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Elaeis guinensis is known as African oil palm, is the major industrial crop in Malaysia. However, one of 
the important pests that could seriously decrease the yield of oil palm production in Malaysia is the 
bagworm which is Metisa plana. Up to now, the bagworm infestation is controlled by using synthetic 
insecticides such as trichlorfon in various ways. However, the excessive uses of chemical pesticides 
have led to the larvae resistance and give negative effects to the environment. Thus, bacteria strains 
such as Bacillus thuringiensis, Bacillus toyonensis, Serratia marcescens, and Paenibacillus sp. were 
evaluated as potential eco friendly biopesticides to control M. plana effectively. Bacterial insecticidal 
activity against M. plana were assessed at different concentrations and different stages. Then, the 
synergistic pathogenicity of bacterial consortium against bagworm, M. plana was evaluated. The 
bacterial strains that grown in nutrient broth were sprayed on the larvae of M. plana with different 
concentrations and the result indicates that the highest mortality was caused by the concentration of 109 
cfu mL-1 with the effectiveness, 68% in seven days. The larvae instars of M. plana were divided into two 
stages, Stage 1 (consisting of larvae on levels 2, 3, and 4) and Stage 2 (consist of larvae in levels 5, 6, 
and 7). The result showed that the highest mortality rate against M. plana in Stage 1, with an 
effectiveness of 54.8% in seven days. Bacterial Consortium 4 (B. thuringiensis and Paenibacillus sp.) 
have the highest antagonistic potentiality with a 92.3% mortality rate in four days. Overall, the 
consortium of bacteria treatment caused higher mortality of M. plana compared to single bacterial 
strains. This study have the potential biological approach for sustainable pest management in the oil 
palm industry in Malaysia. 
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INTRODUCTION 
Eleis guinensis is known as African oil palm which 
is an essential crop in the agriculture sector in 
Malaysia, and the oil palm industry remains an 
important economic asset in Malaysia since the 
1960s (Parveez et al. 2019). Malaysia is one of 
the largest producers and exporters of palm oil in 
the world. There are about 4.49 million hectares of 
land in Malaysia under oil palm plantation, where 

Malaysia produces 17.73 million tonnes of oil 
palm and 2.13 kernel oil (Malaysian Palm Oil 
Council, 2019). However, one of the important 
pests that could seriously decrease 43% of the 
yield of oil palm production in Malaysia over two 
years after a severe infestation is the bagworm, 
M. plana (Lepidoptera: Psychidae). The bagworm, 
M. plana is an insect that feeds the oil palm 
leaves for their growth and development (Hamim 
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and Hariri, 2011; Halim et al. 2017). In Malaysia, 
bagworm infestations and outbreaks have 
occurred for over five decades (Cheong and Tey, 
2012). Bagworm has been declared as a 
dangerous pest on 15 November 2013 under 
Malaysia Act 167, Plant Quarantine Act 1976 
where under this act, the planter will be fined not 
more than RM 10,000 or to be jailed for two years 
if failed to control bagworm infestation after 
receiving the notice (Kamarudin et al. 2017). The 
major control mechanism in managing bagworm 
outbreaks in most plantations as compared to 
smallholdings is chemical pesticides (Hasber, 
2010). However, over-reliance on chemical 
pesticides to control M. plana will lead more 
persistent problems such as resistance of M. 
plana towards oil palm, an abundance of chemical 
residues in the environment, and the disruption of 
beneficial insects such as parasitoid (Kamarudin 
et al. 2017; Hamim & Hariri, 2011). In addition, 
continuously using chemical pesticides may 
toxicate the environment and humans 
(Noorshilawati et al. 2015). Thus, biopesticides is 
used as an alternative for controlling M. plana as 
niopestic as it is beneficial for environmental 
sustainability and human health (Hasber, 2012; 
Noorshilawati et al. 2015). 

Biopesticides are natural biological agents 
used to control pests that could be derived from 
microbes and some plants. The usage of 
biopesticide is recommended for the usage in 
agriculture field to make sure the targeted pest 
species is reduced (Sethi and Gupta, 2013; 
Kamarudin et al. 2017). One of the effective 
biocontrol agents against bagworms is B. 
thuringiensis (Ramlah and Basri, 1997; Ramlah, 
2000; Ramlah and Mahadi, 2001). According to 
Yanti et al. (2018), B. thuringiensis also acts as 
biocontrol of Ralstonia syigii and promotes the 
growth of tomato. In addition, S. marcescens also 
have been used as biopesticides in the control of 
insect because it produces chitinase enzyme 
where the enzyme hydrolyzes the chitin into its 
monomers and produce antibiotic substances 
(Korany et al. 2019). The larvae of Spodoptera 
litura decrease in their larval and pupal weight, 
percent normal pupation, and adult emergence 
has shown by insecticidal activity of S. 
marcescens (Aggarwal et al. 2015). Additionally, 
Bacillus toyonensis also has broad-spectrum 
antagonisms promising to control various 
diseases in crops (Fan et al. 2015). According to 
Yanti et al. (2018), B. toyonensis can promote 
growth and control Ralstonia syzgii subs. 
indonesiensis. Moreover, B. toyonensis have 

antagonistic activity toward Fusarium oxysporum 
f. sp. lycopersici and can control fusarium wilt 
caused by fungus (Rocha et al. 2017).  
Furthermore, B. toyonensis also can resist root rot 
disease of Panax notoginseng caused by a 
fungus (Fan et al. 2015). Besides, another 
endophytic bacteria is Paenibacillus sp. As an 
example, Paenibacillus polymyxa is an 
endospore-forming bacterium that can act as a 
biocontrol agent against a wide array of plant 
pathogens such as Aspergillus niger (the 
pathogenic fungus that causes crown rot disease 
of the peanut) both in vitro and in vivo (Padda and 
Puri, 2017). Apart from being a potent biocontrol 
agent, P. polymyxa strains also have their ability 
to fix atmospheric nitrogen, increase seedling 
length and biomass which will be an effective 
biofertilizer in commercial agriculture (Puri et al. 
2015; Padda, 2015; Padda et al. 2016). The study 
by Sajili et al. (2018) proved that some bacteria 
have ability in controlling plant pathogen such as 
Fusarium wilt disease in melon industry. 

Recently, most biocontrol agents were 
reported by researchers for their inconsistent 
performance because they used a single 
biocontrol agent such as one species of bacteria 
to control a pathogen and pest. Therefore, the 
emerging strategies for controlling plant 
pathogens and pests are by applying antagonistic 
microorganisms in combination or consortium. 
The consortium gives a better effect when 
compared to a single introduction because the 
organisms work together in a complex and 
synergistic way (Yanti et al. 2020; Sudhani et al. 
2014). Also, it is supported by Rajasekar and 
Thaiyalnayagi (2018), and Bashan (2015), a 
consortium of bacterial gives better results than a 
single bacterial application. There are two types of 
mechanisms explained by Wang et al. (2010) 
which are direct mechanism and indirect 
mechanism. The direct mechanism is the 
endophytic bacteria control plant pathogen by 
producing antimicrobial, siderophore, and 
chitinase enzymes. Meanwhile, the indirect 
mechanism is through the induction of systemic 
resistance in plants (Wang et al. 2010). The 
mechanism of action involves solubilization of the 
parasporal crystals and activation of the released 
proteins in the midgut of the target insect. The 
active toxins will then bind with specific receptor 
proteins and form pores through the membrane of 
the gut lining, which led to osmotic lysis. Besides, 
the spores present in the product formulation can 
germinate, forming more B. thuringiensis cells 
resulting in septicemia and killing the target insect 
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(Aronson et al. 2002). Thus, this study aimed to 
determine the insecticidal activity in different 
concentrations against bagworm, determine the 
insecticidal activity of bacteria against different 
stages of bagworm, and to evaluate the 
synergistic pathogenicity of bacterial consortium 
against bagworm. 
  
MATERIALS AND METHODS 

Sample Collection and Rearing of Metisa plana 
Cultures of M. plana were established by 
collecting the larvae of M. plana from oil palm 
plantation at Ladang Besout Jaya, Sungkai Perak. 
The larvae of the M. plana were collected from 
middle and lower fronds of oil palm and placed in 
plastic containers covered with nets for ventilation. 
The larvae were fed with fresh oil palm leaflets to 
ensure enough food supply for the translocation 
from the site sample to the laboratory. The M. 
plana were reared under standard laboratory 
conditions 27.8 ̊C ± 0.5 and 77.3% relative 
humidity on a 12:12 photo regime. Then, the 
larvae were fed on fresh oil palm leaflets which 
will be replenished every three days until 
pupation. Besides, to avoid cannibalism, larvae 
were reared according to their stages. The oil 
palm leaves were cut into 20-30 cm length 
sections in order to feed 20 larvae of the M. plana.  

Activation of bacterial strains 
Four types of potential bacteria were tested as 
biocontrol to M. plana which are Bacillus 
thuringiensis, Bacillus toyonensis, Paenibacillus 
sp., and Serratia marcescens. All the strains were 
provided from the laboratory where the molecular 
identification and biochemical characterization 
have been conducted (Badaluddin et al. 2020). 
The strains were activated on Nutrient Agar (NA) 
that was mixed with 23 g of BD Difco™ Nutrient 
Agar in 1 L of purified water. The strains were 
activated by streaking of bacterial strain on NA 
and incubated for three days at 30 ̊C. The 
contaminations were checked and identified by 
naked eyes, and all the contaminations were 
discarded. 

Preparation of the bacterial suspension 
The bacterial isolates were prepared by 
inoculating one pure colony from NA with bacteria 
growth into 50 mL Falcon tube containing 10 mL 
of Nutrient Broth (NB) composed of Nutrient 
Broth, 8g in 1 L of purified water (BD DifcoTM 
Nutrient Broth). The Falcon tubes were incubated 
at 30 °C overnight. After incubation, the 

concentrations of bacterial suspensions were 
measured using a spectrophotometer (Eppendorf 
BioPhotometer plus) at OD600 and serial dilution of 
pure culture (10-7 until 10-9 dilutions) were 
conducted.  

Sorting of M. plana 
The larvae were sorted into two stages based on 
their size of larvae. Stage 1 consists of larvae in 
level 2, 3 and 4 and stage 2 consists of larvae in 
level 5, 6 and 7 (Figure 1). According to Kok et al. 
(2011), instar level of M. plana from first larvae 
instar to fourth larvae have highest feeding activity 
rate and actively consumed oil palm leaflets for 
their case construction. Meanwhile, after fifth 
larvae levels are similar in size where they start to 
become pupae and remains inactive in their case.  
 

 

 
Figure 1: The larvae of M. plana with different 
size according to their level. The instar level 2, 
3, and 4 are sorted into stage 1; meanwhile, 
instar level 5, 6, and 7 are stage 2.   

Bioassay of insecticidal activity 
The bioassay of the insecticidal activity of different 
concentrations was carried out by spraying 3 mL 
of a bacterial suspension of 107, 108, and 109 cfu 
mL-1 on M. plana and both sides of the oil palm 
leaflet. The healthy larvae of M. plana were 
randomly selected. Then, the mortalities of M. 
plana were recorded daily until all the bagworms 
died. Then, the insecticisidal activity of different 
stages were carried out by spraying 3 mL of the 
best bacterial suspension which was 109 cfu mL-1, 
on M. plana and both sides of the oil palm leaflet. 
The healthy larvae of M. plana were randomly 
selected and the mortalities of M. plana were 
recorded daily until all the bagworms died. The 
bioassay of insecticidal activity of bacterial 
consortium was carried out by spraying 3 mL of 
109 cfu mL-1 bacterial consortia on M. plana in 
Stage 1 which is the best susceptible stage and 
both sides of oil palm leaflet. Then, mortalities of 
M. plana were recorded daily until all the 
bagworms died and dead larvae were removed 
from the containers.All bioassays were conducted 
in five replicates where each replicate contained 

      L1    L2   L3  L4   L5  L6     L7     M      F 
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ten larvae. The insecticidal activity experiment 
was tested under laboratory conditions. The 
sterile water was used as a negative control. 

Compatibility test of bacterial strains 
The compatibility between bacterial strains was 
tested for their antagonistic and synergistic 
bacterial consortium development. The strains 
were inoculated into NB and incubated at 30 ̊C for 
24 hours. After incubation, the bacterial 
suspension of two different strains was 
resuspended with sterile water in order to obtain 
109 cfu mL-1. After that, 0.5 mL of each strain with 
109 cfu mL-1 will be inoculated on NA and 
homogenize strains using a hockey stick and 
incubated at 30 ̊C for 24 hours. The presence of 
an inhibition zone will be observed for each strain. 
Each treatment has three replicates. Then, the 
bacterial consortia were developed based on the 
compatibility of the strains (Kumar et al. 2011). 

Preparation of bacterial consortia 
After determined the best optimum concentration 
and the best susceptible stage, the experiment 
was conducted to evaluate the effective bacterial 
consortium. The bacterial consortiums were made 
by mixing with two different bacteria suspensions 
with a concentration of 109 cfu mL-1 with the same 
ratio (1:1) (Sayed & Behle, 2017). Six bacterial 
consortium which had potential to control 
bagworms had been listed in Table 1. 

 
Table 1. List of bacterial consortia 
 

Code Strain 

C1 B. toyonensis & Paenibacillus sp. 

C2 B. thuringiensis & B. toyonensis 

C3 S. marcescens & Paenibacillus sp. 

C4 B. thuringiensis & Paenibacillus sp. 

C5 B. thuringiensis & S. marcescens 

C6 S. marcescens & B. toyonensis 

Non Host Test 
The effect of bacterial suspension and the 
bacterial consortium on oil palm leaflets tested. 
The oil palm leaflets without injury were cut into 
20 - 30 cm and placed in plastic containers. Then, 
the oil palm leaflets were sprayed with 109 cfu mL-

1 of bacterial suspension to observe the changes 
of oil palm leaflets compared with control (sterile 
water). Each treatment has three replicates. The 
percentage of disease incidence (DI) was 
calculated using this formula: 

Disease Incidence = (Number of plants 
infected)/ (Number of plants inoculated) x 100 

Statistical Analysis 
The parameter that observed in this research was 
the mortalities of larvae. The data were analyzed 
using one-way ANOVA. All data were analyzed 
using IBM SPSS Statistics 22 Software. The 
effectiveness of all the treatment towards control, 
sterile water also calculated. 

 
RESULTS AND DISCUSSIONS 

Effectiveness of bacterial in different 
concentration against bagworms in 7 days. 
The larvae mortality was found all the bacterial 
strains in different concentrations used in this 
study have insecticidal activity against bagworms 
where an average mortality rate of 68.0% in 109 
cfu mL-1, 60.8% in 108 cfu mL-1 and 48% in 107 cfu 
mL-1 of bacteria suspensions. The mortality of the 
larvae in control (sterile water) was 0% (Figure 2). 
A one-way ANOVA was used to test the 
hypothesis of whether there is a significant 
difference in the mortality rate of M. plana that 
exposed with three types of concentration than 
with the control. The mean mortality rate differed 
significantly compared to the control; hence the 
test was significant.  
 

 
 
Figure 2: The mortality rate of M. plana in 
different concentration on controlling 
bagworm. 
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Paenibacillus sp. has the highest mortality 
rate on controlling bagworm in all three 
concentrations compared with control and others 
concentration (Figure 2). Paenibacillus sp. 
produces resistant spore and hydrolytic enzymes 
such as protease which are toxic to insects and 
pests (Harrison et al. 2010). The result shown in 
this study is supported by Eski et al. (2018) 
revealed that the effectiveness of B. thuringiensis 
against armyworm was 100% mortality when 
exposed to 109 cfu mL-1 bacterial concentration 
compared with other concentration such as 96% 
mortality at 108 cfu mL-1. It contradicts with Sayed 
& Behle (2017), where he mixed of 106 
concentration of spores from B. thuringiensis and 
B. bassiana strain treatment caused 80% mortality 
of Trichoplusia neonates after three days 
exposure. Each bacteria has its growth rate and 
the diversity of growth rate in bacteria involving 
fluctuation in gene expression and metabolic 
cycles (Peterson et al. 2015). The biocontrol 
pesticides are on the exponential (log) phase 
because, during this phase, bacteria rapidly grow 
and replicates which involves multiple rounds of 
DNA synthesis coupled with transcription and 
translation to synthesize macromolecule and 
enzyme (Rolfe et al. 2012). The effectiveness of 
each bacterial strain has specifically different 
antagonistic activities towards a specific type of 
pests, whether insect or pathogenic 
microorganisms. Hence, the concentration of 109 
cfu mL-1 was chosen for determining the best 
stage against bagworm and for evaluating the 
synergistic pathogenicity of bacterial consortium 
against bagworms. 

Rate of M. plana mortality in different stages. 
Three replicate of ten larvae of M. plana 

according to the size introduced with the bacterial 
strains showed the effectiveness to control the 
pests. (Table 2). The mortality rate of M. plana 
introduced with S. marcescens, B. toyonensis, 
and B. thuringiensis were faster in Stage 1 (11 – 
14 days) compared to Stage 2 (11 – 14 days). 
Meanwhile, the mortality rate of M. plana 
introduced with Paenibacillus sp. strain was faster 
in Stage 2 (13 days after inoculation) compared to 
Stage 1. The larval control by B. thuringiensis 
strain was slow, and it usually takes two to three 
days, or sometimes it even extended beyond one 
week for larger larvae (Knowles, 1994; Glare & 
Callaghan, 2000). 

 
 

Table 2: Rate of M. plana mortality in different 
stages. 

Bacterial strain Total Days of Mortality 

Stage 1 Stage 2 

Control 0 0 

Serratia marcescens 12 14 

Paenibacillus sp. 16 13 

Bacillus toyonensis 14 15 

Bacillus thuringiensis 11 14 

Effectiveness of bacterial strains on 
controlling different stages of M. plana in 7 
days 

The mortality rate of the larvae in Stage 1 
after seven days exposure was the highest with 
average mortality rate (54.8%) compared to the 
Stage 2 after seven days exposure with an 
average mortality rate (48.9%) and control (0%) 
(Figure 3). 

 

 
 
Figure 3: The mortality rate of bacterial 
suspension (109 cfu mL-1) in controlling 
different stages of bagworm. 

A one-way ANOVA was used to test the 
hypothesis that whether there is a significant 
difference in the mortality rate of different stages 
of M. plana that exposed with different bacteria 
with concentrations of 109 cfu mL-1 with the 
control. The mean mortality rate differed 
significantly compared to the control; hence the 
test was significant. From the result, Stage 1 was 
chosen for evaluating the synergistic 
pathogenicity of bacterial consortium against 
bagworm. The result shown in this study was 
supported by Yee et al. (2008) where the third 
instar larvae were more susceptible to B. 
thuringiensis than fifth instar larvae. Hellberg et al. 
(2015) also reported that early larvae are more 
sensitive than late larvae. In his experiment, the 
worm of Caenorhabditis elegans from larval stage 
1 until larval stage 4 were more susceptible to the 
Serratia plymuthica A153. The C. elegans 
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susceptibility to the S. plymuthica is inversely 
associated with the developmental stage and age 
of worms (Hellberg et al. 2015). According to Yee 
et al. (2008), the younger and small larvae were 
easier and faster to kill compared to matured 
larvae or late instar larvae. Kok et al. (2011) also 
revealed that the most effective instar level to 
control M. plana by the chemical is from first 
larvae instar to fourth larvae instar because of the 
increment of their feeding activities for their 
growth of development and cases construction. 
This result shows the effectiveness of bacterial 
strains to control M. plana correlated to the instar 
level of larvae. 

Compatibility among bacterial strains. 
All the potential bacteria were compatible with 
each other with no inhibition zone formed (Table 
3). No inhibition zone indicates that the strains 
were not an antagonist to one another and can 
grow together. (Kumar et al. 2011). B. 
thuringiensis was compatible with two other 
bacillus strains which are B. toyonensis strain and 
Paenibacillus sp. and one Serratia sp. which is S. 
marcescens. 

Based on compatibility between bacterial 
strains grow on NA, six consortia obtained 
consisted of C1 (B. thuringiensis and S. 
marcescens), C2 (B. thuringiensis and B. 
toyonensis), C3 (B. thuringiensis and 
Paenibacillus sp.), C4 (S. marcescens and B. 
toyonensis), C5 (S. marcescens and Paenibacillus 
and C6 (B. toyonensis and Paenibacillus sp.). 
According to Kumar and Jagadesh (2016), the 
evaluation of the compatibility of microbial 

components is required in the ability of the 
microorganism consortium used as biocontrol 
agents and biofertilizers. The bacterial consortium 
that interacts synergistically have better control of 
plant pathogens compared to a single bacterial 
application. 

 
The synergistic pathogenicity of bacterial 
consortium against bagworm 
All bagworms that introduced with the bacterial 
consortium showed the synergistic effectiveness 
pathogenicity of bacterial consortium against 
bagworms (Table 4). The fastest incubation period 
of bacterial consortium introduced against 
bagworm was four days, which were C3 
(Paenibacillus and S. marcescens) and C4 
(Paenibacillus and B. thuringiensis) compared to 
controls (seven days). The most effective bacterial 
consortium against bagworms was C4 with 109 
concentration and the mortality rate of 92.3% 
compared with others bacterial consortiums which 
were C1 (Paenibacillus sp. and B. toyonensis) 
with mortality rate 80.3%, C2 (B. thuringiensis and 
B. toyonensis) and C6 (S. marcescens and B. 
toyonensis) with mortality rate 91.7%, C3 with 
mortality rate 91.4% and C5 (B. thuringiensis and 
S. marcescens) with mortality rate 91.10%. A one-
way ANOVA was used to test the hypothesis 
whether there is a significant difference in the 
mortality rate of M. plana that exposed with six 
types of bacterial consortia than with the control. 
The mean mortality rate differed significantly 
compared to the control hence the test was 
significant.

Table 3: Compatibility between bacterial strains 

Bacterial strain B. thuringiensis S.marcescens B. toyonensis Paenibacillus sp. 

B. 
thuringiensis 

 + + + 

S. marcescens +  + + 

B.  toyonensis + +  + 

Paenibacillus sp. + + +  

Note: +: compatible, -: incompatible 
Table 4: The total days of mortality and the effectiveness (%) on controlling M. plana introduced 
with the bacteria consortia. 

Bacteria consortium Rate of M. plana mortality Effectiveness (%) 

Control 0 0a 

C1 7 80.28b 

C2 5 91.70b 

C3 4 91.40b 

C4 4 92.30b 

C5 5 91.10b 

C6 5 91.70b 
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B. thuringiensis and Paenibacillus sp. are 
aerobic endospore-forming bacteria and can 
suppress insect's pests and plant pathogens by 
producing enzymes (Govindasamy et al. 2010; 
Govindasamy et al. 2008). According to 
Govindasamy et al. (2010), multiple species of 
Bacillus spp. and Paenibacillus spp. can control 
pests and affect crop growth by three different 
ecological mechanisms which are the promotion 
of plant growth and nutrition, antagonism for 
pathogens, insects, and nematodes, and 
stimulation of host defence mechanisms. 
According to Sajili et al. (2017), Bacillus spp. 
Produced antibiotic substances in vitro that can 
inhibiting mycelial growth and spore germination 
of Colletotrichum gleosporioides, causal agent of 
anthracnose disease of Carica papaya in 
Malaysia. 

The result shown by Yanti et al. (2020) 
contradicted with this study, which most effective 
consortium was a combination of Bacillus 
pseudomycoides strain SLBE 3.1 AP, Bacillus 
thuringiensis strain SLBE 2.3 BB and Bacillus 
toyonensis strain AGBE 2.1 TL with the 
effectiveness of 57.80%. Yanti et al. (2018) 
revealed that five consortia were consisting of two 
to three compatible bacillus strains useful in 
controlling bacterial wilt and fusarium wilt with the 
effectiveness of 100%. Hence, the effectiveness 
of each consortium of B. thuringiensis has 
specifically different antagonistic activities towards 
a specific type of pest, whether insect or 
pathogenic microorganism. The consortium of 
Bacillus spp. such as B. thuringiensis sp. is an 
excellent biocontrol reagent. Additionally, bacterial 
consortiums have their interaction mechanism 
when exposed to insect pests and pathogenic 
pests.  

In recent studies by Eski et al. (2018) and Ni 
et al. (2015), B. thuringiensis produces endotoxin, 
insecticidal crystal proteins (ICP) during 
sporulation such as cry1 genes and cry2 genes. It 
makes B. thuringiensis has highest insecticidal 
activity because the genes are toxins to insects. 
When the larvae eat the leaves exposed to 
pathogenic bacteria, the ICPs will degrade the gut 
and lead to insect starvation (Eski et al. 2018). 
Moreover, B. thuringiensis also produces 
chitinase, where the chitinase has the ability as 
pest control (Gohel et al. 2006). In the insect gut 
such as larvae of lepidopteran is composed of a 
chitinous matrix and the presence of chitinase 
enzyme may increase the uptake of ICP and 
enhanced insecticidal activity of B. thuringiensis. 
(Ni et al. 2015). Meanwhile, the mechanism of 

bacterial strain for controlling plant pathogen is by 
producing antimicrobial, siderophores, chitinase 
enzyme and toxins that act against the growth of 
plant pathogens by degrading the pathogenic 
bacterial cell walls and the change the cell 
morphology (Wang et al. 2010; Chen et al. 2013; 
Elshakh et al. 2016).  

In this study, all the bacteria consortia have 
high effectiveness against the bagworm compared 
with applying antagonistic microorganisms alone. 
The consortium of bacteria that work together in a 
complex and synergistic way gives better results 
compared with a single bacterial application 
(Sudharani et al. 2014; Bashan, 2005). The 
mortality rate of bagworm introduced with the 
bacterial consortium was higher (80.28% - 
92.30%) than applying bacterial strain alone with 
concentration 109 cfu mL-1 (44.5% - 53.5%) 
(Figure 2). Each bacterial species such as B. 
thuringiensis, S. marcescens, B. toyonensis, and 
Paenibacillus sp. have their mechanisms to 
control pests. Hence, by mixing the bacteria will 
provide various control mechanisms 
simultaneously; therefore, it is more effective in 
controlling pathogens. According to Yanti et al. 
(2018), five out of ten types of consortium were 
used in controlling Ralstonia syzygii subsp. 
indonesiensis with the effectiveness of 100%. 
Some researchers compile a consortium of 
biocontrol agents based on their ability to control 
the specific pathogen and pests. Ouhaibi et al. 
(2016), used three types of the consortium of 
selected rhizobacteria to control tomato’s wilt by 
Sclerotinia sclerotiorum. Then, Zhang et al. (2019) 
used consortium of PGPR strain (Bacillus cereus 
AR156, Bacillus subtilis SM21, and Serratia sp. 
XY21) to suppress Phytophthora blight on sweet 
potato. The consortium also promotes the growth 
of tomato by promoting the vegetative phase 
(Yanti et al. 2020; Yanti et al. 2018; Zhang et al. 
2019; Ouhaibi et al. 2016). 

In this study, the behaviours of the M. plana 
before applying bacterial consortium were very 
active in feeding and actively constructed their 
case using tissue of oil palm. Then, the behaviour 
of M. plana after applying sterile water (control) 
has remained active in their feeding for growth 
development and case construction. However, 
after one-day application of bacterial consortium 
towards M. plana and the oil palm leaflets, the 
behaviour of M. plana tended to be inactive or 
started to die and decrease their feeding activities 
compared to control (Figure 5). 
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Figure 5: Synergistic bacteria consortium 
treatments on M. plana (A) The condition of M. 
plana after application of sterile water 
(control). The M. plana were very active in their 
feeding for growth development and case 
construction (B) The condition of M. plana 
after application of bacterial consortia. The M. 
plana were tended to be inactive and started to 
die. 

Non-Host Pest Testing 
All the single bacterial suspensions, which 

were B. thuringiensis, S. marcescens, 
Paenibacillus sp., and B. toyonensis showed 0% 
disease incidence towards oil palm leaflets. In 
addition, all the bacterial consortium which were 
C1 (Paenibacillus sp. and B. toyonensis), C2 (B. 
thuringiensis and B. toyonensis), C3 
(Paenibacillus sp. and S. marcescens), C4 
(Paenibacillus sp. and B. thuringiensis), C5 (B. 
thuringiensis and S. marcescens) and C6 (S. 
marcescens and B. toyonensis) showed 0% 
disease incidence toward oil palm leaflets. The 
data was recorded for 14 days. It indicates the 
bacterial strain and bacterial consortium do not 
affect the oil palm leaflets as non- host pests. 

All the strains used in this study are potential 
plant growth promoter rhizobacteria (PGPR) 
where the bacterial strains have the ability to 
promote the growth of crops, meanwhile 
controlling the pests. PGPR can prevent the 
deleterious effect of the phytopathogenic 
organisms from the environment (Chakraborty et 
al. 2009). According to Govindasamy et al. (2010), 
Bacillus spp. and Paenibacillus spp. involved in 
nitrogen fixation, soil phosphorus solubilization, 
and promote plant growth meanwhile suppress 
the soil-borne plant pathogens. A variety of 
studies have been revealed that PGPR bacterial 
strains as plant growth regulators and as 
biocontrol agents. Yanti et al. (2020), the 
consortium of Bacillus spp. (Bacillus 
pseudomycoides strain SLBE 3.1 AP, Bacillus 

thuringiensis strain SLBE 2.3 BB and Bacillus 
toyonesis strain AGBE 2.1 TL) increased number 
of leaves, the length of the root of chilli, and the 
seedling height of chilli. Likewise, Yanti et al. 
(2018), the PGPR consortia such as B. 
thuringiensis and B. toyonensis increased plant 
height and number of tomatoes, where the strains 
used in her study can also produce indole acetic 
acid and others. A consortium of PGPR bacteria 
affected the growth of periwinkle better than a 
single strain (Rajasekar and Thaiyalnayagi, 2018). 
The study of Shanmugam et al. (2013) revealed 
that the production of ginger rhizomes increased 
by 45.8% when introduced with PGPR strain 
consortium treatment. According to Ouhaibi et al. 
(2016), the consortium of rhizobacteria can control 
the wilting of the tomato plants and promote the 
growth of tomato.  

Hence, the strains used in this study do not 
give negative effects on the oil palm leaflets 
because the strains used in this study could 
promote the growth of crops when tested in the 
field. This study is supported by Kumar and 
Jangades (2016), the microorganism consortium 
act as biocontrol agents and also biofertilizers. 

CONCLUSION 
Based on the above finding, all the bacteria 
strains were useful as biocontrol agents and had 
antagonistic characteristics towards bagworm. 
The bacteria consortium was found to be effective 
in controlling the Metisa plana. The combinations 
of bacterial strains showed the highest mortality 
rate (%) on controlling M. plana compared to 
individual agents of bacteria. All consortia in this 
study can suppressing M. plana. In addition, the 
most effective time on controlling M. plana is 
during the early stage of instar, which in this study 
was in stage 1 (consists of instar 2, 3, and 4). The 
highest mortality rate of M. plana was 109 cfu mL-1 
compared to 108 cfu mL-1 and 107 cfu mL-1 of 
bacterial strains. All the bacterial strains showed 
no disease incidence when introduced with 
bacterial strains and bacterial consortium. These 
biocontrol agents can be alternatives to chemical 
pesticides on controlling M. plana because the 
bacterial strains are not harmful to the 
environment. 
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