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Abstract: In 2020, a plant displaying promising attributes as both an attractant and bioinsecticide for
Oryctes rhinoceros (Coleoptera: Scarabaeidae), known locally as “Hujan Emas”, was discovered at PT
Sampoerna Agro Tbk, Indonesia. Despite its potential, the identity of this plant remains unknown.
This study aims to reveal the plant’s identity and ascertain its potential as an attractant and bioinsec-
ticide against O. rhinoceros. Identification was performed using morphological and sequence analyses
of the MaturaseK, chloroplast rps16, and chloroplast rpl16 genes. Field observations were conducted over
9 months, focusing on the number of adult O. rhinoceros visiting the plant and the number captured
using synthetic pheromone (ethyl 4-methyloctanoate) traps. Bioinsecticidal activity assessments
focused on extracts from the plant’s bark, stem, and leaves. Morphological characterization and se-
quence analysis conclusively affirmed the plant’s identity as Senna multijuga (Fabales: Fabaceae). The
total number of O. rhinoceros specimens obtained from S. multijuga was 1.6 times higher (836 beetles)
than that obtained using the pheromone trap (512 beetles), suggesting that S. multijuga has better
attractant capability than ethyl 4-methyloctanoate. The leaf extract exhibited insecticidal activity
against larvae, while the stem and bark extracts demonstrated insecticidal activity against both larvae
and adults. Larval mortality ranged from 1.25% to 3.75%, while adult mortality was notably higher,
ranging from 12.5% to 25%. This is the first report on the capability of S. multijuga as an attractant
and bioinsecticide against O. rhinoceros.

Keywords: insecticidal; morphological identification; plant extract; sequence analysis

1. Introduction

Oryctes rhinoceros (L., 1758) (Coleoptera: Scarabaeidae), commonly known as the coconut
rhinoceros beetle (CRB), is a significant pest of coconut plants, including oil palm and other
plants belonging to the palm family [1–3]. The O. rhinoceros beetles attack and penetrate the
plant’s growing tip, spreading to attack other plant tissues and damaging the plant’s meristem,
thereby inhibiting its growth. The pest’s infestation disrupts the plant’s photosynthesis
process, leading to a decrease in production [1]. The yield loss caused by this pest in oil palm
plants can reach up to 25% [3]. The holes created by O. rhinoceros can serve as entry points for
other pests or plant pathogens, exacerbating the damage caused [1].

The rhinoceros beetle lives and reproduces in organic matter derived from plant
residues or animal dung [4,5]. Its biological cycle consists of one pupal and four larval
stages. O. rhinoceros requires a time span of 100 to 250 days to reach the adult stage. Instars

Agriculture 2024, 14, 1477. https://doi.org/10.3390/agriculture14091477 https://www.mdpi.com/journal/agriculture

https://doi.org/10.3390/agriculture14091477
https://doi.org/10.3390/agriculture14091477
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com
https://orcid.org/0000-0003-3612-1069
https://orcid.org/0000-0002-6700-5493
https://orcid.org/0000-0002-0384-2073
https://orcid.org/0000-0001-7778-2619
https://doi.org/10.3390/agriculture14091477
https://www.mdpi.com/journal/agriculture
https://www.mdpi.com/article/10.3390/agriculture14091477?type=check_update&version=1


Agriculture 2024, 14, 1477 2 of 16

1 to 3 are the most vulnerable larval stages and are the most suitable for control measures.
Instar 3 larvae are the most voracious and have a lifespan of 60–165 days. They subsequently
transform into pupae after the pre-pupal stage (instar 4 larvae), lasting 8–13 days [4,6].

The emergence of O. rhinoceros as an important oil palm pest at PT Sampoerna Agro
Tbk prompted the company to focus specifically on its control. In 2020, the infestation of
O. rhinoceros on non-yielding oil palm at PT Sampoerna Agro Tbk covered 1764.4 hectares,
with infestation levels fluctuating monthly between 0.1% and 38.1%. Within the affected area,
55% (966 ha) experienced severe infestation (>5%), while 35% (798 ha) had mild infestation
(<5%). Various methods have been employed to control O. rhinoceros, such as planting
legume cover crops, manually removing larvae, installing pheromone traps, and using
carbosulfan insecticide. However, these efforts have not yet produced satisfactory outcomes.
The considerable cost of controlling O. rhinoceros on non-yielding oil palm amounts to
IDR 14,743,476 (USD 932.71) per hectare; this has led PT Sampoerna Agro Tbk to explore
alternative control approaches that are more effective, cost-efficient, and eco-friendly.

Various plant substances have been reported to play a role as insecticides, and their
use is becoming a safe, environmentally friendly, and sustainable control alternative. The
use of plant substances as insecticides does not leave harmful residues on crop yields. The
search for local plant substances available around the cultivation area, making them easy
to find and apply, continues to be carried out, including insecticides to control O. rhinoceros.

In 2020, a plant that appeared to have potential as an attractant and bioinsecticide
for O. rhinoceros was discovered in the PT Sampoerna Agro Tbk plantation in Indonesia,
locally known as “Hujan Emas” (golden rain). Many O. rhinoceros beetles were observed to
visit the branches of the plant and then die after eating part of the plant for 1–2 days. Until
now, the identity of this plant was unknown, and no scientific studies have been carried
out on its capability as a bioinsecticide for controlling O. rhinoceros. This research aims
to determine the identity and confirm the ability of “Hujan Emas” as an attractant and a
bioinsecticide against O. rhinoceros.

2. Materials and Methods
2.1. Identification of “Hujan Emas” (Golden Rain) Plants
2.1.1. Morphological Characteristics

Morphological characteristics include both vegetative and generative features. Vegeta-
tive characteristics encompass the canopy, branches, stems, and leaves, while generative
characteristics comprise flowers and seeds. The leaf parts, including branches, flowers,
and fruits, were collected from 2-year-old golden rain plants in January 2023 from the
oil palm plantation of PT Sampoerna Agro Tbk. The plant samples were then cleaned of
impurities and preserved as dried specimens (herbarium). The sample was placed in a
transparent plastic bag and identified by Dr. Silva Abraham, S.Si, M.Si, at the Directorate
of Scientific Collection Management, National Research and Innovation Agency (BRIN),
Cibinong, Bogor, West Java, Indonesia (registration ID 77561).

2.1.2. Molecular Identification

Primer design: Three pairs of primers were created for the identification of the golden
rain plant. These primer pairs were designed based on the sequences of the MaturaseK
(MatK), chloroplast rps16 (rps16), and chloroplast rpl16 (rpl16) genes. These genes serve
as standard plant barcodes, and they have been widely used to identify many plant
species [7,8] including Senna spp. [9]. The reference strains used for constructing the
dendrogram were retrieved from GenBank (https://www.ncbi.nlm.nih.gov/ (accessed on
26 December 2023).

• DNA Extraction

DNA extraction was performed using the cetyl trimethylammonium bromide (CTAB)
method as described by [10] with slight modifications. A total of 0.5 g of the golden rain
plant sample was placed into a mortar, and 600 µL TE buffer pH (8.0) (1st Base, Malaysia)
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was added. Then, the sample was ground until smooth. After grinding, the mortar was
sealed with aluminum foil and incubated at −40 ◦C overnight. Following this, the lid was
opened, and the sample was ground again for 15 min. A total of 0.5 mL of the ground
material was transferred to a 1.5 mL tube, and then 400 µL of 2% CTAB was added and
homogenized before being incubated at 65 ◦C for 1 h. After incubation, 500 µL of phenol
chloroform isoamyl alcohol (P:C:I) (25:4:1) was added and homogenized, and this mixture
was centrifuged at 14,000 rpm for 10 min. A total of 600 µL of the supernatant was collected
and transferred to a new 1.5 mL tube, and chloroform isoamyl alcohol (C:I) (24:1) was added
in an equal volume (600 µL, the same as the obtained supernatant volume), homogenized,
and then centrifuged at 14,000 rpm for 10 min. A total of 400 µL of the supernatant was
collected and transferred to a new tube. Then, 400 µL of isopropanol was added and
incubated at −20 ◦C for 20 min. After incubation, the tube was centrifuged for 10 min, and
the supernatant was discarded. A total of 500 µL of 70% ethanol was added, and the mixture
was centrifuged at 14,000 rpm for 10 min. The entire supernatant was then discarded, and
the obtained pellet was incubated for 1 day. Following this, 20 µL of TE buffer pH (8.0) (1st
Base, Malaysia) was added to the pellet, and the extracted DNA was ready for PCR use.
Centrifugation was performed using a Microspin12 centrifuge (Biosan, Latvia).

• DNA Amplification

Amplification was performed using the Sensoquest Thermal Cycler Machine (Germany).
In this study, three pairs of primers for the identification of the golden rain plant were
successfully designed based on the sequences of the MaturaseK (MatK) (matKsenF and
matKsenR), chloroplast rps16 (rps16) (rps16senF and rps16senR), and chloroplast rpl16
(rpl16) (rpl16senF and rpl16senR) genes (Table 1). PCR was carried out using a total volume
of 25 µL, consisting of 12.5 µL Master Mix (Red Mix) (Bioline, Memphis, TN, USA), 1 µL
forward primer, 1 µL reverse primer, 1 µL DNA template (approximately 1 µg/µL), and
9.5 µL sterile water. DNA amplification involved an initiation cycle at 95 ◦C for 5 min,
followed by 30 cycles consisting of denaturation at 95 ◦C for 1 min, primer annealing (all
primer sets) at 53 ◦C for 1 min, primer extension at 72 ◦C for 1 min, and a final elongation
cycle at 72 ◦C for 5 min. The PCR results were electrophoresed using a 0.5% agarose gel
suspended in 20 mL 1× Tris-Boric Acid-EDTA (TBE) buffer (1st Base, Malaysia) containing
1 µL ethidium bromide (EtBr 10 mg/mL). Electrophoresis was conducted using 1× TBE
buffer at a voltage of 50 volts for 60 min. The results were visualized using a DigiDoc UV
transilluminator (UVP, Upland, CA, USA).

Table 1. Primers developed in this study.

Primer Sequence (5′–3′) Length of the PCR Product (bp)

matKsenF TAAGGYTCTTTCTTTATGAG
749matKsenR ATACAAACTCTTTTTTGTTG

rps16senF GCCGTGGATTCTTACATCCA
825rps16senR ACGTATAAGAAGTTTTCTCC

rpl16senF CTCCTCGCGAATGAAASGAT
846rpl16senR GATATATTGGCGATATTATT

• Sequencing and Analysis of Results

The PCR results were subsequently sent to 1st Base Malaysia for sequencing. The
sequencing results were then processed using BioEdit ver. 7.2.6 for Windows [11] and
submitted to the basic local alignment search tool (BLAST) (https://blast.ncbi.nlm.nih.gov/
Blast.cgi (accessed on 26 December 2023) to determine potential identities. A dendrogram
was created using Mega 11 for Windows [12] employing the maximum likelihood method.
The reference strains used were downloaded from NCBI (https://www.ncbi.nlm.nih.gov/
(accessed on 26 December 2023) (Supplementary Table S1).

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/
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2.2. The Potential of the “Hujan Emas” (Golden Rain) Plant as an Attractant for
O. rhinoceros Beetles

The golden rain plant was introduced and planted in PT Sampoerna Agro Tbk in 2015
as an ornamental plant. The potential of the golden plant as a bioinsecticide and attractant
was first recognized in 2020. Further observations were performed to confirm its potential.

Additional field observations were performed in the oil palm plantation area of PT
Sampoerna Agro Tbk, located in the Belida estate, divisions I and II, Ogan Komering
Ilir (OKI), South Sumatra (3◦48′28.613′ ′ S, 105◦0′53.874′ ′ E), Indonesia (Figure 1). The
experiment was performed using an inter-site (oversite) design [13] with two factors,
namely, golden rain plants and commercial pheromone traps.
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The field observations were conducted once per month over 9 months (January to
September) in 2020 on 25 golden rain plants, covering 625 hectares with a density of 1 plant
per 25 hectares. These plants were 18 months old. The golden rain plants were planted since
2018 at a spacing of 8–10 m in proximity to the installation area of commercial pheromone
traps. The data collected included the number of O. rhinoceros beetles successfully captured
when visiting the golden rain plants, both perched and engaging in activities on the trunk
or found dead beneath the plants. The capture results for the pheromone traps represent
the population of beetles trapped in the pherotrap. The pheromone trap used was ethyl
4-methyloctanoate, a synthetic attractant (a sex pheromone) for O. rhinoceros. Observation
of the beetles trapped in pheromone traps was performed once per month over 9 months
(January to September) in 2020. A total of 299 pheromone traps were installed, covering an
area of 897 hectares with a density of 1 trap per 3 hectares. Installation was carried out by
placing the pheromone on the trap and suspending it on a wooden structure at a height of
3 m (Figure 2).
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Figure 2. Structure and installation of the Oryctes rhinoceros trap used: (A) Support pole. 1. Retaining
nail; 2. wood (diameter 5 cm). (B) O. rhinoceros trap. 1. Wire (diameter 0.2 cm); 2. iron plate
(35 × 40 cm), edges folded 2 cm for strength and tied with a wire to hold them together; 3. a hole
(5 × 8 cm2) for placing the pheromone trap; 4. a funnel (diameter 3.5 cm), attached to the iron plate;
5. a hole (5 × 7 cm2) to collect the caught O. rhinoceros; 6. a PVC pipe (diameter 10.16 cm; length
40–50 cm); 7. mosquito net as a cover for the bottom pipe.

2.3. Laboratory Testing of the Plant Extract’s Ability as a Bioinsecticide against O. rhinoceros
2.3.1. Preparation of the Golden Rain Plant Extract

The aerial parts of the bark, stem, and leaves of the golden rain plant were cut into thin
pieces and dried at 50 ± 1 ◦C for 24 h using a 30–1060 drying oven (Memmert, Büchenbach,
Germany). The dried samples weighed a total of 5 kg and were ground and passed through
a No. 80 mesh testing sieve GB/T6003.1-2012 (Xinxiang Xiyang Screening Machinery
Manufacturing Co., Ltd., Xinxiang, China). Subsequently, they were macerated separately
with 20 L of a 96% ethanol solution for 4 weeks. This extended maceration period aimed
to ensure that all compounds in the sample were completely extracted. The resulting
filtrate was then filtered using No. 42 Whatman filter paper (Whatman International Ltd.,
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Cardiff, England) and evaporated with a rotary evaporator (IKA RV 10 Rotary Evaporator,
Wertheim, Germany) until a residue was obtained. The residue was then dissolved in
500 mL of distilled water and poured into a 1000 mL separatory funnel (Schott Duran,
Mainz, Germany), followed by the addition of 500 mL of ethyl acetate. This resulted in the
formation of 2 phases. The separatory funnel was then closed and vigorously shaken to
mix the 2 phases of the solution. Subsequently, the funnel was inverted, and the stopcock
was opened to release excess vapor pressure. After this, it was left to stand to allow the
separation of the 2 phases (ethyl acetate phase and water phase). The ethyl acetate phase
and water phase were separated, and each was transferred to storage bottles. The water
phase underwent re-extraction by mixing 500 mL of ethyl acetate into the separatory funnel.
The extraction process in the separatory funnel was repeated 3 times to obtain 1500 mL of
ethyl acetate phase and 500 mL of water phase. Each water and ethyl acetate fraction was
evaporated with a rotary evaporator to obtain a residue. Subsequently, insecticidal activity
testing against O. rhinoceros larvae and adults was conducted.

2.3.2. Experimental Design

This research was conducted using factorial experiment 4 × 2 in randomized complete
block design (RCBD). The first factor was S. multijuga plant part extracts (bark, stem,
leaves, and control) and second factor was the solvent used (ethyl acetate and water). The
observation was performed at 24, 48, 72, and 96 h after application of the plant extracts. All
treatments were repeated 4 times, and each treatment unit consisted of 5 test insects.

2.3.3. Preparation of Test Insects

One hundred forty larvae (instar 3) and 140 1-month-old adult O. rhinoceros were
collected from the oil palm plantation of PT Sampoerna Agro Tbk. The larvae and adults
were placed in a plastic box (64 × 43 × 14.5 cm3) containing organic material derived
from decomposed oil palm plant residues. The larvae and adults were reared inside
the box (using a rearing method developed by PT Sampoerna Agro Tbk) until the test
was conducted.

2.3.4. Application of Plant Extracts

The concentration of each golden rain plant part extract (stem, bark, and leaves) was
10,000 ppm [14]. The application of the golden rain plant extracts was performed by taking
20 µL of the sample solution using a micropipette and dropping it onto the mouthparts
of O. rhinoceros larvae or adults. This method was carried out because it was suspected
that the extract from parts of the S. multijuga plant is a stomach poison to these pests. This
suspicion arose based on field observations showing that O. rhinoceros dies after consuming
parts of the S. multijuga plant. Subsequently, the larval and adult O. rhinoceros were placed
in a plastic jar (18 cm in diameter and 20 cm in height) containing organic material derived
from decomposed oil palm plant residues.

2.3.5. Observations and Data Collection

Observations of test insect mortality were conducted 24, 48, 72, and 96 h after applica-
tion. Test insect mortality (percentage mortality) (M) was calculated using the following
formula: the number of dead insects (n) divided by the total number of observed insects
(N) multiplied by 100% [(n/N) × 100%] [15].

2.3.6. Data Analysis

The mortality data obtained were tested for homogeneity using the Barlett test and
then analyzed using factorial ANOVA, followed by Duncan’s multiple range test at a
significance level of 5%. Statistical analysis was performed using R Statistical Software
(version 4.1.1, R Foundation for Statistical Computing, Vienna, Austria) [16].
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3. Results
3.1. Senna multijuga Has the Identity of the “Hujan Emas” (Golden Rain) Plant
3.1.1. Morphological Observations Indicate That the Golden Rain Plant Is Senna multijuga

The morphological characteristics obtained revealed that the golden rain plant sample
belonged to the Fabaceae family, specifically the species Senna multijuga (Rich.), H.S. Irwin
and Barneby, 1982 [17]. The appearance of the golden rain plant is shown in Figure 3.
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3.1.2. Molecular Identification Confirmed That the Golden Rain Plant Is Senna multijuga

Based on BLAST analysis, the sequencing results using the matKsenF/matKsenR
primer pair showed 99.86% sequence similarity to S. multijuga (Acc. No. KX538469). The
sequencing results using the rps16senF/rps16senR primer pair indicated 99.76% sequence
similarity to S. multijuga var. multijuga (Acc. No. AM086962). The sequencing results
using the rpl16senF/rpl16senR primer pair demonstrated 99.77% sequence similarity to S.
multijuga var. multijuga (Acc. No. AM086762) (Table 2).

Table 2. Results of the analysis using the BLAST program.

Gene Identity Total
Score

Query
Coverage

Percentage
Identity Acc. No

MaturaseK (MatK) Senna multijuga 1341 100% 99.86% KX538469
chloroplast rps16 (rps16) Senna multijuga var. multijuga 1517 100% 99.76% AM086962
chloroplast rpl16 (rpl16) Senna multijuga var. multijuga 1568 100% 99.77% AM08676

The phylogenetic analysis of the matK gene sequence indicated that the analyzed
plant belonged to the same group as the reference strain S. multijuga (Acc. No KX538469)
(Supplementary Figure S1A). Furthermore, the phylogenetic analysis of the rps16 and rpl16
gene sequences showed that the analyzed plant fell within the group of the reference strain
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S. multijuga var. multijuga ((Acc. No. AM086962) (Supplementary Figure S1B) and (Acc. No.
086762) (Supplementary Figure S1C), respectively). The molecular identification findings
align with and reinforce the morphological assessment, conclusively identifying the golden
rain plant as S. multijuga. The sequence data of the golden rain plant have been deposited
in GenBank with the following accession numbers: PP270335 (TanBmat; MatK), PP270334
(TanBrps; rps16), and PP270333 (TanBrpl; rpl16).

3.2. Senna multijuga Has the Ability to Attract Adult O. rhinoceros

The number of beetle captures (when visiting S. multijuga) in the first three months
remained below that of the pheromone trap captures, but then started to increase from
the fourth month. The number of beetles collected on S. multijuga plants was higher and
differed markedly in the ninth month compared to the captures in the pheromone traps
(Figure 4). The observations over the 9-month period indicate that S. multijuga plants
had control potential in effectively attracting O. rhinoceros beetle pests compared to the
pheromone trap. The number of O. rhinoceros beetles captured on S. multijuga plants was
equivalent to 1.6 times the number caught by the pheromone trap.
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3.3. Senna multijuga Has Potential as a Bioinsecticide for O. rhinoceros

In addition to its role as an attractant for O. rhinoceros, the plant S. multijuga var.
multijuga also had the ability to act as an insecticide against O. rhinoceros. The O. rhinoceros
beetles that landed on it died 1–2 days after feeding on parts of the S. multijuga subsp.
multijuga plant (Figure 5).

• Mortality of Oryctes rhinoceros larvae

Treatment with the water extract of S. multijuga bark 48 h after application showed
a mortality rate of 1.25%, the water extract of S. multijuga stem showed 1.25%, the water
extract of S. multijuga leaf showed 3.75%, and the ethyl acetate extract of S. multijuga
leaf showed a mortality rate of 3.75%. The mortality of O. rhinoceros larvae is caused by
the presence of toxic active components in the plant. In the subsequent observations, no
additional insect deaths were found in any treatment (Figure 6).
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Figure 6. Mortality of Oryctes rhinoceros larvae after the application of Senna multijuga plant extracts.
Deaths were observed after the application of stem, bark, and leaf extracts using ethyl acetate solvent
and after the application of leaf extracts using ethyl acetate and water solvents. Error bars represent
the standard errors of the means of mortality of O. rhinoceros larvae after the application of S. multijuga
plant part extract.

The statistical analysis revealed that different plant parts have a significant impact on
the mortality rate of O. rhinoceros larvae. On the other hand, the type of solvent used in
the experiments did not affect the mortality rate of the larvae. Furthermore, the analysis
showed no significant interaction between the plant parts and the solvents used (Table 3).
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Table 3. Statistical analysis of the influence of plant part, solvent, observation time, and their
interactions on the mortality of Oryctes rhinoceros larvae.

Source DF Anova SS Mean Square F Value Pr > F

Block 3 468.750000 156.250000 0.84 0.4872
Plant part 3 1718.750000 572.916667 3.08 0.0496
Solvent 1 78.125000 78.125000 0.42 0.5240
Plant part × Solvent 3 78.125000 26.041667 0.14 0.9349

The application of S. multijuga leaf extract resulted in a significantly higher mortality
rate for O. rhinoceros larvae compared to the control group, as well as the groups treated
with bark and stem extracts. This finding indicates that the leaf extract possesses potent
larvicidal properties that are more effective than those found in other parts of the plant.
The mortality rate for larvae exposed to the leaf extract was markedly greater, highlighting
the potential of S. multijuga leaves as a powerful natural insecticide (Figure 7).
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Figure 7. Mean mortality of Oryctes rhinoceros larvae: Application of leaf extract resulted in higher
mortality, which was significantly different from the control, bark, and stem extracts. The percentage
mortality was analyzed using factorial ANOVA followed by Duncan’s multiple range test (DMRT) at
a 5% significance level using R Statistical Software. Error bars represent the standard errors of the
means of mortality of O. rhinoceros larvae. Numbers followed by the same letter are not significantly
different. Different colors represent different treatments.

• Mortality of Oryctes rhinoceros beetle

The observation results 24 h after application of S. multijuga plant extract showed
that the stem water extract and stem ethyl acetate extract exhibited a mortality rate of
12.5% for O. rhinoceros beetles. At 48 h after application, the S. multijuga bark ethyl acetate
extract showed a mortality rate of 12.5% for O. rhinoceros beetles, and the stem water
extract showed a mortality rate of 25%. The mortality of O. rhinoceros beetles was caused
by the presence of toxic active components in the S. multijuga plant. In the subsequent
observations, no more dead test insects were found (Figure 8).

Unlike the data on the mortality of O. rhinoceros larvae, the statistical analysis revealed
that both the plant parts and the solvent used significantly influence the mortality of O.
rhinoceros beetles. Precisely, different plant parts exhibited varying degrees of effectiveness
in causing beetle mortality, suggesting that some parts of the plant contain higher concen-
trations of bioactive compounds that are lethal to the beetles. Additionally, the choice of
solvent used for extracting these compounds also played a crucial role in determining the
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mortality rates. The interaction between plant parts and solvents was found to be signifi-
cant, indicating that the effectiveness of the plant extracts in killing the beetles depends on
the combination of both the plant part and the solvent used (Table 4).
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Figure 8. Mortality of Oryctes rhinoceros beetles after the application of Senna multijuga plant extracts.
Deaths were observed in the application of bark with ethyl acetate as the solvent, as well as in the
stem when both ethyl acetate and water were used as the solvents. Error bars represent the standard
errors of the means of mortality of O. rhinoceros beetles after the application of S. multijuga plant
part extract.

Table 4. Statistical analysis of the influence of plant part, solvent, observation time, and their
interactions on the mortality of Oryctes rhinoceros beetles.

Source DF Anova SS Mean Square F Value Pr > F

Block 3 58.593750 19.531250 2.33 0.1037
Plant part 3 1638.843750 546.281250 66.12 <0001
Solvent 1 175.781250 175.781250 20.96 0.0002
Plant part × Solvent 3 176.343750 58.781250 7.01 0.0019

The extract of S. multijuga plant parts, along with the type of solvent used for extraction,
had a significant impact on the mortality rate of O. rhinoceros beetles. The results indicate
that different parts of the S. multijuga plant, when extracted with various solvents, vary
in their effectiveness at inducing beetle mortality. The application of the S. multijuga stem
extract resulted in the highest mortality rate for O. rhinoceros beetles compared to the bark
and leaf extracts treatments. This suggests that the stem of S. multijuga contains particularly
potent bioactive compounds or higher concentrations of these compounds that are more
effective at killing the beetles (Figure 9).
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Figure 9. Mean mortality of O. rhinoceros beetles: (A) Extract of S. multijuga plant parts. (B) Solvent
used for extraction. Application of the stem extract resulted in a higher mortality rate, which was
significantly different from that of the control, leaves, and bark extracts. The solvent used for
extraction significantly influenced the mortality of O. rhinoceros beetles. The percentage mortality
was analyzed using factorial ANOVA followed by Duncan’s multiple range test (DMRT) at a 5%
significance level using R Statistical Software. Error bars represent the standard errors of the means of
mortality of O. rhinoceros beetles. Numbers followed by the same letter are not significantly different.
Different colors represent different treatments.

4. Discussion

Senna multijuga (false sicklepod; golden shower) (syn. Cassia multijuga) is a plant native
to northern South America. It is also native to Mexico and several regions in Malaysia and
Indonesia [18]. Initially known for its use as an ornamental plant along roadsides due to its
attractive yellow flowers and evergreen leaves [17,19], S. multijuga is currently classified
as a weed [18,20]. The plant produces seeds that are easily dispersed by wind and human
activities [18]. Senna multijuga has spread and can be found in various regions worldwide
due to its adaptability to various soil types. This plant is reported to be distributed in
several regions in Indonesia, including Java, Sumatra, and Nusa Tenggara [18].

Various beneficial chemical compounds have been reported to be present in parts of
Senna spp. plants, including S. multijuga [21–25]. Alkaloids are among the compounds
reported to be present in S. multijuga. Alkaloids are phytoconstituents known for their
biological and pharmacological activities, which can be utilized in the field of human
health [20–22]. Pyridine alkaloids derived from the leaves of S. multijuga have been reported
to act as acetylcholinesterase (AChE) inhibitors, including 7′-multijuguinone, 12′-hydroxy-
7′-multijuguinone [21], 12′-hydroxy-7′-multijuguinol, 12′-hydroxy-8′-multijuguinol, methyl
multijuguinate, 7′-multijuguinol, and 8′-multijuguinol [22].
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In the field of plant protection, the inhibition of AChE is one of the targets of several
types of active ingredients in insecticides [26,27]. AChE inhibition has been proven to be
fatal for insects [28]. Organophosphates and carbamates are well-known AChE inhibitors
and are widely used as insecticidal agents [27,29].

In this study, it is evident that the S. multijuga plant can attract O. rhinoceros, making it
easy to capture and eliminate. The number of O. rhinoceros beetles attracted and captured
by the S. multijuga plants was significantly higher than the number of insects captured by
the pheromone traps. The average weekly capture of O. rhinoceros by the pheromone traps
was 12 O. rhinoceros beetles, while the S. multijuga plants were capable of capturing 22,
despite the fact that 299 pheromone traps were installed compared to only 25 S. multijuga
plants. This indicates that the S. multijuga plant has the potential to be used as an attractant
and trap for O. rhinoceros beetles.

The use of pheromone traps to control O. rhinoceros is one method that has been
reported to be quite effective [5,30]. The direct capture of adult O. rhinoceros can reduce the
population and, at the same time, suppress the overall population by reducing the number
of reproductive insects. No negative impacts are caused by this control method [30].

Since its discovery in the 1990s, the male aggregation pheromone of O. rhinoceros,
ethyl 4-methyloctanoate (E4-MO), has been widely used for the detection, monitoring, and
trapping of this pest insect [31]. In addition to detecting the presence of and monitoring
O. rhinoceros, the use of attractants has proven effective in controlling this pest [32]. The
search for plant extracts that can be used as attractants for O. rhinoceros is currently un-
derway. The potential use of pineapple skin extract has been reported by [33]. The use
of mature coconut trees has also been reported by [34]. The results of this current study
indicate that S. multijuga has the potential to be used as an O. rhinoceros attractant. This
has not been investigated or reported until now. We are conducting an ongoing study to
determine the chemical compounds contained in different parts of the S. multijuga plant
that may have the ability to attract O. rhinoceros.

Field observations also indicate that some O. rhinoceros beetles were found dead after
visiting and feeding on parts of the S. multijuga plants. The deceased O. rhinoceros beetles
fell to the ground around the plant. This suggests the possibility that the plant also acts as
an insecticide. Laboratory testing was conducted to confirm this assumption.

Testing of the S. multijuga plant extract’s ability as a bioinsecticide was conducted
on O. rhinoceros beetles and larvae. Three parts of the plant (leaves, bark, and stem) were
further investigated for their potential as bioinsecticides. Extraction was performed using
two solvents, namely, water and ethyl acetate, to obtain compounds from different parts of
the S. multijuga plant that are polar and non-polar in nature.

The test results indicate that each tested part of the plant has insecticidal capability
against O. rhinoceros. The presence of pyridine alkaloids in S. multijuga [21,22] is considered
one of the reasons for its insecticidal properties. The existence of pyridine alkaloids has
been reported in the leaves of S. multijuga [21,22]. However, the presence of these alkaloids
in the stem and bark is not yet known. Further studies will be conducted to determine the
chemical compounds present in the stem and bark of S. multijuga, including the presence
and types of pyridine alkaloids.

Some S. multijuga plant part extracts appeared to not cause death in O. rhinoceros. This
is suspected to be due to O. rhinoceros being able to degrade (neutralize) the toxic effect of the
plant extract [35]. Some insects are reported to have genes capable of expressing resistance
to insecticides [36,37]. Three major enzyme families, namely, cytochrome P450s (P450s),
carboxylesterases (COEs), and glutathione-S transferases (GSTs), have been reported to
be responsible for insecticide resistance [38,39]. Insecticide resistance is also reported to
be influenced by symbionts present in the insect’s body, although not all toxins that enter
can be neutralized [40,41]. Symbionts that have been reported to play a role in triggering
insect resistance to insecticides include Arsenophonus [42], Burkholderia sp. [43], Citrobacter
sp. [44], Enterococcus sp. [45], Pseudomonas melophtora [46], Symbiotaphrina kochi [47], and
Wolbachia [48]. In addition to the type of toxin, the population of symbionts present in the
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insect and the level of toxin concentration also affect the level of insect resistance [40,49]. The
presence of resistance genes and symbionts capable of neutralizing insecticides, especially
in O. rhinoceros, would be an interesting area of further study.

Although extracts from different parts of the S. multijuga plant can cause mortality in
both larvae and adult O. rhinoceros, the resulting mortality percentages are low, ranging from
1.25% to 3.75% for larvae and 12.5% to 25% for O. rhinoceros beetles. This condition raises
the suspicion that S. multijuga plays a more dominant role as an attractant rather than as an
insecticide. Further investigation regarding the potential of S. multijuga as an attractant
will be conducted, including the search for active ingredients capable of attracting adult
O. rhinoceros. Additionally, the identification of compounds with insecticidal properties
against O. rhinoceros larvae and adults will also be pursued.

5. Conclusions

In this study, we observed that S. multijuga demonstrates attractant and bioinsec-
ticidal capabilities against O. rhinoceros. In particular, S. multijuga exhibited a greater
ability to attract O. rhinoceros compared to the widely used synthetic pheromone ethyl
4-methyloctanoate. Its bioinsecticidal activities against both larvae and adults were also
confirmed in a laboratory investigation. The leaf extract demonstrated insecticidal activity
against larvae, while the stem and bark extracts showed insecticidal effects against both
larvae and adults. The chemical compound responsible for the attractant and insecticidal
activities remains unclear at this time. Further investigations will be conducted to character-
ize and identify the chemical components of the leaf, stem, and bark extracts and evaluate
their effects on the mortality of and ability to attract O. rhinoceros.
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www.mdpi.com/article/10.3390/agriculture14091477/s1, Table S1. Reference used in this study;
Figure S1. Analysis of the matK gene sequence of the golden rain plant (TanBmat; Acc. No. PP270335)
using the maximum likelihood method and the Kimura 2-parameter model [50] with 1000x bootstrap.
The dendrogram was created using the MEGA 11 program for Windows [13]. A. Dendrogram based
on the matK gene sequence analysis. The golden rain plant appears to be in the same group as Senna
multijuga (KX538469). B. Dendrogram based on the rps16 gene. The golden rain plant (TanBrps;
Acc. No. PP270334) appears to be in the same group as Senna multijuga var. multijuga (Acc. No.
AM086962). Coffea arabica (Acc. No. GW447360) is used as an outgroup. C. Dendrogram based on the
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