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B E [BM] HWIHREIERSHE Liriomyza huidobrensis Z: 4t ¥4t 5 ( Rapid cold hardening, RCH )
A PR O FERIT 2EPE AR AL, DIERST B SE BRI RCH A9 AL PLH . [ 53k ) MR IEH0 AL 0 v i st iR
JE AL R 25 5, B 2 BEVE WA B B2 A TR A (Cold shock, CS) FISEHETT RCH YIfb)5 Fift
THKIRIE (RCHACS) J5, 105K FE IS B MRl 1y B A0 5 s 1) R A3 0 2 00 2 AL 5 R0 R DAL 1% 5 v
AL AR A 6% - BT O HTE (GC-MS ). AR EE-BS I HER (HPLC-MS ) Kttt
W5 AR TR A B ST g SEBEVE M O I TR . WIS R H & it (&R ] 4 RCH YIML)E A4 7K TRy
TP T 5 B TR MR O 114 ST R 0 ( HT 20.00%38 = 45.56%, Fy 16=10.37, P<0.05), {Hid¥&H15 (SCP)
AW SR CRYIME - 19.90 °C, BI{LJE - 20.10 °C, t=0.703, P>0.05); RCH Yifk)5 By 3L BEi ik
PIERREIHER S i3 (PR 5.96%38 FE 19.26%, Fj §=52.717, P<0.05), ##HERS T (B 24.32%FE
2.94%, F; §=65.456, P<0.05), SASHLFING 7R i FING D72 LA T (HY 2.17 34 % 10.94, F5 5=64.347,
P<0.05); RCH YI{L)5 rg SEBEE MR N 1M st (i 5.46 pg/mg HEE 7.71 pg/mg, F35=9.912, P<0.05) Al
H S TRl 1,177 pg/mg 3 E 1.314 pg/mg, Fs ¢=6.428, P<0.05 ), T A 28 & 1 T FE( i 1.84 pg/mg
FEZE 1.22 pg/mg, Fy ¢=191.298, P<0.05). [ 4] wSEBEME RCH 5508 7 R I AN TR F1EE 3 I DL R it i
WL AR H X 3 MUY A

KA MIETORN; REUATSZ; WM IR PR
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Abstract [Objectives] To determine changes in the basic cold tolerance of Liriomyza huidobrensis after undergoing rapid
cold hardening (RCH), and to investigate the physiological and biochemical effects of RCH in this species. [Methods]
According to the results of a pilot study of temperature stress and acclimation time, the emergence rate of L. huidobrensis
pupae was recorded after RCH acclimation and subsequently under low temperature stress (CS). A thermocouple was used to
determine the supercooling point of acclimated and unacclimated pupae. GC-MS, HPLC-MS and spectrophotometer were used
to determine the amount of fatty acids, sugars and glycerol in pupae under different temperature treatments. [Results] The
emergence rate of L. huidobrensis pupae increased significantly (20.00% to 45.60%)(F4. 10=10.37, P<0.05) after RCH
acclimation and subsequent exposure to low temperature stress but their supercooling point (SCP) did not change significantly

(unacclimated: - 19.90 °C, after acclimation: - 20.10 °C)(t=0.703, P>0.05). After RCH, the content of palmitoleic acid
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increased (from 5.96% to 19.26%) (F;,s=52.717, P<0.05) whereas the content of palmitic acid decreased (from 24.32% to

2.94%) (F;,5=65.456, P<0.05). The ratio of total unsaturated fatty acids to saturated fatty acids increased (from 2.17 to 10.94)

(Fs3, s=64.347, P<0.05). After acclimation, trehalose content increased (5.46 pg/mg to 7.71 pg/mg) (F; s=9.912, P<0.05),

glycerol content increased (from 1.177 pg/mg to 1.314 pg/mg) (F;5 s=6.428, P<0.05) and glucose content decreased (from 1.84

pg/mg to 1.22 pg/mg) (F5 s=191.298, P<0.05). [Conclusion] RCH in L. huidobrensis causes an increase in unsaturated fatty

acids and cryoprotectants, including trehalose, glucose and glycerin.

Key words Liriomyza huidobrensis; rapid cold hardening; cold tolerance; fatty acids; cryoprotectant

B BUFE R X A AR A B IIR PR I, — i
Tk W T AR I 235 K S B v 0 ke B Ak AR T 4
UK, RIS AR N A /N T PL R B H v | T
WSS, Bh LR 0K & ™ A2 BT R AR 1 RIAH DG g2 4%
( FIEMSE, 2003 ), BRItz b, B HE ST
S8 10 24 L BV AN R 240 e PR 2] e i LA
s, B - A LS vk, R BIHLRZEY
9 H Y (Kostal, 2010 ), — Bk, RAHER R
REMEH FE TR IE , Br LLE AT AR EE A& AR Ik 1
Jr ROk R T FERE Sy . PR 32 (Rapid cold
hardening, RCH ) J& B HUW XS KA BRALS A1l B
TRIREIG, B B 7R A 28 Ty i A ) A1
&, DR EE G, RE % d G R AR
BiERSIMIS (Leeetal, 1987 ), iMiX kT
IR B e, H R L 2L/
FEERIRYIE (Leeetal., 1987; 5K/NEZE,
2021 ), [AIFERY, EEHFE RCH i fEH, e /=4
AR A fe, 7E R E SR B Drosophila
melanogaster . #EME %] & Thrips palmi, & HFIE
Maruca vitrata, fif>Z % 1% Spodoptera exigua Fil/)»
3¢k Plutella xylostella #1314 & i, RCH £ S5t
BRI FLE (Overgaard et al., 2007; Park and
Kim, 2013, 2014; Park etal., 2014; Kimet al.,
2017 ), JFH, RCH b2 FEURIE MG FIZLE N
I Sarcophaga crassipalpis A< N AT IS I R
S 0 A G R B S AR i, 2 T 4R v 4
JEAEAGIR T O 8P ( Overgaard et al., 2005,
2006; Michaud and Denlinger, 2006 ),

R EBFIS I Liriomyza huidobrensis Blanchard
MG FEEFE R —, FEIGHEE
IRl Agromyzidae, BEVEIEJE Liriomyza, 257
ATESRM L I JEPFNERIN S 2 5. Hak
WG E I f, Z g it i FIZEFHE ik

AT IE , ARG A1 > . 2020 4F
A, VRN L LB 5 R fa il
BFM T m LT 15% (Lopes etal., 2020 ),
JIT VAT Yot T 9% B 7k e 1) o 20 - A 0 R 9 3 0
SREEE, IR R P A B R A M B A 1 O
% (Bale etal., 2002), B HIELZEMIERE
R PSR B AT T 9 A 5 ek B 1% 52 i L4 I 1Y)
FRREECE KT CAMIEIRGE , MRIEAFRLE T
T 9 BT R o v 0 B L I e O B TR 2
Wb AP E (R MBESR, 2003 ), Chen Al
Kang (2004 ) 7£ 0. 5 fl 10 “CHYSEE A T XT
B SEBEVE Y A A3 T 1. 40 8 12 d By Y
b, SRIGHLA - 10 °CHHpA 12 h, HAFIHR 1L
RAE AL (LR 1B B4 . DL B ST ARIIE
BH Bl S BV b HL A — e IR IE N BB T, I AR ST
He s v TR 37 DL KA e B HIL A ) T 3 A W
AT IA o

H AT 2 RCH 5T R4 rh A =0
Yy L, A O R SE BRI B A DRk 2 DIk O FF 55 1
KRIARIE , A A SO g SE RV IR Y RCH AT
95, M2 2 RCH J5 HAKPI IR iR Fnbt v 4
A, S RCH A4 B A= LML) .
XN 4 TF R 5 BRE VS R %) R TR 5 1O BE 7 B AL L
AEEE L,

1 #MR5HE

1.1 #iKEHR

At B A R 56 B 0 e A R rh B R 2R B B
Yt et . =N, RHMUZET Phaseolus
wlgaris #1472 R FE 5 &M . = W IR E
(24+1)°C, B H 60%-70%, JEHEHH 16 : 8.
ARG HERE 5 H W WRAE R SEXT 42
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1.2 BEARE

121 RFREMYMLE ETFEE N BIEEE
T8 K B B IE 5 e % 1 B B e B AR T Ak
PE— BRI (—fBh 2 h)JE, AR RN 15%-30%
Bf T X 2 A 3 B, X — i BE & McDonald 55
(1997 ) B — AR e e R, A o 4y
B EL AN ] A B B R AEE % AR SCIREE T
-9, -10, -11, -12 F1-13 °C 5 EER
B, BNEE AN 2 h, BNEE 3 ANEE,
FAER 30 kil % FIR R EG IR EE S (1)
A E IR R R4, PSS, FRSEiT
PULFR ARG AT H 5 4 BIEA 15 Lkl
TR, PRI Ty 20% 15 B VE IR SR
PR HIFE 0 CTHALF 0.5, 1. 2 Fl 4h,
PRSI BE SR TR e o A BRES S A
SRR FRAE THORE I IC SR P, e R
A3 d5 1 B R Ah BT [ A BIAR R ] o S0 56 e 5%
HI3INMEYEEREE, HOEE 30 kI,
122 RCH EFMEFERETF R R
38 4 4 (CK: HIRIRES; RCH: {0 °CHIfL;
RCH+CS: 0 °CHI{b+HREMHE - 12.1 °C; CS:
HAAGEE - 12.1°C), B4l 3 ~NER, B4
HE 60 S0, K AR 1.5 mL B8, I
FREE . 4% MG L ) A0 IR e 1 B Ak st [
W HURE TR 18 43 B8 1A KGR T YR K v A
X} HUREHEFT RCH R EEAC TR . K b B HUBE A
- 70 CHEARRIKFR AR, HT/RZS,

1.3 @RARNE

R bl S e o L (35K ) FE0 1,
I A TR I SR A, SRS RSk EAVKA
e, WSS, FEil B — R R,
LSRG BT, e A RE B i v 20, [
5K B A IRLIEE R 250K s o X RIRIRZS R . RCH
PALIE Y 5 H EEEZR A HEATINRE | 1C R AR YA
YIRS YL v NN EE vk, RRELAREE 30 Sk

14 FEMBESEIE

K A OGS - B R e IRRES T CK
1% RCH. RCH+CS. CS Ab¥J5 Fg 5 BEW i 15

R & i, AN BE AL 1.2.2,

A 3L« R AT P T S BREVE R 5L 0.1 mL
AR R S) 3K, BRI 0.9 mL 1M i
15 ho ZJRTERHES.OHLFLL 10 000 rmin ™' &
L2 10 min JFHCEEWR, AL BIEREEN
0.4 mol-L ™" KOH-H! 5% i 7% % I i #E 47 H i
b HHE 10 min JE 7T ELOABEMT 0.1 mL 2818K
RAT, 853 KA ARV T ), W VW
RN 2 AT, SRR SR T AST G
(e

GC/MS %4 : B4HEH A DB-5MS (25 mx
0.25 mm ), [EEMBIE 0.25 pm, A (AR,
4li i 99.99% ), WH A 1.0 mL/min, HIFHERAE,
SRty 50 ¢ 1, HEREFREE R 250 °C, AR
100 °C (f#F%F 2 min) DA 5 °C/min F}2% 280 °C

(P45 2 min ), GC/MS 5 R B RN ES F IR R
1o 250 °C, FHREE IR B 4518 50-550 m/z
F11.61 scans/s. EAIER 3 min, SCHGHLAEHE 3
WEE
15 HEREFEYRSENE

K HWAR - Bk e B2 &, IR
FRIE] 1.2.2, #FXRFRE G H 80% L BEMTEE
WSS AE 15 °C R ES.C 10 min, B BAE N/
SRR, o BWRZETIEMA 0.5 mL sl
tH (30%K+70% N6 ) B EIRTIRE, HA DL
FHUEME g, TEA 1.5 mL #EREHT, FHE AR
AEDU H 25490 5 174 HR W ) g T AR, SR T
ORI 2 W (R B MR, TR BE AR 2 400,200
160, 100 pg-g "o F_EIRFERE D BA BT HERE
WP 4 AR B e m A, 2l bR il
2, 1B MERIA R, AR R () H 0 T AR
RO RV VR B, P AR R A SR HE R R R
FR e, SR 3 ER

. WRJE < AR FH
‘El7’é Fli e = o
FERYIFR S & (ug/ mg) TR B

1.6 HHEEENE

K F A6 CRE TR H b i, R AL PR E]
1.2.2, FRES A 100 pL 2880k, HEHRY
B Sk SRR RIS, 40203, FH 400 pL &1 /K
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A% 3 UCHPEEREE . 12 000 rmin ' E RO
10 min, ¥ FVEREHE 10 mL 45 9. UUE
AZEIIK 500 uL #224), HE.O0—K, It L
W o BTN AEAL] 2 mL (i FIH WA ),
BT, INA B AGF) 2 mL F/ME S, BT 60 °C
A 15 min, SERUS FHTKEH. H
M /OOGEETHTE 420 nm P T #E1T A4
B, FZS FOR BRI R A, 0RO REE . SR
Je AR EE 435910 400, 200, 100, 50 pgrg '
0] Il 7 N W 7 o B 2 0 A AN T L1
DUH v BE A b , W B A A A Ak 2 o 1
PrifE gk, SRR R, A A R
HHHR R, FEAR YA U A R e
o LIRILEE 3 IREE .

AR B < AR AR

0 ) )5

H&E=E (ug/mg) =

17 BHESH

KM SPSS #da stk 4, i One-way
ANOVA J5ik, RANFACHET YIfLEsE] , Jg iR
W S EMPURY S AT 200, R
KM LSD kbt ir 2 i b ; i Student’s
t-test Jrik, XTYIMLETIE A v A A gs vk s
7081 o XTI 22508, A R 65 B A
MER, WK P<0.05,

2 H#RESWH
2.1 2RE

Dol 38 L B A B AR b, B A P R R L A
B, XA ) 36 e B T T S B0 e 1 3P A R i
s CE 1), FERAH#E T R RS,
EHI TR y=16.667 x+220.88, HhiE 24 R=
0.981 3, fk#miZz el b AR A th 4 (1),

HE 1B, FEEMHE R RS, 1A
R MB TR, 2P R 20%0], R IEZ
EHE TR E X ROREE N - 12.1 °C, il
JE BIA R R

2.2 T4k Bt ia
FRBEEIETE 0 CHAMAT, ARYIEHETHE

WRRRPAE RS L LR 2, MG SRR,
SRR IIfE 1.2 F4h 5911L 0.5 h MO h
FH LR ) PR B EZE S (Fy, 10=10.37,
P<0.05 ), {HYI1{L 0.5 h 5 AR YIS EI PR 2
FARE (P>0.05); FEYIE 1. 2F4h 509
PULREA BE2ER (P>0.05), HII4L 4 h 5
WA RIAL R fe i o PR, 78 Je 22350 1 Ab B H
£ 4 h NYIMEsEl, Y4k 4 h S HLbE i
BRI 45.6%, B2 THOINEET (RPY
1k 0 h) HHAYPIEE (20% ), UiIHYIML @ 2w

100
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SRR (%)

Emergence rate of pupae (%)

20

0 o 1 1 1 L 1
-14 -13 -12 -11 -10 -9 -8
1B (°C) Temperature (°C)
Bl AEPMBRETEEERIENFLE

Fig.1 Theemergencerate of pupae at
different stresstemperatures

60 r

40} e T

SRR (%)

Emergence rate of pupae (%)

0 0.5 1.0 2.0 4.0
YifkatE] (h) Acclimation time (h)

B2 AEYMEEE RCH FIEH B ER
Fig. 2 The emergencerate of pupae after RCH at
different hardening temperatures

R I Bpr iR, M AR AR RNE ERER
JR% LSD ZE IWEA KT 2 5 0 3 (P<0.05),
Data in the table are mean+SE, and histograms with

diffrenence lowercase letters indicate significant
diffrence at the 0.05 level by LSD test.
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TIRBPIAER R TR S BV I 4 R I 52

et
23 dAHS

A SEBETRMRITZE O °CYIL 4 h AIRAKIR AL 2]
PtV LS ES VKOS a1 pin . HIRRAEAT
1Y) T S EXE TS R 1) 2 2 2SR - 19.940.2)°C,
gEKAEA (- 14.5£1.1)°C5 MiE 0 °CF Y14k 4 h
Je . SRR (- 20.120.2) °C, 25K
Jp (- 153£0.2) °Co FFZEDWIEEREH, KK
TRYMER 52853 0 °C YAk 4 h (R €30 T8 b
B ot % A (t=0.703, P>0.05 ) F1 45 vk A5
(t=0.715, P>0.05) T EES, XUtiHRR
[i) P AP T A A 2 T30 72 L T A e v 00 a5 RN 4
VKA

24 HHBAMMEHBRINABNEHRSE
[ b B ) i 5 BRE 0 Ay A I 3 5

FRRGMR , (4G 3 FIASM AR IR (A=AEIHR |
S IR RN FRIR ) R 2 Fhits AN AR R (S RE R AN
TEASHR ) (£ 2), H12¢ 2 W01, RCH b3 5 g ¢
BRI AR AR (F3 5=52.717, P<0.05).
R & (Fs, §=65.456, P<0.05); HUAHLAI
JIg W7 R 5 40 RN B 5 R B EE AL ( Fs, §=64.347,
P<0.05 ) S5 HAANFRA Z [FIfF7E B 55, e
BEMRIREAL 0 CYIMLIE, R SRR MR & =
NH RS IR 1Y 5.96%38 N5 19.26% , BEREIER &
T\ 24.32% AR E 2.94% , BRI AIEE N 2.17
HOMZE 10.94; HYI1L)5E 52 & T H 50 A
(RCH+CS), JRMFRLLNAS R CK 411 CS 41
Jo2 5 ; RCH+CS 415 CS 48 iR 4l i o 22 5+
ULIIFE B IR AT R 4 h (9 0 °CYlIfk, H
JIE AR TR & f AL TG I B AR Ak 5 [ B BB A it
TR 5 5 5 RS e e B s, xR
RCH 9k 251 L IRl i i A8 4k, T B
IR e A BE

F 1 RYHLFYLELL KNG IK S
Tablel Unhardened and after hardened supercooling point (SCP) and freezing point (FP)

HREE (°C)

Supercooling point (°C)

2EpKsH (°C ) Freezing point (°C)

ANl b o iy S—— o y——
Treatments VbR R AR V- R 1R AR Z e
Mean+SE Range Mean+SE Range
CK - 19.9+0.2a -20.7—-174 - 14.5%1.1a -17.5—-113
RCH - 20.1+0.2a -21.1—-172 - 15.3+0.2a - 17.5—-122
CK: #ilaXfIR21; RCH: {UfE 0 °CFZ 4 h Yk, RIFNEEEGARA AR 7 REFR R 22 AR 3 (t-test ),

CK: Normal temperature control group; RCH: Only experienced 4 h at 0 °C. The data followed by the same lowercase letters

indicate no significant difference by t-test.

R2 AEIEEEHBRERNEE
Table2 Fatty acid composition and content between different groups

AE b FR AFAEIER (pg/mg) Fatty acid (pug/mg)
Treatments FEAHIHEZ 16 : 1 (n-7 ) WAMAR 18 : 2 (n-6) WHEMR 18 = 3 (n-3) FAMHMR 16 : 0 BESER 18 : 0 UFA/SFA
CK 5.96+1.50b 5.20+2.04a 56.60£6.90a 2432+2.04a  7.91+1.57a  2.17+0.32b
RCH 19.26+1.24a 3.46+0.32a 68.80+2.24a 2.94+0.18b  5.55£0.60a 10.94£0.97a
RCH+CS 4.81£0.12b 2.45+0.22a 62.90+1.58a 22.88£1.09a 6.95+0.87a  2.38+0.21b
CS 4.74+0.11b 3.20+0.26a 64.67+1.06a 21.26£0.88a  6.13+0.61a  2.67+0.19b
CK: HIRXTHRZH; RCH: {XAE 0 CF&JH 4h ¥ifk; RCH+CS: %676 0 C & 4h Wifk, HREET - 12.1 CHH

BTN CS: HERFET - 12,1 °C; UFA/SFA: AHUFINENI AR &5 /A AR T R G & i o R Bl - P 595

HEDR, [RATEEE S An A A R B R 48 LSD 28 ALK I 22 5 AN . (P>0.05), bnA AR FhE KR B 3 2% 57
(P<0.05 ).

CK: Normal temperature control group; RCH: Only experienced 4 h at 0 °C; RCH+CS: First exposed to 0 °C for 4 h, and

then exposed to stress temperature of - 12.1 °C; CS: Direct exposure at - 12.1 °C; UFA/SFA: Total content of unsaturated fatty

acids/total content of saturated fatty acids. Data in the table are mean+SE, and followed by the same letters in a line indicate
no significant difference, while followed by the different letters indicate significant differences at the 0.05 by the LSD test.
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25 HBABAHFEWERESE

AN TR A BT T S B0 R R A A ) VA s L A
BEAH AR RN 3 iR, s S A CK
4. RCH Z1Hf1 RCH+CS #u]2HF0E (F5 o=
9.912, P<0.05) (Kl 3: A), &t UfbiyLl
F 2 57 T Tl 20 A0 T %) M v VA R 3 LR R
RATFEE, W HARR T T RCH 43, 78
RCH & FRUR A TG EE T 38 2 (Vi b &
it — T HEEEET - 12.1 °C (CS)
542 0 °CHYI4k 4 h (RCH) 1 0°CYIfk 4 h 5
BT - 12.1 °C (RCH+CS ) i3 ¥ 20 %54 =2 6] ¥
AWEER SHORUNE R BHEEE, W
T R, 280t 0 °C. 4 h 4B FEZPRIR )
B, TGRS AW, 7E RCH+CS J5H
e, XEW RCH YL FMLIR M #6815 &
T S R BT

22 AN [v) A B P g S BT Tk e A A 1) A 2 A

Y38 Trehalose

—
W
1
w

—
(=]
N

W
—

%8 (pg/mg) Content (pg/mg)
& (pg/mg) Content (pg/mg)

CK RCH RCH+CS CS
KbFH Treatments

#2559 Glucose

CK RCH RCH+CS CS
LbFH Treatments

B R ENEES (F5=191.298, P<0.05) (&
3:B). W T HIME, 2517 0 °CYIfk 4 h(RCH)
% RCH AbH, FEZiIKIRMNE (CS), H#i4)
WA B IZWIRAR, JH RCH+CS 42k & &
A% BRULZ A6, S HEMREME (CS) 5,
AW S A EeoT BRZE AT B, I B B IGR
iE (CS) RIS & i m . X &Y RCH
Y G 2 T A 05 O R R, R e )
REVS S A M 2 BT, (BFE M aa AT R T )
RCH, S HGIH AR 38 1 1 1 A A 2 = T e 1Y)
SN, R AR A O R R

RCH 41, RCH+CS 41 . CS 4 H & &y
XA EM 2R (F; 56428, P<0.05),
EUAS TR] %) 38 3 Ak B A 2 ] 1 H 3 5 1 G e 5 22
5 (K 3: C). SXIEAMLL, 3 AR B
A S5 BV MR AR AR N ) H I S B A R . X
P 0 CHIMLA - 12.1 °C 30 ¥ RE S 2 H

G UNEDI

Hiili Glycerol

—
W

—
(=}

e
W

%8 (pg/mg) Content (ug/mg)

CK RCH RCH+CS CS
b3 Treatments

3 AELETERFUREEETH
Fig. 3 Changes of cryoprotectant content in different treatments
CK: #iE*TMZH; RCH: fUfE0 °C &) 4 h; RCH+CS: %E7E 0 C T4 4h,
PRERFET - 12.1 CHYMMAIRET ; CS: HIERET - 12.1 °C,
CK: Normal temperature control group; RCH: Only experienced 4 h at 0 °C; RCH+CS: First exposed to 0 °C for 4 h,

and then exposed to discriminating temperature of - 12.1 °C; CS: Direct exposure at - 12.1 °C.

3 H#HitHitit

W 22 LA T B 2R R AR AR B X —
) 2 3t R ARL T AN BB A Dy A A S B TR 52 1
e, O AR N R gai EEsh A2
I RIZN o AEEL AT 22 1R Ik W A A R R
U AT PR Ve T 52 — A BE S 5 v R L AR fy

HEARTIRERIRE 1, UG ESEAE J) (Coulson and
Bale, 1992; Kelty and Lee, 1999; Rinchart et al.,
2000 ). N, g HAE 0.1 °C3 0.05 °C/min
MR M 23 CHRENF] 0 °Cla, (RTETT AZ M3
5% (Kelty and Lee, 1999 ). {0 S840 B K
B S crassipalpis i U SZHE R (74.845.3) %
FeZ (8.443.0) %, {HAEWMARTM I RCH ffi1%



- 1382 -

o B 3244 Chinese Journal of Applied Entomology 58 &

ZAEREFE S (42.243.7) %, RCH 4R T X Fh
= FHRE ST M2 (Rinehart et al., 2000), -7 °C
7 BOAEAG IR e 25980 8 Musca domestica
FIF=BRE, M2 0 °CHY RCH BEHR i H 5 )
( Coulson and Bale, 1992 ), LI F#FEUERH RCH
AHEBEMETE L,

DR WAL IELRE | DAk A ] R S i A )
HESFHYMCRRERART, BT Ei R
FEBETEME RCH (1R A BIA0N , e IR A B
ZH, TERPYMEREE R A s, YIMLIRE
2% THEIN (Lee etal., 1987; MacMillan et al.,
2009 ) fEHABER B EICR AR, B o °C.
S TR R IR PR s T R, B
RHFEEEA 0 CHhYIfb— Bt e, FRZER
TR T o AAWFF0R 50 1 P Ay —
ANTRT L5 M (R HE b , PR ik g 5 BXE TS g P 4R
PR S A AR 32 Pk i i I . 5 R R T

- 12.1 °CIEMRPIMER (20% ) ML, BIEHTHE
WMRIFZE T T 0 °CYIfk 4 h 5 FFEEE T - 12.1 °C,
R P RGN E] 45.6% . X—%55% 5 Rinehart
5 (2000) MRFFRES R —2, XULBH RCH fgde
1o B TR I O IR 32 . SR 0 °CYlilk
4 h S5 A N S NS VKOS HIOC B AR A, M
A] BE Jit A 2 R 9 BV W 0 o RCIR A R ) SCP
( -19.9 °C) 1 FP ( - 145 °C ), K FHEIL
GNRBEWME ( SEPN BV IR AU Y SCP Al FP
YR - 9.5 °CHI - 9.2 °C ) (FEZEFES, 2001 ),
HAR Bt FE vy, B2 94k, i 2E vk
38 It R HA o BeAME e E S R NE S
HEEACA G, BREMEEAR (2003) ME T R
BRE P e A 11 B B AP SCP ol - 18.86 °C, I ERF
#Eh - 2045 °C, PHLFEEN - 20.63 °C, dta
FhEER - 22.57 °C, ARUEFPEER - 22.38 °C, &
AR bR R ERE LS B AR e, A RE I A
5 B T R RGN o 1E 2 R g SV i LA A R
FAPRIRAE IV R 7, T LA I e S B b | SR P e
Al RE Sl Ab H, PR s i R R
PO A R FRATIIN Y SR HU B 4 R e

IHTE A Overgaard 55( 2005 )L f Michaud
1 Denlinger (2006 ) 7£ i S FIZ1 2 (R g I

KT RCH 2 SECNU A G R 7 & 0938 im0
AN BE 3N o A S5 0 52 e 56 BRE v B A 28
P10 °CHIMk 4 h J , AERATAE DT RRAF AR & &
Fhim, YRR T R AR AR R & REREAR, M5 AR
R BRI AN R N . FEARRI R R, &
S ANGRLURN B 15 2 PO R A B AN ], SR SR 0
A PN I 2 B IR R (N 26.921% Tt %]
27.809% ) ( Overgaard et al., 2005 ), £1J& PN
N R (N 30% B 47% )
( Michaud and Denlinger, 2006 ), iS55 A& 21
A SEBEVE B A0 A 2 AR ARV AR (N 5.96%3 fin %
19.26% ). BRULZAL, TRFIAG TR & mAEAN A
A AR AR AR, L an SRR SR MR P R
40 AR 5 IR 7% /= i 2 ZE ( Overgaard et al.,
2005 ), ZLJERNBERR TARIRIR TCAR Ak, HiAth i A
g W2 ¥ [% A% ( Michaud and Denlinger, 2006 ),
A 95 1) R 55 B VS e U2 AR R A BT R AL (A
24.32%% % 2.94% ) KR T HIIRSH 0 CHIfk
4h [, ASCLE Overgaard 55 (2005) UL
J& Michaud F1 Denlinger ( 2006 ) #fF5¢A9%EAE I
B4Im T RCH+CS 1 CS XML FH, Z55L3RHT,
X2 A B 5 R R T 225 5, B EOE IR
JoiiE I AN 5 R BRI R A A A8 4k, T Bk
i RCH YL = AR08 o B T2 RR,
AW FEAL I E 1) 2 e 55 BRE T g AR PN BT A 2L 4 L
HI R ITR S B i, A5 2 L 10 2 240 Jp s g
RERRIWTIR & i, XFEA Rt — 20 M WA WA DR DT R
o i AR Ak T BT 4 AR 2 A0 AT 5 ) R 36 BN
i %) VR Uk T 52
bR T AN AR TR & = 122 1k, PLRY) Bt
582 RCH A BRAALHLEI o) — F 207 1H . FiA
(Lee etal., 1987, Michaud and Denlinger, 2007 )
R BT ARY) SR AR s . A . A —
SO BEIR AT Horh oY R Bl 22 D) R A 2
(ST PN, W N AT T B Ak L ) 222
BES, AT DAAR 3 8 A AT G0 32 300 358 ol 0 460 5
(R, Ml KAKFEAM ), 7ERIERN. kR
FE#] 5 T, palmi AIGEFEE M. vitrata T4 % 31
RCH Ab3J5 i3 s & 50 2 7+ ( Overgaard
etal, 2007; Park et al., 2014; Kim et al., 2017 ),
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AR T AR RO S5 5, BV R T B S5
TR, 28540 °C. 4h 0B, FANT - 12.1 °C
BRI, R EERE A W T, URH R S BV
FERAZ YIRS, 2377 AL TSR HCAE PT BE 2R Y
AR o T BB AR T Bl B S B
TR AR K R VAR AR i R, APH R e
7 2 TS T 2 U 7 A R Vi R R I A
R 58 ) JBih A o i 2 A R AR E A I g Th A o
EARAE, 050 N 45 S S H RIS TR
W& 0 °C. 4h A0BE . F&mhia, AR =
B . MacMillan 4% (2009 ) [AIFE % 3 RCH
S FEE AN RO R R, A
TR, SRS A BT, UEBIFE RCH
T, AT AR R AR B A A0 A0 A e
Wi, (e s 70 24 e R B RERBUA Y R (H
LA R R T A U BT R A S SO HS
i fesn, 1l DA R SE BT 7 1 2 PO A T

L2 A A R R I 3 i — A, o —Fh
30 114 IO

B TR A S B, HOh R R T
Bz —, fE4Hiid RCH J5 W RHSER A/
el bk e H R _EFE (Park and Kim,
2013, 2014), ARWFFREEEF, FEHAMKEAL
PRAEE , HIh S B, AER R R R A 2 20
LR ICI B 22 5, R TGS ZAE W BBEAE T

(0 °C) I EBBEMHE R N (LLTg: - 12.1°C),
Hm & RN, Yoder 25 (2006 ) W& BLA
1 Sarcophaga bullatafe - 10 °CHyNA F&FH
AR T XS PR B S H v, AR5 7 R
A - 10 °Crr, HAFIE RS,

AR, FEEBOEIRAY RCH 2SR
S, BRI R s L, A
R HIRE S I TC T W . MHLH &, AR
PR 5 BETR I 1 RCH N4k 5 8 I R 4 A 5%,
FLARF AL RF RN & 5 380 | AR R 2 i 1Y)
WD DA KB AN R A3 - seAh, e g
WAFL, RCH J5 g I BET M 1A N 77 AE B0
() AR AL, QIRE SR A I A3 | A
REARR o IS T 5 B TS R PR V2 T A2 I % T fie
AR IR A AR LAY E Y B EE R X T4

K, EERARME A A H, A R A B AR
R, RS RS, RCH ARy —Fk
PR FE SRS, ] B 56 BEVE W A e ) A A 2 G
o e eV R R I h A A AR A R
FIRFRER A B2 R AR AL, I YR
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