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The pollination of oil palm by Elaeidobius kamerunicus leads to an increase of over
70% in countries such as India, Malaysia, and Indonesia. The impact of insect-
microbiome interactions on the pollination activity and fitness of E. kamerunicus
is unknown. Our study aimed to gain insight into the bacterial communities of E.

KEYWORDS: kamerunicus from two different sites with high and low fruit set percentages, using
Elaeidobius kamerunicus, culturable and Terminal Restriction Fragment Length Polymorphism (T-RFLP)
fruit set, analysis. Our result revealed distinctive T-RFs profiles in E. kamerunicus from
'T;icgl?li)iome’ two different sites. Additionally, the culturable approach showed that some of

this microbiome were found only in the weevil population from the high fruit set
site. Our findings suggest that these bacteria could contribute to the fitness of E.

kamerunicus, leading to a higher fruit set in oil palm plantations.

1. Introduction

Oil palm is an important crop and a primary
source of oil palm industry in Indonesia. This
industry has contributed to national and regional
income, providing job vacancies, area development,
and open investment. Indonesia is one of the
world’s largest oil palm producers, with up to 15
million ha of oil palm area reported in 2022 with
the production of crude palm oil (CPO) reaching up
to 48 million tons (Ditjenbun 2021). Oil palm is also
an exported commodity to countries such as India,
USA, China, and Holland (Kemenperin 2021). As
a result, the demand for oil palm from inside and
outside the country is increasing yearly.

The demand for oil palm is very high, reaching up
to 5 million tons annually. To meet this demand, it
is necessary to increase the productivity of oil palm.
Increasing pollination effectiveness will help the
oil palm to produce more fruit bunch. The degree
of pollination effectivity is stated in the fruit set,
which is the percentage of pollinated fruit from total
fruit in a single fruit bunch (Prasetyo and Susanto
2012). In other words, a high pollination effectivity
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will increase the fruit bunch and eventually oil
production.

The Coleopteran order is the most abundant
insect interacting with oil palm as a pollinator.
However, oil palm pollination can also occur
naturally, through wind, other insects such as thrips
and bees, or through the intervention of assisted
pollination (Yousefi et al. 2020). One of the primary
pollinators of oil palm is the weevil, Elaeidobius
kamerunicus (Coleoptera; Curculionidae) which
had shown to improve fruit set by over 70% in
countries such as India (Dhileepan 1994), Malaysia
(Rizuan et al. 2013), and Indonesia (Prasetyo et al.
2014). The increase in fruit set is due to the high
effectivity of pollination by E. kamerunicus. A study
in Seram Island, Maluku, showed that the increase
in fruit set resulted from the high population
growth of E. kamerunicus (Prasetyo and Susanto
2016). Additionally, E. kamerunicus should be fit and
active to transfer the pollen from male to female
inflorescence. Therefore, maintaining its fitness is
crucial to maintain the weevil population ratio and
activity.

The fitness of E. kamerunicus can be affected by
the insect-microbiome interaction. Microbiome in
the insect body maintain metabolism, physiology,
adaptation, immunity, and reproduction. Some
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research reported that microbiome can affect the
weight and metabolism of social bees, Apis mellifera
(Zheng et al. 2017), the fitness of solitary bees,
Osmia ribifloris (Dharampal et al. 2019), growth and
development of red palm weevil Rhynchophorus
ferrugineus (Habineza et al. 2019). In addition,
identifying microbiome community structure
associated with E. kamerunicus has rarely been
performed. The last study reported that the pupal
stage of E. kamerunicus was dominated by Serratia
marcescens and Enterobacter cloacae (Hussein et al.
1995). There is no research on microbiome structure
in imago phase of E. kamerunicus.

This study aimed to analyze the microbiome
community structure of adult E. kamerunicus,
the main pollinator insect in oil palm, using both
culturable and unculturable methods. The culturable
bacteria from E. kamerunicus were identified using
16S rRNA gene profiling. The Terminal Restriction
Fragment Length Polymorphism (T-RFLP) analysis
was employed to compare the microbiome
community structure between E. kamerunicus from
low and high-fruit set oil palm plantations. T-RFLP
method is used to analyze microbial community
structure because it is easy, rapid, and accurate for
monitoring changes in the overall structure of the
microbial community (Prakash et al. 2014). The goal
was to investigate the impact of host-microbiome
interactions on host activity and fitness, and to
determine if the unique bacteria community
structure in E. kamerunicus from high fruit set oil
palms contributes to their improved fitness and
increased fruit set percentage.

2. Materials and Methods

2.1. Sample Collection

The weevil E. kamerunicus were collected from
two areas with different fruit formation in Wilmar
Oil Palm plantation, West Sumatra, Indonesia. The
high fruit set (80.69%) weevil were collected from
PT Agro Masang Plantation (AMP), meanwhile the
low fruit set (<50%) weevils were collected from
PT Gersindo Minang Plantation (GMP). The weevils
were put into a sterile Eppendorf tube before
proceeding to isolation.

2.2. Isolation of Culturable Bacteria
The study used two types of media for bacteria
isolation: Plate Count Agar (PCA) for common

bacteria and De Man Rogosa Agar (MRSA) for lactic
acid bacteria (Yanti et al. 2020; Gorrens et al. 2021).
A total of 25 E. kamerunicus weevil was dissolved in 1
ml of sterile saline (0.9%) solution. Then, the mixture
was swirled at room temperature for 1 minute. The
sterilized weevil was then transferred into a new
tube containing 1.5 ml sterile phosphate buffer saline,
crushed using a sterile micro pestle and vortexed for
5 minutes. The crushed weevil was then divided into
two parts for T-RFLP analysis (0.5 ml) and 1 ml for
bacteria isolation.

About 1 ml sample of crushed weevil material
sample then added to 9 ml sterile PBS. The mixture
was then vortexed for 10 seconds. Subsequently,
100 pl of the sample was spread onto a sterile Plate
Count Agar (PCA) media using the spread plate
technique. This media is used to count total aerobic
bacteria. PCA plate was incubated aerobically for 24
hours (Gorrens et al. 2021). Additionally, lactic acid
bacteria were isolated using De Man Rogosa Agar
(MRSA) media (Yanti et al. 2020). A 100 pl sample
was spread onto a sterile MRSA media and incubated
anaerobically for 48 hours using a candle anaerobic
jar system (Ermenlieva et al. 2021).

Morphologically different colonies were streaked
on the same media to obtain individual colonies. The
identification of lactic acid bacteria was performed
by streaking bacteria colonies on MRSA media with
1% CaCO, for a clear zone test. The clear zone around
the colony would be considered an indicator of the
lactic acid bacteria’s presence (Hwanhlem et al. 2011).

2.3. ldentification of Culturable Bacteria Using
16S rRNA Gene Profiling

The 16S rRNA genes were isolated using PCR
colony-modified protocol from Bethe et al. (2010) and
amplification was done using universal forward primer
27f (5’-AGAGTTTGATCCTGGCTCAG-3’) and universal
reverse primer 13871 (5’-GGGCGGWGTGTACAAGGC-3’).
The DNA of bacteria for 16S rRNA PCR amplification
was extracted from a single colony on agar plates. A
single colony of bacteria from an overnight culture was
picked using a skewer and placed into 50 pl sterile of
NFW, then heated in a hotplate to 65°C for 10 minutes
and vortexed.

The PCR reaction mixtures contained 3 pl of a
sample, 5 pl GoTaq Green Mastermix 2x (Promega),
and 1 ul (10 pmol) of each primer, for a final volume
of 10 pl. The PCR was performed on a Thermal Cycler
(Biorad) with an initial denaturation at 95°C for 5
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minutes followed by 30 cycles of denaturation at 95°C
for 30 seconds, annealing at 55°C for 30 seconds and
extension at 72°C for 90 seconds. A final extension
at 72°C was performed for 7 minutes to yield a 1,500
bp PCR product. The product was then visualized by
agarose gel electrophoresis stained with ethidium
bromide under UV light.

The amplified PCR product was purified using
a Qiaquick DNA purification kit and treated with
ExoSAP-ITTM (Applied Biosystem). The purified
amplicon was sequenced using the dideoxy method
with the BigDye X-terminator™ Purification Kit
(Applied Biosystem) and analyzed on ABI PRISM
3100 genetic analyzers (Applied Biosystem). The
obtained 16S rRNA sequence was then compared
with sequences in the NCBI database using the
BLASTN tool. The DNA sequence of each identified
bacteria was aligned using Clustal W program and
the phylogenetic tree was constructed based on
Maximum Likelihood (ML) model using Molecular
Evolutionary Genetics Analysis (MEGA) X software
with 1000x bootstrap values. Bootstrap value was
categorized as strong (>85%), moderate (70-85%),
weak (50-70%), or poor (<50%) (Kress et al. 2002).

2.4. Unculturable Approach Using T-RFLP
Analysis of 16S rRNA Gene

T-RFLP analysis was carried out using a modified
protocol by Egert et al. (2003). DNA was extracted
from a crushed weevil sample of E. kamerunicus by
homogenizing it in a buffer containing 200 pl of
Tris and 2 microbeads in a 2 ml tube, then extracted
using TissueLyser II (Qiagen) for 10 minutes with 30
Hz frequency. Cell lysis was performed by adding
50 pl Proteinase K (20 mg/ml) into a homogenized
sample and incubating for 1 hour at 37°C. DNA
then was extracted according to the Promega DNA
Extraction kit (Promega) and the DNA concentration
was measured using NanoDrop™ 2000/2000c
Spectrophotometers (Thermo Scientific).

16S rRNA genes were amplified using universal
bacterial forward primer: 27f
(5'-GAGTTTGATCCTGGCTCAG-3’),  labeled  with
fluorescein carboxyfluorescein (FAM) and universal

bacterial reverse primer 1387r
(5-GGGCGGWGTGTACAAGGC-3’), labeled with
fluorescein hexa-chloro derivative (HEX). PCR

mixtures contained: 25 pl GoTaq Green Mastermix

2X, 5 ul (10 pmol) of each primer, and nuclease-free
water (NFW) up to a final volume of 50 ul. The PCR
assay used the same PCR condition with culturable
bacteria identification (2.3). The result was analyzed
by performing 1% agarose gel electrophoresis to visualize
PCR product stained with ethidium bromide under UV
light. PCR fragment representing the 16S rRNA gene was
cut at 1,500 bp and then purified using QIAquick Gel
Purification Kit (Qiagen). DNA concentration was read
using NanoDrop™ 2000/2000c Spectrophotometers
(Thermo Scientific).

The digestion step was carried out separately
using 500 ng of isolated DNA with 20 U of restriction
enzyme (performed using Mspl and Hhal) in the 1x
buffer rCut Smart (NEB) in a total reaction mix of 10
pl and incubated overnight at 37°C. DNA fragments
were analyzed using 1 pl DNA incubated samples
on ABI PRISM 3100 genetic analyzers (Applied
Biosystem). The data was presented as peaks in an
electropherogram in each direction primer. Peak size
(bp), height, and area were estimated by comparing
with the internal size standard of GeneScan - 500 ROX
(Applied Biosystems). Every peak was represented as
Terminal Restriction Fragment (T-RF).

The T-RF were sorted using Peak Scanner™
Software v1.0, and only fragments with lengths
of about 50-500 bp were selected. Each T-RF was
assumed as one phylotype and identified in silico
using the MiCA III tool (http://mica.ibest.uidaho.
edu/) at the phylum level. T-RFLP phylogenetic
assignment tool (PAT+) option was used in MiCA.
Ribosomal Database Project (RDP) (R10, U27)
database consisting of 1,519,357 bacterial 16S rRNA
was used with 0 mismatches in digest and +1bp bin
tolerance for all fragments (Shyu et al. 2007).

The similarity index of T-RFs was also calculated
using Sorensen and Jaccard index with the following

equation:
a
atb+c

Jaccard Index =

Sorensen Index ==—S——
2a+b+c

Where a represents the total shared T-RF from
both oil palm plantations, b represents the total T-RF
in AMP oil palm plantation, and c represents the total
T-RF in GMP oil palm plantation (Magurran 2004).
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3. Results

3.1. T-RFLP Analysis

T-RFLP analysis was conducted on weevil E.
kamerunicus samples from oil palm plantations
with high (AMP) and low (GMP) fruit sets. The 16S
rRNA genes were restricted with Mspl and Hhal
enzymes, yielding 23 forward and 11 reverse T-RFs
from Mspl, 8 forward and 9 reverse T-RFs from Hhal.

The T-RF analysis using Mspl (Figure 1A and B)
showed that some T-RFs were only found in the
high fruit set AMP estate (81.17, 135.41, 1371, and
489.17 bp in forward fragments, 241 and 485 bp
in reverse fragments). Meanwhile, 16 T-RFs were
only found in the low fruit set GMP estate (141.58,
150.89, 159.68, 161.14, 163.02, 273.46, 274.7, 284.55,
392.54, 395.19, 428.81, 433.98, 450.69, 461.82,
480.33, and 484.69 bp in forward fragments, 230,
237, and 397 bp in reverse fragments). The rest of
the T-RFs were presented in both AMP and GMP
weevil populations (12 T-RFs in forward fragments
at 120.52, 123.81, 150.89, 159.68, 161.14, 273.46,
391.54, 395.19, 450.69, 461.82, 480.33, 484.69 bp,
and 6 T-RFs in reverse fragments at 96, 109, 160,
228, 240, and 262 bp).

The T-RF analysis using the Hhal enzyme (Figure
1C and D) showed that T-RF from the AMP oil palm
plantation was more abundant than the GMP oil
palm plantation. All T-RFs from GMP oil palm were
found in AMP oil palm, while some reverse T-RFs
were only found in AMP oil palm (62.7,290.4, 293.9,
and 301.3 bp).

Furthermore, to obtain more information
regardingthemicrobiomestructure of E. kamerunicus
between AMP and GMP oil palm plantations, each
of T-RF was identified in silico using MiCA III tool.
Each T-RF assumed as one phylotype represented a
bacteria phylum. There were four bacteria phylum
presented in E. kamerunicus from both sites, but the
abundance was different. E. kamerunicus from AMP
oil palm plantation was dominated by Bacillota and
Pseudomonadota. Meanwhile, E. kamerunicus from
GMP plantation was dominated by Actinomycetota
and Bacteroidota (Figure 2). There were also some
T-RFs identified as uncultured bacteria from both

sites, but it was more abundant in AMP compared
with GMP oil palm plantation.

The similarity of E. kamerunicus T-RF profiles
from AMP and GMP oil palm plantations was
calculated using Jaccard and Sorensen index. The
range for the similarity index is O to 1, with values
below 1 (Table 1), indicating that the bacterial
community structure between the two plantations
differed.

3.2. Bacteria Identification Using 16S rRNA
Amplification and Sequencing

T-RFLP analysis had proven that the bacteria
community structure of E. kamerunicus that lived
in different fruit set values of oil palm plantation
(AMP and GMP oil palm plantation) was different.
To explain the difference, the culturable approach
was conducted to evaluate bacteria community
structure in imago phase of E. kamerunicus in AMP
and GMP oil palm plantations. Culturable bacteria
of E. kamerunicus from AMP and GMP oil palm
plantations were identified using 16S rRNA genes.

The result showed that some bacteria are unique
to either AMP or GMP weevil populations, while
some are found in both areas (Figure 3). Bacteria
found in both plantations with higher average
abundance are considered the core microbiome of
E. kamerunicus. Those are Bacillus cereus, Bacillus
megaterium, and Lysinibacillus fusiformis. Based
on the phylogenetic tree (Figure 4), some core
bacteria of E. kamerunicus from AMP and GMP
weevil populations have similar DNA sequences. B.
megaterium 1 from AMP weevil population shared
a similar DNA sequence with B. megaterium 3 from
GMP weevil population with 74% bootstrap value.
L. fusiformis 1 from AMP weevil population also
shared a similar DNA sequence with L. fusiformis 5
from GMP weevil population with 92% bootstrap
value. Likewise, B. cereus from AMP weevil
population has a similar DNA sequence with GMP
weevil population with bootstrap value above 50%.
Those are B. cereus 12 and 19 (58%); 4 and 17 (93%);
14 and 16 (93%); 2 and 22 (92%); 5 and 22 (92%);
9 and 23 (92%); 4 and 16 (93%). Thus, B. cereus, L.
fusiformis, and B. megaterium can be referred to as
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Figure 1. The result of T-RFLP analysis. (A) T-RF forward and reverse fragments of AMP oil palm plantation cut with Mspl,
(B) T-RF forward and reverse fragments of GMP oil palm plantation cut with Mspl, (C) T-RF forward and reverse
fragments of AMP oil palm plantation cut with Hhal, (D) T-RF forward and reverse fragments of GMP oil palm
plantation cut with Hhal. The red circle showed different fragments between AMP and GMP
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core microbiome of E. kamerunicus because it hada Those specific to GMP weevil population are
high similarity of DNA sequence and were found in  Bacillus nealsonii and Bacillus subtilis (Figure
both sites. 3). Nevertheless, bacteria with low abundance

Bacteria specific to AMP weevil population and only found specifically in AMP or GMP
are Staphylococcus sciuri, Bacillus wiedmannii, weevil populations might affect the fitness of E.
Lysinibacillus macroides, and Bacillus toyonensis. kamerunicus in pollinating oil palm.

Uncultured

Actinomycetota

Bacillota

Bacteria Phylum

Bacteroidota

Pseudomonadota

0 10000 20000 30000 40000 50000 60000 70000

Relative Abundance

Figure 2. Bacteria phylum found in E. kamerunicus from AMP and GMP oil palm plantation based on T-RF in silico analysis
using MiCA III tool that matched the database

Table 1. Similarity index of T-RF fragments using Sorensen and Jaccard indexes
Fragment Sorensen Jaccard

Mspl Hhal Mspl Hhal
forward fragment 0.69 0.69 0.52 0.38
reverse fragment 0.71 0.71 0.55 0.56




HAYATI J Biosci

Vol. 30 No. 6, November 2023

A

B. megaterium 14 % . 15 %
L. fusiformis 9 % I 11 %
S. sciuri 2 %
L. macroides 4 %
B. wiedmannii 2 %
B. subtilis 1 % I
B GMP
B. nealsonii 1% I AMP
B
B. cereus 50 % 30 %
B. subtilis 10 %
B GMP
B. toyonensis 10 % AMP

Figure 3. Bacteria isolated from E. kamerunicus in AMP (yellow; right) and GMP (blue; left) oil palm plantation. (A) Bacteria
found in PCA media, (B) bacteria found in MRSA media. The percentage showed relative abundance of the bacteria
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Figure 4. Phylogenetic tree of culturable bacteria from E. kamerunicus using Maximum Likelihood (ML) model. B. cereus
1-14: AMP, 15-23: GMP. L. fusiformis 1: AMP, 2-5: GMP. B. megaterium 1-2: AMP, 3-4: GMP

4. Discussion

E. kamerunicus is an African oil palm weevil,
introduced to Indonesia in 1983. It lives in oil palm
inflorescences. It lays eggs in the feeding pits of
oil palm male inflorescences or outside the anther
tube. The three instar larval stages occurred in the
anther of male inflorescences (Zulkefli et al. 2020).
Adult weevils (imago phase) stayed on spikelet of
male inflorescences for matting and oviposition
until 3 day of anthesis, then they moved to female

inflorescences because of anise-like odor (Yue et al.
2015).The anise-like odor was identified as estragole,
a volatile organic compound from plants that attract
E. kamerunicus (Fahmi-halil et al. 2021). Female
inflorescences emitted the strongest estragole on
the 27 day of anthesis. While it perched on female
flowers, the pollen from its body fell, and pollination
occurred (Yue et al. 2015; Swaray et al. 2021).

E. kamerunicus is one of the most effective
pollinator of oil palm. It had increased fruit set
value by more than 70% in some countries including
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Indonesia. After introducing E. kamerunicus, the fruit
set value of oil palm reached up to 75% in Riau, West
Sumatra (Solin et al. 2019) and Seram Island, Maluku
(Prasetyo dan Susanto 2016). It was also reported
that introducing E. kamerunicus in North Sumatra
increased the fruit set from 69% to 80% (Wahyuni
2018).

E. kamerunicus can effectively pollinate oil palm
because its size, shape, and structure match the size
and structure of oil palm flowers, supported by high
populations due to its proliferation in male oil palm
flowers (Siswanto and Soetopo 2020). It could carry
more pollen with very good quality (germination
rate 92.7%) than other species, such as Elaeidobius
plagiatus, Elaeidobius subvitattus, and Microporum
spp. (Kouakou et al. 2014). Its population tended
to be stable throughout the year because E.
kamerunicus was not suppressed during the rainfall
season (Wahid and Kamarudin 1997).

E. kamerunicus should be fit and active to
pollinate oil palm. The high population of E.
kamerunicus will increase pollination frequency to
reach high fruit set value. E. kamerunicus fitness,
activity, and population growth can be maintained
through host-microbiome interaction. Microbes
can supply essential materials such as proteins,
vitamins, and minerals to support host health and
development. A study in honey bees (Apis mellifera)
has shown that microbes alter expression levels
of nutrient metabolism-related genes. Bees that
fed on sterile pollen led to growth delay and high
mortality rates compared to those that fed on raw
pollen (Duan et al. 2021). Bees (Apis mellifera) that
were fed on sterile pollen grew 1.5 times slower
to reach the pre-pupal stage, 66% smaller and had
high mortality rates compared with those that were
fed on raw pollen (Dharampal et al. 2019). A similar
result has been seen in weevil (Rhynchophorus
ferrugineus), an introduction of intestinal bacteria to
germ-free weevil significantly increased the levels
of hemolymph protein, glucose, and triglyceride
compared to germ-free weevil without intestine
bacteria (Habineza et al. 2019).

A previous study on E. kamerunicus had reported
that the pupal stage was dominated by Serratia
marcescens and Enterobacter cloacae (Hussein et al.
1995). However, no data on bacteria associated with
the imago phase of E. kamerunicus has been reported
until now. Our study showed that the bacteria
associated with E. kamerunicus in the imago phase

are Bacillus cereus, Bacillus megaterium, Lysinibacillus
fusiformis, Staphylococcus sciuri, Bacillus wiedmannii,
Lysinibacillus macroides, Bacillus toyonensis, Bacillus
subtilis, and Bacillus nealsonii.

This study aimed to evaluate the bacteria
associated with E. kamerunicus and compare the
bacteria community in two different populations
and fruit sets. The result from the unculturable
approach employing T-RFLP analysis showed that
some T-RFs were specific to either the AMP or
GMP weevil population (Figure 1). However, these
two populations also share the same bacteria
community structure, which was assumed to be core
bacteria in E. kamerunicus weevil. Moreover, in silico
analysis of T-RF using MiCA III tool revealed that the
dominant bacteria of E. kamerunicus from AMP oil
palm plantation were Bacillota and Pseudomonadota,
while GMP oil palm plantation was dominated by
Bacteroidota and Actinomycetota (Figure 2). The
unculturable bacteria were also more abundant in
the AMP weevil population compared with GMP
weevil population.

The similarity index was calculated using Jaccard
and Sorensen similarity indexes to verify the T-RF
data. The value of the similarity index is in the
range of 0 and 1. The value of 1 implies that both
community structures are identical, while 0 means
no shared species between the two samples (Hao et
al. 2019). The result of the similarity index value in
this study was less than 1, indicating that the bacteria
community structure of AMP and GMP weevil
populations was not identical. A further method
was conducted to identify the bacteria community
structure of AMP and GMP weevil populations using
a culturable approach.

The result from the culturable approach revealed
that bacteria were found in both AMP and GMP
weevil populations (Figure 3). Bacteria shared
among two or more samples from a particular
host or environment are also known as the core
microbiome. It represented the characteristics of a
host or environment (Neu et al. 2021). For example,
a core microbiome of Tyria jacobaeae taken from
three different habitats was Ralstonia (Gomes et al.
2020). This study showed that the core microbiome
of E. kamerunicus was B. cereus, B. megaterium, and
L. fusiformis because it was found in both oil palm
plantations with high relative abundance value,
and high similarity of DNA sequence based on
phylogenetic tree (Figure 4).
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Furthermore, our study also showed that
unique bacteria were only found in specific weevil
populations (Figure 3). Bacteria only found in the
AMP weevil population might play an important
role in increasing E. kamerunicus fitness as the
fruit set value in the AMP oil palm plantation was
higher than the GMP oil palm plantation. This high
fruit set value was attributed to the high effectivity
pollination performed by E. kamerunicus as an oil
palm pollinator. The unique bacteria include S. sciuri,
B. wiedmannii, L. macroides, and B. toyonensis. Recent
studies have shown that those bacteria benefit
insects, increasing their fitness as hosts.

B. toyonensis, which has been consumed as a
probiotic under the name Toyocerin and has been
shown toimprove the fitness of rabbits (Matusevicius
et al. 2011), piglet (Kantas et al. 2015), and chicken
(Bushwereb et al. 2020). Moreover, B. wiedmannii was
reported to reduce the pathogenicity of nematode in
Amphimallon solstitiale (Skowronek et al. 2021). The
presence of this bacteria in E. kamerunicus might
decrease Elaeolenchus parthenonema pathogenicity
as a nematode that infected E. kamerunicus, but
further study must be conducted to evaluate this.

In addition, L. macroides and S. sciuri were
also reported to have the ability for insecticide
degradation. L. macroides isolated from Spodoptera
litura was able to degrade Imidacloprid (Yalashetti
et al. 2017), while S. sciuri isolated from Spodoptera
frugiperda also able to degrade Lufenuron (De
Almeida et al. 2017). The ability of insecticide
degradation in S. sciuri was lower than in L.
macroides. Insecticides such as Permethrin and
Cypermethrin have been a significant cause the
decline of E. kamerunicus population in the field
(Hasibuan et al. 2002; Yusdayanti and Hamid 2015).
Therefore, the presence of these bacteria might help
E. kamerunicus to degrade insecticide and improve
its fitness.

Acknowledgements

The authors would like to extend our grateful to
PT Wilmar Benih Indonesia for funding this research
and Indonesia Endowment Fund for Education for
providing master study scholarship.

References

Bethe. A., Wieler, L.H., Selbitz, H., Ewers, C., Ewers, C.,
2010. Genetic diversity of porcine strains from the
respiratory tract of healthy and diseased swine.
Veterinary Microbiology. 139, 97-105. https://doi.
org/10.1016/j.vetmic.2009.04.027

Bushwereb, M., Bentaher, F.,, Aghwider, A., 2020. The effect
of feedin% diets containing toyocerin probiotic on
broiler chicks performance and internal organs
\éve1ig111{. Global Journal of Animal Scientific Research.

De Almeida, L.G., De Moraes, L.A.B., Trigo, J.R., Omoto, C.,
Consoli, F.L., 2017. The gut microbiota of insecticide-
resistant insects houses insecticide-degrading
bacteria: A potential source for biotechnological
exploitation. PLoS One. 12, 1-19. https://doi.
org/10.1371/journal.pone.0174754

Dharampal, P.S., Carlson, C., Currie, C.R., Steffan, S.A., 2019.
Pollen-borne microbes shape bee fitness. Proc R Soc
B Biol Sci. 286, 20182894. https://doi.org/10.1098/
rspb.2018.2894

Dhileepan, K., 1994. Variation in populations of the
introduced ollinating  weevil  (Elaeidobius
kamerunicus) (Coleoptera: Curculionidae) and its
impact on fruitset of oil palm gElaeis guineensis) in
India. Bulletin of Entomological Research. 84, 477-
485. https: ]i/doi.org/ 10.1017/S0007485300032703

[Ditjenbun] Direktorat Jenderal Perkebunan Indonesia,
2021. Statistik Perkebunan Unggulan Nasional.
Direktorat Jenderal Perkebunan Kementerian
Pertanian Republik Indonesia, Jakarta.

Duan, X., Zhao, B., Jin, X., Cheng, X., Huang, S., Li, J., 2021.
Antibiotic treatment decrease the fitness of
honeybee (Apis mellifera) larvae. Insects. 12, 1-12.
https://doi.org/10.3390/insects12040301

Egert, M., Wagner, B., Lemke, T., Brune, A., Friedrich, M.W.,
2003. Microbial community structure in midgut and
hindgut of the humus-feeding larva of Pachnoda
ephippiata (Coleoptera: Scarabaeidae). Applied
Environment Microbiology. 69, 6659-6668. https://
doi.org/10.1128/AEM.69.11.6659

Ermenlieva , N.M., Georgieva, E.P,, Stamova, S.Y., Georgieva,
S.F,, Mihaylova, S.G., 2021. Two alternative methods
for anaerobic cultivation of Bacteroides fragilis Atcc
25285 compared to the efficiency of cultivation
in a gas pack system. Journal of IMAB-Annual
Proceeding. 27, 4035-4037. https://doi.org/10.5272/
jimab.2021274.4035

Fahmi-halil, M., Haris-hussain, M., Mirad, R., Ab, L., 2021.
Responses of oil palm pollinator, Elaeidobius
kamerunicustodifferentconcentrationsofestragoles.
https://doi.org/10.1101/2021.03.24.436726

Gomes, S.I.F, Kielak, A.M., Hannula, S.E., Heinen, R., Jongen,
R., Keesmaat, I, De Long, J.R., Bezemer, T.M., 2020.
Microbiomes of a sgecialist caterpillar are consistent
across different habitats but also resemble the local
soil microbial communities. Animal Microbiome. 2,
37. https://doi.org/10.1186/s42523-020-00055-3

Gorrens, E., Van Moll, L., Frooninckx, L., De Smet, J.. Van
Campenhout, L., 2021. Isolation and identification
of dominant bacteria from black soldier fly larvae
(Hermetia illucens) envisaging practical applications.
Frontiers in Microbiology. 12, 665546. https://doi.
org/10.3389/fmicb.2021.665546



HAYATI J Biosci

Vol. 30 No. 6, November 2023

Habineza, P.,, Muhammad, A., Ji, T., Xiao, R., Yin, X., Hou, Y.,
Shi, Z., 2019. The promoting effect of gut microbiota
on growth and development of red palm weevil,
RhynchOﬁhorus ferrugineus (Olivier) (Coleoptera:
Dryophthoridae) by modulating its nutritional
metabolism. Frontiers in Microbiology. 10, 1-10.
https://doi.org/10.3389/fmicb.2019.01212
M., Corral-Rivas, J.J., Gonzilez-Elizondo, M.S.,
Ganeshaiah, K.N., Nava-Miranda, M.G., Zhang, C,,
Zhao, X., Gadow K von., 2019. Assessmg biological
dissimilarities between five forest communities.
For. Ecosyst. 6, 30. https://doi.org/10.1186/s40663-
019-0188-9

Hasibuan, R., Swibawa, I.G., Hariri, A.M., Pramono, S., Susilo,
E.X., Karmike, N., 2002. Dampak aplikasi insektisida
permetrin terhadap serangga hama (Thosea sp.
dan serangga penyerbuk (Elaeidobius kamerunicus
dalam agroekosistem kelapa sawit. | Hama dan
Penyakit Tumbuhan Tropika. 2, 42-46. https://doi.
org/10.23960/j.hptt.2242-46.

Hussein, M.Y., Norhazni, M.S., Ali, J.H., 1995. Isolation and
identification of bacteria associated with Elaeidobius
kamerunicus and oil palm flowers. Elaeis. 7, 118-121.

Hwanhlem, N.,Buradaleng, S., Wattanachant, S., Benjakul, S.,
Tani, A., Maneerat, S., 2011. Isolation and screening of
lactic acid bacteria from Thai traditional fermented
fish (Plasom) and production of Plasom from
selected strains. Food Control. 22, 401-407. https://
doi.org/10.1016/]. foodcont 2010.09.010

Kantas, D., Papatsiros, V.G., Tassis, P.D., Giavasis, 1., Bouki,
P, Tzika, E.D., 2015. A feed additive containing
Bacillus toyonensis (Toyocerin®) protects against
enteric pathogens in postweaning piglets. | Applied
Microbiology. 118, 727-738. https://doi.org/10.1111/
jam.12729

[l(emertljperm]l(ementrlan PerindustrianRI,2021. Tantangan

an Prospek Hilirisasi Sawit Nasional Analisis:
Pembangunan Industri, sixth ed. Kementerian
Perindustrian Republik Indonesia, Jakarta.

Kouakou, M., Hala, N., Akpa Moise Akpesse A, Tuo, Y,
Dagnogo M Eugene Konan, K., Kouakou I(oua
H., 2014. Comparatlve efﬁcacy of Elaeidobius
kamerunicus, E. plagiatus, E. subvittatus (Coleoptera:
Curculionidae) and Microporum spp. (Coleoptera:
Nitidulidae) in the pollination of oil palm (Elaeis
guineensis). Journal of Experimental Biology and
Agricultural Sciences. 2, 538-545.

Kress, W] Prince, LM. Williams, KJ., 2002. The

ylo eny and a new classification of the gingers
Zingiberaceae): Evidence from molecular data.
American ]ournal of Botany. 89, 1682-1696. https://
doi.org/10.3732/ajb.89.10.1682

Magurran, A.E., 2004. Measuring Biological Diversity.
Blackwell Publishing Company, Boston.

Matusevicius, P, Bartkeviciute, Z., Cernauskenie, ].,
Koztowski, K., Jeroch, H., 2011. Effect of probiotic
preparation  “ToyoCerin®” and  phytobiotic
pregaration “Cuxarom Spicemaster” on growing
rabbits. Arch fur Geflugelkd. 75, 67-71.

Neu, AT, Allen, EE, Roy, K, 2021. Defining and
quantifying the core microbiome: challenges and
prospects. PNAS. 118, 1-10. https://doi.org/10.1073/
ll‘lanas .2104429118/- /DCSu plemental.Published

Prakash, O., Pandey, PK. Kulkarni, GJ., Mahale, K.N.,
Shouche, Y.S., 2014. Technicalities and glitches of
TerminalRestriction FragmentLength Polymorphism
(T-RFLP). Indian Journal of Microbiology. 54, 255-261.
https://doi.org/110.1007/s12088-014-0461-0

Hao,

Prasetyo, A.E., Purba, W.0., Susanto, A., 2014. Elaeidobius
kamerunicus: application of hatch and carry
technique for increasing oil palm fruit set. Journal of
Oil Palm Research. 26, 195-202.

Prasetyo, A.E., Susanto, A., 2012. Meningkatkan Fruit
Set Kelapa Sawit dengan Teknik Hatch and Carry
Elaeidobius kamerunicus. Pusat Penelitian Kelapa
Sawit, Medan.

Prasetyo, A.E., Susanto, A., 2016. The development of
Elaeidobius kamerunicus Faust population after
introduction and the improvement of oil palm fruit
set in Seram island, Mollucas, Indonesia. Jurnal
Penelitian Kelapa Sawit. 24, 47-55. https://doi.
org/10.22302/iopri.jur.jpks.v24i1.7.

Rizuan, Z.A., Hisham, N.H., Samsudin, A., 2013. Role of
Pollinating weevil (Elaeidobius kamerunicus),
seasonal effect and its relation to fruit set in oil palm
area of FELDA. In: Proceeding PIPOC 2013 International
Palm Oil Congress. Kuala lumpur: MPOB.

Shyu, C, Soule, T., Bent, SJ., Foster, J.A., Forney, L.J., 2007.
MiCA: A web-based tool for the analysis of microbial
communities based on terminal-restriction
fragment length g morphisms of 16S and 18S
rRNA genes. Microbial Ecology. 53, 562-570. https://
doi.org/10.1007/s00248-006- 9106-0

Siswanto, Soetopo, D., 2020. Population of oil palm
pollinator insect (Elaeidobius kamerunicus faust.)
at PTP Nusantara VIII Cisalak Baru, Rangkasbitung-
Banten. IOP Conf Ser Earth Environ Sci. 418, 012045.
https://doi.org/10.1088/1755-1315/418/1/012045

Skowronek, M., Sajnaga, E., Kazimierczak, W., Lis, M., Wiater,
A., 2021. Screening and molecular identification
of bacteria from the midgut of amphimallon
solstitiale larvae exhibiting antagonistic activity
against bacterial symbionts of entomopathogenic
nematodes. International Journal of Molecular
Sciences. 22, 12005. https://doi.org/10.3390/
ijms222112005

Solin, D.Y., Maira, L., Efendi, S., 2019. Kelimpahan populasi
dan frekuensi kumungan serta efektivitas Elaeidobius
kamerunicus Faust E)ada beberapa varietas kelapa
sawit. BIOMA Jurnal Biologi MAKASSAR. 4, 160-172.
https://doi.org/lO.20956/bi0ma.v4i2.8532

Swaray, S Amiruddin, M.D,, Rafii, M.Y,, Jamian, S., Ismail,

alloh, M., Eswa, M., Marjuni, M., Akos, LS.,
Yusu f, 0., 2021, 0il palm inflorescence sex ratio and
fruit set assessment in dura x pisifera biparental
Erogenies on fibric peat soil. Agronomy. 11, 1-23.
ttps://doi.org/10.3390/agronomy11071380

Wahid, M.B., Kamarudin, N.H., 1997. Role and effectiveness
of Elaeidobius kamerunicus, Thrips hawaiiensis and
Pyroderces sp. in pollination of mature oil palm in
Peninsular Malaysia. Elaeis. 9, 1-16.

Wahyuni, M., 2018. The effectiveness of Elaeidobius
kamerunicus to the fruit set of oil palm. Elixir
Agriculture. 116, 50119-50122.

Yalashetti, S., Yandigeri, M.S., Rudrappa, O., 2017. Diversity of
culturable and unculturable gut bacteria associated
with field population of Spodoptera litura (Fab.).
Bulletin of Environment Life Sciences. 6, 441-451.

Yanti, A.H., Setyawati, T.R., Kurniatuhadi, R., 2020. Isolation
and characterization of lactic acid bacteria from fecal
pellets, coelomic fluid, and gastrointestinal tract of
nypa worm (Namalycastls rhodochorde) from West
Kalimantan, Indonesia. Biodiversitas. 21, 4726-4731.
https://doi. 0rg/10 13057/b10d1v/c1211036



Yousefi, M., Mohd Rafie, A.S., Abd Aziz, S., Azrad, S., ABD
Razak A binti, 2020. Introduction of current
pollination techniques and factors affecting
pollination effectiveness by Elaeidobius kamerunicus
in oil palm plantations on regional and global scale:
A review. South African Journal of Botany. 132, 171-
179. https://doi.org/10.1016/j.sajb.2020.04.017

Yue, J., Yan, Z., Bai, C.,, Chen, Z., Lin, W, Jiao, F, 2015.
Pollination activity of Elaeidobius kamerunicus
(Coleoptera: Curculionoidea) on oil palm on hainan
island. Florida Entomology. 98, 499-505. https://doi.
org/10.1653/024.098.0217

Yusdayanti, R., Hamid, N.H., 2015. Effect of several
insecticide against oil palm pollinator’s weevil,
Elaeidobius kamerunicus (coleoptera: curculionidae).
Serangga. 20, 27-35.

Putri AA et al.

Zheng, H., Powell, J.E., Steele, M.I., Dietrich, C., Moran,
N.A., 2017. Honeybee gut microbiota promotes host
weight gain via bacterial metabolism and hormonal
signaling. PNAS. 114, 4775-4780. https://doi.
org/10.1073/pnas.1701819114

Zulkefli, M.H.H., Jamian, S., Adam, N.A., Jalinas, ]., Mohamad,
S.A., Mohd Masri, M.M., 2020. Beyond four decades
of Elaeidobius kamerunicus Faust (Coleoptera:
Curculionidae) in the Malaysian oil palm industry:
A review. Journal of Tropical Ecology. 36, 282-292.

https://do1.org/10.1017/S026646742000022X



