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Abstract. Prabawati G, Herlinda S, Pujiastuti Y. 2019. A comparative study on the arboreal arthropod abundance of rice fields between
applied with fungal bioinsecticides and abamectin in the freshwater swamp of South Sumatra, Indonesia (Study case in the main and
ratoon rice fields). Biodiversitas 20: 2921-2930. Ratoon rice has been cultivated by local farmers in South Sumatra and can be a source
of habitat and niches for the main rice arthropods. The study aimed to compare the abundance of arthropods between main and rationed
rice field applied with fungal bioinsecticides and abamectin. This study used bioinsecticides from fungi of Beauveria bassiana,
Metarhizium anisopliae, and Cordyceps militaris and control using abamectin. Arboreal arthropods sampled using a sweep net. The
abundance of arthropods in the main rice tends to be higher than in ratoon. Spiders found during the two rice seasons were Araneidae,
Linyphiidae, Lycosidae, Oxyopidae, Salticidae, Theridiidae, Tetragnathidae, Theridiosomatidae, while predatory insects found were
Mantidae, Coenagrionidae, Staphylinidae, Anthicidae, Latridiidae, Formicidae, Coccinellidae, Coccinellidae, Tettigoniidae, Miridae,
Carabidae. The fungal bioinsecticides did not reduce the predatory arthropod abundance but the abamectin caused a decrease in the
abundance of all guilds. The most drastic decrease was found in web-building spiders. The movement of hunting spiders and the
predatory insects of the main to ratoon rice was faster than that of web-building spiders. The existence of ratoon rice could become
habitats and niches for arthropods from the main rice. For this reason, controlling the herbivore insects could use bioinsecticides derived

from entomopathogenic fungi.
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INTRODUCTION

Wetlands in Indonesia consist of freshwater swamps
and tidal lowlands. Freshwater swamps are a wetland
ecosystem formed by flooded throughout the year by river
flow or rain, whereas tidal lowlands are inundated due to
the tide flow from the sea. The area of wetlands in
Indonesia reaches 39.6 Mha, of which the widest areas
spread over Sumatra Island (11.9 Mha), Kalimantan (12.2
Mha), and Papua (11.8 Mha), the rest spread in Java (1.9
Mha), Sulawesi (1.2 Mha), Maluku (0.5 Mha) ), and Bali-
Nusa Tenggara (0.2 Mha) (Margono et al. 2014).
Freshwater swamps scattering in Indonesia reach 9.2 Mha
(Mulyani and Sarwani 2013)

Freshwater swamps in South Sumatra are flooded
starting from November to April or May every year. In
freshwater swamp, local farmers usually grow rice in April
or May and harvest in August or September so that they
only plant rice once a year (Herlinda et al. 2018a). While in
shallow freshwater swamps, they grow rice twice a year.
For rather deep and deep freshwater swamps, local farmers
re-grow the rice stumps out of the main rice so that they
germinate and return to a production called ratoon rice or
secondary rice (Lakitan et al. 2019). In tidal lowlands of

South Sumatra, ratoon rice cultivation is commonly carried
out (Herlinda et al. 2019).

The presence of ratoon rice in the freshwater swamps
can become habitats and niches for the main rice
arthropods. During this time, planting rice once a year in
freshwater swamps leads to a break in the life cycle of
arthropods, especially generalist predators in rice (Herlinda
et al. 2018a) so that in the following planting season, the
predators get late to colonize the rice fields and cause an
increase in herbivore population (Settle et al. 1996). The
predators get decreased when the next season the rice fields
are applied to synthetic insecticide (Lopes et al. 2017; Ngin
et al. 2017; Herlinda et al. 2019).

The freshwater swamp rice fields of South Sumatra
generally do not use synthetic pesticides (Siaga et al.
2019). However, at the moment the local farmers start to
grow rice twice a year, and some start to cultivate ratoon
rice causing the insect pests population increases on the
crop. As a result, they start to control it using synthetic
insecticides (Herlinda et al. 2019). The phenomenon of
changes in insect pest populations tends to be followed by
changes in the abundance of arthropods in other guilds
(Herlinda et al. 2018a). There are not many local farmers in
South Sumatra using bioinsecticides derived from
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entomopathogenic fungi to control insect pests. Many
studies have shown that entomopathogenic fungi can kill
rice insect pests. For example, Beauveria bassiana
effectively Kkills brown planthopper (Sumikarsih et al.
2019). Filtrate B. bassiana culture is very toxic to
Spodoptera litura larvae (Ayudya et al. 2019). Isolates of
B. bassiana and Metarhizium anisopliae are found in
wetlands in South Sumatra (Safitri et al. 2018). In addition,
in wetlands of South Sumatra and Central Kalimantan, an
entomopathogenic fungus is found, Cordyceps militaris
which attacks fire caterpillars (Setothosea asigna) in oil
palms. C. militaris is not found to attack the insect pests of
rice. It can produce beauvericin, a toxin for insect pests
(Rachmawati et al. 2018). While abamectin is an
insecticide with broad-spectrum activity (Ananiev et al.
2002) and often used by farmers in Indonesia to control a
brown planthopper (BPH), Nilaparvata lugens but the
abamectin reduced the parasitism level and the number of
BPH parasitoid (Anagrus nilaparvatae) progeny emerged
(Sasmito et al. 2017). This study aimed to compare the
abundance of arthropods in main and ratoon rice applied
with bioinsecticides derived from entomopathogenic fungi
and abamectin.

MATERIALS AND METHODS

The field experiment has been carried out in the
Pelabuhan Dalam Village of Pemulutan Subdistrict of
Ogan Ilir District, South Sumatra Province, Indonesia
which was the center of freshwater swamps. The
experiments began from May to August 2018 for the main
rice. Then after the harvest, it continued to secondary or
ratooning rice until November 2018. Identification of
arthropods was started from November 2018 to March
2019. Bioinsecticide used in this study derived from B.
bassiana, M. anisopliae, C. militaris, while abamectin is a
commercial insecticide used as a control. The area of each
treatment plot was 120 m?, which was repeated five times.
The distance between the treatments was 10 m.

Preparation of main and ratoon rice

The main rice preparation was conducted through
tillage, planting, and maintenance of rice. Before the soil
was processed, the land was cleared of weeds, and then the
soil tillage was processed using uncovered plows and
rakes. Water was regulated using a pump so that the soil
became sludgy, and it was added organic manures with a
dose of 1 ton.ha. After the soil and manure were well
mixed, it was left that way for 7-14 days before the rice
was planted.

Meanwhile, the nursery was prepared and the seeds
used were certified as purple labels, namely the Mekongga
variety with a dose of 50 kg.ha. The seeds of rice were
sown according to the traditions of local farmers namely
using the method of samir and if the seedlings were 7 days
old they were transplanted into the rice fields. The rice
seedlings transplanted were encoded as many as 2 stems
per hole with a spacing of type 2 : 1 jajar legowo planting
system (12.5 cm x 25 cm x 50 cm).
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Maintenance of rice was carried out through pumping,
weeding, and fertilizing compost extract. Embedding of
dead rice was conducted seven days after transplanting
(DAT). Water management was carried out by utilizing
river water tides and pumping. Land sanitation was carried
out on vegetative and generative stages by weeding weeds
using sickles. Fertilization was carried out with liquid
compost extract from shrimp skin, which was made
following the method of Suwandi et al. (2012). The
compost extract was applied every two weeks starting from
14 DAT to the harvest with a dose of 2 L. Ha. Nitrogen
fertilizer was applied when rice was 30 DAT at a dose of
100 kg.ha'.

Preparation of ratoon rice was carried out in a specific
way. The stems of main rice that was just (1-2 days)
manually harvested using sickles was then cut into 3 to 5
cm from the ground using a lawnmower. The maintenance
of ratoon rice used the method of Dong et al. (2017) using
N, P, and K fertilizers, however, this experiment was
modified by enriching with liquid compost extract. The
liquid compost extract was applied every two weeks with a
dose of 2 L.ha from the age of ratoon rice reaching seven
days after harvest (DAH) until the harvest. Observations of
arthropods were carried out in the main and ratoon rice
after using bioinsecticides and abamectin. The growth and
yield components parameters measured were plant height,
tillers/hill at booting stage, productive tiller, shoot dry
weight, length of panicle, grains per panicle, filled grain,
empty grain, weight of 1,000 grains.

Manufacture and application of bioinsecticides

Beauveria bassiana and M. anisopliae used in this
study as a result of the exploration of Safitri et al. (2018) in
South Sumatra swampland, while C. militaris from the
exploration in Central Kalimantan. The fungus
identification was carried out by Dr. Suwandi, a
microbiologist of the Department of Plant Pest and
Disease, Faculty of Agriculture, Sriwijaya University,
Palembang, Indonesia. B. bassiana, M. anisopliae, and C.
militaris were first propagated on solid media, Sabouraud
Dextrose Agar (SDA, Merck) following the method of
Herlinda et al. (2018b). The fungus culture was incubated
for 10 days and then transferred to liquid media, Sabouraud
Dextrose Broth (SDB, Merck) following the method. The
liquid culture of the fungus was incubated on top of the
shaker moved at a speed of 120 rpm for 7 days.
Bioinsecticide is made according to the method of
Mascarin et al. (2015). Bioinsecticide was made using a
carrier of the liquid compost extract taken from shrimp
skin, while the active ingredient was liquid
entomopathogenic fungal culture, and added with vegetable
oil. One liter of bioinsecticide contained 400 mL of the
compost extract, 600 mL of liquid culture of
entomopathogenic fungi, and 10 mL of vegetable oil. The
utilized compost extract was first sterilized in the autoclave
for 2 hours with a pressure of 1 atm.

The bioinsecticide that was made was calculated for its
conidia density after 7 days later. If it reached a minimum
of 1 x 10° conidia.mL, it was applied. The calculation
used the method of Herlinda et al. (2018b). Each
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bioinsecticide was sprayed on the rice canopy at a dose of 2
L.hal per application. Bioinsecticide spraying was
conducted at 4.00 - 6.00 p.m. to prevent conidia from being
killed by ultraviolet irradiance. Abamectin plots sprayed
with recommended abamectin were carried out in the
morning on the same day of spraying bioinsecticides. For
the main rice, spraying was carried out starting at rice aged
13, 27, 41, 55, 69, and 83 DAT. For the ratoon rice, the
spraying was carried out at 6, 13, 20, 27, 34, 41, 48, 55,
and 62 DAH. The day after the application of the
bioinsecticides and abamectin, the arthropods sampling in
rice canopy was carried out.

Arthropod sampling

Sampling of the arboreal arthropods used a sweep net
following the method of Herlinda et al. (2018a). The
sampling of the arthropods was carried out in each
treatment plot at 6.00-7.00 a.m. and it was repeated five
times. The sampling of the ratoon rice was carried out
during the age of 14, 28, 42, 56, 70, and 84 DAT, while
that of ratoon rice was carried out at 7, 14, 21, 28, 35, 42,
49, 56, and 63 DAH. During the sampling, a net sweep was
intentionally applied to a rice stem with + 30 cm depth
from the canopy surface to obtain a sample representing the
population.

The arthropods taken from the rice fields were cleaned
and put into a vial bottle containing 96% ethanol and
labeled. The arthropods were identified at the Laboratory
of Entomology of the Department of Pest and Plant
Disease, Faculty of Agriculture, Universitas Sriwijaya,
Palembang, Indonesia. Identification of spiders referred to
Barrion and Litsinger (1995) and identification of insects
used Heinrichs (1994), Kalshoven (1981), and McAlpine et
al. (1987). The results of the identification were verified
and validated by Dr. Chandra Irsan, an arthropod
taxonomist of Universitas Sriwijaya, Palembang, Indonesia.

Data analysis

The data on species of arthropods were classified
according to functional groups (guild groups) consisting of
herbivore insects, predators, parasitoid, and neutral insects
following the Settle et al method. (1996). They were
displayed in the form of tables or graphs. The difference in
abundance of the herbivores, predators, parasitoid, or
neutral between treatments was analyzed using ANOVA. If
differences were found between treatments, it was then
continued with HSD at P = 0.05. The data was calculated
using the Software Program of SAS University Edition 2.7
9.4 M5.

RESULTS AND DISCUSSION

Main and ratoon rice for niches and habitats of
arthropods

Local farmers generally use tile planting spacing (25
cm x 25 cm), but in this study, we introduced them to jajar
legowo row spacing. With this spacing, the rice yielded
uniform and regular rice growth, and pithy fruit visible
from the stalk ducking down (Figure 1). The growth and
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development of ratoon rice were not inferior to the main
rice (Figures 2 and 3), but the schedule of each stage of
their growth was different between the main and ratoon
rice (Table 1). In ratoon rice, its maturity per clump was
less simultaneous when compared to the main rice (Figure
3). The observation of the growth and development of the
main and ratoon rice was carried out to ascertain a link
between phenology of rice and the abundance of arthropods
in each stage of rice. The main and ratoon rice acted as
niches providing food resources (for preys, hosts, and
breed), and as habitats for shelter. This interesting
phenomenon from the phenology observation showed that
in ratoon rice there was abundance of rice earhead bugs,
the Leptocorisa acuta being higher than that in the main
rice. L. acuta was most abundant when the rice was ripe.
The symptom of its attack was that the rice grains got
deflated and brown spots (Figure 4).

Arboreal arthropod abundance

The ANOVA results showed that the abundance of
predators in plots applied by bioinsecticide was higher and
significantly different from the abundance in plots of
abamectin (Table 2). The same trend also occurred in other
guilds, that is the abundance of differences in parasitoids
and herbivores was higher in bioinsecticide plots and
significantly different from the abundance in plots of
abamectin. Based on the stage of rice, the abundance of
arthropods was also higher in plots applied by
bioinsecticides than in abamectin plots (Figure 5). In the
main rice, the abundance of arthropods reached the highest
when the rice was at 42 DAT, while in the ratoon rice it
was at 35 DAH.

Based on the guild group in Figure 6, the abundance of
herbivore insects continued to increase with the increase of
the rice age and peak in 56 DAT for main rice and 35 DAH
for ratoon. An interesting phenomenon occurred in all
bioinsecticide plots (Figures 6), the increasing abundance
of the herbivores was followed by an increase of the
abundance of the predatory arthropods, and the abundance
of the predatory arthropods continued to increase until the
main rice got harvested. However, in abamectin plots, the
predatory arthropods were only able to compensate for the
increase in herbivore abundance in major rice insects,
whereas in ratoon rice the abundance of predatory
arthropods continued to decline, while the abundance of
herbivore insects was increasingly dominant. The
abundance of the predatory arthropods in bioinsecticide
plots of B. bassiana, M. anisopliae, and C. militaris was
higher than that in plots of abamectin. Predatory arthropods
were most abundant in main rice, while the herbivore was
the most dominant insect in ratoon rice. Predatory
arthropods dominant in the main rice were tetragnathid
spiders, while herbivore was the dominant insect in ratoon
rice, L. acuta.

Predatory arthropod abundance

Predatory arthropods were grouped into spiders and
predatory insects. The spiders obtained in this study
consisted of 8 families, namely Araneidae, Linyphiidae,
Lycosidae, Oxyopidae, Salticidae, Theridiidae,
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Tetragnathidae, and Theridiosomatidae (Figure 7). The all spider families showed that the spiders were not
abundance of spiders in the main paddy field reached its  resistant to abamectin.

peak before the harvest (84 DAT), and in the ratoon rice, it

reached a peak at 56-63 DAH. The most dominant Table 1. Rice growth and development stages in main and ratoon
tetragnathid spiders were found in all research plots in the ~ rice

main rice, while the most dominant salticid spiders were

found in ratoon rice. There was a change in the Rice stages Main rice  Ratoon rice

age (DAT) age (DAH)

composition of spiders dominant in the main and ratoon

rice. The lowest abundance of spiders in the main and Vegetative stage : 7-35 r-21

o . . . . Panicle forming and flowering stage 42-56 21-28
ratoon rice was found in plots applied by abamectin, while Milky stage 56-70 28-35
in the plots of three types of bioinsecticides the abundance  poygh stage 70-84 35-49
of spiders tended to be all high. The lower in abundance of  Ripening stage 84-100 49-63

Table 2. Arthropod abundance in main and ratoon rice applied with bioinsecticides of Beauveria bassiana, Metarhizium anisopliae,
Cordyceps militaris, and abamectin

Arthropod abundance (individuals/5 nets)

Insecticides Predatory Arthropods Herbivore insects Parasitoids Neutral insect
Main rice Ratoon rice Main rice Ratoon rice Mainrice Ratoonrice Main rice Ratoon rice
B. bassiana 21.50° 10.89P 16.83¢ 22.00° 5.16° 3.112 4,332 1.118
M. anisopliae 19.00° 10.56° 16.33b 24.33bc 2.83® 2.562 4.662 1.332
C. militaris 19.67° 10.78P 16.00° 26.00°¢ 6.50° 3.002 1.832 1.672
Abamectin 11.502 5.222 11.172 14.222 0.662 1.332 2..002 0.89
ANOVA F-value 10.17* 66.45* 22.32* 35.17* 12.84* 3.03* 4.95 1.24
P value (0.05) 0.00 0.00 0.00 0.00 0.00 0.05 0.01 0.32
Tukey's HSD test 0.16 0.13 0.33 0.10 0.19 0.13 0.16 0.12

Note: * = significantly different; values within a column followed by the same letters were not significantly different at P < 0.05
according to Tukey's HSD test.

Table 3. Growth and yield parameters in main rice and ratoon rice applied with bioinsecticides of Beauveria bassiana, Metarhizium
anisopliae, Cordyceps militaris , and abamectin

Insecticides ANOVA P value Tukey’s
B. bassiana M. anisopliae  C. militaris Abamectin  F-value (0.05) HSD test

Growth and yield components

Main rice

Plant height (cm) 107.24® 105.88% 108.04% 113.68° 3.42* 0.05 7.79
Tillers/hill at booting stage 16.882 18.522 16.36° 23.56° 22.24* 0.00 2.79
Productive tiller (Tillers/hill) 16.962 17.22 15.242 228 20.33* 0.00 2.69
Shoot dry weight (g) 29.80? 32.822 32.718 38.60° 15.33* 0.00 21.94
Length of panicle (cm) 22.69% 22.052 22.49% 23.94b 4.15* 0.03 1.67
Grains/panicle 115.06 106.54 106.72 117.52 3.12 0.06 -

Filled grain (Grains/panicle) 109.96% 101.56% 98.222 111.73P 4.552*% 0.02 12.81
Empty grain (Grains/panicle) 5.102 4,982 8.49° 5.782 8.17* 0.00 2.406
Weight of 1,000 grains 24.98 21.71 26.14 22.62 3.191* 0.06 -

Ratoon rice

Plant height (cm) 110.92 107.44 109.24 105.84 0.57 0.64 -

Tillers/hill at booting stage 19.945 18.75% 19.28% 16.232 4.73* 0.02 3.12
Productive tiller (Tillers/hill) 17.84° 16.28% 17.01° 12.762 6.68* 0.00 3.63
Shoot dry weight (g) 29.80° 28.55° 24.945 17.672 20.76* 0.00 5.02
Length of panicle (cm) 21.06° 18.94° 19.36° 16.42 21.69* 0.00 13.75
Grains/panicle 80.09° 78.08° 69.33° 46.782 21.69* 0.00 13.76
Filled grain (Grains/panicle) 70.17° 70.62° 62.08° 37.262 36.59* 0.00 10.88
Empty grain (Grains/panicle) 7.90 7.78 10.58 9.52 1.85 0.19 -

Weight of 1,000 grains 1.55P 1.54P 1.32° 0.832 24.20* 0.00 0.29

Note: * = significantly different; values within a row followed by the same letters were not significantly different at P < 0.05 according
to Tukey's HSD test.
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There were 10 families of predatory insects found
comprising Mantidae, Coenagrionidae, Staphylinidae,
Anthicidae, Latridiidae, Formicidae, Coccinellidae,
Tettigoniidae, Miridae, and Carabidae (Figure 8). There
was a phenomenon similar to the lowest abundance of the
spiders, namely the abundance of the predatory insects in
the main and ratoon rice applied with abamectin, while in
the plots of three kinds of bioinsecticides the abundance of

” |
e\ =T\

Figure 2. Ratoon rice growth. A. 2 DAH, B. 7 DAH, C. 14 DAH, D. 21 DAH, E. 28 DAH, F. 35 DAH, G. 42 DAH, H. 49 DAH, |. 56
DAH, J. 63 DAH

Figure 1. Main rice growth and development stages. A. 14 DAT, B. 28 DAT, C. 42 DAT, D. 56 DAT, E. 70 DAT, F. 84 DAT

spiders tended to be all high. However, among the 4
treatments, the plots applied with bioinsecticide of B.
bassiana had the highest predatory abundance of insects.
Coccinellid predators were the most dominant found in all
plots of the main and ratoon rice. The abundance of the
predatory insects in the main rice reached its peak during
the milky stage (56 DAT) and in the ratoon it reached its
peak when it was at 49 DAH.
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Figure 3. Ratoon rice growth and development stages

Figure 4. The earhead bugs (Leptocorisa acuta) and its symptom
on rice grains showed by an arrow

Significant effects of fungal bioinsecticides and
abamectin application in main rice were observed in plant
height, tillers/hill at booting stage, shoot dry weight, length
of panicle, filled grain, empty grain. The filled grain from
plot applied with abamectin was significantly higher than
other plots. While in ratoon rice, the fungal bioinsecticides
application significantly increased length of panicle, grains/
panicle, filled grain, weight of 1,000 grains (Table 3).

Discussion

The abundance of arboreal arthropods in the
bioinsecticide plots of B. bassiana, M. anisopliae, and C.
militaris was higher than those of abamectin. This
indicated that the fungal bioinsecticide did not reduce the
abundance of arthropods, whereas abamectin could reduce
arthropods from guilds of predator, parasitoids, herbivores.
This is in line with the reports of Ananiev et al. (2002) that
abamectin is wide spectrum activity. Sasmito et al. 2017)

reported that abamectin could decrease abundance of BPH
parasitoid (Anagrus nilaparvatae). The abamectin was
proven to be able to reduce the abundance of arthropods in
rice. While the entomopathogenic fungi had specific host
insects, specifically the lepidopteran (Safitri et al. 2018;
Ayudya et al. 2019), whereas in this study the dominant
arthropods were spiders and insects of coleopteran. The
entomopathogenic fungi were harmless to spiders (Yuliani
2016), Coleoptera (Ngin et al. 2017), and Hemiptera
(Firouzbakht et al. 2015; Gholamzadeh-Chitgar et al.
2017).

The predatory arthropods were most abundant in all
plots of main rice, whereas in ratoon rice was dominated by
herbivore insects. The predatory arthropods, especially
spiders, were more abundant in rice, especially before
harvest because of the more complex the plant structure,
the more various niches it provides (Settle et al. 1996;
Rypstra et al. 1999; Sgolastra et al. 2016). In this study,
herbivore insects dominate inhabiting in the ratoon rice
field was due to the vast stretch of rice not as large as the
main rice so that there was an increase in the density of the
herbivore insects there. The most dominant species of
herbivore insects was L. acuta.

The abundance of herbivore insects kept increasing
with the increasing rice age and its peak at 56 DAT for the
main rice and 35 DAH for the ratoon rice because at that
stage it was very appropriate for niches or food resources
for the herbivore insects, namely milky stage. The
increased abundance of the herbivores caused an increase
in the abundance of the predatory arthropods. The
predatory arthropods in rice were predators that played an
important role in regulating the dynamics of herbivore
insects populations (Seetle et al. 1996) so that they
increased their predation once the prey population got
increased which was called a good functional response
(Karenina et al. 2019).
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Figure 5. Arthropod abundance in main (A) and ratoon (B) rice applied with bioinsecticides of Beauveria bassiana, Metarhizium

anisopliae, Cordyceps militaris, and abamectin

The abundance of spiders in the main rice reached its
peak at 84 DAT and in the ratoon rice at 56-63 DAH,
which was a ripening stage. The ripening stage is the peak
of complex habitat and niches available for spiders
(Rypstra et al. 1999). Spiders are generalist predators
which prey on many species of herbivore insects and
neutral insects (Seetle et al. 1996). In this study, the main
predators of BPH were also found, namely Lycosidae
which was able to catch its prey both on the ground and in
the canopy (Ishijima et al. 2006). The families of spiders
found in this study were arboreal spiders and they could be
grouped into  web-building  spiders  (Araneidae,
Tetragnathidae, Linyphiidae, Theridiidae, and
Theridiosomatidae) and non-web-building or hunting
spiders (Lycosidae, Oxyopidae, Salticidae) (Gillespie
1999). The tetragnathid spiders were most dominant in the
main rice, while salticid spiders were most dominant in the
ratoon rice. There were changes in the composition of the

dominance of the spiders on the main and ratoon rice. At
the main rice harvest, tetragnathid spiders emigrated out of
the rice fields, while salticid spiders entered the rice fields.
When the main rice was harvested, the tetragnathid spiders
which were web-building spiders migrated to the ratoon
rice not as fast as the salticid spiders which were a hunting
spider. The abundance of Araneidae, Tetragnathidae,
Linyphiidae, Theridiidae, and Theridiosomatidae dropped
dramatically in the plots that were applied abamectin
because they formed a web that did not allow exposure to
abamectin, while the hunting spiders (Lycosidae,
Oxyopidae, Salticidae) still survived and tended to be more
dominant in the plots that were applied to abamectin.
Consequently, the abamectin affected worse on web-
building spiders than on non-web-building spiders.
Herlinda et al. (2018a) state that the abundance of web-
building spiders can drop dramatically if in a rice field the
insecticide is applied on a scheduled basis.
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Figure 8. Predatory insect community in main and ratoon rice applied with bioinsecticides of Beauveria bassiana, Metarhizium

anisopliae, Cordyceps militaris, and abamectin

The lowest abundance of predatory insects was found in
the plots applied by abamectin, while in the plots of three
types of bioinsecticides the abundance of spiders tended to
be all high. Abamectin is broad spectrum insecticide that is
a contact and stomach poison (Ananiev et al. 2002).
Abamectin also works at the nerves system by stimulating
gamma-aminobutyric acid (Pfeifer 1993). There was a
decrease in the abundance of the predatory insects in the
plots applied with this abamectin since the plots had a
decreasing number of preys. The same is true for spiders,
the predatory insects have functional responsiveness that
follows the pattern of changes in their prey population
(Karenina et al. 2019). The composition of families of
predatory insects between the main and ratoon rice tended
to be similar, however, the predatory abundance was higher

in the main rice than those in the ratoon rice. Coccinellidae
was the most dominant predatory insects found in all plots
of main and ratoon rice because this beetle was a generalist
predator capable of colonizing many habitats that provide
many niches. Thus, the existence of ratoon rice became the
habitats and niches for arthropods of the main rice, but the
use of the abamectin could reduce the predatory abundance
of arthropods. Finally, we conclude that abundance of
arthropods was higher in main and ratoon rice applied with
fungal bioinsecticides (B. bassiana, M. anisopliae, and C.
militaris) than those applied with abamectin. The
abundance of the parasitoids and the predatory arthropods
was higher in main and ratoon rice applied with the fungal
bioinsecticides. Abamectin could decrease abundance of
parasitoids, predatory arthropods, and herbivores.
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