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Abstract: [ Aim] Short photoperiod can influence cold hardiness of insects in diapause-inducing period.
In order to clarify the effects of photoperiod on cold hardening of Chrysoperla sinica (Tjeder) , our study
focused on cold hardiness of Ch. sinica adults during the process of diapause-termination and non-
diapause periods. [ Methods] The supercooling ability ( supercooling point, SCP; freezing point, FP)
and the mortalities of overwintering adults from the natural population at — 12°C and the 2nd and 3rd
instar larvae of the laboratory population at —7°C were investigated during adult diapause termination and
induction of the long (15L: 9D) and short photoperiods (9L: 15D) in the laboratory condition,
respectively. [Results] The SCP values of overwintering Ch. sinica adults in December were mainly
distributed between — 10°C and - 14°C. The SCP values of 43. 70% overwintering adults were below
—-12°C, and the mortality of overwintering adults at — 12°C for 1 d was 62. 00% . The mortalities of
overwintering adults at — 12°C treated under the long photoperiod were higher than those under the short

photoperiod except those treated for O d, and significant difference existed among adults treated for 15,
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20, and 25 d. The SCP and FP values of the 2nd and 3rd instar larvae in the short photoperiod were
higher but had no significant difference from those in the long photoperiod ( P > 0. 05), but the
mortalities of the 2nd and 3rd instar larvae at —7°C under the short photoperiod were 67.00% +4.04%
and 24.33%+1.33% , significantly lower than those under the long photoperiod, which were 78.00% +
1.33% and 53.00% +3.46% , respectively. [ Conclusion] The results indicate that the Ch. sinica is a

freeze-intolerant insect, and its cold hardiness could be enhanced under the diapause-inducing short

photoperiod.
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MEEFRAENIKE 24 h e R AE . 420 4
b3, BAHER 3 IR,
1.3 K, @XFAHEFHFTHEBEERBABLEN
BB R h R R

F12 A 23 H, ZSATH A FENLECH A0
MERNEAR - RE R E R, BT
20°C KL (15L:9D) AL R (9L: 15D) W IR B
F748 (LRH-150-G, "R BT 8 ) hiage, ™
FPOCA AL B A HL & 500 3k (08 =1:1), RIE
1.2 75, SRR TR AIRE ) -12°C, Tht
30, 5,10, 15, 20 125 d 4B BEHLECH 30 kAL
B e HAEGIR - 12°C b3 1 d BFET- 3, AN E
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F1 PEEE 2012 £ 12 AR BABERREARRRE TAERER BT R
Table 1 Mortalities of overwintering Chrysoperla sinica adults treated for different time under

different low temperatures in December in 2012

WBECC) BET-3% Mortality (% )
Temperature 0.54d 1d 3d 5d 10d
-5 0 0 0 0 0
-10 11.11 £1.10 d 18.00 £1.10 d 33.3322.00 ¢ 60.00 +1.70 b 72.33+2.91 a
-12 57.67 +1.45 ¢ 62.00+1.16 ¢ 75.00 £2.89 b 92.33+1.45 a 100
-15 80.00 +0.88 b 91.22+2.44 a 100 100 100

[R1AT B8 5 AN [R) 7 B R R IR AL BEAS [R) Rg 2% ¢ 2 (BB 38 07 2243 BT AN Tukey [K HSD £ & LK%, P <0.05), Different letters following the

data within a row indicate significant differences by Tukey’s HSD test at the 0. 05 level.

0.001), -15CAbFHO.5 d FET-ZEP;%80.00% , kb
B dFT-RAIKE91.22% , BESTLAFH0.5d K
(t= -4.41, df=4, P=0.012), —12°C4b¥ 10 d
M -15CAE3 3 d R 25T, HTFRTARA
HEFEZ AT E], B AET-Z3k 100% AL 3R
FHRINAGE T 747
2.2 K, @XEPLEI PEFEY B RBZ K
HEERREERRERETENZ M

PR L A 03 5 14 T e B A 3 B [ S 34 2 A
IR ERE (B 2) . WAL AF TR 10 d
T REHRE TS d 54504y, HER
AEE(P>0.05) , BBTERKIGRAEMAFTAE 15 d
HIFETRERAR, R 47.67%+1.45% , BELT LI
0d (62.00%+1.16% )F110 d (66.67% +4.06% )
HI(Fs 1, =8.483, P=0.001); kb3 25 d KL HFE
T-REE, }69.00%+2.00% , (A543 0 d 9T
BEMEZR(P =0.458) . BUHRTERECAMAT A2
20 d FET-ZEAR, H}730.00%+1.73% , 4hFE 25 d
HIRIRFET- RN 41.33% +1.33% , B2 T
15 d (33.67%+2.40% ) Figb3E 20 d ), {HEEK
FHhFE O d (62.00% +1.16% ). 5 d (59. 00% +
1.00% ) F110 d (64.00% + 1. 53% ) [ B AL T %
(Fs,1,=90.359, P <0.001), %% &b B A [F] it
[ R FE T R R T RO AL A, H7EAH
15, 20 125 d Wb A BIAL B A A 7E B 3 22 55 (b3
15d: 1= -4.984, df=4, P=0.012; Lb¥E 20 d: ¢
= -6.245, df=4, P=0.01; £:¥E25d. 1 = -11.51,
df=4, P=0.001),
2.3 K, @XEHX heEE R SSI0 T B4
[EEZk: b2

B P A R 4 SCP( & 3) 5 FP( & 4) By
WA A LAE H, SCP 5 FPY 2 L | T Kb

100
| _¥
80 S
_ AB AX*
S a
% " AB a  ABC a BG **
g o
§ b
c
ﬂ» 40 4 o
S
20
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AbPEAT ] Treatment time (d)
B2 PROEEET P AE RIS R R R R
HOEGIR ( - 12°C) ST R A8{k
Fig. 2 Changes of the mortalities of overwintering
Chrysoperla sinica adults reared in two different
photoperiods at —12°C during diapause termination
L: K)6HR Long photoperiod (15L:9D); S: %% R Short photoperiod
(9L:15D). #: B2 S 5XRE S HFR KRS MO PIAL BEE 58
TR ¢ KR 28 57 B3 (P <0.05) AR B3 (P <0.01) 5 A ERFIR,
INEFEA IR SR PR R 5 B (SRR 0y 2%
Z3Hr A Tukey [C HSD £ E 4, P <0.05), The asterisk and double
asterisk above bars indicate significant difference at the 0. 05 level and
extremely significant difference at the 0. 01 level by ¢ test in the mortality
between adults treated under the long photoperiod and short photoperiod
respectively. Capital and lowercase letters above bars indicated significant
differences in mortalities of adults treated under the long and short
photoperiods for the same period by Tukey’ s HSD test (P <0.05),

respectively.

MR, 3 ah i T 2 A A, KROBMEMT
2 W4l SCP &P AE - 12 ~ —20°C Z [H], TAEYEHR
2 e By SCP MISEHTE - 10 ~ — 18CZ[A], KILIR
AN 2 W4 FP 7 -8 ~ —18CZ[H], &L
M2 We4h i FP ZEHTE -6 ~ - 14C . KL
T 3 k4 SCP &P AE - 10 ~ —18°CZH], WAt
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Fig. 3 Frequency distribution of supercooling point ( SCP) in laboratory-bred larvae of Chrysoperla sinica
A: KOG, 2 4 Ht Long photoperiod (15L:9D) , 2nd instar larva; B: %6/, 2 #4481 Short photoperiod (9L:15D) , 2nd instar larva; C:
JeJEA, 3 #4481 Long photoperiod (15L:9D) , 3rd instar larva; D %63, 3 §34f 1t Short photoperiod (9L:15D) , 3rd instar larva. [&] 4 [A] The

same for the Fig. 4.

TRMEERZE -6 ~ —18C 2 Ja], KGR T 3 #d4hd
FP NSEHHE -4 ~ - 14°C[a], FOLIRALIEM 3 k24
W FPMSEHFE -2 ~ - 10°C 6], {HADEMAMT
4 d i SCP 5 FP B REMME TR T . X AH[R
BRI R R AL 3 (8] SCP K FP M35 (E AT ¢ Kud
BB, ST 2 #4hH SCP Y - 16.47 £0.48C ,
mTRKEHET -15.61 £0.51C, HERAEF
(t=1.213, df=115, P=0.275) . 3 4%} SCP 45
FHET —12.96£0.49C, BT KW T -13.74 =
0.51C, HELRAREZE (1 =1.103, df =123, P =
0.272) . #MAEFER T K FP w5 FRKIEMH
T, HERABZ(2#. t=0.652, df=123, P =
0.260; 3 #%: t=0.086, df=123, P=0.931) .
PR T hARE iR 4 - 7TC GRS T
RME S, 2 By RENRAM TR RN

67.00% +4.04% , BELT G T WIRSET:
%78.00%+1.33% (t=4.435, df=4, P=0.011); 3
184 U R T ARIRSE T3 24.33% +1.33%
BEMRTKOGHA BT MRIESE T3 53. 00% +
3.46% (1=7.723, df=4, P=0.002)

3 g

3.1 FAEEE S RO IR R

B2 M TR FE SR — & AT 23 it 45 UK B RN TR 25
YKEY W Fp ( Baust and Rojas, 1985; Zachariassen,
1985; Lee, 1991), ATt 45 vk B B Ho W 5@ i B A
SCP F)J7 kS 25 vk . SCP RN REE AR N AT (5
fetr, TS RIRSE T FA B AR Ak 8 B SRt
FEVE(Bale et al., 1988) . Nedvad %% (1998) f il &
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Fig. 4 Frequency distribution of freezing point (FP) in laboratory-bred larvae of Chrysoperla sinica

SCP FIFATE R B R FIWT R 7t 5 vk R 25 vk =
BB, B HL T S 1 SR A 5@ o - 2 SCP LA
FE LA RIR 28R (Bale, 1991) LA FYRIR T
A& B FRFE T2 %k H € (Koch et al., 2004;
Carrillo et al., 2005) , H4EE F I B SRR FhEE 12
HYy SCP - {H K - 11. 57 + 0. 23°C, SCP &
- 10°C DA B F/MA b5 BRI 17. 64% , - 10°C 4b 38
1 d AR BFRIET- 3k 18.00% , - 12C b3 1 d
HIA A BFRFET- 35K 62. 00% , A 241 b 4 5 2 04
KRR R FE MRS SCP BYIM LK. W R
TR A P ARE RS AL FE T R R TR G AR
#, XG4 R BURTER B R R,
SCP FifiAb 3R [H] (I RER RSB T REJE T8 fk
BHA - (HRZB5%, 2013b) . XULH], H4EE
B ERA B HU RN T A5 vk A Y, A% Bl H 3 3o R AT
H 5 SCP ¥ Al 45 vk, BiFp R T
HE3H B 4 s ¥ 7E SCP D) R IRt K &I,
150 B F A 3 T &y A T SR R SR W Dy 5 UK R

R, VR 2 H AR T 45 vk B B 0 B B S MR Plodia
interpunctella ( Carrillo et al., 2005) . 5 {4 5[ &
(Koch et al., 2004) . 3 B 2 ik Cydia pomonella
(Khani and Moharramipour, 2009 ) 7% B H 4512 i
RIRSE - FBE SCP FEAR T B B R . PEFIXS
LA I AL SCP BB EWHFE M (KB %,
2013b) , FHA LT B R B SCP R fKIRSE

TR RE BRI HEREE o
3.2 XFMSI P EBEWKAHEERER, ¥
BRXBEESMEEMXE

A R AEE RIS TR B BRI AR XA
MARE, FATEMoE KEDTE, K. EOEFBALEK
HAEE R T B R R P MR E R, RS
B R EEES BRACHES S YU BE R R B —
R ZFURW (BB, 2013a, 2013b) o A<H4F
FERWER, FEEERIHTRRSES, 8t
JEIHA T A PR [R] Bf [a] P T SR B FHOL A AL
H, HIEAb#)E 15, 20 F125 d 257 B3, XD
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Fig. 5 Comparison of the mortalities of Chrysoperla sinica
larvae reared in two different photoperiods at —7°C
L: K % J& ] Long photoperiod ( 15L:9D); S: %5 5% & ¥ Short
photoperiod (9L:15D). 12 2 {441t 2nd instar larvae; 13: 3 {34
3rd instar larvae. £ FR-SHFINUR 540 53R R K6 5 86 1
PIALBEmIS BB T ¢ K 22 5 B3 (P <0.05) K BFH (P <
0.01) , The asterisk and double asterisks above bars indicate significant
difference at the 0. 05 level and extremely significant difference at the
0.01 level by ¢ test in the mortality of larvae under the long photoperiod
and short photoperiod, respectively.

JESAX B T SRR — e, DGR AL
FEFT LASR = B A T S . KOG RR LR 3 10 d
B AT =GR Ui B AR RR AR B, AT IR B R W AL 3E 25 d
A fERRE R (R4, 2013b) , TALEE 15 d J51%
RIET- R LR BE, HHPMOLRFG MURSE T
R Z R RN SR E R Z E R R
F51#/# . Higuchi Hl Kimura (1985) & JAL H B R
W8 Drosophila triauraria i B 1EH B 5 SOLE ] 141
110D &M, HAFERE TIERRIO6EM 16L:
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