and used for bioassay.

Antagonistic activity test

To evaluate the antagonistic activity of the bacterial strains, a 
5 mm diameter agar disc was taken from the 7 days-old MEA cul-
ture of G. boninense and plugged centrally in KB agar plate and then 
one loop of pre cultured bacterial strains were streaked 3 cm away 
from G. boninense plug. All the antagonistic pairings were incubat-
ed at 28 ± 2 ºC. The PIRG was obtained after 7 days incubation. 
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The ability of the bacteria to inhibit the growth of G. boninense was 
assessed after 7 days incubation by measuring the radius of the G. 
boninense colony in the direction towards the antagonist colony 
(R2). The data were later transformed into percentage inhibition of 
radial growth (PIRG) in relation to the radial growth of G. boninense 
in the control plate (R1) using the formula:

R1= Radius of the G. boninense colony in the control plate

R2= Radius of the G. boninense colony in the dual culture plate.

According to Zaiton., et al. [14], the antagonistic activities of 
these two bacteria have been determined. 

In vitro bioassay of antibiotics against G. boninense

In vitro bioassay of antibiotics was carried out according to 
Montealegro., et al. [19] with modification instead of PDA plates; 
King’s B plates were used. The plates containing King’s B agar me-
dium were covered with a cellulose nitrate membrane and the bac-
terial suspension (108 cfu/mL) of King’s B broth was inoculated in 
the centre. After 48 hours incubation at 28 ± 2°C, the membrane 
with the grown bacterial strains was removed. The plates were in-
oculated with a 5 mm disk of 5 days pure culture of G. boninense in 
the middle and re-incubated at room temperature for 7 days. The 
growth of the pathogen was measured. The un-inoculated King’s B 
plates containing the cellulose nitrate membrane were used as con-
trol (replacing the bacterial suspension by sterile distilled water), 
and further incubated with pathogen G. boninense. Results were ex-
pressed as mean % of inhibition of G. boninense in the presence and 
absence of antagonistic bacterial strains respectively. Percentage of 
inhibition was calculated using the formula according to Zaiton., et 
al [14].

In vitro bioassay of volatiles and non-volatiles against G. bonin-
ense 

In vitro bioassay of volatile and non-volatile antimicrobial me-
tabolites production was carried out by the antagonistic bacterial 
strains according to Montealegro., et al. [19]. Two half petriplates 
(sterile) were taken and were poured with sterile molten and 
cooled King’s B agar medium. The medium was allowed to solidify. 
Then the 24 hours pre-cultured bacteria were inoculated on one 
of the half plate in centre and on the other half plate was inocu-
lated with 5 days old pure cultured Ganoderma. Both half plates 

were placed face to face preventing any physical contact between 
the pathogen and the bacterial strains. The plates were sealed 
with parafilm to maintain the inside atmosphere and to prevent 
loss of volatiles and non-volatiles produced. Plates were then in-
cubated at 28 ± 2°C for 7 days. Growth of the pathogen Ganoderma 
was measured and compared to the control plates prepared alone 
with Ganoderma. Results are calculated as mean (%) of inhibition 
of the growth of fungal pathogens in the presence and absence of 
bacterial strains. Percentage of inhibition was calculated using the 
formula according to Zaiton., et al [14].

Statistical analysis

All experiments were performed as Completely Randomized 
Design (CRD). Data were analysed using statistical analysis system 
(SAS v9.3) and means were statistically compared using LSD test. 
The significance level was set up at p < 0.05. Three replications 
were considered for each treatment and repeated twice.

 Results and Discussion
Detection of antibiotics

Phenazine and other antibiotics in the crude extract produced 
by the two bacterial strains P. aeruginosa UPMP3 and B. cepacia 
UPMB3 were determined by TLC analysis. Six different antibiotics 
were detected with different retention factors (Rf) on TLC plates 
under UV light at 365 nm. The Rf values were calculated as 0.88, 
0.77, 0.63, 0.53, 0.47, 0.28 and 0.23 developed with different sol-
vent systems. The chromatographic properties of these antibiotics 
were compared with those of known compounds from reference 
strains. Results are presented in figure 1. The isolated compounds 
behaved similar to the references when compared by TLC. Among 
the different solvent systems ethyl acetate: chloroform was most 
effective in separating the active bands from the extracts. In this 
solvent system, extracted phenazine and pyocyanin from strains P. 
aeruginosa UPMP3 absorbed and appeared as blue bands with Rf 
value 0.63 which was identical in reference to Rf value of phenazine 
extracted from Pseudomonas sp. [20]. For pyocyanin the Rf value 
0.53, compared with reference Rf from P. aeruginosa PAIO [21] and 
P. aeruginosa TISTR 781 [22] respectively. In solvent system, ace-
tonitrile: methanol: water Rf value 0.88 was found for 2-4, DAPG, 
which resemble to reference Rf value for P. fluorescens 7-14. Simi-
larly Rf = 0.77 for pyoluteorin and Rf = 0.28 and 0.23 for pyrrolni-
trin were calculated with the reference value for P. cepacia strain 
In-b-6854 and P. cepacia strain In-b-6858 [21], respectively. PCN 
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was detected on Rf = 0.47 with reference of P. chlororaphis PCL1391 
[23] in the solvent system hexane: ethyl acetate. On the other hand, 
the strain B. cepacia UPMB3 absorbed and appeared as blue bands 
in solvent system acetonitrile: methanol: water for pyoluteorin, 
pyrrolnitrin and pyocyanin with the Rf values 0.77, 0.23 and 0.53 
respectively and compared with the reference Rf value by Rosales., 
et al. [21] and Saosoong., et al. [22]. 

Figure 1: Detection of antibiotics produced by P. aeruginosa 
UPMP3 and B. cepacia UPMB3 on TLC plate. Different band 

indicated different antibiotics. Pyoluteorin (0.77) (1); 2,4-DAPG 
(0.88) (2); Phenazine (0.63) (3); Pyocyanin (0.53) (4, 5); PCN 
(0.47) (6); Pyrrolnitrin (0.27, 0.23) (7, 8); Unidentified (9,10).

In this study, the bacterial extract of P. aeruginosa UPMP3 pro-
duced seven bands with different Rf values out of which six bands 
yielded six antibiotics i.e. pyoluteorin, 2, 4-DAPG, phenazine, py-
ocyanin, PCN and pyrrolnitrin compared with the references. 
This finding collaborates that of Chang and Blackwood [24] who 
indicated that certain strain produced more than one antibiotic. 
P. aeruginosa also has been reported to produce, phenazine and 
phenazine derivatives such as dihydroxy – phenazine -1 - carboxyl-
ic acid, PCA, chloraphine, oxychlororaphine and aeruginosin B. The 
obtained results were found similar to those detected by Saosoong., 
et al. [22] who use TLC assessment to purify phenazine with Rf 

0.70. Hassanein., et al. [25] used TLC technique for identification 
of phenazine produced by P. aeruginosa as antifungal compounds, 
and Saosoong., et al. [22] used TLC as primary step for isolation 
and analysis of antibacterial substance produced by P. aeruginosa.

A number of Pseudomonas strains have been shown to produce 
phloroglucinol pyrrolnitrin, a potent antifungal compound, was 
isolated from P. cepacia, P. chlororaphis, P. fluorescence and P. aure-
ofaciens [26]. On the other hand, the strain B. cepacia UPMB3 pro-
duced three antibiotics compared with the references i.e. pyolute-
orin, pyocyanin and pyrrolnitrin. Dikin., et al. [27] reported that 
antimicrobial substances produced by B. cepacia developed five 
bands on TLC sheets with different Rf values. It was also reported 
that B. cepacia produces several antibiotics, most of which have an-
tifungal activity, such as pryrrolnitrin [28] and cepacidine A [29]. 
Thus, the result of this study revealed that at least several active 
antifungal compounds are produced by the oil palm rhizosphere 
associated bacteria P. aeruginosa UPMP3 and B. cepacia UPMB3.

Detection of siderophores

The modified universal CAS agar plates were used for the detec-
tion of siderophores produced by P. aeruginosa UPMP3 and B. ce-
pacia UPMB3. The results of this experiment revealed that the both 
bacterial strains produced siderophores with colour change blue to 
orange. When the bacterial strains cultured on only CAS agar petri-
plates, a very little response was observed in respect to the rate of 
growth, colour change and rate of CAS reaction (Figure 2A and 2B, 
Table 1). On the other hand, both the bacterial strains produced 
siderophores when cultured on the medium NA + CAS and KB + 
CAS. It was observed that in NA + CAS medium both the strains 
produced a little area of colour change (Figure 2D and 2E, Table 1). 
It was found that the bacterial strains P. aeruginosa UPMP3 and B. 
cepacia UPMB3 produced a maximum area of colour change (blue 
to orange) in KB + CAS medium after 21 days of culture respec-
tively (Figure 2G and 2H, Table 1). No colour change indicated no 
siderophores production on control plates (Figure 2C, 2F, and 2I; 
Table 1). It was observed that both P. aeruginosa UPMP3 and B. ce-
pacia UPMB3 produced more siderophores when cultured on KB 
medium.

Rhizobacteria belonging to the genera Azospirillum, Bacillus, 
Pseudomonas, Xanthomonas, Burkholderia and Rhizobium have 
been shown to produce different types of siderophores which help 
in stimulating plant growth as well as control of plant pathogens. 
Siderophores-producing bacteria have been used as biocontrol 
agents to combat plant pathogens. Different rhizosphere bacteria 
produce different types of siderophores. Siderophores produced 
by Pseudomonas sp. have been employed efficiently as biocontrol 



Figure 2: Siderophores production by P. aeruginosa UPMP3 and 
B. cepacia UPMB3 in different media supplemented with CAS 

agar at 21 days.

Bacterial 
strain Media

Degree of colour change/ 
siderophores production after 

7, 14 and 21 days
7 14 21

P. aeruginosa 
UPMP3

CAS - - +
NA+ CAS - + +
KB+ CAS ++ +++ ++++

B. cepacia 
UPMB3

CAS - - -
NA+ CAS - + +
KB+ CAS + ++ +++

Table 1: Degree of siderophores production by P. aeruginosa 
UPMP3 and B. cepacia UPMB3 after 21 days.

 - = Negative, + = Positive (+=25%, ++= 50%, +++= 75%, 
++++=100%)

Figure 3: Detection of HCN production by P. aeruginosa UPMP3 
and B. cepacia UPMB3 after 10 days of incubation. A = P. 

aeruginosa UPMP3, B = Control (un-inoculated KB broth), C = B. 
cepacia UPMB3.
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agents against soil borne plant pathogen. P. aeruginosa produces 
two types of siderophores, phyochelin and pyoverdine which have 
been widely studied as biological mechanism in the control of phy-
to pathogenic fungi and bacteria [30]. It has been demonstrated 
that one strain can produce more than one type of siderophores, 
thus Burkholderia cepacia strains produce different types of si-
derophores, namely ornibactin and cepaciachelin, hydroxamate- 
and catecholate-type siderophores, respectively [31]. This ability 
to produce siderophores has also been commonly associated with 

the capacity of biocontrol shown by Pseudomonas fluorescens 
strains. Martha., et al. [32] reported that Pseudomonas aeruginosa, 
P. putida biovar B, P. marginalis and Burkholderia cepacia, isolated 
from the rhizosphere and the phyllosphere of rose and alstroemer-
ia plants identified by biochemical assays and cultured in King’s B 
medium, showed antagonistic properties in vitro against the patho-
gen Rhizoctonia solani and Botrytis cinerea coincided with the pres-
ence of siderophores. B. subtilis QM3, a spore-forming bacterium 
commonly used in commercial and research bio-control products 
to control a variety of plant pathogens [33], was proved to be a 
siderophores producer using universal CAS assay and presented 
distinct orange halos on SD-CAS assay. This indicated an iron chela-
tor removed iron from the blue CAS complex thus causing its color 
change to orange.

Detection of HCN

For the detection of HCN the both bacterial strains were grown 
in KB broth with glycine and incubated for varying time periods 
(0 to 10 days). HCN released into the nutrient broth was observed 
at intervals of 24 hours. The results of this study revealed that the 
strain P. aeruginosa UPMP3 was found to be strong HCN produc-
ers by changing yellow colour of the filter paper with a trend to 
dark brown to red colour (Figure 3A). On the other hand, B. cepacia 
UPMB3 did not produce HCN without any colour change of the fil-
ter paper (Figure 3C) as the control (Figure 3B). 



Figure 5: Effect of antibiotic substances on mycelial growth 
of Ganoderma in different treatments after 1-7 days of incuba-
tion. P.a = Pseudomonas aeruginosa UPMP3, B.c = Burkholderia 

cepacia UPMB3, G.b = Ganoderma boninense. Values followed by 
the same letter are not significantly different according to LSD 
test at P˂ 0.05 level. Each value is the mean of 3 replications. 

Vertical bars represent standard error. 
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Hydrogen cyanide (HCN) is an example of a metabolite that can 
differentially affect plant growth depending on the producer stains 
in rhizosphere. HCN production by antagonistic rhizobacteria plays 
an important role in the biological control of pathogens as well as 
enhance plant establishment. In Pseudomonad species, HCN is re-
leased by the decarboxylation of glycine and formed a brownish 
red compound with sodium picrate and the intensity of the colour 
increases with the amount of HCN. It has been reported that gly-
cine is a carbon precursor for HCN in P. aeruginosa HCN effectively 
blocks the cytochrome oxidase pathway and is highly toxic to all 
aerobic microorganisms at picomolar concentrations. However, 
producer microbes, mainly Pseudomonads, are reported to be re-
sistant [34]. The production of HCN by Pseudomonas cf. monteil-
ii 9 which turned yellow colour filter strip to reddish colour that 
played a contributory role in inhibition of pathogens, S. rolfsii [35]. 
The HCN production is found to be a common trait of Pseudomonas 
(88.89%) and Bacillus (50%) in the rhizospheric soil and plant root 
nodules [12] and is a potential and environmentally compatible 
mechanism for biological control of weeds.

Effect of bacterial antibiotics against G. boninense

In bioassay test both bacterial strains and Ganoderma were cul-
tured in King’s B medium. From the result it was observed that the 
Ganoderma mycelial growth was normal in control plate after sev-
en days of incubation similar to that in MEA medium. In this exper-
iment, both bacterial strains P. aeruginosa UPMP3 and B. cepacia 
UPMB3 were found to produce diffusible antibiotics which showed 
a significant effect to control the Ganoderma mycelial growth in 
vitro after 2, 4 and 7 days of inoculation (Figure 4). The results 
revealed that the strain P. aeruginosa UPMP3 showed the highest 
(94.21%) inhibitory effect on the mycelial growth of G. boninense 
after 7 days of incubation (Figure 6). On the other hand, B. cepacia 
UPMB3 showed maximum (21.27%) inhibition compared to con-
trol treatment (Figure 6). From the result it was observed that the 
average growth of G. boninense was higher in control treatment 8.6 
cm after 7 days. Whereas no mycelial growth was observed when G. 
boninense cultured with P. aeruginosa UPMP3 in compared to cul-
ture with B. cepacia UPMB3 (Figure 5). It was found that P. aerugi-
nosa UPMP3 was more effective than B. cepacia UPMB3 to control 
G. boninense in vitro.

Bergsma-Vlami., et al. [36] demonstrated in vitro and in vivo 
production of antibiotics by numerous antifungal bacterial strains. 
Several authors have been reported involvement of antibiosis in 

Figure 4: Bio assay test for the production of antibiotic sub-
stances by P. aeruginosa UPMP3 and B. cepacia UPMB3 against 

G. boninense on KB medium after 7 days of incubation. A= P. 
aeruginosa UPMP3 + G. boninense, B= B. cepacia UPMB3 + G. 

boninense, C= control.

biocontrol of plant pathogens. Mechanism of anti-fungal activities 
by the biocontrol agents Streptomyces violaceusniger strain G10 on 
Fusarium oxysporum f. sp. cubense race and Pantoea agglomerans 
strain Eh252 on Erwinia amylovora [37] and the biocontrol of Py-
thium damping off of Pea by Burkholderia cepacia [38] was attrib-
uted to antibiosis. Rakh., et al. [35] reported that the Pseudomonas 



Figure 6: Inhibitory effects of antibiotics produced by P. aerug-
inosa UPMP3 and B. cepacia UPMB3 on mycelial growth of G. 

boninense after 1-7 days. P.a = Pseudomonas aeruginosa UPMP3, 
B.c = Burkholderia cepacia UPMB3, G.b = Ganoderma boninense. 
Values followed by the same letter are not significantly different 
according to LSD test at P˂ 0.05 level. Each value is the mean of 

3 replications. Vertical bars represent standard error. 
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cf. monteilii 9 strain was able to produce non-volatile diffusible 
metabolites and inhibits the mycelial growth of Sclerotium rolfsii 
causing stem rot of groundnut in King’s B medium. Fluorescent 
pseudomonads have been reported as promising biological con-
trol agents against S. rolfsii in betelvine [39] and bean [40] among 
others. Manwar., et al. [41] reported that the antibiotic pyocyanin 
and pyoverdine produced by Pseudomonas inhibited the growth of 
Aspergillus niger under in vitro conditions. This showed the impor-
tance of antibiotics production in the control of deleterious soil-
borne pathogens by PGPR strains. These results are in accordance 
with that P. aeruginosa UPMP3 and B. cepacia UPMB3 produced 
non-volatile diffusible antibiotics which inhibited G. boninense. 
2-4-Diacetylphloroglucinol, the best known Phl compound, causes 
membrane damage to Pythium spp. and is particularly inhibitory 
to zoospores of this oomycete [1]. Dikin., et al. [42] reported that 
pyrrolnitrin causes the loss of mitochondrial activity in the fungal 
cytoplasm, inhibiting succinate oxidase and NADH-cytochrome re-
ductase. Pyrrolnitrin also interferes with cellular processes such as 
oxidative stress, blockage of electron transport as well as inhibition 
of DNA and RNA synthesis. 

Effect of volatile and non-volatile metabolites against G. bonin-
ense in vitro

Both the bacterial strains P. aeruginosa UPMP3 and B. cepacia 
UPMB3 were found to produce volatile and non-volatile substances 

which suppressed Ganoderma mycelial growth in vitro after differ-
ent days of inoculation (Figure 7). From the result it was observed 
that the strain P. aeruginosa UPMP3 showed the highest inhibito-
ry effect 51.16% of G. boninense mycelial growth and B. cepacia 
UPMB3 showed maximum 8.89% inhibition compared to control 
treatment after 7 days of incubation respectively (Figure 9). The 
result revealed that the average growth of G. boninense was higher 
in control treatment i.e. 6.86 cm after 7 days which was near about 
the average growth of G. boninense with B. cepacia UPMB3 treat-
ment (6.25cm) (Figure 8). 

Figure 7: Bio assay test for the production of volatile and 
non-volatile substances by P. aeruginosa UPMP3 and B. cepacia 

UPMB3 against G. boninense after 7 days of incubation. A= P. 
aeruginosa UPMP3 + G. boninense, B= B. cepacia UPMB3 + G. 

boninense, C= control.

Figure 8: Effect of volatile and non-volatile substances on 
mycelial growth of Ganoderma in different treatments after 7 
days of incubation. P.a = Pseudomonas aeruginosa UPMP3, B.c 
= Burkholderia cepacia UPMB3, G.b = Ganoderma boninense. 

Values followed by the same letter are not significantly different 
according to LSD test at P ˂ 0.05 level. Each value is the mean of 

3 replications. Vertical bars represent standard error. 



Figure 9: Inhibitory effects of volatile and non-volatile sub-
stances produced by P. aeruginosa UPMP3 and B. cepacia 
UPMB3 on mycelial growth of G. boninense after 7 days of 

incubation. P.a = Pseudomonas aeruginosa UPMP3, B.c = Bur-
kholderia cepacia UPMB3, G.b = Ganoderma boninense. Values 

followed by the same letter are not significantly different 
according to LSD test at P ˂ 0.05 level. Each value is the mean of 

3 replications. Vertical bars represent standard error.
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On the other hand, the average growth for the treatment G. 
boninense with P. aeruginosa UPMP3 was 3.35cm (Figure 8). From 
the above result it was reported that P. aeruginosa UPMP3 was 
more capable to produced volatiles and non-volatile substances 
than B. cepacia UPMB3.

The mechanism of antibiosis by the antagonistic rhizobacteria 
and inhibition of pathogens was more pronounced through vola-
tile and non-volatile metabolites including aldehydes, alcohols, ke-
tones and sulphides. Volatile toxic substances produced by antago-
nists could diffuse easily and inhibited the growth of the pathogen 
in vitro and even in soil they easily diffuse through the air filled 
pores of the soil and inhibited the soil-borne pathogens. The pro-
duction of volatile metabolites, components and inhibition of the 
test pathogen by volatile metabolites varied among different PGPR. 
Ramettee., et al. [43] reported that hydrogen cyanide is a broad 
spectrum antimicrobial compound involved in biological control of 
root disease by many plant associated fluorescent pseudomonads. 
Production of HCN by certain strains of fluorescent pseudomonads 
has been involved in the suppression of soil borne pathogens. 

The antifungal nature of the organic volatiles has been demon-
strated in several pathogen systems such as inhibition of hyphal ex-

tension, inhibition of carpogenic germination of sclerotia of S. scle-
rotiorum in bean by allyl alcohol and control of root rot of tobacco 
by hydrogen cyanide produced by pseudomonads [44]. Besides, al-
iphatic aldehydes and ketones were more effective than alcohols in 
the post-harvest control of grey mould caused by Botrytis cinerea 
[45] and in the inhibition of germ tube formation of Alternaria al-
ternata [46]. 

Moreover, Pseudomonas sp. are capable of producing organic 
volatiles whose in vitro antifungal nature has been demonstrated 
against Phytophthora vignae in cowpea [47]. It was also reported 
that Burkholderia cepacia B23 producing volatile metabolites was 
effective to control the post-harvest anthracnose disease of papaya 
caused by Colletotrichum gloeosporioides whose inhibition percent-
age was 26.61 [48]. Diby., et al. [49] reported that Pseudomonas cf. 
monteilii 9 produced volatile metabolites which inhibited S. rolfsii 
(100%) as well as it controlled Pythium ultimum and Phytophthora 
capsici. In accordance with the result of the present experiments, 
the bacterial strains P. aeruginosa UPMP3 is more effective to pro-
duce volatile and non-volatile substances and suppress the growth 
of G. boninense than B. cepacia UPMB3 in vitro. Watanabe., et al. 
[50] reported that Burkhold eria sp. isolate 87-11 obtained from 
basidiospore of Lenti nus lepideus, showed antagonistic activity 
against Pythium aphanidermatum and Rhizoctonia solani. Produc-
tion of pyr rolnitrin pyoluteolin, cepabactin, vola tile ammonia and 
siderophore are the major mechanisms proposed for the disease 
suppressive effects of B. cepacia. 

Conclusion
The present study strongly support that the antimicrobial me-

tabolites may be used in the management of microbial/fungal in-
fection and the finding highlights the importance for further inves-
tigation towards the goal of obtaining novel antimicrobial agent. 
Although the bacterial strains obtained in this study cannot be de-
clared as new antibiotics, there is the probability of finding new 
antibiotics in oil palm rhizosphere because of its wide biodiversity. 
Further analysis of compounds by spectrometric, chromatographic 
techniques and strain improvement studies provides detailed in-
formation about the compounds produced by the bacterial strains 
and the ability of the strains in producing newer compounds. Be-
sides, exploitation of PGPR–plant interactions can result in the pro-
motion of plant health and can play a significant role in low-input 
sustainable agriculture applications for commercial crops.
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