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AL, KEE, K B, LU0, T4

(1. T ERMBLE B R BISET, 4111 7500025 2. T RLREJEC AR, 41| 750002)

BE: N T WX VD #E & Chrysolina aeruginosa Faldermann 4 K % 7 M BFAHI R, AL 7 16 IR 4% 1F
(13, 18, 23, 28 F133°C ), LAHVE Artemisia sphaerocephala Krasch J} 27 FHEY), WF5 T IREXT VD8 40 B SL 46
MEAEREZEMEROPN, FREN: BEMNDESTRERENREIY . FERULMBEENIEBEY
Wi, 7E13 ~28CIBEN, FRASHWAFTHPWERENARMAEE, KEERSEELEREEMRX, HE, Hi&
BE BJ 2 33°CH, 4hmAEAERK ZFZEME], HmREHHS 18°C, 23CHM28C T HILER XTI T BEE
FKFE(P<0.05), MAREERLH 5 IR mYbE & B 0TSSR, & IR W 7S 3, RS
REGHRHIAF T EEHFRERKE . BRI FEFEE IR AR L R/DRF  28C >23°C >18C >13C,
HEERBEZF(P<0.01), HEERMEITEBIEST R, 1 -3 @4 il 4 R4 0 + FHNEE
FABESRIH. 72°C, 7.11°CH 8.77°C, BRFRIBIMKIK N 115.36, 441.91 F1448.40 H - F, HIRER IVE
G MR R TN BUR R AL T SRR, X8 A R EA LRI AR X,
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Effects of temperature on the development and reproduction of Chrysolina

aeruginosa ( Coleoptera. Chrysomelidae )

WEI Shu-Hua', ZHU Meng-Meng' , ZHANG Rong"* , HUANG Wen-Guang’, YU Zhao’ (1. Institute
of Plant Protection, Ningxia Academy of Agriculture and Forestry Sciences, Yinchuan 750002, China;
2. Grassland Workstation of Ningxia, Yinchuan 750002, China)

Abstract: To illustrate the influences of temperature on the development and reproduction of Chrysolina
aeruginosa Faldermann, the development and fecundity of C. aeruginosa at five temperatures (13, 18,
23, 28 and 33°C) were investigated, with Artemisia sphaerocephala served as food. The results showed
that temperature had significant effects on the developmental duration, survival rate and reproduction of
C. aeruginosa. The developmental duration of every stage reduced with increasing temperatures from 13
to 28°C, and there was a positive relationship between developmental rate and temperature. Further
increase of temperature to 33°C, however, was unfavorable to its larval and pupal development. The
larval duration at 33°C was significantly longer (P <0.05) than that at 18°C, 23°C and 28°C, and the
adult could not emerge from soil. Low temperature affected the survival rate of eggs while high
temperature affected the pupal survival rate, suggesting that excessively low or high temperature was
unfavorable to its survival. The oviposition amount of C. aeruginosa at different temperatures was
significantly different (P <0.01) and varied in the order of 28°C >23°C >18°C >13°C. Based on the
direct optimal method, the developmental threshold temperatures for egg, 1st to 3rd instar larva, and 4th
instar larva plus pupa were 9. 72, 7. 11, and 8. 77°C, respectively, and the corresponding effective
accumulated temperatures were 115. 36, 441. 91, and 448. 40 degree-days, respectively. The results
provide the basis for forecasting the occurrence of C. aeruginosa and are applicable in agricultural
practices.
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H )8 Artemisia sphaerocephala Krasch J& 3% H
PG R i DX U sh A [ g 0 b AL A —Fh Ak
EAEY), FEMATHG . B, TR HW L
BEAX, HARRHK, B’K, AMUBEAWE. W
TR WP REE, T ERA UM SRR RE
FIHMR R, MMEASRENRE SEEUKLY
L RIARE PR D AL 7 A A A 7 O 4R
AR E ERIEM (LA, 1983; ERHE, 1992),
RBEITTFREAESRG M E D oY) (X5
L, 1992)

Y4 M B Chrysolina aeruginosa Faldermann [&
EHEHMASKEMBERKBK, ETIE,
ZHFRBETHAEE, HH AR, R, 4ddtit
4 4%, 1 F02 B4 BRI, & BT Bk
Zl, 3 M4 EEent. HEEMRK, BHRYEY
Hgii ik 80 Sk DA AT BRIz M Fr, 3 B R A
FE( HWESE, 1987; KIGHRLSE, 2007), T HAETA X
THE RS EEE D THAY 2R L Bie
K H R R B sh 255 7 T ( HIESE, 19875 3KIGFHEE,
2007; BRIBAESE, 2013) , ARZERNAEFTRAR
BE A RRIR SR B A A 2 R A 5T AL FH s
A2 (1987) LEZ RS T XS FOME ., B L A Bp
T TR MBS, xS ELH (8] 24 F ™ E A 4 R 0
B, HR2ZMRBEAN LR S REZTRFMT #
1, BPRSEELESCHEN, FEZR TR
XEAEFREW, AR RMETERE, A&
ETRRHMAERARE. Fik, AXREHRS
MEREEIREE (13, 18, 23, 28 FI33°C) T E &M H
HIRE TTH . FETE . R 5 R He 7= B S5 A 2%
fatn, HFIHELYESETH P& M RSN EFTERR
FERMARRIR, AERARYE ST PR EYE.
AR, R TR P I R v T A
WRSE, DAL R P H AR SR AR

1 #MR5ETE

1.1 #ilhiE

Vs G R R HOR B it B e WY A A
X, EENHEZRER D E RS, 50 EFRBE
255 (b xh =28 cm x50 em) , SR 7= BT Y
WARARABHEY Jy HARBE = 05, FFR2 ~3
A, IEHAZE =8 AE L BT o
1.2 fAFiE&E

RXZ BRI BB UM (TR AR A R

H]) Fl GXZ BRI BB IR I 48 ( T AR M A A B
ANFE), REKSITEE £0.5C, FAMEMNEE R
50% +10% , Y¢JE# 12L: 12D,

1.3 (AFMNEHE

BE13C, 18°C, 23°C, 28°C I 33°C 2 5 MR
AEFR, KR PE B IRRI A RE SR (b =9 em) 1, 4
HFEBCE R E WA TSR PSR, BH 16:00 &
BFWREE—IK, TER AL TEL,

YRERISR : TERESR IR ARG — 284K, —mok
HIBUIEARERARIE, 40T 90 ~ 110 KLUP, =54Fi%sE
Mm%, B—0Eik5 MEE, &H 16:00 EHWE
—IK, TERIP L ERIZE T8

hHRISE: 4 R BT R TR PR BT AV . 4
W Bk P AR SR, 40 FE 69 ~89 I, 5 AMEE, I
Ry Z—HE — 2R, REERERKESE
B, 8A 1 LUES M Ry, MR
U, BAMRIRE N TREFENRSR. &5 HE kR
URAK. MREK, I A WA RS, B H 16:00
FEBTWREE—IR, 10 5% & I 4y B W R B[] FR IR B
FET-BTIE] , REE 4 B4l bE R 5 2 R AT 5%
B (b xh =8 em x 12 em) RS, i A 1 BE
H15% P>+, WEE 4 em, HEH 4 @4 m A 11k
i, HEAE e EREEE,

BEARSE: P Y E A B R R EOX e
TRV EE Vb, —XF—IIL, AbEE 11 ~48 I, 5 4>
BE, WENSZ—8E 2K, AHEHEE
KBESRE, BMAREHEEE, BAMMIREA
TREFENESE. HH 16:00 EHMWE—IK, igx®
BHAERE, FRIREfE] ., PR, SET AR AL
WS JE IR AT D, RS2t )fE,
W,

1.4 RZEEABEMEYLREITE

RERARE C MAMBRE K MItERAE
LA (TR, 2002) FIE E R (2
FFEFE, 1986),

1.4.1 HZREEE: SHARRET&RS8)
IR E DA IACEY, ORI & & I3
et BFET, R ARE(R) WP RE Y
D, BHBBE A IRE TR FHREREV (V
= 1/D ), R HRHEKZFE (2002) $& A E
HYHESTHERS(B) MEATEARE CHE
ROARIR K B HAREZE S F S, , FFRIEA BARIRE
Wi, sz A RS B (2007 ) () DPS SGeit k4
B REHRBV ERRIRE THWELXKEIALTE., 2
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BRI RN W EIE TR, FHT RS
53T
1.4.2 BEEENE: SRR RIRET &R (8)
HRE TEEAT IACE, SRl & mA (k) B¥F
YVRE M, RGBT EIFIF (1986) &1 W
ALHERBERARE C MABFRRK .
1.4.3 WREEMEE: BT HEELEIHEM
BHEERERMITE T ERERSERNRS, UAFE
FEHEHNREESRE C KR, Wiz s
KK EERRE CV (FEB ML R, 20005
RN S, 2012)
1.5 HESITSHH

BB (B MAEERHULE I ZAE
(%) FBCE AR, SEFH T —-RmEGR) B
B, HREZRE) WAER, AR ER
WAL RO BN FEEL, K Pk SR i B 5 AR
FLBRITE

ARREREYE SR RE . RE#E.
B i S M DN RS TR Z R BE AT, B
K Fi Duncan [KHT R 25, B _Eik DPS Gtk
AT ZE BT (P <0.05)

2 HBRE5HH

2.1 BEMNVEEMHRERE(R)ERKZEHB
SR

MELER (R 1) RM: EENFEFREMET, U
R FTE S MR T HEA 4 4l U5 HIRERA £
L, B, RFRIRETHTE4 @4 a0 T I,
YEHMEIET 1 -3 R4l K 4 B4 RS
B 7613 ~28CHIEETERN, Y am Fi6
TRAR, HATHMMREK LI, &4
HEZERDE, BCERKHFT, SRSETHMY
i< 28CH A M RET IR E. EiREMHE
ISCHTEOL T, 13°CUHE S H I8 KA 4h R &
B 33CH 1.86 ~4.62 £5, HiE RN 33C
i, YEEH R HINER KT E 4 BYH, #EA
4 WIGHERIA £, AdJ5—E AR mIE T,
— R fE AR SE T, B RESE IR F 5
BRI AR T R T I PR B AR
K, BT, 2 F3 e J 1 -3 B4 R R B
BERT23CM28CT,

®1 AREBEETYEEHBRRRAASHRERH ()

Table 1 Developmental duration (d) of Chrysolina aeruginosa at different temperatures

1 -3 4l 1st to 3rd larva 4 W4 + i
R
HEE(CC) By .
18 2 1 38 it 4th instar
Temperature Egg
1st instar 2nd instar 3rd instar Total larva + Pupa
13 23.58 +1.09 A 12.72 +0.28 A 12.41 £0.27 A 12.56 +0.27 A 37.69 £0.52 A 94.21 +0.84 A
18 19.35+0.53 B 10.61 +0.23 B 10.25 +0.23 B 10.37 £0.23 B 31.23 +0.35 B 59.64 +2.02 B
23 9.77 +0.23 C 7.96 £0.89 C 8.15+0.36 C 7.94£0.27 C 24.05 +£0.99 C 26.58 +2.20 C
28 5.55+0.06 D 6.63 +£0.27 C 6.66 +0.14 D 6.53+0.23 D 19.82 +0.37 D 24.20 +3.00 C
33 4.64+0.33 D 11.17 +1.05 B 10.97 +0.73 B 10.74 £0.31 B 32.88 +1.09 B -

FIFBIREAF FRHERER D FHE (HEMED, P<0.05); TR, Values in the same column followed by different letters are significantly

different at the 0.05 level by Duncan’ s multiple range test. The same for the following tables.

2.2 WESHBEAAASHABTERRENEXN
iR
Va4 B () KRB SR B AA R
FURAITEERIE 2, NFREENERREOR
F, HEEERETTR R E R AR E A SRR
MFELREE, UHEERTETESRE G, &
BEPIMETRARERS, 79.72C; 1 -3 #
R ARAR, J7.11C; 4 40 + W LR T %
AR, 7 448.40 H - BF; IIERAK, M

115.36 H - B, 7EVb#E & 4 & LT OB, 3
B4 B A B R IRERAR, 95.99C; 2 #4h R
KZ, J7.34C ;5 1 ki difm, 8.06C; 3 k4]
HRIEMAE P H B HA MBI R, N 156.34 H
CBE 2R, T 145.26 H - BE; 1 IR4hHR
&A%, H139.57 B - F,

SRR 2R AR IR BB AL
P [ AT Vb 7 < IR AE 13 ~ 33C A T AN
HAb AL 13 ~28CHEMATHERFTERSREHN
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AMERRHIT T AT, SRNE 3. NRER
BORE , BARA RERFER SR K285
Sy itk Ity QLR L SINibN T SF S e PN 2 E A IV E|
TRV PRE R, (HZ AR AT RE ] AR AL A — R el
RN R PR RE 2R RUBR DA 2 % 4 Lk 1B 2 KPP

fib BSR4 B B L [ AR Y g o
SE A BRI IR B B2 KPS Al SR EIR B
FKFo U 13 ~28CHRMAT, LRI RER 4
ME —HZERLR,

x2 DESHRASAEMRABTERBEMTHRAE
Table 2 Developmental threshold temperature and effective accumulated temperature in

different stages of Chrysolina aeruginosa

B [AJ ¥ Linear regression method B R A Direct optimal method

KEBE REEMBECC) ARBRE - ) ZRRE(%) KEERMARECC) HHBUEH - ) ZBREE(%)
Developmental Developmental Effective accumulated ~ Coefficient of Developmental Effective accumulated Coefficient of
stage threshold temperature variance threshold temperature variance
temperature ( degree-day) cy) temperature (degree-day) cv)
bl Egg 11.15 £2.04 100.04 +13.29 34.44 9.72 115.36 27.09
1-3 i
R 10.40 £4.03 348.02 +20.63 48.33 7.11 441.91 40.06
1st to 31rd instar larva
1 40
N 11.06 £3.99 110.84 +11.82 54.36 8.06 139.57 38.71
1st instar larva
2 kgl
R4 10.24 £4.11 117.67 £12.17 47.23 7.34 145.26 39.21
2nd instar larva
3 fik gl
R4 9.92 £3.40 119.32 +11.74 36.09 5.99 156.34 29.03
3rd instar larva
4 {4l + i
i 9.63 +2.68 409.07 £82.76 20.46 8.77 448.40 17.33
4th instar larva + Pupa
*3 DESHBAZKHS(R) RFEXRSEREHFNELR
Table 3 Forecast models of developmental rates of Chrysolina aeruginosa at different temperatures
bk 8 gy R TR LM Il AR
RENE Logistic model Quadratic regression model Linear regression model
Developmental YesE AR R PLiE ZH R YeE ZB R?
stage I P Tt P Jitk A
Determination Determination Determination
Equation Equation Equation
coefficient coefficient coefficient
5§ E V= 0,280/ V = 0.00027° - V = 0.0095T - 0.0999
0.9815* 0.9686 * =0. -0. 0.9497 *
& (1 4 b 4155-0.1787) 0. 00097 + 0. 0086
1-3 b4 0.2687 V = 0.000037% +
= — oo~ | 0.9963 0.9967 V =0.0016T +0.0043  0.9881 *
1st to 3rd instar larva (1 + > B%02-0.0518T) 0.0002T + 0.0175
1 k&4l s 0. 4910 V = 0.000097% +
= e 0T 0.9923 0.9924 V = 0.0050T +0.0107  0.9851 *
1st instar larva (1 + > #1-0.08T) 0.00107 + 0. 0478
2 4l 14. 9915 V = 0.00017% +
= s 7m-0.0amry  0.9991° 0.9994 * V =0.0047T +0.0168  0.9895 *
2nd instar larva (1 +¢7870.0T) 0. 00047 + 0. 0576
3 W4l 0.7323 V =0.00017% +
= T 0RO Sl 0.9961 0.9964 V = 0.0050T +0.0112  0.9879 *
31d instar larva (1 + ¥ 50H-0.0T) 0.0007T +0.0516
4 4% + i . V =-0.000027% +
k40 0. 0466 0.9561 0.9265 V =0.0023T - 0.0197 0.9243*

4th instar larva + Pupa

- (1 + eS. 1077-0.26421')

0.0033T - 0. 0293
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2.3 BREXDEEHRAMBETFERNZMN

ANFHEBE T U8 G H IR k4 | 4 Kttt
RFERILEZ 4, ATLED, EEXNYE M H
BTG A BN, R BT REGE & AR T
M RS RIE X BN RS R R R,
13CH B0 B AL R B AR, RA 67.92% ; T e T xt
W A7 5 SR R W B K, 33°C B R BE P16 Ok AR R,
28C i PILFMLLN 9. 62% ;5 BRI BE Y3 o7 3 il
&7, 75 13 ~33CHNREER N, HAFERYE
67.92% Ll k. Y& &M FHAFERmS,
23°C I MFFIE Z B R, 55 66.67% , Hkh 18C,
FAiE # o 40. 74% , 28°C B 7715 F & AR, {UH
5.00% , HBCHATIL, Vbt H RIS & B IR BT
N 18 ~23°C, Wil . MRIESAF T UHE & K
HERER.

F4 FREEBETIEEHRERSHFEER(%)
Table 4 Survival rates ( %) of Chrysolina aeruginosa

at different temperatures

REHB

Developmental stage

13C  18C 23C 28C 33T

5i Egg 67.92 80.56 89.90 90.00 70.83
1-3 4l

1st to 31rd instar larva

56.48 58.33 85.56 52.00 12.26

1 #¥4h 5 1st instar larva  78.16 91.18 96.63 74.44 27.78
2 #&4%h H 2nd instar larva  98.84 98.53 96.77 85.07 80.00
3 {44l 31d instar larva  100.00 91.23 93.33 91.04 81.25

4 + 1
R4 + 77.65 72.13 48.21 9.62 -
4th instar larva + Pupa
414, Generation 28.13 40.74 66.67 5.00 -

2.4 REXIDEEM R RFGEE R
AN R BE X b g - B R i B B R
MR 5o ALK B E AR EEE N, BT
e 13 ~23°C R R B TR T AE 4, 23 °C AR
FFard i<, H50.28 d. Mi7E 28°C T M a2
%, 1 20.10 do FMEP-XY= IR ELE 13°C R
%, A 143.25 i, T 28°C i BLMESF 2497 I & f
K, k% 237.30 ki, & 13CHZEIER 1. 66 £,
UL Ak 2R (6] F) R ME P 249 7 B B A7 A AR B 3 2

(£5),

3 g

RERZWHERMHAERZFTN-TEER

R, EEGAERKKENREEEN, BERES,
x5 AREIBEXDEEH RN RFHE=PERNZIT
Table 5 Adult longevity and number of eggs laid by adults
of Chrysolina aeruginosa at different temperatures

TEECC) Hir(d) BHfE 7 B OB )
Temperature Life expectancy Number of eggs laid per female
13 32.27+£1.87 C 143.25 +4.89 D
18 38.65+0.79 B 156.75 £2.89 C
23 50.28 +0.91 A 192.75 £3.42 B
28 20.10 £1.60 D 237.60 £3.78 A

BRMERTHERME, REHPSEE(FE L%,
2009) , ASLEH, 7E 13°C ~ 28°C [iR L A,
VB S B & RN AT P ¥ BEIR B T = 4
M, RERRSREEREEEEMR; M33CH, &
44l BT EAYE 18°C ~28CHIA BT, H 4 #8%)
BALE, — BN TIET, —%BLIE )G
AREPULTFET:, AEETERAET , miRHBIH T
VESMH AR, R, AR A, 33CH
AMHEEETFIKERE , 7813 ~33°CREEE
W, MMEERBEELRMRMES, BHET
(33C) B AL e 8 FARIE (13°C) , IEBA IR &%)
S B B A7 IR (FESE5E, 2007) , XA [A]
25 B LB (A 32 1 25 S LAt B o Pt A G
(Ma et al., 2004) ,

Ay BRI FHIB BT SR . R BT AS R R 2kt
B FREREL AT T U & BRAE 13 ~33C &4 T
MHEHADRATE 13 ~28CHKHFTHEAERRSEE
MLMER TR, B PERBUR Y, KRR
WG EETEESEE A ZEMRR,

BEXTYE &M B AERE BEE, RE
RS B A T VE & B AT . IKTERT B
HIFETE R B K, 7 TR I 0 77 R B K,
33°C BN BE Py B s P X R B B4 3 B Y B
I, HAEERYLE 67.92% L b, WiE4H R
TG RIE 23CHT B, 353 66.67% , 28%C B [ 77
RN S5.00% . HLAIIL, YWE &M F RER
BIRETLE N 18 ~23C, Hikk. KRR FE
EHHHERKEE.

RIRNREE T U & H i 5 iy =B 2 5
MR, BURFMMAE 13 ~23°C T IR B i T =
K, 23°CHE i F s, 50.28 d, HHETY
FEURER 28°C T A2 13°C R =&/ 1.66 15,

AR SEG I 5Y 45 SR 5 2 i HH 6 RN 4 22 (1987)
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BIRERAEESR, AURHTERINYE ST F
# ISR R A BE Y L PH WG G i 22 (1987 ) 1
BRI, o HEEA: £—, FLREE
13, 18, 23, 28 I 33°C 45 5 ME IR E T #HITH),
7 B A g 22 (1987 ) RAEZBARM T AT, &4
AR THTH, BALREEPE
B ZETE SCYEE N, IE40 HBEM G 2 A A fF
RS T RIE X B HUEE B, T fh TR
MERER, #MmEfhTRENETFERRE; #
=, AWSEN RS AR H E R AR, YEaer
PR T R4 4 AIRE S AVIIraaPfe, DEEHH
FETRMEZEMA XM E I 4 ARES ARK
FEJREE D 13.82°C 5 YiE &M A (1 -4 %) 10
HIRAE B R4, e BT B X i
R 10 ARKFERE N 2.97C (7.82C) , &
WhFE -5 MR SE R & A AR DUAAT s SR =, AL
IR T U E S B R E TSR, 1B e
2 (1987) {UMEEH ST 7430 . AR A I, Rx
LhHIHATINEN S, HIk, AP, JF4h
A HERA, HER S5 5 SR & A
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