
1. Introduction 

Some insect species are drawn to light at night 

due to nocturnal phototaxis, a phenomenon that 

occurs for various reasons across different species 

(Park and Lee, 2017; Kim et al., 2019). 

Interestingly, the exact cause or hypothesis 

explaining these behavioral traits remains varied 

and unclear. Theories include the escape 

mechanism where insects use light as a guide 

(Mazokhin-Porshnyakov, 1960), navigating by 

the moon for spreading (Sotthibandhu and Baker, 

1979; Juddin et al., 2023), attraction to the 

thermal energy of light sources (Callahan, 1965; 

Liu et al., 2022), the sensitivity of insect vision 

(Robinson and Robinson, 1950; Hsiao, 1973) , and 
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the more recent theory that insects instinctively 

turn their dorsum toward the light (Fabian et al., 

2024).

Nevertheless, humans have utilized insects' 

nocturnal phototaxis for a long time- 

approximately 1 A.D; in the Roman Empire, 

artificial light at night was a method to trap 

insects (Gardiner, 1995). Even recently, This 

trait has been applied to protect storages from 

insets by light traps (Kim et al., 2019). The 

efficiency of light insect traps is affected by light 

sources, and the LED (light-emitting diode) 

technology improves insect trapping (Cohnstaedt 

et al., 2008; Ramamurthy et al., 2010).

However, sometimes, these technologies that 

apply the nocturnal phototaxis of insects have 

significant drawbacks. This disadvantage arises 

from the fact that selective utilization is not 

possible. For example, artificial light at night 

disrupts interaction and changes insect 

communities, which could devastate some insect 

species (Deichmann et al., 2021; Grubisic and van 

Grunsven, 2021). However, lighting at night is 

necessary for human convenience or to increase 

work efficiency. Therefore, finding a light source 

that does not attract or distribute insects is 

necessary. After that, by adding other anti- 

insect materials, it would be possible to create an 

insect barrier system with increased efficiency 

while minimizing the impact on the ecosystem. 

For the anti-insect materials in this study, we 

used an anti-insect odor barrier from a 

combination pellet of Cinnamomum verum, Illicium 

verum, and Artemisia annua. The plant C. verum is 

widely used in traditional medicines and is an 

ecologically safe biopesticide (Narayanankutty et 

al., 2021). Also, I.verum has an insecticidal effect 

(Aungtikun et al., 2021). And Deb and 

Kumar(2020) reported that the essential of A. 

annua showed Artemisia annua holds efficient 

insecticidal properties against Tribolium 

casteneum. To add the anti-insect effect to 

anti-insect light, we will try to create and apply a 

scent barrier using a mixture of pellets extracted 

from the three plants with excellent anti-insect 

effects mentioned above.

In this study, we compare the LED lighting 

source, named anti-insect light, which primarily 

emitted 580 nm to 585 nm wavelengths while 

reducing 300 nm to 500 nm wavelengths than 

regular LED lighting sources. Also, we testing 

added an anti-insect odor to the anti-insect light. 

The first hypothesis is that the anti-insect 

lighting environment will be the same as the dark 

one for insects. In addition, the second hypothesis 

is that adding an anti-insect odor to the light 

would show an anti-insect effect, at least without 

a synergy effect at the experimental location 

simulating actual storage conditions. 

2. Materials and Methods 

2.1. Experimental location and Insect capturing 

The experimental location simulating actual 

storage conditions was at Sihwa Factory 101, 

Gongdan 1-aero, Siheung-si, Gyeonggi-do, 

Republic of Korea. Experiments were conducted 

at warehouse Site A (33.22 × 3.60 × 3.00 m) and 

Site B (51.00 × 14.50 × 5.93 m). The distance 

from the warehouse door to the anti-insect light 

was 4.77 m and 5.86 m at Site A and Site B, 

respectively. Test 1 was conducted at Site A from 

July 17 to August 7, 2023 (21 days). Tests 2 and 

3 were conducted at Site A and Site B, 

respectively, from August 7 to September 12, 

2023 (36 days), and Test 4 was conducted at Site 

B from September 12 to October 12, 2023 (30 

days). Insects were captured using a sticky trap 

A, a 100 × 250 mm yellow sticky trap (Dusong 

Co., Hanam, Korea), and sticky trap B, a 220 × 

330 mm yellow sticky trap (Daegil Co., Gimhae, 

Korea). Sticky trap A was utilized in Tests 1 and 

2, while sticky trap B was employed in Tests 3 

and 4. 
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2.2. Preparation of anti-insect light and 

anti-insect odor barrier 

The LED for the anti-insect light source 

primarily emitted wavelengths of 580 nm to 585 

nm while reducing wavelengths from 300 nm to 

500 nm (Fig. 1).

The anti-insect odor barrier source was 

produced using C. verum, I. verum, and A. annua 

(8:1:1, w/w). The mixed plant materials were 

ground to sizes between 10 μm and 50 μm. The 

ground plant materials (100 g) were processed in 

an ultrasonic homogenizer (VC505, Sonics & 

Materials INC., USA) with ethanol (400 g) for 2 

hours. Subsequently, the mixture was stirred at 

300 rpm for 24 hours using a magnetic stirrer 

(BL1003, MTOPS, Korea). The stirred material 

was then dried under ambient temperature and 

pressure conditions using a dehydrator (W110, 

Hanil, Korea) at 300 rpm for 15 days. The dried 

insect repellent material was aged in a sealed 

container for approximately 30 days, after which 

it was processed into pellets for use. The 

produced pellets were placed in a hemp bag (size 

20×30 cm) made of cloth and hung under an LED 

light source for testing.

2.3. Classification of captured insects 

The captured insects were classified through 

visual inspection and microscopic examination 

(AM4013MTL, Dino-Lite, Taiwan). A doctoral 

researcher with over twenty years of experience 

in insect taxonomy and another researcher with 

more than ten years of experience 

cross-validated each insect order.

2.4. Data analysis 

Data obtained from image analyses were 

processed using Microsoft Excel and R software. 

The sizes of sticky traps used in Tests 1 and 2 

differed from those in Tests 3 and 4, as did the 

duration of insect capture. To standardize these 

test results, the number of captured insects was 

divided by the area of the sticky trap, resulting in 

a measure of captured insects per square meter. 

This value was further divided by the number of 

days to yield a rate of insect capture per square 

meter per day. Organizing the data and performing 

basic calculations and unit conversions, such as 

total and 'others' sums, were carried out in Excel. 

Statistical analysis, specifically the Wilcoxon 

rank-sum test, was conducted using R software 

(Wilcoxon, 1945).

Fig. 1. The spectral distribution of the LED light source was used in the test. A is for a regular LED light source, and 
B is for an anti-insect LED light source. 



578 Jahyun Na, Jae Hun Yoo, Yong-Hoo Kwon, Sanghun Yeo, Gyung Deok Han  

3. Results 

Comparative tests were conducted to evaluate 

the effectiveness of anti-insect light. Insects, 

known for their phototaxis, are typically attracted 

to light sources. In light of this, our experiment 

was structured to compare environments treated 

with anti-insect light against those that were dark 

and light-free. Owing to limitations in our 

experimental setup and the time-sensitive nature 

of these tests, Test 1 and Test 2 were carried out 

sequentially. Noteworthy was the observation of 

variations in insect species composition, likely due 

to the tests being performed in different actual 

storage conditions.

Table 1 provides a detailed account of the insect 

orders and their observed frequencies in each 

test. Test 1 detected nine insect orders (Diptera, 

Hemiptera, Hymenoptera, Coleoptera, Araneae, 

Lepidoptera, Thysanoptera, Odonata, and 

Orthoptera), while Test 2 noted seven insect 

orders (Diptera, Hemiptera, Hymenoptera, 

Coleoptera, Araneae, Odonata, and Orthoptera). 

The frequency and density of each insect order 

varied between these tests. In Test 1, 40.69 

insects/m2/day were captured, making it the 

highest density observed, while Test 2 recorded 

the lowest density in this study with 18.48 

insects/m2/day. Diptera was the most prevalent in 

Test 1, but its tendency shifted to Hemiptera in 

Test 2. 

Despite these differences, the findings 

suggested some efficacy of the anti-insect light. 

Considering all captured insect species, According 

to Tables 2 and 3, the p-values obtained from the 

Wilcoxon rank sum tests exceeded 0.05, 

indicating that there was no statistically 

significant difference in insect attraction between 

environments treated with anti-insect light and 

those that were kept dark and light-free. 

To further test efficacy, an anti-insect scent 

was added, and Tests 3 and 4 were sequentially 

Insect orders

Standardized insect frequencya)

Treatment 1 Treatment 2

Test 1b) Test 2 Test 3 Test 4

Diptera 17.89 5.43 22.04 15.90 

Hemiptera 13.35 9.60 18.32 13.40 

Hymenoptera 7.22 2.65 3.78 2.38 

Coleoptera 1.01 0.55 0.79 0.25 

Araneae 0.36 0.13 0.07 0.04 

Lepidoptera 0.22 0.00 0.43 0.04 

Thysanoptera 0.22 0.00 0.00 0.00 

Odonata 0.29 0.08 0.00 0.00 

Orthoptera 0.14 0.04 0.01 0.00 

Psocoptera 0.00 0.00 0.04 0.00 

Metastigmata 0.00 0.00 0.18 0.00 

Ephemeroptera 0.00 0.00 0.03 0.21 

Total 40.69 18.48 45.71 32.22 
a) The unit is captured insect/m2/day. Values are means ± standard error of the insect number at one sticky trap. 
b) Test 1(from 17 July to 7 August 2023 - 21 days), 2 (from 7 August to 12 September 2023 – 36 days), 3 (from 7 August to 12 September 

2023 - 36 days), and 4 (12 September to 12 October 2023 – 30 days) is the number of each insect that captured in sticky traps. 

Table 1. Insect orders and their frequencies were observed across treatments 1 and 2 
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conducted under similar experimental constraints. 

Changes in insect species composition were again 

observed, attributed to varying real storage 

conditions.

The observed insect orders and frequencies are 

outlined in Table 1. Test 3 identified 10 insect 

orders (Diptera, Hemiptera, Hymenoptera, 

Coleoptera, Araneae, Lepidoptera, Orthoptera, 

Psocoptera, Metastigmata, and Ephemeroptera), 

whereas Test 4 noted 7 (Diptera, Hemiptera, 

Hymenoptera, Coleoptera, Araneae, Lepidoptera, 

and Ephemeroptera). The frequency and density 

of each insect order varied, with Test 3 recording 

the highest density of the insects (45.71 captured 

insects/m2/day). Test 4 had 32.22 captured 

insects/m2/day, with Diptera and Hemiptera being 

the most frequent but less dense than in Test 3. 

These results indicate that the combination of 

anti-insect light and scent was effective. Table 4 

showcases the densest insect captures from Test 3. 

Excluding the number of minor capturing insects 

order, the numbers of Diptera, Hemiptera, 

Hymenoptera, and their sum of all captured 

insects were significantly different from the 

control, with p-values from the Wilcoxon rank 

sum test below 0.001. Test 4 results, presented in 

Table 5, test 4 showed a similar composition to 

test 3 but with lower density. The total insect 

count and Hemiptera numbers were significantly 

different from the control, while numbers for 

Diptera, Hemiptera, and other captured insects 

showed no significant differences. 

4. Discussion 

In this study, we tested the LED lighting source 

that primarily emitted 580 nm to 585 nm 

wavelengths while reducing 300 nm to 500 nm 

wavelengths compared with regular LED lighting 

sources. The result of this environmental control 

showed that our first hypothesis -the anti-insect 

lighting environment will be the same as dark for 

insects- is correct. Additionally, our results are 

supported by recent studies, such as Liu et 

al.(2018), which demonstrated a phototaxis 

preference rank in Bactrocera dorsalis Hendel 

n Diptera Hemiptera Hymenoptera others Sum

Control 12 16.59 ± 1.91 a) 14.14 ± 1.26 6.35 ± 1.23 1.88 ± 0.50 38.96 ± 3.62

Treatment 12 19.19 ± 1.72 12.55 ± 1.52 8.08 ± 0.72 2.60 ± 0.66 42.42 ± 1.83

p -value 0.82 NS b) 0.20 NS 0.96 NS 0.78 NS 0.86 NS
a) The unit is captured insect/m2/day. Values are means ± standard error of the insect number at one sticky trap.
b) NS, nonsignificnat at p > 0.05

Table 2. Comparative results of test 1: Analysis of the efficacy of anti-insect light treatment versus dark conditions using the
Wilcoxon rank sum test

 

n Diptera Hemiptera Hymenoptera others Sum

Control 12 4.97 ± 0.50 a) 9.60 ± 0.65 2.44 ± 0.32 0.93 ± 0.49 17.93 ± 0.75

Treatment 12 5.89 ± 0.37 9.60 ± 0.79 2.86 ± 0.57 0.67 ± 0.19 19.02 ± 1.20

p -value 0.92 NS b) 0.63 NS 0.75 NS 0.64 NS 0.89 NS

a) The unit is captured insect/m2/day. Values are means ± standard error of the insect number at one sticky trap.
b) NS, nonsignificnat at p > 0.05

Table 3. Comparative results of test 2: Analysis of the efficacy of anti-insect light treatment versus dark conditions using the
Wilcoxon rank sum test
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(Diptera: Tephritidae) is red (633 nm), blue (450 

nm), purple (440 nm), yellow (596 nm), and green 

(522 nm). Similarly, the compact fluorescent, 

which emits mainly around 550 nm and 600 nm to 

650 nm wavelengths, has fewer disturbances to 

wildlife (Wakefield et al., 2016).

The anti-insect odor also showed an 

anti-insect effect. Also, despite the limited 

experimental environment of the experimental 

location simulating actual storage conditions, it is 

predicted that there will be a synergy effect 

between anti-insect light and anti-insect odor. 

Summarizing the experimental results, 

comparing the dark conditions and the anti-insect 

light treatment environment in tests 1 and 2 

showed no statistical difference in the number of 

insects collected between the control and 

treatment groups (Table 2, 3). Despite the 

differences in sites (Site A and Site B) and 

collection times, the results indicate that the 

anti-insect light treatment did not attract insects. 

Although this study lacks experiments specifically 

testing insect attraction to different light 

conditions, general research demonstrates the 

effects of light wavelength on insect attraction 

(Liu et al., 2018). In contrast, insects were 

repelled when the odor barrier effect was added in 

the same environment (Table 4, 5). This effect 

was consistent across different sites and 

collection times. Notably, the effect was 

pronounced at the time point of test 3, when insect 

density was high, and it showed statistically 

significant effects on Hemiptera during test 4, 

which had a lower insect density. This suggests 

that the effectiveness of the treatment might be 

higher when insect density is elevated. 

Future research should focus on validating the 

synergistic effects of anti-insect light combined 

with anti-insect odor treatment in authentic 

storage conditions to enhance pest control 

strategies. 
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