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ABSTRACT

Chilo suppressalis is considered one of the destructive pests of rice in many rice-producing countries. Given
the adverse effects of the use of chemical pesticides in the rice agroecosystem against the stem-eating pest,
pheromones are also considered expensive pest management tools. The present study was conducted to
investigate the effectiveness of using sex pheromones in population control and reducing damage to Chilo
suppressalis in rice fields. In this study, five treatments including sex pheromone with one trap per hectare,
sex pheromone with three traps per hectare, sex pheromone with five traps per hectare, sex pheromone
with seven traps per hectare, and control (granular spraying with 10% diazinon at a rate of 15 kg per
hectare) were conducted in the research farm. The results of the present study showed that a concentration
of two milligrams of the active ingredient of the sex pheromone of Chilo suppressalis with 5 to 7 traps per
hectare accounted for the lowest number of dead central buds, bleached panicles, counted larvae, and also
the highest crop yield. Also in this study, the highest number of dead central buds, bleached clusters,
counted larvae, and the lowest yield were observed in the treatments of one and three traps per hectare.
According to the present study, it seems that the management of Chilo suppressalis using sex pheromones
offers a promising prospect in the form of an integrated pest management program.
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INTRODUCTION

Chilo suppressalis Walker is one of the most
important pests of rice worldwide. The damage
caused by this pest is particularly significant in
temperate rice-growing regions of Asia such as
Japan, Korea, and China. In the Middle East, this
pest causes serious damage to rice crops, while in
Europe itis only considered a pest of rice in Spain
[1-3]. This pest attacks rice plants at various
stages of growth and development, causing
damage such as the death of central buds and
whitened panicles [4, 5].

In the rice agroecosystem, if pesticides are used,
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the water of the fields contains chemical
pesticide residues that can enter the food chain
and cause great harm to living organisms,
especially animals living in these areas.
Therefore, today, the use of insecticides in the
control of insect pests is problematic. Although
chemical insecticides are of particular
importance in the control of harmful insects of
agricultural products, the use and selection of
compounds with less or no effect on natural
enemies and the environment, such as sex
pheromones, is of particular importance.
Therefore, it is necessary to review the efficiency
and use of low-risk, safe, and environmentally
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friendly compounds in the rice field to reduce the
process of developing pest resistance to common
insecticides in the rice field [6-8].

Since Chilo suppressalis is considered an
important pest in rice fields, it is necessary to
control the abundance of this pest and maintain
the rice crop. Chemical pesticides, especially
granular insecticides. Also, if not managed
properly, this pest can reduce rice yield by one-
third. On the other hand, to control this pest,
between 4000 and 8000 tons of granular
insecticides are introduced into the rice
agroecosystem annually [9-11]. The Integrated
Rice Pest Management Program in Indonesia in
1986, by decree of the then president, banned the
use of 57 insecticides in rice fields and, by
training millions of farmers in non-chemical pest
management, ultimately reduced the use of
chemical insecticides by 60% [12, 13]. Therefore,
rice farmers need to introduce and use new and
usable compounds. One of the safe and
appropriate methods of combating Chilo
suppressalis is the use of synthetic sex
pheromones, which is now considered one of the
main foundations of mass pest management.

In recent decades, due to population growth and
the need to ensure food security, pressure on
natural resources has increased, especially in
developing countries, which has resulted in
increased agricultural production in many parts
of the world through the use of high-yielding
seeds, inorganic fertilizers, pesticides, and water,
which in turn has led to an increase in production
costs. Also, excessive and inappropriate use of
agricultural chemicals has caused water
pollution and reduced genetic diversity of living
organisms, and soil quality [14, 15]. One of the
most successful methods is the use of chemical
communicators for pest control, which has been
used in recent decades. This method involves the
release of large amounts of synthetic
pheromones to prevent or delay the mating of
pest insects. This method was first used about 30
years ago to control the pest Trichoplusia ni
(Hubner) [16].

Vacas et al. [3] showed that the effectiveness of 3
pheromone diffusers per hectare or a batch of
inactive diffusers (total dose: 6.6 to 7.9 g/ha) was
as effective as 30 pheromone diffusers per
hectare (5 g/ha). They also reported that
disruption of Chilo suppressalis mating reduced
damage caused by the pest to less than 10%. The

results of field experiments showed that the
synthetic sex pheromone mixture was very
effective for hunting Chilo suppressalis. The
results of Raut et al. field study on the use of sex
pheromones showed that the use of sex
pheromones can reduce egg laying and also
damage the pest in the vegetative and
reproductive stages. Also, their observations
showed that the average egg mass index in
pheromone-treated plots in the rice field was
significantly less than in the plots where the
farmer had not used the pheromone [17, 18].

The present study aimed to determine the
effectiveness of the Chilo suppressalis sex
pheromone by mass trapping as a control
method in the form of integrated management of
Chilo suppressalis in the rice agroecosystem.

MATERIALS AND METHODS

This experiment was conducted in a rice research
field. Thus, five treatments were performed,
including sex pheromone with 1 trap per hectare,
sex pheromone with 3 traps per hectare, sex
pheromone with 5 traps per hectare, sex
pheromone with 7 traps per hectare, and control
(granular spraying with diazinon 10% at a rate of
15 kg per hectare). The concentration of Chilo
suppressalis sex pheromone for all treatments
was 2 mg.

For the present study, sampling was carried out
in different generations and different stages of
the rice plant. The first sampling was carried out
from the dead central buds of the rice plant in the
vegetative stage of the rice plant and the first
generation of the pest. For sampling at this stage,
10 plants were randomly selected and examined
from each experimental plot with a 1x1 meter
square.

Sampling was carried out in the reproductive
stage and the second generation of the pest from
the white heads of rice one week to ten days
before harvest. The operation of this sampling
stage was similar to the sampling of dead central
buds. The desired pheromone traps were
installed from the beginning of the emergence of
Chilo suppressalis in the experimental field until
the rice harvest stage. After installing the traps,
the number of moths caught by the traps was
counted daily.

Pheromone traps were installed in the field on an
area equivalent to 5 hectares. To carry out this
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experiment, pheromone traps were installed in a
delta shape and the desired number in the field
on wooden stands and slightly above the level of
the rice plant. The height of the traps was
adjusted according to the growth of the rice plant
and the increase in plant height using a wooden
stand. In this study, for the treatment of one trap,
one trap containing the desired sex pheromone
was installed in the middle of the one-hectare
field, for three traps at three points in the field,
for five pheromone traps at five points, and for
seven traps at seven points of the experimental
field (the distance between the traps was 1000
meters).

Collection of adult insects from traps continued
from the first catch to the last catch of moths in
each generation in the field. Also, the duration of
attraction of traps, the duration of durability, and
the stability of pheromones were investigated in
this experiment. In this study, the control
treatment was separated from the control
treatment by spraying 10% diazinon granules at
arate of 15 kg/ha and without pheromone traps
in the field and was carried out at a distance. In
addition, all practices including the type of rice
variety, nursery, preparation of rice seedlings,
planting time of rice seedlings, irrigation, weed
control, and control of plant pathogens were
carried out according to the conventional
program. In addition, the number of live larvae
inside the stem was randomly determined in 10
frames in experimental plots with a size of 1x1
meters, and then the number of live larvae inside
the infected stems was counted. To determine
the yield of the crop, the plants were uprooted
from each plot with an area of 5 square meters
from 5 points and collected in the field after one
day of sun exposure. Next, the threshed rice
clusters were weighed with a digital scale with an
accuracy of 0.01. The weight moisture of the
product was determined with a moisture meter,
and then based on the weight percentage table
(14%), the final weight of each plot was taken.
The graphs were drawn using Excel software.
Statistical calculations and data analysis related
to the tested treatments were performed using
the T-test in SAS ver. 9 software.

RESULTS AND DISCUSSION

The results of this study showed that the largest
population of Chilo suppressalis caught by
pheromone traps was during the third to sixth

week, and the peak flight of the first generation
was 161, which can be seen in Figure 1.
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Figure 1. Number of Chilo suppressalis moths caught by
pheromone traps on different sampling days.

According to Figure 1, the largest number of
moths caught by the treatment with seven traps
per hectare was in the sixth week, and after that,
it was associated with five pheromone traps per
hectare (143). The lowest number of moths
caught was associated with the spraying
treatment (trap without pheromone). In this
regard, it should be noted that the number of
moths caught in the spraying treatment was very
low (one to two). In the same figure and the first
generation, the three-trap treatment attracted 52
Chilo suppressalis. Also, the treatment with one
trap in the same generation attracted 33 moths.
In the second generation of the pest, the highest
number of moths caught by pheromone traps
was in the ninth week with seven pheromone
traps per hectare and 129 moths. The five-trap
pheromone treatment in the same generation
attracted 58 moths. The three-trap treatment
also caught 51 moths and the one-trap
pheromone treatment caught 32 moths. The peak
flight of the third-generation Chilo suppressalis
moths occurred in the fourteenth week (70 Chilo
suppressalis) (Figure 1). According to Figure 1,
the lowest number of captured Chilo suppressalis
moths in all generations was related to the
treatment sprayed without pheromone traps.

In this regard, the results of Kanno et al. [19]
studies comparing pheromone bait traps with
light traps showed that the number of Chilo
suppressalis moths caught by pheromone traps
was very high over two generations. They also
stated that the number of moths caught in
pheromone traps was about three to five times
higher than in light traps.

Table 1 shows the comparison of the average
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data. As can be seen, the dead central buds in the
tested treatments are significantly different from
each other at the 0.01 probability level. The
highest percentage of dead central buds in the
treatments of one and three pheromone traps per
hectare was 26.31% and 26.2%, respectively, and
they were classified in group a. The percentage of
dead central buds infection in the treatment of
five and seven pheromone traps per hectare was
17.15% and 16.57%, respectively, and
statistically, the two traps were not significantly
different from each other and were placed in
group ab. The results of this study showed that
the infection of dead central buds in the control
treatment (spraying with diazinon granules) had
the lowest value (11.18%) and was placed in
group b.

The results of Table 1 showed that with the
increase in the number of pheromone traps per

hectare, the percentage of dead central buds
decreased and a negative slope was observed (-
3.19). Also, the linear equation showed that R? =
0.85 and there was a positive relationship
between the number of traps and the decrease in
the percentage of infection in the first generation
of the pest. Also, Table 1 shows the infection of
whitened clusters related to the traps. In this
table, the highest percentage of bleached clusters
contamination related to the treatment with one
pheromone trap with 20.66%, followed by the
treatment with three pheromone traps with
15.36% contamination were placed in two
groups a and b, respectively, and the treatment
with 5 and 7 pheromone traps along with the
control treatment were placed in one group, and
the lowest amount of contamination was 8.57%
and 7.79%, respectively, in group c.

Table 1. Comparison of the evaluated indicators averages.

No. of trap/ha Yield (Kg/h) No. of larva/ha White heads (%) Dead hearts (%)
1 3468.60 + 91.43° 127 + 0.66° 20.66 +9.12° 26.31+11.01°
3 3511 +29.08° 116 +£0.91° 15.36 +7.38° 26.25 + 8.94°
5 3899.20 + 82.73* 79 +£0.47° 8.57+£2.75° 17.51 £ 51
7 3933.5+47.01* 78 £1.01° 7.79 +3.29¢ 16.57 £9.62%
Control (Spraying) 3977.39 £44.14° 39 +0.65° 5.85+1.87¢ 11.2+4.36°
Reg. line equation Y =-14591x + 3324 Y =-154x + 140 Y =-3.519x +22.40 Y =-3.99x +31.54

*Means with the same letter or letters in each column are not significantly different at the 0.01 probability level.

The results of the regression line from the use of
pheromone traps with bleached clusters showed
that with an increase in the number of
pheromone traps, the percentage of
contamination in the second generation of the
pest also decreased and had a negative slope (-
3.52). Also, the linear equation shows the
relationship between the percentage of bleached
clusters and the number of pheromone traps,
which was R? = 0.87. Thus, a positive relationship
was observed between the number of
pheromone traps with a decrease in the
percentage of contamination in the second
generation of Chilo suppressalis (Table 1). In the
same table, the number of larvae in infected
stems per hectare in the treatments with one and
three pheromone traps had the highest number
of larvae with 127 and 116 larvae, respectively,
and were statistically placed in group a. Also, the
number of larvae in the treatments with five and
seven pheromone traps were statistically placed
in group (b) with 79 and 78 numbers,

respectively. In the same table, the number of
larvae in the control treatment had the lowest
number (39) and was statistically placed in group
C.

Table 1 shows the relationship between the
number of Chilo suppressalis larvae in the second
generation of the pest in the tested treatments.
This table shows that with the increase in the
number of pheromone traps, the number of
larvae in the second generation of the pest also
decreased and had a negative slope (-15.4).
According to the results of the present study in
Table 1, it can be seen that among the rice crop
yields, the treatments with one and three
pheromone traps were calculated with 3468.60
and 3511 kg per hectare, respectively and were
statistically in group b with the lowest yield. In
the same table, the rice yield in five and seven
pheromone traps with the control treatment
(with poison) was not statistically significantly
different and all were in group a with the highest
yield of 3899.20, 3933.5, and 3977.39 kg/ha,
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respectively. Also, Table 1 shows the
relationship between the rice yield and the tested
treatments. This table showed that with the
increase in the number of pheromone traps, the
yield had an increasing trend and had a positive
slope (145.91). In the same table, according to
the linear equation, Rz was 0.85, which showed
that there was a positive relationship between
the number of pheromone traps and the yield of
the treatments.
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Figure 2. Decreasing trend of pheromone levels in the
farm.

Figure 2 shows the relationship between the
percentage of pheromone retention and
durability in the field and the tested pieces. In
this figure, it can be seen that the effective
substance of the pheromone had the longest
duration until the first two days of use in the field,
and as time passed and it continued in the field,
its durability and stability decreased, and this
decreasing trend continued until 50 days. In the
period of 50 to 80 days, the amount of
pheromone reached a level where the number of
moths caught by the pheromone traps remained
constant. As a result, the amount of pheromone
approached its lowest value (Figure 2).

In this regard, the results of Raut and Satpath
[17] showed that the persistence of sex
pheromone in the field in 2012 and 2013 was
between 55-65 and 85-90 days, respectively. The
results of this study showed that the number of
five and seven pheromone traps per hectare was
not statistically significantly different from each
other in terms of the percentage of dead central
buds, the percentage of bleached panicles, the
number of larvae, and the amount of yield. Liu et
al. [20] showed that the attraction of Chilo
suppressalis by  pheromone  substances
formulated as a paste and released over a long
time can lead to the predation of adult insects for

at least two months so that male Chilo
suppressalis  individuals were effectively
attracted without reduction. While the predation
by pheromone substances embedded in thin
plastic tubes showed a decreasing trend after one
month of use in the field. The use of pheromones
for mating disruption began in 1986, and plastic
dispensers containing eight milligrams of the
active ingredient pheromone were used at 2,500
dispensers per hectare, and the effectiveness of
these dispensers for mating disruption was close
to 100%. Also, in the use of sex pheromones to
disrupt the mating of Chilo suppressalis, 45
dispensers per hectare in rice fields resulted in
80% pest control [21].

Studies by Yang et al. [22] in northeastern
Chinese rice fields using sprays containing the
sex pheromone of Chilo suppressalis showed that
high doses (750 sprays/ha) resulted in 84.9%
pest control. Studies by Alfaro et al. [9] and Vacas
et al. [3] in the control of Chilo suppressalis in the
Valencia region (Spain) showed that sex
pheromones were an effective alternative to
insecticides. Their studies showed that
controlling the first emerging Chilo suppressalis
was crucial for efficacy and that applying sex
pheromones before the first flight of male Chilo
suppressalis was more effective in reducing plant
damage. The results of this study, namely hunting
Chilo suppressalis in the field, were consistent
with the results of Alfaro et al. [9] and Vacas et al.
[3] in reducing rice stem borer damage in the
field. The present study showed that pheromone-
mediated mating disruption is an important tool
for the management of Chilo suppressalis in terms
of reducing insecticide use in rice fields to
produce healthy rice. In addition, chemical
control, in addition to being a threat to the
ecosystem and natural enemies, is also not
economically viable in the rice agroecosystem.
Pheromones do not negatively affect non-target
organisms in rice cultivation, and this method is
fully compatible with the objectives of integrated
pest management (IPM) [7, 23-25].

Chen et al. [26] stated that the use of sex
pheromones provides significant cost savings
and acceptable control is achieved at lower costs
using pheromones. In addition to having adverse
effects on natural enemies and environmental
pollution, chemical control is not economically
viable in the rice agroecosystem. Therefore, the
possibility of controlling the pest with sex
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pheromones promises a promising prospect for
the use of these compounds in the form of an
integrated management program for rice stem
borer.

CONCLUSION

The present study was conducted to investigate
the effectiveness of using sex pheromones in
population control and reducing damage to Chilo
suppressalis in rice fields. The results of the
present study showed that a concentration of two
milligrams of the active ingredient of the sex
pheromone of Chilo suppressalis with 5 to 7 traps
per hectare accounted for the lowest number of
dead central buds, bleached panicles, counted
larvae, and also the highest crop yield. Also in this
study, the highest number of dead central buds,
bleached clusters, counted larvae, and the lowest
yield were observed in the treatments of one and
three traps per hectare. According to the present
study, it seems that the management of Chilo
suppressalis using sex pheromones offers a
promising prospect in the form of an integrated
pest management program.

ACKNOWLEDGMENTS: None
CONFLICT OF INTEREST: None
FINANCIAL SUPPORT: None
ETHICS STATEMENT: None
REFERENCES

1. Casagrande E. The
implementation of mating disruption for the
control of the rice stem borer, Chilo
suppressalis, in rice in Spain. IOBC WPRS.
Bulletin; 1993. pp. 82-9.

2. Liang YY, Luo M, Fu XG, Zheng LX, Wei HY.
Mating disruption of Chilo suppressalis from
sex pheromone of another pyralid rice pest
Cnaphalocrocis medinalis (Lepidoptera:
Pyralidae). ] Insect Sci. 2020;20(3):19.
doi:10.1093/jisesa/ieaa050

3. Vacas S, Navarro I, Primo ], Navarro-Llopis V.
Mating disruption to control the striped rice
stem borer: pheromone blend, dispensing
technology and number of releasing points. |
Asia Pac Entomol. 2016;19(2):253-9.
doi:10.1016/j.aspen.2016.02.001

commercial

4. LuY,Wang G, Zhong L, Zhang F, Bai Q, Zheng
X, et al. Resistance monitoring of Chilo
suppressalis (Walker)(Lepidoptera:
Crambidae) to chlorantraniliprole in eight
field populations from east and central
China. Crop Prot. 2017;100:196-202.

5. Horgan FG. The structure of rice stemborer
assemblages: a review of species’
distributions, host ranges, and interspecific
interactions. Insects. 2023;14(12):921.
d0i:10.3390/insects14120921

6. Beevor PS, David H, Jones OT. Female sex
pheromones of Chilo spp. (Lepidoptera:
Pyralidae) and their development in pest
control applications. Int ] Trop Insect Sci.
1990;11(4-5):785-94.

7. Rizvi SA, George ], Reddy GV, Zeng X,
Guerrero A. Latest developments in insect
sex pheromone research and its application
in agricultural pest management. Insects.
2021;12(6):484.
doi:10.3390/insects12060484

8. Xia YH, Ding BJ, Dong SL, Wang HL,
Hofvander P, Lofstedt C. Release of moth
pheromone compounds from Nicotiana
benthamiana upon transient expression of
heterologous biosynthetic genes. BMC Biol.
2022;20(1):80. doi:10.1186/s12915-022-
01281-8

9. Alfaro C, Navarro-Llopis V, Primo J.
Optimization of pheromone dispenser
density for managing the rice striped stem
borer, Chilo suppressalis (Walker), by mating
disruption. Crop Prot. 2009;28(7):567-72.

10. Shen C, Yu S, Tan X, Luo G, Yu Z, Ju ], et al.
Infestation of rice striped stem borer (Chilo
suppressalis) larvae induces emission of
volatile organic compounds in rice and
repels female adult oviposition. Int ] Mol Sci.
2024;25(16):8827.
doi:10.3390/ijms25168827

11. Zheng Y, Zhang X, Liu X, Qin N, Xu K, Zeng R,
et al. Nitrogen supply alters rice defense
against the striped stem borer Chilo
suppressalis. Front Plant Sci.
2021;12:691292.
doi:10.3389/fpls.2021.691292

12. Settle WH, Ariawan H, Astuti ET, Cahyana W,
Hakim AL, Hindayana D, et al. Managing
tropical rice pests through conservation of
generalist natural enemies and alternative
prey. Ecology. 1996;77(7):1975-88.



Xiang et al.

Entomol. Appl. Sci. Lett., 2025, 12(1): 1-7

13.

14.

15.

16.

17.

18.

19.

Thorburn C. Empire strikes back: the making
and unmaking of Indonesia's national
integrated pest management program.
Agroecol Sustain Food Syst. 2014;38(1):3-
24.

Katranas GC, Vassilakos TN, Rumbos CI,
Athanassiou CG. Effect of trap type and
height on the captures of the pink bollworm,

Pectinophora gossypiella
(Saunders)(Lepidoptera: Gelechiidae), in
pheromone-baited traps in  cotton.

Agronomy. 2024;14(4):656.
doi:10.3390/agronomy14040656

Frewin A], Adams C, Judd G, Hazell ]J. Wind
tunnel and field evaluation of trapping
efficiency of semiochemical baited camera-
traps for capturing Codling
(Lepidoptera: Tortricidae). ] Econ Entomol.
2022;115(6):2004-12.
doi:10.1093/jee/toac132

Shorey HH, Gaston LK. Sex pheromones of
noctuid moths. IIL.
responses to the

moth

Inhibition of male
sex pheromone in
Trichoplusia ni (Lepidoptera: Noctuidae).
Ann Entomol Soc America. 1964;57(6):775-
9.

Raut AM, Satpathi CR. Differential
pheromone trap efficiency in the mass
trapping of yellow stem borer, Scirpophaga
incertulas in rice ecosystem. Indian ] Plant
Prot. 2017;45(3):213-20.

Raut AM, Satpathi CR, Krishnaiah K.
Management of rice yellow stem borer
Scirpophaga insertulas (Walker)
different formulations of
pheromone in west Bengal. ] Pure Appl
Microbiol. 2017;11(1):549-58.

Kanno K, Abe N, Mizusawa M, Saeki Y, Koike
K, Kobayashi S, et al. Comparison of the trap
efficiency and of the fluctuation pattern of
moth catches between the synthetic sex

using
insect sex

pheromone and the light-trap in the rice
stem borer moth, Chilo suppressalis walker

20.

21.

22.

23.

24,

25.

26.

(Lepidoptera: Pyralidae). Jpn ] Appl Entomol
Zool. 1985;29(2):137-9.

Liu B, Syu K], Zhang YX, Gupta S, Shen Y],
Chien W], et al. Practical synthesis and field
application of the synthetic sex pheromone
of rice stem borer, Chilo suppressalis
(Lepidoptera: Pyralidae). | Chem.
2020;2020(1):5632534.
doi:10.1155/2020/5632534

Liu XL, Sheng SM, Chen RZ, Gao HR, Li Y], Liu
CL, et al. A preliminary study of pheromone
trap density for the rice stem borer in
northeastern area in China. ] Jilin Agric Sci.
2013;1:63-7.

Yang FA, Sheng CF, Wei YB. Study on mating
disruption with synthetic sex pheromone for
controling rice stem borer. Plant Prot Beijing.
2001;27(3):4-6.

Mevada RR, Sisodiya DB, Parmarand RG,
Prajapati DR. Mating disruption: an
ecological step towards sustainable pest
management. | Eco Friendly Agric.
2023;18(1):144-50. doi:10.5958/2582-
2683.2023.00025.4

Benelli G, Lucchi A, Thomson D, loriatti C. Sex
pheromone aerosol devices for mating
disruption: challenges for a brighter future.
Insects. 2019;10(10):308.
d0i:10.3390/insects10100308

Tatsuki S, Kurihara M, Usui K, Ohguchi Y,
Uchiumi K, Arai K, et al. Sex pheromone of the
rice stem borer, Chilo suppressalis
(Walker)(Lepidoptera: Pyralidae): the third
component, Z-9-hexadecenal. Appl Entomol
Zool. 1983;18(3):443-6.

Chen RZ, Klein MG, Sheng CF, Li QY, Li Y, Li
LB, et al. Mating disruption or mass trapping,
compared with chemical insecticides, for
suppression of Chilo suppressalis
(Lepidoptera: Crambidae) in northeastern
China. ] Econ Entomol. 2014;107(5):1828-
38.



