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Abstract

Ili Nadhrah N., Nulit R., Nurrashyeda R., Idris A.S. (2015): Effect of formulated bioorganic containing 
Burkholderia GanoEB2 in suppressing Ganoderma disease in oil palm seedlings. Plant Protect. Sci., 51: 80–87.

The ability of Burkholderia GanoEB2 formulated in two different bioorganic powders as carriers – bioorganic empty 
fruit bunch (BEFB) and real strong bioorganic fertilizer (RSBF), and the efficacies of Burkholderia GanoEB2 in sup-
pressing Ganoderma boninense infection in oil palm seedlings were determined. Results showed that the highest 
reduction in disease incidence (DI, 18.2%), severity of foliar symptoms (SFS, 26.6%), and disease severity foliar index 
(DSFI, 27.7%) was achieved by the seedlings treated with RSBF containing Burkholderia GanoEB2 compared to the 
seedlings treated with BEFB containing Burkholderia GanoEB2 (36.4% DI, 33.4% SFS, and 31.8% DSFI). Untreated 
seedlings (as control) had 100.0% DI, 90.4% SFS, and 87.5% DSFI. The disease was reduced by as much as 85.3% for 
seedlings treated with RSBF and by 70.5% for seedlings treated with BEFB. The formulated bioorganics containing 
Burkholderia GanoEB2 were proven to suppress Ganoderma disease in oil palm. 

Keywords: Ganoderma boninense; bioorganic empty fruit bunch (BEFB); real strong bioorganic fertiliser (RSBF)

Oil palm (Elaeis guineensis) is the most important 
crop plant in Malaysia (MPOB 2013). The oil palm 
planted area reached 5.23 mil. ha in 2013 (compared to 
5.08 mil. ha in 2012, i.e. an increase of 3.0%) (MPOB 
2013). To achieve maximum yield and production, 
the health of oil palms is crucial. Like other crops, 
oil palm trees are also exposed to various diseases 
but the most serious disease is basal stem rot (BSR) 
caused by the fungal pathogen Ganoderma boninense. 
In Malaysia and Indonesia, BSR has been known as 
the most destructive disease attacking oil palm trees 
and causing major losses (Idris 2009; Susanto 
2009). Recently, BSR has become still more serious 
attacking still younger oil palms. 

Several control strategies have been deployed to 
reduce BSR disease including soil mounding, removal 

of the oil palms attacked by the disease, and fungicide 
treatment. However, this BSR control is only aimed at 
prolonging the productive life of the already infected 
palms and delaying the progress of Ganoderma boni- 
nense. In vitro studies by Idris et al. (2002) claimed 
that numerous fungicides were strongly inhibitory 
towards Ganoderma boninense. However, the results 
from the nursery studies were inconclusive. This was 
probably due to the fact that the various resting stages 
of Ganoderma boninense such as melanised mycelium, 
basidiospores, and pseudosclerotia are more resistant 
towards the fungicides (Susanto 2009).

Recently, the use of biocontrol agents such as endo-
phytic fungi and endophytic bacteria for suppressing 
plant disease has gained much attention in pathologi-
cal research. They have been considered for control 
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of various diseases in crop plantations including BSR 
disease in oil palm tree due to their ability to colonise 
intracellular and intercellular tissue of plants at a certain 
time of their life cycle and minimise the chance of such 
pathogens to colonise the area (Kloepper et al. 1999; 
Hallmann et al. 2001), morover without causing any 
harm to the host or gaining benefit other than resi-
dency within the plants tissues (Azevedo et al. 2000; 
Kobayashi & Palumbo 2000). Studies by Abdullah 
et al. (1999), Ilias (2000), Sariah et al. (2005), and 
Susanto et al. (2005) proved that endophytic fungus, 
Trichoderma spp., showed high efficacy in controlling 
the growth of BSR disease in plant house trials and un-
der field condition. Sapak et al. (2008) and Bivi et al. 
(2010) proved that endophytic bacteria from the genus 
Burkholderia can reduce the incidence of BSR disease. 
However, most of the studies focussed just on the use 
of cell suspension or cell injection which was found to 
be impractical for a large scale application to control 
BSR disease in the nursery. Maizatul et al. (2012) 
immobilised the biocontrol Burkholderia cepacia into 
vermiculite powder as a carrier and nutrient supply. 
The number of viable bacteria cells in the vermiculite 
powder was 108 CFU/g for five months storage.

In the present study, bacterial Burkholderia Ga-
noEB2 identified as Burkholderia cepacia isolated 
from symptomless oil palm root tissues was formu-
lated into bioorganic powder as a carrier. Bioorganic 
powder was selected owing to its ability to promote 
plant vigour other than being carrier for the bacte-
ria cells itself. The formulated bioorganic powder 
containing Burkholderia GanoEB2 was tested in the 
nursery for its efficacy in suppressing Ganoderma 
disease in oil palm seedlings by using two treatments 
with bioorganic empty fruit bunch (BEFB) and real 
strong bioorganic fertiliser (RSBF) containing Burk-
holderia GanoEB2. The disease suppression was as-
sessed based on calculation of the disease severity of 
foliar index (DSFI), severity of foliar symptom (SFS), 
disease incidence (DI), and dead seedlings (DS) at 
2-month intervals within 8 months after inoculation.

MATERIAL AND METHODS

Planting materials and experimental design. 
This study was conducted at the Malaysian Palm 
Oil Board (MPOB) Research Station, Bangi, Selan-
gor, Malaysia. Forty-eight four-month-old oil palm 
seedlings (dura × pisifera, D×P) were used in this 
study. The experiment involved seedlings of four 
variants (12 seedlings per a variant), two controls 
(C1 and C2), and two treatments (T1 and T2) (Ta-
ble 1). The seedlings were grown in polybags (12 × 
15 cm) containing a 3 : 1 mixture of soil and sand. 
All oil palm seedlings were placed and arranged in 
a completely randomized block design (CRBD). The 
seedlings were watered twice daily – in the morning 
and afternoon. 

Endophytic bacteria Burkholderia GanoEB2 
stock culture. The stock culture of Burkholderia 
GanoEB2 was provided by the stock collection of 
GanoDROP Laboratory, Biological Research Division, 
MPOB, Kajang, Selangor, Malaysia. The culture was 
isolated from the symptomless oil palm root tissues 
and maintained at 28°C in an incubator. Two methods 
of culture maintenance were used, i.e. nutrient agar 
(NA) slant added with paraffin oil and glycerol stock. 

Preparation of bioorganic formulation contain-
ing Burkholderia GanoEB2. Two types of bacterial 
formulation were developed using two types of bioor-
ganic powder as a carrier: bioorganic empty fruit 
bunch (BEFB) and real strong bioorganic fertiliser 
(RSBF). BEFB (Felcra Berhad, Mersing, Johor, Malay-
sia) contains mulch and is enriched with inorganic 
elements such as cellulose, glucose, silica copper, 
calcium, iron, and sodium while RSBF (All Cosmos 
Industries Sdn. Bhd., Pasir Gudang, Johor, Malaysia) 
contains nutrients like nitrogen (N), phosphorus 
(P), kalium (K), magnesium (Mg), boron (B), iron 
(Fe), zink (Zn), and other trace elements which are 
combined with plant-based organic matters. These 
formulations were prepared based on the method 
described by Nasyaruddin and Idris (2011) with a 

Table 1. List of treatments used in the study

Treatment Seedling description

C1 negative control, seedlings non-infected and non-treated

C2 positive control, seedlings artificially inoculated with Ganoderma boninense but untreated

T1 seedlings artificially inoculated with Ganoderma boninense and treated with bioorganic empty fruit bunch 
(BEFB) containing Burkholderia GanoEB2

T2 seedlings artificially inoculated with Ganoderma boninense and treated with real strong bioorganic fertiliser 
(RSBF) containing Burkholderia GanoEB2
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slight modification. The powder was formulated using 
vermiculite with the addition of bioorganic fertiliser 
to promote growth of oil palm other than being car-
rier itself. The bacterial Bukholderia GanoEB2 was 
grown in an enriched medium at 28°C for 24 hours. 
About 108 CFU/g of bacteria cells were added into 
vermiculite powder under sterile condition and later 
mixed with BEFB and RSBF respectively. The powder 
formulations were then stored at room temperature 
in a sealed polyethylene bags. 

Preparation of rubber wood blocks inoculated with 
Ganoderma boninense. Rubber wood blocks (RWB) 
were prepared according to Sapak et al. (2008) with 
a slight modification. The RWB measuring 6 × 6 × 
6 cm were washed and dried in an oven before being 
autoclaved twice at 121°C for 20 minutes. Each block 
was individually put into a heat-resistant polypropylene 
bag and 70 ml of molten malt extract agar (MEA) were 
added as supplementary nutrients for Ganoderma 
boninense. The bags with RWB and molten MEA were 
autoclaved at 121°C for 30 minutes. After sterilisation 
and cooling, the RWB in the polypropylene bag was 
rotated to ensure it is well covered by MEA before the 
letter solidifying. When the agar solidified, five plugs 
(10 mm) taken from the seven-day-old Ganoderma 
boninense culture were inoculated into the surface 
of each RWB. The inoculated blocks were then in-
cubated at 28°C for 8 weeks until full colonisation by 
the Ganoderma boninense mycelium.

Inoculation and establishment of the oil palm 
seedlings. The seedlings were artificially inoculated 
with Ganoderma boninense infected RWB according 
to Khairuddin (1990) with slight modifications. Uni-
noculated and untreated seedlings were the negative 
control (C1). Seedlings in positive control (C2) were 
challenged with fully colonised RWB placed in contact 
with the roots. The seedlings in T1 and T2 were ini-
tially treated with 30 g of BEFB and RSBF containing 
Burkholderia GanoEB2, respectively. After 2 weeks of 

treatment, the seedlings were uprooted carefully and 
inoculated with Ganoderma boninense fully colonised 
RWB. 30 g of formulated BEFB and RSBF containing 
Burkholderia GanoEB2 were applied again before 
placing the seedling in contact with infected RWB. All 
the seedlings were watered daily and the formulated 
BEFB and RSBF containing Burkholderia GanoEB2 
were applied in 2-month intervals.

Disease assessment. The effect the bioorganic 
formulations containing Burkholderia GanoEB2 on 
Ganoderma disease incidence was evaluated based 
on quantitative assessment measured as percentage 
of disease incidence (DI), severity of foliar symptom 
(SFS), disease severity of foliar index (DSFI), and 
dead seedlings (DS) at 2-month intervals within 
8 months after inoculation. 

DI referred to the number of seedlings visually as-
sessed as diseased (chlorosis and necrosis of leaves, 
with or without production of fruiting body) and 
it was determined after Campbell and Madden 
(1990) as follows: 

(number of seedlings infected/total number of seed-
lings assessed) × 100 

SFS (%) was assessed according to Sariah and 
Zakaria (2000): 

SFS (%) = [(a × 1) + (b × 0.5)]/c × 100 
where: a – number of desiccated (browned/wilted) leaves; 
b – number of yellowing leaves; c – total number of leaves; 
1 – index for desiccated leaves; 0.5 – index for yellowing leaves

DSFI assessment on external symptoms of Gano-
derma disease infection was calculated according to 
Nur Ain Izzati and Abdullah (2008) with slight 
modifications. DSFI was derived from a mathematical 
formula based on the observable signs of n symptoms 
of ‘disease class’ of the infected seedlings which was 
translated from numerical values, ranging from 0 to 4 
(Table 2). DSFI was determined at regular 2-month 

Table 2. Signs and symptoms of infection and their corresponding disease class values (Nur Ain Izzati & Abdullah 
2008) with modification

Class Associated signs and symptoms of infection

0 healthy seedlings with green leaves and no necrosis/chlorotic leaves (foliar symptoms) and no white fungal 
mass (mycelium)/fruiting body

1 appearance of white fungal mass/fruiting body and no necrosis/chlorotic leaves (foliar symptoms)
2 appearance of white fungal mass/fruiting body and necrosis/chlorotic leaves (foliar symptoms) ≤ 25%
3 appearance of white fungal mass/fruiting body and necrosis/chlorotic leaves (foliar symptoms)  26–75%

4 appearance of white fungal mass/fruiting body and necrosis/chlorotic leaves (foliar symptoms) > 75%  
or seedling dead/dried
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intervals. To derive the DSFI, the disease classes were 
then calculated with the following formula:

DSFI = ∑ (A × B) × 100 
             ∑ B × 4

where: A – disease class (0, 1, 2, 3, 4); B – number of seed-
lings showing that disease class per treatment; number 4 –
constant representing the highest class of assessment

At the end of the 8-month experiment, DSFI for 
internal symptoms of the oil palm seedlings was 
calculated. All data (DSFI, DI, SFS, and DS) were 
analysed by the Analysis of Variance (ANOVA) using 
Minitab v. 16 software with the means compared by 
the Least Significant Difference (LSD) at P ≤ 0.05.

RESULTS

The external symptoms of BSR infection were ob-
served 4 months after Ganoderma boninense inocu-
lation. The symptoms started with yellowing at the 
lower frond followed by necrosis, the leaves then 
started to desiccate from the oldest to the youngest 
ones. As the disease progressed, young oil palm seed-

lings appeared pale with retarded growth and the leaves 
spear remained unopen. Formation of white mycelia 
at the basal stem part were observed after 5 months 
of infection and later developed into the fruiting body 
and caused the death of seedlings (Figure 1). 

In this experiment, both formulations of BEFB and 
RSBF containing Burkholderia GanoEB2 had effects 
on the BSR severity caused by fungus Ganoderma 
boninense. After 8 months of inoculation, non-infect-
ed and non-treated seedlings (C1) remained healthy 
with green leaves (0.0% DSFI). Seedlings inoculated 
with Ganoderma boninense but untreated (C2) showed 
the highest DSFI value of 87.5%. Seedlings artificially 
inoculated with Ganoderma boninense and treated 
with 10 g real strong bioorganic fertiliser (RSBF) 
containing Burkholderia GanoEB2 (T2) exhibited 
the best control measure of the disease with the low-
est DSFI value of 27.7% compared to T1 (seedlings 
artificially inoculated with Ganoderma boninense 
and treated with 30 g bioorganic empty fruit bunch 
(BEFB) containing Burkholderia GanoEB2) with 
DSFI value of 31.8% (Table 3). 

After 8 months of inoculation, results showed that 
the highest reduction in DI (Table 3) and SFS (Ta-
ble 4) was achieved by seedlings in T2 (18.2% of DI; 

Figure 1. Progressive development of BSR sym-
ptoms in oil palm seedling: (A) healthy oil palm 
seedling, (B) yellowing and necrosis of lower 
leaves of infected oil palm seedling, (C) necrosis 
leaves and stunted growth of oil palm seedling 
with unopened spears, (D) formation of white 
mycelia at the basal stem part with leaf necrosis 
(arrow), and (E) dead seedling with well-develo-
ped fruiting body at the basal stem part (arrow)

(A)	 (B)	 (C)

(D)	 (E)
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26.6% of SFS) compared to T1 (36.4% of DI; 33.4% of 
SFS), and C2 (100% of DI; 90.4% of SFS). The nega-
tive control treatment (C1) remained healthy with 
no dead seedlings recorded. The positive control 
treatment (C2) showed the highest percentage of 
dead seedlings at 75.0% followed by T1 at 25.0% and 
T2 at 16.7%, respectively (Table 4). 

DISCUSSION

Bacterial Burkholderia GanoEB2 in BEFB or RSBF 
formulations was able to suppress BSR disease devel-
opment in oil palm seedlings. Maizatul and Idris 
(2009) reported that Burkholderia isolated from oil 
palm was capable of suppressing G. boninense in 

vitro and in a nursery. A similar trial on the efficacy 
of B. cepacia (B3) in the form of bacterial suspension 
was reported by Sapak et al. (2006). The efficacy of 
using endophytic biological control agent in the field 
is determined largely by its formulation, shelf life, 
and delivery techniques (Stephens & Rask 2000; 
Khavanzi et al. 2007; Albareda et al. 2008). Success-
ful powder formulation of Burkholderia GanoEB2 using 
vermiculite as carrier was developed by Nasyaruddin 
and Idris (2011). In this study, bacterial Burkholderia 
GanoEB2 was incorporated into bioorganic empty fruit 
bunch (BEFB) and real strong bioorganic fertilizer 
(RSBF) powder formulation as carrier and the quality 
of the viable cells after remain 108 CFU/g after 5th and 
6th months of storage, respectively (Ili Nadhrah 
2014). Integrating endophytic bacteria Burkholderia 
GanoEB2 into BEFB or RSBF can increase the soil pH 
and thus the efficiency of nutrient uptake by the crop 
and enhance the retention of nutrients in the soil in 
the long term to improve the soil quality. Bioorganic 
fertiliser is a substance containing living microorgan-
isms which, when applied to seed, plant surfaces, or 
soil, colonises the rhizosphere or the interior of the 
plant and promotes growth by increasing the supply 
or availability of primary nutrients to the host plant 
(Vessey 2003).

Effectiveness of the formulated BEFB and RSBF 
containing Burkholderia GanoEB2 in controlling 
BSR disease in oil palm was evaluated based on 

Table 3. Disease severity of foliar index (SDFI) and sisease incidence (DI) of oil palm seedlings after Ganoderma 
boninense artificial inoculation 

Treatments
DSFI after months (%) DI after months (%)

2 4 6 8 2 4 6 8
C1 0a 0c 0c 0c 0a 0b 0b  0c

C2 0a 8.3a 20.8a 87.5a 0a 41.7a 66.7a 100.0a

T1 0a 2.3b,c   4.6b 31.8b 0a   9.1b 18.2b   36.4b

T2 0a 0c   4.6b 27.7b 0a 0b 18.2b    18.2b,c

In each column with different letters is significantly different at P ≤ 0.05; for treatment see Table 1

Table 4. Severity of foliar symptoms (SFS) of oil palm seedlings and dead seedlings (DS) of oil palm after Ganoderma 
boninense artificial inoculation 

Treatments
SFS after months (%) DS after months (%)

2 4 6 8 2 4 6 8
C1 0a 0c   0.4c   1.3c 0a 0a 0a 0b

C2 1.4a 15.9a 20.9a 90.4a 0a 0a 16.7a 75.0a

T1 0a 8.2b 11.5b 33.4b 0a 0a   8.3a 25.0b

T2 1.2a 6.3b 17.0a 26.6b 0a 0a 0a 16.7b

In each column with different letters is significantly different at P  ≤  0.05; for treatment see Table 1

Table 5. Effect of bioorganic Burkholderia GanoEB2 on 
BSR development in oil palm seedlings after 8 months 
of inoculation

Treatments AUDPC (units) DR (%)
C1   0.0 –
C2 308.3 –
T1 90.9 70.5
T2 45.5 85.3

AUDPC – area under disease progressive curve;  DR – disease 
reduction; for treatment see Table 1
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quantitative assessments measured as percentage of 
disease incidence (DI), severity of foliar symptom 
(SFS), disease severity of foliar index (DSFI), and dead 
seedlings (DS) at a two-month interval. Percentage 
of disease reduction (DR) was calculated based on 
area under disease progressive curve (AUDPC).

DI was assessed based on foliar symptom and the 
appearance of white mycelia, white button or fruit-
ing body in the seedling. Disease symptoms among 
the treated plants first appeared after 4 months of 
G. boninense inoculation. Lower DI values indicate 
the suppression of the disease by the seedlings. In 
this study, non-infected and untreated seedlings (C1) 
remained healthy with green leaves throughout the 
experiment. Four months after inoculation, C2 seed-
lings that were artificially inoculated with G. boninense 
and untreated, showed the highest DI (41.7%) and 
were significantly different if compared to seedlings 
inoculated with G. boninense and treated with BEFB 
containing Burkholderia GanoEB2 (T1) and seedlings 
inoculated with G. boninense and treated with RSBF 
containing Burkholderia GanoEB2 (T2) (9.1 and 0.0%, 
respectively) (Table 3). White mycelia of Ganoderma 
boninense appeared six months after inoculation and 
later, during the the 7th month, developed into fruit-
ing body. At the end of experiment (8th month), as 
expected, seedlings in C2 recorded the highest value 
of DI, all of them were infected with Ganoderma 
boninense, and were significantly different from those 
in T1 and T2. T1 and T2 seedlings did not show any 
significant difference from the onset of Ganoderma 
boninense infection, however T2 showed the lowest 
DI values and could suppress the infection better than 
T1. This result suggests that T2 seedlings produced 
a good level of disease suppression as compared to 
T1. Both formulated BEFB containing Burkholderia 
GanoEB2 and RSBF containing Burkholderia GanoEB2  
are capable of suppressing the BSR infection because 
the DI value was significantly reduced. Disease suppres-
sion is mainly due to induction of the host’s defense 
mechanism, such as the formation of structural barri-
ers, like lignified cell walls, to keep out the pathogen 
and the production of antifungal metabolites to slow 
down the infection progress and improve growth 
and plant vigour (Hammerschmidt & Kuc 1995). 
Sapak et al. (2006) in their studies proved that bac-
terial endophytes Pseudomonas and Burkholderia 
play a significant role in inhibiting the penetration of 
Ganoderma boninense into the vascular system. They 
were found histologically concentrated in the vascular 
system of roots taken from symptomless palm. 

Disease development was also measured based on 
the percentage of severity of foliar symptom (SFS). 
SFS was calculated based on the number of desiccated 
leaves and yellowing leaves of oil palm seedlings. 
Low severity of the foliar symptoms indicated slow 
progress of the Ganoderma boninense infection in 
oil palm and expressed a partial resistance towards 
the disease. The seedlings started to display severity 
of the foliar symptom 4 months after inoculation 
(Table 4). Negative control seedlings (C1) remained 
healthy till the end of the experiment. A month after 
inoculation, T1 and T2 showed higher reduction of 
SFS percentage relative to the positive control (C2). 
This explained that, in the affected oil palm seedlings, 
the pathogen produced dry rot of internal tissues at 
the roots and the base of the stem part. This severely 
restricted the supply of water and nutrients to the 
palm and later caused yellowing and wilted leaves. 

As shown in Table 4, the percentage of dead seed-
lings was not statistically different between the two 
treatments, however T2 recorded lower percentage 
of dead seedling compared to T1 showing that RSBF 
containing Burkholderia GanoEB2 formulation was 
more efficient in reducing the infection. 

The disease severity of foliar index (DSFI) was 
scored on a scale of 0 to 4. The application of BEFB 
and RSBF containing Burkholderia GanoEB2 affected 
BSR severity and the DSFI was reduced compared 
to the untreated seedlings infected with Ganoderma 
boninense (C2). After 8 months of inoculation, the 
highest DSFI value was shown by the plants in C2, 
followed by T1 and T2. No significant difference 
was shown between the two treatments, the results 
however showed that T2 was more effective in slow-
ing down the disease severity in oil palm seedlings. 

Bacterial Burkholderia GanoEB2 inhibited Gano-
derma boninense by colonising the intracellular 
and intercellular tissue of plant and minimised 
the chances of the pathogens for both nutrient and 
niches without causing any harm to the host plant 
(Kloepper et al. 1999; Hallmann et al. 2001). 
Significant disease suppression was also reported for 
wheat plants endophytically colonised with Bacil-
lus subtilis (Liu et al. 2009). Another report stated 
that banana plants pre-inoculated with endophytic 
Pseudomonas and Burkholderia were able to sup-
press fungal disease caused by Fusarium oxysporum 
(Fishal et al. 2010).

Disease development was also assessed using the 
AUDPC calculated based on the DI, SFS or DSI 
values. Lower AUDPC values indicate less disease 
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symptoms progress, and are therefore indicative of 
increased disease resistance. The ability of Burkholde-
ria GanoEB2 in bioorganic formulations to reduce 
Ganoderma boninense infection was expressed as the 
percentage disease reduction (% DR) derived from 
AUDPC values. C2 showed the highest AUDPC value 
of 308.3, significantly different as compared to both 
treatments. T1 and T2 had lower AUDPC values of 
90.9 and 45.5, respectively but there was no signifi-
cant difference between them. The lowest AUDPC 
corresponded to the effectiveness of the endophytic 
bacteria Burkholderia GanoEB2 in reducing the dis-
ease. Thus, RSBF containing Burkholderia GanoEB2 
(T2) was the most effective in suppressing the disease 
followed by BEFB containing Burkholderia GanoEB2 
(T2) based on the % DR. The disease was reduced 
up to 85.3% DR in T2 compared to T1 (70.5% DR). 

The present study showed that both BEFB and 
RSBF containing Burkholderia GanoEB2 showed high 
potential in reducing the Ganoderma boninense infec-
tion in oil palm seedlings. The lower the DI%, SFS%, 
DSI%, DS%, and the higher the DR%, suggested that 
the oil palm seedlings are able to resist the disease 
and reduce the incidence of Ganoderma boninense.

Early interaction between biocontrol agent and 
pathogen and repeated application of effective bio-
control agent can significantly reduce the BSR disease 
incidence. Sapak et al. (2006) in their studies applied 
the Burkholderia cepacia suspension twice before 
being challenged with Ganoderma boninense, and 
after 8 months of inoculation, Burkholderia cepacia 
recorded the DI value of 60.0%. In this study, two 
treatments (BEFB and RSBF containing Burkholderia 
GanoEB2) were applied repeatedly and consistently 
in regular two-month intervals up to the end of the 
experiment. The results showed that the DI value 
decreased to 36.4 and 18.2% for T1 and T2, respec-
tively. The results suggested that the timing and 
frequency of application of bioorganic formulations 
are important for effective strategy of BSR disease 
control. Although promising results were obtained 
from using BEFB and RSBF containing Burkholderia 
GanoEB2 to control BSR disease in the field, future 
studies should determine the required population 
density of bacterial endophytes in application doses 
to minimise wasteful application and maximise the 
effect of the product in suppressing the BSR disease 
in seedlings. 

Acknowledgement. Special thanks to staff of MPOB 
and UPM for their continuous support in this project. 

R e f e r e n c e s

Abdullah F., Ilias G.N.M., Vijaya S.K., Leong T.T. (1999): 
Diversity of Trichoderma and its in vivo efficacy against 
Ganoderma boninense. In: Sidek Z., Bong S.K., Ong C.A., 
Husan A.K. (eds): Sustainable Crop Protection Practices 
in the Next Millenium. MCBMAPPS Plant Protection 
Conference 1999, Nov 2–3, 1999, Kota Kinabalu, Sabah, 
Malaysia: 137–140. 

Albareda M., Dulce N.R.N., Camacho M., Francisco J.T. 
(2008): Alternatives to peat as a carrier for rhizobia in-
oculants: Solid and liquid formulations. Soil Biology and 
Biochemistry, 40: 2771–2779.

Azevedo J.L., Maccheroni Jr J.W., Pereira O.J., Araujo L.W. 
(2000): Endophytic microorganisms: a review on insect 
control and recent anvance on tropical plants. Journal of 
Biotechnology, 3: 40–65.

Bivi M.R., Farhana M.S.N., Khairulmazmi A., Idris A.S. 
(2010): Control of Ganoderma boninense: A causal agent 
of basal stem bot disease in oil palm with endophyte 
bacteria in vitro. International Journal of Agriculture and 
Biology, 12: 833–839.

Campbell C.L., Madden L.V. (1990): Introduction to Plant 
Disease Epidemiology. New York, John Wiley & Sons.

Fishal E.M., Meon S., Yun W.M. (2010): Induction of toler-
ance to fusarium wilt and defense-related mechanisms 
in the plantlets of susceptible berangan banana pre-
inoculated with Pseudomonas sp. (UPMP3) and Burk-
holderia sp. (UPMB3). Agricultural Science of China, 
9: 1140–1149. 

Hallmann  J., Quadt-Hallmann A., Miller W.G., Sikora R.A. 
Lindow S.E. (2001): Endophytic colonization of plants 
by the biological agent Rhizobium etil G12 in relation to 
Meloidogyne incognita infection. Journal of Phytopathol-
ogy, 91: 415–422.

Hammerschmidt R., Kuc J. (1995): Induced Resistance to 
Disease in Plant. Dordrecht, Kluwer. 

Idris A.S. (2009): Basal stem rot in Malaysia – biology, epi-
demiology, economic importance, detection and control. 
In: Proceeding of the International Workshop on Aware-
ness, Detection and Control of Oil Palm Devastating 
Diseases, Nov 2009, Kuala Lumpur Convention Centre, 
Malaysia: 13–57.

Idris A.S., Ismail S., Ariffin D., Ahmad H. (2002): Control 
of Ganoderma infected palm – development of pressure 
injection and field application. MPOB Information Series 
No. 148 (MPOB TT No. 131), Bangi, Malaysia. 

Ili Nadhrah N. (2014): The investigation of bioorganic 
containing Burkholderia GanoEB2 in plant growth and 
suppressing Ganoderma disease. [Master Thesis Disser-
tation.] Selangor, Universiti Putra Malaysia. 



	 87

Plant Protect. Sci. Vol. 51, 2015, No. 2: 80–87

doi: 10.17221/26/2014-PPS

Ilias G.N.M. (2000): Trichoderma and its efficacy as a 
bio-control agent of basal stem rot of oil palm (Elaeis 
guineensis Jacq.). [PhD Thesis.] Selangor, Universiti Putra 
Malaysia. 

Khairudin H. (1990): Basal stem rot of oil palm: Incidence, 
etiology and control. [Master Thesis.] Selangor, Universiti 
Pertanian Malaysia. 

Khavanzi K.A., Rejali F.A., Seguin P.B., Miransari M.C. 
(2007): Effect of carrier sterilization methods and incu-
bation on survival of Bradyrhizobium japonicum in soy-
bean (Glycine max L.) inoculants. Enzyme and Microbial 
Technology, 41: 780–784.

Kloepper J.W., Rodriguez-Ubana R., Zehnder B.G.W., Mur-
phy J.F., Sikora A.E., Fernandez A.C. (1999): Plant root-
bacterial interactions in biological control of soilborne 
diseases and potential extension to systemic and foliar 
diseases. Australian Plant Pathology, 28: 21–26.

Kobayashi D.Y., Palumbo J.D. (2000): Bacteria endophytes 
and their effects on plant and  uses in agriculture. In: 
Bacon C.W., White Jr. J.F. (eds): Microbial Endophytes. 
New York, Marcel Dekker Inc.: 199–233.

Liu B., Qiao H., Huang L., Buchenauer H., Han Q., Kang Z., 
Gong Y. (2009): Biological control of take-all in wheat by 
endophytic Bacillus subtilis E1R-j and potential mode of 
action. Biological Control, 49: 277–285. 

Maizatul S.M., Idris A.S. (2009): Nursery evaluation of 
Agribacteriumradiobacter, Burkholderiacepacia and 
Pseudomonas syringae to control Ganoderma boninense 
infection in oil palm. In: Proceeding of the PIPOC 2009 
International Palm Oil Congress – Agriculture, Bio-
technology and Sustainability. Bangi, MPOB Publishing: 
1301–1312. 

Maizatul S.M., Idris A.S., Madihah A.Z., Nasyaruddin 
M.N.M., Kushairi A. (2012): Burkholderia GanoEB2 
powder as biological control of Ganoderma in oil palm. 
MPOB Information Series No. 594 (MPOB TT No. 507), 
Bangi, MPOB Publishing.

MPOB (2013): Annual Research Report 2013. Bangi, MPOB 
Publishing.

Nasyaruddin M.N.M., Idris A.S. (2011): Viability test of ver-
miculite powder formulation of Pseudomonas GanoEB3 

against Ganoderma boninense in vitro. In: Proceeding 
of the MPOB-IOPRI International Seminar: Integrated 
Oil Palm Pests and Diseases Management. Bangi, MPOB 
Publishing: 124–128.

Nur Ain Izzati M.Z., Abdullah F. (2008): Disease suppres-
sion in Ganoderma-infected oil palm seedlings treated 
with Trichoderma harzianum. Plant Protection Science, 
44: 101–107.

Sapak Z., Sariah M., Zainal Abidin M.A. (2006): Isola-
tion and characterization of microbial endophytes from 
oil palm roots: Implication a biocontrol agents against 
Ganoderma. The Planter, 82: 587–597.

Sapak Z., Meon S., Ahmad Z.A.M. (2008): Effect of endo-
phytic bacteria on growth and suppression of Ganoderma 
infection in oil palm. International Journal of Agriculture 
and Biology, 10: 127–132.

Sariah M., Zakaria K. (2000): The use of soil amendments 
for the control of basal stem rot of oil palm seedling. In: 
Flood J., Bridge P.D., Holderness M. (eds): Ganoderma 
Disease of Perennial Crops. Wallingford, CABI Publish-
ing: 88–99.

Sariah M., Choo C.W., Zakaria H., Norihan M.S. (2005): 
Quantification and characterization of Trichoderma 
spp. from different ecosystems. Mycopathologia, 159: 
113–117. 

Stephens J.H.G., Rask H.M. (2000): Inoculant production 
and formulation. Field Crop Research, 65: 249–258. 

Susanto A. (2009): Basal stem rot in Malaysia – biology, epi-
demiology, economic importance, detection and control. 
In: Proceeding of the International Workshop on Aware-
ness, Detection and Control of Oil Palm Devastating 
Diseases, Nov 2009, Kuala Lumpur Convention Centre, 
Malaysia: 58–89.

Susanto A., Sudharto P.S., Purba R.Y. (2005): Enhancing 
biological control of basal stem rot disease (Ganoderma 
boninense) in oil palm plantations. Mycopathologia, 159: 
153–157. 

Vessey J. K. (2003): Plant growth promoting rhizobacteria 
as biofertilizers. Plant and Soil. 255: 571–586.

Received March 9, 2014
Accepted after corrections October 7, 2014

Corresponding author:

Dr Abu Seman Idris, Ganoderma and Disease Research for Oil Palm (GanoDROP) Unit, Biological Research Division, 
Malaysia Palm Oil Board, Bandar Baru Bangi, 43000 Kajang, Selangor, Malaysia; E-mail: idris@mpob.gov.my


