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Comparative efficacy of new-generation insecticides against lepidopteran pests
and their impact on natural enemies in rice ecosystem

ATANU SENI" AND ASHIRBAD SWAIN

Odisha University of Agriculture and Technology, AICRP on Rice, RRTTS, Chiplima, Sambalpur-768025, Odisha, India

ABSTRACT

The efficacies of some new-generation insecticides against the yellow stem borer, Scirpophaga incertulas, and the rice leaf
folder, Cnaphalocrocis medinalis, and their impact on natural enemies in cultivated rice were evaluated during two
consecutive wet seasons, i.e. 2022 and 2023. Among the treatments, tetraniliprole 18.18% SC @ 50 g a.i./ha was the most
effective treatment, resulting in the lowest cumulative infestation of both the lepidopteran pests with 0.46% dead hearts
(DH), 1.19% white ear heads (WEH) and 0.05% leaf folder damage leaves (LFDL), which was closely followed by rynaxypyr
18.5% SC @ 30 g a.i./ha and spinetoram 11.7% SC @ 23.4 g a.i./ha. Whereas, the untreated control was recorded with
maximum DH (7.50%), WEH (14.54%) and LFDL (4.99%). Besides this, tetraniliprole 18.18% SC was relatively less
harmful among the tested synthetic insecticides for natural enemies with cumulative numbers of 2.61 spiders/ 10 hills, 8.08
mirid bugs/ 10 hills and 1.67 carabid beetles/ 10 hills. The highest yield (4.98 t/ha) was recorded in the tetraniliprole 18.18%
SC treatment, which was also the most biologically effective treatment for managing rice stem borer and leaf folder.
However, cartap hydrochloride 50% SP was the most economically efficient treatment, with the highest incremental cost-

benefit ratio (ICBR) of 1:7.26.

KEY WORDS: Economics, beneficial organisms, insect pests, rice.

Introduction

Rice (Oryza sativa L.) is a cornerstone of world
agriculture, feeding over half of the global population and
providing a crucial source of calories, especially in Asia,
where it is a dietary staple. Each year almost 11% of the
global arable land is used for rice cultivation (Maraseni et
al., 2018). Currently, India ranks 1st in the world in rice
production and is the largest consumer of rice. In Odisha,
rice is a crucial crop for its economy, as it is the staple food
and primary crop for the majority of its population. Over
70% of Odisha's agricultural land is devoted to rice
cultivation, supporting a significant portion of the state's
workforce and contributing substantially to the state’s
gross domestic product (GDP) (Sontakke et al., 1997; Seni
and Ahmed, 2025). However, rice production is severely
affected by infestation of various insect pests from the
seedling to maturity stages. Among the various insect pests
associated with rice, lepidopteran pests, like rice yellow
stem borer (YSB), Scirpophaga incertulas (Walk.), and
rice leaf folder, Cnaphalocrocis medinalis (Guenee), are
among the most destructive pests, occurring regularly and
causing significant yield losses (Dale, 1994; Barrion and
Litsinger, 1994; Rana and Singh, 2017). The YSB causes
dead hearts in younger plants during the vegetative stages,
which destroys the growing point and white ears head
during the panicle-bearing stage in older plants. The
yellow stem borer is estimated to cause a yield loss ranging

from 11-80% (Catinding and Heong, 2003). The rice leaf
folder, C. medinalis, folds the leaves lengthwise and
consumes the green material within, leading to damage
characterized by linear pale white stripes. In cases of
significant infestation, the affected areas may completely
dry out, giving the crop a whitish appearance. A single
larva is capable of causing extensive damage by feeding on
multiple leaves (Upadhyay et al., 1975). Research
indicates that a 10 percent rise in flag leaf infestation
caused by the leaf folder can lead to a decrease of 0.13 g in
grain yield per tiller and a reduction of 4.5% in the number
of filled grains (Murugesan and Chelliah, 1983).

Farmers mainly rely on chemical insecticides for the
management of these pests and may apply insecticides 6—
8 times in a single season. However, excessive insecticide
use can cause several problems, including the destruction
of natural enemies, disruption of ecological balance, and
health risks to farmers and consumers due to chemical
residues. To address this issue, the present study evaluated
the efficacy of selected commonly used and newer
insecticides against these pests and assessed their impact
on beneficial fauna in the rice ecosystem.

Material and Methods

Experimental site

The study was carried out at the Regional Research and
Technology Transfer Station (RRTTS) of Odisha
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University of Agriculture and Technology (OUAT),
located at Chiplima (200 21' N and 800 55' E), Sambalpur,
Odisha, India, during the wet seasons of 2022 and 2023.
The region experiences a warm/sub-humid -climate,
characterized by an average annual rainfall of 1426 mm,
with the highest precipitation occurring in July and August.

Treatments

Eight insecticides were tested for their efficacy against
lepidopteran pests and natural enemies of rice and one
untreated control. Among the eight selected insecticides,
fipronil 5% SC, cartap hydrochloride 50% SP, rynaxypyr
18.5% SC, and emamectin benzoate 5% SG are commonly
used by rice farmers in Odisha, whereas tetraniliprole

Table 1: Details of treatments

18.18% SC, spinetoram 11.7% SC, and triflumezopyrim
10% SC are newer molecules that are not yet commonly
used by farmers. All insecticides were obtained from a
licensed pest control store. The specifics of the treatments
carried out in the experiment are shown in Table 1. The
study was organized using a Randomized Complete Block
Design (RCBD) with three replications. Each plot had 5 m
x 4 m area. Seedlings of variety MTU 7029 that were 25
days old were transplanted into the main field at a spacing
0of 20 cm x 15 cm (R-R x H-H) in the first week of August
over both years. Unwanted plants were manually removed
from the plots. Fertilizers and irrigation were given in
accordance with recommended agronomic practices.

Sl. No. Treatments Trade name Producer Doses (g a. i./ha)
T Rynaxypyr 18.5% SC Coragen Dupont India Pvt Ltd. 30.00

T, Spinetoram 11.7% SC Champion  Tropical Agrosystem (India) Pvt Ltd. 23.40

T; Fipronil 5% SC Sonic flow  TATA Rallis 62.50

T, Emamectin benzoate 5% SG ~ E-mate JU Agri Sciences PVT. Ltd. 10.00

Ts Triflumezopyrim 10% SC Pexalon Dupont India PVT Ltd. 24.00

Ts Tetraniliprole 18.18% SC Vayego Bayer crop Science 50.00

T; Cartap hydrochloride 50% SP  Caldan Dhanuka 375.00

Ts Azadirachtin 1% EC Neemazal EID parry (India) Ltd. 10.00

Ty Untreated control -- -- --

Insecticide applications

Insecticides with recommended doses were applied at 25
(early tillering), 45 (maximum tillering) and 65 days
(panicle initiation) after transplanting (DAT) as preventive
measures except untreated control. The knapsack sprayer
(ASPEE, India) with a capacity of 16 L was utilized for
applying foliar treatments at the suggested rate of 500 L
per hectare. Following each application, the sprayer
nozzles and hoses were cleaned properly with clean water.
Measures were taken to reduce drift and avoid
contamination of nearby plots during the spraying process.

Observation recording methods

Key insect pests and their natural enemies were identified
by utilizing available keys and resources from various
sources like Barrion and Litsinger, 1994; Dale, 1994;
Terada and Wu, 2014; and Mishra et al., 2021. After each
spraying, observations were made regarding the
occurrence of insect pests and their natural enemies from
ten randomly chosen hills in each plot. The count of dead
hearts (DH) infested by stem borers was recorded on 10
randomly chosen plants after 7 days of each application,
along with the total number of tillers. The same procedure
was applied for white ear-heads caused by stem borers at
the time of harvest. The percentage incidence of stem
borers was determined using the following formulas:

No.of dead heart in 10 hills

Dead Heart (DH %) =

x 100

Total number of tillers in 10 hills

No.of white ear heads in 10 hills

White Ear Head (WEH %) =

X 100

Total number of productive tillers in 10 hills
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For the leaf folder assessment, the number of damaged and
total leaves from ten random hills was documented after
seven days following each application. The percentage of

leaf damage caused by the leaf folder (LFDL) was
computed by following formula:

Total number of damaged leaves in 10 hills (one third or more of the leaf area damaged)

LFDL (%) =

using the following formula:

x 100
Total number of leaves observed in 10 hills
The percentage reductions in DH and LFDL for each
treatment were calculated relative to the untreated control
Mean % DH or LFDL in control — Mean % DH or LFDL for each treatment 100
X

Reduction % over control =

Mean % DH or LFDL in control

The abundance of natural enemies was recorded in each
treatment plot after seven days of insecticide application.
Observations were made on ten randomly selected rice
hills within each plot, and the number of major predators,
including spiders, mirid bugs and carabid beetles, was
counted visually. Sampling was conducted during morning
hours (7-10 AM) under similar weather conditions to
minimise variation in observations. Care was taken to
avoid disturbing the insects during counting.

Grain yield and incremental cost-benefit analysis

The crop was harvested when all grains reached maturity
in the fields. Following sun drying, the grain yield data
(kg/plot) were collected and converted to tons per hectare.
The incremental cost-benefit ratio (ICBR) was calculated
according to Rana and Singh, 2017 by assessing the
production costs against the additional returns derived
from increased yield (%/ha) compared to the control.

Statistical analysis

Data recorded during the two cropping seasons were
initially subjected to a combined analysis of variance
(ANOVA) to evaluate the effects of year, treatment, and
their interaction. Although the year effect and treatment x
year interaction were significant, the relative ranking of
treatments remained consistent across years, and no
crossover interaction was observed. Therefore, pooled
means were calculated and used for comparing treatment
efficacy across seasons. The pooled data were subjected to
analysis of variance following the Randomized Complete
Block Design. Percentage data were appropriately
transformed in accordance with the guidelines provided by
Gomez and Gomez (1984) prior to analysis wherever
required. Treatment means were separated using critical
difference (CD) at the 5% probability level. Statistical
analyses were performed using SPSS version 16, and
differences were considered significant at P < (0.05.

Results

Effect of treatments on yellow stem borer (DH and
WEH%)

The mean DH caused by YSB across different treatment
schedules during the wet seasons of 2022 and 2023 is
presented in Table 2. All treatments were significantly
more effective than the untreated control; year-wise results
are provided as supplementary material. After the first
spray, tetraniliprole 18.18% SC, rynaxypyr 18.5% SC,
spinetoram 11.7% SC, fipronil 5% SC, emamectin
benzoate 5% SG, and cartap hydrochloride 50% SP
recorded no stem borer infestation, whereas the untreated
control recorded the highest DH incidence (2.71%). After
the second spray, the efficacy of the rynaxypyr 18.5% SC,
spinetoram11.7% SC, tetraniliprole 18.18% SC treated
plots registered a significantly lower percent of DH
(1.01%, 1.29% and 0.50% DH respectively) than other
treatments and were significantly at par with each other
while untreated control recorded 7.95% DH. Similarly,
after the third spray, differences in damage symptoms
between various treatments were observed and retained a
similar trend of efficacy with tetraniliprole 18.18% SC @
50 g a.i./ha recorded the lowest DH incidence with 0.87%
and statistically superior over all other treatments followed
by rynaxypyr 18.5% SC @ 30 g a.i/ha (1.38% DH),
spinetoram 11.7% SC @ 23.4 g a.i./ha (1.66% DH) as
evidenced by the CD values at the 5% level. The next
treatments in order of their declining efficacy were T3
(fipronil 5% SC) (3.05% DH), T4 (emamectin benzoate 5%
SG) (3.61% DH), T7 (cartap hydrochloride 50% SP) (4.37
% DH), T5 (triflumezopyrim 10% SC) (5.83% DH) and Ts
(azadirachtin 1% EC) (6.10% DH). The dead heart
incidence for untreated control was 11.83%. The
percentage reduction in dead heart over control at 72 DAT
is presented in Figure 1. The highest decrease in dead heart
percentage (92.60%) was recorded in the T6 (tetraniliprole
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18.18% SC) followed by T: (rynaxypyr 18.5% SC)
(88.35%), T» (spinetoram 11.7% SC) (85.97%), T
(fipronil 5% SC) (74.23%), T4 (emamectin benzoate 5%
SG) (69.52%), T7; (cartap hydrochloride 50% SP)
(63.03%), Ts (triflumezopyrim 10% SC) (50.74%) and Tg
(azadirachtin 1% EC) (48.47%)).

Similarly, significant differences in WEH% produced
by YSB were observed among treatments (Table 2). The
lowest incidence being recorded in Ts (tetraniliprole
18.18% SC @ 50 g a.i./ha) (1.19% WEH) followed by T}
(rynaxypyr 18.5% SC @ 30 g a.i./ha) (1.95% WEH) and
T, (spinetoram 11.7% SC @ 23.4 g a.i./ha) (2.75% WEH).
The next best treatments were T3 (fipronil 5% SC) (3.97%
WEH), T4 (emamectin benzoate 5% SG) (4.87% WEH), T

(cartap hydrochloride 50% SP) (5.85% WEH), Ts
(azadirachtin 1% EC) (7.99% WEH) and Ts
(triflumezopyrim 10% SC) (9.08% WEH). The untreated
control registered the highest infestation (14.54% WEH).

The percent decrease in the pooled mean white ear head
compared to the control is presented in Figure 1. The
highest decrease in white ear head percentage (91.84%)
was recorded in Ts (tetraniliprole 18.18% SC) followed by
T (rynaxypyr 18.5% SC) (86.60%), T (spinetoram 11.7%
SC) (81.11%), T3 (fipronil 5% SC) (72.67%), T4
(emamectin benzoate 5% SG) (66.51%), T; (cartap
hydrochloride 50% SP) (59.75%), T8 (azadirachtin 1%
EC) (45.03%) and Ts (triflumezopyrim 10% SC)
(37.55%).

Table 2. Pooled effect of different treatments on stem borer in terms of Dead Hearts (DH%) and White Ear Head (WEH%)

during wet season 2022 and 2023.

e e
1 Rynaxypyr 18.5% SC 0.00(0.71) 1.01(1.23) 1.38(1.37)  0.80(1.10)  1.95(1.56)
2 Spinetoram 11.7% SC 0.00 (0.71)  1.29(1.33) 1.66(1.47)  0.98(1.17)  2.75(1.80)
3 Fipronil 5% SC 0.00 (0.71)  2.07(1.60)  3.05(1.88)  1.71(1.40) 3.97 (2.11)
4 Emamectin benzoate 5% SG  0.00 (0.71)  2.64(1.77)  3.61(2.03)  2.08(1.50) 4.87 (2.31)
5  Triflumezopyrim 10% SC 0.34 (0.90) 4.33(2.19) 5.83(2.52)  3.50(1.88)  9.08 (3.09)
6  Tetraniliprole 18.18% SC 0.00 (0.71)  0.50(1.00) 0.87(1.17)  0.46(0.96) 1.19 (1.30)
7 Cartap hydrochloride 50% SP 0.00 (0.71)  3.19(1.92) 4.37(2.21)  2.52(1.61) 5.85(2.52)
8  Azadirachtin 1% EC 048 (0.97) 3.70(2.05) 6.10(2.56)  3.43(1.87) 7.99 (2.91)
9 Untreated control 271(1.78)  7.95(2.90) 11.83(3.51) 7.50 (2.74)  14.54 (3.87)

S.Em+ 0.08 0.07 0.06 0.14 0.08

CD 0.05% 0.24 0.20 0.18 0.42 0.23

*DAT: Days After Transplanting, **OM: Overall Mean, ***Figures in parentheses data are \x-+0.5 transformed values

— — — —
Ny (o)) ~ [oe]

—
(6]

T3

T2

T1

0.00 10.00 20.00 30.00 40.00

mPROC-WEH m PROC-DH

60.00 70.00 80.00 90.00 100.00

FIG. 1: Percent reduction in stem borer damage, expressed as dead hearts (DH) and white ear heads (WEH), after the final

spray compared with the untreated control.
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Effect of treatments on rice leaf folder

The mean percentage of leaf folder damaged leaves during
the wet seasons of 2022 and 2023 is presented in Table 3.
All treatments were significantly superior to the untreated
control. At the early stage, after the first spray, a low
incidence of leaf folder damage leaves (0.00-1.92% LFDL)
was experienced in the treated plots. After the second
spray, the lowest incidence was recorded in T
(tetraniliprole 18.18% SC @ 50 g a.i/ha) (0.11% DL)
closely followed by T, (rynaxypyr 18.5% SC @ 30 g
a.i/ha) (0.18% DL) and T, (spinetoram 11.7% SC @ 23.4
g a.i/ha) (0.25% DL) which were statistically at par at the
5% level. The next best treatments were T3 (fipronil 5%
SC) (0.51% DL), Ty (cartap hydrochloride 50% SP)
(0.99% DL), T4 (emamectin benzoate 5% SG) (0.96%
DL), Ts (azadirachtin 1% EC) (2.01% DL) and Ts
(triflumezopyrim 10% SC) (2.51% DL). The untreated
control registered the highest infestation (5.64%). After the

third spray, differences in LFDL between the treatments
was noted and retained a similar trend of efficacy as found
after the second spray with lowest infestation by leaf folder
with Ts (tetraniliprole 18.18% SC @ 50 g a.i./ha) (0.03%
DL) followed by T, (rynaxypyr 18.5% SC @ 30 g a.i./ha)
(0.07% DL) and T, (spinetoram 11.7% SC @ 234 g
a.i./ha) (0.21% DL), whereas, the untreated control plot
had highest infestation (7.39% DL).

The percent reduction in mean leaf folder damage
leaves over control is presented in Figure 2. The highest
reduction in leaf folder damaged leaves over the untreated
control was recorded in Te (tetraniliprole 18.18% SC)
(99.58%), followed by T; (rynaxypyr 18.5% SC)
(99.07%), T> (spinetoram 11.7% SC) (97.12%), T
(fipronil 5% SC) (94.30%), T4 (emamectin benzoate 5%
SG) (90.21%), T7 (cartap hydrochloride 50% SP)
(89.33%), Tg (azadirachtin 1% EC) (71.66%), and Ts
(triflumezopyrim 10% SC) (67.30%).

Table 3. Pooled effect of various treatments on Leaf folder (LF) in terms of damage leaves (LFDL%) during wet season

2022 and 2023.

Mean per cent of LFDL after 7 days of each spray***

Tr. No. Treatment Name

(32 DAT*) (52 DAT) (72 DAT) **OM
1 Rynaxypyr 18.5% SC 0.04 (0.73) 0.18 (0.82) 0.07 (0.75) 0.10 (0.77)
2 Spinetoram 11.7% SC 0.04 (0.73) 0.25 (0.86) 0.21 (0.84) 0.17 (0.82)
3 Fipronil 5% SC 0.08 (0.76) 0.51 (1.01) 0.42 (0.96) 0.34 (0.91)
4 Emamectin benzoate 5% SG 0.16 (0.81) 0.96 (1.20) 0.72 (1.11) 0.61 (1.04)
5 Triflumezopyrim 10% SC 0.68 (1.08) 2.51(1.73) 2.42 (1.70) 1.87 (1.51)
6 Tetraniliprole 18.18% SC 0.00 (0.71) 0.11 (0.78) 0.03 (0.73) 0.05 (0.74)
7 Cartap hydrochloride 50% SP 0.20 (0.83) 0.99 (1.22) 0.79 (1.13) 0.66 (1.06)
8 Azadirachtin 1% EC 0.64 (1.06) 2.01 (1.58) 2.09 (1.61) 1.58 (1.42)
9 Untreated control 1.92 (1.55) 5.64 (2.48) 7.39 (2.80) 4.99 (2.28)
S.Em=+ 0.04 0.04 0.06 0.12
CD 0.05% 0.12 0.12 0.18 0.35

*DAT: Days After Transplanting, **OM: Overall Mean, ***Figures in parentheses data are Vx+0.5

transformed values.

Effect on natural enemies

Spiders, mirid bugs and carabid beetles play a crucial role
in the natural biological control of insect pests in rice
ecosystems. As generalist predators, they help suppress
populations of various harmful insects in rice (Table 4).
Mean numbers of natural enemies per ten hills are
presented in Table 4. The untreated control harbored the
highest spider population (9.72 per 10 hills), followed by
Ts (azadirachtin 1% EC) (5.61 per 10 hills), T (rynaxypyr
18.5% SC) (4.22 per 10 hills), T7 (cartap hydrochloride
50% SP) (2.72 per 10 hills), Ts (tetraniliprole 18.18% SC)
(2.61 per 10 hills), T (spinetoram 11.7% SC) (2.28 per 10
hills), and T4 (emamectin benzoate 5% SG) (1.44 per 10
hills). Lowest population of spider (0.33 per 10 hills) was
recorded in Ts (triflumezopyrim 10% SC) followed by T3
(fipronil 5% SC) (0.67 per 10 hills) which were statistically

at par to each other. Similarly, a significant higher number
of mirid bugs population was observed in the untreated
control plot (20.50 per 10 hills), while azadirachtin 1% EC
(14.83 per 10 hills), rynaxypyr 18.5% SC (10.08 per 10
hills), tetraniliprole 18.18% SC (8.08 per 10 hills) treated
plots had moderate population whereas triflumezopyrim
10% SC (0.75 per 10 hills) and fipronil 5% SC (1.83 per
10 hills) treated plot had the lowest number of populations.
Likewise, in case of carabid beetles, the results indicated
that the plot treated with T3 (fipronil 5% SC) had the lowest
population count at 0.17 per 10 hills, followed by the
triflumezopyrim 10% SC treated plots, which recorded
0.33 per 10 hills. In contrast, the untreated control plot
recorded a significantly higher number with 4.08 per 10
hills, while the azadirachtin 1% EC, rynaxypyr 18.5% SC,
and tetraniliprole 18.18% SC treated plots had populations
of 2.75,2.17, and 1.67 per 10 hills, respectively.
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PROC-LFDL
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T5

T4

T3
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FIG. 2: Percent reduction in leaf folder damaged leaves (LFDL) after the final spray compared with the untreated control.

Table 4. Pooled effect of various treatments on natural enemy populations in rice ecosystem (wet seasons 2022 and 2023).

Mean numbers of natural enemies per 10 hills*

Tr. No. Treatment Name

Spider* Mirid bug® Carabid beetle*

1 Rynaxypyr 18.5% SC 422 (2.17) 10.08 (3.25) 2.17 (1.63)
2 Spinetoram 11.7% SC 2.28 (1.67) 7.08 (2.75) 1.08 (1.26)
3 Fipronil 5% SC 0.67 (1.08) 1.83 (1.53) 0.17 (0.82)
4 Emamectin benzoate 5% SG 1.44 (1.39) 5.25 (2.40) 0.75 (1.12)
5 Triflumezopyrim 10% SC 0.33 (0.91) 0.75 (1.12) 0.33(0.91)
6 Tetraniliprole 18.18% SC 2.61 (1.76) 8.08 (2.93) 1.67 (1.47)
7 Cartap hydrochloride 50% SP 2.72 (1.80) 6.67 (2.68) 1.08 (1.26)
8 Azadirachtin 1% EC 5.61(2.47) 14.83 (3.92) 2.75 (1.80)
9 Untreated Control 9.72 (3.20) 20.50 (4.58) 4.08 (2.14)

S.Em=+ 0.13 0.06 0.07

CD 0.05% 0.39 0.17 0.21

*Figures in parentheses data are Vx+0.5 transformed values

# Pooled mean of 32, 52 & 72 DAT
# Pooled mean of 52 & 72 DAT

Additionally, T, (spinetoram 11.7% SC) and T7 (cartap
hydrochloride 50% SP) both showed similar population
counts of 1.08 per 10 hills and were statistically at par to
each other.

The grain yield data (Table 5) showed that all
insecticide-treated plots produced significantly higher
yields than the untreated control. Across both years,
tetraniliprole 18.18% SC produced the highest pooled
yield (4.98 t/ha), followed by rynaxypyr 18.5% SC (4.79
t/ha). However, the highest incremental cost-benefit ratio
(ICBR) was recorded for cartap hydrochloride 50% SP
(1:7.26), followed by rynaxypyr 18.5% SC (1:4.58),
tetraniliprole 18.18% SC (1:4.17), emamectin benzoate
5% SG (1:4.14), fipronil 5% SC (1:4.00), spinetoram

11.7% SC (1:2.93), azadirachtin 1% EC (1:2.27), and
triflumezopyrim 10% SC (1:1.29).

Discussion

The results showed that all tested insecticides reduced
infestation by lepidopteran rice pests compared with the
untreated control. In treated plots, DH and WEH caused by
yellow stem borer were reduced by 48.47-92.60% and
37.55-91.84%, respectively. Leaf folder damage was
reduced by 67.30-99.58%, and grain yield increased by
37-97% compared with the untreated control. These
outcomes align with previous research, which suggests that
insecticides mitigate the damage by lepidopteran pests and
increase yields (Karthikeyan et al., 2007; Sarao and Kaur,
2014; Chaudhari et al., 2017). Among the different group
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of insecticides tested, insecticides belonging to the
anthranilic diamide (tetraniliprole 18.18% SC and
rynaxypyr 18.5% SC) were very effective against both the
lepidopteran insect pests. The superior performance of
tetraniliprole and rynaxypyr against rice lepidopteran pests
may be attributed to their unique mode of action (IRAC
Group 28). These compounds activate ryanodine receptors
in insect muscle cells, resulting in uncontrolled calcium
release, cessation of feeding, paralysis and eventual death
of target pests (Lahm et al., 2007). Their high affinity for
insect ryanodine receptors provides excellent control of

lepidopteran pests even at relatively low application rates.
Similar results were reported by Kousika and Kuttalam
(2021), who found that tetraniliprole 200 SC was effective
in reducing stem borer and leaf folder infestation in rice.
Spinetoram 11.7% SC, which belongs to the spinosyn
group and is classified under IRAC Group 5, was also
effective against both lepidopteran pests. This result is
consistent with Seni et al. (2019), who reported that
spinetoram 6% plus methoxyfenozide 30% SC was highly
effective against stem borer in rice.

Table 5. Comparative efficacy of various treatments on yield and economics.

Trt. Yield Yield Mean Total Increase Increase in Value of Incremental ICBR
2023 2022 yield Exp. Exp. over yield over increased benefit 1:[C/A]
(t/ha) (t/ha) (t/ha) (R/ha) control control yield R/ha) (%/ha)

X/ha) [A]  (t/ha) [B] [C=B-A]

T1 5.05 4.53 4.79 51850 2.26 49372 40522 1:4.58
(2.36) 2.24) (2.30)

T2 4.72 4.40 4.56 54268 11268 2.03 44279 33011 1:2.93
(2.28) 2.21) (2.25)

T3 4.28 4.32 4.30 50731 1.77 38639 30908 1:4.00
(2.19) 2.19) (2.19)

T4 4.13 4.15 4.14 49840 1.61 35183 28343 1:4.14
(2.15) (2.16) (2.15)

T5 3.98 3.88 3.93 56350 13350 1.40 30635 17285 1:1.29
(2.12) (2.09) (2.11)

T6 5.25 4.72 4.98 53350 10350 2.45 53556 43206 1:4.17
(2.40) (2.28) (2.34)

T7 3.57 3.93 3.75 46225 1.22 26633 23408 1:7.26
(2.02) (2.11)  (2.06)

T8 3.30 3.65 3.48 49300 0.95 20629 14329 1:2.27
(1.95) (2.04) (1.99)

T9 2.23 2.83 2.53 43000 - - - -

(1.65)  (1.83) (1.74)
SEmt 0.02 0.01 0.01

CD 0.05 0.04 0.03
0.05%

*Average labourer charges X 350/day, Rynaxypyr 18.5% SC @ %2250/150 ml, Spinetoram 11.7% SC @ X1528/100ml,
Fipronil 5% SC @ %1500/1t, Emamectin benzoate 5% SG @ %79/10g, Triflumezopyrim 10% SC @ Z3750/240ml,
Tetraniliprole 18.18% SC @ X1100/100ml, Cartap hydrochloride 50% SP @ X500/kg, Azadirachtin 1% EC @ 1500/1t,
**Rice Minimum support Price as per Govt. of India in 2023 (MSP) 22183/q.

In addition to their efficacy against target pests,
tetraniliprole and rynaxypyr exhibited comparatively
lower adverse effects on natural enemies, indicating a
degree of selectivity that is desirable in rice ecosystems.
The conservation of predator populations is important for
maintaining ecological balance and enhancing natural
biological control. Among the two anthranilic diamide
insecticides tested, rynaxypyr 18.5% SC appeared
relatively less harmful to natural enemies than
tetraniliprole 18.18% SC, possibly because a lower amount
of active ingredient was applied in the field. Similar
findings have been reported in previous studies (Shanwei
et al., 2009; Jafar et al., 2013; Seni, 2019), where diamide
insecticides  demonstrated high efficacy against
lepidopteran pests while exhibiting relatively low toxicity
to beneficial arthropods.

The cost-benefit ratio acts as a measure of the
comparative economic efficiency of the treatments. A ratio

greater than one indicates that the treatment is
economically feasible in relation to the control treatment.
In this research, cost-benefit ratios between 1:1.29 and
1:7.26 indicate that all the treatments had a positive
biological effect and provided a substantial return on
investment in plant protection. Among the synthetic
chemicals, cartap hydrochloride 50% SP proved to be more
economically viable (1:7.26) compared to other treatments
followed by rynaxypyr 18.5% SC (1: 4.58), tetraniliprole
18.18% SC (1: 4.17), emamectin benzoate 5% SG (1:
4.14). Since all tested synthetic chemicals provided ICBR
exceeding one; therefore, growers have the flexibility to
choose from a variety of insecticides. A similar type of
result was reported by Hugar et al., 2009 as they reported
that in spite of high yields obtained in the case of fipronil,
it showed the lowest (1:7.86) cost benefit ratio value due
to its high market price. Actually, the cost of the chemical
and treatment dose considerably impacts the total income,
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incremental cost benefit ratio and the benefit received from
each treatment. Although tetraniliprole, rynaxypyr, and
spinetoram were highly effective against lepidopteran
pests and increased yield, their incremental cost-benefit
ratios were reduced by their higher market prices. In
contrast, cartap hydrochloride generated the highest
economic return per unit investment, indicating superior
profitability despite slightly lower pest suppression and
yield performance. Therefore, tetraniliprole may be
considered the most effective treatment from a pest
management perspective, whereas cartap hydrochloride
represents the most economically viable option for
resource constrained farmers. The choice between these
treatments should therefore depend on whether the primary
objective is maximum pest control and yield enhancement
or maximum return.

From an insecticide resistance management
perspective, the effectiveness of tetraniliprole and
rynaxypyr is particularly important because they possess a
novel mode of action distinct from that of conventional
insecticides. However, repeated and exclusive use of
diamide insecticides may impose strong selection pressure
and increase the risk of resistance development in pest
populations. Recent evidence highlights the rapid
development of resistance to chlorantraniliprole in
lepidopteran pests like striped rice stem borer, Chilo
suppressalis, particularly under conditions of continuous
and injudicious use (Madgwick et al., 2025). Therefore,
these insecticides should be used judiciously, in rotation
with different modes of action, and only when pest
monitoring indicates the need for treatment.

Within an integrated pest management (IPM)
framework, tetraniliprole and rynaxypyr should be used as
need-based interventions based on regular pest
surveillance. Their use should be integrated with cultural
practices, resistant rice varieties, conservation of natural
enemies and other non-chemical management approaches
(Seni, 2021). Such an approach would maximize pest
suppression, reduce unnecessary insecticide inputs, delay
resistance development, and contribute to the long-term
sustainability of rice pest management programs.

Conclusion

Tetraniliprole 18.18% SC was the most biologically
effective treatment, providing the highest pest suppression
and grain yield, whereas cartap hydrochloride 50% SP was
the most economically efficient treatment because it had
the highest ICBR. Therefore, treatment selection should
consider both pest management objectives and economic
returns within an IPM framework.
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