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Effects of exposing Spodoptera litura (L epidoptera: Noctuidae) to
flashing colored LED lights during the scotophase on the growth,
development and reproduction of this species
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FU Zi-Xin WANG Jian-Ying GONG Hui-Rong TU Xiao-Yun'
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Abstract [Objectives] To understand the effects of exposure to flashing, colored LED lights during the scotophase on the
growth, development and reproduction of Spodoptera litura. [Methods] Insects were randomly assigned to one of three
treatment groups: 14L:10Fr.gp2snz, 14L:10Fr.Gp-v-p-w25n, and 14L : 10Fr.gp-vp-w-05u. (R, G, B, Y, P and W represent red,
green, blue, yellow, purple and white light respectively, and the numeric subscripts 2.5 and 0.5 represent the light conversion
frequency of different colored LEDs). The control group was kept under a standard photoperiod of 14L : 10D. The durations
of the egg, larval and pupal stages, adult longevity, number of eggs laid per female, hatching rate, pupation rate and adult
eclosion rate, were recorded and compared. [Results] Exposure to flashing colored LED lights in the scotophase had no

significant effect on the hatching rate, pupation rate or adult eclosion rate (P>0.05). There were also no significant effect on
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the duration of the egg or female larval stages (P>0.05), but the duration of the male larval stage was significantly prolonged
by the 14L : 10Fr.g.p-2.su, treatment (22.5 d) compared to the control. Pupal duration in all three treatment groups was
significantly longer (9: 19.0, 19.6 and 18.9 d; &: 22.4, 23.2 and 22.0 d) than in the control (?: 18.2 d; &: 20.8 d) (P=0.000).
Male pupal duration was significantly longer than female pupal duration (P=0.000), and male pupal weights in the 14L :
10FRr.G-p-2.5n, treatment group (0.227 g) and 14L : 10Fg.g..v-p-w-2.5n, treatment group (0.228 g) were significantly heavier than
those of the control group (0.216 g). Adult longevity and the pre-oviposition period of all three treatment groups were
significantly prolonged (adult longevity: 9: 16.8, 18.2 and 16.8 d; : 18.3, 18.1and 19.3; pre-oviposition period: 5.2, 6.1 and
5.1 d) compared to the control group (adult longevity: ?13.1 d, &'13.3 d; pre-oviposition period: 3.2 d; P<0.05). However,
exposure to flashing, colored LED lights had no significant effect on the oviposition period or the number of eggs laid per
female. [Conclusion] Exposure to flashing, colored LED lights (10 1x) during the scotophase affected the growth and
development of S. litura, especially the duration of the male larval stage, the duration of the female and male pupal stage, and

adult longevity. Effects varied with the color of the LED lights and the frequency at which they flashed. However, exposure to
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flashing, colored LED lights had little effect on the reproduction of S. litura.

Key words Spodoptera litura; flashing; LED light; growth and development; reproduction
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Table1l Effectsof colorful LED light flashing in scotophase on the egg hatching rate,
pupation rate and adult eclosion rate of Spodoptera litura

e (%)
Pupation rate (%)

HPAER (%)

Adult eclosion rate (%)

ik ISR (%)
Treatments Egg hatching rate (%)
14L : 10FRr_G.B-2.5Hz 90.7£9.6a
14L : 10FR.G-B-y-p-w-2.5Hz 783+£202a
14L : 10FR_G-B-y-p-w-0.5Hz 79.3+23.1a
14L : 10D 96.9+t3.1a

83.0+12.8a 759+10.6a
793+132a 689+9.1a
813+9.1a 70.4+6.6a
85.0+69a 75.8+25a

FH L, DM FRMREEH . BMINERLI, THFER, G, B, Y. P, WHORIFR/RA, &, ¥, ¥, LHA
O, THRELT 2.5 1 0.5 FRAFEBIUG LED JEARH MR . TP BdE o E Y EbrifE 2, RIS G ira ARG 7
RFRRERBE (P<0.05, Duncan’s ZH L4 ), F£2, X3IME4FE,

L, D and F means photophase, scotophase and flashing light, respectively. Subscript letter R, G, B, Y, P and W represents red,
green, blue, yellow, purple and white light, respectively. Subscript numbers 2.5 and 0.5 represent the light conversion
frequency of LED with different colors. Data are mean+SD, and followed by different letters in the same column indicate
significant differences (P<0.05, Duncan’s multiple comparison) . The same as table 2, table 3 and table 4.
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A 22 5 (M. F=0.839, df=3,457, P=0.473;
ME: F=3.685, df=3,521, P=0.012),

T2 90 21 A R A g B ) AR R B A

K (M F=12.795, df=3,360, P=0.000; #f:if:
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10FR -2 51, 2H HE U 1 4fE 0 g 108 457 1 35 3 %)
B, 29k 19.6dA123.2d, BEKTXHIR
HAH AR B 2H , 141 ¢ 10Fpg.posn, 2 A
14L : 10FR_G.B.y-p-w-0.51, ZLHE | T B HH I (B8 S
FR T RRAL, FI T A (R L Y 34 T
EER,
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F10.480 ); [HA5- 1006 2H R0 XF BB 2H Fit e i 400 4 &8 2%
P FHERE ] (4558, P=0.000 ).
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Table2 Effectsof colorful LED light flashing in scotophase on the developmental duration of Spodoptera litura

KB BBt Development stages  14L : 10Fr.g.gasuz  14L ¢ 10Fp.g-py-p-w-2.s1z 14L @ 10Fr gp.ypw-osn,  14L 10D
YUl (d) Egg duration (d) 53+06a 70+1.0a 6.7+15a 57+0.6a
L (d) Q 23+17a 223+20a 20+22a 219£20a
Larval duration (d) 3 2.5+19a 22.1+1.6ab 220+18b 21.842.0b
Wi (d) Q 19.0+ 1.4 b 19.6+1.52 18.9£2.0 b 182+13¢
Pupal duration (d) 3 24+16b° 232+1.6a° 220£2.1b° 208+1.5¢

FORMERIER B I B (P<0.05, ). 3.

The asterisk means significant differences between female and male developmental duration (P<0.05, t-test). The same as table 3.
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H1 14L : 10FR_G-pv-p-w-2.5112 ZH A A F 241 {E 247
T 14L : 10Fr.G-pypwoosne ZH A1 X B8 20
( F=5.504, df=3,521, P=0.001).

i — 2 LR TR] — B AL BE R A | i = ]
12 141 : 10FR_G.p-2. 511, ZHL 0 Wi B0 {38 R fE o o
(t-fz %, P=0.017), 14L : 10FR.G.B.y-P-W-0.5Hz
20 MM A T e e (RS, P=0.989 );
B —iR K4 14L : 10Fp.G-p-y-p-w-2.51z FIXRT AR ZH
A A 0 22 N 2 (A, P E A
0.810 F10.167 ),

x 3 BEHI LED 8RR MR R 505 5 4E E 80 %200
Table3 Effectsof colorful LED light flashingin
scotophase on the pupal weight of Spodoptera litura

kb i (g) Pupal weight (g)
Treatments Q a8

14L : 10Fg.G.B-2.512 0.215+0.040 2 0.227 £ 0.034 a°
14L : 10FR.G-B-y-p-w-2.5n, 0.226 £0.072 a 0.228 £ 0.037 a
14L : 10FR.G-B-y-p-w-0.5n, 0.212+0.044 a 0.212+0.044 b

14L : 10D 0.209 £0.041 a 0.216 £0.037 b

24 LED ¥ERFERGENRYREFGHERE
A 3% M

A ZE | SR T A XA k) HE 2 i
K (F 4) (M. F=3.448, df=3,76, P=0.021;
M. F=3.591, df=3,76, P=0.017), {HA& XL
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¥ To 25 5%, Hrh 141 : 10Fr.Gp-v-p-w2.sH,
2 OME N A B E K (18.2 d), 14L :
10Fr.GB.vp-wosu, 2 HE B H 75 Ay 8 18 & K
(19.3d), [F—JCAbBLT, MEAERLH i 22 5

WAREE (K5, 141 : 10Fg.gposH,. 14L :
10FR.G-B-v-p-w-2.51z~ 14L : 10FR.G-B-y-P-w-0 51z 1
XTHRZHAY P {E4r 514 0.379, 0.930, 0.298 FlI
0.896 ),
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Table4 Effectsof colorful LED light flashing in scotophase on the longevity and reproduction of Spodoptera litura

%ﬁﬁﬁf& Reproductive stages 14L : 10FR-G-B-2.5HZ 14L : IOFR-G-B-Y-P-W-Z.SHZ 14L : 10FR-G-B-Y—P-W-0.5HZ 14L : 10D
WA (d) Q 168+4.1a 182+52a 168+7.1a 13.1+4.1b
Adult longevity (d) 3 183+6.0a 18.1+5.6a 193+78a 133+55b
IS (d) 52+14b 6.1+14a 51+1.5b 32+13¢
Pre-oviposition period

RGN () 63+23a 58+24a 46+3.0a 52+21a

Oviposition period
O i

Number of eggs laid per female

1378.7+7359a

10243 +4525a

1031.3+5853.a 1335.6+4525a

EXTRRAIAR L, 2500 4L /% 7 DR w3 5
FER, Hr 141 : 10Fr.Gpoyp-wosu, 4177 BHTH
PrEf Kk (6.1 d), X4 ([ 3.2 d)
(F=15.474, df=3,76, P=0.000 ).

A 4 P P S BB TR A TR IR A, (H
Jo I F2%M (F=1.848, df=3,76, P=0.146 ).
2512 5 2 RGBS S BN R TG 0 2
( F=2.255, df=3,76, P=0.089 ),

3 itig
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] B AR O 58 4 AR AR 2R R 4l U B O
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MR (Xuetal., 2018 ), A4 oM I 0 o 2
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PP 25 55, WT R -5 M i A SR A B 2E e A
HHIAT N ZEFH (Yanetal, 2014 ), 454
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PRI 25, FE TR i LU R Ay i
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S, R [E] it DL B R E K TR U Mythimna
separata MERERLH By (BEaSE, 2016), MX
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O fE 5 AE K 7 5P R L F O M B R R
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2008, 2020a ). RHSCHL I 7™ 51 7 A2 )55 N
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FI7= B0 152 LED SERRIR MR (3 H i
%, 2008, 2020a), BEAL, 3 FPE AR A KRN
RGO = RS IR A B (R 4), JEEA]
B2 RSO IR AL FE AT M S AR GO i A B 8, A
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T A SRARA T L PR BRI E S (1]
s, 2014 ), MRS HUVE RSO0 R HUE & e
SREERDCI N A AR, (HEETHAUIHRISOR
T A PO RESR B

ZE TR, 3 RO G N R RO ik i
AR 2SR B TG S 2 PR R, I X & T T U R )
BRI Ha ) O 30 K R R R A 1) R
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