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Abstract; Diamondback moth Plutella xylostella is a worldwide important pest on cruciferous vege-

tables. Critical thermal maximum ( CTMax) is often used as an index for the thermal tolerance of

insects. By the method of dynamic heating, this paper measured the CTMax of P. xylostella in a

self-assembled device, and studied the effects of development stage, rearing temperature, genera-

tion, sex, and heat shock on the thermal tolerance of P. xylostella based on the CTMax values.
Reared at 25 °C, the mean CTMax of the 4th larva (50.31 °C) was significantly higher than that of
the 1st larva (43.03 °C), 2nd larva (46.39 °C), 3rd larva (49.67 °C), female adult (45.76
C), and male adult (47.73 °C); reared at 20, 25, and 30 °C, the adults had no significant
difference in their CTMax; reared at 30 °C for 1-, 3-, and 6 generations, the CTMax of the adults
also had no significant difference. In all the treatments, the CTMax of the female and male adults

had less difference. Heat shock with 40 °C for 45 minutes could make the CTMax of 5 day-old male

moth increased from 45.51 C to 46.49 C.

Key words: Plutella xylostella; critical thermal maximum ( CTMax ) ; thermal tolerance; dynamic

heating; heating rate.
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30 C/NEIRANFEIR T 1R 2 1 BEH (0 /N5 Mk T
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Fig.1 Sketh of assembled heating device.

A JHHUZE R Moth container; B 45 MLBEHE AR Organic glass board; C:
JNIAER I L Plunge bath; D R 2 S AL Data logger; E. il #A#%

Heater.
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Fig.2 Thermal tolerance of Plutella xylostella at different de-

velopment stages.

Al {4 st larva; B2 #3488 2nd larva; C:3 #8451 3rd larva;
D .4 34 4th larva; E; MiW 8 Female adult; F . #Em 5 Male adult.

) FhEF R 22 5 . ( P<0. 05) Different letters indicated significant
difference at 0. 05 level. T [f] The same below.

) CTMax J CTMax50 i 1 % &, 43 314 50. 31 F0
50. 43 °C ;{HLMEAE R AY CTMax K CTMax50 0 4351
TRER 45. 76 F146.0 °C LK 47.73 F147. 80 C. Hf
AL CTMax H1E & CTMax50 W& =5 Tl gt H —
HESANDE.

2T R, AR R B B B CTMax ¥ 5 CT-
Max50 255N B3 (WAL By 22550k, F=1.212,P=
0.648;:=0.194,P=0.846) , il CTMax ¥J{H 1 CT-
Max50 #BATVE A/ N i P A AR FE A,

2.2 AN[FERRLEE S TSR THAR /N i g ot A

AN BE 25 8 T /0N S R hfE 2 1l HRU Y CTMax 3
{H }2 CTMax50 ¥J15T 45 CALT 50 C (Kl 3).

MIRIFRIRE 20 CHE N E] 30 C ), &7 20
Br, AR FRIRE (P=0.929; P =0. 846 ) 5 (P =
0.502;P=0. 141) X} /32 gk i HU CTMax 31 J CT-
Max50 ¥ & A W #FH W, —F B AE WA B #F
(P=0.071;P=0.118) , B 0 Hras R L 1.

30 CHFRMEE 1 4R(30, ) 53 AR (30, ) K56
(30 ) /NE R Y CTMax {5 K CTMax50 {H
L 4. WEE R A CTMax 27{E A1 CTMax50 {8 14 &
F 45 CALT 50 °C. 25 CHFELZRM/ NI 30
CHFE)a , B R FR ARG, e g 55 0 1 L
it PPk 34T B B J7 22 8 B R W, 30 °C B R[]
AL (P=0.575;P=0.477) FIPERI (P=0. 467 ;
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Fig.3 Means of CTMax and CTMax50 in different rearing re-
gimes of adult Plutella xylostella.

20 1 H130 ¢ 4353 7R 20 130 CHmFRIEE 1 AT, 25 378 25 C1iF
FERYZAE 3 ARLL LAY 20 | and 30 | represented the 1% generation
adults reared at 20 °C and 30 °C, respectively, while 25 represented

adults more than 3 generations reared at 25 C.
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Fig.4 Means of CTMax and CTMax50 of adult Plutella xylos-
tella reared at 30 °C for different generations.

30 .30y \30Wz§ﬂ'§ 30°CHFEIIEE 11855 3 1 28 6 1Rk AL 30 1>
30 and 30y; represented the adults that were reared at 30 °C for 1 gener-

ation, 3 and, 6 generations, respectively.

K1 RAFEEME BTN RHE CTMax H{E K CTMax50 BT E 5

Table 1 Variance analysis on effects of rearing temperature regimes and sex on means of CTMax and CTMax50 of adult

Plutella xylostella

He i A H B A SS ¥175 MS F{H F value WFEKF P
Source A CTMax B CTMaxS0  CTMax 39f  CTMaxS0  CTMax ¥9ff  CTMax50  CTMax #JfH  CTMaxS0
Mean of Mean of Mean of Mean of
CTMax CTMax CTMax CTMax
IELBE Temperature 2 0.514 0.343 0.257 0.171 0.076 0.169 0.929 0. 846
PER Sex 1 2.224 2. 406 2.224 2.406 0.656 2.365 0.502 0. 141
R M| 2 6.776 4.893 3.388 2. 446 3.075 2.405 0.071 0.118
Temperature xsex
%% Error 18 19. 833 18.315 1.101 1.017
SRS Total variance 23 29. 349 25.958

F2 30 CTRFF AR BRI XN A R B CTMax ¥ CTMax50 E#ME 75 E 51

Table 2 Variance analysis on effects of generations reared at 30 °C and sex on means of CTMax and CTMax50 of adult Plu-

tella xylostella

SR A SEJ5 0SS #1795 MS F{H F value BEKFP
Source A CTMax B CTMaxS0  CTMax 39 CTMaxS0  CTMax ¥9{  CTMax50  CTMax #JfH  CTMaxS0
Mean of Mean of Mean of Mean of
CTMax CTMax CTMax CTMax
AL Generation 2 0.632 0.543 0.316 0.271 0.570 0.772 0.575 0.477
P51 Sex 1 0. 305 0.051 0.305 0.051 0.551 0. 146 0. 467 0. 706
AR P 2 0.428 0. 639 0.214 0.319 0.386 0. 908 0. 685 0.421
Generation xsex
%74 Error 18 9. 980 6.341 0.554 0.352
AR Total variance 23 11. 346 7.576
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P=0.706) /NI AR B CTMax ¥ K CTMax50
P A R EER, “H WL LR BARE(P=
0.685;P=0.421) , By 2250 e S L3k 2.
2.3 PAIHOSH /NS R A 1 5 e
REPIAL IR 60 3k 5 H ¥ HE R AL 1) CTMax
H/ME R 41.0 °C e RAE R 45.0 °C 1M 60 Sk 48 40
°C 45 min PG FRAY 5 F R HE B Y CTMax /M
N 41T C L ERAE A 49. 7°C (TERBGS R A 4 3k
HERBET FET- N 6. 7% ) ;25 40 CHIHJG CTMax
PIE T (45.51+1.45) CHIINZ (46.49+1.66) C;
TR =% 25 5 2 (WAL BT 255 By 5 =
1.312,P=0.305;:=3.391,P=0.001). K& kb
P 5 P 4 B A CTMax50 {H 43 91 S 45.60 Fi
46.90 C.

3 i it

DAE /NS MR 2 5 S 1 BT 22 S b HL T
SEMRIE T, WEEHARNE A & B FRAE, Shirait " F]
PRI 75125 Mo Ase 1 M AR R il it e DX ]SS5 6 ) s 4
NI E MY SR N TR A R N P L 7 S
P IR T 1 D0 R /N SR g ) T R B R e
LA 3 5 AT G0 s g 2 v iR ) S e 2 A
AT F & W i 34 77 ¥k D € WK e B ( Deronectes
spp. ) IR I T W ( Glossina pallidipes )'® | 5 i
( Drosophila) """ 9 5f J& Jef t0 ( Myzus persicae . Myzus
polaris Myzus ornatus) ST T S B i B B F
FEARGE . B2 W0 ARy 12 0 /NSRG4 i AR AR
WFF 1 s B K

I 5 e ik ( CTMax ) A] Ay B B vk i 8 ik 2
— 20 TR AN RIS 3R B S R A bR R
X TN 8 B R R AN [v) ) S5 56 AT A [) 1) 7
Lutterschmidt F1 Hutchison" " A Ky, DL HU{A & A 28
(onset of spasms ) i (1) 3 BE A Ay Ik SR FE (B 38 M H
I ; Terblanche %“6] ¥ Mitchell #1 Hoffmann''" TE
ST FAPE R ST b DL A o (8] 458 (knockdown )
(R VR I PR s S R R S R AR A
242 5% BT BRI S e 7 il PR A R PR OAATR: i S ]
e T o R A T 8 3 v 52 B AU e i 3l 5 1)
B 1) R 2 A T FAPE R A7 2 — s Calosi 451 Il
PABOE b R JEE (lethal Timits ) 75 24 BR3P e B ( De-
ronectes ) Tl FPE A BRIE LL 58 0T 58 AR BFFE &K B, /N3
BTSN ARG R Pk B — R B S SRR KA
28 ARPRIET, U BEGAE S 38 3l St e e et ) s v
Sy TRMAC T, I A 50 R ] 998 & AR P 2R I 1Y

TR EAE A I S e T

i A 0 I 2 3 T /0N S g P T AP 52 22
KI5 0. AR A & B Be /st A EAN R )1 ~ 4
W54y v K E T B EE 4 05 &g e A B e 5 O
JHL 2 [A] AT 35 2 S o R 30 5 i i PR
AR YR A8 i B i P (A S
LR 2 B4 25 100 DRI X o s 3R 19 32 P e e P
SRA AL FE ARG (14 T AR5, 224 T A
RN 0.25.1 4 °C - min™ B, CTMax {E K K&
IROR KRS , 2% H 30 R IC %X Datalog-
ger( AZ8829 , 5 & 7 ik ) 1t i i U A b 1) ¥t 2 722 1k
A AR AT A A 0.25 €+ min™' . 7E
FIFHA S B AT I i Rt b % B, B RS
(10, 2 5V L PR G B A W AT, 7T Rt 2%
AN SR BT AR PR AR S . Yamada 25 BFGE AR,
AFIXT 0 B2 A5 A X6T /NS gk F B0 A 232 A i 3 S g
PR 5 M AN R A0 AR G 50 A APRORE X 3 B Tk
9. 0% , P ICAT A BB X AH X 0 Bk B8 XoF T A 1)
SEH N FATIRADESE 5 B HOG iR 1 i 52 PR 38 52
ARISRZ IR 20 ARG R HLEAS [ H I /N M o 1
it FAAE AN TR] H i OO b dn i A8 4k | 4 i o 2 i
FHAH5E.

2o AR BE AR IR /NS MR 1 B IR T
T AP I, R PG M ORER I A F B
HOR I BOARE RN — AN [m] I 32 ) 57 114 968 0% Jig o
( Myzus polaris) 2231t B b () Ak p M | it o 1) 5% ik
JEE (8 T e T RACPA S8 5 it o ) 71 R X YK o A
X A% & 1L ( Curculionoidea ) #44E B P 3% A B
(2R ) TMIAE 25 °C T 1) 35 (4 BT AR AE 05 1 ( Linepi-
thema humile) T B T 10 .20 & 30 °C FHFRIY
i A ARG T FETE R 30 °C T RIFR I /N S ik
it IR AN [ 20 125 °C 235 T 5 Shirait ™! X
AT BRI 9 AN/ NSRRI P P i R B
DI ECER AN Ay , FR Tl DX R (s A ) 19 TS 4
PEIEAS LR HT i DX (BRI ) 18, 30 0 e AR
R B 45 R A S

[F) — UL S S AR SR AR G IS — e 45
L ARG IR #APE. Hazell 261 BF5EIN R, 10 120 °C i
SR FRE 3 ARAIBREEF (M. persicae ) I8 1F J 1
(M. polaris M. ornatus) it #4E IF A T A 1 X
FHIN MR A A == P AR AE 25 C SR 3 AR
JETE FAPEIN L 2R 1 Q2 R AR (P <0.05) . ARWT5E
1130 CHRIFEIIES 6 A AT H 1A o 2 3 ey
Ui/ INSRE M P (9 R S VAN v IO R X



34 WSS

JINSE R B iR R 777

i 35 A& I BE .

PR 1 2 M A PR S I T P 52 31 T
IR AR AR B8 N Bl 5 i ) — 2R i
JOU, 5 S B 1 D LA I T AT
ABEFEH MR IR TR IR 15 °C AR I
45 min, 5 /N A G B A, SR TG B
P BB i i HA: B e RHE AT SR B it 50 °C
[F N7 PG o e P B BT U el
38— 5 TGS SRR B 7= A AR R, 55— 5 T
Pt o i) ) S A X BILAAR 7™ A 1 i 405 1 b BT A
SRy 5 H W A g i 38 X At U R Y R
Wi 1 1 32— 2L IS

Bale %51 fff 57 B UM AT RS IA N, B L)
B IRE VAT B RE ) AT B, PRLIHC 75 R FHAH I A SR s
XTI E A 38, A 458 1 B 21 1 o i
PFIIE AT . E35 5 A B T ) /NS Bk Ao A 2 T
ey 528 25 oy i PR 71T SR B — 26 %08 55, 1 /NS M0 ey
T RS2 A AT SRR AN i i R A TR R SR R
FAM A SCHE R 717 PR, B g T AT R — TR
FEUREE L AR FE T, 3 5 1 B R e T
W% 3 53— 07 T, R AT BE S A AR I R, SR A Y
AN, XS] BEAR R 51 AL B /NS A R D A
PR 2T 2R 1 i E A

2% 30k

[1] Cheng X-N (#2i%4F). Recent advances in research on
the migrating insects in China. Chinese Bulletin of Ento-
mology (EEHFNR) | 1992, 29(3) : 146-149 (in Chi-
nese )

[2] Honda K, Miyahara Y, Kegasawa K. Seasonal abun-
dance and the possibility of spring immigration of the
diamondback moth, Plutella xylostella ( Linnaeus )
(Lepidoptera: Yponomeutidae ) , in Morioka City, north-
ern Japan. Applied Entomology and Zoology, 1992, 27 .
517-525

[3] Coulson SJ, Hodkinson ID, Webb NR, et al. Aerial
colonization of high Arctic islands by invertebrates:; The
diamondback moth Plutella xylostella ( Lepidoptera;
Yponomeutidae) as a potential indicator species. Diver-
sity and Distributions , 2002, 8. 327-334

[4] Chapman JW, Reynolds DR, Smith AD, et al. High-al-
titude migration of the diamondback moth Plutella xylos-
tella to the U. K. : A study using radar, aerial netting,
and ground trapping. Ecological Entomology, 2002, 27 .
641-650

[5] Ding J-H ( TH#4E), Su J-Y (FHEW). Agricultural

(7]

[10]

[11]

[12]

[13]

[14]

[15]

insect: South edition. Beijing: China Agriculture Press,
2002 276-279 (in Chinese)

Kohno K, Soemori H, Takahashi K. Seasonal occur-
rence of Plutella xylostella ( Lepidoptera: Yponomeutid-
ae) on Ishigaki-jima Island, with special reference to
their sudden occurrence associated with a typhoon.
Applied Entomology and Zoology, 2004, 39. 119-125
Ma C-S ( % #%), Chen R-L (B&HifE). Overwinte-
ring and migration of diamondback moth, Plutella xylos-
tella// Chinese Society of Plant Protection ( T A Y
PRI12£25) | ed. Proceedings of 1st National Conference
of Young Scientists in Plant Protection. Beijing: Chinese
Science & Technology Press, 1991 294-300 (in Chi-
nese )

Chen F-Z (BRAEY), Liu S-S (XM A=), Effects of
low and subzero temperature on a Plutella xylostella la-
boratory population. Chinese Journal of Applied Ecology
(BHIAZS 2 42) , 2004, 15(1): 99-102 (in Chi-
nese )

Ma C-S (5FEFE), MaG (& ), Yang H-P (#5H1
). Overwintering of the diamondback moth, Plutella
xylostella in temperate countries. Acta Ecologica Sinica
(=A%), 2010, 30 (13): 3628 -3636 (in Chi-
nese )

Dosdall LM, Mason PG, Olfert O, et al. The origins of
infestations of diamondback moth, Plutella xylostella
(L.), in Canola in western Canada// Proceedings of
the Fourth International Workshop on the Management of
Diamondback Moth and other Cruciferous Pests. Mel-
bourne, Australia; Institute of Horticultural Develop-
ment, 2004 95-100

Gu HN. Cold tolerance and overwintering of the dia-
mondback moth ( Lepidoptera; Plutellidae) in southeast-
ern Australia. Environmental Entomology, 2009, 38.
524-529

Dan J-G ({H#E:H) , Liang G-W (B 0), Pang X-F
(JEHER). Studies on the laboratory population of dia-
mondback moth under different temperatures. Journal of
South China Agricultural University (Fer el k¥
), 1995, 16(3) : 11-16 (in Chinese)

Ma C-S (Hh###%), Chen R-L (FKZHfHE). Effect of
temperature on the development and fecundity of Plutella
xylostella. Journal of Jilin Agricultural Sciences ( 7 #k
AN RF) , 1993(3) : 44-48 (in Chinese)
Lutterschmidt WI, Hutchison VH. The ecritical thermal
maximum: Data to support the onset of spasms as the
definitive end point. Canadian Journal of Zoology,
1997, 75 1553-1560

Calosi P, Bilton DT, Spicer JI. Thermal tolerance,

acclimatory capacity and vulnerability to global climate



778 IANDEE N R 23 %
change. Biology Letters, 2008, 4. 99-102 sympatric desert harvester ants, Pogonomyrmex rugosus

[16] Terblanche JS, Deere JA, Clusella-Trullas S, et al. and P. californicus. Journal of Experimental Biology,
Critical thermal limits depend on methodological con- 2004, 207 1903-1913
text. Proceedings of the Royal Society B: Biological Sci- [24] Yamada H, Kawasaki K. The effect of temperature and
ences, 2007, 274 . 2935-2942 humidity on the development, fecundity and multiplica-

[17] Mitchell KA, Hoffmann AA. Thermal ramping rate tion of the diamondback month, Plutella xylostella 1.
influences evolutionary potential and species differences Japanese Jounal of Applied Entomology and Zoology,
for upper thermal limits in Drosophila. Functional Ecolo- 1983, 27 17-21
gy, 2010, 24. 694-700 [25] Klok CJ, Chown SL. Resistance to temperature extremes

[18] Hazell SP, Neve BP, Groutides C, et al. Hyperthermic in sub-Antarctic weevils: Interspecific variation, popula-
aphids: Insights into behaviour and mortality. Journal of tion differentiation and acclimation. Biological Journal
Insect Physiology, 2010, 56 123-131 of the Linnean Society, 2003, 78. 401-414

[19] Shirai Y. Temperature tolerance of the diamondback [26] Jumbam KR, Jackson S, Terblanche JS, et al. Accli-
moth, Plutella xylostella ( Lepidoptera: Yponomeutidae ) mation effects on critical and lethal thermal limits of
in tropical and temperate regions of Asia. Bulletin of En- workers of the Argentine ant, Linepithema humile. Jour-
tomological Research, 2000, 90: 357-364 nal of Insect Physiology, 2008, 54. 1008-1014

[20] Bowler K, Terblanche JS. Insect thermal tolerance: [27] Wang H-H (EEM), Lei Z-R (5 fF1Z). Current
What is the role of ontogeny, ageing and senescence? developments of heat shock proteins in insect. Scientia
Biology Review, 2008, 83 339-355 Agricultura Sinica ( HFEAFE) | 2005, 38(10) .

[21] MaG (5 ‘), Ma C-S (B % #). Upper critical 2023-2034 (in Chinese)
temperatures for behaviors of three species of cereal [28] Bale JS, Hayward SA. Insect overwintering in a chan-
aphids in leaf temperature gradient. Acta Ecologia Sinica ging climate. Journal of Experimental Biology, 2010,
(2R, 2007, 27(6) : 2449-2459 (in Chinese) 213. 980-994

[22] Ma G, Ma CS. Effect of acclimation on heat-escape
temperatures of two aphid species: Implications for esti-
mating behavioral response of insects to climate war- EEBN WG, B, i+, 1979 45 BB IE 6. BN
ming. Jounal of Insect Physiology, 2011, doi:10. 1016/ FARM A 25 E-mail: changxianggian@yahoo. com.
j. jinsphys. 2011. 09. 003 cn

[23] Lighton JRB, Turner RJ. Thermolimit respirometry; An EEREE H 4

objective assessment of critical thermal maxima in two




