5538 B 5 W S &~ £ Eild Vol.38,No.5
2018 4F 3 A ACTA ECOLOGICA SINICA Mar.,2018

DOI: 10.5846/stxb201702160260

EHLEN, TS, B8, B /REHE - AR, Roman Jashenko , 252 YL X UR L1056 ( Pyrrhocoris apterus ) Tif F€ B8 77 1 5 i J 4 438 [0 5 Wk 2B 25 2 4l
2018,38(5): -

Cao K L,Wang F Y,Hu M, Wuermaiti Dawuti, Roman Jashenko, Ji R.Cold resistance and adaptation of Pyrrhocoris apterus.Acta Ecologica Sinica,2018,38
(5):

g4t %+ 8& 41 %% ( Pyrrhocoris apterus) it ZE 88 71 Y 52 I B2
& & B R R

w25 &, BERER - XA EH Roman Jashenko’, F&  RDT

1 HTER I K A AR A B, BT TR AR R IR BE W Rl 20 MM AR P 5 VR o T S % vP M XU B AT 3 AR S P R PR 5 0, S K5
830054

2 BT BB R R 848400

3 MG BE ST AL AN E S E R S R BRI AE 050060

TR+ Sy i) I A 30 ) s 2105 07 XK TR 30 1 i S SR s B LR g PR 28, DA 3L Ak /K 4580 B £ i e 9 T S 68 7, 38 A
T 12 A #3843 AIRLIEIRIR YL AT S B R 5 8 MGIEAFTG 36 LTy, DA R IR 20B R N TR FE Y B & i, 45 SRR I, A 0Tl i
210 B ARFP RV HL S R AR (-14.01£0.53) °C, -5, - 10°C P4k 30min J5 1 4R £1 45 5 8 H) sl S AR 2 0 (-19.32+0.86) °C |
(-25.56+1.09)°C, 0°CYIfk 30min J5RFET-5.-10.-15C 1h FEH S RKK N 100% .39.1%+8.6% ,10% ; 4 L1155 F SR FhE
LT, 5 N =8.53°C ,0C YMLIGIEZE -9.21°C , MA I A MEMELA T 8B 0K 9 1 | K/ 454 K Lo (8 R 88 3 A B & B 5E T s BT,
12 73k B R AR, MERESY 10 144.50+26.22 F1 140.32+21.92, (15.81+0.10) mg/g 1 (15.47+0.01) me/g; & 7 . 15 0 0 H- v &
B TR B2 A AR, MEMERS 115 & 520 50 (16.33+0.48) mg/g Fl(13.15+1.32) mg/g, MM S 870 5 (11.98+
0.01) mg/g F1(10.88+0.02) mg/g, H il & #7354 (14.74+0.01) mg/g F1(15.06+0.03) mg/ g, AF5EUEM , MR YI L5 4 2186 Ay ot
VAN LT W 5 PR, P 1 S50 S S 1o, A A S0 ) i 213 T 3 o 80 2 e PRt 9 Joit 5 ik LA 58 P R S

KR AR ; 2V A0 8 ICIRAE TG 26 5 L BOTIR L ; T FE W) 5 LR 41 0%

Cold resistance and adaptation of Pyrrhocoris apterus

CAO Kaili', WANG Fangyan' ,HU Min', Wuermaiti Dawuti’, ROMAN Jashenko®, JI Rong""

1 College of Life Science, Xinjiang Normal University, Key Laboratory of Conservation and Management of Species Diversity in Xinjiang , International Center
for the Collaborative Management of Cross-border Pests in Central Asia, Urumgi 830054, China

2 Xinjiang Yutian County Grassland Station, Hetian 848400, China

3 Ministry of Education and Science of Kazakhstan , Institute of Zoology, Almaty 050060, Kazakhstan

Abstract; This study aimed to investigate the cold tolerance and adaptation strategy of Pyrrhocoris apterus ( Heteroptera :

Pyrrhocoridae ) during the over—wintering period. The supercooling point ( SCP) of the wild population ( control group) and
the cold acclimation group, the survival rate under low temperature, LT, and the content of biochemical substances were
determined from December of 2015 to March of 2016. The results showed that the minimum SCP was (—14.01£0.53) °C in
the wild population, whereas that in the population treated at =5 or —10°C for 30 min were (—19.32+0.86)°C and
(=25.56+1.09) C, respectively. After treatment at 0°C for 30 min, followed by exposure to =5, =10 or =15°C for 1 h, the

maximum survival rates of P. apterus were 100% , 39.1%+8.6% and 10% , respectively. The minimum LT, of the wild and
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acclimated populations at 0°C for 30 min were —8.53°C and —9.21°C, respectively. The free/combined water and free
protein content of P. apterus females and males initially decreased, and then increased, to reach the maximum in December
(144.504+26.219 and 140.317+21.92,(15.8102+0.0992) and (15.4688+0.01475) mg/g, respectively). Fat, trehalose
and glycerol content of P. apterus females and males first increased, and then decreased, reaching the maximum in February
during the over-wintering period. The fat content for females and males were (16.33+0.48) and (13.15+1.32) mg/g,
respectively. The trehalose content was (11.98+0.01) and (10.88+0.02) mg/g, respectively, and the glycerol content was
(14.74+0.01) and (15.06+0.03) mg/g, respectively, in female and male P. apterus. The present study demonstrated that
acclimation could lower the SCP and LTy, of P. apterus than those in the wild population. These results indicated that
acclimation could improve the survival rate and enhance cold resistance in P. apterus by modulating the content of

cryoprotectants during the over-wintering periods.
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AR YIRS — b oA R o B T FERE ) iR AR, 2 B HUW XA R R Y — o R RN 3R B, e ) sl 81K
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0.53)°C . (-17.19+1.28)°C , H.# 5 8 ¥ (P<0.05) ,

=5CYMELA 2 A IR S W, LT JS 3 v 50 834053 301 R (= 11.47+0.58) °C | (=17.66+0.77) C
Z5 3 (P<0.05) 512 H YRR A B 5, DAL S 8 5 502440 908 (- 14.01£0.53)°C L (-16.97 +
1.01)°C , 5 .3 (P<0.05) ,

KAWL X L LL 3 A 3% 3 8w A%, Pk
(-14.47+0.76)C, -5, -10C YL J5 2 9 T B &=

—— M IR —a— X IR
(-19.32+0.86) °C . (-21.31+0.85) °C , YL [ J5 2 7+ i
#(P<0.05) .

——-5°CYt —10°CV
BT F AR Y K AR PR IR L1 8% 1Y 2

AR SR T SRR R b 1 ] M RIR R A, el % +

(~7.08+0.05)C., s | \/;:3%

2.2 YRR LT S IR 77 5 K BOBE IR FE 9 B 0 : : ;
A% 1 A (T DIk BE I 8 2 = BR 21 0 A I TRLAF A f# Month

TEAETT, MAMIE 12 H = 3 HYIMEA AR KT Bl M T R T A
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FH e 3 TTAT B A S () e I AR 2T 0B AR PN 1 F K/ 45 K (BRI B 2 A B s e TR S BT, 12 H Ak
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HEM 54 90.55+16.90 F1190.14+1.64, (15.46+0.20) mg/g F1(14.96+0.02) mg/g, Z Ja - ih Tk, AIE H 441
A0 1 PR 7K 45 G 7K BRI 25 28 11 BT 3 f 24 T o 35 25 5% (P>0.05) , AH TR A 13 MR 22 0] A B 7K/ 256 7K T
B TC 03 25 5 (P>0.05) ,2 J1 Wi 22 )3 2 2 1 & 1 225 577 1 3% (P<0.05) .
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Table 1 The effect of cold acclimation on the survival rate of Pyrrhocoris apterus over winter period

12 H December 1 H January 2 J February 3 H March
- P41 e Y e Y et
i g/ C
Temperature pOpisE: Cold popiiE:l Cold POy Cold bopiizEl Cold
pe CK/ % acclimation CK/% acclimation CK/% acclimation CK/ % acclimation
Group/ % group/ % group/ % group/ %

-5 56.67+3.33aB  89.70+3.69bA  96.67+3.33aC 100.00aB 98.89+1.11aC 100.00aB 43.75+3.33aA 100.00bB
-10 0.00aA 33.30bA 8.89x1.11aAB  39.06+8.70bA 13.64+2.82aAB 31.06+1.33bA 28.89+12.81aB  33.83+3.35aA
-15 0.00aA 0.00aA 0.00aA 3.33+£3.33aA 0.00aA 10.00aB 0.00aA 3.33aA

F B A - AR R ; B 5 A [l /NE FRE R R AR R A (5 B2 5 9 {2 22 5% 835 (P<0.05) Bl J5 A [l K5 71 3 R A R AL B R
AN Ay 25 B E M (P<0.05, /M2 2405 LSD Al Duncan FAGKY)

R2 MWEHEYIE X GG LR BT IR R

Table 2 The effect of cold acclimation on the LT, of Pyrrhocoris apterus over winter period

Hy Xf HRZH Jifbdi(0C) At IR itk (oC)
Month CK/C Cold acclimation group/°C Month CK/C Cold acclimation group/°C
12 -5.17 -7.27 2 -8.53 -9.12
1 -7.95 -9.21 3 -4.84 -6.04

WEHE UG TR I B DT V6 S0 RN H i % 0 B TR R R, 2 SR SR K, MEHERR 195 5 i 4 R (16.33 ¢
0.48)mg/g F1(13.15£1.31) mg/g, I EEHE & 57300 (11.98+0.01 ) mg/g F1(10.88+0.02) mg/g, H il 2 &= 43 3
1 (14.73+0.01) mg/g F1(15.06+0.03 ) mg/ g, 45 H 22 [i] $fe e VA P I S5 0 R0 H 3 75 2 22 52 48 1 3% (P<0.05) . B
TR I & ik de /ML AE 12 A3 H AR (9.9720.03) mg/g F1(9.52+1.74 ) mg/ g , Wik 1 0 1 H 3l o5
i/ MEYIFE 3 H L4308 (7.82+0.01 ) mg/g F1(8.42+0.05) mg/g, (15.98+0.09) mg/g Fl(15.34+0.02) mg/g,
IR A 2 A 5 HAb A Z [\ 25 83 (P<0.05) ,2 AERE &85 3 H A5 5% (P<0.05) , 5 HAb A
Py Z [ 3% 22 5 (P>0.05)

K3 BEHEBERIEEATEYREL

Table 3 Cold resistant substances of Pyrrhocoris apterus females and males over winter period

A k4 Ak , s . N
Vnu Jig M (mg/g) B (mg/g) il (mg/g) TFEEAR (my/g)
At Free water/ ;
) Fat contents Trehalose contents Glycerol contents Free protein contents
Month combined water /
Q 5 ? 5 ? 5 ? 5 ? 3
12 A December ~ 144.50£26.22aA 140.32+21.92aA  9.97+0.03bA  10.77+1.21abA  8.450.02cB  8.72+0.02cA  8.10£0.03cA  7.92+0.01cB  15.8120.10aA 15.47£0.01aA
1 A January 130.55+11.76aA 127.14225.83aA 11.99+1.05bA  11.97+1.23abA  9.21+0.02bB  9.33£0.02bA  8.83x0.02bB  9.23+0.01bA  15.77+0.02aA 15.36+0.02bA
2 H February 90.55£16.90aA 90.14x1.64aA 16.33+0.48aA  13.15£1.31aB  11.98+0.01aA  10.88+0.02aB  14.74+0.01aB  15.06£0.03aA  15.46=0.20aA 14.9620.02cB
3 A March 141.18£6.02aA 121.51£8.27aA 11.26+1.46bA  9.52+1.74beA  7.82+0.01dB  8.42+0.05dA 15.98+0.09dA 15.34£0.02dB  15.68+0.02aA 15.35£0.01bA

A P B b RS R PERURFL 32 -85 (P<0.05, B2 40k 15D B Duncan [0 BB RS 7 I BB A 3 08 (P05,
OB T i)
3 #Zig5itie

3.1 YIMEXT IR LTk i FERE 1 1
R 22 V8 A1 55 TR B AL (A i FEPEXT 3R 70 M AT 25 VK HL ( freezing intolerant ) FTIH 45 VK7 ( freezing tolerant)

http ; //www.ecologica.cn



54 WYL 55 YMEXT IR L0 ( Pyrrhocoris apterus ) T FERE 7 A% 52 M) R 804 388 107 3 s 5
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H AR 2185 8 TR Z5 VKL, I HLIRIF 22 R 45 vk R B e — R 78 5 5k v 315 iR R aREse vt 3
HAR IR L0 FLIRFIAE A3 v 20 i e (K 0 (- 14.47£0.76) °C  (HAF H B T - 10°C B M7 5 R AL 28.89% +
12.81% , Rt , [RIREAS RERE T v A0 s VR DRy 7 i B 2L M o FE P Y ME—FE

YL FT Y I ARG £ 108 Y 3k v A i 32 i IR A 5 R RN JE RE ) . ANIIR 25 R A, 3 H Ih4ris | 9k
FPfEZEE -5 ~10°C YL , e v A0 520 i IR T (- 14.012£0.53) C R FE R (-16.97£1.01)C ((-17.19%
1.28)°C, ~5°C 258 FAFI R 43.75%+3.33% 1T+ 3] 100.00% , X5 PG ALE] 5 ( Frankliniella occidentalis)
LM (Brontispa longissima ) % B BUFFR 45 R —8(0 ™ BItL, FLAR R P IR LD 28 1 Bk B B 4 2 IR 94k
PR, HUTH FE R ) MR B2 5 LUl (22 42 A

AR AT V8 20 AR AF 15 AN LT, 255 HI W A TR SR 210 A SRFNRELL 3 1 TR € RE ) dei , (R AL )=
WL 1 A5k, S0 R R S HE SRR A 2R 3 A S kAR« BIRIE KRR, A SRR UA B0 i i JE 68
NAREZ A e i A DL AERP ARG (H 1 A AUR AN b 2 1 B AR, BR 2106 283 K ZFI) 4 11 B SR 94k
Jr AT T FERE A7 B T H A2 AR AC | X2 I 10 K 338 1y PR ) 551
RN GEAR NS NS ST

Ay AR IR IR FE AT IR AT 1Y B PR S A o B2 v S8 B T WSS SE SR R A 255 0 SR e N A
FRIE N MG A IR IR A Z PR E T X BT S 55 (Malva sinensis C.) IARTRI  RAEAT
Sy B G A S R v e RN R IR R PRI 5 RIS RE S L 5
KW (Ostrinia furnacalis) IRFATE R ( Dendrolimus spectabilis ) #54& %)) L 1 5% R ( Phthonandria atrilineata)
AL gy HUAFRF IR 45 AU > AR SRR |, IR W IRV AR 2T A P 1 K/ 45 7K FUABLRAIG ) R K B i A
AL AL B 7K A B T4 e s 9 EE P VS TR R, AT v A 2 A IR i 2 A N R R
B, TR AL A B A L X 5 3 [ A I I ( Thitarodes pui) K E I ( Chrysopa pallens )
T F4R 5 9% (Apolygus lucorum ) YP R FT 45 SR — 5072 (A 5 2R 0 36 s 38 RUME 8k & 4y UBIF 58 285 SRS —
] BRI Rt — 2 40T, H I S R nT AR v 5 O M R I VR Sy R A R Y B
ORI BT, JHE 5 1 I AR A AR R 1 B A (R RS P 1 HOATIR T BE T RN PR UE B TE R AR B RE A
JHEEA EEAE O IR R IR A R

B2 A P T S S5 AR Ak T BB IS T T A R U B 8 AR Ak 35K 2 A1 Ay A DG il TG P K S T R R — B
0] AW IR R BRIRE IS 1 7 Oy M IR S A (L AR Py B K/ 25 B /K EU (B i U 96 b il i
BRI B B ITE 2 iR B, 3R — W 5 1 X2 A5 5 AR Y TG VA I 7 E— B IR
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