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Supercooling capacity and cold hardiness of Galeruca daurica

( Coleoptera; Chrysomelidae)

LI Hao, ZHOU Xiao-Rong, PANG Bao-Ping” , CHANG Jing ( Research Center for Grassland Insects,
Inner Mongolia Agricultural University, Hohhot 010019, China)

Abstract: [ Aim)] Galeruca daurica Joannis began to outbreak seriously since 2009 and has caused great
losses in the Inner Mongolian grasslands. Its occurrence region has expanded constantly and the damage
has become more and more severe, which greatly influenced the sustainable development of grassland
animal husbandry and ecological safety in Inner Mongolia. Low temperature is a key factor that affects the
development and survival of insects, and their overwintering survival mainly depends on their tolerance to
low temperature in winter. Understanding the supercooling point (SCP) and cold hardiness of G. daurica
is helpful to forecast its distribution and population dynamics. [ Methods] We measured the supercooling
points in various developmental stages in the laboratory and determined the survival rates of larvae
exposed to different low temperatures ( —6°C — —14°C) for 2 h or exposed to —5°C for different periods
(0.5 -8 d) with the thermocouple method. [ Results] The supercooling points had obvious differences
among various developmental stages of G. daurica in the following order from low to high: egg
(-29.8C), 1st instar larva ( — 14. 6°C), 2nd instar larva ( —13.3°C), pupa ( —12.1°C), 3rd
instar larva ( — 10.2°C) and adult ( —9.0°C). The SCPs of eggs were the lowest in December and
January, and the highest in February. The survival rates of larvae declined with the decrease of treatment
temperature and the extension of treatment time. For 1st instar, 2nd instar and 3rd instar larva, the half
lethal time of individuals (Ltimes,) at —5%C was 3.84 d, 3.80 d and 2. 28 d, respectively, while the
lower lethal temperature needed to kill 50% of individuals ( Ltemps,) after 2 h exposure was - 10.1,
-9.1 and -8.5°%C, respectively, higher than the corresponding SCPs. [ Conclusion] The larvae of
G. daurica can be considered as chill-intolerant.

Key words: Galeruca daurica; cold hardiness; supercooling point; survival rate; lower lethal
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VWA BN B Galeruca daurica Joannis J& 5538 H
MR TR, EE UL S E DA Allium
mongolium Regel . Z2#R 2 Allium polyrhizum Turcz. ex
Regel . BfdE Allium ramosum L. 255 & B 4 )8 M EL )
HER, FRER SRR, B R R —
o TEHRICE, ZREEFESHESHE.
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FrEME R BAEIERK(BERSE, 2010), ZHMN
2009 EFFIRTEN S B R B RA KRR K UK,
ERBFEMER B, KETE M 2009 415k
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IRIR 2 B B A K R B AT I R R 7,
JEAR T2 B AR RRESE, B, B AR
HFPRE & AT B A B 2 HT 32 (McDonald et al.,
1999 ; Chen and Kang, 2005 ; Lapointe et al., 2007) ,
PUFEE R VAR EE T RS IR T MFAE e
71, SEIERENRE B, RN HEE
b B R R BB IR OU 2 8 IR A i [ AR
K(Lee, 1989) , 7EJLJ7 1 X & SRR £ 72,
PUIEME R ARIIE B BB A A7 TE A Al sk S AT 32, %€
PERIR SR E T B HUIRIR T A TE MR (R
IR, 2004) . B HUBRAC B B A7 I R B R >k
AR TR, R RBS K R i 2 ) IR B ( Bale,
1989) . HEGX KR Bt E TR T #0-0F
3%, W44 B i i1 Leptinotarsa decemlineata ( Boiteau
and Coleman, 1996 ; ik~ E4E, 2012) | KRR H
Meligethes aeneus (Hiiesaar et al., 2011) 1 B &0t
B Ophraella communa(Zhu et al., 2011) %%,

e H B S P AR A A DL DN A B R 38
(Shintani and Ishikawa, 1999), H#ijE & DAYP#A
W FEEMHHRER GRS E Pallasiola absinthii
(B4, 1990) | dE#EMH B Galeruca reichardti( 4%
BIEMT 7B, 1999) . XWBE % i B Monolepta
hieroglyhica ( ¥ ¥ . %%, 2008 ) il T K AR # M- B
Diabrotica virgifera( R %24, 2009) 25, {HX} LR E
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R R 25 COLMBEFRENIKE 24 h WEFFEE
UL, LABEHMIRRATAE A iE AR, B Ab3 4 ~6
ANEE, BAER 20 ~30 kgH,
1.4 HEGVTESH

FI G4k DPS9. 5 X £ 5256 A 25 BT 18- 50 4
HIT G M. AR AL B 2 8] Y 5 25 20 A R A
ANOVA ¥, ZE B FF LSD £, X Weibull
Function: p=1-exp[ - ((¢t+a)/b)"c] (t: IBE;
a, b fllc: %) FI Probit Analysis: In[p/(1 -p)]
=a-bt (t: Bf[E]; a, b: 280, USFHERGIRE
BT 5 B, LA E BXAE IR BE AN B L I [E] ( Hao
and Kang, 2004) ,
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ETRREOBRER AR, SRRUW(ELD), ¥
R HARIRE OB % 50 AR B 22
5 (Fs s =195.81, P <0.001), ¥ sl K2
BHRKIR AP ( -29.8 £0.88C) . 1 ¥4 ( -14.6
+0. 16°C), 2 ¥4 ( - 13.3 £0. 25C) ., I
(-12.1£0.26C) . 3 i#¥%hH( -10.2 £0.23°C) I
BHL( =9.0 £0.20°C) o AMAEARAE H BUAE A TP
H, O - 36.7C; S (A BTE 3 R4,
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Fig. 1 Comparison of supercooling points of Galeruca daurica
in different developmental stages
BRI « bRl A EARRIFRERAR AR R T BN 2
[P E(LSD ¥, P<0.05), [ 2 [6, Data are means + SE.
Different letters above bars indicate significant differences among different
developmental stages or seasons (P <0.05) by LSD test. The same for
Fig. 2.
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Fig. 2 The dynamic changes of supercooling points
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BETHEE(1 B4hH. F,,, =63.62, P<0.001;
2 k4l H; Fy,, =227.51, P <0.001; 3 #i4h .
F5,5=52.92, P <0.001), HiREMKTF - 10C L
G, 4 BIEERL/NT 50% . B 25°C R (P
=1.0000) #1 —8°C (P =0.3964) 4b ¥4, 7EHABAR
RALE T HRYRFERFEREER (P <
0.05), i@H 1#% >2 % >3 #, N Weibull %
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0.001; 3 ¥4l : Fy, =71.33, P<0.001), ftEE
SEFRET E FRER, FRIE R B WL, 5XTHR(0 d)
AHEG, 12 4R 1 d JFAAERBE TR
(P<0.05), T3 i#ghd kb3 0.5 d j5 Bp 23 T F%
(P<0.01), 1 #&F012 g dfE - SCARRT AL
4 dfg, ST-FRIFMhEBIE 50% , 13 b2 d )5,
e 50% . BRARIRALESE 8 R (P =
0.7449) 51, 7[R 35 &)y o7 1% 32 1 At 40 3 B[R]

PIfFE B EZSR (P <0.05), 7E[F —Ab B (A, 1
BN 2 B A BAFTE R AT 3 B4l i A Probit 53
PIARGF HbTIR T 4 BAE R 5 A B R B &R, 9F
HWHEEE - SCTRELET, I 10%, 50% F
90% Pt T E (£ 4) o MK 4 I, 76 - ST
IR T 50% ZFCH [] (Ltimes, ) AREI/IMRIK A 1, 2
3 EAh iy, Xt — 2 U B BE A &l S 3 G
T, 4 B TIRE RE T8 o

F1 DEEMHBAYHYHESFRELE2 h GHFEXR

Table 1 Survival rates of Galeruca daurica larvae exposed to different low temperatures for 2 h

L s F#1% 2 Survival rate (% )
Larval instar 25C -6C -8C -10C -12C -14C
1 # 1st instar  100.00 £0.00 Aa  97.66 +1.36 Aa 70.25 £5.26 Ab 50.00 £40.8 Ac 32.59 £6.16 Ad 5.00 £2.04 Ae
2 % 2nd instar  100.00 £0.00 Aa  95.75 +1.65 Aa 60.86 £5.22 Ab  41.91 £3.39 ABc 10.00 +£2.23 Bd 0.00 £0.00 Be
3 %% 3rd instar  100.00 +0.00 Aa  85.00+2.07 Ba  51.50 +17.13 Ab  33.33 +3.33 Bb 0.00 +£0.00 Ce 0.00 £0.00 Be

B A PI% = FRmEDR s RATEOE G A R)/NE TR RN R — IR R Ab 2R E] 25 5 .35 (P <0.05) ;5 [WFNE G AR KRS 8RR [ — AL BEA
[E)i A 22 7 2 (P <0.05) (LSD ¥ ) ; # 3 [d], Data are means + SE; different small letters in the same row indicate significant difference among
different treatments for the same instar (P <0.05) and different capital letters in the same column indicate significant difference among different instars for

the same treatment (P <0.05) (LSD test). The same for the Table 3.

R2 DEETRLHOBILEE

Table 2 Lethal temperature of Galeruca daurica larvae

4y S . b . & BB Lethal temperature (°C )

Larval instar Ltemp,, Ltemps, Ltempy,
1 # 1st instar 19.44 £9.57 10.38 £9.75  3.53 £3.74 0.9823 * -6.29 -10.08 -13.95
2 % 2nd instar 16.43 +6.12  8.12+6.24 3.40 +£3.03 0.9870 ** -6.05 -9.14 -12.24
3 % 31d instar 13.37+1.21  5.76 +1.29 2.13 0. 67 0. 9877 -4.84 -8.52 -11.37

a, b Ml c AIEAISEL; BMESHMMESAHFER P<0.05 il P<0.01 ¥4 BFEM:; ¥£4 [F. a, b and ¢ are parameters of the model. Single
asterisk and double asterisks indicate satistical significance of P <0.05 and P <0.01, respectively. The same for Table 4.

®3 DEEMBYH -SCRIELIERF M EEFER

Table 3 Survival rates of Galeruca daurica larvae exposed to —5°C for different treatment duration

& H s 3 1715 % Survival rate (% )
Larval instar 0d 0.5d 1d 24 4d 6d 3d

1 #% Ist instar 100.00 £0.00 Aa 96.87 £1.35 Aa  80.56 +2.86 Ab 69.76 +6.61 Ab 51.00 +5.57 Ac 32.57 £8.09 Ad 7.61 +3.91 Ae
2 #% 2nd instar 96.76 £2.03 ABa 94.70+2.02 Aa 72.17 £8.66 Ab 67.42 +7.57 Ab 46.32 £8.92 Ac 24.00 +11.66 Ad 5.11 +2.51 Ad
3 % 3rd instar 95.75+1.65 Ba 77.53+2.07 Bb 52.14+2.64 Bc 28.25+6.06 Bd 20.00 £6.52 Bde 9.18 +2.68 Bef 2.70 +1.11 Af

A RS TIFERE I B, PRIR B & XK
AT 52 BE B0, AL AE A 7 Bk 39 ) B i A% H 2T
FERE I AR 2 (R AR AR , 2002) o ASBFSY
RV EET FARKE G B R HGIFER
EFER, IR HERBEIRKIE . 1 R4H . 2

3 g

B B A e B I A U R T HA R B 2 & B
B, ibkEZ 2L M 22 1L (Kostal et al., 2001) , i
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®4 DEEA AL HABIERE

Table 4 Lethal time of Galeruca daurica larvae

4y I

HFLI[E] Lethal time (d)

Larval instar ¢ b Ltime, Ltimes, Ltimey,
1 # 1st instar 1.86 +0.67 0.49 +0.16 0.6514* 0.68 3.84 8.28
2 #% 2nd instar 2.68 +0.38 0.70 +0.09 0.9206 ** 0.69 3.80 6.99
3 ¥4 31d instar 1.55 +0.53 0.68 +0.13 0.8499 ™ 0.94 2.28 5.51

el a3 W4l R R A [ A A B Y
HRHSWFEREER, Hd 12 AFMKEL H
AR, HEERRH2 A, TR (2 A)
o HABBFFE WK THRBIMEER, il 5t
VB ¥EH Anatolica polita borealis 5 /)it Z& 4 Fii SCP
BAWBRZETEEM, 3 A9 SCP i -12.5C, 7
AR -6C,9 AJKK -13.6°C ( LIERE, 2009);
J M B Ophraella communa B9 #)353¥% #H) S b6
ZF(7-10 A) Mk, EEER, ZFEHAK(Zhu
et al., 2011) ; MR FR BB Meligethes aeneus J 3 B
PR R YR A UL R T A ZF ¥ (Hiiesaar ef al.,
2011) . THESZEH & e 7550 v 20 s MR BN = KK
BN BLHL. 1A L 4 i 2 g4 HUR 3
e dy, HEARR WU -13.73C (k= E 5%,
2012), mE T AMTEIE( -27.5 ~ -31.7C)
(ARG R) LMK BRPAW(-24. 4 ~
-28.0°C) (Hiiesaar et al., 2011) B3B8 #H S, ¥
AHEM PR R AR RE -9.0C, Z& T
KRR A MK -20°C, hE THEZM K
-12°C, XIRFTRER R VP AR F DLOBRA, T
THRER R DU AR AS, B B R &0 K 1
BRI, B A A B 1 R TSk R 2
BRA LR,

KTV 2 5 (SCP) & E ] LAE R B P FEE
AT SREE I — B EBRR MG, —SBIRE NN
FEe B R 7E SCP DL M RIR B K & FET:, SCP NG
VYE B FEE R & & T8 45 ( Bennett and Lee, 1989
Nedvéd, 2000; Kostdl er al., 2001; Bale, 2002;
Carrillo et al., 2005 ; Hiiesaar et al., 2011) , {HtFH
WZ R M SCP 5RIRAFIE BRI B & AR K
R, A LLEN H 5T FE M8 A S 45 45 (Lee and
Denlinger, 1985; Nedvéd et al., 1995; Hodkova and
Hodek, 1997; Hao and Kang, 2004) , ASHF5% 45 %
R, YA T 4 R BSCRIE (Lempy, ) & T
HARRLHY SCP, T H.5 ZARIR A0, ghH7E -5C
T6~8dAET-FATiL90% LA I, %8 Lee (2010)

RIGrhrE, YR M 4h BUR T AN i 2E98 B ( chill-
intolerant) , 37+ H SCP N & GIE NGB B M B
LG XT e bR . {ER2, SCPABARAT LIFE R
FOBCHR [ A 4 R B M A XS 847, B 1 -3
&4 SCP K/N B HEFNIR T 5 R A HHi FE /e J1 48
5 (Ltemps, Fl Ltimes, ) BIHEFIIF & —BH) . ST,
BRI A, £FMREERRIRR S S
EREERFTH LR, FI, AR A
MR RTIEER B EE R MR PR
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