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Effects of artificial photoperiod created with different light sources,
and temper ature, on the diapause, development and pupal weight of
Calospilos suspecta (L epidoptera: Geometridae)
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XU Xiao-Hui HUANG Jing TU Xiao-Yun™~

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

Abstract [Objectives] To understand the effects of creating artificial photoperiods with different light sources, and
temperature, on diapause induction, development and pupal weight in Calospilos suspecta. [Methods] Newly hatched larvae
were exposed to different photoperiods created using different light sources during the dark phase at either 25 and 28 C ina
laboratory. The diapause rate, duration of the larval period, pupal weight and duration, of diapausing pupae were measured and
compared. [Results] (1) Some pupae in each treatment group entered diapause, but the diapause rate at 28 ‘C was higher
than that at 25 ‘C in most treatment groups. The diapause rate increased when red or yellow LEDs were used as the light
source. (2) The duration of the larval period at 25 ‘C was longer than that at 28 ‘C in most treatment groups. (3) Diapausing
pupae were heavier at 28 C, than at 25 C. (4) The duration of diapause varied between treatment groups. It was longer than
120dinthe 12L : 12D and 11L : 13D groups at either 25 or 28 °C. However, at 25 °C, diapause duration was 84.6 and 86.1
din the 12L : 12D and 11L : 13D groups, respectively. Diapause duration in the other 30 treatment groups was 37-67 d.
[Conclusion] Diapausein C. suspecta was complex and influenced by light source, temperature, and the interaction between

these factors. Winter diapause was induced by photoperiods of 12L : 12D and 11L : 13D at either 25 or 28 C. However, the
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duration of diapause induced by these photoperiods at 25 ‘C was intermediate between that of winter and summer diapause.

Summer diapause was induced in the other 30 treatment groups.

Key words Calospilos suspecta; LED light; temperature; diapause
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Tablel Experimental influence factorsdesign
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MR Trentment e BOMZDE mWOMEDE . BONZDE WONEDE
No light Reql LED Yellqw LED No light Ret_j LED YeII(_)w LED
light light light light
16L : 8D 16L : 8R 16L : 8Y 16L : 8D 16L : 8R 16L : 8Y
15L : 9D 15L : 9R 15L : 9Y 15L : 9D 15L : 9R 15L : 9Y
e JE 0 14L : 10D 14L : 10R 14L : 10Y 14L : 10D 14L : 10R 14L : 10Y
Photoperiod 13L : 11D 13L : 11R 13L : 11Y 13L : 11D 13L : 11R 13L : 11Y
121 : 12D 12L : 12R 12L : 12Y 12L : 12D 121 : 12R 121 : 12Y
11L : 13D 11L : 13R 11L : 13Y 11L : 13D 11L : 13R 11L : 13Y

RoMZLE LED %, Y ¥ LED O, JERSREE
128 (200£5) Ix, ¥ 1.1.1 %5924 H Ak gh
WEEBABHEKITIEEE S, LUK ¥l
SR, TR 1 PSR A R T
8L, AL FREE R N T 5L 5 12t . BRAL B
LSS ALK 100 3k

RR T ekl d il B 2RI IF0 %
FRI H 3, ARYEE AL B TR B 35500154
W, FFIRESE 2 KPR, R A 6
FLERIR N, BT IR (25+1) °C |, FHXHEEE 75%.,
JEFM 13L : 11D 25T AR ) SR iE S
b H BB, ARSELIEAPIfE H A, 8
i 25 d KRB RIEWEF E i E N, WA R (%)
=M AN A gL + JERF B ) =100,

1.3 HESWT

FI ] IBM SPSS Statistics 21.0 431 &4 X A~
[F3) s i 1) 4 s 5 O %o 7 P 4 Ehe B0 O R
PE17 Duncan (R Fedss, X L EE [B] 7 & i X
Nl B | A T ST RE AR ¢ KR
SR RAT RO, XHEEE | BEDEAL BRI
JEREIHE T = I 2250 HT o

2 GERESH

21 BRRARXENEARMEEXNZIBAE
ERBHHEENRIT

% 13L : 11D #1 11L : 13D AbEEZ 4, Hifth
SR AL BRLH FE BRI L) 28 °C My WEEOL

AL PR R TACAL L, 5 JO A B R
A% (1B 1); #GABRRE, A [R5 5
RiBE (25 °C: df=5, y*=6.791, P=0.237; 28 °C:
df=5, x°=8.246, P=0.143 ), {HI;HIIEHLEAL
BRI, R[] EJE IR B R A 2

22 BHARXERMXARMEBEENZBAE
B R H 1§ 80 4 SRR %o 0w

IS A TC G BRIN), 25 °C I Ja 1A % T & il
4 A B E s, KBy 121 - 12D Al
11L : 13D Zhdiikik 30 d, BEKTHA 44
J6 SR, 28 °CHf 5 25 °CHi5 DL AH{R ; 25 °C I 28 °C
A A I ST 2T 6 R AL B S FE I A S e 45 R
(R 2), 5°CHHRBZKTF 28°C, Hriffy
6 LA A 4l U K 28 °C, FE
REFARE

SIRE 2 REY, R A
HOCTI MR SO0 mE DA 5 S0
WA BAE X B A3 A s (3R 3 ),

23 BEHARXRMXAPHEENZEKE
B RIEHH i§ i E M

I AT GAL BT, 25 °CHl 28 °C K Afa] G
EEDOL IR ERTE 2 5 A LN SN 13 UEA [ ov L 59 W OB
B, SR AR, % 150 - 9D 4, 28°C
TS BRI E T 25°C (£ 4),

SRR 2T R RN, IR AL
PHLOOERE IR SR AP A S
O I ELARE A i e A 0 R (3R 5 ).



H1 FEXBHEETFAROLAALERBETE

Fig. 1 Diapause rate of Calospilos suspecta reared under different light and temperature
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Table2 Larval duration of Calospilos suspecta diapause pupae reared under different light and temperature
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T3 No light £15% Red LED #% Yellow LED

Light treatment in dark period

ERUP R USEH

B AL

Photoperiod

g (d) Larval duration

25 °C

28 °C

16L : 8D 27.4+4.0(47) b 25.8+2.2(46) ¢
15L : 9D 28.0+5.2(23) b 26.0+2.2(45) ¢
Tt 14L : 10D 25.5+3.4(45) ¢ 25.7+2.5(41) ¢
No light 13L : 11D 24.9+2.8(15) ¢ 26.5+1.8(6) bc
12L : 12D 30.4+4.4(26) a 28.3+3.0(26) ab
11L : 13D 30.0+3.8(51) a 29.2+2.4(18) a
16L : 8R 26.8+3.3(43) a 26.1+2.3(67) a
15L : 9R 26.6+4.5(29) a 25.8+2.3(58) a
415 14L : 10R 26.7+3.7(45) a 26.1+2.7(59) a
Red LED light 13L : 11R 27.9+7.3(8) a 25.6+2.4(45) a
12L : 12R 29.1+5.9(12) a 26.0+2.2(50) a
11L : 13R 29.0+3.2(31) a 25.9+2.1(43) a
16L : 8Y 28.0+4.2(30) a 25.7+2.5(63) a
15L @ 9Y 28.3+5.3(32) a 25.2+2.4(64) a
Ol 14L : 10Y 26.4+3.7(35) a 26.4+2.6(54) a
Yellow LED light 13L @ 11Y 27.8+3.8(27) a 25.8+2.4(65) a
12L : 12Y 28.2+4.5(36) a 25.6+1.8(56) a
11L : 13Y 27.0+3.9(25) a 26.1+2.5(66) a

F B RV BELhRAE 2 455 BT AR AR 8] — U 5 b AN [R) /NG SRk 38R 22 57 . 35 P < 0.05, Duncan [%
i ). % 4 Fk 6 [,

Data are mean+SD, and data in brackets are the number of samples. Different lowercase | etters after the data in same column
indicate significant differences ( P < 0.05, Duncan’s test). The same for table 4 and table 6.
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®3 ARMEENZBASERBTHERENSRBEM=ZERHTESN
Table3 Three-way analyses of variance for effects of light and temperatureon larval
duration of Calospilos suspecta diapause papae

A5 25k Source of variation

df F P

& Temperature

5G4 B Light treatment in dark period

S JE 1 Photoperiod

JREE x WEEAL PR Temperature x Light treatment in dark period

R x SEE A Temperature x Photoperiod

K5I EAb L x S6JE3] Light treatment in dark period x Photoperiod

IR x BEGAbH x SEEH Temperature x Light treatment in dark period x Photoperiod 10

1 54.452 0.000
2 3.262 0.039
5 11.257 0.000
2 2.760 0.064
5 3.826 0.002
10 4.967 0.000
1.785 0.059

x4 TEERMEETAFNLHBAEEREGEFHITEE

Table4 Weight of Calospilos suspecta diapause pupae reared under different light and temperature

IO GAL 3 SR IHE (g) Pupaeweight ()
Light treatment in dark period Photoperiod 25 °C 28 °C

16L : 8D 0.090+0.021(47) b 0.108+0.019(46) b

15L : 9D 0.112+0.030(23) a 0.108+0.023(45) b

S 14L : 10D 0.097+0.023(45) b 0.102+0.023(41) b
No light 13L : 11D 0.092+0.021(15) b 0.106+0.020(6) b
12L : 12D 0.109+0.026(26) a 0.122+0.028(26) a
11L : 13D 0.110+0.020(51) a 0.124+0.024(18) a
16L : 8R 0.084+0.019(43) a 0.099+0.019(67) a
15L : 9R 0.089+0.018(29) a 0.099+0.020(58) a
715 14L : 10R 0.092+0.022(45) a 0.096+0.018(59) a
Red LED light 13L : 1IR 0.092+0.025(8) a 0.102+0.021(45) a
12L : 12R 0.097+0.020(12) a 0.102+0.020(50) a
11L : 13R 0.093+0.022(31) a 0.106+0.020(43) a
16L : 8Y 0.084+0.022(30) a 0.105+0.021(63) a
15L : 9Y 0.081+0.018(32) a 0.103+0.023(64) a
He 14L : 10Y 0.082+0.017(35) a 0.104+0.022(54) a
Yellow LED light 13L : 11Y 0.078+0.014(27) a 0.102+0.020(65) a
12L : 12Y 0.075+0.016(36) a 0.106+0.022(56) a
11L : 13Y 0.078+0.014(25) a 0.106+0.021(66) a

®5 XEMEEMLBASERBTEENIEEZM=EEFEIH
Table5 Three-way analyses of variance for effects of temperature and light on pupal weight of Calospilos suspecta

75 52 55 Source of variation

iR ¥ Temperature

i WG AL R Light treatment in dark period

Y JE ) Photoperiod

JREE x BEHASEALPE Temperature x Light treatment in dark period

IRE x &5 Temperature x Photoperiod

EHEALEE x SEJE Light treatment in dark period x Photoperiod

IR x KEDOGALEE x YEJE Temperature x Light treatment in dark period x Photoperiod 10

df F P
1 128472 0.000
2 42611 0.000
5 5519  0.000
2 16297 0.000
5 1.902  0.091

10 3.727  0.000

1.069 0.383
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84.6 Fll 86.1 d; HAth &b B BT 15V 75 U A i 40
fE 37-67d, —HRE =0 REN, 340
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®6 ARERMEETRAFHLZIBEAEEREHFHEH

Table6 Duration of Calospilos suspecta diapause pupae reared under different light and temperature

I b B e JE 1 1 (d) Pupae duration (d)
Light treatment in dark period Photoperiod 25 °C 28 °C

16L : 8D 58.3+6.2(45) ¢ 66.6+10.2(29) b
15L : 9D 58.1+7.2(21) ¢ 64.2+11.1(27) b

Ft 14L : 10D 55.3+6.2(42) ¢ 56.9+12.3(35) ¢

No light 13L : 11D 47.6+£9.2(12) c 45.7+10.3(6) d
12L : 12D 120.4+33.1(13) b 126.3+10.9(15) a
11L : 13D 146.3+56.1(21) a 130.4+9.7(11) a
16L : 8R 55.5+5.6(40) b 59.1+9.0(41) ab
15L : 9R 55.4+6.4(28) b 61.4+11.0(38) a

9T 14L : 10R 47.6+6.8(44) ¢ 54.9+12.5(48) b

Red LED light 13L : 11IR 41.1+8.5(8) ¢ 49.0+9.1(42) ¢
12L : 12R 84.6+35.1(7) a 50.5+9.5(47) ¢
11L : 13R 86.1+38.3(8) a 47.2+8.3(41) ¢
16L : 8Y 37.0+7.1(24) b 50.7+12.0(55) b
15L : 9Y 44.4+8.4(26) a 54.4+11.4(59) ab

ok 14L : 10Y 38.2+7.5(31) b 50.4+11.8(52) b

Yellow LED light 13L : 11Y 36.6+9.2(20) b 54.3+12.5(52) ab
12L : 12Y 38.5+8.6(34) b 54.5+13.1(53) ab
11L : 13Y 40.3+7.8(21) ab 56.6+10.0(57) a

R7 ABMBENLBAEERBTEHEFEHZMN=ZERHTESN
Table7 Three-way analyses of variance for effects of temperature and light on

duration of Calospilos suspecta diapause pupae

A5 kYR Source of variation df F P
1R Temperature 1 6.152 0.013
w5 HASGAL 3 Light treatment in dark period 2 464343 0.000
Y6 A3 Photoperiod 5 161.261 0.000
R x BEHOEAHE Temperature x Light treatment in dark period 2 56.872 0.000
R x SR Temperature x Photoperiod 5 12.671  0.000
REHEAL B < SEJE Light treatment in dark period x Photoperiod 10 91.444 0.000
TR BEWeALBEx Y6 Temperature x Light treatment in dark period x Photoperiod 10 9.855 0.000
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BN BEOERF 25 °CF 121 : 12Y F1 1AL : 13Y #f
B AR I I 38.5 d F1140.3 d, 28 °CF
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P, HALRE I Bk, FTREMIEE NG N, WS
AL PEXF A B E M (R 5), BEHITOLI
Wi o, 45 Z WS AU LED 6] s i H )y,
X4 H R S 0198 D B 45 {0 i Ny B 5
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Spodoptera litura ( T 1§ 5%, 2019; % == %%,
2020 ), X555 WG ORI T 4 B TR S
THAE T RERA G, (HRE—PHTE. PORHER,
B HE MARION, ZEE I Bk E
HR AT AR AR R (/N HIRE
J5 %%, 2006 ), HE A B HTAL I 1a] A BCR n] LA
Bl AAERNNE, REEZ MG
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