BUKTI KORESPONDENSI
ARTIKEL JURNAL INTERNASIONAL BEREPUTASI
Judul artikel : Arboreal arthropod assemblages in chili pepper with different mulches and pest
managements in freshwater swamps of South Sumatra, Indonesia
Jurnal : Biodiversitas
Penulis: Siti Herlinda, Titi Tricahyati, Chandra Irsan, Tili Karenina, Hasbi, Suparman, Benyamin

Lakitan, Erise Anggraini, Arsi

Bukti korespondensi

No. | Perihal Tanggal

1. Bukti Konfirmasi submit paper dan full paper yang disubmit 12 April 2021

2. Bukti konfirmasi review pertama dan hasil revisi pertama 6 Mei 2021

3. Bukti konfirmasi paper accepted, uncorrected Proof dan hasil 7 Mei 2021
koreksi penulis

4. Bukti tagihan untuk penerbitan artikel 7 Mei 2021

1. Bukti Konfirmasi submit paper dan full paper yang disubmit

-8
@ U M [biodiv] Submission Acknowled X | % Submissions X 4+ ~ n
(= C QO 8 =n il google.com/ma arch/bio i M vngh xbkfXZ ? M0% 7 @ & 9 =
— B e q —_ c vee 2]
= M Gmail Q,  biodiversitas X 3= oait~ @ @ i @ly &
(99+] < 3] 0] w B 0 & (] : 173daribanyak < >
s / Tulis
Mail ~
[biodiv] Submission Acknowledgement (Ekstemal)  Kotak Masuk < = v
B B Kotak Masuk 1.654
Chat .
¥ Berbintang M\ Ahmad Dwi Setyawan <smujcid@gmail.coms Sen, 12 Apr2021,18.40 ¥ €
90 ® Ditunda L] kepada saya ~
Spaces B Terkirim F Inggris * > Indonesia ¥ Terjemahkan pesan Nonaktifkan untuk: Inggris
Ck O Draf Prof. Siti Herlinda
LXE v Selengkapnya
SRl Thank you for submitting the manuscript, "Arboreal arthropod assemblages in chili with different mulches and pest
managements in freshwater swamps of South Sumatra (Indonesia)" to Biodiversitas Journal of Biological Diversity. With
Label + the online journal management system that we are using, you will be able to track its progress through the editorial
process by logging in to the journal web site:
® [GmaillTong Sampah
Submission URL: https://smujo.id/biodiv/authorDashboard/submission/8349
B Notes Username: 1siti-herlinda1
If you have any questions, please contact me. Thank you for considering this journal as a venue for your work ¢
v

Ahmad Mui Catumuan

COVERING LETTER
Dear Editor-in-Chief,
I herewith enclosed a research article,

Title:

Arboreal arthropod assemblages in chili with different mulches and pest managements in freshwater swamps of South
Sumatra (Indonesia)

Author(s) name:

Siti Herlinda"**", Titi Tricahyati”, Chandra Irsan***, Tili Karenina®, Hasbi**, Suparman’, Benyamin Lakitan>®, Erise
Anggraini®?, Arsit?

Address
(Fill in your institution’s name and address, your personal cellular phone and email)




!Department of Plant Pests and Diseases, Faculty of Agriculture, Universitas Sriwijaya, Indralaya 30662, South Sumatra,
Indonesia. Tel.: +62-711-580663, Fax.: +62-711-580276, Yemail: sitiherlinda@unsri.ac.id

*Graduate Program of Crop Sciences, Faculty of Agriculture, Universitas Sriwijaya, Jalan Padang Selasa No. 524, Bukit
Besar, Palembang, South Sumatera, Indonesia 30139

3Research Center for Sub-optimal Lands (PUR-PLSO), Universitas Sriwijaya, Palembang 30139, South Sumatera,
Indonesia

*Research and Development Agency of South Sumatera Province. Palembang 30136, South Sumatra, Indonesia
*Department of Agricultural Engineering, Faculty of Agriculture, Universitas Sriwijaya, Indralaya, Ogan Ilir 30662, South
Sumatra, Indonesia

®Department of Agronomy, Faculty of Agriculture, Universitas Sriwijaya, Indralaya 30662, South Sumatra, Indonesia

For possibility publication on the journal:
(fill in Biodiversitas or Nusantara Bioscience or mention the others)

- Biodiversitas

Novelty:
(state your claimed novelty of the findings versus current knowledge)

This study highlights the finding that the weedy chili field without mulch is an ideal habitat and niche for predatory
insects, and the chili field treated with leaf litter mulch and bioinsecticide is an ideal habitat and niche for spiders. Thus,
the weedy chili field without mulch and with the leaf litter mulch were ideal for the habitats and niches of the arboreal
predatory arthropods.

Statements:

This manuscript has not been published and is not under consideration for publication to any other journal or any other
type of publication (including web hosting) either by me or any of my co-authors.
Author(s) has been read and agree to the Ethical Guidelines.

List of five potential reviewers
(Fill in names of five potential reviewers that agree to review your manuscpt and their email addresses. He/she should
have Scopus ID and come from different institution with the authors; and from at least three different countries)

1. Bandung Sahari, PT. Astra Agro Lestari Tbk., Jakarta, Indonesia, e-mail: bandung_27@yahoo.com

2. Eka Candra Lina, Department of Plant Pests and Diseases, Faculty of Agriculture, Universitas Andalas, Padang,
Indonesia, e-mail: eka_candra@agr.unand.ac.id and ekacandra222@gmail.com

3. Abu Hassan Ahmad, School of Biological Sciences, Universiti Sains Malaysia, 11800 Penang, Malaysia, e-mail:
stegoculex@gmail.com

4. Buyung A. R. Hadi, International Rice Research Institute, Phnom Penh, Cambodia, e-mail: buyung.hadi@fao.org

5. Itji Diana Daud, Department of Plant Pests and Diseases, Faculty of Agriculture, Hasanuddin University, Indonesia

email: itfir@yahoo.com

Place and date:

- Palembang, 12 April 2021

Sincerely yours,
(fill in your name, no need scanned autograph)

- Siti Herlinda



mailto:sitiherlinda@unsri.ac.id
mailto:bandung_27@yahoo.com
eka_candra@agr.unand.ac.id%20
mailto:ekacandra222@gmail.com
mailto:stegoculex@gmail.com
mailto:buyung.hadi@fao.org
itfir@yahoo.com

w N -

4
5
6
7

(o]

27

28

29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

Arboreal arthropod assemblages in chili pepper with different mulches
and pest managements in freshwater swamps of South Sumatra
(Indonesia)
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Abstract. In the center of freshwater swamps in South Sumatra, three different chili cultivation practices are generally found, namely
differences in the use of mulch and pest management that can affect arthropod assemblages. This study aimed to observe arboreal
arthropod assemblages in chili with different mulches and pest management. Arboreal arthropods were sampled using sweep nets in
three locations that had plots treated with leaf litter mulch and bioinsecticide, with plastic mulch and synthetic insecticide, and weedy
plot without mulch. The species number of arboreal arthropods found was 51 species of Arachnida and Insecta consisting of 6 families
of the Arachnida and 25 families of Insecta. The abundance of arboreal arthropods was 65.60 individuals/5 nets per observation. In the
chili field without mulch, the species biodiversity and abundance of arboreal predatory arthropods were the highest, while in the chili
field that applied with synthetic insecticides and plastic mulch, the abundance of arboreal predatory was the lowest. The herbivorous
insect population in chili with plastic mulch and synthetic insecticides and in the chili with the leaf litter mulch were higher than those
in the chili without mulch. In the chili with the leaf litter mulch and bioinsecticide, the species number and abundance of the spiders
were the highest compared to the other chili fields. The weedy chili field without mulch and chili with the leaf litter mulch were ideal for
the habitat and niche of the arboreal predatory arthropods.

Key words: Herbivorous insect, leaf litter mulch, plastic mulch, predatory arthropod, weedy chili field

Abbreviations (if any): -

Running title: Arboreal arthropod assemblages in chili pepper

INTRODUCTION

Freshwater swamps are wetlands inundated by water from rivers or rain (Hanif et al. 2020).. The duration and depth of
the inundated water determines the type of the freshwater swamp, namely shallowly flooded (depth <50 cm for 3 months),
moderately flooded (50-100 cm depth for 3-6 months), and deeply flooded (depth> 100 cm for 6 months) swamps (Lakitan
et al. 2019). The three typologies of swamps influence the tradition of farmers in cultivating agricultural commaodities
(Lakitan et al. 2018). In shallowly flooded swamps, the farmers generally plant the adaptive vegetables and food crops, for
example chili pepper or chili, corn, eggplant, paddy (Siaga et al. 2019), long beans, ridged gourd, bitter melon, cucumber
(Karenina et al. 2020a). In the moderately flooded swamps, they generally grow rice, while chilies and other the adaptive
vegetables are grown on paddy embankments (Herlinda et al. 2019). In the deeply flooded swamp, we have found that the
smallholder farmers traditionally raise the swamp buffalo (Bubalus bubalis) or the local duck, “pegagan duck” (Anas
platyrhynchos), while entrepreneur farmers can still plant paddy using the pumping system or plant chilies using the
“surjan” system (alternating bed system).

Chili which is a leafy vegetable with high economic value is cultivated the most widely after or simultaneously with
paddy in freshwater swamps centers in South Sumatra (Siaga et al. 2018). Cultivation of chilies is carried out by both the
smallholders, middle, and the large-scale farmers (Lakitan et al. 2019) so as to form groupings, each of which has
specificities in the management practices. The grouping consists of the subsistent farmers with low input production and
farmers with medium capital and the large-scale farmers with medium to high production input. In general, the differences
between these three chili cultivation practices are the differences in the use of mulch and the management of pests and
diseases.
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The different mulches and pest management in chili can affect arthropod assemblages. The plastic mulch can reduce
the population of phytophagous or herbivorous insects in chilies and other vegetables (Kolota and Adamczewska-
Sowinska 2013), for example Thrips parvispinus (Nasruddin et al. 2020) and Thrips palmi population (Razzak et al. 2019;
Nasruddin et al. 2020). The reflective silver mulch is able to reduce the population of nymph and adults of whitefly
(Bemisia tabaci) in chilies (Agus et al. 2019). Cultivating environmentally friendly chilies without using fertilizers and
synthetic insecticides on chilies can increase the existence of natural enemies of the chili leaf curl vector insect
(Rondonuwu et al. 2014). In addition, the living mulch and no herbicide application can increase the abundance of the
predatory arthropods due to the increasingly complex flora (weedy field) in the agroecosystem (Bryant et al. 2013). The
plastic mulch can reduce the abundance of the predators (Razzak et al. 2019), but there are also researchers who claim that
the reflective plastic mulch does not affect the abundance of predatory arthropods (Nottingham et al. 2016). Intensive pest
control using synthetic insecticides can reduce species abundance and diversity, for example a decrease in the abundance
of predatory arthropods being applied with synthetic insecticides (Biondi et al. 2012) (Hanif et al. 2020) and pests of chili
(Nasruddin et al. 2020).

The effect of mulches and pest management on arboreal arthropod assemblages specific to chili production centers in
the freshwater swamps of South Sumatra has never been investigated. The novelty of this study provides new information
about the influence of farmers' habits and location-specific chili managements in the chili production centers in freshwater
swamps, South Sumatra against the arboreal arthropod assemblages (predators and parasitoids, neutral insects, and the
herbivorous insects). Chili managements that support the life of the natural enemy arthropod community (predators and
parasitoids) and neutral insects are useful for application in other ecosystems to maintain the stability of the chili
ecosystem. This study aimed to observe arboreal arthropod assemblages in chili with different mulches and pest
managements in freshwater swamps of South Sumatra, Indonesia.

MATERIALS AND METHODS

Study area

The survey was conducted from April to October 2019 in three villages, namely Indralaya, Tanjung Seteko, and Pulau
Negara, Ogan llir District, South Sumatra (Figure 1). The selection of survey locations was based on the differences in
how local farmers cultivated chilies. The most basic differences were due to the differences in the use of mulch and pest
management. The sample location with cultivation practices using leaf litter mulch with environmentally friendly controls,
namely spraying bioinsecticides was selected in Indralaya Village (A). The sample location with the practice of cultivating
chili using plastic mulch and controlling pests using synthetic insecticides was selected in Tanjung Seteko Village (B),
while the location for chili without mulch (weedy plot without mulch) but spraying synthetic insecticides was selected in
Pulau Negara Village (C). The area of each sample location was = 1 ha. These three types of locations were the examples
of the habits most often practiced by the farmers in chili production enters in South Sumatra, however in the location of
type A it was slightly modified, usually the farmers did not control pests but in this study, the bioinsecticide from
entomopathogenic fungi was applied. The modification of the use of bioinsecticides was carried out because some
farmers began to diligently collect sick insects by entomopathogens, then the cadaver was dissolved in water and sprayed
on chilies.

Figure 1. Locations of the survey in three chili fields: Indralaya (A), Tanjung Seteko (B), Pulau Negara (C) in the center of freshwater

swamps of South Sumatra
Table 1. Characteristic of three chili fields with different management practices in South Sumatra, Indonesia

Characteristic A B C
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Location (village)
Planting method
Water management
Planting period

Seed treatments

Seeds
Weed control/mulch

Pest control

Indralaya

Transplanting

Manual watering
May-August

Bioinsecticide of Beauveria
bassiana

Hybrid seeds

Leaf litter mulch
Bioinsecticide of Beauveria
bassiana

Tanjung Seteko
Transplanting
Pompanization
May-August

Difenokonazol

Self-produced seeds
Plastic mulch

Propinep, Profenofos, A-
cyhalothrin

Manure and synthetic

Pulau Negara
Transplanting
Pompanization
May-August

Without seed treatments

Self-produced seeds
Without mulch/weedy

Difenokonazol, Diafentiuron

Manure and synthetic

Fertilizers Manure . .

fertilizer fertilizer
Other crops around Oil palm + 40 ha, and gg u;agl?c?]t;i)re\:?itizlebsitit-eI’ Chili £200 ha and
chili rubber + 10 ha ' n ' rice + 300 ha

melon * 2 ha, and

Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch

Survey location characteristics

The first location (A) was sprayed with a bioinsecticide containing the active ingredient Beauveria bassiana at a dose
of 2 L ha™ which was made following the method of Prabawati et al. (2019) and sprayed every two weeks from the time
the chilies were 14 days after planting until just before the harvest. The litter mulch used in the location of type A came
from weeds and seasonal wild plants from the weeding waste at the chili location and its surroundings. At the location of
type A, the fertilizer used was only manure at a dose of 20 tons ha™ (Table 1). The location of type A was generally carried
out by smallholder farmers who lacked the capital to buy plastic mulch and synthetic pesticides. However, at the location
of type A there was a slight modification of the local farmers' habits, namely by adding bioinsecticide application.
Although the use of this bioinsecticide has not been widely adopted by the local farmers in South Sumatra, several assisted
farmers have started to try to apply this bioinsecticide and the easiest way they collected entomopathogen-attacked insects
from their own location.

The second location (B) was a stretch of land using silver plastic mulch and spraying using synthetic pesticides with
active ingredients, including propinep, profenofos, Lambda- cyhalothrin, while the fertilization used synthetic fertilizers
according to the recommended dose and manure 20 tons ha™*. Spraying at the location of type B was carried out intensively
and on a weekly schedule starting 7 days from after planting until harvesting. The location of type B was generally
conducted by the large-scale farmers having big capital.

The third location (C) was a stretch of land that did not use mulch so that the location got weedy; spraying of synthetic
pesticides with the active ingredient diphenoconazole, diafentiuron was only carried out at the beginning of the planting
when the chilies were 14, 21, and 28 days after planting. The fertilization using synthetic fertilizers according to the
recommended dosage and manure 20 tons ha™. The location of type C was generally carried out by the farmers having
medium capital, who were able to buy synthetic pesticides and fertilizers but could not buy the plastic mulch.

Arboreal arthropod sampling

Arboreal arthropod sampling was performed when the chilies were 14, 28, 42, 56, 70, 84, 98, 112, 126, and 140 days
after transplanting (DAT) in each type of location. Arboreal arthropods were sampled using sweep nets following the
method of Herlinda et al. (2018). Each type of location was divided into three subplots which were replicates. Each
subplot was sampled at five sampling points spreading out at each corner of the subplot and in the center of the subplot.
The arthropod sampling was carried out in the morning from 06.00 a.m. to 08.00 a.m. The obtained arthopods were put
into vials containing 96% ethanol, labeled with the location and date of sampling then taken to the Entomology Laboratory
of the Department of Plant Pests and Diseases, Faculty of Agriculture, Universita Sriwijaya to be identified
morphologically using books written by Heinrichs et al. (2017), and Whyte and Anderson (2017) and the number of
individuals of each species from each survey location was recorded. The identification of arthropods was carried out by the
Dr. Chandra Irsan, an insect taxonomist of Universitas Sriwijaya.

Data analysis

The number of species and the number of individuals in each species (the abundance) from each location were used to
analyze the abundance and species diversity. The analysis of species diversity used the Shannon-Wiener index (H'),
dominance (D), and Evennes (E) using Magurran (2004) book. The arthropods were grouped based on the guilds, namely
the predatory arthropods (spiders and predatory insects), parasitoids, herbivorous insects, and neutral insects (pollinators
and decomposers) following the method of Karenina et al. (2019), then the data were displayed in graphs or tables.
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RESULTS AND DISCUSSION

The species and abundance of arboreal arthropods

The species number of arboreal arthropods found in central chili production in South Sumatra was 51 species (Table 2).
The found species belonged to the classes of Arachnida and Insecta. From the class of Arachnida there were 6 families,
while from the class of Insecta there were 25 families. The total abundance of arboreal arthropods found in the three types
of chili locations was 65.60 individuals/5 nets scattering from the location of type A (a plot with leaf litter mulch) as many
as 23.60 individuals/5 nets, at the location of type B (a plot with plastic mulch) as many as 20.07 individuals/5 nets, and at
the location of type C (a weedy plot without mulch) as many as 21.93 individuals/5 nets.

The arboreal arthropods found in this study were grouped according to their guilds, namely predatory arthropods,
herbivores (herbivorous insects), parasitoids, and neutral insects. The dominant species of predatory arthropods (insects
and spiders) were found in the three survey locations, including Oxyopes macilentus, Oxyopes variabilis, Pardosa
pseudoannulata, Harmonia octomaculata, Menochilus sexmaculatus, Coelophora inaequalis, Arisolemma dilatata,
Micraspis inops, Pautederuscipes, and Andrallus spinindens (Figure 2). The number of species of predatory arthropods at
the location of type A was found as many as 17 species, at the location of type B as many as 13 species, and the most
species were found at the location of type C (20 species). The number of species and abundance of spiders at the location
of type A was the highest compared to the locations of types B and C. At the location of type C there were found hunting
spiders, P. pseudoannulata, while at the locations of types A and B the species was not found (Table 2). The most
abundance of arboreal predatory arthropods was found at the location of type C (11.90 individuals/5 nets), while the least
abundance was found at the location of type B (3.60 individuals/5 nets). The most dominant species found in the location
of type A was Harmonia sp., at the location of type B the most dominant species was M. sexmaculatus, while at the
location of type C the most dominant species found was H. fasciatus.

The dominant herbivorous insect (herbivore) species were found in the three survey locations, including Aphis gosypii,
Aleurodicus dugesii, Empoasca sp., Aulacophora dorsalis, and Aulacophora indica (Figure 3). A. gosypii, A. dugesii, and
Empoasca sp. were found in this study (Table 2) and the three herbivores species were the key pests in chilies. A. gosypii
and Empoasca sp. found in either locations of types A, B, or C. At the location of type B that used plastic mulch, the two
key pests were still found. A. dugesii was found only at the location of type A. The high abundance of the herbivores was
found at the location of type A (16.87 individuals/5 nets) and at the location of type B (15.57 individuals/5 nets), while the
least abundance was found at the location of type C type (8.43 individuals/5 nets) (Table 2).

Apart from the predatory arthropods and herbivorous insects, this study found parasitoids and neutral insects. The
species of parasitoids were found only 3 species, namely Sphecidae (unidentified species), Braconidae sp. A (unidentified
species)and Braconidae sp. B (unidentified species), three species were successfully documented in the canopy of chilies
(Figure 4). The highest parasitoid abundance was found at the location of type A (0.43 individuals/5 nets), while the lowest
abundance was found at the location of type C (0.03 individuals/5 nets) (Table 2). There were 6 neutral insect species
found, including Chironomus sp. and Musca domestica (Figure 5). The high abundance of the neutral insects was found at
the location of type A (1.80 individuals/5 nets) and at the location of type C (1.57 individuals/5 nets), while the least
abundance was found at the location of type B (0.80 individuals/5 nets).

During one growing season, the number of arboreal arthropods found in the location of type C was the most (33
species), followed by the location of type A (31 species), while the least abundance was found in the location of type B (27
species). The abundance of canopy arthropods was the highest at the location of type A (23.60 individuals/5 nets), at the
location of type C (21.93 individuals/5 nets), while the lowest abundance was found at the location of type B (20.07
individuals/5 nets) (Table 2).

The Arboreal arthropod assemblages

The highest number of species of the arboreal predatory arthropods (20 species) was found in the location of type C
compared to the number of species in the locations of types A (17 species) and B (13 species) (Table 2), and the index
value of the species diversity at the location of type C was also the highest (2.44) with the dominant species of only 0.24
(Table 3). The location of type B, apart from having the highest species diversity, also had the highest abundance. The
lowest species diversity index was found at the location of type B and the abundance was also the lowest. The abundance
of predatory arthropods from the family of Coccinellidae was the most abundant (Figure 6). At the location of type C, the
abundance of Syrphidae was also high, whereas at the location of type B almost all the families had a low abundance.

The highest number of species of herbivorous insects (9 species) was found at the location of type C, while in the
location of type A there were 8 species found (Table 2), yet the index value of the species diversity at the location of type
C was also the lowest (1.15) with the dominant species was the highest 0.69 (Table 3). The predominant species in the
three locations was A. gosypii. The location of type C was the lowest abundance, while the abundance of these insects was
high at the locations of types A and B. The abundance of herbivorous insects originating from the family of Aphididae was
the highest in all types of locations (Figure 7). At the location of type B, the abundance of Chrysomelidae and Cicadellidae
was also high, whereas in the location of type C only the Aphididae family was dominant.



165 Table 2. Species composition and abundance of arboreal arthropods found in three chili fields with different management practices

Class/Ordo/Families Species Guilds A B C
(Individual/5 nets)

1. Insecta/Coleoptera/Carabidae Cicindela sexguttata PR 0.20 0.00 0.00
2. Insecta/Coleoptera/Coccinellidae Harmonia sp. PR 1.43 0.00 1.30
3. Insecta/Coleoptera/Coccinellidae Micraspis inops PR 0.50 0.00 0.93
4. Insecta/Coleoptera/Coccinellidae Menochilus sexmaculatus PR 1.07 1.03 0.70
5. Insecta/Coleoptera/Coccinellidae Arisolemma dilatata PR 0.00 0.70 0.00
6. Insecta/Coleoptera/Coccinellidae Harmonia octomaculata PR 0.10 0.30 0.00
7. Insecta/Coleoptera/Coccinellidae Micraspis discolor PR 0.13 0.00 0.13
8. Insecta/Coleoptera/Coccinellidae Scymnus coniferarum PR 0.00 0.00 0.07
9. Insecta/Coleoptera/Coccinellidae Coelophora inaequalis PR 0.10 0.00 0.40
10. Insecta/Coleoptera/Coccinellidae Micraspis sp PR 0.00 0.00 0.57
11. Insecta/Coleoptera/ Staphylinidae ~ Paederus fuscipes PR 0.13 0.07 1.33
12. Insecta/Diptera/Dolichopodidae Condylostylus sp. PR 0.00 0.23 1.73
13. Insecta/Diptera/Syrphidae Ischiodon scutellaris PR 0.00 0.03 0.57
14. Insecta/Diptera/Syrphidae Helophilus fasciatus PR 0.00 0.00 2.83
15. Insecta/Hemiptera/Anthocoridae Cardiastethus fascilientris PR 0.03 0.10 0.00
16. Insecta/Hemiptera/Reduviidae Reduviidae (unidentified species A) PR 0.00 0.00 0.20
17. Insecta/Hemiptera/Pentatomidae Andrallus spinindens PR 0.10 0.00 0.13
18. Insecta/Odonata/ Coenagrionidae Coenagrionidae (unidentified species A) PR 0.00 0.00 0.03
19. Arachnida/Araneae/Linyphiidae Bathyphantes sp. PR 0.13 0.13 0.00
20. Arachnida/Araneae/Oxyopidae Oxyopes javanus PR 0.23 0.23 0.10
21. Arachnida/Araneae/Oxyopidae Oxyopes variabilis PR 0.13 0.00 0.00
22. Arachnida/Araneae/Oxyopidae Oxyopes macilentus PR 0.03 0.10 0.13
23. Arachnida/Araneae/Tetragnathidae ~ Thomisus sp. PR 0.07 0.00 0.37
24. Arachnida/Araneae/Theridiidae Theridion sp. PR 0.03 0.00 0.00
25. Arachnida/Araneae/Araneidae Argiope sp. PR 0.00 0.03 0.17
26. Arachnida/Araneae/Araneidae Araniella sp. PR 0.00 0.13 0.00
27. Arachnida/Araneae/Araneidae Araneidae (unidentified species A) PR 0.03 0.50 0.17
28. Arachnida/Araneae/Lycosidae Pardosa pseudoannulata PR 0.00 0.00 0.07
The number of species 17.00 13.00  20.00
The abundance 4.50 3.60 11.90
29. Insecta/Coleoptera/Coccinellidae Henosepilachna sp. HV 0.13 0.00 0.07
30. Insecta/Coleoptera/Chrysomelidae  Aulacophora indica HV 0.00 4.63 0.47
31. Insecta/Coleoptera/Chrysomelidae  Aulacophora dorsalis HV 0.00 0.00 0.30
32. Insecta/Coleoptera/Chrysomelidae  Phaedon cochleariae HV 0.00 0.00 0.10
33. Insecta/Coleoptera/Chrysomelidae  Altica sp. HV 0.00 2.93 0.00
34. Insecta/Hemiptera/Alydidae Leptocorisa acuta HV 0.00 0.03 0.10
35. Insecta/Hemiptera/Cicadelidae Empoasca sp. HV 2.30 2.77 1.07
36. Insecta/Hemiptera/Aphididae Aphis gosypii HV 7.93 4.63 5.80
37. Insecta/Hemiptera/Pentatomidae Nezara viridula HV 0.33 0.00 0.00
38. Insecta/Hemiptera/Aleyrodidae Aleurodicus dugesii HV 5.90 0.00 0.00
39. Insecta/Lepidoptera/Nymphalidae ~ Acraea violae HV 0.13 0.00 0.00
40. Insecta/Orthoptera/Acrididae Tetrix sp HV 0.07 0.27 0.13
41. Insecta/Orthoptera/Acrididae Dissosteira Carolina HV 0.00 0.10 0.00
42. Insecta/Orthoptera/Acrididae Valanga nigricornis HV 0.07 0.20 0.40
The number of species 8.00 8.00 9.00
The abundance 16.87 15.57 8.43
43. Insecta/Hymenoptera/Sphecidae Sphecidae (unidentified species) PA 0.23 0.07 0.00
44. Insecta/Hymenoptera/Braconidae Braconidae sp. A (unidentified species) PA 0.13 0.03 0.03
45. Insecta/Hymenoptera/Braconidae Braconidae sp. B (unidentified species) PA 0.07 0.00 0.00
The number of species 3.00 2.00 1.00
The abundance 0.43 0.10 0.03
46. Insecta/Diptera/Muscidae Musca domestica NI 0.07 0.00 0.00
47. Insecta/Diptera/Lauxaniidae Homoneura sp. NI 0.00 0.03 1.03
48. Insecta/Diptera/Calliphoridae Calliphora sp. NI 0.00 0.03 0.47
49. Insecta/Diptera/Chironomidae Chironomus sp. NI 0.00 0.20 0.00
50. Insecta/Hymenoptera/Formicidae Formicidae (unidentified species A) NI 0.90 0.53 0.07
51. Insecta/Hymenoptera/Formicidae Formicidae (unidentified species B) NI 0.83 0.00 0.00
The number of species 3.00 4.00 3.00
The abundance 1.80 0.80 1.57
The total number of species 31.00 27.00 33.00
The total of abundance 23.60 20.07  21.93

166 Note: PR = predatory arthropods, HV=herbivorous insects, PA = parasitoids, NI = neutral insects, A = plot with leaf litter mulch, B
167 = plot with plastic mulch, C = weedy plot without mulch
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171 Figure 2. Dominant predatory arthropod species found in the chili canopy: Oxyopes macilentus (A), Oxyopes variabilis (B), Thomisus
172 sp. (C), Pardosa pseudoannulata (D), Condylostylus sp. (E), Harmonia octomaculata (F), Menochilus sexmaculatus (G), Harmonia sp.,
173 (H), Coelophora inaequalis (1), Arisolemma dilatata (J), Menochilus sexmaculatus larvae (K), Micraspis inops adult (L), Micraspis
174 discolor (M), Micraspis sp, (N), Paederus fuscipes (O), Ischiodon scutellaris larvae (P), Ischiodon scutellaris adults (Q), Andrallus
175 spinindens (R), Cicindela sexguttata (S)
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180 Figure 3. Dominant herbivore species found in the chili canopy: Aphis gosypii (A), Aleurodicus dugesii (B), Empoasca sp. (C),
181 Aulacophora dorsalis (D), Aulacophora indica (E), Henosepilachna sp. (F), Acraea violae pupae (G), Acraea violae adult (H), Tetrix
182 sp. (1), Valanga nigricornis (J)

183



184
185

186
187

188
189

190
191
192
193
194
195
196
197
198
199
200
201
202
203

204
205

12 R C e
Figure 4. Parasitoid species found in the chili cnopy: Sphecidae (unidntified species) (A), Braconidae sp. A (unidentified species)
(B) and Braconidae sp. B (unidentified species) (C)
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Figure 5. Neutral insect species found in the chili canopy: Chironomus sp. (A), Musca domestica (B)
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Figure 6. The abundance of predatory arthropods in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot without
mulch (C)

The research found some species of parasitoids and neutral insects. The highest species diversity of parasitoid was
found in the location of type A, while the lowest one was found in the location of type C. The highest abundance of
parasitoids was also found in the location of type A, while the lowest abundance was found in the location of type C.
Braconidae species and abundance were also very low in all types of locations (Figures 8). The highest biodiversity index
of neutral insects was found at the location of type B, while the lowest one was found at the location of type C. However,
at the location of type B, the abundance of neutral insects was the lowest, while the highest one was at the location of type
A. The abundance of neutral insects originating from the family of Formicidae was the highest in all types of locations
(Figure 9). At the location of type C, the abundance of Lauxaniidae was the highest compared to the other families and at
the location of type B the Chironomidae could still be found.

Based on the guilds, the arthropods found consisted of the predatory arthropods, parasitoids, herbivorous and neutral
insects. The proportion of the arboreal arthropods varied among guilds (Figure 10). In this study, the new information found
was the dominance of the predatory arthropods at the location of type C (54%), while the herbivorous insects only
occupied 39% (Figure 10). The herbivorous insects dominated at the locations of types A (71%) and B (78%). The highest
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proportion of neutral insects was found in the locations of types A (8%) and C (7%), while the lowest one was in the

location of type B (4%).

Table 3. Arboreal arthropod assemblages (community of predatory arthropods, herbivorous insects, parasitoids, and neutral insects)

found in three chili fields with different management practices

Guilds Community characteristics A B C
Predatory arthropods Abundance (individual/5 traps) 4.47 3.60 11.93
Biodiversity index (H”) 2.13 212 244
Dominance index (D) 0.32 0.29 0.24
Evenness index (E) 0.75 0.83 0.81
Herbivorous insects Abundance (individual/5 traps) 16.87 1557 8.43
Biodiversity index (H”) 1.19 1.50 1.15
Dominance index (D) 0.47 0.29 0.69
Evenness index (E) 0.57 0.72 0.52
Parasitoids Abundance (individual/5 traps) 0.43 0.10 0.03
Biodiversity index (H”) 0.98 0.64 0
Dominance index (D) 0.54 0.60 1.00
Evenness index (E) 0.90 0.92 0
Neutral insects Abundance (individual/5 traps) 1.80 0.80 1.57
Biodiversity index (H”) 0.83 1.24 0.66
Dominance index (D) 0.50 0.67 0.66
Evenness index (E) 0.75 0.77 0.47

Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch
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Figure 7. The abundance of herbivorous insects in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot without

mulch (C)

Discussion

In this study, there were many species of the predatory arthropod found, including P. pseudoannulata, H.
octomaculata, M. sexmaculatus, C. inaequalis, A. dilatata, M. inops, P. fuscipes, I. scutellaris, and A. spinindens. The
most dominant predatory insect families were Coccinellidae and Syrphidae, while the most dominant spiders were
Oxyopidae. They were generalist predators or the polyphagous predators being able to prey on various insect species from
several families. P. pseudoannulata can attack A. gosypii, A. dugesii, Empoasca sp., Bemisia tabaci (Jiang et al. 2020).
Carabid beetles, such as M. sexmaculatus, are generalist predators that can attack A. gosypii, Empoasca sp., Bemisia tabaci
(Bhatt et al. 2018). In this study, Aulacophora dorsalis and Aulacophora indica were also found which were the prey of



222 generalist predators. The generalist predators have been reported to attack various species of Aulacophora spp. (Pal et al.
223 2017). Aulacophora dorsalis and Aulacophora indica generally attack cucumber leaves, but in this study they were found
224 to attack chili leaves. This was because the cucumbers were planted around the chilies.
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Figure 10. The proportion of the arboreal arthropod guilds in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot
without mulch (C)

From the data on the species diversity and abundance of the arboreal predatory arthropods, the highest was found in the
location of type C, while the lowest was at the location of type B. The location of type C was a plot that did not use mulch
and the application of synthetic insecticides was only at the beginning of planting, while the location of type B used the
plastic mulch and routine synthetic insecticide applications. The species diversity and abundance of predatory arthropods
were higher at the location of type C because that location had relatively more niches than those at locations of types B and
C because the niches were provided by the wild plants that were still let to grow in the weedy chili field. According to
Anggraini et al. (2021) non-crop plants are generally preferred by the predatory arthropods for alternative habitats and
their niches over crops. The diversity of non-crop plants provides more prey and alternative habitats (Parry et al. 2015).
Spraying the synthetic insecticides at the location of type C did not reduce the number of species and abundance of
predatory arthropods because the spraying was only carried out at the beginning of planting when the chilies were 14, 21,
and 28 days after planting. However, the high doses and frequency of synthetic insecticide applications carried out at the
location of type B on a scheduled basis every week starting from the age of 7 days after planting until ahead of harvest
caused the number of species and abundance of predatory arthropods in the location of type B to be the lowest.
According to Hanif et al. (2020), overdose of synthetic insecticides can cause a decrease in the abundance and species
diversity of predatory arthropods.

At the location of type A, the species diversity and abundance of predatory arthropods were lower than those at the
location of type C. However, the number of species and abundance of spiders were higher at the location of type A than
those at the locations of types B and C. The location of type A used the leaf litter mulch and bioinsecticide, but the weeds
were always weeded and covered by the leaf litter mulch. The presence of the leaf litter mulch causes a greater number and
abundance of spiders at the location of type A compared to those at the locations of types B and C. The leaf litter provides
habitats, shelters, and niches for hunting spiders (Potapov et al. 2020). Consequently, the habitat at the location of type A
was suitable for habitats, shelters, and a niche for the spiders. At the location of type C, the hunting spiders, P.
pseudoannulata were found, while in the locations of types A and B they were not found. This is because the location of
type C was surrounded by + 300 ha of paddy which was the spider's natural habitat. P. pseudoannulata is a generalist
predator with its main prey being paddy pests, such as the brown planthopper, Nilaparvata lugens (Daravath and Chander
2017). The existence of generalist predators, such as Pardosa spp. are beneficial in suppressing the population of
important chili pests, such as Thrip tabaci and B. tabaci (Mohsin et al. 2015). The position of the chili location adjacent
to the paddy field is advantageous for chili because of the flow of generalist predatory species from the paddy plants, while
the important pests of paddy do not migrate because they include monophagous and oligophagous species whose host
plants are not chilies.

The herbivorous insects predominant in all locations were the family of Aphididae. At the location of type C, the
population of the herbivorous insects was found to be the lowest because the role of generalist predators functioned well.
Based on the data on the abundance of predatory arthropods, the most abundant one at the location of type C was an
indicator that the predatory arthropods settled and functioned to suppress the population of the herbivorous insects. At the
locations of types A and B, the population of the herbivorous insects was high due to the abundance and low diversity of
generalist predator species. At the location of type B using plastic mulch, A. gosypii and Empoasca sp. were the key pests
on chilies. From the data of this study, the plastic mulch was not able to suppress the presence of A. gosypii and Empoasca
sp. However, the plastic mulch can reduce the population of chili pest species, such as T. tabaci and B. tabaci (Karungi et
al. 2013).

The species of parasitoids were found only 3 species, namely Sphecidae (unidentified species), Braconidae sp. A
(unidentified species), and Braconidae sp. B (unidentified species). Sphecidae has a guild as a parasitoid (Borisade et al.
2017), but many species of the Sphecidae act as predators that prey on spiders (Carvalho et al. 2014). The three species
could not be determined by the host insects they attacked because the sampling was carried out during the adult stage of
the parasitoids. Parasitoid species commonly found in chilies, such as Diaeretiella rapae (Pope et al. 2012) and Aphidius
sp. (Majidpour et al. 2020) attacking A. gossypii were not found in this study. The presence of a high ant population
(Formicidae) in chilies can be as a biotic competitor that disrupts and repels the presence of parasitoids and predators
(Zhou 2014).
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Several species of neutral insects found in this study such as Chironomus sp., Calliphora sp. and Homoneura sp. were
required for ecosystem services as they could serve as alternative preys for generalist predators. According to Karenina et
al. (2020b) Chironomus sp. and many other neutral insect species are very supportive of maintaining the existence of
generalist predators because when the herbivorous insects decline in population in plants, their availability in wild plants
can become alternative prey.

Interesting information about the proportion between guilds, the predatory arthropods were the most dominant at the
location of location of type C compared to other guilds (the herbivorous insects, parasitoids, and neutral insects) by
occupying more than 50% of the location. At the locations of types A and B, they were dominated by the herbivorous
insects more than 70% compared to other guilds. The location of type C was more suitable for the habitat and niche of the
predatory arthropods than the locations of types A and B. At the location of type C, the wild plants were still let to grow
so that the diversity of flora was more diverse than at the locations of types A and B. These wild plants provided a habitat
having an ideal microclimate and a wider variety of alternative prey for generalist predators. Processes in the chili
ecosystem at the location of type C, such as food chains, worked well as indicated by the diversity of species and the
dominance of the predatory arthropods higher than the dominance of prey (the herbivorous insects and neutral insects).
According to Riggi and Bommarco (2019), diverse and dense plants support the abundance and diversity of generalist
predatory prey species and cause food chains to be strong and stable.

In conclusion, the chili field with the weedy plot without mulch had the highest species biodiversity and abundance of
arboreal predatory arthropods, while the chili field of synthetic insecticides and plastic mulch has the lowest predatory
abundance. The herbivorous insects in the chili field that apply synthetic insecticides and plastic mulch and the leaf litter
mulch are higher than in the chili field without mulch. In the chili field that applied the leaf litter mulch and
bioinsecticide, the number of species and the abundance of the spider assemblage was the highest compared to the other
fields. Thus, the chili field without mulch and with the leaf litter mulch is ideal for the habitat and niche of the arboreal
predatory arthropods.
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Arboreal arthropod assemblages in chili pepper with different mulches
and pest managements in freshwater swamps of South Sumatra,
Indonesia

Abstract. In the center of freshwater swamps in South Sumatra, three different chili cultivation practices are generally found, namely
differences in the use of mulch and pest management that can affect arthropod assemblages. The effect of mulches and pest management
on arboreal arthropod assemblages specific to chili production centers in the freshwater swamps of South Sumatra has never been
investigated, This study aimed to observe arboreal arthropod assemblages in chili with different mulches and pest managements.
Arboreal arthropods were sampled using sweep nets in three locations that had plots treated with leaf litter mulch and bioinsecticide,
with plastic mulch and synthetic insecticide, and weedy plot without mulch, and synthetic insecticide. The species number of arboreal
arthropods found was28 species of Arachnids and 23 species of Insects, and consisting of 6 families of the Arachnids and 25 families of
Insects. The abundance of arboreal arthropods was 65.60 individuals/5 nets per observation. In the chili field without mulch but with the
insectiside, the species biodiversity and abundance of arboreal predatory arthropods were the highest, while in the chili field that applied
with synthetic insecticides and plastic mulch, the abundance of arboreal predatory arthropods was the lowest. The herbivorous insect
populations in chili with plastic mulch and synthetic insecticides and in the chili with the leaf litter mulch were higher than those in the
chili without mulch. In the chili with the leaf litter mulch and bioinsecticide, the species number and abundance of the spiders were the
highest compared to the other chili fields. The weedy chili field without mulch and chili with the leaf litter mulch has proved to be ideal
habitats for the arboreal predatory arthropods.

Keywords: Herbivorous insect, leaf litter mulch, plastic mulch, predatory arthropod, weedy chili field


mailto:sitiherlinda@unsri.ac.id

HERLINDA et al. — Arboreal arthropod assemblages in chili pepper with different mulches and pest managements 17

INTRODUCTION

Freshwater swamps are wetlands inundated by water from rivers or rain (Hanif et al. 2020). The duration and depth of
the inundated water determine the type of the freshwater swamp, namely shallowly flooded (depth <50 cm for 3 months),
moderately flooded (50-100 cm depth for 3-6 months), and deeply flooded (depth> 100 cm for 6 months) swamps (Lakitan
et al. 2019). The three typologies of swamps influence the tradition of farmers in cultivating agricultural commaodities
(Lakitan et al. 2018). In shallowly flooded swamps, the farmers generally plant adaptive vegetables and food crops, for
example chili pepper or chili, corn, eggplant, paddy, long beans, ridged gourd, bitter melon or cucumber (Siaga et al.
2019; Karenina et al. 2020a). In the moderately flooded swamps, they generally grow rice, while chilies and other adaptive
vegetables are grown on paddy embankments (Herlinda et al. 2019). In the deeply flooded swamp, we have found that the
smallholder farmers traditionally raise the swamp buffalo (Bubalus bubalis (L.)) or the local duck, “pegagan duck” (Anas
platyrhynchos L.), while entrepreneur farmers can still plant paddy using the pumping system or plant chilies using the
“surjan” system (alternating bed system).

Chili (Capsicum annuum L.) which is a leafy vegetable with high economic value is cultivated the most widely after or
simultaneously with paddy in freshwater swamps center in South Sumatra (Siaga et al. 2018). Cultivation of chilies is
carried out by both the smallholders, middle, and the large-scale farmers (Lakitan et al. 2019) so as to form groupings,
each of which has specificities in the management practices. The grouping consists of the subsistent farmers with low
input production and farmers with medium capital and the large-scale farmers with medium to high production input. In
general, the differences between these three chili cultivation practices are the differences in the use of mulch and the
management of pests and diseases.

Different mulches and pest management in chili can affect arthropod assemblages. The plastic mulch can reduce the
population of herbivorous insects in chilies and other vegetables (Kolota and Adamczewska-Sowinska 2013), for example
Thrips parvispinus (Karny) (Nasruddin et al. 2020) and Thrips palmi (Karny) population (Razzak et al. 2019; Nasruddin et
al. 2020). The reflective silver mulch is able to reduce the population of nymphs and adults of whitefly (Bemisia tabaci
(Gennadius)) in chilies (Agus et al. 2019). Cultivating environmentally friendly chilies without using fertilizers and
synthetic insecticides on chilies can increase the presence of natural enemies of the chili leaf curl vector insect
(Rondonuwu et al. 2014). In addition, the living mulch and no herbicide application can increase the abundance of the
predatory arthropods due to the increasingly complex flora (weedy field) in the agroecosystem (Bryant et al. 2013).
However, the plastic mulch can reduce the abundance of the predators (Razzak et al. 2019), but there are also researchers
who claim that the reflective plastic mulch does not affect the abundance of predatory arthropods (Nottingham et al. 2016).
Intensive pest control using synthetic insecticides can reduce abundance and species diversity, for example a decrease in
the abundance and diversity of predatory arthropods after being applied with synthetic insecticides (Biondi et al. 2012;
Hanif et al. 2020).

The effect of mulches and pest management on arboreal arthropod assemblages specific to chili production centers in
the freshwater swamps of South Sumatra has never been investigated. TThis study provides new information on the
influence of farmers' habits and location-specific chili managements in the chili production centers in freshwater swamps,
South Sumatra against the arboreal arthropod assemblages (predators and parasitoids, neutral insects, and the herbivorous
insects). Chili managements that promote the natural enemy arthropod community (predators and parasitoids) and neutral
insects are useful for application in other ecosystems to maintain the stability of the chili ecosystem. This study aimed to
observe arboreal arthropod assemblages in chili with different mulches and pest managements in freshwater swamps of
South Sumatra, Indonesia.

MATERIALS AND METHODS

Study area

The survey was conducted from April to October 2019 in three villages, namely Indralaya (S 3° 12' 38.12" E 104°
39'08.23"), Tanjung Seteko (S 3° 12'44.02" E 104°41'05.83"), and Pulau Negara (S 3° 11' 20.07" E 104°41'00.21"), Ogan
lir District, South Sumatra (Figure 1). The selection of survey locations was based on the differences in how local farmers
cultivated chilies. The most basic differences were due to the differences in the use of mulch and pest management. The
sample location with cultivation practices using leaf litter mulch with environmentally friendly controls, namely spraying
bioinsecticides was selected in Indralaya Village (A). The sample location with the practice of cultivating chili using
plastic mulch and controlling pests using synthetic insecticides was selected in Tanjung Seteko Village (B), while the
location for chili without mulch (weedy plot without mulch) but spraying synthetic insecticides was selected in Pulau
Negara Village (C). The area of each sample location was ~ 1 ha. These three types of locations were the examples of the
habits most often practiced by the farmers in chili production centers in South Sumatra, however in the location A it was
slightly modified, usually the farmers did not control pests but in this study, the bioinsecticide from entomopathogenic
fungi was applied
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Figure 1. Locations of the survey in three chili fields: Indralaya (1), Tanjung Seteko (2), Pulau Negara (3) in the center of freshwater
swamps of South Sumatra
Table 1. Characteristic of three chili fields with different management practices in South Sumatra, Indonesia

Characteristic A B C
Location (village) Indralaya Tanjung Seteko Pulau Negara
Planting method Planting seedlings Transplanting Transplanting
Water management Manual watering Pumping system Pumping system
Planting period May-August May-August May-August
Seed treatments E;Zé?:ﬁg“c'de of Beauveria Difenokonazol Without seed treatments
Seeds Hybrid seeds Self-produced seeds Self-produced seeds
Weed control/mulch Leaf litter mulch Plastic mulch Without mulch/weedy
Pest control BIOI(\SECtICIde of Beauveria Propmep,_Profenofos, A- Difenokonazol, Diafentiuron
bassiana cyhalothrin
Fertilizers Manure Manure and synthetic fertilizer Manure and synthetic fertilizer

. _ _  Chili and other vegetables ~ 30
i)(;lhpalm 40 ha, and rubber ha, cucumber + 1 ha, bitter melon
a + 2 ha, and watermelon ~ 0.5 ha

Chili ~200 ha and

Other crops around chili rice ~ 300 ha

Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch

Survey location characteristics

The first location (A) was sprayed with a bioinsecticide containing the active ingredient Beauveria bassiana at a dose
of 2 L ha™ which was made following the method of Prabawati et al. (2019). It was sprayed every two weeks since 14
days after planting until 140 days after plantingThe litter mulch used in the location A came from weeds and seasonal wild
plants from the weeding waste at the chili location and its surroundings. At the location A, the fertilizer used was only
manure at a dose of 20 tons ha™ (Table 1). The location A was generally carried out by smallholder farmers who lacked
the capital to buy plastic mulch and synthetic pesticides. However, at the location A there was a slight modification of the
local farmers' habits, namely by adding bioinsecticide application. Although the use of this bioinsecticide has not been
widely adopted by the local farmers in South Sumatra, we observed that several assisted farmers have started to try to
apply this bioinsecticide and the easiest way they collected entomopathogen-attacked insects from their own location.

The second location (B) was a stretch of land using silver plastic mulch and spraying using synthetic pesticides with
active ingredients, including propinep, profenofos, Lambda- cyhalothrin, while the fertilization used synthetic fertilizers
(16% Nitrogen, 16% Posfat/ P205, 16% Kalium/ K20) according to the recommended dose and manure 20 tons ha™.
Spraying at the location B was carried out intensively and on a weekly schedule starting 7 days from after planting until
harvesting. The location B was generally conducted by the large-scale farmers having big capital.
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The third location (C) was a stretch of land that did not use mulch so that the location got weedy; spraying of synthetic
pesticides with the active ingredient diphenoconazole, diafentiuron. Spraying was only carried out at the beginning of the
planting when the chilies were 14, 21, and 28 days after planting. The dominant weed species were Chromolaena odorata
L., Ageratum conyzoides L., Borreria latifolia Aubl., Trema orientalis L., Physalis angulata L. The fertilization using synthetic
fertilizers according to the recommended dosage and manure 20 tons ha™.

Arboreal arthropod sampling

Arboreal arthropod sampling was performed 14, 28, 42, 56, 70, 84, 98, 112, 126, and 140 days after the chili seedlings
were planted (DAP) in each type of location. Arboreal arthropods were sampled using sweep nets following the method of
Herlinda et al. (2018). Each type of location was divided into three subplots which were replicates (pseudoreplication).
Each subplot was sampled at five sampling points (5 plants) spreading out at each corner of the subplot and in the center
of the subplot. The arthropod sampling was carried out in the morning from 06.00 a.m. to 08.00 a.m. The obtained
arthopods were put into vials containing 96% ethanol, labeled with the location and date of sampling then taken to the
Entomology Laboratory of the Department of Plant Pests and Diseases, Faculty of Agriculture, Universita Sriwijaya to be
identified morphologically using books written by Heinrichs et al. (2017), and Whyte and Anderson (2017) and the
number of individuals of each species from each survey location was recorded. The identification of arthropods was
carried out by Dr. Chandra Irsan, an insect taxonomist of Universitas Sriwijaya.

Data analysis

The number of species and the number of individuals in each species (the abundance) from each location were used to
analyze the abundance and species diversity. Shannon-Wiener index (H'), dominance (D), and Evennes (E) were
calculated to Magurran (2004).The arthropods were grouped based on the guilds, namely the predatory arthropods (spiders
and predatory insects), parasitoids, herbivorous insects, and neutral insects (pollinators and decomposers) following the
method of Karenina et al. (2019), then the data were displayed in graphs or tables.

RESULTS AND DISCUSSION

Specific identity and abundance of arboreal arthropods

The species number of arboreal arthropods found in chili production in South Sumatra was 51 species (Table 2). The
found species belonged to the classes of Arachnida and Insecta. From the class of Arachnida there were 6 families, while
from the class of Insecta there were 25 families. The mean abundance of arboreal arthropods found the location A (a plot
with leaf litter mulch) as many as 23.60 individuals/5 nets (from one subplot), at the location B (a plot with plastic
mulch) as many as 20.07 individuals/5 nets, and at the location C (a weedy plot without mulch) as many as 21.93
individuals/5 nets.

The dominant species of predatory arthropods (insects and spiders) were found in the three survey locations, including
Oxyopes macilentus L. Koch, Oxyopes variabilis L.Koch, Pardosa pseudoannulata Boes.& Str., Harmonia octomaculata
F., Menochilus sexmaculatus F, Coelophora inaequalis F, Arisolemma dilatata I, Micraspis inops Mulsant, Paederus
fuscipes Curtis, and Andrallus spinindens F. (Figure 2). The number of species of predatory arthropods at the location A
was found as many as 17 species, at the location B as many as 13 species, and the most species were found at the location
C (20 species). The number of species and abundance of spiders at the location A was the highest compared to the
locations B and C. At the location C there were found hunting spiders, P. pseudoannulata while at the locations A and B
the species was not found (Table 2). The most abundance of arboreal predatory arthropods was found at the location C
(11.90 individuals/5 nets), while the least abundance was found at the location B (3.60 individuals/5 nets). The most
dominant species found in the location A was Harmonia sp., at the location B the most dominant species was M.
sexmaculatus, while at the location C the most dominant species found was H. fasciatus.

The dominant herbivorous insect species were found in the three survey locations, including Aphis gosypii Glover,
Aleurodicus dugesii Cockerell, Empoasca sp., Aulacophora dorsalis Boisduval, and Aulacophora indica Gmelin (Figure
3). A. gosypii, A. dugesii, and Empoasca sp. were found in this study (Table 2) and the three herbivore species were the
key pests in chilies. A. gosypii and Empoasca sp. found in either locations A, B, or C. At the location B that used plastic
mulch, the two key pests were still found. A. dugesii was found only at the location A. The high abundance of the
herbivores was found at the location A (16.87 individuals/5 nets) and at the location B (15.57 individuals/5 nets), while
the least abundance was found at the location C type (8.43 individuals/5 nets) (Table 2).

Apart from the predatory arthropods and herbivorous insects, this study found parasitoids and neutral insects. The
species of parasitoids were found only 3 species, namely Sphecidae (unidentified species), Braconidae sp. A (unidentified
species) and Braconidae sp. B (unidentified species), three species were successfully documented in the canopy of chilies
(Figure 4). The highest parasitoid abundance was found at the location A (0.43 individuals/5 nets), while the lowest
abundance was found at the location C (0.03 individuals/5 nets) (Table 2). There were 6 neutral insect species found,
including Chironomus sp. and Musca domestica (Figure 5). The high abundance of the neutral insects was found at the
location A (1.80 individuals/5 nets) and at the location C (1.57 individuals/5 nets), while the least abundance was found
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at the location B (0.80 individuals/5 nets). During one growing season, the number of arboreal arthropod species found in
the location C was the most (33 species), followed by the location A (31 species), while the least was found in the
location B (27 species).

The arboreal arthropod assemblages

The highest number of species of the arboreal predatory arthropods (20 species) was found in the location C compared
to the number of species in the locations s A (17 species) and B (13 species) (Table 2). The index value of the species
diversity at the location C was also the highest (2.44) with the dominant species of only 0.24 of the predatory arthropods
(Table 3). The location B, apart from having the highest species diversity, also had the highest abundance. The lowest
species diversity index was found at the location B and the abundance was also the lowest. The most abundant of
predatory arthropods was from the family of Coccinellidae (Figure 6). At the location C, the abundance of Syrphidae was
also high, whereas at the location B almost all the families had a low abundance.

The highest number of species of herbivorous insects (9 species) was found at the location C, while in the location A
there were 8 species found (Table 2), yet the index value of the species diversity at the location C was also the lowest
(1.15) with the dominant species was the highest 0.69 (Table 3). The predominant species in the three locations was A.
gosypii. The location C was the lowest abundance, while the abundance of these insects was high at the locations s A and
B. The abundance of herbivorous insects originating from the family of Aphididae was the highest in all types of locations
(Figure 7). At the location B, the abundance of Chrysomelidae and Cicadellidae was also high, whereas in the location C
only the Aphididae family was dominant.

Table 2. Species composition and abundance of arboreal arthropods found in three chili fields with different management practices

A B C
Mean abundance of

Class/Ordo/Families Species Guilds subplot (Individual/s
nets)

52. Insecta/Coleoptera/Carabidae Cicindela sp. PR 0.20 0.00 0.00
53. Insecta/Coleoptera/Coccinellidae Harmonia sp. PR 1.43 0.00 1.30
54. Insecta/Coleoptera/Coccinellidae Micraspis inops PR 0.50 0.00 0.93
55. Insecta/Coleoptera/Coccinellidae Menochilus sexmaculatus PR 1.07 1.03 0.70
56. Insecta/Coleoptera/Coccinellidae Arisolemma dilatata PR 0.00 0.70 0.00
57. Insecta/Coleoptera/Coccinellidae Harmonia octomaculata PR 0.10 0.30 0.00
58. Insecta/Coleoptera/Coccinellidae Micraspis discolor PR 0.13 0.00 0.13
59. Insecta/Coleoptera/Coccinellidae Scymnus coniferarum PR 0.00 0.00 0.07
60. Insecta/Coleoptera/Coccinellidae Coelophora inaequalis PR 0.10 0.00 0.40
61. Insecta/Coleoptera/Coccinellidae Micraspis sp PR 0.00 0.00 0.57
62. Insecta/Coleoptera/ Staphylinidae Paederus fuscipes PR 0.13 0.07 1.33
63. Insecta/Diptera/Dolichopodidae Condylostylus sp. PR 0.00 0.23 1.73
64. Insecta/Diptera/Syrphidae Ischiodon scutellaris PR 0.00 0.03 0.57
65. Insecta/Diptera/Syrphidae Helophilus fasciatus PR 0.00 0.00 2.83
66. Insecta/Hemiptera/Anthocoridae Cardiastethus fascilientris PR 0.03 0.10 0.00
67. Insecta/Hemiptera/Reduviidae Reduviidae (unidentified species A) PR 0.00 0.00 0.20
68. Insecta/Hemiptera/Pentatomidae Andrallus spinindens PR 0.10 0.00 0.13
69. Insecta/Odonata/ Coenagrionidae Coenagrionidae (unidentified species PR

A) 0.00 0.00 0.03
70. Arachnida/Araneae/Linyphiidae Bathyphantes sp. PR 0.13 0.13 0.00
71. Arachnida/Araneae/Oxyopidae Oxyopes javanus PR 0.23 0.23 0.10
72. Arachnida/Araneae/Oxyopidae Oxyopes variabilis PR 0.13 0.00 0.00
73. Arachnida/Araneae/Oxyopidae Oxyopes macilentus PR 0.03 0.10 0.13
74. Arachnida/Araneae/Tetragnathidae Thomisus sp. PR 0.07 0.00 0.37
75. Arachnida/Araneae/Theridiidae Theridion sp. PR 0.03 0.00 0.00
76. Arachnida/Araneae/Araneidae Argiope sp. PR 0.00 0.03 0.17
77. Arachnida/Araneae/Araneidae Araniella sp. PR 0.00 0.13 0.00
78. Arachnida/Araneae/Araneidae Araneidae (unidentified species A) PR 0.03 0.50 0.17
79. Arachnida/Araneae/Lycosidae Pardosa pseudoannulata PR 0.00 0.00 0.07
The number of species of PR 17.00 13.00 20.00
The abundance of PR 4.50 3.60 11.90
80. Insecta/Coleoptera/Coccinellidae Henosepilachna sp. HV 0.13 0.00 0.07
81. Insecta/Coleoptera/Chrysomelidae Aulacophora indica HV 0.00 4.63 0.47
82. Insecta/Coleoptera/Chrysomelidae Aulacophora dorsalis HV 0.00 0.00 0.30
83. Insecta/Coleoptera/Chrysomelidae Phaedon cochleariae HV 0.00 0.00 0.10
84. Insecta/Coleoptera/Chrysomelidae Altica sp. HV 0.00 2.93 0.00

85. Insecta/Hemiptera/Alydidae Leptocorisa acuta HV 0.00 0.03 0.10
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The number of species of HV
The abundance of HV

94,
95.
96.

Insecta/Hymenoptera/Sphecidae
Insecta/Hymenoptera/Braconidae
Insecta/Hymenoptera/Braconidae

The number of species of PA
The abundance of PA

97.
98.
99.
100.
101.
102.

Insecta/Diptera/Muscidae
Insecta/Diptera/Lauxaniidae
Insecta/Diptera/Calliphoridae

Insecta/Diptera/Chironomidae
Insecta/Hymenoptera/Formicidae
Insecta/Hymenoptera/Formicidae

The number of species of NI
The abundance of NI

The total number of species
The total of abundance

Empoasca sp.

Aphis gosypii
Nezara viridula
Aleurodicus dugesii
Acraea violae
Tetrix sp
Dissosteira carolina
Valanga nigricornis

Sceliphron sp.
Apanteles sp.
Cotesia sp.

Musca domestica
Homoneura sp.
Calliphora sp.
Chironomus sp.

Formicidae (unidentified species A)
Formicidae (unidentified species B)

HV
HV
HV
HV
HV
HV
HV
HV

PA
PA
PA

NI
NI
NI
NI
NI
NI

2.30
7.93
0.33
5.90
0.13
0.07
0.00
0.07
8.00
16.87
0.23
0.13
0.07
3.00
0.43
0.07
0.00
0.00
0.00
0.90
0.83
3.00
1.80
31.00
23.60

2.77
4.63
0.00
0.00
0.00
0.27
0.10
0.20
8.00
15.57
0.07
0.03
0.00
2.00
0.10
0.00
0.03
0.03
0.20
0.53
0.00
4.00
0.80
27.00
20.07

1.07
5.80
0.00
0.00
0.00
0.13
0.00
0.40
9.00
8.43
0.00
0.03
0.00
1.00
0.03
0.00
1.03
0.47
0.00
0.07
0.00
3.00
1.57
33.00
21.93

21

Note: PR = predatory arthropods, HV=herbivorous insects, PA = parasitoids, NI = neutral insects, A = plot with leaf litter mulch, B =
plot with plastic mulch, C = weedy plot without mulch

Figure 2. Dominant predatory arthropod species found in the chili canopy: Oxyopes macilentus (A), Oxyopes variabilis (B), Thomisus
sp. (C), Pardosa pseudoannulata (D), Condylostylus sp. (E), Harmonia octomaculata (F), Menochilus sexmaculatus (G), Harmonia sp.,
(H), Coelophora inaequalis (1), Arisolemma dilatata (J), Menochilus sexmaculatus larvae (K), Micraspis inops adult (L), Micraspis
discolor (M), Micraspis sp, (N), Paederus fuscipes (O), Ischiodon scutellaris larvae (P), Ischiodon scutellaris adult (Q), Andrallus
spinindens (R), Cicindela sp, (S)
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Figure 3. Dominant herbivore species found in the chili canopy: Aphis gosypii (A), Aleurodicus dugesii (B), Empoasca sp. (C),
Aulacophora dorsalis (D), Aulacophora indica (E), Henosepilachna sp. (F), Acraea violae pupae (G), Acraea violae adult (H), Tetrix sp.
(), Valanga nigricornis (J)

Figure 5. Neutral insect species found in the chili canopy: Chironomus sp. (A), Musca domestica (B)
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Figure 6. The abundance of predatory arthropods in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot without
mulch (C)

Based on the guilds, the arthropods found consisted of the predatory arthropods, parasitoids, herbivorous and neutral
insects. The proportion of the arboreal arthropods varied among guilds (Figure 7). In this study, the new information found
was the dominance of the predatory arthropods at the location C (54%), while the herbivorous insects only occupied 39%
(Figure 7). The herbivorous insects dominated at the locations s A (71%) and B (78%). The highest proportion of neutral
insects was found in the locations s A (8%) and C (7%), while the lowest one was in the location B (4%).

Discussion

In this study, there were many species of the predatory arthropod found, including P. pseudoannulata, H.
octomaculata, M. sexmaculatus, C. inaequalis, A. dilatata, M. inops, P. fuscipes, I. scutellaris, and A. spinindens. The
most dominant predatory insect families were Coccinellidae and Syrphidae, while the most dominant spiders were
Oxyopidae. They were generalist predators or the polyphagous predators being able to prey on various insect species from
several families. P. pseudoannulata can attack A. gosypii, A. dugesii, Empoasca sp., Bemisia tabaci (Jiang et al. 2020).
Coccinellid beetles, such as M. sexmaculatus, are generalist predators that can attack A. gosypii, Empoasca sp., Bemisia
tabaci (Bhatt et al. 2018). In this study, Aulacophora dorsalis and Aulacophora indica were also found which were the
prey of generalist predators. The generalist predators have been reported to attack various species of Aulacophora spp.
(Pal et al. 2017). Aulacophora dorsalis and Aulacophora indica generally attack cucumber leaves, but in this study they
were found to attack chili leaves. This was because the cucumbers were planted around the chilies.

Table 3. Arboreal arthropod assemblages (community of predatory arthropods, herbivorous insects, parasitoids, and neutral insects)
found in three chili fields with different management practices

Guilds Community characteristics A B C
Predatory arthropods Abundance (individual/5 nets) 4.47 3.60 11.93
Biodiversity index (H”) 2.13 2.12 2.44
Dominance index (D) 0.32 0.29 0.24
Evenness index (E) 0.75 0.83 0.81
Herbivorous insects Abundance (individual/5 nets) 16.87 15.57 8.43
Biodiversity index (H”) 1.19 1.50 1.15
Dominance index (D) 0.47 0.29 0.69
Evenness index (E) 0.57 0.72 0.52
Parasitoids Abundance (individual/5 nets) 0.43 0.10 0.03
Biodiversity index (H”) 0.98 0.64 0
Dominance index (D) 0.54 0.60 1.00
Evenness index (E) 0.90 0.92 0
Neutral insects Abundance (individual/5 nets) 1.80 0.80 1.57
Biodiversity index (H’) 0.83 1.24 0.66
Dominance index (D) 0.50 0.67 0.66
Evenness index (E) 0.75 0.77 0.47

Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch
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Figure 7. The proportion of the arboreal arthropod guilds in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot
without mulch (C)

From the data on the species diversity and abundance of the arboreal predatory arthropods, the highest was found in the
location C, while the lowest was at the location B. The location C was a plot that did not use mulch and the application
of synthetic insecticides was only at the beginning of planting, while the location B used the plastic mulch and routine
synthetic insecticide applications. The species diversity and abundance of predatory arthropods were higher at the location
C because that location had relatively more niches than those at locations s B and C because the microhabitats were
provided by the wild plants that were still let to grow in the weedy chili field. According to Anggraini et al. (2021) non-
crop plants are preferred by the predatory arthropods for alternative habitats over crops. The diversity of non-crop plants
provides more prey and alternative habitats (Parry et al. 2015). Spraying the synthetic insecticides at the location C did
not reduce the number of species and abundance of predatory arthropods because the spraying was only carried out at the
beginning of planting when the chilies were 14, 21, and 28 days after planting. However, the high doses and frequency of
synthetic insecticide applications carried out at the location B on a scheduled basis every week starting from the age of 7
days after planting until ahead of harvest caused the number of species and abundance of predatory arthropods in the
location B to be the lowest. According to Hanif et al. (2020), overdose of synthetic insecticides can cause a decrease in the
abundance and species diversity of predatory arthropods.

At the location A, the species diversity and abundance of predatory arthropods were lower than those at the location
C. However, the number of species and abundance of spiders were higher at the location A than those at the locations s B
and C. The location A used leaf litter mulch and bioinsecticide and the weeds were always weeded. Possibly the presence
of the leaf litter mulch causes a greater number and abundance of spiders at the location A compared to those at the
locations s B and C. The leaf litter provides habitats and shelters for hunting spiders (Potapov et al. 2020). Consequently,
the location A was suitable for habitats, shelters for the spiders. At the location C, the hunting spider, P. pseudoannulata
were found, while in the locations s A and B they were not found. This is because the location C was surrounded by ~ 300
ha of paddy which was the spider's natural habitat. P. pseudoannulata is a generalist predator with its main prey being
paddy pests, such as the brown planthopper, Nilaparvata lugens (Daravath and Chander 2017). The presence of generalist
predators, such as Pardosa spp. are beneficial in suppressing the population of important chili pests, such as Thrip tabaci
and B. tabaci (Mohsin et al. 2015). The position of the chili location adjacent to the paddy field is advantageous for chili
because of the flow of generalist predatory species from the paddy plants, while the important pests of paddy do not
migrate because they include monophagous and oligophagous species whose host plants are not chilies.

The herbivorous insects predominant in all locations were the family of Aphididae. At the location C, the population
of the herbivorous insects was found to be the lowest possibly because the role of generalist predators functioned well.
Based on the data on the abundance of predatory arthropods, the most abundant one at the location C was an indicator that
the predatory arthropods settled and functioned to suppress the population of the herbivorous insects. At the locations s A
and B, the population of the herbivorous insects was high possibly due to the abundance and low diversity of generalist
predator species. At the location B using plastic mulch, A. gosypii and Empoasca sp. were the key pests on chilies. From
the data of this study, the plastic mulch was not able to suppress the presence of A. gosypii and Empoasca sp. However, the
plastic mulch can reduce the population of chili pest species, such as T. tabaci and B. tabaci (Karungi et al. 2013).

Only 3 parasitoid species were found, namely Sphecidae (unidentified species), Braconidae sp. A (unidentified
species), and Braconidae sp. B (unidentified species). Sphecidae has a guild as a parasitoid (Borisade et al. 2017), but
many species of the Sphecidae act as predators that prey on spiders thus consequently Sphecidae wasps could be intraguild
predators of spiders (Carvalho etal. 2014). The three species could not be determined by the hosts they attacked because
the sample was the adult stage of the parasitoids. Parasitoid species commonly found in chilies, such as Diaeretiella rapae
(Pope et al. 2012) and Aphidius sp. (Majidpour et al. 2020) attacking A. gossypii were not found in this study. The
presence of a high ant population (Formicidae) in chilies can be as a biotic competitor that disrupts and repels the presence
of parasitoids and predators t (Zhou 2014) and consequently A. gossypii was dominant.

Several species of neutral insects found in this study such as Chironomus sp., Calliphora sp. and Homoneura sp. were
required for ecosystem services as they could serve as alternative preys for generalist predators. According to Karenina et
al. (2020b) Chironomus sp. and many other neutral insect species are very supportive of maintaining the presence of
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generalist predators because when the herbivorous insects decline in population in plants, their availability in wild plants
can become alternative prey. Sometimes generalist predators prefer neutral arthropods more than the herbivorous pests.
Thus the presence of alternative prey not always beneficial.

Interesting information about the proportion between guilds, the predatory arthropods were the most dominant at the
location C compared to other guilds (the herbivorous insects, parasitoids, and neutral insects) by occupying more than 50%
of the location. At the location A and B, they were dominated by the herbivorous insects more than 70% compared to other
guilds. Location C was more suitable for predatory arthropods than the other locations, possibly due to the weedy
vegetation which provided alternative microhabitats. Processes in the chili ecosystem at the location C, such as food
chains, worked well as indicated by the diversity of species and the dominance of the predatory arthropods higher than the
dominance of prey (the herbivorous insects and neutral insects). According to Riggi and Bommarco (2019), diverse and
dense plants support the abundance and species diversity of generalist predators and their preys and cause food chains to
be strong and stable.

In conclusion, the chili field with the weedy plot without mulch had the highest species biodiversity and abundance of
arboreal predatory arthropods, while the chili field of synthetic insecticides and plastic mulch has the lowest predatory
abundance. The herbivorous insects in the chili field that apply synthetic insecticides and plastic mulch and the leaf litter
mulch are higher than in the chili field without mulch. In the chili field that applied the leaf litter mulch and bioinsecticide,
the number of species and the abundance of the spider assemblage was the highest compared to the other fields. Thus, the
chili field without mulch and with the leaf litter mulch is ideal habitat of the arboreal predatory arthropods.
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Abstract. Herlinda S, Tricahyati T, Irsan C, Karenina T, Hasbi, Suparman, Lakitan B, Anggraini E, Arsi. 2021. Arboreal arthropod
assemblages in chili pepper with different mulches and pest managements in freshwater swamps of South Sumatra, Indonesia.
Biodiversitas 22: xxxx. In the center of freshwater swamps in South Sumatra, three different chili cultivation practices are generally
found, namely differences in the use of mulch and pest management that can affect arthropod assemblages. The effect of mulches and
pest management on arboreal arthropod assemblages specific to chili production centers in the freshwater swamps of South Sumatra has
never been investigated. This study aimed to observe arboreal arthropod assemblages in chili with different mulches and pest
managements. Arboreal arthropods were sampled using sweep nets in three locations that had plots treated with leaf litter mulch and
bioinsecticide, with plastic mulch and synthetic insecticide, and weedy plot without mulch with synthetic insecticide. The species
number of arboreal arthropods found was 28 species of Arachnids and 23 species of Insects, and consisting of 6 families of the
Arachnids and 25 families of Insects. The abundance of arboreal arthropods was 65.60 individuals/5 nets per observation. In the chili
field without mulch but with the insectiside, the species biodiversity and abundance of arboreal predatory arthropods were the highest,
while in the chili field that applied with synthetic insecticides and plastic mulch, the abundance of arboreal predatory arthropods was the
lowest. The herbivorous insect populations in chili with plastic mulch and synthetic insecticides and in the chili with the leaf litter mulch
were higher than those in the chili without mulch. In the chili with the leaf litter mulch and bioinsecticide, the species number and
abundance of the spiders were the highest compared to the other chili fields. The weedy chili field without mulch and chili with the leaf
litter mulch has proved to be ideal habitats for the arboreal predatory arthropods.
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INTRODUCTION

Freshwater swamps are wetlands inundated by water
from rivers or rain (Hanif et al. 2020). The duration and
depth of the inundated water determine the type of the
freshwater swamp, namely shallowly flooded (depth <50
cm for 3 months), moderately flooded (50-100 cm depth
for 3-6 months), and deeply flooded (depth> 100 cm for 6
months) swamps (Lakitan et al. 2019). The three typologies
of swamps influence the tradition of farmers in cultivating
agricultural commodities ~ (Lakitan et al. 2018). In
shallowly flooded swamps, the farmers generally plant
adaptive vegetables and food crops, for example chili
pepper or chili, corn, eggplant, paddy, long beans, ridged
gourd, bitter melon or cucumber (Siaga et al. 2019;
Karenina et al. 2020a). In the moderately flooded swamps,
they generally grow rice, while chilies and other adaptive
vegetables are grown on paddy embankments (Herlinda et
al. 2019). In the deeply flooded swamp, we have found that
the smallholder farmers traditionally raise the swamp
buffalo (Bubalus bubalis (L.)) or the local duck, “pegagan
duck” (Anas platyrhynchos L.), while entrepreneur farmers
can still plant paddy using the pumping system or plant
chilies using the “surjan” system (alternating bed system).

Chili (Capsicum annuum L.) which is a leafy vegetable
with high economic value is cultivated the most widely
after or simultaneously with paddy in freshwater swamps
center in South Sumatra (Siaga et al. 2018). Cultivation of
chilies is carried out by both the smallholders, middle, and
the large-scale farmers (Lakitan et al. 2019) so as to form
groupings, each of which has specificities in the
management practices. The grouping consists of the
subsistent farmers with low input production and farmers
with medium capital and the large-scale farmers with
medium to high production input. In general, the
differences between these three chili cultivation practices
are the differences in the use of mulch and the management
of pests and diseases.

Different mulches and pest management in chili can
affect arthropod assemblages. The plastic mulch can reduce
the population of herbivorous insects in chilies and other
vegetables (Kolota and Adamczewska-Sowinska 2013), for
example Thrips parvispinus (Karny) (Nasruddin et al.
2020) and Thrips palmi (Karny) population (Razzak et al.
2019; Nasruddin et al. 2020). The reflective silver mulch is
able to reduce the population of nymphs and adults of
whitefly (Bemisia tabaci (Gennadius)) in chilies (Agus et
al. 2019). Cultivating environmentally friendly chilies
without using fertilizers and synthetic insecticides on
chilies can increase the presence of natural enemies of the
chili leaf curl vector insect (Rondonuwu et al. 2014). In
addition, the living mulch and no herbicide application can
increase the abundance of the predatory arthropods due to
the increasingly complex flora (weedy field) in the
agroecosystem (Bryant et al. 2013). However, the plastic
mulch can reduce the abundance of the predators (Razzak

et al. 2019), but there are also researchers who claim that
the reflective plastic mulch does not affect the abundance
of predatory arthropods (Nottingham et al. 2016).
Intensive pest control using synthetic insecticides can
reduce abundance and species diversity, for example a
decrease in the abundance and diversity of predatory
arthropods after being applied with synthetic insecticides
(Biondi et al. 2012; Hanif et al. 2020).

The effect of mulches and pest management on arboreal
arthropod assemblages specific to chili production centers
in the freshwater swamps of South Sumatra has never been
investigated. This study provides new information on the
influence of farmers' habits and location-specific chili
managements in the chili production centers in freshwater
swamps, South Sumatra against the arboreal arthropod
assemblages (predators and parasitoids, neutral insects, and
the herbivorous insects). Chili managements that promote
the natural enemy arthropod community (predators and
parasitoids) and neutral insects are useful for application in
other ecosystems to maintain the stability of the chili
ecosystem. This study aimed to observe arboreal arthropod
assemblages in chili with different mulches and pest
managements in freshwater swamps of South Sumatra,
Indonesia.

MATERIALS AND METHODS

Study area

The survey was conducted from April to October 2019
in three villages, namely Indralaya (S 3°12'38.12" E
104°39'08.23"), Tanjung Seteko (S 3°12'44.02" E
104°41'05.83"), and Pulau Negara (S 3°1120.07" E
104°41'00.21"), Ogan llir District, South Sumatra (Figure
1). The selection of survey locations was based on the
differences in how local farmers cultivated chilies. The
most basic differences were due to the differences in the
use of mulch and pest management. The sample location
with cultivation practices using leaf litter mulch with
environmentally friendly controls, namely spraying
bioinsecticides was selected in Indralaya Village (A). The
sample location with the practice of cultivating chili using
plastic mulch and controlling pests using synthetic
insecticides was selected in Tanjung Seteko Village (B),
while the location for chili without mulch (weedy plot
without mulch) but spraying synthetic insecticides was
selected in Pulau Negara Village (C). The area of each
sample location was ~ 1 ha. These three types of locations
were the examples of the habits most often practiced by the
farmers in chili production centers in South Sumatra,
however in the location A it was slightly modified, usually
the farmers did not control pests but in this study, the
bioinsecticide from entomopathogenic fungi was applied.
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Survey location characteristics

The first location (A) was sprayed with a bioinsecticide
containing the active ingredient Beauveria bassiana
(Balsamo) Vuillemin at a dose of 2 L ha™ which was made
following the method of Prabawati et al. (2019). It was
sprayed every two weeks since 14 days after planting until
140 days after planting. The litter mulch used in the
location A came from weeds and seasonal wild plants from
the weeding waste at the chili location and its surroundings.
At the location A, the fertilizer used was only manure at a
dose of 20 tons ha® (Table 1). The location A was
generally carried out by smallholder farmers who lacked
the capital to buy plastic mulch and synthetic pesticides.
However, at the location A there was a slight modification
of the local farmers' habits, namely by adding
bioinsecticide application. Although the use of this
bioinsecticide has not been widely adopted by the local
farmers in South Sumatra, we observed that several
assisted farmers have started to try to apply this
bioinsecticide and the easiest way they collected
entomopathogen-attacked insects from their own location.

The second location (B) was a stretch of land using
silver plastic mulch and spraying using synthetic pesticides
with active ingredients, including propinep, profenofos,
Lambda- cyhalothrin, while the fertilization used synthetic
fertilizers (16% Nitrogen, 16% Posfat/P205, 16%
Kalium/K20) according to the recommended dose and
manure 20 tons ha™. Spraying at the location B was carried
out intensively and on a weekly schedule starting 7 days
from after planting until harvesting. The location B was
generally conducted by the large-scale farmers having big
capital.

The third location (C) was a stretch of land that did not
use mulch so that the location got weedy; spraying of
synthetic  pesticides with the active ingredient
diphenoconazole, diafentiuron. Spraying was only carried
out at the beginning of the planting when the chilies were
14, 21, and 28 days after planting. The dominant weed
species were Chromolaena odorata L., Ageratum conyzoides

L., Borreria latifolia Aubl., Trema orientalis L., Physalis
angulata L. The fertilization using synthetic fertilizers
according to the recommended dosage and manure 20 tons
ha.

Arboreal arthropod sampling

Arboreal arthropod sampling was performed 14, 28, 42,
56, 70, 84, 98, 112, 126, and 140 days after the chili
seedlings were planted (DAP) in each type of location.
Arboreal arthropods were sampled using sweep nets
following the method of Herlinda et al. (2018). Each type
of location was divided into three subplots which were
replicates (pseudoreplication). Each subplot was sampled at
five sampling points (5 plants) spreading out at each corner
of the subplot and in the center of the subplot. The
arthropod sampling was carried out in the morning from
06.00 a.m. to 08.00 a.m. The obtained arthopods were put
into vials containing 96% ethanol, labeled with the location
and date of sampling then taken to the Entomology
Laboratory of the Department of Plant Pests and Diseases,
Faculty of Agriculture, Universita Sriwijaya to be
identified morphologically using books written by
Heinrichs et al. (2017), and Whyte and Anderson (2017)
and the number of individuals of each species from each
survey location was recorded. The identification of
arthropods was carried out by Dr. Chandra Irsan, an insect
taxonomist of Universitas Sriwijaya.

Data analysis

The number of species and the number of individuals in
each species (the abundance) from each location were used
to analyze the abundance and species diversity. Shannon-
Wiener index (H'), dominance (D), and Evennes (E) were
calculated to Magurran (2004).The arthropods were
grouped based on the guilds, namely the predatory
arthropods (spiders and predatory insects), parasitoids,
herbivorous insects, and neutral insects (pollinators and
decomposers) following the method of Karenina et al.
(2019), then the data were displayed in graphs or tables.

Table 1. Characteristic of three chili fields with different management practices in South Sumatra, Indonesia

Characteristic A

B C

Location (village) Indralaya
Planting method Planting seedlings
Water management Manual watering

Planting period May-August

Bioinsecticide of Beauveria
Seed treatments .

bassiana
Seeds Hybrid seeds

Tanjung Seteko
Transplanting
Pumping system
May-August

Difenokonazol

Self-produced seeds

Pulau Negara
Transplanting
Pumping system
May-August

Without seed treatments

Self-produced seeds

Weed control/mulch Leaf litter mulch Plastic mulch Without mulch/weedy
Pest control Blomsectlude of Beauveria Propmep,_ Profenofos, A- Difenokonazol, Diafentiuron
bassiana cyhalothrin
Fertilizers Manure Manure and synthetic fertilizer Manure and synthetic fertilizer
. Chili and other vegetables ~ 30 -
Other crops around chili Oil palm ~40 ha, and rubber ha, cucumber + 1 ha, bitter melon (?h'" 200 ha and
10 ha rice ~ 300 ha

+ 2 ha, and watermelon ~ 0.5 ha
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Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch
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Figure 1. Locations of the survey in three chili fields: Indralaya (1), Tanjung Seteko (2), Pulau Negara (3) in the center of freshwater

swamps of South Sumatra
RESULTS AND DISCUSSION

Specific identity and abundance of arboreal arthropods

The species number of arboreal arthropods found in
chili production in South Sumatra was 51 species (Table 2).
The found species belonged to the classes of Arachnida and
Insecta. From the class of Arachnida there were 6 families,
while from the class of Insecta there were 25 families. The
mean abundance of arboreal arthropods found the location
A (a plot with leaf litter mulch) as many as 23.60
individuals/5 nets (from one subplot), at the location B (a
plot with plastic mulch) as many as 20.07 individuals/5
nets, and at the location C (a weedy plot without mulch) as
many as 21.93 individuals/5 nets.

The dominant species of predatory arthropods (insects
and spiders) were found in the three survey locations,
including Oxyopes macilentus L. Koch, Oxyopes variabilis
L.Koch, Pardosa pseudoannulata Boes. & Str., Harmonia
octomaculata F., Menochilus sexmaculatus F, Coelophora
inaequalis F, Arisolemma dilatata 1, Micraspis inops
Mulsant, Paederus fuscipes Curtis, and Andrallus
spinindens F. (Figure 2). The number of species of
predatory arthropods at the location A was found as many
as 17 species, at the location B as many as 13 species, and
the most species were found at the location C (20 species).
The number of species and abundance of spiders at the
location A was the highest compared to the locations B and
C. At the location C there were found hunting spiders, P.
pseudoannulata while at the locations A and B the species
was not found (Table 2). The most abundance of arboreal
predatory arthropods was found at the location C (11.90
individuals/5 nets), while the least abundance was found at

the location B (3.60 individuals/5 nets). The most dominant
species found in the location A was Harmonia sp., at the
location B the most dominant species was M.
sexmaculatus, while at the location C the most dominant
species found was H. fasciatus.

The dominant herbivorous insect species were found in
the three survey locations, including Aphis gosypii Glover,
Aleurodicus dugesii Cockerell, Empoasca sp., Aulacophora
dorsalis Boisduval, and Aulacophora indica Gmelin
(Figure 3). A. gosypii, A. dugesii, and Empoasca sp. were
found in this study (Table 2) and the three herbivore
species were the key pests in chilies. A. gosypii and
Empoasca sp. found in either locations A, B, or C. At the
location B that used plastic mulch, the two key pests were
still found. A. dugesii was found only at the location A.
The high abundance of the herbivores was found at the
location A (16.87 individuals/5 nets) and at the location B
(15.57 individuals/5 nets), while the least abundance was
found at the location C (8.43 individuals/5 nets) (Table 2).

Apart from the predatory arthropods and herbivorous
insects, this study found parasitoids and neutral insects.
The species of parasitoids were found only 3 species,
namely Sceliphron sp. (A), Apanteles sp. (B) and Cotesia
sp., three species were successfully documented in the
canopy of chilies (Figure 4). The highest parasitoid
abundance was found at the location A (0.43 individuals/5
nets), while the lowest abundance was found at the location
C (0.03 individuals/5 nets) (Table 2). There were 6 neutral
insect species found, including Chironomus sp. and Musca
domestica (Figure 5). The high abundance of the neutral
insects was found at the location A (1.80 individuals/5
nets) and at the location C (1.57 individuals/5 nets), while
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the least abundance was found at the location B (0.80
individuals/5 nets). During one growing season, the
number of arboreal arthropod species found in the location
C was the most (33 species), followed by the location A
(31 species), while the least was found in the location B
(27 species).

The arboreal arthropod assemblages

The highest number of species of the arboreal predatory
arthropods (20 species) was found in the location C
compared to the number of species in the locations s A (17
species) and B (13 species) (Table 2). The index value of
the species diversity at the location C was also the highest
(2.44) with the dominant species of only 0.24 of the
predatory arthropods (Table 3). The location B, apart from
having the highest species diversity, also had the highest
abundance. The lowest species diversity index was found at
the location B and the abundance was also the lowest. The
most abundant of predatory arthropods was from the
family of Coccinellidae (Figure 6). At the location C, the
abundance of Syrphidae was also high, whereas at the
location B almost all the families had a low abundance.

The highest number of species of herbivorous insects (9
species) was found at the location C, while in the location
A there were 8 species found (Table 2), yet the index value
of the species diversity at the location C was also the

lowest (1.15) with the dominant species was the highest
0.69 (Table 3). The predominant species in the three
locations was A. gosypii. The location C was the lowest
abundance, while the abundance of these insects was high
at the locations s A and B. The abundance of herbivorous
insects originating from the family of Aphididae was the
highest in all types of locations. At the location B, the
abundance of Chrysomelidae and Cicadellidae was also
high, whereas in the location C only the Aphididae family
was dominant.

Based on the guilds, the arthropods found consisted of
the predatory arthropods, parasitoids, herbivorous and
neutral insects. The proportion of the arboreal arthropods
varied among guilds (Figure 7). In this study, the new
information found was the dominance of the predatory
arthropods at the location C (54%), while the herbivorous
insects only occupied 39% (Figure 7). The herbivorous
insects dominated at the locations s A (71%) and B (78%).
The highest proportion of neutral insects was found in the
locations s A (8%) and C (7%), while the lowest one was in
the location B (4%).

Table 2. Species composition and abundance of arboreal arthropods found in three chili fields with different management practices

A B C
Class/Ordo/Families Species Guilds Mean abundance per subplot
(Individual/5 nets)
Insecta/Coleoptera/Carabidae Cicindela sp. PR 0.20 0.00 0.00
Insecta/Coleoptera/Coccinellidae Harmonia sp. PR 1.43 0.00 1.30
Insecta/Coleoptera/Coccinellidae Micraspis inops PR 0.50 0.00 0.93
Insecta/Coleoptera/Coccinellidae Menochilus sexmaculatus PR 1.07 1.03 0.70
Insecta/Coleoptera/Coccinellidae Arisolemma dilatata PR 0.00 0.70 0.00
Insecta/Coleoptera/Coccinellidae Harmonia octomaculata PR 0.10 0.30 0.00
Insecta/Coleoptera/Coccinellidae Micraspis discolor PR 0.13 0.00 0.13
Insecta/Coleoptera/Coccinellidae Scymnus coniferarum PR 0.00 0.00 0.07
Insecta/Coleoptera/Coccinellidae Coelophora inaequalis PR 0.10 0.00 0.40
Insecta/Coleoptera/Coccinellidae Micraspis sp. PR 0.00 0.00 0.57
Insecta/Coleoptera/ Staphylinidae Paederus fuscipes PR 0.13 0.07 1.33
Insecta/Diptera/Dolichopodidae Condylostylus sp. PR 0.00 0.23 1.73
Insecta/Diptera/Syrphidae Ischiodon scutellaris PR 0.00 0.03 0.57
Insecta/Diptera/Syrphidae Helophilus fasciatus PR 0.00 0.00 2.83
Insecta/Hemiptera/Anthocoridae Cardiastethus fascilientris PR 0.03 0.10 0.00
Insecta/Hemiptera/Reduviidae Reduviidae (unidentified species A) PR 0.00 0.00 0.20
Insecta/Hemiptera/Pentatomidae Andrallus spinindens PR 0.10 0.00 0.13
Insecta/Odonata/ Coenagrionidae Coenagrionidae (unidentified species A) PR 0.00 0.00 0.03
Arachnida/Araneae/Linyphiidae Bathyphantes sp. PR 0.13 0.13 0.00
Arachnida/Araneae/Oxyopidae Oxyopes javanus PR 0.23 0.23 0.10
Arachnida/Araneae/Oxyopidae Oxyopes variabilis PR 0.13 0.00 0.00
Arachnida/Araneae/Oxyopidae Oxyopes macilentus PR 0.03 0.10 0.13
Arachnida/Araneae/Tetragnathidae Thomisus sp. PR 0.07 0.00 0.37
Arachnida/Araneae/Theridiidae Theridion sp. PR 0.03 0.00 0.00
Arachnida/Araneae/Araneidae Argiope sp. PR 0.00 0.03 0.17
Arachnida/Araneae/Araneidae Araniella sp. PR 0.00 0.13 0.00
Arachnida/Araneae/Araneidae Araneidae (unidentified species A) PR 0.03 0.50 0.17
Arachnida/Araneae/Lycosidae Pardosa pseudoannulata PR 0.00 0.00 0.07
The number of species of PR 17.00 13.00 20.00
The abundance of PR 4.50 3.60 11.90
Insecta/Coleoptera/Coccinellidae Henosepilachna sp. HV 0.13 0.00 0.07
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Insecta/Coleoptera/Chrysomelidae
Insecta/Coleoptera/Chrysomelidae
Insecta/Coleoptera/Chrysomelidae
Insecta/Coleoptera/Chrysomelidae
Insecta/Hemiptera/Alydidae
Insecta/Hemiptera/Cicadelidae
Insecta/Hemiptera/Aphididae
Insecta/Hemiptera/Pentatomidae
Insecta/Hemiptera/Aleyrodidae
Insecta/Lepidoptera/Nymphalidae
Insecta/Orthoptera/Acrididae
Insecta/Orthoptera/Acrididae
Insecta/Orthoptera/Acrididae

The number of species of HV
The abundance of HV
Insecta/Hymenoptera/Sphecidae
Insecta/Hymenoptera/Braconidae
Insecta/Hymenoptera/Braconidae
The number of species of PA
The abundance of PA
Insecta/Diptera/Muscidae
Insecta/Diptera/Lauxaniidae
Insecta/Diptera/Calliphoridae
Insecta/Diptera/Chironomidae
Insecta/Hymenoptera/Formicidae
Insecta/Hymenoptera/Formicidae
The number of species of NI
The abundance of NI

The total number of species

The total of abundance

Aulacophora indica
Aulacophora dorsalis
Phaedon cochleariae
Altica sp.
Leptocorisa acuta
Empoasca sp.

Aphis gosypii

Nezara viridula
Aleurodicus dugesii
Acraea violae

Tetrix sp.
Dissosteira carolina
Valanga nigricornis

Sceliphron sp.
Apanteles sp.
Cotesia sp.

Musca domestica

Homoneura sp.

Calliphora sp.

Chironomus sp.

Formicidae (unidentified species A)
Formicidae (unidentified species B)

HV
HV
HV
HV
HV
HV
HV
HV
HV
HV
HV
HV
HV

PA
PA
PA

NI

NI
NI
NI
NI

0.00
0.00
0.00
0.00
0.00
2.30
7.93
0.33
5.90
0.13
0.07
0.00
0.07
8.00
16.87
0.23
0.13
0.07
3.00
0.43
0.07
0.00
0.00
0.00
0.90
0.83
3.00
1.80
31.00
23.60

4.63
0.00
0.00
2.93
0.03
2.77
4.63
0.00
0.00
0.00
0.27
0.10
0.20
8.00
15.57
0.07
0.03
0.00
2.00
0.10
0.00
0.03
0.03
0.20
0.53
0.00
4.00
0.80
27.00
20.07

0.47
0.30
0.10
0.00
0.10
1.07
5.80
0.00
0.00
0.00
0.13
0.00
0.40
9.00
8.43
0.00
0.03
0.00
1.00
0.03
0.00
1.03
0.47
0.00
0.07
0.00
3.00
1.57
33.00
21.93

Note: PR = predatory arthropods, HV="herbivorous insects, PA = parasitoids, NI = neutral insects, A = plot with leaf litter mulch, B = plot
with plastic mulch, C = weedy plot without mulch.

Table 3. Arboreal arthropod assemblages (community of predatory arthropods, herbivorous insects, parasitoids, and neutral insects)
found in three chili fields with different management practices

Guilds Community characteristics A B C
Predatory arthropods Abundance (individual/5 nets) 4.47 3.60 11.93
Biodiversity index (H”) 2.13 2.12 2.44
Dominance index (D) 0.32 0.29 0.24
Evenness index (E) 0.75 0.83 0.81
Herbivorous insects Abundance (individual/5 nets) 16.87 15.57 8.43
Biodiversity index (H”) 1.19 1.50 1.15
Dominance index (D) 0.47 0.29 0.69
Evenness index (E) 0.57 0.72 0.52
Parasitoids Abundance (individual/5 nets) 0.43 0.10 0.03
Biodiversity index (H’) 0.98 0.64 0
Dominance index (D) 0.54 0.60 1.00
Evenness index (E) 0.90 0.92 0
Neutral insects Abundance (individual/5 nets) 1.80 0.80 1.57
Biodiversity index (H’) 0.83 1.24 0.66
Dominance index (D) 0.50 0.67 0.66
Evenness index (E) 0.75 0.77 0.47

Note: A = plot with leaf litter mulch, B = plot with plastic mulch, C = weedy plot without mulch
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Figure 2. Dominant predatory arthropod species found in the chili canopy: Oxyopes macilentus (A), Oxyopes variabilis (B), Thomisus
sp. (C), Pardosa pseudoannulata (D), Condylostylus sp. (E), Harmonia octomaculata (F), Menochilus sexmaculatus (G), Harmonia sp.,
(H), Coelophora inaequalis (1), Arisolemma dilatata (J), Menochilus sexmaculatus larvae (K), Micraspis inops adult (L), Micraspis
discolor (M), Micraspis sp, (N), Paederus fuscipes (O), Ischiodon scutellaris larvae (P), Ischiodon scutellaris adult (Q), Andrallus
spinindens (R), Cicindela sp. (S)

Figure 3. Dominant herbivore species found in the chili canopy: Aphis gosypii (A), Aleurodicus dugesii (B), Empoasca sp. (C),
Aulacophora dorsalis (D), Aulacophora indica (E), Henosepilachna sp. (F), Acraea violae pupae (G), Acraea violae adult (H), Tetrix sp.
(1), Valanga nigricornis (J)
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Figure 5. Neutral insect species found in the chili canopy: Chironomus sp. (A), Musca domestica (B)
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Figure 6. The abundance of predatory arthropods in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot without
mulch (C)
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Figure 7. The proportion of the arboreal arthropod guilds in plot with leaf litter mulch (A), plot with plastic mulch (B), weedy plot
without mulch (C)
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Discussion

In this study, there were many species of the predatory arthropod found, including P. pseudoannulata, H.
octomaculata, M. sexmaculatus, C. inaequalis, A. dilatata, M. inops, P. fuscipes, I. scutellaris, and A.
spinindens. The most dominant predatory insect families were Coccinellidae and Syrphidae, while the most
dominant spiders were Oxyopidae. They were generalist predators or the polyphagous predators being able to
prey on various insect species from several families. P. pseudoannulata can attack A. gosypii, A. dugesii,
Empoasca sp., Bemisia tabaci (Jiang et al. 2020). Coccinellid beetles, such as M. sexmaculatus, are generalist
predators that can attack A. gosypii, Empoasca sp., Bemisia tabaci (Bhatt et al. 2018). In this study,
Aulacophora dorsalis and Aulacophora indica were also found which were the prey of generalist predators. The
generalist predators have been reported to attack various species of Aulacophora spp. (Pal et al. 2017).
Aulacophora dorsalis and Aulacophora indica generally attack cucumber leaves, but in this study they were
found to attack chili leaves. This was because the cucumbers were planted around the chilies.

From the data on the species diversity and abundance of the arboreal predatory arthropods, the highest was
found in the location C, while the lowest was at the location B. The location C was a plot that did not use
mulch and the application of synthetic insecticides was only at the beginning of planting, while the location B
used the plastic mulch and routine synthetic insecticide applications. The species diversity and abundance of
predatory arthropods were higher at the location C because that location had relatively more niches than those
at locations B and C because the microhabitats were provided by the wild plants that were still let to grow in the
weedy chili field. According to Anggraini et al. (2021) non-crop plants are preferred by the predatory arthropods
for alternative habitats over crops. The diversity of non-crop plants provides more prey and alternative habitats
(Parry et al. 2015). Spraying the synthetic insecticides at the location C did not reduce the number of species
and abundance of predatory arthropods because the spraying was only carried out at the beginning of planting
when the chilies were 14, 21, and 28 days after planting. However, the high doses and frequency of synthetic
insecticide applications carried out at the location B on a scheduled basis every week starting from the age of 7
days after planting until ahead of harvest caused the number of species and abundance of predatory arthropods
in the location B to be the lowest. According to Hanif et al. (2020), overdose of synthetic insecticides can cause
a decrease in the abundance and species diversity of predatory arthropods.

At the location A, the species diversity and abundance of predatory arthropods were lower than those at the
location C. However, the number of species and abundance of spiders were higher at the location A than those
at the locations s B and C. The location A used leaf litter mulch and bioinsecticide and the weeds were always
weeded. Possibly the presence of the leaf litter mulch causes a greater number and abundance of spiders at the
location A compared to those at the locations s B and C. The leaf litter provides habitats and shelters for
hunting spiders (Potapov et al. 2020). Consequently, the location A was suitable for habitats, shelters for the
spiders. At the location C, the hunting spider, P. pseudoannulata were found, while in the locations s A and B
they were not found. This is because the location C was surrounded by ~ 300 ha of paddy which was the
spider's natural habitat. P. pseudoannulata is a generalist predator with its main prey being paddy pests, such as
the brown planthopper, Nilaparvata lugens (Daravath and Chander 2017). The presence of generalist predators,
such as Pardosa spp. are beneficial in suppressing the population of important chili pests, such as Thrip tabaci
and B. tabaci (Mohsin et al. 2015). The position of the chili location adjacent to the paddy field is
advantageous for chili because of the flow of generalist predatory species from the paddy plants, while the
important pests of paddy do not migrate because they include monophagous and oligophagous species whose
host plants are not chilies.

The herbivorous insects predominant in all locations were the family of Aphididae. At the location C, the
population of the herbivorous insects was found to be the lowest possibly because the role of generalist
predators functioned well. Based on the data on the abundance of predatory arthropods, the most abundant one
at the location C was an indicator that the predatory arthropods settled and functioned to suppress the
population of the herbivorous insects. At the locations s A and B, the population of the herbivorous insects was
high possibly due to the abundance and low diversity of generalist predator species. At the location B using
plastic mulch, A. gosypii and Empoasca sp. were the key pests on chilies. From the data of this study, the plastic
mulch was not able to suppress the presence of A. gosypii and Empoasca sp. However, the plastic mulch can
reduce the population of chili pest species, such as T. tabaci and B. tabaci (Karungi et al. 2013).

Only 3 parasitoid species were found, namely Sphecidae (unidentified species), Braconidae sp. A
(unidentified species), and Braconidae sp. B (unidentified species). Sphecidae has a guild as a parasitoid
(Borisade et al. 2017), but many species of the Sphecidae act as predators that prey on spiders thus consequently
Sphecidae wasps could be intraguild predators of spiders (Carvalho et al. 2014). The three species could not
be determined by the hosts they attacked because the sample was the adult stage of the parasitoids. Parasitoid
species commonly found in chilies, such as Diaeretiella rapae (Pope et al. 2012) and Aphidius sp. (Majidpour
et al. 2020) attacking A. gossypii were not found in this study. The presence of a high ant population
(Formicidae) in chilies can be as a biotic competitor that disrupts and repels the presence of parasitoids and
predators (Zhou 2014) and consequently A. gossypii was dominant.
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Several species of neutral insects found in this study such as Chironomus sp., Calliphora sp. and Homoneura
sp. were required for ecosystem services as they could serve as alternative preys for generalist predators.
According to Karenina et al. (2020b) Chironomus sp. and many other neutral insect species are very supportive
of maintaining the presence of generalist predators because when the herbivorous insects decline in population
in plants, their availability in wild plants can become alternative prey. Sometimes generalist predators prefer
neutral arthropods more than the herbivorous pests. Thus, the presence of alternative prey not always beneficial.

Interesting information about the proportion between guilds, the predatory arthropods were the most
dominant at the location C compared to other guilds (the herbivorous insects, parasitoids, and neutral insects) by
occupying more than 50% of the location. At the location A and B, they were dominated by the herbivorous
insects more than 70% compared to other guilds. Location C was more suitable for predatory arthropods than
the other locations, possibly due to the weedy vegetation which provided alternative microhabitats. Processes in
the chili ecosystem at the location C, such as food chains, worked well as indicated by the diversity of species
and the dominance of the predatory arthropods higher than the dominance of prey (the herbivorous insects and
neutral insects). According to Riggi and Bommarco (2019), diverse and dense plants support the abundance and
species diversity of generalist predators and their preys and cause food chains to be strong and stable.

In conclusion, the chili field with the weedy plot without mulch had the highest species biodiversity and
abundance of arboreal predatory arthropods, while the chili field of synthetic insecticides and plastic mulch has
the lowest predatory abundance. The herbivorous insects in the chili field that apply synthetic insecticides and
plastic mulch and the leaf litter mulch are higher than in the chili field without mulch. In the chili field that
applied the leaf litter mulch and bioinsecticide, the number of species and the abundance of the spider
assemblage was the highest compared to the other fields. Thus, the chili field without mulch and with the leaf
litter mulch is ideal habitat of the arboreal predatory arthropods.
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