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13 Abstract

14 Recently, light traps using light-emitting diode (LED) lights have been applied to monitor or
15 control insect pests. The oriental armyworm, Mythimna separata Walker, is an important insect
16 pest that has caused damage to several cereal crops, including corn, wheat and rice. The present
17 study aims to seek out a sensitive wavelength causing high phototactic response in M. separata.
18 The study evaluated the phototactic responses of M. separata moths to several LED lights of
19 different wavelengths and luminance intensities under laboratory condition. Results showed
20 that green (520 nm) LED light resulted in significant phototactic response of M. separata
21 moths compared to LED lights of other wavelengths. Additionally, the highest attraction rate of
22 the moths to green LED light appeared in luminance intensity group of 200 lux compared to the
23 other intensities groups. Experiments under optimum conditions based on the above
24 experiments revealed that the green LED light exhibited the strongest attraction rate (64.44%)
25 among all experimental groups. An experiment performed in a net cage also showed that green
26 LED light resulted in the highest phototactic response of M. separata moths, 1.7 times more
27 than a commercial black light used as control. These findings clearly demonstrate that M.
28 separata moths have a high sensitivity to the green LED light. Therefore, a light trap equipped
29 with green LED light could be useful for monitoring and controlling M. separata moths.

30 Key words: phototactic response; Mythimna separata; LED; wavelength; attraction rate;

31 luminance intensity; sensitivity
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32 1. Introduction

33 The oriental armyworm, Mythimna (or Leucania) separata Walker (Lepidoptera:
34 Noctuidae), is an important long-migratory pest in eastern Asia, including the Korean
35 peninsula, China and Japan, and causes damage to several cereal crops, such as corn, wheat
36 and rice; in addition to these major crops, the pest has damaged more than 300 kinds of
37 agricultural and industrial plants in nearly 100 families, thus causing substantial crop
38 production losses annually [1-7]. Widespread outbreaks of M. separata are related to
39 climate change, especially increases in temperature [8]. The conventional control of this
40 insect pest depends on synthetic chemical insecticides. However, the excessive use of the
41 chemical insecticides has resulted in problems, such as resistance of the pest to the
42 chemical insecticides, harm to users and eco-system pollution [9,10]. Recently, there has
43 been increasing pressure to search for safe and more efficient alternative pest control
44 methods for the management of M. separata [7].

45 Many insects have a phototactic behavior to an artificial light at night. Therefore, light
46 traps have been widely applied to management of agriculture and forest insect pests having
47 phototaxis. Pest control by use of light traps, which does not negatively impact eco-system
48 conservation and human health, could be an alternative technique used for controlling
49 insect pests in modern organic agriculture [11,12]. In recent years, light traps equipped
50 with light-emitting diode (LED) lights, as the light source, have been applied to monitor or
51 control insect pests [13-15]. LED lights have some benefits, including low electricity
52 consumption, the ability to selectively emit wavelengths, the adjustability of light intensity,
53 high emitting effect, long use time, high mechanical stability, small size and low weight
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[13,16]. During the last decade, some studies determined the wavelengths of LED lights
that strongly attract some insect pests for using as light sources in light traps for these
insect pests [17].

Llight sensitivities of insects vary in responses to different wavelength lights. In
addition, the insect’s phototactic behavior is influenced by several factors, such as
luminance intensity, light exposure time, insect physiological status, temperature, relative
humidity, wind direction and wind strength [11,18,19]. Some studies have shown that some
insect pests are more sensitive to certain wavelengths of LED light sources. The spiraling
whitefly, Aleurodicus dispersus Russell (Hemiptera: Aleyrodidae), was most sensitive to
violet (405 nm) light emitted by LED light [15]. The cigarette beetle, Lasioderma
serricorne Fabricius (Coleoptera: Anobiidae), was most sensitive to ultraviolet (UV 373
nm) and blue (470 nm) LED lights [20]. Green (526 nm) LED light yielded the most
phototactic responses from the whitefly species, Bemisia tabaci Gennadius (Hemiptera:
Aleyrodidae) and Trialeurodes vaporariorum Westwood (Hemiptera: Aleyrodidae) [21].
The Indian meal moth, Plodia interpunctella Hiibner (Lepidoptera: Pyralidae), was most
attracted to ultraviolet (UV 395 nm) LED light [22]. Thus, the insect phototactic responses
represent a priority research topic in the promotion of physical pest control.

There have been few studies on the phototactic response of M. separata moths to light
sources, especially M. separata responses to specific wavelengths and light intensities. The
present study aimed to find a sensitive wavelength causing a strong phototactic behavior in
M. separata moths. We evaluated the phototactic response levels of M. separata moths to

several wavelengths, luminance intensities, and light exposure times by using LED lights
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and a Y-maze bioassay chamber under laboratory condition. Then, the study reevaluated the
phototactic responses of M. separata moths under the optimum conditions (luminance
intensities and exposure times) determined by our earlier experiments. Finally, we evaluated
some of the above the experimental results within a net cage condition. Our findings may
provide a theoretical and scientific basis for improving the light trap technique in physical

pest control of M. separata moths.

2. Materials and methods

2.1 Experimental insects

Adults of the experimental insect, M. separata, were reared at the temperature 25+3°C,
with 65+10% relative humidity (RH) and a light: dark photoperiod of 14 h: 10 h in an
insect rearing room. We used an artificial diet described by Bi [23] for larvae and 10 %
honeybee water was used as adult’s diet. During the rearing period, all insects were
maintained with no exposure to any chemicals. Only three-day-old M. separata moths were

used for the phototactic response experiments.

2.2 Y-maze bioassay chamber

To assessing the phototactic behavioral responses of M. separata moths, Y-maze bioassay
chambers designed by Kim et al. [9] were employed in the experiments under laboratory.
The Y-maze phototactic bioassay chamber consisted of an opaque acrylic body
(20x20x100 cm), and two transparent acrylic walls were situated at both sides of the light
side area and the dark side area above the bioassay chamber to enable the observation of

the insect behavior. An insect entrance hole was located in the upper center of the insect
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resource box, and nylon netting covered the outer light side area to prevent experimental
insects from escaping. The light source was installed on opposite side of light side area in

the Y-maze chamber.

2.3 Light sources and luminance intensity measurement tool

The LED lights (5 W) used for the experiment were measured by using a spectrometer
(USB4H11915; Ocean Optics Co. Ltd., USA), the wavelengths and the light irradiances of
these LED lights are displayed in Table 1. The phototactic responses of M. separata under
optimum experimental conditions and the net cage condition were compared with those
under commercial black light (365+7 nm; 18 W), which served as the control. All of the
LED lights and black lights were purchased from Shenzhen New Photoelectric Technology
Co. Ltd., China. The luminance intensity (lux) of LED lights was measured by using a
digital lux meter (GM1020-CH-00; Shenzhen Jumaoyuan Science and Technology Co. Ltd.,

China) at the established point in the center of light side area within the Y-maze chamber.

2.4 Experiment in the laboratory

The phototactic responses of M. separata to LED lights were evaluated in the Y-maze
chamber under different wavelengths, luminance intensities, and light exposure times,
based on the experimental method described by Kim et al. [9]. Prior to the experiment, the
insect resource area was closed by boards separating the light side and the dark side. Each
experiment group contained 30 robust three-day-old moths (15 males and 15 females).
These moths were moved through the insect entrance hole into insect source box of the

Y-maze chamber and were maintained in the dark for two hours. Every experiment was

d0i:10.20944/preprints201905.0014.v1
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started at 8:00 P.M.; while darkness was maintained at the dark side of the Y-maze chamber,
LED light were irradiated at the light side of the chamber. After LED light was turned on,
both of the separating boards were removed from the Y-maze chamber.

The phototactic response of the M. separata moths was determined based on the number
of insects attracted to the light side. The attraction rate was calculated with the following
equation: attraction rate (%) = (number of insects attracted in the “light side”) / (30 insects)
x 100%. Each experiment was executed for one hour and was observed every 10 minutes.
So, the exposure time indicates from the time turning on the light source to the observing
time. To estimate a significant effect between several light sources causing high phototactic
behavioral responses, we produced the optimum conditions (e.g., intensity and exposure
time) according to each LED light source, which result in a strong phototactic behavior of
the moths, based on the above conducted experiments, and reevaluated the phototactic
behavioral responses to different light sources under the optimum conditions. After each
experiment, the light and dark positions were switched in the chamber. Every experiment
was carried out at a temperature 25+3°C, with 65+10% relative humidity (RH) in the

darkness. There were three replicates for each experiment.

2. 5 Experiment in the net cage

An oblong net cage 10 m long, 10 m wide and 4 m high was covered with nylon net cloth.
The net cage was installed outdoors in the field; thus the darkness of the cage depended on
the darkness of the outdoor condition after sunset. Two (450 nm and 520 nm wavelength)
LED lights (5 W) and a commercial black light (365+7 nm; 18 W) were installed inside the

cage. The distance between the lights was 3 m, and the height of each light was 1 m. Three
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infrared cameras were set 70 centimeters in front of each light at the same height as the light
sources. Each experimental group included 200 robust M. separata moths, which were
released 5 hours before the experiment started in the cage. Each experiment started at 8:30
P.M. and lasted two hours, and the experiments were conducted from 15 to 25 September,
2018. The phototactic response of the M. separata moths was evaluated by counting the
number of times they appeared in videos of each experiment. The videos of each experiment
were observed for 10-minute intervals, and the total number of appearances of the moths
over a two-hour period was determined. The experiment in the net cage was replicated five

times.

2.6 Statistical analysis

We performed one-way analysis of variance (ANOVA) with the software SPSS (SPSS Inc.,
Chicago, IL, USA) to compare the attraction rates of M. separata moths to several light
sources. Values are expressed as the means and standard errors (mean+=SEM). Significant

differences were analyzed using Tukey’s HSD test (P <0.05).

3. Results

3.1 Phototactic response of M. separata moths to LED lights of different wavelengths
under several luminance intensities

The phototactic responses of M. separata moths to LED lights of different wavelengths
(two ultraviolet LED lights, six LED lights with visual wavelengths and one white LED
light) were evaluated under luminance intensities of 50 lux, 100 lux, 150 lux and 200 lux,

respectively (Figure 1). The violet (400 nm), ultraviolet (UV 385 nm), green (520 nm) and

d0i:10.20944/preprints201905.0014.v1
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white (420-650nm) LED lights under a luminance intensity of 50 lux revealed high
attraction rates (average attraction rates of 52.02%, 49.99%, 50.37%, and 52.35%,
respectively) (Figure 1a). Additionally, the high attraction rates of the M. separata moths to
the LED lights almost all appeared by an exposure time of 30 min or 40 min. So, attraction
rates of the moths to different LED lights were assessed when the moths were exposed to
different LED lights for 40 min (Figure 2). Under a luminance intensity of 50 lux,
significant increases in the attraction rates over exposure time, up to 40 min, were observed
for violet (400 nm), ultraviolet (385 nm), green (520 nm) and white (420-650 nm) LED
lights, with attraction rate of 57.31%, 54.52%, 53.91% and 53.49%, respectively (Figure
2a). No significant difference was observed among these four kinds of LED lights, but a
significant difference was found between these lights and the red (625 nm) LED light
(F=4.676; df=8, 18; P=0.003). High attraction rates of M. separata moths under a
luminance intensity of 100 lux were observed for the green (520 nm), blue (450 nm) and
yellow (590 nm) LED lights, with average attraction rate of 54.44%, 51.11% and 48.89%,
respectively (Figure 1b). The green (520 nm), yellow (590 nm), and blue (450 nm) LED
lights under a luminance intensity of 100 lux and an exposure time of 40 min resulted in
higher phototactic responses (attraction rates of 55.56%, 52.22%, and 51.11%, respectively)
than the other wavelength LED lights, and the differences were significant compared to
ultraviolet (365 nm) wavelength (F=2.695; df=8, 18; P=0.038) (Figure 2b).

Meanwhile, the green (520 nm) and blue (450 nm) LED lights with a luminance intensity
of 150 lux yielded higher phototactic responses from M. separata moths (average attraction

rates of 59.09% and 56.81% respectively) than the other LED light groups (Figure 1c).

d0i:10.20944/preprints201905.0014.v1
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183 When M. separata moths were exposed to LED lights of different wavelengths under a
184 luminance intensity of 150 lux for an exposure time of 40 min, significant increases in the
185 attraction rates were recorded for the green (520 nm) and blue (450 nm) LED lights
186 (attraction rates of 59.14% and 58.53% respectively) compared to two ultraviolet (365 nm
187 and 385 nm), violet (400 nm) and dark red (680 nm) LED lights, but there were no
188 significant differences compared to the other wavelength LED lights (F=7.529; df=8, 18;
189 P=0.001) (Figure 2c). The highest significant increase in the average attraction rates of M.
190 separata moths under a luminance intensity of 200 lux was observed for the green (520 nm)
191 wavelength (average attraction rate of 59.32%) (Figure 1d). Furthermore, the high
192 attraction rates of the moths recorded for the green (520 nm) LED light after an exposure
193 time of 30 min. A significant increase in the attraction rates of M. separata moths to nine
194 wavelength LED lights under a luminance intensity of 200 lux and an exposure time of 40
195 min was only found for the green (520nm) LED light (F=12.907; df=8, 18; P=0.000)
196 (Figure 2d). Moreover, the attraction rate to the green LED light was the highest, with a
197 value of 63.65%. Additionally, the attraction rates to ultraviolet (365 nm), violet (400 nm),
198 yellow (590 nm) and white LED lights were significantly higher than that to the ultraviolet
199 (385 nm) LED light, but those to blue (450 nm), red (625 nm) and dark red (680 nm) LED
200 lights was no a significant difference compared to that of ultraviolet (385 nm) LED light.
201 3.2 Effect of luminance intensity on the phototactic response of M. separata moths to green
202 (520 nm) LED light

203 Effect of the luminance intensity on the phototactic response of M. separata to green LED
204 light was evaluated under several luminance intensities with an exposing time of 40 min

10
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(Figure 3). The attraction rate of the moths exposed to the green (520nm) LED light under
a luminance intensity of 200 lux was significantly higher than that under a luminance
intensity of 250 lux, but no significant difference was observed among the other intensities

(F=3.417; df=4, 10; P=0.038).

3.3 Phototactic response of M. separata moths under the optimum conditions of each LED
light

Phototactic responses of the M. separata moths to LED lights of ten wavelengths under
these optimum conditions which produced by the above experimental results were
reevaluated and compared to the response to a commercial black light used as a control
(Table 2). In this experiment, the green (520 nm) LED light under optimum condition
(luminance intensity of 200 lux and exposure time of 40 min) resulted in the highest
attraction rate, with 64.44%. Moreover, it was 1.38 times more attractive than control
(black light; 46.67%). The number of moths attracted to the light side of the green LED
light was significantly higher than those of the other LED lights and control (F=5.408;
df=10, 22; P=0.001). A significant difference in the dark side was recorded between two
LED lights (590 nm and 625 nm) and the other LED lights (F=5.035; df=10, 22; P=0.001);
however, there were no significant differences relative to the control. The ratio of moth’s
numbers in the light side and the dark side was the highest for the green LED light among

all the experimental groups and control.

3.4 Phototactic response of M. separata moths under the net cage condition

The attraction effect of M. separata moths to blue (450 nm) and green (520 nm) LED lights

d0i:10.20944/preprints201905.0014.v1
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226 compared with a commercial black light as a control in the net cage was evaluated (Figure 4).
227 A significant increase in the number of M. separata moths that appeared in front of the light
228 source for two hours was recorded for green (520 nm) LED light compared with the other
229 lights, and was 1.7 times higher than the number of moths attracted to the black light as the
230 control (F=74.524; df=2, 12; P=0.001). However, a significant decrease was recorded for the
231 blue (450 nm) LED light, which had an even lower number than the control. We analyzed
232 the phototactic response tendencies of M. separata moths to different light sources based on
233 observations 10-minute intervals for two hours in the net cage (Figure 5). The phototactic
234 responses of the moths to three light sources in the net cage showed many complicated
235 peaks in the time series. However, a higher rate of phototactic responses occurred for the
236 green LED light compared with the other lights. Additionally, relatively high attraction
237 effects were recorded after the illumination exposure time of 30 min, and again decreased
238 after 110 minutes.

239 4. Discussion

240 Many insects exhibit phototactic behaviors, such as positive phototaxis (attraction to light
241 sources) or negative phototaxis (repelled by light sources). The wavelengths of light
242 sources causing the phototactic behavior are species-specific in insects. Furthermore, the
243 phototactic response level is influenced by the wavelength, luminance intensity and
244 exposure time of the light source [17,24,25].

245 Our results confirmed that the phototactic response level of M. separata moths depends
246 on the specific wavelength, luminance intensity and exposure time of the light source.
247 Some studies have evaluated the phototactic responses of several species in the

12
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Lepidoptera to different LED light wavelengths. The attraction rate of the tobacco cutworm,
Spodoptera litura, to green (52045 nm) high-powered LEDs under 40 lux and an exposure
time of 60 min was highest than those to other wavelengths [26]. The Indian meal moth, P.
interpunctella has the most sensitivity to violet (405 nm) LEDs based on an
electroretinogram recording test and behavior experiment [27]. However, in other study, P.
interpunctella moths were most attracted to green (520+£5 nm) LEDs under 60 lux and an
exposure time of 30 min [28]. In addition, the oriental fruit moth, Grapholita molesta was
significantly more attracted to violet (405 nm) and green (540 nm) LEDs [29]. The
diamondback moth, Plutella xylostella, moths were significantly more attracted to green
(52045 nm) LED than other LEDs [30].

Our experimental results are similar to the results of these previous studies. When M.
separata moths were exposed to LED lights under a luminance intensity of 50 lux, these
moths preferred the violet (400 nm) LED light. However, under luminance intensities of
100 lux to 200 lux, the moths were more attracted to the green (520 nm) LED light
compared with the other LED lights. Additionally, the results of the phototactic response
experiments with M. separata moths exposed to the optimum conditions for each LED
light showed that the green (520 nm) LED light resulted in the highest attraction rate.
Moreover, the experimental data in the net cage condition also was similar with the results
in the laboratory.

Most insects have three types of photoreceptors that are sensitive to UV, blue and green
wavelength ranges, which is generally the case for pest moths [27,31,32]. A study on the

relation between light source of specific wavelength and the quantity of insects caught by a

d0i:10.20944/preprints201905.0014.v1
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270 light trap equipped with the light source have found that light sources of green wavelength

271 and UV attract more individuals of the Lepidoptera than the light sources of other

272 wavelengths, suggesting that this phenomena may be related to structure and function of
273 compound eyes of insects [33]. Some studies reported that the 75 % photoreceptors were

274 related with green sensitivity, and the other photoreceptors were related to UV and blue

275 sensitivities in the tobacco hornworm (Manduca sexta) [34,35]. While, the beet armyworm

276 (Spodoptera exigua) moths with Se-/w (opsin gene related to green photoreceptor) knocked

277 down exhibited decreased phototactic behavior, suggesting that the green receptors play

278 more critical role in the photosensitivity to an artificial light than other photoreceptors [36].

279 Based on our results, M. separata moths demonstrate the highest sensitivity to the green

280 wavelength, which may be due to the green photoreceptor in their compound eyes.

281 Attraction effect of insects may vary depending on oxidant stress level that a light source
282 induces in the insects. One study explored the relationship between the quantities of
283 underground pests caught by traps with light sources of different wavelengths and the oxidant
284 stress levels of the pests exposed to these light sources; that study found that a trap equipped
285 with a light source resulting in a weaker oxidative stress can attract more ground pests, such as
286 cockchafers [19]. The some studies reported that the oxidative stress level in the M. separata
287 moths under a green (520 nm) light was weak but was strong under UV irradiation [37,38].
288 Therefore, M. separata moths may have a stronger phototactic behavior to the green light than
289 lights of other wavelengths. However, more scientific evidence is needed to verify whether the
290 phototactic behavior of the insects is passively produced by the light stress.

291 Color vision of many animals, including insects, aids them in locating their habitat, to

14
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292 seek food or mates, and to avoid their enemies and rivals [39]. For example, phytophagous
293 insects are sensitive to any wavelengths reflecting from host plants within the range of 500
294 to 580 nm. Based on visual stimuli, insects can find host plants by cooperating with plant
295 volatile chemical information [40,41]. Based on the suggestions of previous data, M.
296 separata moths may be indiscriminately attracted to light or color of green wavelength
297 range emitted by objects including non-host plants. The high attraction of M. separata
298 moths to violet (which has a wavelength between that of ultraviolet light and that of visual
299 light) LED light under a luminance intensity of 50 lux may be related to the ultraviolet
300 photoreceptor in the compound eyes of the insect. Moreover M. separata moths under low
301 luminance intensity may be more sensitive to short wavelengths.

302 Phtotactic response level to a light source in the same insect species is different from
303 luminance intensity of the light source [17,42]. Luminance intensity causing a high
304 attraction rate to a green light source in S. litura and P. interpunctella moths was 40 lux
305 and 60 lux, respectively [26,28]. In our results, the phototactic response level of M.
306 separata moths to green LED light gradually increased with the luminance intensity from
307 50 lux to 200 lux, but the phototactic response level of the moths decreased under a
308 luminance intensity of 250 lux. Similarly, previous studies have revealed that low
309 luminance intensities result in an increased phototactic response of insects, but high light
310 intensities result in a decreased phototactic response of insects [42,43]. Our results showed
311 that the phototactic behavior of M. seaprata moths also demonstrated luminance intensity
312 preferences, suggesting that 200 lux in green (520 nm) wavelength range is the optimum
313 luminance intensity for these insects.

15
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314 Our finding supports previous studies that insects can detect monochrome wavelengths
315 and luminance intensities with different sensitivities and may provide a theoretical and
316 scientific basis for improving the light trap technique for M. separata moths.

317 5. Conclusion

318 Many insects, including moths, are attracted to artificial light, because insects have
319 phototactic behavioral characteristic, but their phototactic response level and sensitivity to
320 light wavelengths varies among species. The present research revealed that M. separata
321 moths demonstrated the highest phototactic response to green (520 nm) LED light compared
322 to the other wavelength LED lights under laboratory and net cage conditions. Our finding
323 shows that the moths can detect monochromatic wavelengths and luminance intensities.
324 Consequently, LED light of green wavelength (520 nm) could be used as light source in the
325 light trap for monitoring and controlling M. separata moths. In addition, the possibility of
326 employing traps equipped with LED lights of specific wavelengths to control insect pest
327 moths may be worthy of further investigation.
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458 Figure 1. Phototactic responses of M. separata moths to LED lights of different wavelengths
459 under several luminance intensities. The values of the points on each line express the
460 mean, and the error bars on the points express the SEM.
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461
462 Figure 2. Attraction rate of M. separata moths to LED lights of different wavelengths
463 under several luminance intensities with an exposure time of 40 min. The figure was
464 derived from Figure 1. Bars indicate the mean and error bars express the SEM.
465 Different letters above each bar denote significant differences according to the Tukey
466 HSD test (P<0.05).
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Figure 3. Effect of luminance intensity on the phototactic response of M. separata moths
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significant differences according to the Tukey HSD test (P<0.05).
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474 Figure 4. Attraction effects of different light sources on M. separata adults in the net cage.
475 The value of each bar indicates the total number of adults that appeared in front of
476 each light over a two hour period, and the error bars indicate the SEM. The different
477 letters above each bar express significant differences according to the Tukey HSD test

478 (P<0.05).
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Figure 5. Phototactic response tendency of M. separata adults to different light sources as a
time series in the net cage. The figure was derived from Figure 4. Each value indicates
the number of adults that appeared for each observation time (10 minutes) in the

videos of each experimental group. The error bar at each peak indicates the SEM.
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484 Tables
485 Table 1. Wavelength and irradiance of LED lights
Light color Wavelength (Mean £ S. E) Irradiance under 200 lux
(nm) (Mean £ S. E) (WW/cm?)
Ultraviolet 365+3 89.3+3
Ultraviolet 385+1 107.6+4
Violet 40042 41.7.843
Blue 45043 39.4+2
Green 520+3 29.8+2
Yellow 590+3 57.8+3
Red 625+3 118.6+5
Dark Red 680=1 676.4+7
Infrared 740+4 2047.3+12
White 420~650 64.2+3
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487 Table 2. The attraction rate of M. separata to LED lights of 10 wavelengths and black light under optimum conditions'
Wavelength Luminance intensity Exposure Insect number (mean+=SEM) Ratio? Attraction rate’ Relative
(nm) (lux) time (min) Light side (Attraction)  Dark side (Repellent) (L:D) (%) attraction rate*
365 50 40 13.67+0.89b 4.33£1.20b 3.15 45.56 0.97619
385 50 40 16.33+£0.33b 4.67+0.33b 3.50 54.44 1.166667
400 50 40 16.67+£0.33b 5.33+0.88b 3.13 55.56 1.190476
450 150 30 17.00+0.58b 4.00+0.58b 4.25 56.67 1.214286
520 200 40 19.33+0.33a 3.67+0.78b 5.27 64.44 1.380952
590 100 40 15.33+0.88b 9.67+0.33a 1.59 51.11 1.095238
625 150 10 15.00+0.58b 9.33+0.33a 1.61 50.00 1.071429
680 50 30 13.67+0.33b 4.00£0.57b 3.42 45.56 0.97619
White 50 40 15.33£1.45b 5.33£1.20b 2.88 51.11 1.095238
IR-740° - 60 14.67+0.88b 5.67£1.20b 2.59 48.89 1.047619
BL (365)° - 40 14.00+0.58b 7.00+0.58ab 2.00 46.67 1
488
489 !'Each value is the average of three replicates under optimum conditions, using 30 insects per time.
490 2 Each value indicates the ratio of insect numbers in the light side and the dark side.
491 3 Attraction rate (%) is the average percentage of the 30 M. separata adults attracted to the light side under optimum conditions.
492 4 Relative attraction rate indicates the ratio of the attraction rate of each group to the attraction rate of the black light (control).
493 3 Each value is the average of three replicates showing the attraction rate to 5 W infrared (740 nm) LED light.
494 6 Each value is the average of three replicates showing the attraction rate to 18 W the black light (control).
495 Different letters in column express significant differences according to the Tukey HSD test (P<0.05).
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