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FEE WSk N0 I Carposina niponensis Walsingham [ SR FPHE 2 20 RE 7 1A fb sh 25, AR BB AHK P 4R /INVE O
&y AR FEALE] 02 TRk /NVE O AN AR AR S AN IR A Oy I e H1LE R NS K IR T R AR E R A, 4R R B
VDO HUBRAS B B3 ¥4 00 45 (super-cooling point, SCP) 125 VK 5 (freezing point, FP) Fifi 2 13 B2 B AR 1M 2 Wi B AIG, A&
it 5 BRI TR MW T, o e 3 I iS22 90 0 — 14, 89°CH1 - 9.95%C , B ML THE A My, ik & KE &
A BER S RAE AT S A a3 SCP AR AT FL#5 A SR AR R RR £ (RFE 2 H AR I #EBIRIRAIL, 4351k 44. 83%
32.44pg/mg. 1.95pg/mg, 41 UMK N I BTG 07 75 & i OER 4 BT 3 (2008- 10) 1 29. 04% % 87 B A% 25 88 4 J5 31 (2009- 06) 11
15.56% , Z5FRULEIB/INE O A HUBA T R TP R K 4 BRI RER SRR AR B & AR AL S HAT SR IR — B IR R
SR T A R AR A A AR TE Y

AR B/ INED D H VA A K AR SR A R A

The dynamics of super-cooling ability and biochemical substances in the
overwintering Carposina niponensi Walsingham ( Lepidoptera. Carposinidae)

larvae

WANG Peng'? ,LING Fei' , YU Yi*,ZHANG Ansheng’, MEN Xingyuan®, LI Lili>* ,XU Yongyu'" "

1 College of Plant Protection, Shandong Agricultural University, Taian 271018, China
2 Institute of Plant Protection, Shandong Academy of Agricultural Sciences, Jinan 250100, China

Abstract: The peach fruit moth, Carposina niponensis Walsingham, is one of the key insect pests on fruit trees, such as
apple, peach and hawkthorn. Its damages have been growing up in recent years because of the effects of fruit cultivation
model, the adjustment of planting structure and global warming. Under natural conditions the moth develops one to two
generations in Shandong province and overwinters as cocooned larvae for nearly eight months in the upper layer of soil. In
the present study, experiments were carried out to examine the larval super-cooling capacity, the content of water, fat,
protein and glycogen in the body during the overwintering period. Results showed that the super-cooling ability of larvae was
gradually strengthened with the dropping of winter temperature, and weakened with the increasing of the temperature after
winter. The super-cooling point (SCP) and freezing point (FP) of the larvae in March dropped to the lowest, —14.89°C
and - 9.95%C, respectively, significantly lower than those in other months, while there was no significant difference
between the pre- and late-overwintering months. The dynamics of water, protein and glycogen content in the body were
similar to that of SCP although they had their own characters during overwintering. The content of water, protein and
glycogen reached to the lowest in February, 44.83% , 32.44pg/mg and 1.95wg/mg, respectively. The fat content in the
body decreased from 29.04% in October to 15.56% in June during the overwintering. The fat and glycogen content in pre-

overwintering months were remarkably higher than those in mid- and late-overwintering months. Though there is no
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statistically significant correlation between the larval SCP and the content of total fat, total protein, glycogen or water in the
body, their similar changing trends during the overwintering still indicate a quite close relationship between the larval SCP
and the total content of the three biochemical substances or water content. Our study reflects that the overwintering larvae of
C. niponensi can adjust their behavior and physiology so as to adapt to disadvantageous conditions in winter. The dynamic
variation of the larval super-cooling ability is influenced by the dynamic variation of the content of biochemical substances in

the body during overwintering. As a result the larvae make ecological adaptation to the stress of low temperature in winter.

Key Words: Carposina niponensis; super-cooling point; water content; fat content; protein content; glycogen content
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SR A R (LA R 0 R ot 1] ) it A R R IR T, PR LT SR B g 0 559 2 B S SR b
TR A AR AR 52 10 T BRI B | R 0 5 R A HLAE HH JB) 1) o A B R R AR s ) B TR T 4 B o
FERLHH 53 AN T 25 VK sk 45 vk sk 78 R i 32 5 vk B PR 258 5 i 4 B U 488 125 114 3 2 201 15 (super-cooling
point, SCP) fi& it I /&5 vk i A7 16 . o 7438 ek 25 PR B SR T FE 40 Jot A5 Rt e B I SCP, M T4 S IR T 735
e H 78 AR B BT FEVERFSE | 38 1 45 ( super-cooling point, SCP) % FH AT Ay fit o HLTir FE 1 560 55 1Y
HEAEA, BV A AR, BUIE S i Fe 2 s, ) I e A A ) B ) 1 0 sl 2 Sz i A e v 4D
MAER, BENFZI5ERE T RA R R SEE SRR BT I AR R 2R | R T IR RSO 2 A
FEVEY T AR R, WK A —AREE ( Chilo suppressalis (Walker) ) #4& 4l i85 KL% ( Chrysoperla
sinica) A S ( Harmonia axyridis) B A

B/ U L ( Carposina niponensis Walsingham ) J& 58 H | gk Bl | 7 7 14 24 NET R A X
FPRR b py E R R IR A T AR AR Bl B S AL, AR Bl R AR I AR A AR S5 A Y
RS R A BRA AR 2 5 R B2 R, Bk /N B8R 3 R TRl o, =z — 86 i A 2 7R SRR AR Bfdiz Ay
FHBAFNNE, B4 R RE IR R A 2 S e S AR PP B /N — DR R . BT, A /O JUiA
2 M HTFEMER R G AR DLARIE

ARSC TS T B/ INVE O BB SR PP RS AR R A TR N R A 2 v HS AR N OK o BRI B
FORE 5 1 28 A SIS AR JAE S FAE ARG A BE R T T HAT S8 ML, LU a2z e i) F0000 93 i N 255 3 PR 4R
HER2E AR
1 #RE5FZE
1.1 #K

2008 4F 10 H F3IEME (36°12'N,117°40"E ) K 4R LA Py AR R i 4 L, 5 38 T = 4h )2 3—10 em
Ab H ARG HGBAS . 12008 4F 10 H 11 H 12 H CGBRAHTIH) 12009 4E1 A 2 J 3 A (B&iH) 4 H 5 A
6 H (A5 Ay B R4S R A A 4 s ik
1.2 W%k
1.2.1  Bh/hEC HUBRA G AEAR R 1 1Y 3k v 5 s S vk s i I

SR FHAA AR T R A T v A0 B | A8 32 2 ph IR AR IR A ( DCW-3506 78, 7 I i Vg B AR A2 ) )
B R A A (Temp32 B ih E AL B2 B G ST i ) 2 A8, D s o A e, I 18 000 303 2% S [ A
PRIE R , SR 5 TAREAE Y, A N DL 1°C/min BRI, U TR S fb 2800 R AR 2 R AR S S AT,
B 3hic sS4 il B AR e h 2 . BT B Bl A BRI D 1°C/ min A 2P o S0 e it , 152 HH 40
Hu Ak Ve A S NS UK R (freezing point, FP) B, 7EAN [ H 73 (2008-10-24, 2008-11-24, 2008-12-24 , 2009-1-
25, 2009-2-24,2009-3-24 ,2009-4-24 ,2009-5-24 ,2009-6-24 ) HEHUfa R 14 2 1 4% 32—48 sk HEATIN5E , K15 SCP
HIFP,
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1.2.2 Bh/NVEC HUBRA 2l HUPE AR TR O A A P 75 K s

KD 581 A s ) AL 7 JOF L RR i Sk B o SRS B T 60°C fE IR B IR 4 rh it R fE i FRim Bk
AR TEG A K,
1.2.3  Bb/VEC Ay re R ) A O o s g i & e

B E T (DW) ARk 4l B In A 2mL G405 A B TR G0 (S0 W =2:1) RIS 209K, B0 10min
(2600 x g) , B2 DJZTEW ., FRIE FINA 2mL G065 AT H BEATR A, A B0 1 IR, RIAERIE 78 60°C [ 1H IR
BrFerah bl 72h RIEE (LDW) o IR RN D5 B AR 5 5 i

g E = DW - LDW
JEMi &+ = [DW - LDW/M ] x 100

Ko, M RS A R B ()
1.2.4  Bh/IVE O HUBEAC 4 i A R[] 4034 N 2 5RO i A B SR gz o2

TR IR S AR /IN O B FLAA P B B RO R 5 i B AR BRI D 4 IR, B/ HUAA P B 1
FOBEJFHE I K 4 B T — A5 Tube A (9 10mL ELLAE T 7E 100°C FAN#A Th; 2215, ITA 100 L 761 i1
Na, SO, F1 200wl HVEE, FHBCE R A0 ; Se T 100l K e 3345 | 7151 3mL HYVEE: 05 (AR 4L, 1:1)
e s FEIE LT Z IR I 300l HEE , IF6 NS IR & 2450 5 78 25001/ min T 5.0 5 min, $f IR E B
Tube A( SABEME ) & Tk ELME DM, BEME AR — 208 tnl 58
T FINa, SO, 1) 66% 1) Z A Tube A, IEA %575 7€ 2500 v/min N E§.0> 5 min, 85 H 0. SmL & A 1 F
Na,SO, 1 66% 1) X Tube A H1AY NI Y FEAl 48 ; ¥ Tube A 7E 55°C T i 5 min LIEFE R L BE, IFINA
0. 5mL30% [ KOH , 7E 100°C T HI#IE A% 20min ; W2 HIS , A 1mL 95% B 2. IR 215 7E 3000r/min 250
15min, K EIWASA Tube B(EARHMAYE 5 s H 0. SmL /K 1mL 95% B2 BEXF Tube A HATTTE Fi-H
P B EWEALE , 1] Tube A HOIIA 2mL 2818 7K TR -G 3450 LA I o ot S J0R0 0 i 5 I ERE 90°C (& A Fir
T ABE I ) 5 IR KRR S AE DKIA TR VREEDGARAF 2 min, FTAFE SRR RO

(1) Bb/ N0 BB A&y UZE AR TR) 3 00 R LR 1 e

& H Bradford % , Bradford TA/E 7] 5 88 IS SO0, SO0 J5 2 R 85 €8, T 595nm A A B KRR IUE
5 IO AR AR th 2 A F B & it

(2) Bb/INE 0 HUBR A Sy PR AR ) A7 (% PR AR DA 5 2 0

SR FH AU Eb (7% JECIR ] 5 07 s M o 22 MRS S N, B I e VA T S B 2k e, 620nm A0 S R WIS fE, I
HR G AR AR AL 2t & 5
1.3 HdEadr

K HH SPSS13. 0 for windows 3K 4254 T 4L IR Y{EEHE () One-Way ANOVA J5 2553047,
2 HREHNW
2.1 Bh/NVE D HOBA K UTEAS R H 03 il v 20 05 A2 vk S i A8tk sh 45

Be/INVE O B A4 HL ) SCP A FP (1) S I i 253 P e Ak, B 558 A% i i 5 T B B ARG A T s A
R HARRL, 22 B —E e e, & 181 (2009-03 ) I 1 SCP Fil FP ik B i A%, 7351 - 14. 89°C
F1=9.95°C, W Z AL T H B AY T 8K A< Aij 03 F B A 5 301 Y) SCP Fl FP e 3 22 5% (df =8,99,F =6. 46,
P <0.05;df=8,99,F=7.122,P <0.05) ,
2.2 BNV HOAL A i AEAN A H A N B K R i AR sh 3

B/ A A 4y A P 5 i (& 3 )t TR O e A 2 R AR A B A iy S A T O A AR R T e A
TEAEHARRL, DR E KRR 10 A 009 49.95% ,— LR E 2 A I 5efik i) 44. 83% , 1 Ja XIFER¥E N, &=
6 Ak BB E N 62.11% . HA#& i (2009-01,2009-02 ) 4 ik g &k i B8 T 5 1 (5 5 HAl
AR EXS(F=10.663, df=8,99,P < 0.05), M #4 J5 W14 B PN & 7K i 1 3 B4 0 H £
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Fig.1 The dynamic changes of SCP and FP of the overwintering Carposina niponensis larvae in the different months ( average + SE)
BRSNS + ARER 45 A 6 SCP Al FP [ 225353 %I H] One-ANOVA/Turkey’s HSD 437, £ _E 45 A AR Rl 581943 B FR1E 0. 05 /KF 3%
FARE
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SR ER%
Water content in the body
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B2 #hEOHBZGHRERBEANSKETNIT(HME « RkR)
Fig.2 The dynamic changes of the water content in the body of the overwintering Carposina niponensis larvae in the different months
(average + SE)
RN T £ SRR, 4 A 6 SCP AN FP ] 2254 BIF One-ANOVA/Turkey’s HSD ST , k¥ L4 A1 R 74319 43 DI R TE 0. 05 7K F 124
FARE

(2009-05,2009-06) ,(F =7.82, df=8,99,P < 0.05) ,
2.3 B/NVEL HUBRA L) BUEEAN R i s 1D AR B A

H I 3 AT DA o B/ 0 HUBRAC &)y B fAR Py SRR D7 5 i 76 A B A o B v R T R A F A R A% T A
(2008-10) fie i1, M 29. 04% , TEER A5 11 (2009-6 ) ik B EAK, R 15.56%  #EArh S5 B4 B oy S88 7 5 &
L ERT AR (F =8.92,df =8,27,P < 0. 05)
2.4 BB HBAL) BAEARF A SRR AR S ERLE

Hi &l 4 EIU\EI"H:HE/J\%@L‘E%L@ZJJE?FWMElil/a\iﬁazf)m"ﬂlﬂﬂﬁméﬁf Ak, B 5 AC TS SR
I REARAN T S AR LSRR, 4l AR P B (1 3 B AR AT B (2008-10) B Ry 47. 34 g/ mg , J5 % #T FEAIG, 72
AT (2009-02 ) KB AR (32. 44 pg/mg) J5 FHIRIEHTTHR , 2 6 H Ak 2R, 4 68. 11 pg/mg, FEA
HIHAZA (2008-12 ) A4S HHH (2009-01,2009-02 ) &) HUAR Py s B A 7 i i & KPR (F =27.512,df =8,
27,P < 0.05) , B4 5 AL R N S BR o  3 ve T AT P (1 =29. 418 ,df=8,27,P < 0.05),
2.5 BNV HA A U AEAN TR H iR R R A AR sh 3

HIIE S FTLAE H Ak INE O Ul B o T 1 22 B0 ) B S A 3 A, B 5 0 4 i 5 A TR R LG R
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Fig.3 The dynamic changes of the total fat content in the body of the overwintering Carposina niponensis larvae in the different months
(average + SE)
RN I + ARER 45 A 6 SCP Al FP [ 225353 %I H] One-ANOVA/Turkey’s HSD 437, £ _E 45 A AR Rl 58k A9 43 B FOR1E 0. 05 /KF 3%
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Fig.4 The dynamic changes of the total protein in the body of the overwintering Carposina niponensis larvae in the different months

(average + SE)
B R VMY + SRR, 4 7 4y SCP I FP ] 2% 543 BT One-ANOVA/Turkey’s HSD 4387 , 41 45 A AR IR 255 1943 B 3R 7E 0. 05 /K- | 2%
FARE

ThE AR A FASARL . R P BB & R A BT (2008-10) R HY 14. 81 wg/mg, JE B Wi AR, 2 2 A ik
B, 4 1. 95 ng/me ; A5 ALy H M P R B P IR B T, 2 6 A ik 3 6. 13 wg/mg., R4S TR )
gy R P SOE S fE)C  EE 2E B R 0 IR TR (F =26.173,df=8,27,P < 0.05)
2.6 HR/INEO AL BT ATRE ) SR A A TS W OC R T

FHSE S BT I M/ NVED O B A 4 B SCP RIS P Ui 7 B2 1 OB BRI K 10 5 1) R AR 7
WA R, HNE 6 7T LA H /N0 A &) A Py BB I RV 1 R SRR A AR T 55 4 1
SCP (A Ak LA — 2 AL , UEBA 3 FhAE AL R 8 & s M & /K 5 SCP [RIFEFERA B N TEB &R
3 g
3.1 ARSCEWWISE THVINE G B R AR T, R IIH 4 HL SCP 76 RS A T N i A8 6 18 25 Bl <R
AR REAR, T i e, I ARHBIX 2008—2009 4EH i@ i) 2 A2k -3°C  iam i 2ih - 12.5C,
IR AR SCP I IRAE 3 A2k - 15°C , 2 B Ha VA AR 3 ] LIS I 24 44 28 AT e, 3R B — 2 10
e, Bk INED D HUAR P K o B e (78 A A SR ZR W 1 HE A iR 0 FE B SR A I HE G 1A 44 0 Y
o AL D2 — o 07 Xof 7 A AR S A6 R R Ry 2B LT o B A 5 IO B PR SRR R T v K 0 e v, TR v 200 A
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Fig.5 The dynamic changes of the glycogen in the body of the overwintering Carposina niponensis larvae in the different months ( average

+SE)
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Fig.6 The dynamic changes of the Material in the body of the overwintering Carposina niponensis larvae in the different months

Wb, BB BT IEMEAA5 A ZBE N OC , T ELTE VA N R AR 3 A i A AR AR RO, RN Z T A
FHAL A SR AR T R, ISR e RE )1 ™, HE A A s A O 28 1 5 it T RS T
e, TR IR & — B AR, BB A OGRS PR LA T OSSR i, s Al A2k T84k BRI B
IR 1 0S40 o 1) — 8 - e A DA 553 AR OB AR S ) ) TR e ) I, I 2 A b g, 5 2L AR R RO 2
R ORI 25 ) B Sl R 2225 B ROTE B2, 55— 07 TN BEAER AR ar A, 32 e R 0, AT felf 20y
FEIT BRI P D D SRR, PR A SR S 0 R 1 D 4 B LA A P 5 K i T R B
(51, LA A 9 LA A 2, O 8 AR g, AR AR B B AR A — 07 TR T & BRI AR 22 4))
O S B BRI, 53— 07 TR IRV O B BB A] Al ) o e A BRI A ARt A T
S Bh/INVEDC A SRR A KR R AR IR A AR AR B B RS SCP AR R 3 — 2, B
B L A AR TTT ARG, P ves T g, o S e 12 RS v S0 RE T 284k

3.2 BTk IV O B v A RE 1 AR AT 21 i PRI PN 3 355 N A IR G 5 2 A AR A R T R 5K
SRS KRR AR ST A5 R — B R BRI TR AL S SCP A — 8 KR D AR LR i B ok
(P g nigk iy ) eS| BIETAR A b i AR S 2 SIE S 1 AP B o e A s A I A A
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JESCRREARE FHE M A5 — 30 L BT A 78 Ak [R] R sk S I S A 7K R AR I R A &l R T Y
AEAR R B/ IV H 4l BB IR B B A A T AR s B B E A R A (e R P R T R AU R e A
TESZ A S Ik 5K 2 550 TR S B/ IV O R R A b R e i D 4% 4 AR ke AT
3.3 BHMPTENE SR MGAE SRR, — B0 T % J SR, prIERE iR, EPiTERE I ry s
55 , ALV S E  [FI IeAT HA R R B2, s s 3 3 Br ) [B) SE R A UG AR 2
L BRI A TR PR A A R DR, AR50 2 (9 Bk /N B0 e &)y B DAV 3 46 B 7 4 ORI B A i B T
PE S — A WPTIERE T, TS 3 AR LA B[] 22 T s B2 RSB |, i AR A T

AT TR AN v IV RE 1 FA A AR A SR AR ) A DD R T BT FENLER % TRk Va0 HUH:
PN B AT HR BR AT FE i A P BV R A AR AL | A R T FE PRI ) 5 AL S PR 1) 56 2R 45 m) B, In gy A e
FEM LR PR S IR WA B — D HUTEYI TR GE , AN BRAE/INEE (Scolytus ratzeburgi ) %) BUA Y HH + 111540 +
WA + 1530 R Go 0 52 N ( Phthonandria atrilineata) Ly RIR NN TR + EER + R RS NEE
Frift—2P ST IR AR FERE/ N O RO PR 5 IR B C R | BA S 2 A e 2 SO T E, LU 1%
ORI SR AN 2R AR AR PR 2R

Mh/INED O U PR A L O BRI BE AR X R T S A ] PN 2 3 R T 3 ' BRI R B X 32 1
= | y A TECBPESREEMETRSE, HRZE R | , e K ME Locusta migratoria . H s %
Mamestra brassicae YN EKEE Ostrinia furnacalis FIHAEIE I Chrysop erlasinica , i B S FETEZ [0)H & HEA
AR ROC AR Bk VDO HUBE A 7 ok 4 s FL T P o 2 A7 T BB .
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