Serangga 2021, 26(2): 255-270.
. Nur Atigah & Suhaila

EFFICACY OF INSECTICIDES ON BLACK-HEADED STEM BORER,
Chilo polychrysus WALKER (LEPIDOPTERA: PYRALIDAE) IN GLASSHOUSE
CONDITION

Nur Atigah Mohd Khari'?* & Suhaila Ab Hamid?
1 School of Biological Sciences,
Universiti Sains Malaysia, 11800 Penang, Malaysia
?Malaysia Agriculture Research and Development Institute,
MARDI Seberang Perai, 13200,

Kepala Batas, Penang, Malaysia.
*Corresponding author: atigahmk@mardi.gov.my

ABSTRACT

Three groups of insecticides; two from diamide and one from phenylpyrazole exemplified by
chlorantraniliprole, flubendiamide, and fipronil, respectively, are the most widely used
conventional insecticides in Malaysia to control several pests of lepidopterans in rice, including
black-headed stem borer, Chilo polychrysus. However, the development of insecticide
resistance in the rice stem borer has been raised up in many other countries. Therefore, this
study aims to verify the efficacy of fipronil, flubendiamide and chlorantraniliprole to the
susceptible colony of C. polychrysus as the initiative for the resistance monitoring. A seedling
dip bioassay method was adopted to compare the efficacy and lethal concentration (LCso) of
the three conventional insecticides. The insecticide efficacy (E:) was determined from the
mortality percentage of C. polychrysus. The initial efficacy (at 24 hours) of fipronil,
flubendiamide and chlorantraniliprole were 87.5%, 15.8% and 21.7% respectively. The
effectiveness of the insecticides is determined by the mortality percentage or the final efficacy
(Et). The final efficacy of fipronil was recorded at 72 hours of observation, followed by
flubendiamide (96 hours) and chlorantraniliprole (120 hours). The lethality index (LI) of
fipronil was the highest, (96.7%) that caused rapid effect to the rice stem borer. Result of
toxicity effect showed that LCsq for fipronil was the most effective against C. polychrysus with
16.12 mg/L followed by chlorantraniliprole (43.25 mg/L) and flubendiamide (76.43
mg/L).The LCso value of fipronil was significantly different to flubendiamide but not to
chlorantraniliprole. Thus, fipronil is the most toxic and most effective insecticide to control C.
polychrysus in glasshouse.

Keywords: Chilo polychrysus, chlorantraniliprole, flubendiamide, fipronil, insecticide
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ABSTRAK
Tiga kumpulan racun serangga; dua racun phenylpyrazole dan satu diamide antaranya

chlorantraniliprole, flubendiamide, dan fipronil,setiap satu adalah antara racun serangga yang
paling banyak digunakan di Malaysia untuk mengawal serangga perosak untuk tanaman padi
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terutama Lepidoptera termasuklah pengorek batang padi, Chilo polychrysus. Kawalan kimia
ke atas serangga perosak ini menjadi lebih sukar kerana peningkatan kerintangan serangga
terhadap kebanyakan racun serangga komersial. Justeru, kajian ini dijalankan untuk
menentukan keberkesanan fipronil, flubendiamide dan chlorantraniliprole ke atas larva
pengorek batang kepala hitam, C. polychrysus bagi tujuan mengawal kerintangannya. Kaedah
bioasai rendaman anak pokok dijalankan untuk membandingkan keberkesanan dan kepekatan
yang mematikan 50% populasi (LCso) untuk tiga jenis racun serangga. Keberkesanan racun
serangga (E:) ditentukan daripada peratus kematian larva C. polychrysus. Nilai keberkesanan
permulaan (E;) pada 24 jam untuk fipronil, flubendiamide dan chlorantraniliprole masing-
masing adalah 87.5%, 15.8% dan 21.7%. Keberkesanan akhir racun serangga ditentukan oleh
peratus kematian atau keberkesanan akhir (E:). Nilai keberkesanan akhir (E:) fipronil
direkodkan pada 72 jam diikuti pada 96 jam oleh flubendiamide dan 120 jam oleh
chlorantraniliprole. Indeks kematian (L1) tertinggi direkodkan pada fipronil dengan LI 96.67%
yang boleh menyebabkan kesan yang pantas kepada C. polychrysus. Ujian penentuan ukuran
dasar kerintangan C. polychrysus ini mendapati LCso untuk fipronil adalah 16.12 mg/L diikuti
oleh chlorantraniliprole (43.25 mg/L) dan flubendiamide (76.43 mg/L). Keseluruhannya
didapati fipronil adalah paling toksik dan berkesan untuk mengawal C. polychrysus di dalam
rumah kaca.

Kata kunci: Chilo polychrysus, chlorantraniliprole, flubendiamide, fipronil, keberkesanan
racun serangga

INTRODUCTION

Rice stem borer, Chilo polychrysus Walker (Lepidoptera: Pyralidae) is an important rice pest
in Asia, including Malaysia (Ooi 2015). The stem borer infests the paddy plants from the
vegetative until reproductive stages (Suharto & Usyati 2005; Yaakop et al. 2020). The larvae
bore into the paddy stem and cause deadheart and whitehead. The symptoms cause the central
leaf of the plants to wilt during the vegetative stage and the grain become unfilled over the
reproductive stage (Shamik 2020). The damage caused by the rice stem borer contribute to a
significant yield loss (Rahman et al. 2004).

There are many methods in controlling the rice stem borer such as biological approach,
cultural practices, resistance varieties, mechanical and chemical control for a sustainable
management (Frank et al. 2018). However, current control practiced in reducing the rice stem
borer infestation is solely by using chemical insecticides (Rahaman & Stout 2019). The control
of rice stem borer by using chemical insecticides become popular among the farmers because
it gives fast effect, more practical and have various choices in the market (Chen & Klein 2012).
Due to that, heavy application of insecticides in the field has gone beyond the recommended
dose. This has cause many problems at all angles including economy, health, environment
pollution and even to the development of insecticide resistance in the insect body as mentioned
by Aktar et al. (2009) and Gill and Gard (2014).

The development of insecticide resistance become one of the factors that influences the
insecticide efficacy (Zhu et. al 2016). Many studies have been conducted in Malaysia to
measure the efficacy of insecticides against insect pests, e.g by Noor Aslinda Ummi et al.
(2019) to control the Aedes aegypti. The insecticide is defined effective when it consistently
reduces pest numbers or damage to a commercially acceptance level when applied in
accordance to label directions (Damalas & Eleftherohorinos 2011).
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In Malaysia, the damages caused by the rice stem borer has become more severe as
reported by Noor Ainon (2019a) where a total of 1127 out of 4584 hectares were affected by
the rice stem borer infestation in Seberang Perak, Malaysia. The economic threshold level
(ETL) reported was 10, 15, 40 and 40% at Blok A, B, C and D in IADA Seberang Perak,
respectively. A total Of 800 farmers were burden with yield loss and unseen incomes. The
farmers complaint that the conventional insecticides was less effective to control the rice stem
borer (Noor Ainon 2019b). Therefore, the performance of the insecticides required to be re-
evaluate. As an initiative for insecticide resistance monitoring, the efficacy of certain
insecticides was evaluated on the susceptible population. The susceptible population with
uniform resistance status of the insect pest promises a non-bias result and more precise. The
efficacy of certain insecticides is expecting to reflect the optimum effect with the susceptible
population. Therefore, this study was performed to evaluate the efficacy of selected insecticides
against black-headed stem borer, Chilo polychrysus in the glasshouse.

MATERIALS AND METHOD

Insect Sampling and Rearing

The third instar larvae of C. polychrysus were obtained from glasshouse rearing for the bioassay
purpose. The third instar were identified by the head capsule (Calvo & Molina 2008), larval
body size including the length and the weight of the instar from the preliminary study. The
individual number of head capsules in the paddy stems showed the number of instar stage of
the larvae. The insect was collected from the rice plot in MARDI Seberang Perai, Penang,
Malaysia by using sweep net for the adult and hand picking for the larvae and were reared in
the glasshouse for ten generations. The methodology followed in the present study was adapted
from Iranipour et al. (2010) and Manikanda et al. (2016). This study was conducted in
glasshouse cages at temperatures ranging from 29°C to 32°C and relative humidity from 65%
to 81% (Manikanda et al. 2016). The host plants used were the TN1 rice varieties (Taichung
Native 1) until they reached 25 cm in height (Wu 2014) or approximate 30 days old and were
placed in a cage (34 cm (L) x 20 cm (W) x 24 cm (H)) to prevent pest infestation.

Insecticide Preparation

All insecticides were purchased from the local market in Kepala Batas, Penang Three
conventional insecticides with different active ingredients were chosen with two insecticides
are from diamide group and one from phenylpyrazole group. The following three insecticides
listed with their maximum label rates were tested as formulated material: clorantraniliprole
5SC (DuPont Crop Protection, 5% of active ingredients, 95% of inert materials of suspension
concentrate) 9 ml (Al)/10L and flubendiamide 20WG (Agriculture Chemicals (M) Sdn. Bhd.,
20% of active ingredients, 80% of inert materials of wettable granule) 5.4 g (Al)/10L and
fipronil 5SC (Bayer Crop Science, 5% of active ingredients, 95% of inert materials of
suspension concentrate), 10ml (Al)/10L Each insecticide was prepared in volume 250 ml at
four different concentrations according to a series of concentration levels; 0.5x, x, 1.5x and
2.0x where x was the rate stated on the label. The preparation of the insecticide solutions was
followed by the equation of Amarasekare and Shearer (2013).

Seedling-dip Bioassay Technique

The host plants used were rice variety TN1 (Taichung Native 1) seedlings. Approximately, 30
grains of rice seeds were planted in each pot and grown until thirty days old before used in the
experiment. Method for growing and maintaining the rice Othman et al. (2008).
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The 30 days old rice seedling played as the medium for the seedling dipping method
for insecticide monitoring bioassay. A perfect single seedling with roots cut into 6 cm stem and
soaked in the 250 ml insecticide solutions for 10 seconds (Gao et al. 2013). After the stem was
air-dried, 10 individuals of the third instars larvae were introduced to the stem. The infested
stem was transferred into a plastic container with 5 cm diameter x 10 cm in height with good
ventilation and covered with a lid and represented as one replication. During the bioassay, the
paddy stem was supplied with sufficient water at the bottom of the container. There were three
replications for each treatment. The observation was recorded until day 5. The number of dead
larvae were counted and recorded daily. The larvae were considered dead when no movement
was observed when stimulated gently with a brush. This seedling dip method was used to
measure the efficacy of the selected insecticides against the C. polychrysus in glasshouse
conducted at the MARDI Seberang Perai, Penang, Malaysia from 2019 to 2020. It is situated
in the northern zone of Malaysia at 5.5172°N latitude and 100.4315°E longitude.

Insecticide Efficacy and Lethality Index

The insecticide efficacy (E:) was measured by the percentage mortality of the C. polychrysus
larvae over the time observed. The observation was recorded at 24 (Eo), 48 (E1), 72 (E2), 96
(Es) and 120 (Es) hours. The initial efficacy (Eo) which was at 24 hours represent the first
respond of C. polychrysus larvae in terms of the percentage mortality to the treatments. It was
classified as low (Eo < 10 %), moderate 10 % < Eo < 90 % or high (Eo > 90%) (Norhayu &
Nurnisa Nabilah 2020). The two ends; Eo < 10 % and Eo > 90% was established to represent
the classified insecticides into the level of very low and highly harmful insecticides to the initial
efficacy of the C. polychrysus larvae. In addition, the changes over 120 hours or the efficacy
change (E4- Eo) were classified as stable, increasing or decreasing (Norhayu & Nurnisa Nabilah
2020). The insecticide was classified as stable when efficacy change was within £10% from
the initial efficacy, Eo, increasing ((Es-Eo) >10%) or decreasing ((Es-Eo) <10%). The maximum
range for the initial efficacy (Eo) to be increased or decreased was less than (>10%) from the
Eo itself (Leskey 2012). According to Leskey (2012) a lethality index (LI) was established to
compare the changes of C. polychrysus in respond to the insecticide effect over the observation
period after the insecticide treatment. The index was calculated by the formula below:

LI=73 [(Number of alive larvae x 0.0) + (Number of dead larvae x 1.0)] /
(Number of total larvae x Number of observations) x 100

The equation appoints 0.0 and 1.0 for alive and dead individuals respectively. The lower value
of the index indicates that the insecticides have slower effect to the insects.

Lethal Concentration (LCso)

Toxicity study of the tested insecticides was performed to determine the effect of the
insecticides to the mortality of the C. polychrysus larvae. The value was presenting in LCsg
which was the lethal concentration to kill 50% of the tested population. A pesticide with a
lower LCso is more toxic than a pesticide with a higher value of LCso. The lethal concentration
was evaluated by using Polo Plus software [Robertson et al. 2003)] The LCsp obtained from
the Probit analysis established the insecticidal activity in term of toxicity effect of the
insecticides. The toxicity between the treatments was considered significantly difference when
no overlapping of LCso value at 95% confidence interval (Cl).

Data Analysis

ISSN 1394-5130 258



Serangga 2021, 26(2): 255-270. Nur Atigah & Suhaila

The mortality data were analysed using analysis of variance (ANOVA) Complete Randomized
Design (CRD) by Statistical Analysis System (SAS) programme software version 9.4 and
treatment means were separated using Duncan’s multiple range test (DMRT) at the 5% and 1%
(p<0.05 and p<0.01) level of significance (Gomez &Gomez 1984).

RESULTS

Insecticide Efficacy and Lethality Index

The results indicated that the fipronil possessed the most potent insecticidal activity, exhibiting
the greatest mortality effect on the third instar larvae of C. polychrysus followed by
flubendiamide and chlorantraniliprole (Figure 1). The insecticides crossed the 50 % mortality
lines as early as 24 hours presented by fipronil with 87.50% of mortality in front of the
flubendiamide, (60.83%) and chlorantraniliprole, (53.33%) at 48 hours.

Control Flubendiamide 20WG = == = Fipronil 55C Chlorantraniliprole 55C

110
100 - e Womim i w
I R
80 - ’
70 - )/
60 - )/
50 - ,
40 - /
30 |
20

10 -/

% Mortality

0 24 48 72 96 120
Time (hours)

Figure 1.  Effect of insecticides on the mortality of the C. polychrysus larvae within 120
hours (5 days) of observation

ISSN 1394-5130 259



Serangga 2021, 26(2): 255-270. Nur Atigah & Suhaila

Table 1. Insecticides treatments efficacy on Chilo polychrysus recorded after 24, 48, 72, 96 and 120 hours

Insecticide Efficacy (E:), %

Time (hours)

Concentrations (%)

24 h (Eo) 48 h (Ey) 72 h (E2) 96 h (Es) 120 h (Es) Meanz+SE
Fipronil
0.5x 73.3 93.33 100 100 100 77.77£8.77a
1.0x 83.33 96.67 100 100 100 79.44+8.80a
1.5x 93.33 96.67 100 100 100 81.67+8.90a
2.0x 100 100 100 100 100 83.33+9.04a
Flubendiamide
0.5x 16.67 43.33 80 100 100 56.67+9.70c
1.0x 16.67 56.67 86.67 100 100 60b+9.84c
1.5x 13.33 63.33 90 100 100 61.11+10.25bc
2.0x 16.67 80 80 100 100 62.78+9.83bc
Chlorantraniliprole
0.5x 6.7 36.67 60 93.33 100 49.44+9.75d
1.0x 10 46.67 83.33 96.67 100 56.11+10.07c
1.5x 40 63.33 83.33 100 100 64.44+8.86b
2.0x 30 66.67 90.00 100 100 64.44+9.71b
Control
Control 0 0 3.3 6.7 10 3.3+1.40e
Mean
Insecticides Eo E: E> Es E4
Fipronil 5SC 87.50+3.51a 95.83+1.49a 100.00a - -
Flubendiamide 20WG 15.83+3.12b 60.83+6.57b 84.17+3.36b 100a -
Chlorantraniliprole 5SC 21.67+5.88b 53.33+6.31b 79.17+5.43b 97.5+1.80a 100a

Values are expressed as mean + SD X .x Means with the same letters within a column are not significantly different.
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The insecticide efficacy (E:) study was determined by the percentage mortality of the C.
polychrysus larvae after being treated with insecticides for 24, 48, 72, 96 and 120 hours (Table
1). The initial efficacy (Eo) (24 hours) of fipronil was 87.5%, flubendiamide (15.8 %) and
chlorantraniliprole (21.7 %). The final efficacy of fipronil was recorded at 72 hours of
observation, followed by flubendiamide (96 hours) and chlorantraniliprole (120 hours). The Eo
of fipronil was significantly differed (p<0.050) to flubendiamide and chloantraniliprole until
E> (72 hours). However, flubendiamide and chlorantraniliprole efficacy did not differed
significantly from 24 hours until 96 hours.

The initial efficacy of fipronil, flubendiamide and chlorantraniliprole were classified as
moderate, because the initial efficacy value was more than 10% and less than 90%, (10% < Eo
< 90%) (Table 2). The value of the efficacy changes determined the differential of the final
efficacy to the initial efficacy. The changes over 120 hours or the efficacy changes (Es - Eo) of
all three insecticides were classified as increasing when the values obtained were greater than
10% with the fipronil recorded 12.5% followed by chlorantraniliprole (78.33%) and
flubendiamide (84.17%).

The lethality index (LI) presented the strength rate of the insecticides to kill the insect.
This indicated that fipronil gave the fastest effect to the mortality of C. polychrysus larvae. The
following insecticides, flubendiamide and chlorantraniliprole, respectively recorded 72.17%
and 70.33% LI with slower effect on the C. polychrysus larvae as presented in Table2.

Table 2. Lethality index of insecticides, initial efficacy and efficacy change over 120 hours of
observation

Rank  Conventional Insecticides Initial  efficacy Efficacy Change (Es-Lethality

(Eo) Eo) Index (%0)
1 Fipronil Moderate Increasing 96.67
2 Flubendiamide Moderate Increasing 72.17
3 Chlorantraniliprole Moderate Increasing 70.33

Eo = the percentage of dead insects at 24 hours.
Low for Eo < 10%; Moderate for 10% < Eq<90%; High for Eq > 90%.
Increasing for (E. -Eo) > 10%; Decreasing for (E4 -Eg) < -10%; Stable for -10% < (E4 —Eo) < 10%.

Lethal concentration (LCso)

Fipronil was more toxic compared to flubendiamide. Fipronil showed the lowest number of
LCso (16.12 mg/L) followed by chlorantraniliprole (43.25 mg/L) and flubendiamide (76.43
mg/L) (Table 3). Fipronil required the lowest amount of insecticide to kill 50% of population
compared to the other two insecticides. The LCso of fipronil was 16.12 mg/L which was lower
than 0.5x concentration level (25 mg/L). In addition, there was a significant difference between
fipronil and flubendiamide where no overlapping of LCsg value at 95% CI was recorded.
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Table 3.The value of LCs for every insecticides by using seedling-dip technique

Insecticides F’;‘;:)Tgilro‘r’]‘; Slope + SE 2(df)  LCs (Mg/L) (95% CI)
Fipronil 120 2548:0.757  2.346 (2) 16.12 (4.16-24.49)
Flubendiamide 120 148780526 0.925(2) _ 76.43 (24.62 -109.72)
Chlorantraniliprole 120 137820527  0.335(2)  43.25 (18.78-67.79)

SE: Standard Error; 2 Chi-squared value for the lethal concentration with significant level at P<0.05; CI:
Confidential Interval

The LCsp value of chlorantraniliprole was slightly lower than the 1.0x (recommended
rate) which was 45 mg/L. This mean at 43.25 mg/L, the concentration can kill 50% of the insect
population. However, Chlorantraniliprole did not differed significantly in terms of toxicity in
comparison to fipronil and flubendiamide. The 95% CI recorded overlapping in LCso value in
both chlorantraniliprole-fipronil and chlorantraniliprole-flubendiamide .

The highest LCso was flubendiamide (76.43 mg/L) and the LCsg value was lower than
the recommended rate which was 108 mg/L. With the application of insecticide at 76.43 mg/L,
50% of C. polychrysus larvae population can be reduced. The obtained LCsg value was listed
in different range of 95% CI with no overlapping to the fipronil range. There was a significant
difference on the toxicity level observed between flubendiamide and fipronil.

DISCUSSION

Insecticide efficacy of the three insecticides against the susceptible population of the, C.
polychrysus was determined from the seedling-dip bioassay in the glasshouse study. The three
insecticides were chosen because they were produced in single active ingredients and well-
known insecticides used by farmers in Malaysia (Jafar et al. 2013). From the results, fipronil
showed the capability to control C. polychrysus by killing 100% of the treated larvae. Fipronil
showed the most excellent performance on the Eo, Et, L1 and LCso. This is still parallel to the
finding since late 1990s that fipronil is among the excellent conventional insecticides in
controlling stem borer. Saljoqi et al. (2002) in his study have confirmed that fipronil was one
of the effective insecticides to control rice stem borer, Tryporyza incertulas. Furthermore, the
incidence of rice stem borer was reducing effectively on the Basmathi rice also by using fipronil
(Roshan 2006). In a study by Gunasekara et al. (2007), fipronil was found to give more efficient
control against Chironomid insects for 9 to 14 days after their appearance on rice grains at 12.5
g of active ingredient per hectare than malathion at 300 g of active ingredient per hectare.

The mortality of C. polychrysus was recorded approximately 87.5% mortality within
24 hours (Eo) and reached 100% mortality within 72 hours (E4). It shows that fipronil can Kill
the targeted insect in a high number within a short period of time. This was proven by the
highest value of the LI, which was 96.67% if treated by fipronil. This indicated that fipronil
had strong knockdown effect that might due to the unique action mechanism of the insecticide.
Fipronil is the novel phenylpyrazole insecticide that gave prominent control effect against the
rice stem borers. Fipronil formula, (x)-5-amino-1-(2,6-dichloro-a,a,a-triflfluorop-tolyl)-4-
triflfluoromethylsulfi finylpyr-azole-3-carbonitrile, blocks GABAA-gated chloride channels in
the stem borer central nervous system (Grant et al. 1998). Disruption of the GABAA receptors
by fipronil could prevents the uptake of chloride ions resulting in excess neuronal stimulation
and death of the target insect (Cole et al. 1993 & Grant et al. 1998). Mansoor et al. (2019) also
found fipronil toxicity was higher than other tested insecticides for the field strain insects
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(LCs0=16.12 mg/L). The mode of action of fipronil has make the insecticide works faster in a
low concentration (Gunasekara et al. 2007). In this study, fipronil was observed to be more
toxic compare to the other two insecticides from diamide group. Midges (Chironomus tepperi),
which are common pests in rice fields, are also highly toxic to fipronil with the LCso and LCgo
values for midges were 0.43 and 1.05 mg/l, respectively (Stevens et al. 1998). Fipronil was
also said to be very effective against a number of mosquito species. Ali et al. (1999) reported
that Culex quinquefasciatus mosquito larvae were killed with fipronil at LCgo = 0.90 Ig/l and
(Cs0=10.35 Ig/l within 24 hours. In addition, the LCsso for Aedes aegypti mosquito larvae at 24
and 48 hours were 11.7 mg/l and 7.14 mg/l respectively (Aajoud et al. 2003).

In line to fipronil, flubendiamide performed similar effect on the final percentage
mortality of C. polychrysus. However, flubendiamide was recorded the lowest Eq which was
15.83% on 24 hours of observation. This might due to the mode of action of diamide insecticide
which occurred in the ingestion system where it took a longer time to kill the insect compare
to fipronil. Flubendiamide plays a role as a ryanodine receptor (RyRs) activator, causing
uncontrolled release of calcium and cause death by paralysing the insect muscular (Hannig et
al. 2009). Flubendiamide targeted the insects with chewing feeding type because the ingestion
by the insect can contributed to the stomach poison and an oral intoxicant. Interestingly,
flubendiamide showed very low knockdown, but, at the same time, mortality was high even at
short exposure intervals. In the current study, flubendiamide was observed to perform 100%
mortality within 4 days (final efficacy), a day later than fipronil. With a non-parametric
approach, the lethality index provides a standardised knockdown-to-mortality scaling.
However, because this "standardised" approach is based on the weight of specific averaged
observations, it concealed possible differences between insecticide categories with different
knockdown patterns (Agrafioti et al. 2015). This result revealed that flubendiamide had a high
lethality index which was 72.17% although the initial knockdown was very low. In addition,
this foliar applied insecticide with lipophilic character that made flubendiamide insecticide fast
acting, long lasting and has limited plant penetration and systemicity (Raminderjit et al. 2008).
Apart from that, flubendiamide was observed to have the highest value of LCsq. In this study,
it was observed that flubendiamide was significantly different on the lethal concentration value
compare to fipronil (LCs0=76.43 mg/L). This emphasis that, flubendiamide required a higher
amount (76.43 mg/L) of active ingredients compare to fipronil (16.12 mg/L) to kill 50% of the
C. polychrysus larvae. Besides, this indicate that flubendiamide was less toxic and potentially
considered to be a suitable agent for controlling lepidopterous insects because it was very safe
for non-target species (Tohinishi et al. 2005). As studied by Jhansi Lakshmi et al. (2010),
flubendiamide was least toxic to green mirid bug, an important predator in rice ecosystem
compared to acephate and other insecticides. The current results are consistent with those of
Tohinishi et al. (2005) and Ameta and Ajay Kumar (2008), who found that flubendiamide was
substantially superior and highly successful in reducing H. armigera and S. litura populations.
According to Mallikarjunappa et al. (2008), flubendiamide 20 WG @ 35 g a.i./ha was the most
effective insecticide in reducing the incidence of rice stem borer, Scirphophaga incertulas
(Walker), and leaf folder Cnaphalocrosis medinalis (Guen.) while also increasing yield. The
finding by Venkataiah et al. (2015) also proven that flubendiamide was the most effective
insecticide against Spodoptera litura in groundnut (Arachis hypogaea L.) with the highest
yield; 2650 and 2100 kg/ha during 2010-11 and 2011-12, respectively. From the result,
flubendiamide killed 100% of the C. polychrysus larvae in four days, high lethality index and
less toxic. Based on low initial efficacy, flubendiamide hit the final efficacy on day four, just a
day after fipronil, which had an aggressively high initial efficacy. This insecticide characteristic
has made it the best candidate to be included in the integrated pest management strategy.
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As a dimide insecticide, chlorantraniliprole has posed a low initial efficacy and that was
21.67%, in line to flubendiamide but in opposite to fipronil. This is due to the mode of action
between the insecticides. The mode of action of chlorantraniliprole reflecting flubendiamide
by showing the approximate percentage of C. polychrysus larvae mortality that explained by
the LI. There was a high LI recorded, (70.33%) resulting in 100% final efficacy on day 5.
Chlorantraniliprole reached the efficacy target at a longer time because most larvae were
paralyzed but low mortality was reported. During the knockdown effect, the larvae were
observed to be weak and less moving. Chlorantraniliprole (3-bromo-N-(4-chloro-2-methyl-6-
((methylamino) carbonyl)phenyl)-1-(3-chloro-2-pyridinyl)-1H-pyrazole-5-carboxamide) can
cause an imbalance release of calcium by opening the ryanodine receptor modulator that
impaired regulation of insect muscle contraction, which leads to rapid paralysis and eventual
death (Ashfag et al. 2011; Whalon et al. 2008). The selectively target characteristics of
chlorantraniliprole to the RyRs in muscle fibers of insects made it a great fighter against the
caterpillars (Lepidoptera) and some species in other insect orders such as Coleoptera,
Hymenoptera, Diptera, and Hemiptera (Cordova et al. 2006; Lahm et al. 2007). In this study,
chlorantraniliprole showed a moderate toxicity level (LCs0=43.25 mg/L) with no significant
difference observed between all insecticides. Both diamides insecticide have selective target
(Huang et al. 2011). This was explained by Cordova et al. (2006) that the vertebrate RyRs are
400 to 3000 times less sensitive to the susceptible insect and non-toxic to them. The sensitivity
of chlorantraniliprole to the ddifferential RyR is the reason for the active respond of the
insecticide to attack some groups of insects than others (Isaacs et al. 2012), low toxicity to bees
(Gradish et al. 2011; Larson et al. 2013) and to most families of predatory and parasitic insects
that contribute to biological control (Brugger et al. 2009; Whalen et al. 2016).

The three insecticides were successfully control the susceptible black-headed stem
borer C. polychrysus in the glasshouse study at different level of concentrations. Fipronil
(systemic activity insecticides), flubendiamide and chlorantraniliprole with translaminar
(Bostian et al. 1996) and systemic activity insecticides (Troczka et al. 2016) were absorbed
into the plants after the application. All insecticides targeted the larval stage of the rice stem
borer because it was the most active life stage that consumed the plant parts. Insecticides
absorbed by plants entered the body of the insect from the chewing habit of the larvae and were
digested in their stomach. After entering the insect body, the insecticides reacted to the nervous
system of the insects and caused the death. While the adult stage of the rice stem borer, which
was a moth, did not directly consume the plant parts to survive and was not affected by the
diamide insecticides. The adult moth, on the other hand, had to be killed because it was the
reproductive agent, and insect populations expanded when the moth's egg successfully hatched.
Choosing the right insecticides was therefore important in controlling this pest.

CONCLUSION

As the conclusion, all insecticides were effective to control the susceptible population of black-
headed stem borer, C. polychrysus with 100% mortality. In this study fipronil showed the most
excellent performance in most of the analysis. However, chlorantraniliprole also was proven
effectively to control the black-headed stem borer but with moderate initial efficacy (Eo), final
efficacy (E:) and moderate in lethality index (L1) and toxicity value (LCso). Flubendiamide was
observed to take longer time in controlling the black-headed stem borer, C. polychrysus based
on its low initial efficacy (Eo), less toxic and moderate in the final efficacy (E:) and lethality
index (L) results.
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