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Influence of temperature on development and reproduction of experimental
populations of the Colorado potato beetle, Leptinotarsa decemlineata ( Say )
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Abstract: To research the influence of temperature on the development and reproduction of experimental
populations of the Colorado potato beetle, Leptinotarsa decemlineata (Say), and then provide some basic
data for the control and prediction of pest, the development and reproduction of every stage of Leptinotarsa
decemlineata ( Say) were observed at five temperatures (15°C, 19°C, 23°C, 27°C and 31°C) in the
laboratory. The developmental threshold temperature and effective accumulated temperature of different
stages of the Colorado potato beetle were calculated. The results showed that the developmental rate of the
Colorado potato beetle increased with the rise of temperature from 15°C to 31°C. The generation survival
rate of the Colorado potato beetle decreased in the order of 27°C >23°C >19°C >31°C >15°C, suggesting
that excessively high or low temperature was unfavorable to the survival. The developmental threshold
temperatures required for egg stage, 1st instar, 2nd instar, 3rd instar, 4th instar, whole larval stage, pupal
stage and egg-adult period were 9. 14, 10.50, 8.17, 10.28, 9.04, 9.59, 10.23 and 10.90°C, while the
effective accumulated temperatures were 73. 26, 43.22, 39.23, 34.05, 161.97, 273.02, 100. 38 and
542. 58 degree-days, respectively. It is so concluded that the influence of temperature on the developmental
duration, survival rate and reproduction of experimental populations of the Colorado potato beetle was
remarkable.
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LA 1 Leptinotarsa decemlineata (Say ) 2 [H
bR EATAR B R MR R, FEREH DR EEN
PHEY), 1811 4F Thomas Nuttall F1 1819 - 1820 4F
Thomas Say 555 7£.3€ [ 2 fig A2 M P A hr i i i 57
P I 25 Jp 3% Solanum rostratum Dunal | R EF|jZH,
JET 1855 A FE B RIRE T HMNXEMZ H L
M2 6 E (Casagrande, 1985, 1987; Hare,
1990) , HTF SR ER R R EA T REEER.E
BH 1 38 1R LA B et B A3 - 58 R A A X SR AR
YR, MZ AR E R, B 56
EERE R0 BRI AT N i iF 2 B 5K, 416 Vo
¥ K H 5 ( Hare, 1980, 1990; Mailloux and
Bostanian, 1989) , L4 ZEH i F 1993 4E 73 H Br
BERKILE(ERS, 2008), HNA%=ELE
X HA Mo (2R 4, 2007 ) (245500 B if (RXAT 1L 45,
2007) P2tk ( EFRHEE, 2010) FaE B v (BRR R
S, 1995; F2 X 3ESFE, 2005) ST T HHRGE

REEEZHERHAKEAFHN -TEERR, A
RIREX SR ER AR R FMERM T W, it
ECHAT T —F 25 M 1T (Walgenbach and
Wyman, 1984; Ferro et al., 1985; Logan et al.,
1985; Groden and Casagrande, 1986; Tauber et al.,
1988) , Ti7EF E{X it 55 (2009 ) BHFFTRIE T S48
EHRRABTSIRENXR, N T HE—LUHREXS
DAERRARREREMN, RAOEERSZE TV
R TIREXN DR E R AT I G R KT
HIFEME , LA A 12 R R AR 0 R B3 AR M o BT 32
HEARARE o
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1.2 KISV SR

ST TSARFE AT R R B ) LA AR
AFBRA R A 7= PYX-2500Q-A 2B A e & e AL
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B 12 % 12 W HYGATHRB
1.3 RWH*
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AR o SEREHLLE B RR |15 UK B O A 7 i T
X BT HOA RS DR AR I P RESR, fr
H= 505K IR A% 2 90 mm 1 37 0L oF IF ik B 76 R
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PRECE S 4y, BTG SR L RURT B ) DA i A
PHATIAZE, 4K 8:00 - 10:00 & i WLEE— Uk B Kz 1
UL, RS RS ET I RAECPL)E, MR
X, FSEER TR, IFUEEH T I ETH . ™ 5P
BFIIR, (R A LS A0 S B3 A B B R AL S5 1
Ulo W7 I R BN LK, AR S AR £ 2
DAPRIE 5 — B R B il Sz BV SE SO e it o 4
AL BRIRI SR LSS B LR 103 ~ 180 3k,
1.4 HEFITEHH

REEMRE C A RBUR K BIE R &
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IR mi4a%E, MM AT Im 15C /K 13.4 d
Rz 31°CH 3.51 d; h R B DI 15°CHY

42.52 d G R 31CH 12.10 d; IR FIH 700,

*1 FAEABREEGTIREFANETHE(A)
Table 1 Developmental duration (d) of Leptinotarsa decemlineata at different temperatures

H ISCHY#Y 16.30 d 4% E 31CHY 5. 15 d, fHA
W, 15CHRATRFRH DT AU ARE

Deve:i iﬁ'\f age 15C 19C 23C 27°C 31C
5 Egg 13.40 £0.49 a 7.62+0.44 b 4.72+0.23 ¢ 4.10£0.19 d 3.510.19 ¢
1 #48 1st instar 6.99+1.18 a 5.3120.61 b 3.86 £0.66 ¢ 2.83+0.62 d 1.99£0.35 e
2 ## 2nd instar 5.32:1.05a 3.76£0.97 b 2.61£0.68 ¢ 2.19£0.67 ¢ 1.67 £0.47 d
3 ## 3rd instar 6.82+0.78 a 3.95£0.75 b 2.750.65 ¢ 2.05+0.60 d 1.62£0.74 e
4 #4 4th instar 23.390.80 a 16.15+0.77 b 11.98 +0.98 ¢ 10.00 £0.78 d 7.00£0.54 e
4 3 Larva 42.52+1.08 a 29.14£1.23 b 21.16 £0.89 ¢ 17.27 £0.74 d 12.10 £0.68 e
U3 Pupa 16.30 £1.01 a 14.09 £0.98 b 7.86+0.51 c 5.480.53 d 5.15£0.40 e
IR Immature stage 72.22+0.22 a 50.86 £0.34 b 33.74£0.24 ¢ 26.86 £0.23 d 20.77 £0.18 e
244 Generation - 66.54 £0.37 a 45.80 £0.21 b 32.90 £1.47 ¢ 27.27 £0.58 d

FPEAR A TEME < trdE, FTEBERRAEARRNEFRF R ERBE (P <0.05, BERHFTEAHENE) . £ 4 7. Data are mean +S5D,

and those in the same row followed by different small letters are significantly different (P <0.05, Duncan’s multiple range test). The same for Table 4.

2.2 DHREFHPHAFERBRENELRE RS 9. 14°C, 9. 59°C, 10.23°C Al 10. 90C,
DHERRARSLFEABEMABIREN  AREES 58 73.26, 273.02 F1100. 38 F1542. 58
MELERME 2, I Sd i Rk 2ttREFES BB

R2 DHEFHEAEMBRABTERBREMERRAER
Table 2 Developmental threshold temperature and effective accumulated temperature ( EAT)
in every stage of Leptinotarsa decemlineata

REBE RERMRECC) o sm (A - ) I HERAH
Developmental stage Developmental EAT (degree-day)  Regressive equation Correlation P
threshold temperature coefficient
UiHA Egg 9.14 £1.38 73.26 £6.79 T=9.14 +73.26V 0.9874 <0.01
4 Larva
1 #% 1st instar 10.50 £1.75 43.22 +5.54 T=10.50 +43.22V 0.9762 <0.01
2 ¥ 2nd instar 8.17 £0.94 39.23 £2.33 T=8.17 +39.23V 0.9947 <0.01
3 ¥ 3rd instar 10.28 £0.33 34.05 £0.80 T=10.28 +34.05V 0.9992 <0.01
4 #% 4th instar 9.04 £1.66 161.97 £17.85 T=9.04 +161.97V 0.9823 <0.01
A4 i #] Whole larval stage 9.59 £1.53 273.02 £28.78 T=9.59 +273.02V 0.9837 <0.01
UHHA Pupa 10.23 £1.92 100.38 +13.83 T=10.23 +100. 38V 0.9727 <0.01
F M Immature stage 9.33 £0.80 460.13 £25.01 T=9.33 +460. 13V 0.9956 <0.01
2148 Generation 10.90 £0. 60 542.58 £21.93 T=10.90 +21.93V 0.9984 <0.01

EAT: AR FRE Effective accumulated temperature; T; 5256 B Experimental temperature; V: &5 # % Developmental rate.

2.3 RENDHERAMBEEETENRE EFRA BEREW, (KR FRYAN T LHEER
AFRET D EF RO g RGN AT RS RIRXT IR EAAE R B, 15°C 5P
RNFK 3, WEEGREY, WEXN LREFRKWEF G REM, RA 52.75% 5 Wi mEXT 507



8 JEAIRENBAE : JRBEXT DAL B KR F R0 929

YW K, 0 31°C B W8 19 77 16 R A AR, A
34.62% 5 VAW &l HON IR BE 935 L BB ) R, 7R
15 ~31CHIRBEVE I A, HAF G RIGTE 62% LA b
B BTG R F , 27°CH S R iR

BN 35.4% , HWCH 23 CHEE RIKF] 27.51% , H
ARIRBE T WS RITE 20% AT, ML A] D443
FR R P e IR R VI L O 23 ~27°C, R KR
WAMTHAERRNERKT.

®3 FREBETEREFFRZHRENFEE(%)
Table 3 Survival rate ( %) of Leptinotarsa decemlineata at different temperatures

REHB

Developmental stage 15C 19C 23C 27C 31C

U Egg 52.75 65.18 80.12 93.63 81.18
41 Larva

1 #3H 1st instar 74.92 80.57 87.95 96.69 85.44

2 %3 2nd instar 61.89 75.00 89.23 89.04 89.77

3 {3 3rd instar 87.94 93.53 72.92 81.54 78.47

4 %3 4th instar 74.25 77.32 80.62 86.04 80.63
U #H Pupa 67.67 65.56 74.43 62.60 34.62
41X Generation 10.81 18.67 27.51 35.40 13.64

2.4 BEMNDHEFREENOZME

IR 4 T, ThEe B H o AR e A 7 B ST R IR
BRI F R4 5, 19°C B ™= IR EG I 17. 69 d,
23°C = BRI T 12. 18 d, 27°C B 7 B Aif 31
0 6.05 do 7™ B 35 00 o 318 38 ) e T S 4, 4

19°C B P= BRI R 5. 75 d, 3] 27°C B P= P55 5]
19.88 d, BALMEF- 37 50 & 7E 19°C B R AR, (LA
164.75 #iL; i 27°C B AL e 7 34 7= B 4 B K3k 2
729.7 %Ki, 2 19°CH =R 4.4 £,

®4 FRBETSRERHMEEN
Table 4 The fecundity of Leptinotarsa decemlineata at different temperatures

REE(C) FEBRETH(d) PR (d) =R b/ Q)
Temperature Preoviposition duration Oviposition duration Average number of eggs laid per female
19 17.69 £0.08 a 5.75+0.18 ¢ 164.75£7.99 d
23 12.18 £0.06 b 17.60 £0.24 b 639.25 £34.25 b
27 6.05+1.42 ¢ 19.88 £0.14 a 729.70 £42.34 a
31 6.50+£0.49 ¢ 16.25 +0.21 b 509.06 +4.88 ¢
Z B HRIEAE Fr2Z 5, 40 de Wilde (1948) 4214 2418
3 itie JE 9 33°CHT, DA i SRS Rk R B R

RERYHEEMBERETH -MEER
Ko DFER RA SR T YRR TR
g, HAHRR T Dt 19C 1 66.54 d, 45k =
31CH27.27 d; ZERXRIBEEEN, XFERSHRE
EEREWIEMK, X—RGRE BB F
(2009) HIFRGEZEA — 2o (H X5 3R 22 K S5 b
FEHARR, FEATRE TR AT IR ARPT R

30 d; i Ferro 55 (1985) M4 i 76 28°C B, BRE|
R RE I 54k 20.7 d, 5t [F — Hb B A B
T, A (2009) #23E 7E 20°C B D44 25 F L
REBDIIA(59.2 d) ARG 19°CH & E T
(66.54 d) /T 7.34 d; T 32°C B KRB T i
(32.9 d) M ELABHSE 31CHF R B I (27.27 d)
FER T 5.63 d, X AT EES WA T EARRIA K,

TR DA R A RS A I B K
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M, AFFEEEHRFRI, (RGNS P B A7 G R R,
15C i IR AR I R AR, R 52.75% 5 T g 5
WRAOAE TG R AR A, U 31°C B I A 77 15 R IR
{UF 34.62% ;5 T £ 44 2% T BE 35 B BB ) iR
e 15 ~31CHNREILE N, HAFE R 62% LI
s 27CH & USRI ARG Rl ; 23 ~27TCHE &
BERFERER, A ORERFRNRERTR
JE. Ferro 45 (1985) Wi, 15°C B & #7715 %
KA, 20 ~30°C I AFTE HREL R , 28 CHAE i,
3BCHEMT, 14 H 50 7715 R & AK; Hare
(1990) W ZEERAM T SR ERF RETFAKE
BHIEETLERE 25 ~33°C, Fasulati (2009)#EH 5
HRERIGERAKEETWIRERE 20 ~32C, L
HOE 5 AT ST S REA —E,

IREEXT D44 B R 58 A B B,
AR AT AR R R B 7 B T (AR A IR . e
BEJLEN, DRER R R EE
164.75 ~729. 7k 2 [6], X5 Harcourt (1971) #%i8
R B 7= B ek ( 2924 300 ~ 800 i) FEAHHIR] . A5
IS5 RR BT, 27°C i e s AL i 7= B B 40 B L 7 B
B M- 7= I A A K

AR DA R R & F AR A ZRIRE
WAMEEEAHGE ., AP N5 D4 R &)
B FFA A R F R AIRES SR 9. 14, 9.59,
10. 23 F1 10. 90°C; A 3k HIE o 5 2 73. 26,
273.02, 100. 38 #1 542. 58 H-F, X—4 R 5
Walgenbach {1 Wyman (1984 ) ( 5FHH . 4/ dv #7 4@ 44 .
AR A EBARES S 11.7, 11.0, 12.0 F1
11.0°C; B 4 B A i) A 8OBRIR 3 3 o 67, 224
186 H - ) Hl Fasulati (2009) (P4 F AR E
1L.5C, i Fifm A B EAIRER 9 ~11C) 1
R G REA R, B 585 (2009) 5 E
(OB & | 0 02 AR & B R ARUIR B 4 ) 2
11.9, 4.6, 5.1 F18.1°C; AZHIEHZ 32.26,
526.32, 270.27 F1832.35 H-JF) Z R K, XA
AB5 LR F B B E SRR RS G O
BZERZERAR, Bt A EF AR
LAER R EAR, —BINAETEARZES
~12°C, JFEITR A2 AR & F R SRR
SER 10°C, A REBUEE K 400 ~600 H- B (Logan
and Casagrande, 1980; Ferro et al., 1985; Groden
and Casagrande, 1986 ; Tauber et al., 1988) ,
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