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Abstract: The purpose of this study was to examine insects trapped using bioethanol-
methanol attractant traps, examine the types of clove plant pests, natural enemies,
detritivores, and pollinators, and calculate insect diversity in the clove plant
ecosystem. The research was conducted in Manembo Village, West Langowan
District. This study used a qualitative method with bioethanol-methanol traps as
attractants to capture insects in the clove plantation ecosystem. The location was
divided into two areas, and the attractant traps were placed randomly. The results
showed that 12 orders were identified: Coleoptera, Diptera, Hymenoptera,
Hemiptera, Blattodea, Orthoptera, Odonata, Neuroptera, Thysanoptera, Arachnida,
and Acariformes. The population abundance at Location A was 1063 individuals, and
at Location B, 748 individuals. The diversity analysis results showed that H' was still
classified as moderate, which was influenced by the lack of a dominant family in
clove plantations. The dominance index () indicated that no insects were highly

© 2026 The Authors. This article is
distributed under a (CC-BY License)

Introduction

Clove plants are an important plantation
commodity in North Sulawesi because, in addition to
providing farmers with income, they also contribute to
the region's foreign exchange earnings. Clove
production in North Sulawesi ranges from 8,001 to
10,509 tons, which is lower than South Sulawesi's 19,869
to 20,973 tons on the same area of land (Anonim, 2022).
Previous research in North Sulawesi has identified
several herbivorous insects (pests) in clove plantations,
namely the stem borer Hexamithodera semiveluntina, the
twig/branch borer Cryptophasa watungi, Coptocercus
biguttatus, and Xyloborus sp. (Nuraini et al., 2020;
Rimbing & Engka, 2022; Runaweri et al., 2017).

The latest research report on clove plants found
insects captured using attractants in Poigar District,
including  Coleoptera, Hemiptera, = Homoptera,
Lepidoptera, and Odonata (Rondonuwu et al., 2022).
The use of attractants is a more effective and efficient
control measure than other insecticides. Attractants
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using bioethanol (rat-methanol ethanol (1:1)) have been
reported to be more effective on other plantation crops,
such as coffee plants. These attractants can capture
approximately 23 genera from 10 orders of insects,
including Coleoptera, Lepidoptera, and Diptera
(Rimbing et al., 2021; Sinaga et al., 2015; Situmorang et
al., 2018; Sinaga, 2019). The insects captured consist of
pests, natural enemies, and detritivores. Attractant traps
or insect attractants are increasingly used for monitoring
and controlling plant pests (Priawandiputra et al., 2015;
Yi et al., 2012). The bioethanol-methanol attractants can
attract the order Coleoptera, namely the imago
Curculionidae and Cerambycidae, to coffee plants
(Langkai et al., 2023; Rimbing et al, 2021; Safitri et al.,
2025).

Therefore, the use of attractants in clove plant
ecosystems is expected to attract herbivorous insects,
especially H. semiveluntina, a member of the
Cerambycidae family, which is the main pest, and other
insects for studying the Clove Plant Ecosystem. Pest
problems in clove plantations have become increasingly
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complex, as evidenced by the presence of H.
semiveluntina and C. watungi. Pest control in clove
plantations using insecticides is considered ineffective
and inefficient because it fails to suppress pest
development; therefore, pest control using attractants —
which will be examined in this study—can be
implemented. The objectives of this study are to examine
insects trapped using bioethanol-methanol attractant
traps, examine the types of clove plant pests, natural
enemies, detritivores, and pollinators, and calculate
insect diversity in the clove plant ecosystem.

Method

Time and Location of the Study

This study was conducted at a clove production
center in Minahasa Regency, which was determined
purposively methods (Mukhlis et al., 2019; Mukhlis et
al., 2024; Asgaf et al., 2025), namely Manembo Village,
West Langowan District, with an altitude of 624 meters
above sea level. It was then continued at the Entomology
Laboratory of the Faculty of Agriculture, University of
Sam Ratulangi. The experiment was conducted at two
locations in Manembo Village, approximately 1 km
apart. The activity was carried out on clove plantations
that were more than seven years old.

Research Method

The study used a qualitative method in the research
land by installing 16 bioethanol attractant traps. The
attractant traps were located in rows of plants. Each
point had one trap, so there were 4 traps in each row.
The distance between traps in the plant rows was 10 m,
while the distance between observation blocks was 20 m.

Observations of insect types and populations were
conducted 5 times since the traps were set up: 7 days, 14
days, 21 days, 28 days, and 35 s. The size of the clove
plant experiment site was + 1 ha. Visual observations
were made in the field to identify trapped insects and
determine the most dominant insects. The treatment
application procedure was as follows: A 1.5-liter mineral
bottle was made with a 6 x 8 cm hole as an insect entry
point. A 3 x 5 cm plastic bottle contained bioethanol-
methanol as an insect attractant. Each plastic bottle
contained 10 ml of attractant. The plastic bottles were
inserted into the mineral water bottles, then tied to the
lids with a string, while the bottoms of the mineral water
bottles were filled with 200 ml of water + 5 ml of
detergent to trap insects. The 3 x 5 cm plastic bottles had
holes to allow the attractant to diffuse out to attract
insects. The attractant trap is hung on a clove tree
approximately 2 m above the ground. The attractant is
replaced with a new one each time the insect population
is collected. The bioethanol is produced through
distillation by farmers in South Minahasa.
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Data Analysis Method

Insects captured in the traps were sorted by order
and then identified based on morphological
characteristics using an insect identification key. The
identified insects were then counted to determine the
insect population. The insect diversity index on clove
plants was calculated using the following indices:

Species diversity index (Shannon-Weiner)

H =-) pilnpi. (1)

Explanation: H' = Diversity Index, pi = Proportion of
each species, Index value criteria

Dominance Index (D), Simpson's dominance index formula
(Odum, 1996)

D =% (ni/N)2 )

D = Simpson's Dominance Index Ni = Number of
individuals of each species N = Total number of
individuals of all species

Evenness Index (Krebs, 1989)
E=H'/InS 3)

E = Evenness Index; H' is the diversity index; and Sis the
total number of species.

Result and Discussion

Insect Types in the Clove Plant Ecosystem

Based on the results of research on clove plant
ecosystems using bioethanol-methanol traps, insects
were found from the orders Coleoptera, Diptera,
Hymenoptera, Lepidoptera, Hemiptera, Orthoptera,
Battodea, Thysanoptera, Odonata, Neuroptera,
Acariformis, and Arachnida.
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Figure 1. Fluctuations in the presence of insects found in
clove plantations
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The distribution of insect species captured using
bioethanol-methanol traps is shown in Figure 1.
Although it was the rainy season during the placement
of bioethanol-methanol attractant traps in this
experiment, the number of insect species caught was
high. A high number of insect species indicates that the
community is highly complex, as interactions among
them occur in the clove plant ecosystem. Species
diversity tends to be low in locations that use
monoculture planting systems (Fajarfika, 2020).

The experiment was conducted on monoculture
clove plants in Langowan, but the number of insect
species found was relatively high. Insect capture
methods and techniques greatly influence the types of
insects obtained in relation to insect traps in the clove
plant ecosystem. Bioethanol-methanol attractants were
used (Ningsih & Ceri, 2023). Tumanduk et al. (2017),
Suparman et al. (2020), Wahid et al. (2024) reported that
insects associated with clove plants using insect nets and
pitfall traps yielded only 5 families from 3 orders. This
indicates that insect nets and pitfall traps are ineffective
in capturing insects in the clove plant ecosystem. In the
clove plant ecosystem, insects play different roles that
must be understood to maintain its balance.

Insects in the clove plant ecosystem play complex
ecological roles, namely as pests, predators, parasitoids,
and decomposers (Odum, 1971). The roles of insects in
clove plant ecosystems are diverse. Insects such as
Ichneumonidae, Braconidae, Drynidae, and Phoridae act
as parasitoids, while Miridae, Staphylinidae,
Coccinelidae, Asilidae, Carabidae, and Formicidae act as
predators. Insects that are plant pests include Thripidae,
Aleyrodidae, Delphacidae, Acrididae, Tabanidae,
Tephritidae, Scolytidae, Chrysomelidae, Nirtidulidae,
and Cerambycidae.

Insect Populations

As mentioned earlier, there are several types of
insects, indicating that bioethanol-methanol attractants
are not specific to any one insect but can also attract
others (Priawandiputra & Permana, 2015; Zahra et al.,
2025). Rimbing et al (2021) reported that the dominant
insect population on coffee plants is Hypothenemus
hampei, but bioethanol traps can capture Hymenoptera,
Lepidoptera, Hemiptera, Orthoptera, and
Dipterainsects. Coleoptera generally act as pests, while
Hymenoptera act as parasitoids. The high abundance of
Hymenoptera in both plots indicates the potential for
natural biological control (Letourneau et al., 2009).
According to a study by Tylianakis et al. (2007),
increased parasitoid diversity can enhance ecosystem
stability =~ through complex trophic interactions
(Wonorahardjo et al., 2015).

The dominant orders were Coleoptera and
Hymenoptera. The number of insects visiting the
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bioethanol-methanol traps in Location A was 1,063
individuals, and in Location B, 748 individuals. The
status of insect populations captured in traps in the clove
plant ecosystem is shown in Tables 1 and 2.

Table 1. Insect Population Abundance in the Clove Plant
Ecosystem at Location One: 1063 Individuals

Ordo Observation Amount
I I o 1Iv \
Coleoptera 33 150 79 72 99 433
Diptera 32 46 17 93 67 255
Hymenoptera 14 184 58 13 15 284
Lepidoptera 6 8 - 12 8 34
Hemiptera 4 1 2 5 7 19
Orthoptera - 1 2 - 2 5
Blattodea - 8 6 12 7 33

Table 2. Insect Population Abundance in the Clove Plant
Ecosystem at Location Two: 748 Individuals
Ordo

Observation Amount

I I m - 1Iv \
Coleoptera 29 79 74 72 99 253
Diptera 16 53 51 73 41 234
Hymenoptera 16 80 43 13 30 182
Lepidoptera 5 13 4 12 1 35
Hemiptera 1 - 1 5 7 14
Orthoptera 1 1 - - - 2
Odonata 1 - - - 1
Blattodea 1 6 4 12 4 27
Neuroptera - - 1 - - 1
Thysanoptera - 1 - - - 1

Based on Tables 1 and 2, the highest population
abundance was found in the order Coleoptera. The
Coleoptera population was high due to the greater
number of species than in other insect orders. Insects
belonging to the order Coleoptera are attracted to
bioethanol-methanol traps, causing the population to be
high. Although the Coleoptera population is high, there
are natural enemies, such as Coccinelidae. The presence
of natural enemy insects in the clove plant ecosystem can
cause an ecosystem balance. Ants have the highest
population compared to other insects. According to
Ricklefs (2001), the dominance of certain species within
a community may be due to their greater ability to adapt
to environmental conditions.

Diversity Index

Species diversity is an important characteristic of a
community. The diversity of insect species in an
ecosystem can be quantified using the Shannon index.
The species diversity value (H') indicates the number of
species found at the first five observation sites in the
clove plant ecosystem.

The Shannon-Weiner species diversity index (H') in
Figure 1 during the five observation periods shows that
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H'is still classified as moderate. This is influenced by the
lack of a family that is highly dominant in clove
plantations. The level of H' is influenced by the number
of families and the population size. Oka (1995) states that
communities with low diversity of one or two species
can become dominant. Based on the data obtained, the
highest diversity index was observed in the first
observation, then decreased in the second to fifth
observations compared to subsequent observations.
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Figure 2. Insect species diversity index at location A and
location B

In general, species diversity tends to be lower in
agroecosystem plantations because they are disturbed
by human activities, compared to plantations where
vegetation is still natural, well-preserved, and
untouched by humans Odum (1996). A moderate
diversity index value means that the clove plant
ecosystem is sufficient to support insect life. This is due
to the availability of food as a source of nutrition for
insects. Data on the dominance index is shown in Figure

as 028
| 025
| 022
a2 019
16
015 0l = Lokasi A
w Lokasi B
a
a1 0. Um [
0.05
Q
Week 1 Week I Week 111 Week IV Week V

Figure 3. Insect dominance index in clove plant ecosystems

Odum (1996), the dominance index ranges from 0
to 1, where lower values indicate no dominant species
and higher values indicate a dominant species. Based on
Figure 3, there are no highly dominant insects in clove
plantations. In other words, based on the evenness
index, the ecosystem can still be considered stable, as
shown in Figure 4.
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Figure 4. Insect evenness index in the clove plant ecosystem

Conclusion

Based on the research conducted, the following
conclusions can be drawn: (1) Insects collected from
bioethanol-methanol attractant traps in clove plant
ecosystems comprised 12 orders: Coleoptera, Diptera,
Hymenoptera, Hemiptera, Blattodea, Orthoptera,
Odonata, Neuroptera, Thysanoptera, Arachnida, and
Acariformes. The population abundance at Location A
was 1063 individuals, and at Location B, 748 individuals;
(2) The insect diversity indices at Locations A and B are
classified as moderate; (3) The dominance index is still
low because there are no dominant insects at Locations
A and B.

Acknowledgments

The authors gratefully acknowledge the Rector and the
Institute for Research and Community Service (LPPM) of Sam
Ratulangi University, Manado, for supporting this study
under the UNSRAT Flagship Basic Research Program, funded
by the Non-Tax State Revenue (PNBP BLU) of Sam Ratulangi
University in 2025.

Author Contributions

D.AS.T.: Developing ideas, analyzing, writing, reviewing,
responding to reviewers' comments; F.H.R., RW.T: analyzing
data, overseeing data collection, reviewing scripts, and
writing.

Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflict of interest.

References

Anonim. (2022). Statistik Pertanian tahun  2022.
Direktiurat Jenderal Perkebunan Kementerian
Pertanian.

Asgaf, K., Hifizah, A., Astati, Ananda, S., Jamili, M. A,,
& Mukhlis. (2025). Application of Fermented Feed
Technology to Improve Beef Cattle Business
Efficiency and Student Agribusiness Learning.

427



Jurnal Penelitian Pendidikan IPA (JPPIPA)

Jurnal Penelitian Pendidikan IPA, 11(5), 604-610.
https://doi.org/10.29303 /jppipa.v11i5.11135
Fajarfika, R. (2020). Keanekaragaman dan Dominansi
Serangga pada Agroekosistem Tanaman Tomat
(Lycopersicum esculentum Mill.). Agro Wiralodra,
3(2), 68-73.
https://doi.org/10.31943 /agrowiralodra.v3i2.51

Krebs, C.J. (1989). Ecological Methodology. Harper & Row.

Langkai, H., Rimbing, J.,, & Wanta, N. N. (2023).
Persentase Serangan Hama Penggerek Buah Kopi
(Hypothenemus hampei Ferr) (Coleoptera:
Curculionidae) Pada Pertanaman Kopi Robusta
(Coffea canephora) di Desa Sumber Rejo
Kecamatan Modayag. Jurnal Entomologi Dan
Fitopatologi, ~ 3(1), 1-9.  Retrieved from
https:/ /ejournal.unsrat.ac.id/v3/index.php/enfit
/article/view /51118

Letourneau, D. K, Jedlicka, J. A., Bothwell, S. G., &
Moreno, C. R. (2009). Effects of Natural Enemy
Biodiversity on the Suppression of Arthropod
Herbivores in Terrestrial Ecosystems. The Annual

Review OfEcology, Evolution, and Systematics,
40(September), 573-592.
https://doi.org/10.1146/annurev.ecolsys.110308.
120320

Mukhlis, M., Ismawati, I, Sillia, N., Fitrianti, S., Ukrita,
I., Wisra, R. F., Raflis, H., Hendriani, R.,, Hanum, L.,
Ibrahim, H., Nofianti, S., Marta, A., & Sari, N.
(2024). Characteristics of Production Factors and
Production of Zero Tillage System Rice Farming.
Jurnal Penelitian Pendidikan IPA, 10(8), 6013-6019.
https://doi.org/10.29303 /jppipa.v10i8.8542

Mukhlis, Noer, M., Nofialdi, & Mahdi. (2019). Analysis
of income and feasibility of rice-cattle integration
system farming based on enterprises scale. Journal
of Advanced Research in Dynamical and Control
Systems,  11(7), 544-553. Retrieved from
https:/ /www jardcs.org/abstract.php?id=2678

Ningsih, S., & Ceri, B. (2023). Efektivitas Bahan Organik
Sebagai Atraktan Terhadap Hama Walang Sangit
(Leptocorisa sp.) Pada Tanaman Padi. Fruitset
Sains : Jurnal Pertanian Agroteknologi, 11(2), 85-92.
https:/ /doi.org/10.35335/ fruitset.v11i2.3785

Nuraini, Sukmawati, & Trianto, M. (2020). Jenis
Serangga Hama Pada Tanaman Cengkeh
(Syzygium aromaticum) di Desa Salumpaga
Kecamatan Tolitoli Utara Kabupaten Tolitoli.
Justek : Jurnal Sains Dan Teknolog, 2(1), 16-21.
https:/ /doi.org/10.31764/justek.v2i1.3706

Odum, E. P. (1971). Fundamentals of ecology. Saunders.

Odum, E. P. (1996). Dasar-Dasar Ekologi. Gadjah Mada
University Press.

Oka, L. N. (1995). Pengendalian Hama Terpadu dan
Implementasinya Di Indonesia. UGM Press.

Priawandiputra, W., Barsulo, C. Y., Permana, A. D., &

Volume 12, Issue 3, 424-429

Nakamura, K. (2015). Comparison Of Abundance
And Diversity Of Bees (Hymenoptera: Apoidea)
Collected By Window Traps Among Four Types Of
Forest On Noto Peninsula, Japan. Far Eastern
Entomologist, 287, 1-23.  Retrieved from
https:/ /www.biosoil.ru/FEE/Publication/449

Priawandiputra, W., & Permana, A. D. (2015). Efektifitas
Empat Perangkap Serangga dengan Tiga Jenis
Atraktan di Perkebunan Pala (Myristica fragrans
Houtt) Effectiveness of Four Insect Traps with
Three Attractans in Nutmeg Plantation (Myristica
fragrans Houtt). Jurnal Sumberdaya Hayati, 1(2), 54~
59. https:/ /doi.org/10.29244 /jsdh.1.2.54-59

Ricklefs, R. E. (2001). Ecology. W.H. Freeman.

Rimbing, J., & Engka, A. G. (2022). Pengenalan Hama -
Hama Tanaman Kakao Dan Pengendaliannya.
Fakultas Pertanian Universitas Sam Ratulangi.

Rimbing, J., Ratulangi, M. M., & Engka, R. (2021).
Respons Perangkap Metanol Dan Etanol (Cap Tikus)
Terhadap Penggerek Buah Kopi, Hypothenums hampei
(Coleoptera: Curculionidae) Pada Tanaman Kopi
Robusta (Issue 35). Fakultas Pertanian Universitas
Sam Ratulangi.

Runaweri, C., Pelealu, J., & Manueke, J. (2017). Serangan
dan kerusakan tanaman cengkeh yang disebabkan
oleh Hexamitodera semivelutina Hell. Di Desa
Rerer Kabupaten Minahasa. Eugenia, 23(2), 76-81.
https:/ /doi.org/10.35791/eug.23.2.2017.16779

Safitri, N., Zasari, M., & Apriyadi, R. (2025). Identifikasi
Hama Tanaman Kopi Di Kabupaten Bangka
Tengah. Jurnal Agrotropika, 24(2), 240-256.
https:/ /doi.org/10.23960/ja.v24i2.10063

Sinaga, K. M., Bakti, D., & Pinem, M. L. (2015). Uji

Ketinggian dan Tipe Perangkap untuk
Mengendalikan Penggerek Buah Kopi
(Hypothenemus hampei Ferr.)) (Coleoptera:

Scolytidae) di Desa Pearung Kabupaten Humbang
Hasundutan. Jurnal Online Agroekoteaknologi, 3(3),
829-835. https:/ /doi.org/10.32734 /jaet.v3i3.10705
Sinaga, S. C. T. (2019). Uji atraktan asal kopi berdasarkan
tinggi perangkap terhadap penggerek buah kopi,
Hypothenemus hampei Ferr. (Coleoptera: Scolytidae) di
desa Parsaoran Sibisa Kecamatan Lumban Julu
Kabupaten Toba. Fakultas Pertanian Universitas

Sumatera Utara. Retrieved from
http:/ /repositori.usu.ac.id /handle/123456789/22
409

Situmorang, W. N., Marheni, & Siregar, A. Z. (2018). Uji
tipe dan  ketinggian  perangkap  untuk
mengendalikan penggerek buah kopi
Hypothenemus hampei Ferr.(Coleoptera:

Scolytidae) di Desa Pegagan Julu II Kecamatan
Sumbul Kabupaten Dairi. Jurnal Pertanian Tropik,
5(1), 113-119.
https:/ /doi.org/10.32734/jopt.v5il.3143

428


https://doi.org/10.29303/jppipa.v11i5.11135
https://ejournal.unsrat.ac.id/v3/index.php/enfit/article/view/51118
https://ejournal.unsrat.ac.id/v3/index.php/enfit/article/view/51118
https://doi.org/10.1146/annurev.ecolsys.110308.120320
https://doi.org/10.1146/annurev.ecolsys.110308.120320
https://doi.org/10.29303/jppipa.v10i8.8542
https://www.jardcs.org/abstract.php?id=2678
https://www.biosoil.ru/FEE/Publication/449
https://doi.org/10.23960/ja.v24i2.10063
http://repositori.usu.ac.id/handle/123456789/22409
http://repositori.usu.ac.id/handle/123456789/22409

Jurnal Penelitian Pendidikan IPA (JPPIPA)

Suparman, Nurhasanah, Bahtiar, & DAS, S. (2020). Studi
Literasi Taksonomi dan Penelusuran Spesimen
Lektotipe Cengkih (Syzygium aromaticum (L.)
Merr . & Perry). Techno: Jurnal Penelitian, 9(1), 363~
371. https:/ /doi.org/10.33387 / tjp.v9i1.1753

Tumanduk, G., Pinaria, B. A. N., & Salaki, C. L. (2017).
Serangan Hama Penggerek Batang Cengkeh
Kabupaten Minahasa Selatan. Cocos, 8(5), 1-12.
https:/ /doi.org/10.35791/ cocos.v1i4.15700

Tylianakis, J. M., Tscharntke, T., & Lewis, O. T. (2007).
Habitat modification alters the structure of tropical
host-parasitoid food webs. Nature, 445(January),
202-205. https:/ /doi.org/10.1038 /nature05429

Wahid, K., Suparman, Bahtiar, & Nur, T. D. (2024).
Keanekaragaman Jenis Serangga. Jurnal Bioedukasi,
7(1), 358-364. Retrieved from
https:/ /ejournal.unkhair.ac.id/index.php/bioedu
/article/download /7891 /4928

Wonorahardjo, S., Nurindah, Sunarto, D. A., Sujak, &
Zakia, N. (2015). Analisis senyawa volatil dari
ekstrak tanaman yang berpotensi sebagai atraktan
parasitoid telur wereng batang coklat , Anagrus
nilaparvatae (Pang et Wang) (Hymenoptera:
Mymaridae). Jurnal Entomologi Indonesia, 12(1), 48—
57. https:/ /doi.org/10.5994 /jei.12.1.48

Yi, Z. O. U,, Jinchao, F., Dayuan, X. U. E., Weiguo, S., &
Axmacher, J. C. (2012). A Comparison of Terrestrial
Arthropod Sampling Methods. Journal of Resources

and Ecology, 3(2), 174-182.
https://doi.org/10.5814/].issn.1674-
764x.2012.02.010

Zahra, F., Shidiq, A., Amalia, I. S, Qalam, R. N., &
Salsabilla, S. (2025). Dua Jenis Perangkap Di
Lingkungan  Universitas  Sali ~ Al-Aitaam
Kabupaten Bandung. Jurnal llmiah Pertanian Agro
Tatanen, 7(2), 45-51.
https:/ /doi.org/10.55222 / gp0s3407

Volume 12, Issue 3, 424-429

429


https://doi.org/https:/doi.org/10.35791/cocos.v1i4.15700
https://doi.org/10.1038/nature05429
https://ejournal.unkhair.ac.id/index.php/bioedu/article/download/7891/4928
https://ejournal.unkhair.ac.id/index.php/bioedu/article/download/7891/4928
https://doi.org/10.5994/jei.12.1.48

