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Scopula subpunctaria (Herrich-Schaeffer) is one of the important pests in tea garden. To explore the 
effects of violet light on its growth, development and reproduction, the 2nd and 5th instar larvae were 
irradiated under light at the wavelengths of 400 and 420 nm with 6 different irradiation times (0, 60, 90, 
120, 150 and 180 min). The development duration, pupation rate, abnormal pupation rate, pupal weight, 
adult emergence rate, male and female adult longevity, oviposition rate of S. subpunctaria were measured. 
The results showed that with the increase of treatment time, the duration of 2nd instar larvae shortened, 
and the difference between the two wavelength treatments was significant; while the mortality increased, 
the pupation rate decreased, and the pupa weight and adult emergence rate decreased. The development 
duration of 5 instar larvae was significantly shortened, and the pupation rate and abnormal pupation rate 
were significantly increased. The pupa weight of 5th instar larvae was significantly higher than that of 2nd 

instar larvae. Except the mortality of 2nd instar larvae increased significantly, there was no difference in 
adult emergence rate and average single female oviposition between the two treatments. Under violet light 
treatments, the longevity of male adults of S. subpunctaria was longer than that of female adults, with no 
significant difference. This paper is expected to provide a reference for in-depth study and application of 
light in the prevention and control of tea garden.

INTRODUCTION

Scopula subpunctaria (Herrich-Schaeffer) belongs to 
Lepidoptera, Geometridae, is one of the important 

pests in tea gardens (Qian et al., 2020; Geng et al., 2021). 
It has large food intake, fast reproduction speed and many 
generations of occurrence per year. The larvae bite the tea 
leaves into a C-shaped gap, resulting in incomplete leaves, 
bare branches and even dry death. It is the most harmful 
in spring and autumn, seriously affecting the yield and 
quality of tea (Ma et al., 2019). Chemical pesticides are 
mostly used in tea gardens, which not only increases the 
drug resistance of pest, but also affects the quality of tea 
(Lou et al., 2021). Therefore, it is of great significance to 
study new methods of pest control in tea garden.
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Light irradiation, as a new trend, has been widely 
used in pest monitoring, warning and control (Oh et al., 
2011; Shimoda and Honda, 2013; Infusino et al., 2017). 
The sensitive spectra of insects are mostly concentrated 
in the wavelength range of 253–700 nm, different insects 
are sensitive to different wavelength ranges (Federico 
and Julio, 2010; Liu, et al., 2017, 2019, 2020; Qiao et al., 
2021b), which is related to factors such as species, gender, 
instar larvae, etc. (Garris and Snyder, 2010). Ultraviolet 
light (UV, 10-400 nm), widely used in sterilization and 
disinfection, can also be used in biological control of insects 
(Infusino et al., 2017; Kim et al., 2019; Balamurugan 
and Kandasamy, 2021; Liu et al., 2021). Under UV light 
320–400 nm irradiation conditions for 1 h, three-day-old 
Helicoverpa armigera adults’ expressed proteins were 
influenced (Meng et al., 2010). It is reported that the 
sensitive spectrum of tobacco aphid cocoon bee contains 
ultraviolet light (Chen et al., 2012). Ultra violet 400 nm 
spectra was the most attractive for Lasioderma serricorne 
(Baliota et al., 2021). Among the 43 Hymenoptera insects, 
28 are sensitive to 340 nm ultraviolet light (Peitsch et al., 
1992). It is reported that ultraviolet-B (UV-B) irradiation 
of 2 and 5 instars larvae of Ectropis oblqua for 0, 30, 60, 
90, 120 and 150 min has a great impact on their biological 
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properties (Zhang et al., 2016a). Ultraviolet radiation 
treatments (3, 6, or 9 min at 254 nm) the eggs of Spodoptera 
litura, Corcyra cephalonica, Plutella xylostella and 
Helicoverpa armigera, significantly increased the mean 
percentage parasitization of Trichogramma over that of 
the non-UV treatments (Edwin et al., 2016). Ultraviolet 
light (UV-B), which emits radiation in the range of, the 
Spodoptera litura adults were exposed to UV-B light 
280–315 nm for various time periods (0, 30, 60, 90 and 
120 min), the oxidative stress marker enzymes activity 
changed with different treatment time (Karthi et al., 2014). 
At present, there is no relevant report on the effect of 
short-term illumination of violet light on the biological 
parameters of S. subpunctaria. 

To find out the effect of violet light on the biological 
characteristics of S. subpunctaria, its 2 and 5 instars larvae 
were irradiated under 400 and 420 nm lights with different 
irradiation times, to observe the effects of violet light on 
the larval development duration, pupation rate, pupal 
deformity rate, pupal weight, adult emergence rate, male 
and female adult longevity and oviposition rate. This study 
provides a reference for insect mutation and integrated 
pest control.

MATERIALS AND METHODS

Insect source and feeding method
S. subpunctaria were collected from the tea garden in 

Baimiao Village, Shihegang Town, Xinyang, China. The 
adults were fed with fresh leaves in an artificial climate 
box for 5 generations under normal condition at 22–26°C, 
relative humidity 60–70%, the photoperiod at 12h/12h 
light/dark, and illumination intensity at 150–200 lux. The 
processing is carried out indoors.

Equipment and light source
Rtop-310y artificial climate box (Zhejiang 

Tuopuyunnong Technology Co., Ltd., Hangzhou, China), 
PM6612 digital illuminance meter (Shenzhen Huayi 
Intelligent Measurement Technology Co., Ltd., Shenzhen, 
China), the insect cage (50 cm × 50 cm × 60 cm), and use 
cardboard to make dark box, light sources were provided 
at the top, left and right sides with self-made light 
reaction device and LED lights (Shenzhen Rongcheng 
Microelectronics Technology Co., Ltd., Shenzhen, China), 
wavelength at 400 and 420 nm, illumination intensity at 
150–200 lux.

Groups and treatments
The 2nd and 5th instars of larvae after ecdysis were put 

into the culture dish respectively on that day, and placed 
15 cm away from the light with wavelengths of 400 and 

420 nm. Six radiation time treatments were set at 0, 60, 90, 
120, 150 and 180 min, respectively; and were performed 
at 8:00 a.m. every day, 3 repetitions for each treatment, 30 
larvae for each repetition. After radiation treatments, they 
were kept under normal condition. Adults eclosing under 
the same light source and the same treatment shall be fed in 
pairs of male and female, and observed and recorded until 
the adult dies. Paired feeding containers for petri dishes 
(diameter: 8.5 cm) and insect cover (diameter: 8.5–9 cm, 
high: 20–25 cm). The material is acrylic transparent round 
tube, and top cover 30 μm mesh white mesh.

The number of dead larvae, number of pupae, number 
of abnormal pupae, weighed pupa weight, number of pupae 
emerging into adults, life span of female adults and male 
adults (paired feeding), number of eggs laid by females 
were recorded (Qiao et al., 2021a).

Data processing
The data were processed using Excel and SPSS16.0 

(SPSS Inc., Chicago, IL, USA). Duncan’s multiple range 
test was used to analyze the significance among different 
treatments; F test was used to test the significance of 
difference between two lights.

RESULTS

Effect of irradiation on 2nd instar larvae
Under different irradiation times of 400 and 420 nm 

lights, the growth period of 2nd and 5th in star was lower 
than that of the control (Table I). With the extension of 
treatment time, the larval period gradually shortened, 
which was significantly different from that of the control. 
The larval growth under 420 nm illumination was lower 
than 400 nm, with significant difference.

The mortality under 400 and 420 nm light illumination 
was significantly higher than that of the control. With 
the extension of irradiation time, the mortality increased 
gradually. The 60 and 90 min illumination were significantly 
different from other treatments. The mortalities of 150 
and 180 min illumination were higher than that of other 
treatments, while that of 120 min illumination was only 
lower than that of 150 min treatment, which was significantly 
different from other treatments. The pupation rate decreased 
with time extension, and the longer the treatment time, 
the more significant the difference was. Under the same 
treatment, the rate of abnormal pupae did not significant 
increase, which was significantly different from the control.

The pupa weight under two wavelengths of light 
was lower than that of the control, and the pupa of 180 
min illumination was the lightest, significantly different 
from other treatments. The pupa weight under 420 nm 
illumination was lower than that of under 400 nm, and 
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showed a downward trend with the increase of treatment 
time, significantly different from the control, and significant 
difference between the two wavelength treatments. The 
emergence rate showed the same trend as the pupa weight, 
no difference between the two lights except that there was 
a significant difference under 120 min illumination.

Effect of irradiation on 5th instar larvae
There is no difference among the 5th instar larvae 

and the control under 400 nm illumination at different 
irradiation times (Table II), under 420 nm light, there 
were significant different compared with the control. 420 

nm light shortened the larval stage, there was significant 
difference between the two wavelengths at irradiation 
times of 90, 120 and 180 min. With the extension of 
irradiation time, the mortality of each treatment did not 
change significantly, but the difference with the control 
was significant. The mortality under 420 nm light was 
higher than that under 400 nm light, and the pupation rate 
under 400 nm light showed a downward trend, which was 
significantly different from the control. The pupation rate 
of 420 nm irradiation was higher at 180 min, which was 
consistent with the control, the performance trend was the 
same as that of 400 nm light.

Table I. Effects of light on the growth and development of 2nd instar larvae.

Light 
wavelength

Treatment 
time (min)

Larval (d)
period

Mortality 
rate %

Pupation 
rate %

Abnormal 
rate %

Pupal 
weight (mg)

Emergence 
rate (%)

400 nm 0 11.73±0.72a 2.55±1.13d 93.00±0a 5.84±0.16b 119.83±1.17a 91.58±2.81a

60 10.79±0.33abA 35.00±1.73cA 65.33±1.45bA 15.68±0.80aA 105.54±4.33bA 73.55±3.18bA

90 10.14±0.67abA 33.13±2.03cA 67.33±1.12bA 16.77±0.78aA 98.5±3.18bA 70.45±4.33bA

120 10.41±0.63abA 42.25±1.45bA 57.67±2.03cB 15.94±0.93aA 93.59±2.78bA 64.95±4.04bB

150 9.95±0.10abA 50.17±2.60aA 49.67±2.05dB 17.59±1.00aA 92.64±4.06bA 64.14±3.77bA

180 8.78±0.55bA 53.22±0.88aA 47.00±1.73dB 19.07±0.90aA 79.37±2.60cA 63.63±5.49bA

420 nm 0 11.73±0.72a 2.55±1.13d 93.00±0a 5.84±0.16b 119.83±1.17a 91.58±2.81a

60 7.52±0.13bB 20.33±1.45cB 67.00±1.15bA 14.90±0.89aA 81.85±2.11bB 71.58±2.64bA

90 6.97±0.09bB 22.33±1.45cB 67.33±1.12bA 15.89±1.01aA 72.98±0.77cB 72.04±1.70bA

120 7.08±0.14bB 30.00±1.53bB 68.00±1.15bA 15.03±1.30aA 73.94±0.83cB 73.88±2.83bA

150 7.92±0.20bB 37.67±1.20aB 65.00±1.53bA 17.76±0.57aA 73.72±1.94cB 65.40±1.51bA

180 6.93±0.22bB 39.67±1.45aB 58.33±2.91cA 17.22±1.15aA 71.35±2.29cB 64.39±1.59bA

Notes: Different letters in the same column indicated the significance of the difference at the level of 0.05; lowercase letters a, b, c and d indicated the 
significance of the difference under the same wavelength and different treatment time; capital letters A and B indicated the significance of differences 
between different wavelength; the same letter indicated no significant difference. The values in the table are mean ± standard error.

Table II. Effects of light on the growth and development of 5th instar larvae.

Light 
wavelength

Treatment 
time (min)

Larval (d)
period

Mortality rate 
%

Pupation rate 
%

Abnormal rate 
%

Pupal weight 
(mg)

Emergence rate 
(%)

400 nm 0 4.93±0.35a 3.33±1.67b 96.67±1.67a 8.40±0.50b 126.78±4.92a 89.95±2.31a

60 3.89±0.10aA 15.33±1.76aA 85.00±2.89bA 28.75±0.70aA 115.75±3.83abA 87.76±3.47aA

90 4.36±0.36aA 12.67±1.45aB 88.00±2.31bA 29.28±1.09aA 104.28±6.93bA 77.91±5.77abA

120 4.05±0.11aA 13.33±2.03aB 87.00±1.73bA 30.13±0.78aA 98.78±5.20bB 77.23±4.05abA

150 3.87±0.48aA 17.67±1.45aA 83.00±2.72bA 30.18±0.86aA 96.38±4.91bA 73.64±2.96abA

180 4.70±0.41aA 16.67±1.67aA 84.00±1.15bB 32.18±1.05aA 94.19±3.47bA 67.93±2.63bA

420 nm 0 4.93±0.35a 3.33±1.67b 96.67±1.67a 8.40±0.50d 126.78±4.92a 89.95±2.31a

60 2.32±0.15bcA 16.00±1.00aA 86.67±1.67bA 17.99±1.27cB 97.17±2.36bB 84.82±1.14abA

90 1.95±0.41bcB 16.33±0.88aA 85.00±2.89bA 21.91±0.95bB 99.32±2.06bB 79.03±4.13bcA

120 2.02±0.19bcB 17.33±1.45aA 81.67±1.67bB 27.92±1.05aA 100.59±4.30bA 77.43±1.70bcA

150 2.73±0.12bA 17.67±1.45aA 81.67±4.41bA 27.59±1.53aA 89.01±2.08bB 74.88±3.19bcA

180 1.55±0.16cB 18.00±1.15aA 90.00±0abA 31.67±1.33aA 90.12±1.63bB 68.57±1.05cA

For superscripts and other statistical details see Table I.

Effects of Violet Light on the Population of S. subpunctaria 3
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The rate of abnormal pupae of two lights irradiation 
was significantly higher than that of the control. The pupa 
weight decreased with the increase of time, which was 
significantly different from the control, and there was 
significant difference between the two lights irradiation. 
The pupa weight decreased gradually with the extension of 
irradiation time. The emergence rate at 180 min irradiation 
was the lowest. From the treatment of 5th instar larvae, 
with the increase of instar, its stress resistance gradually 
increased and its adaptability to adverse environment 
increased, which laid a foundation for population 
reproduction.

Effect of irradiation on adult longevity
Illumination of 2nd instar larvae had a certain effect 

on the longevity of adults. When the irradiation at 150 
and 180 min, the difference between the female longevity 
and the control was significant. The longevity of males 
showed the same trend as that of females. Under 420 nm 
light irradiation, there was significant difference among 
120–180 min irradiation and the control, the longevity was 
significantly shortened. The longevity of males in each 
treatment was higher than that of females, and there was no 
difference between the two lights (Table III). Illumination 
of 5nd instar larvae under 400 nm, there was no significant 
difference on the longevity of females at each irradiation 
time, but was a significant difference compared with the 
control. The two wavelengths showed the same trend, with 
the extension of irradiation time, the longevity of female 
and male adults decreased.

Effects of illumination on female oviposition
The 2nd and 5th instar larvae under two lights showed 

that the oviposition per female decreased with the extension 
of time (Table IV). The two lights irradiation showed that 
the oviposition per female under 420 nm light was lower 
than that under 400 nm light. For the 5th instar larvae, 
there were significant differences among the control and 
treatments. The maximum oviposition of a single female 
showed a same trend as that of oviposition per female, 
with a gradual downward trend. The oviposition per 
female under 400 nm light was higher than that under 420 
nm light.

Effects of insect instar on larval growth and development 
under the same light

Under 400 nm light irradiation, the mortality of 2nd 
instar larvae was significantly higher than that of 5th instar 
larvae, and the mortality of 2nd instar larvae increased 
gradually with the extension of treatment time (Tables I 
and II). Under 420 nm light irradiation, the mortality trend 
of the two instars was consistent with that of 400 nm light, 
showing that the mortality caused by violet light irradiation 
was related to the instar. The lower the instar, the weaker 
the resistance, thus the higher the mortality, and vice versa. 

The pupation rate of the control was higher and there 
was no difference with the two instars (Tables I and II). 
The pupation rate of 2nd instar larvae was significantly 
lower than that of 5th instar larvae under light irradiation, 
indicating that the pupation rate is greatly affected by the 
instar under the same light irradiation. The rate of abnormal 
pupae of 5th instar larvae was significantly higher than that 
of 2nd instar larvae, indicating that light had a great impact 
on the quality of pupation in the 5th instar larvae group, 
resulting in an increase in the rate of abnormal pupae.

Table III. Effects of light on the longevity of 2nd and 5th instar larvae.

Light 
wavelength

Treatment 
time (min)

                       2nd instar                          5th instar
Female Male Female Male

400 nm 0 8.00±1.15a 9.00±1.15a 8.47±0.79a 9.33±0.88a

60 5.98±0.54abA 7.85±0.20abA 6.33±0.88bA 7.67±0.88abA

90 6.08±0.33abA 6.30±0.35bA 6.03±0.26bA 8.90±0.10abA

120 5.67±0.33abA 5.80±0.42bA 5.70±0.17bA 6.76±0.39bA

150 4.55±0.58bA 5.33±0.88bA 4.80±0.25bA 6.38±0.36bA

180 4.02±0.77bA 5.67±0.33bA 4.70±0.57bA 6.50±0.36bA

420 nm 0 8.00±1.15a 9.00±1.15a 8.47±0.79a 9.33±0.88a

60 5.82±0.45abA 7.94±0.24abA 5.37±0.35bA 7.37±0.58abA

90 5.68±0.27abA 7.09±0.27abA 5.42±0.52bA 7.87±0.47abA

120 5.44±0.45abA 6.19±0.31bA 5.06±0.53bA 7.07±0.64abA

150 5.05±0.40bA 5.57±0.30bA 4.85±0.31bA 6.72±0.64abA

180 4.26±0.58bA 5.69±0.32bA 4.33±0.43bA 6.11±0.59bA

For superscripts and other statistical details see Table I.
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Table IV. Effects of irradiation of larvae with different wavelengths on the oviposition of adults.

Light 
wavelength

Treatment 
time (min)

2nd instar 5th instar
Oviposition per 
female

Maximum oviposition 
per female

Oviposition per 
female

Maximum oviposition per 
female

400 nm 0 422.37±3.02a 775 427.13±8.69a 564
60 195.26±4.62bA 672 163.26±6.69bA 526
90 144.35±6.66cA 622 161.18±3.48bA 506
120 145.27±5.69cA 439 131.35±5.81cA 359
150 123.56±5.86cdA 365 122.62±5.33cA 327
180 107.33±4.36dA 295 102.37±6.94dA 210

420 nm 0 422.37±16.02a 775 427.13±8.69a 564
60 181.00±4.36bB 556 168.67±2.40bA 502
90 147.33±4.81cA 513 163.00±4.16bA 475
120 125.00±5.77cdB 479 134.67±6.77cA 362
150 102.00±1.15dB 305 109.33±2.96dB 303
180 102.33±1.76dA 271 105.00±3.21dA 376

For superscripts and other statistical details see Table I.

Under 400 nm light irradiation, the emergence rate 
of the 5th instar was significantly higher than that of the 
2nd instar, with no significant difference compared with 
control. Under 420 nm light treatment, the difference 
between the 2nd instar and the 5th instar were significant 
under 60 and 150 min irradiation, and the emergence rate 
of the 5th instar larva was higher than that of the 2nd instar 
larva. 

Under 400 nm light irradiation, the longevity of male 
adults in the 5th instar larva group was higher than that 
in the 2nd instar larva group at 120–180 min irradiation, 
with no significant difference, with the same trend of 
control and 60 min irradiation. At 90 min irradiation, the 
difference was significant, the longevity of male adults in 
the 5th instar larva group was significantly longer than that 
in the 2nd instar larva group. Under 420 nm light, there was 
no difference in the overall trend, indicating that different 
time irradiation of violet light shortens the longevity of 
adults for 2nd instar larvae, but has relatively little effect on 
5nd instar larvae.

Under the treatment of two different wavelengths 
of light, the oviposition rate of adults in the 2nd instar 
larva group was higher than that in the 5th instar larva 
group under the treatment time of 60–120 min, and the 
oviposition rate of adults in the 5th instar larva group was 
higher than that in the 2nd instar larva group under the 
treatment time of 150–180 min, with significant difference 
(Fig. 1). Overall, the oviposition rate decreased with the 
extension of irradiation time.

Fig. 1. Effects of different wavelengths and different 
treatment time on the oviposition rate.
Different letters indicate the significant difference at the 
level of 0.05 at the same treatment time on 2 and 5 instars. 
The values are Mean ± SEM.

DISCUSSION

This study showed that, with the increase of 
irradiation time, the insect mortality increased gradually, 
and the pupation rate, abnormal pupation rate, pupa weight, 
adult emergence rate, male and female adult longevity 
and oviposition rate all showed a downward trend. The 
results were consistent with the changing trend of Ectropis 
grisescens Warren larvae irradiated by UV-B (Zhang et al., 
2016a), and were consistent with Fang’s (2015) study in 
Grapholitha molesta treated with 395 nm light. However, 
it is not consistent with the research by exposing the black 
soldier fly adults with UV-LED resulting in enhancement 
of its indoor reproduction (Oonincx et al., 2016), and 
may due to different insects respond to different lights. 
In addition, the adult emergence rate after violet light 



6                                                                                        

Onlin
e F

irs
t A

rtic
le

L. Qiao et al.

treatment decreased significantly, which was consistent 
with Liu et al. (2021) on the emergence rate of Drosophila 
melanogaster treated with lights. 

Different instar larvae have different effects on 
different treatments, and suitable instars can be selected 
for control, which is consistent with the research results 
of different instar larvae of Drosophila melanogaster 
under UV light treatments (Ghadireh and Mohammad, 
2009). The results of this study showed that the longevity 
of adults decreased with increasing treatment time which 
was consistent with the conclusion that UV radiation can 
promote aging and decrease longevity in invertebrates 
(Shen and Tower, 2019). The increase of wavelength, the 
longevity of males of 2nd instar larvae was higher than 
that of females, which was consistent with the conclusion 
between reproductive yield and longevity in male nutrients, 
toxic semen and life history theory in the hypothesis that 
the longevity of males was higher than that of females 
(Zhang et al., 2016b). 

In this study, the behavior and biological parameters 
of male and female S. subpunctaria changed with 
irradiation of different wavelengths and irradiation time. 
Different instars had a great influence on the pupation rate 
under the irradiation of same wavelength, irradiation in 
pre-pupation stage can significantly affect the quality of 
pupation, resulting in an increase in the rate of abnormal 
pupation, while irradiation at 2nd instar larvae may cause 
it had a certain degree of adaptability, the specific reason 
needs to be further studied. In addition, the impact on the 
treatment of successive generations of adults needs to be 
further studied.

CONCLUSION

The irradiation of lights at 400 and 420 nm had 
an impact on the growth of S. subctaria, with its larval 
development duration, pupation rate, abnormal pupation 
rate, pupal weight, adult emergence rate reduced, the 
longevity of male and female adults reduced, the life 
cycle shortened and the number of next generation larvae 
reduced, so as to achieve the purpose of prevention and 
control. This paper aims to provide a reference for the 
research and application of light trapping and killing 
technology in the field of green control of tea pests.
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