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FEHAAS B LED SEHs#ab 12 39§ 50 f i
EREZEREENEN

#AELT kiE EER REER ¥ H)u
RER HHE RAE
CULPEI A A2, FEH 330022)

B E [H®) HKUIRBYAR LED Yo 80k i Spodoptera litura A4 & B M BFH 95200
[ FFiE] R A RS kAl H AR A T W5 53 33237 2 Fh LED e b3, it 6 A~4ab 3 (4512
L1 L, Pi. Pyy A FITA,), XFIE4IFE 141 1 10D S5F T35, WEEHARK AT MEmEN . [4%R ] LED
A 44 PR ARSI SR AL 2 TE i R (P>0.05); Py AbBHAH A AL HPIIE R (66.2%, P<0.05) 1%
T L Ly Ab 3, Ly AbFEZE 4l Aot (MEMEZ 50 R 15.8 F1 16.4 d) FIMESHET (9.8d) BEAE (P<0.05),
P, Al P, A FEAH MESHIH (430000 11.9 A1 11.8 d) MG FEIER (P<0.05); BR L, AbPELHsfEumsh, Hoahlua
IR LT X R (P<0.05); P, AP MERLH Fvr (7.5 d) WM TXHA (122 d, P<0.05), A,
AL FEOIETE (3.4d) WERKT Ly M A ZH (P<0.05), Ly, Py Fll Py AbFHZH B HE 5= B4k 1 ) EA T %) R
41 (14277 Ki) (P<0.05), [ 48] W5l LED Skt e s 3t SR A 1 & & A B S A g, HLH
S LED Y4 ab B s [ i 5
XK@ ROk ; LED L, AKAE: B

Effects of exposureto different LED lights during the scotophase
on the growth, development and reproduction of
Spodoptera litura (L epidoptera: Noctuidae)

ZHONG Chun-Lan” ZHU Di-Fu CHENG Yu-Meng GONG Hui-Rong CAO Ling-Zhen
HUANG Shao-Di RAO Jia-Ling XU Hong-Ru TU Xiao-Yun'

( College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China)

Abstract [Objectives] To understand the effects of exposure to different LED lights on the growth, development and
reproduction of Spodoptera litura. [Methods] Larvae, pupae and adults of S. litura were randomly assigned to different LED
light treatment groups: Ly, L,, Py, P», A; and A,, whereas those assigned to the control group were kept under a photoperiod of
14L0110D. [Results] Exposure to LED light had no significant effect on the pupation rate compared to the control group
(P>0.05). The adult eclosion rate of the P, group (66.2%) was significantly lower than that of the L, and L, groups (P<0.05).
The L, group had a significantly shorter larval (?: 15.8 d, &: 16.4 d) and female pupal, periods (9.8 d, P<0.05) than the
control group. The P, and P, groups had a significantly longer male pupal period (11.9 and 11.8 d, respectively, P<0.05). With
the exception of female pupae in L, group, all treatment groups had significantly lower pupal weights (P<0.05) than the control
group. Adult male longevity in the P, group (7.5 d) was significantly less than that of the control group (12.2 d, P<0.05), and
the pre-oviposition period of the A, group (3.4 d) was significantly longer than in the L, and A, groups (P<0.05). Females in
the L,, P; and P, groups laid fewer eggs per female than those in the control group (P<0.05). [Conclusion] Exposure to

different LED lights during the scotophase has significant effects on the growth, development and reproduction of S. litura.
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These effects vary with developmental stage and the type of LED light.

Key words Spodoptera litura; LED light in turns; growth and development; reproduction

FeAE R EENARKN T, XTRRMEE ., I
B AERKRET . BTG  (JrMAE,
2017; Kim et al., 2019a; £iF 245, 2020 ), 7£[H
FEREFETEOL T, LED JGIR Y a0 55 H At ' P o
L, KT AR, BEVERETT, KK
PEim T HRPRE AR, FRAR T K ECRT
R EGE (305, 2019), Bi#E LED
AR B A J RN A R, LA BRARA M 3 7 %
S TSR . PO L SO IR B R
GTREPME T ZWRH (B, 2019; 2
— N8 5 2020; FEEAE A E AR, 2021; 5B,
2021; Z=HEBE4E 2021 ), A YORIRM, WIRDER
PIARTR 2 B AT R, an BT ik
KIrm . BFEsSZEEL . gOms] (ot ). Wi
L B AR A BN 12 55 ( Owens and Lewis,
2018 ) Hi Z A ISR, 0T 2 Ak Bl H [t R IR 4% LED
SERETT SR AR Kt R —2, JTAH) 454 LED
HMEEZHE . BHARTG, A1 LED JEIEEIA
FOH ALY, LED JEHRIRGE Sl e | &2
P oz B A gl i K iR nT & 8, Itz LED
HRGE R R Ay, TWEBITHE L | HE AR
LED JtHEGE DA IE HO R U & Fp g, hy
F HBIE Mg R T AR AR

ok gk Prodenia litura Fabricius & ## H
RORFIEHEEE W, BHRE IR, nRENE, &
BA MY A 7= A R K o B TR A VR Fh A A%
Ja e A8 e AL B R £ R T B R, SR BUR
I BRAL T8 2 (R AR AR B A R R B RN
FAACAT, AR AR L TR) R 5 At 4 2 Kk I
M, M2 HA R, SR T 2R LED
AT (ZEEY%, 2006 ), IT4E# LED YGHR
Xif B HU AR W2 R S B S L SZ B T2 e (3
WiF, 2018; kAL, 2018; ¥ A MWi%E, 2023 ), 1E#H
PR AT IR R 25 R, R AE R K E
KB Z A RN K LED SElSEm (4hf
2245 2020), H LED AT TA/ERSEHSHZ
[ A JE— ALY, % LED AT H.Jfi& . LED 47T
FLHCRR S5 A6 75 i | e ki it T4 P

KR, Nz R AR n 28, [,
RO LED JERENE A I 52 B R,
SHASHY 2 HL LED SEIRn] BEA B T8Ot
RN T AR LED SRR RISOR R 2
AW, Bt TP LED JER UL,
ZORAGE T .

1 #MB5ERE

1.1 ghRers

111 HHKHBIE [ A ORI A b A
SRRSO AR IR 4l L, T 3 N TR
KA S (KxPExE=15 cmx8 cmx6 cm )
TR R AT LR, far R B SRR A 2 el
A AR S o PEE A, JFE T 6 fLEEEMR (fLfEx
RE=3.50 cmx1.66 cm ) WIFFL, mHFLE
FH10% 5 K, =H (26 £ 1) °C, RH
75%+2%, LSRN 141 © 10D,

1.1.2 HIE  ABRETHDEIE R HGAT, St
FER 500 Ix, BEHIAfEHEMGE; 20 (620-
625nm ). 7 (580-585nm). ¥ (465-467 nm ).,
4% (520-523 nm ) LED 4] (B3R ERAEHY AR
OSAPERIBRIIAT ), SHEREYIN (200 £5) 1xo

1.2 LED }#ibiEzeig

YRIITE 141 : 10D YCHR 4L ( REBRIGIAEE
% LED JEIEACEE ), 4. BHAALH A it 2
AL

RIS 1R 1 E 4 KB (10h) 43591 H
gr. . BRSO, 5 2 8 RUMRILT
T R 2 AE 122, B3F4, FH5FE6
M 7 2= 8 RIKEW (10h) ZpBIfHLr . i, &
MEIEACH . 8 d JG¥I7E 141 & 10D JEIE AT
gkerin g . WL,

L BRI 1R 2 YJUCEE 141 ¢ 10D YR8 R
51 Rl (P 100 H, R 3K, A
Oy WERE ), ZHuREs 1R 2 4 ARic S Ly AL,
eSARE H 1, AL R, TS 4 KPR,
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RIS 1 A 2 B0 141 ¢ 10D SEIR R T
5 1 R (4RAbFEA 70 H, B 3K, ik
5 1 F 2 SrBlbmic ol Pyl Py, DEEEHALTE 4 d
Ja FOCHARRIBURME , S HrMERE, dkseit g
28 K. WML H B AR

AR 1A 2 4R 141 ¢ 10D SGRRE B
A5 1 KRR (230 %F), B 1 A2
SRARIC A Ay T Ago TCSRACRBET H I L
UGB H I R ST e = o i

R H O 141 ¢ 10D JGRE ST BTG
2 ARHUIR, YEAHLR P T i i, RIRIR
FER(26 + 1) °C, RH 75% +2%.

1.3 HESH

B V- B AbR 22 3R . R SPSS 21.0
A AT ZE 7 225381 ( One way ANOVA ),
Tukey Z 5 [LEGER I H B E M 22 7 (P<0.05 ),
RS IR A Y] . AT L R B A R )
25 SO BT R IR ST REA tAG B HEA T TAR

2 GREHSH

2.1 X oU R AL i 2 A0 B R L R B0

Ly Fl Ly 20 AR I 253500k 87.9%F1 93.7%,
LED 't 48 b T A SCRE i A0 0 2% T fnb 25 52 i)
(df=2, 6, F=0.945, P=0.440 ) ( 3 1), {HX}R}LL
PRI A P 2T W 2 (df=4, 10, F=
4.966, P=0.018 ), R K Py i HUPIML 3 8 KT

L, Fl Ly 2H (BP4hdidsz LED SGRRHEH: ), L, Al
Lo 414 R ORI 85 3 T X REZ 1 Py AN Py 4
R HCPIAL R X IR 4, (H2E B4R 2

&1 LED & RIG AL ERM
oz Rl Az 0
Tablel Effect of different LED light in turns
in scotophase on pupation rate and adult
eclosion rate of Spodoptera litura

AT R (%) REHIEER (%)
Treatment Pupation rate (%) Adult eclosion rate (%)
L, 87.9t12.6 a 89.0+6.1 a
L, 93.712.7 a 88.1+3.0a
P, - 66.2£10.7 b
P, - 72.247.5 ab
14L : 10D (CK) 96.2+1.7 a 72.8+10.1 ab

L A1 D 23 HIACECII AT, X HE41( CKOAE 141 © 10D
TSR Ly Loy oAl P2l AR B 1, 4 Husk
B 2. WA 1 AU 2 R PR T BT
W22, RFNEAE 5 A R 5 38R 25 5 1. 25 P<0.05, Tukey
ZHEILE ). TR,

L and D mean photophase and scotophase, respectively.
The control groups were cultured under a photoperiod of
14L : 10D. L;, L,, P, and P, mean larval experiment 1, larval
experiment 2, pupae experiment 1 and pupae experiment 2,
respectively. Data are mean + SD, and different letters after
the data in the same column show significant difference
(P<0.05, Tukey’s multiple comparison). The same below.

2.2 XG4 B HA RN HA RO R

LED S5 48 At B X RS0 12 36 24y HLHA 411 1A
NS (2 2), LML B (15.8d)

& 2 LED Se#edfest g s i 4h A i HR B9 =20

Table2 Effectsof different LED light in turnsin scotophase on the larval and pupal duration of Spodoptera litura

Jeab 4] (d) Larval duration (d) %3] (d) Pupal duration (d)
Treatment Q 3 Q 3
L, 15.8+1.0 (139) b 16.4£1.0 (138) b" 9.8+0.5 (128) b 11.340.6 (117) b°
L, 16.9+1.2 (128) a 16.6%1.1 (167) ab” 9.9+0.6 (118) a 11.340.6 (142) b
P, - - 10.0£0.5 (76) a 11.9+0.5 (62) a"
P, - - 10.0£0.5 (86) a 11.840.5 (68) a"

14L : 10D (CK) 16.8£1.2 (144) a

16.8+1.0 (159) a

10.0£0.5 (127) a 11.440.6 (94) b"

TS WEHE N REARG RS F3OR MEMER 2253 35 (P<0.05, tK4 ). £ 3, K 4T

Data in brackets are the number of samples. Data followed by the asterisk indicate significant differences between female and

male (P<0.05, t-test). The same for table 3 and table 4.
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BT XA (16.8 d), L, 4144l it

(16.9d) kK, B L ABFERK, H5X A
T2 (di=2, 408, F=38.57, P=0.000); #I
XTHREAAHEE , Ly A1 Ly 21 B %)) O35 4
L, A4l (164 d) BT X B4

(16.8d), T Lo A1AgHEL L (16.6 d) W5 X%}
MR TE i 25 (df=2,461, F=5.523, P=0.004 ),
X HRAIME A R B I E B 2R (L R,
P=0.713 ), {E[a]—iX 56 41 v i 2h e & & Dy
R BE (KK, L AL, 4 P {E2%4 0.000
F10.042 ),

L, 4R A (9.8 d), BEMRT YR

ZH RN ARG 2 i Sl X A 5 %o B
JoBEN2ZER (df=4, 530, F=4.95, P=0.001 ); P,
1Py A A HESRH ( 439008 11.9d A1 11.8 d) F9%%
XTHRZE (11.4d) BEER, {H Py Fl P, R Z[H]
TCREFM, Ly, Ly LT IRAH 22 [6] IR Gtk 2 5
Wi (df=4, 478, F=16.126, P=0.000 ), £%iR46 41
XoF 2L ) T 0 450 4 S T MR (A, P
574 0.000 ).

23 MPYEHBIFERR I

W4 W25 T AR LED Bt ab Bl G, 4
TRURZHME | N S X R 25 S LR 3. b
BHET S, Py AMMEIEE(L 0.153 g, L, HEH
(0.157 g), B& Ly ZH4b, #5300 4 ki o 3 g 2%
R TFXFIELH (0.176 g) (df=4, 597, F=12.857,
P=0.000 ); BEEESHE N, P 2 A0MENH B 42,
12 0.158 g, A5y 20 I i o 24 K T X R 4

(0.179 g ) (df=4, 682, F=14.609, P=0.000 ),

&3 LED RHHGRMMLRIHIFER I
Table3 Effectsof different LED light in turnsin
scotophase on the pupal weight of Spodoptera litura

s IfiE (g) Pupal weight (g)
Treatment Q g
L, 0.15740.022 (139) ¢ 0.165+0.021 (138) b°
L, 0.168+0.023 (128) ab  0.162+0.018 (167) b
P, 0.161£0.026 (95) b 0.165+0.026 (109) b
P, 0.153+0.023 (96) ¢ 0.158+0.024 (114) b
14L 1 10D 0.17620.040 (144)a  0.179+0.034 (159) a
(CK)
Ly Pyl Py LA B2 f e i o 4 A T

W (AR5, P43k 0.003. 0.270. 0.092 I
0.427), H L, 4 B0EN 25 R FHENHE (t K
55, PAE-M 0.003), L, WIAHS , Ml 2 KT
MEWRE (t K5, P{E°M 0.008 ),

24 XGRS M BEEK R

WEHAZG T LED JCHHLAL BRI , X AR ik
BRI (2 4). L, 4L 5 fr i
(102 d), A nyMER it (125 d), A
g A DL RO iR 4H 2z 1A 22 AR i 3 ( df=6,
279, F=1.877, P=0.085 ); X} T 5, £ LED
HHOCEI)E, HAame s R (df=6,279,F =
6.304, P=0.000 ), P, 414k Harteid (7.5d),
BEALT XA . Ly M Ay 2, A, A9 7
ik (13.8d), SXHRAM L EF AEE, |
N EMHEKT L. P, fl P,

&R 4 LED Seheffxt § oU i i 5 an F0 S E AR50
Table4 Effectsof different LED light in turnsin scotophase on the longevity and reproduction of Spodoptera

ACEE (%)

Wy (d) Adult longevity (d)

FEHIHTY (d) FHE BRI (RL)

JeAb B S .
Treatment Number of ' 0 g Pre-oylposmon Number of eggs }a1d
copulation (pair) period (d) per female (grain)
L, 50 10.313.2 a 10.4+4.9 be 2.8%1.0 abe 1 005.24497.1 be
L, 43 10.242.9 a 13.244.8 ab’ 24+1.0c¢ 1345.0+516.3 a
P, 34 10.313.7 a 10.4+4.7 be 3.1£1.3 abe 782.74384.3 ¢
P, 36 11.1£5.0 a 75443 ¢ 3.3f1.2 ab 712.3+£398.3 ¢
Ay 34 10.74£3.6 a 10.945.4 abc 2.5+0.9 be 1 151.74577.2 ab
A, 39 12.5¢3.8 a 13.846.2 a 34f13a 1 156.5+413.4 ab
14L : 10D (CK) 50 11343 a 12.1+5.8 ab 2.8%1.3 abe 1427.74591.8 a

Ay FI A, 3R B AR 1 GRS 2. A| and A, mean adult experiment 1 and experiment 2.
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b —2 HA ] — G40 A B R | e e
T AN, Lo 2H ) g M 2 i 3 35 R T ME R R A
fir (tRE:, P{EM 0.001), S5ZHMIR, P4
O S P D R T A R B (t KSR, P
{4 0.002 ), HiAx 4 20 FUXH IR 4 1 0 A o o 75
MZESAEE (LK, L. P A Ay FIXF
HEZH 14L @ 10D 1 P {43514 0.865. 0.954,
0.812., 0.248 £10.448 ),

SXFRRAAIEL, Ly A A 4455 T P2 BRI,
A2 SRR Ly 5% BBAL 7= B0 i3 2
2.8 d, HAx 3 AMRER T /= oaii, H A, o
R A( 3.4 d), @K T L, M A, 4H( df=6, 279,
F=3.819, P=0.001 ),

5% BB LL , R0 A 3500 T e e
i, Py 41N E D> (7123 k), HIRHK
P, 4 (782.7 ki), HWEMTF XA, L 4
PO P DR B KT X R4 (df=6, 279, F=
11.861, P=0.000 ),

3 itig

WFoe s %M, 2 MR TR =00 LED Jeit
A B SRR R A H AR R 22 R B
5XRESIARE (£ 1), FRHEEEZZ)
HUPRIE 3R 52 VR B €8 K BR B AR R R K i
WIWFSEIRFER , 54T 5 h F 200 1x A[RI3EK LED
TR I R IR IR (10 1x ) KRR IR L)
LIRS opATE -2 1 I(ENAS SR TV (515 )
1 000 1x AYAS [R50 AR ST e 4 i 5 D 52 i) b
F (EWBH, 2018; #pEF 25, 2020, 2022),
AR FE ) LED St Xt 12 40 B AL I 2 1 52 1)
WA R iE— 2B A5% .

AR, fER R4S T LED JEIR,
AE 08 AR HOPI AL 2, Q7 Wi 30 25 7 I 2% R g
Ectropis grisescens Warren OISR IRES, H
PR I T R, Ak HL Mythimna separate
Walker BRZEARRDGCIREE S60F T, HPb 3 o 3
TR (FR3CEE, 2018; FRAl4E, 2021) , AR5
2 20 LED g6 kb Pl 303850 10 3 Ak R g
XTRRAUIL, H2ESAREE (K 1) RiMN, 74

AL T 8 d 2 FAS[A] Jr =UAY LED G540l fE ¢
FREPERE, XEGZEFE N LED Juff b
A RO B I B HA R Y, 7 2
TR E

LED #4057 R [R) % 4 S0 nd ik 4 B g1 fn
WEIASZ IR ANTE] (3% 2). Ly Ab3 & 254500 1 R
TR | S O R it e R e, A
Lo Z0XT4h B A RIR A AN K 5 Py 2100 25 4
K TR . PORIRIH, LED bR H k% & Dl
AW EEPER, 0 420 nm PR OGNS IE K
Hh IR ($3C%, 2018) , LED JGH
Xof L HRL 20y HE 3O R 300 1 52 e PR RS R SIS R O TR
J5 AORRNf 5 .

) BpHR 2 5E 4 AR A2 L g AR 1 IOk
wE, SRR, BT LUgmEiE ., JEIR.
B A, 0 — 2L B A LR 1 S PR Rk s e i
AEZESR (XOEMEE, 2007; Xuetal.,
2018 ), AHFE LM, RGBT, MEREL)
RO 2E 5 W PRI AR AN [ 1 4y
Xt LED SISO vl BERTR], 3 1 1 it A 4
AU 22 5 . AN TR Tk, A Tk
BRI, SO IR K R B =, g
PERRIARRIE L Rk ) (RR4EIL, 1980 ), B
FEUESEAIR] LED Sty 206 i B 7R A 5
BRI S5, HEWRREZ LED YGieikb

JE S R T IR
SUMHE N, AF AR R R R iR

RIS ZE R R, TR FOG R Re 2 ma gl AU id A
KE®E (KB, 2012; #2245, 2020 ), A
W, 4hmZ LED ek fub s, Riak
I . MR I TR RRAL (R 3); Rk
M, 2hi2 LED SUHEHAC RS, M. i
ZHHE A BEMES, XS5 AE
DIIAHG, BRI EYRETE 2,
g SRR ER KA EERER,, gt 4 d
LED Sefe#ab RS, W B ST X BRdL, of
AESHE ARG NG LED 't B8 I 1 0 1458 B AR
W AR T RE I A G, T E VLR,
ABFFERFRECGE 1 R, 2N % R
WEEE A, A5 AT REXT RS A TS R A S
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WA R R, P4l Wi &l dt LED
DCHEAGAL T, OF ME B H A7 A E LA, B e
N HL T S, Py 2 K A ) e
E, BXTIRAR 4.6 d (£ 4), MR REEIR
1) 22 55 7 fE -5 SO A i R AR AR DGR S5 T A
BRI URE (FEORSE, 2011), Mgl
FEGIHAZ LED St 4 iy me vl i 43 51 5 ) SR
WG EAZ Y6A . LED X B H i 1Y 52 i A7
TEME 25 S gt UL HA B2 L, ansse RN gk
et B 7 7% ik Spodoptera frugiperda Smith B
B A TC S, FEOGHD S R e T R
Faw CEAMSE, 2020); {HHE 29K & LED
XoF B2 HMEME 7 A B S e [ 2E Y, AN RSO
e A KRN H E A R Ay, T O R i
Megacopta cribraria Fabricius #ff i il . 73 Ay Y 78
BOUT IR, EROCAMT R (BadE,
2016; Kimetal.,2019; ¥F&k, 2019 ),

LED 't 46 b BEOGH RS I 7 B9 i 30 A4 P
WP BP A WA (R 4), Hrh Ay B E
FEK T PAINRETY, LED SRR IE K 7= BRI A B
S W F /NS Plutella xylostella Linnaeus AT
2 (Brs4 2010; Kim et al., 2019b ), &5
S A0 T B O, LR B AR R
IR 20, 3 AT e 5 A UL S 21 1) i 1D 4
Ak RS PR Y B R SE R AT R A2 B — 0 R A G
o FoOL [ UE 2O AL PR 7 DN A7 B 5 Y
S LT &0 Bombyx mori Linnaeus %Y
/B HL Grapholitha molesta Busck 45 (14 %,
2019; #E4E, 2020 ),

g LAk, W5 10 h AT LED Jefg b 3
X RS Mk 4y MU B D S9N B R BB YA AR R
XPPIAGER . U AN | R s T
W i ™ BRA T o B R e k2, LR R A2 A F Y
TSN TG R 7 M AN W] o piFFE s 2R ]
R IR R HOGIRA T RN £ K E
RHES%,
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