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Abstract

Insect pests can damage plants and act as vectors of diseases such as brown planthoppers
which can transmit dwarf virus disease. The presence of insect pests is influenced by the type of
variety, planting patterns, and excessive use of chemical pesticides so that insect pests increase
and are difficult to control. This research wanted to provide insights into the effectiveness of
combining insectary plants and biopesticides as ecological strategies to manage paddy (Oryza
sativa Linnaeus) insect pests. The study was conducted in February-April 2024 in Sukodadi
Village, Sukodadi District, Lamongan Regency. Method of study was conducted using a
combination of direct observation, insect traps, and quantitative analysis to evaluate the impact
of refugia plants and biopesticides on insect pest populations in paddy fields. The analysis
includes the species diversity index (Shannon-Winner), species evenness index, species richness
index (Margalef), dominance index (Simpson) and similarity index (Bray-Curtis). The study
obtained 2,687 individual insect pests in paddy fields with refugia and fobio and 1,761
individuals in paddy fields without refugia and fobio. Insect pests were more abundant in paddy
fields with refugia and fobio compared to fields without refugia and fobio. Refugia provides
alternative habitats and additional resources for insect pests, and the use of biopesticides can
create temporary ecosystem imbalances, and increase the population of insect pest.

Keywords: Biological agents, insect biodiversity, insect populations, pest management

Introduction a large part of the composition of agricultural
ecosystems, especially agricultural ecosys-
tems for food crops such as paddy.
Herbivorous insects are plant-eating insects
that mostly act as crop pests (Windriyanti et
al., 2023). Insect pests are destructive to
plants, causing imperfections in plant parts
that will cause the cultivated plants to grow
in the vegetative and generative phases.

Paddy (Oryza sativa Linnaeus) is a
staple food for more than half of the world's
population, making its cultivation vital for
global food security (Sen et al., 2020).
However, paddy production is persistently
threatened by various insect pests, which can
significantly reduce yields and impact farmer
livelihoods (Ali et al., 2021). The insects form
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A case study in Java from 2009 to 2011
reported brown planthopper  (BPH)
infestations, which caused a reduction in
production by up to 2 million tons
(Triwidodo, 2020). Other research indicates
that BPH infestations in other paddy-
producing regions of Indonesia create a gap
between potential and actual production,
with average vyield losses due to pest attacks
reaching 20-25% annually (Susanti et al.,
2018). Another pest, the yellow stem borer
(YSB), attacks paddy during the vegetative
stage and causes "white ear head" during the
generative stage, with attack intensities
reaching 90% and yield losses up to 125,000
tons per planting season (Adiartayasa and
Wijaya, 2016). According to Pradhana et al.
(2014), three types of pests were identified in
paddy fields using conventional agricultural
systems, classified as significant pests:
Leptocorisa acuta, Nephotettix sp., and
Scirpophaga incertulas.

The presence of insect pests in the
paddy ecosystem is influenced by several
factors, including paddy varieties susceptible
to pest attacks, planting patterns, biotic and
abiotic factors that support insect develop-
ment and behavior, and the application of

chemical pesticides, which can reduce
populations of natural enemies (Prihandiani
et al., 2021). Traditional management

strategies of pests, often reliant on synthetic
chemical pesticides, pose significant environ-
mental and health risks, causing many non-
target organisms to die and reducing the
functionality of agricultural land habitats,
which is crucial for maintaining natural
enemy populations (Jayasiri et al., 2022;
Shaki et al., 2020).

An ecological approach, combining
insectary plant and biopesticide strategies,
emerges as a promising solution to manage
paddy pest insects effectively. Insectary
plants, also known as banker plant or refugia,
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are cultivated alongside main crops to attract
and sustain beneficial insects, including
predators and parasitoids of pest species
(Aparicio et al., 2021). This strategy leverages
the natural ecological interactions to
suppress pest populations, reducing the
reliance on chemical inputs. Insectary plants
provide nectar, pollen, and habitat, thereby
enhancing the biodiversity in paddy fields
(Chen et al., 2022). Research has shown that
certain flowering plants, such as marigolds
(Tagetes spp.) and king’s salad (Cosmos
caudatus), can attract natural enemies of
paddy pests, including lady beetles,
lacewings, and parasitic wasps (Nawir et al.,
2021; Hasriyanty et al., 2023). By strategically
planting these insectaries, farmers can create
a more resilient agroecosystem where pest
control is achieved through predation and
parasitism. This method not only curtails pest
outbreaks but also promotes a healthier
environment by maintaining ecological
balance (Duff et al., 2024).

Biopesticides, derived from natural
materials like microorganisms, plants, and
certain minerals, offer an environmentally
friendly alternative to chemical pesticides.
These biological agents include bacteria,
fungi, viruses, and botanical extracts,
minimizing non-target effects and resistance
development (Khursheed et al.,, 2022).
Incorporating  biopesticides into  pest
management programs not only enhances
the specificity and efficacy of pest control but
also supports the sustainability of agricultural
practices. These biological agents degrade
more rapidly in the environment compared
to chemical pesticides, reducing pollution
and the risk of residues in food products
(Fenibo et al., 2021). This research wanted to
provide insights into the effectiveness of
combining insectary plants and biopesticides
as ecological strategies to manage paddy
(Oryza sativa Linnaeus) insect pests.
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Methods

The study was experimental research
that carried out from February to May 2024.
The planting of refugia flowers and collecting
insect samples were carried out in the paddy
field in Sukodadi Village, Lamongan Regency,
East Java Province, Indonesia. Lamongan
Regency is located at 0-7 meters above sea
level, latitude 7206' LS (South latitude), and
relative humidity usually ranges from 70 to
90%. Insect identification was performed at
the Plant Health Laboratory, Faculty of
Agriculture, Universitas Pembangunan
Nasional "Veteran" Jawa Timur, Indonesia.

Refugia Cultivation

This study utilized two different paddy
fields: With refugia plants and fobio, and
without refugia plants and fobio. Fobio is
classified as a biopesticide which contains
microorganisms from the rhizosphere of the
roots of coconut, siwalan, sugar cane, fire
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mangrove, and supporting root mangrove
(Wiyatiningsih et al., 2020). Microorganisms
contained in fobio have roles as biological
agents, decomposers and PGPR (Hasyidan et
al., 2021). The dosage used ranged from 5-10
ml per liter of water (Ramada and Syah,
2023).

The 3 species of refugia plants used in
this study include zinnia (Zinnia sp), king’s
salad (Cosmos caudatus), and marigold
(Tagetes erecta). The planting pattern
employed was a perimeter refuge, where the
three refugia were planted in a continuous
row along one side of the paddy field bund.
The distance between flower seedlings was
30 cm according to the method described by
Sulistiyono et al. (2022). Additionally, traps
such as yellow traps and light traps were
placed. Different traps were installed in both
paddy fields, with a distance of 30 meters
between traps.
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Figure 1. Research design for refugia cultivations and insect traps in paddy fields

Insect Sampling

The insect sampling methods were
adapted from Jannah et al. (2023), using
direct collection, sweep nets, yellow traps,
and light traps. Sampling was conducted
during the generative phase of the paddy
plants. Observations were made three times
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a week, with the total observation period
lasting for eight weeks.

Four light traps were installed in each
field from 6 pm to 6 am. (GMT+7). The light
traps were designed to attract and trap
insects using containers filled with water and
detergent to prevent insects from climbing
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back up to the surface. Insects attracted to
the light would gather around the lamp and
fall into the container below (Faradila et al.,
2019). Yellow traps attracted insects located
on the upper surface of paddy plants or
insects actively flying around the paddy
plantation. These traps were made of
adhesive-coated paper measuring 20 cm x 30
cm and supported by plywood of the same
size and wooden supports on the ground
surface.

The traps were placed in each paddy
field plot layout in the morning at 6:30 am
and left in place for seven days (Faradila et
al., 2019). These trap applications aim to
capture and monitor insect populations in
the paddy fields, providing valuable data for
pest management strategies. The light traps
attract insects during the night, while the
yellow traps target insects active during the
day, enhancing the overall effectiveness of
pest monitoring and control measures.

Observation

Observations were conducted in the
same manner between the two paddy fields.
Visual observations were performed by
observing the refugia blocks in the IPM
paddy field at eight observation points in a
straight vertical line from the refugia block.
Observations were conducted every 5 days,
from 30 days after transplanting (DAT) until
nearing harvest. The observation time was
conducted from 6 am. to 9 am. Four paddy
clumps were selected as samples at each
observation point in the IPM paddy fields.
Insects at the observation points were
observed directly (Faradila et al.,, 2019).
Insect sampling was carried out using a
sweep net to capture insects active during
the day. This involved randomly swinging the
net 50 times in each sub-plot of the research
area (Jannah et al., 2023).
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Insect Preservation

When collected, insects are placed in a
vial film with alcohol. Smaller insects, such as
Thrips parvispinus and Aphis gossypii, are
prepared for identification using the whole
mount method (Kurniawan and Soesilohadi,
2020). Larger insects are observed using a
light microscope to examine their
characteristics. Labeling is done to keep track
of each specimen. The label includes
information about where the insect was
found, the coordinates, the date, and the
name of the collector or person who found
the insect. This labeling helps organize and
identify the insects in the collection.

Morphology Identification

Insect identification up to morpho-
species level. Identification is done by
observing the morphological characteristics
of insects with a microscope. The
identification process uses the naturalist
application. Photos of insects to be identified
were uploaded to the application (Argiyanti
et al., 2022), matching insect morphological
traits and Inaturalist results (Unger et al.,
2021) search on the Bugguide.net website
(Yunus et al.,, 2022) according to research
Reksiana et al. (2023), matched with
Triplehorn and Johnson (2005), Kalshoven
(1981), Gullan and Cranston (2014).

The next step was labeling to provide
information about the insect found. The
labeling section consists of ordo, species, and
author according to the identifying mark,
name, and year.

Data Analysis

Analysis of species diversity index,
species evenness index and dominance index
were analyzed manually using Microsoft
Excel and diagrammatic data presentation
using graphpad prism 9.5.1.
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The following are the formulas used in
this study:

o 5 ni!T ni
= — —in—
(N N)

Notes: H' = Species diversity index, ni=
individuals of each species, In = natural
logarithm, N = Total individuals

The Evenness Index used the
calculation equation from (Krebs, 1989 in
Reksiana et al., 2023), as following:

HF
Notes: E= Evenness index (value between O -
10), H' = Species diversity, In = Natural
logarithm, S = Number of species

The Margalef species richness index is
calculated using the following equation
(Anjani et al., 2022)

ICND e (3)
Notes: R= Species richness index, S = Total
number of species observed, In = Natural
logarithm, N = Total individuals observed

The Dominance Index using the
Simpson index equation (Mardiyanti et al.,
2013):

C— z(m)?
UMW
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Notes: C = Dominance index, ni = Important
value of each species, N = Total importance
of all species

The calculation of the community
similarity index (Bray-Curtis) uses the formula
(Reksiana et al., 2023):

L(Xij — Xik)_.-
IBC=1- (5 )"

L(Xij + Xik)" (5)
Notes: IBC = Composition similarity

coefficient, Xik= Number of individuals of i-th
species in habitat 2, Xij = Number of
individuals of the i-th species in habitat 1.

Results

The insect pests were found in 2,687
individuals in paddy fields with refugia and
fobio and 1,761 individuals in without refugia
and fobio. Insect pests came from 5 orders,
including Hemiptera, Coleoptera, Lepidop-
tera, Orthoptera, and Diptera; the two
dominants were Lepidoptera and Coleoptera.
The highest population found was the
species Chilo suppressalis 2,072 individuals in
paddy fields with refugia and 1,268
individuals in without refugia. Meanwhile,
Coleoptera was dominated by the
Aulacophora indica, with 558 individuals on
paddy fields with refugia and 482 without
refugia (Table 1, Figure 2).

Table 1. Population of insect pests in paddy field treated by different refugia (with and without

refugia)
. . Populations
Orders Family Species . ] - )
With Refugia Without Refugia

Coleoptera Scarabaeidae Adoretus compressus 1 0
Coleoptera Chrysomelidae Altica cyanea 1 3
Coleoptera Chrysomelidae Aulacophora indica 558 482
Coleoptera Chrysomelidae Aspidimorpha deusta 1 0
Hemiptera Pentatomidae Halyomorpha halys 1 0
Hemiptera Alydidae Riptortus linearis 5 3
Hemiptera Cicadellidae Empoasca fabae 17 0
Hemiptera Cicadellidae Recilia dorsalis 23 0
Lepidoptera  Erebidae Creatonotos gangis 1 0
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. . Populations
Orders Family Species . - - .
With Refugia Without Refugia
Lepidoptera  Erebidae Lymantria dispar 1 0
Lepidoptera  Crambidae Cnaphalocrocis medinalis 1 0
Lepidoptera  Crambidae Chilo supperssalis 2,072 1,268
Lepidoptera  Hylaeidae Hyblaea puera 1 2
Lepidoptera  Noctuidae Noctua pronuba 2 0
Orthoptera Gryllidae Acheta domesticus 1 0
Orthoptera Acrididae Oxya japonica 1 2
Diptera Tephritidae Zeugodacus tau 1 0
Grand Total 2,687 1,761

Figure 2. Insect pests found in the fields: a) Adoretus compressus; b) Altica compressus; c)
Aulacophora indica; d) Aspidimorpha deusta; e) Halyomorpha halys; f) Riptortus linearis; g)
Empoasca fabae; h) Recilia dorsalis; i) Creatonotos gangis; j) Lymantria dispar; k) Cnaphalocrocis
medinalis; 1) Chilo supperssalis; m) Hyblaea puera; n) Noctua pronuba; o) Acheta domesticus; p)
Oxya japonica; q) Zeugodacus tau

The number of orders, families and
species found in paddy fields with refugia
and fobio was higher than without refugia
and fobio. All indicators were

generally in the low category (Table 2).

diversity

There were 6 species of the same
insect found on each paddy field, and 10
species that only found in paddy field with
refugia and fobio. Meanwhile N. pronuba was
only found in without refugia and fobio
(Figure 3).
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Table 2. Diversity Index in paddy field based on species diversity index (H'), species evenness
index (E'), species richness index (R'), and dominance index (C').

Treatment

Diversity

Order number
Family number
Species number
Diversity (H’)
Eveness (E’)
Richness species (R’)
Dominance (C’)

with refugia and fobio

without refugia and fobio

5 4
12 6
16 7
0.65 0.63
0.04 0.11
1.90 0.80
0.15 0.18

WITH REFUGIA
AND FOBIO

Halyomorpha halys
Empoasca fabae
Recilia dorsalis

SIMILARITY

INDEX

WITHOUT REFUGIA
AND FOBIO

Noctua pronuba

Riptortus linearis

Adoretus compressus
tau

Hyblaea puera

Ci dinalis. Chilo

Altica cyanea
indica
Creatonos gangis

Lymantria dispar
Aspidomorpha deusta
Acheta domesticus

Oxya japonica

Figure 3. Insect pest found the paddy field treated by different refugia and biopesticides (with

and without refugia + fobio)
Discussion

The number of insect pests was higher
in paddy fields with refugia and fobio than
without refugia and fobio (Tabel 1). Refugia
plants provide alternative habitats and
additional resources for insect pests. This can
be caused by adapting insect pests to new
conditions before natural predators or
parasitoid populations can adjust and control
pest populations; biopesticides such as folio
can suppress specific pest populations but
may not be effective against all pests. Using
fobio as biopesticides in these fields can
create temporary ecosystem imbalances,
reducing competition among insect pests and
increasing their numbers.

In paddy cultivation, many insects are
associated with parts of food plants found in
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every growth phase, including vegetative and
generative phases, developmental phases,
and harvest to post-harvest phases (Prihatin
et al.,, 2023). In fields without refugia and
fobio, there may be more competition among
insect pests for limited resources. Adding
refugia and fobio reduced this competition,
so insect pest populations may increase.

The two highest populations found in
both fields were Chilo suppressalis
(Lepidoptera: Crambidae) and Aulacophora
indica (Coleoptera: Chrysomelidae), but with
a tendency to be more numerous in with
refugia and fobio fields (Table 1). Chilo
supresalis is known as the paddy stem borer.
The larvae nest in paddy stalks, causing
severe damage, and the adults lay eggs in
paddy plants to ensure a continuous cycle of
attack (Xiang et al., 2023).
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Zenita et al. (2020) reported that C.
supresalis larvae attack all stages of paddy,
including seedlings, tillers and flowering.
According to Siddikah et al. (2020), the high
population of insects from the order
Coleoptera is due to the group's ability to
easily adapt to all habitats. Paddy fields with
refugia and fobio were assumed to provide a
favorable environment with sufficient food
sources and shelter, thereby facilitating the
survival and reproduction of these pests.
Although biopesticides are used to control
pest populations, they may cause temporary
imbalances in the ecosystem.

Aulacophora indica is a leaf beetle.
However, this pest is not the primary pest of
paddy but a pest for Cucurbitaceae (Nguyen
et al.,, 2022). Its population was very high
because farmers cultivated yellow pumpkin
(Cucurbita moschata) from Cucurbitaceae
around the field with refugia and fobio.
Meanwhile, there were eggplants (Solanum
melongena) around the field without refugia
and fobio. Akbario et al. (2023) reported that
A. indica attacks water gourd leaves
(Lagenaria siceraria) and causes holes in the
leaves, drying out and even dying.

All diversity index criteria in both fields
were in the low category (Table 2).
Kurniawan et al. (2018) stated that the
evenness of insect types in a habitat is
characterized by the number of insects that
dominate the local habitat. The low or
uneven distribution of species is caused by
competition in utilizing available resources.
This is influenced by the availability of food in
the habitat they occupy.

The similarity of the habitats in the two
paddy fields showed that there were
significant differences (Figure 3). Species
differences between two different fields are
influenced by different food availability.
Paddy fields with refugia have a diversity of
plants, creating a more complex habitat that
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can support a larger population of insect
pests due to the availability of more varied
food. In line with Mudjiono (2013), adding
refugia creates a more diverse and complex
environment that will influence the spread
and presence of insect pests. This results in
more concentrated pest populations but
fewer individuals due to differences in
habitat. This causes insect pests on land
without refugia to have smaller populations.
According to Rizki et al. (2020), the presence
of flowering plants does not always increase
pest control shortly but rather through
technical control with natural enemies.
Noctua pronuba was only found in rice
fields without refugia and fobio (Figure 3).
Their existence there has vyet to be
discovered and needs further study.
According to Kovtun and Klymchuk (2020), N.
pronuba is a polyphagous insect with a broad
host range, including beets, cabbage, carrots,
grapes, lettuce, potatoes, strawberries,
tomatoes, various horticultural crops, and
weed species. N. pronuba, a nocturnal moth,
is the most common nocturnal visitor (Ribas-
Marques et al., 2022). Its habitat is in
wetlands. Difonzo and Russell (2010) state
that rice fields in the lowlands face a higher
risk of migration of N. pronuba from the
lowlands to rice fields in search of food.

Conclusion

Based on the study, 2,687 insect pests
were found in paddy fields with refugia and
fobio, and 1,761 individuals were found in
paddy fields without refugia. Insect pests are
more abundant in refugia and fobio than
those without refugia. The insect species
were higher in paddy fields with refugia and
fobio (16 species) than without refugia and
fobio (7 species). Flowering plants not only
provide alternative food for predators, but
they also attract pests.



© 2024 The authors  License: CC BY-NC 4.0

Acknowledgement

The author would like to thank Mr.
Sugianto and Mr. Sartib, the owner of the
paddy field, for providing the paddy field for
the research.

Declaration

Author contribution

Arieska Wahyu Alprilia is the main
contributor of this paper, Ramadhani
Mahendra Kusuma is the corresponding
author, and Wiwin Windriyanti is co-author.
All authors read and approved the final

paper.

Funding statement

This research did not receive a specific
grant from a funding agency in the public,
commercial, or not-for-profit sector.

Competing interest

The authors declare that they have no
known competing financial interests or
personal relationships that could have
appeared to influence the work reported in
this paper.

References

Adiartayasa W and IN Wijaya. 2016. Serangan
penggerek batang padi dan peran musuh
alami dalam mengendalikan populasinya
pada persawahan tanam serentak dan tidak
serentak. Agrotrop 6(1): 19-25.
https://jurnal.harianregional.com/agrotro/id-
27210.

Akbario R, F Mardhotillah, G Aprilliansyah, U
Ulandari, S Suwandi, A Muslim, A Arsi, B
Gunawan, C Irsan, R Pratama. 2023. Evaluasi
serangan penyakit bercak daun dan hama
oteng-oteng pada tanaman labu air yang
diaplikasikan tiga racikan biostimulan di Desa

Sejaro Sakti, Kecamatan Indralaya,
Kabupaten Ogan |Ilir, Sumatera Selatan.
Prosiding Seminar Nasional Lahan
Suboptimal Ke-11 6051: 262-274.

https://conference.unsri.ac.id/in

39

Alprilia et al. Ecological Approach to Manage Paddy Insect Pests

dex.php/lahansuboptimal/article/view/2777/
1661
Ali M, B Nessa, M Khatun, M Salam, M Kabir. 2021.
A way forward to combat insect pest in
paddy. Bangladesh Paddy Journal 25(1): 1-
22.DOI: 10.33 29/brj.v25i1.55176
W, AH Umam, A Anhar. 2022.
Keanekaragaman, kemerataan, dan kekayaan
vegetasi Hutan Raya Lae Kombih
Kecamatan Penanggalan, Kota Subusallam.
Jurnal llmiah Mahasiswa Pertanian 7(2): 770—-
778.DOI: 10.17969/jimfp.v 7i2.20136
Aparicio Y, J Riudavets, R Gabarra, N Agusti, N
Rodriguez-Gasol, G Alins, A Blasco-Moreno, J
Arnd. 2021. Can insectary plants enhance the
presence of natural enemies of the green
peach aphid (Hemiptera: Aphididae) in
Mediterranean Peach Orchards? Journal of
Economic Entomology 114(2): 784-793. DOI:
10.1093/jee/t0aa298
Argiyanti A, W Cristanti,

Anjani

Rl Sukma, Riandi, B
Suprianto. 2022. Inovasi pembelajaran
berbasis  teknologi  informasi:  Model
discovery learning berbantuan aplikasi
inaturalist pada materi keanekaragaman
hayati. Biodik: Jurnal Ilmiah Pendidikan
Biologi 8(3): 52—62. DOI: https://onlinejou
rnal.unja.ac.id/biodik

Chen X, CC Jaworski, H Dai, Y Liang, X Guo, S Wang,
LS Zang, N Desneux. 2022. Combining banker
plants to achieve long-term pest control in
multi-pest and multi-natural enemy cropping
systems. Journal of Pest Science 95(2): 685—
697. DOI: 10.1007/ s10340-021-01428-6

Difonzo C, H Russell. 2010. Noctua pronuba
(Lepidoptera: Noctuidae): An outbreak in
emails. Journal of Integrated Pest
Management  1(1): 1-6. DOI: 10.
1603/1IPM10005

Duff H, D Debinski, BD Maxwell. 2024. Ecological
refugia enhance biodiversity and crop
production in dryland grain production
systems.  Agriculture, Ecosystems and
Environment 359:108751. DOI: 10.1016/].
agee.2023.108751

Faradila A, N Nukmal, GD Pratami, Tugiyono. 2019.

Keberadaan serangga malam berdasarkan

efek warna lampu pada light trap di Kebun

Raya Liwa. Jurnal Biologi 2(11): 1-8. DOI:

10.14710/bioma.22.2.130-135

EO, GN ljoma, T Matambo.

Fenibo 2021.


https://jurnal.harianregional.com/agrotro/id-27210
https://jurnal.harianregional.com/agrotro/id-27210
https://conference.unsri.ac.id/in%20dex.php/lahansuboptimal/article/view/2777/1661
https://conference.unsri.ac.id/in%20dex.php/lahansuboptimal/article/view/2777/1661
https://conference.unsri.ac.id/in%20dex.php/lahansuboptimal/article/view/2777/1661
https://doi.org/10.33%2029/brj.v25i1.55176
https://doi.org/10.33%2029/brj.v25i1.55176
https://doi.org/10.17969/jimfp.v%207i2.20136
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.1093/jee/toaa298
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.1007/s10340-021-01428-6
https://doi.org/10.1016/j.agee.2023.108751
https://doi.org/10.1016/j.agee.2023.108751
https://doi.o/10.1093/jee/toaa298

© 2024 The authors  License: CC BY-NC 4.0
Biopesticides in sustainable agriculture: a
critical sustainable development driver
governed by green chemistry principles.
Frontiers in Sustainable Food Systems 5: 1-6.
DOI: 10.3389/fsufs.2021.619 058

Gullan PJ, PS Cranston. 2014. The insects: An
Outline of Entomology. (5th Ed). John Wiley
& Sons, Ltd. USA.

Hasriyanty YM, Rosmini, Adelia, Suriani. 2023.
Arthropoda diversity in paddy field with
refugia plants. Atlantis Press International BV.
DOI: 10.2991/9 78-94-6463-334-4 7

Jannah A, Y Marsuni, S Soedijo. 2023.
Keanekaragaman Arthropoda dan penyakit
tanaman padi di Desa Kusambi Hilir
Kecamatan Lampihong. Jurnal Proteksi
Tanaman Tropika 6(2): 666—675. DOI:
10.2991/9%2078-94-6463-334-4 7

Jayasiri MMIJGCN, S Yadav, CR Propper, V Kumar,
NDK Dayawansa, GR Singleton. 2022.
Assessing potential environmental impacts of
pesticide usage in paddy ecosystems: A case
study in the Deduru Oya River Basin, Sri

Lanka. Environmental Toxicology and
Chemistry 41(2): 343-355. DOI: 10.1002/

etc.5261

Kalshoven LGE. 1981. The pests of crops in
Indonesia. van der Laan PA De.

Khursheed A, MS Rather, V Jain, AR Wani, S Rasool,
R Nazir, NA Malik, SA Majid. 2022. Plant
based natural products as potential
ecofriendly and safer biopesticides: A
comprehensive overview of their advantages
over conventional pesticides, limitations and
regulatory aspects. Microbial Pathogenesis
173: 105854. DOI: 10.
1016/j.micpath.2022.105854

Kovtun T, O Klymchuk. 2020. Landscape-biotopic
and zoogeographic analysis of the noctuoidea
(Lepidoptera) of zhytomyr suburban area.
Scientific Horizons 78(5): 65-72. DOIl:
10.33249/26632144-2020-90-5-65-72

Krebs CJ. 1989. Ecological methodology. (Second
Ed). Wesley Longman. New York.

Kurniawan AJ, H Prayogo, Erianto. 2018.
Keanekaragaman jenis burung diurnal di
Pulau Temajo Kecamatan Sungai Kunyit
Kabupaten Mempawah Kalimantan Barat.
Jurnal Hutan Lestari 6 (1): 230-237. DOI:
10.26418/jhl.v6i1.25116

Kurniawan B, RH Soesilohadi. 2020. Diversity and

40

Alprilia et al. Ecological Approach to Manage Paddy Insect Pests

abundance of insect in conventional apple
(Malus sylvestris (L.) Mill) plantation at Kota
Batu, East Java. Biotropika: Journal of
Tropical Biology 8(3): 194-201. DOI: 10.21
776/ub.biotropika.2020.008.03.08

Mardiyanti DE, KP Wicaksono, M Baskara. 2013.
Dinamika keanekaragaman spesies
tumbuhan pasca pertanaman padi dynamics
of plants species diversity after paddy
cultivation. Jurnal Produksi Tanaman 1(1):
24-35.DOI: 10.2 1176/protan.vilil.4

Mudjiono G. 2013. Pengelolaan hama terpadu:
konsep, taktik, strategi, penyusunan program
pht, dan implementasinya. universitas
brawijaya press. Malang.

Nawir W, N Nelly, Yaherwandi. 2021. The potency of
refugia plants in increasing insect diversity of
paddy fields in Padang Pariaman, West
Sumatra. JPT: Jurnal Proteksi Tanaman
(Journal of Plant Protection) 5(2): 60-68.
DOI: 10.25077/jpt. 5.2.60-68.2021.

Nguyen DT. 2022. Exploring the diversity of leaf
beetles (Coleoptera: Chrysomelidae) on the
islands of Vietnam: a survey of Phu Quoc
Island, South of Vietham. Internatioan
Journal of Tropical Insect 42: 3525-3539.
DOI: 10.1007/s42690-0220088 4-6.

Pradhana RAI, G Mudjiono, S Karindah. 2014.

Keanekaragaman serangga dan laba-laba
pada pertanaman padi organik dan
konvensional. Jurnal HPT 2(2): 58-66.

https://jurnalhpt.ub.ac.id/index.php/jhpt/art

icle/view/93
Prihandiani A, DR Bella, NR Chairani, Y Winarto, J
Fox. 2021. The tsunami of pesticide use for

paddy production on java and its
consequences. Asia Pacific Journal of
Anthropology 22(4): 276-297. DOI: 10.10

80/14442213.2021.1942970

Prihatin, T Abdullah, NW Annisaa, Jumardi, NS
Ramlan, VC Lea. 2023. Kompleks dan
kelimpahan arthropoda pada pertanaman
jagung (Zea mays). Jurnal Biologi Makasar
8(2): 47-59. https://journal.unhas.ac.id/in
dex.php/bioma/article/view/25352

Ramada SM, MA Syah. 2023. Sosialisasi biopestisida
“fobio” pada petani desa claket, kabupaten
mojokerto. Karya Jurnal Pengabdian Kepada
Masyarakat 3(1): 41-49.
https://jurnalfkip.samawa-university.
ac.id/karyajpm/index 41



https://doi.org/10.3389/fsufs.2021.619%20058
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.2991/9%2078-94-6463-334-4_7
https://doi.org/10.2991/9%2078-94-6463-334-4_7
https://doi.org/https:/doi.%20org/10.1002/etc.5261
https://doi.org/https:/doi.%20org/10.1002/etc.5261
https://doi.org/https:/doi.org/10.%201016/j.micpath.2022.105854
https://doi.org/https:/doi.org/10.%201016/j.micpath.2022.105854
https://doi.org/10.33249/26632144-2020-90-5-65-72
https://doi.org/http:/dx.doi.org/10.26418/jhl.v6i1.25116
https://doi.org/https:/doi.org/%2010.21776/ub.biotropika.2020.008.03.08
https://doi.org/https:/doi.org/%2010.21776/ub.biotropika.2020.008.03.08
https://doi.org/10.2%201176/protan.v1i1.4
https://doi.org/10.2%201176/protan.v1i1.4
https://doi.org/10.25077/jpt.5.2.60-68.2021
https://doi.org/10.25077/jpt.5.2.60-68.2021
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/h
https://jurnalhpt.ub.ac.id/index.php/jhpt/article/view/93
https://jurnalhpt.ub.ac.id/index.php/jhpt/article/view/93
https://doi.org/10.1080/14442213.2021.1942970
https://doi.org/10.1080/14442213.2021.1942970
https://journal.unhas.ac.id/in%20dex.php/bioma/article/view/25352
https://journal.unhas.ac.id/in%20dex.php/bioma/article/view/25352

© 2024 The authors  License: CC BY-NC 4.0
Reksiana CPE, W Windriyanti, RM Kusuma. 2023.
Fostering  Biodiversity:  Unleashing the
Potential of Refugia to Enhance Arthropod
Diversity in Chili (Capsicum annuum L.) Farms.
Bioeduscience 7(3): 251-260. DOI: 10.2223
6/jbes/12350
Ribas-Marqueés E, J Diaz-Calafat, M Boi. 2022. The
role of adult noctuid moths (Lepidoptera:
Noctuidae) and their food plants in a
nocturnal pollen-transport network on a
Mediterranean island. Journal of Insect
Conservation 26(2): 243-255. DOI:
10.1007/s10841-022-00382-7
FH, N Maryana, H Triwidodo. 2020.
Arthropoda yang berasosiasi  dengan
tanaman refugia pada pertanaman padi di
desa besur, kabupaten lamongan, jawa timur.
Jurnal llmu Pertanian Indonesia 26(1):15-23.
DOI: 10.18343/jipi. 26.1.15
R Chakraborty, P Kalita. 2020. Paddy - not just
a staple food: A comprehensive review on its
phytochemicals and therapeutic potential.
Trends in Food Science & Technology 97:
265-285. DOI: 10.1016/]. tifs.2020.01.022
S, MN Morshed, N Sultana, G Das. 2020.
Comparative efficacy of some newer
insecticides against paddy leaf folder
(Cnaphalocrosis Medinalis Guen.) and their
effects on natural enemies in paddy
ecosystem. Tropical Agrobiodiversity 1(2):
77-81.DOI: 10.26480/ trab.02.2020.77.81
Siddikah F, R Nazarreta, D Buchori. 2020. Pengaruh
musim  terhadap kelimpahan kumbang
moncong (Coleoptera: Curculionidae) pada
tipe penggunaan lahan berbeda di lanskap
Hutan Harapan dan Taman Nasional Bukit
Duabelas, Jambi. Jurnal Entomologi Indonesia
17(3): 113. DOI: 10.5994/jei.17.3.113
Sulistiyono S, G Mudjiono, T Himawan. 2022.
Pengaruh refugia pada kelimpahan dan
keanekaragaman arthropoda predator di
sawah padi PHT Desa Tejoasri, Laren,
Lamongan. Jurnal Hama dan Penyakit
Tumbuhan 10(2): 97-106. DOIl: 10.21776/
ub.jurnalhpt.2022.010.2.5
Susanti E, E Surmainia, W Estiningty. 2018.
Parameter iklim sebagai indikator peringatan

Rizki

Sen S,

Shaki

41

Alprilia et al. Ecological Approach to Manage Paddy Insect Pests

dini serangan hama penyakit tanaman. Jurnal
Sumber Daya Lahan 12(1): 59-70. DOl
10.21082/jsdl.v12n1.20 18.59-70

Triplehorn CA, NF Johnson. 2005. Borror and
Belongs’s Introduction to the Study of
Insects. 7 th edition. Brooks/Cole. United
States of America.

Triwidodo H. 2020. Brown planthoppers infestations
and insecticides use pattern in Java,
Indonesia. Agrivita Journal of Agricultural
Science 42(2): 320-330. DOl:
10.17503/agrivita.v0i0.2501

Unger S, M Rollins, A Tietz, H Dumais. 2021.
iNaturalist as an engaging tool for identifying
organisms in outdoor activities. Journal of
Biological Education 55(5): 537-547. DOI:
10.1080/00219266.2020.173911 4

Windriyanti W, N Rahmadhini, | Fernando, RM
Kusuma. 2023. Arthropods discovered on
refugio flowering plants in mangifera indica
plantation. Biodiversitas 24(9): 4747-4754.
DOI: 10.13057/biodiv/d24091 5

Wiyatiningsih S, WS Hariyani, W Santoso, RS Wijaya.
2020. Modul: profil, teknik produksi, dan
penggunaan biopestisida (fobio): 29. Mitra
Abisatya.

Xiang X, Liu S, Li H, Danso Ofori A, Yi X, Zheng A.
Defense Strategies of Paddy in Response to
the Attack of the Herbivorous Insect, Chilo
suppressalis. 2023. International Journal of
Molecular Sciences 24(18): 14361. DOI: 10.
3390/ijms241814361

Yunus M, B Nasir, SA Lasmini, RL Piri. 2022.
Biodiversity and community structure of
arthropod in tropical paddy fields under
organic and conventional ecosystems.
Australian Journal of Crop Science 16(4):
531-538. DOI: 10.21475/ajcs.22.16.04.p35
51

How to cite: Alprilia AW, W Windriyanti, RM Kusuma. 2024. The

Increase of Insect Pest Population in Paddy Field Managed with an

Ecological Approach using Refugia Plants and Biopesticides. JPT:
Jurnal Proteksi Tanaman (Journal of Plant Protection) 8(1): 31 — 41.



https://doi.org/10.2223%206/jbes/12350
https://doi.org/10.2223%206/jbes/12350
https://doi.org/10.1007/s10841-022-00382-7
https://doi.org/10.18343/jipi.%2026.1.15
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.1016/j.tifs.2020.01.022
https://doi.org/10.26480/%20trab.02.2020.77.81
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.5994/jei.17.3.113
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.21776/%20ub.jurnalhpt.2022.010.2.5
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.21776/%20ub.jurnalhpt.2022.010.2.5
http://dx.doi.org/10.21082/jsdl.v12n1.2018.59-70
http://dx.doi.org/10.21082/jsdl.v12n1.2018.59-70
https://doi.org/%2010.17503/agrivita.v0i0.2501
https://doi.org/%2010.17503/agrivita.v0i0.2501
https://doi.org/10.1080/%2000219266.2020.1739114
https://doi.org/10.130%2057/biodiv/d240915
https://doi.org/10.130%2057/biodiv/d240915
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.3390/ijms241814361
file:///C:/Users/ASUS/Dropbox/My%20PC%20(LAPTOP-PNEA198V)/Downloads/10.3390/ijms241814361
https://doi.org/%2010.21475/ajcs.22.16.04.p3551
https://doi.org/%2010.21475/ajcs.22.16.04.p3551

