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Effects of thermoperiod on larval development and pupal diapause in
different geographic populations of Helicoverpa armigera ( Hiibner )

( Lepidoptera: Noctuidae)
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Institute of Entomology, Jiangxi Agricultural University, Nanchang 330045, China; 2. Jiangxi
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Sciences, Jiangxi Normal University, Nanchang 330022, China)

Abstract: To understand the thermoperiodic response of the cotton bollworm, Helicoverpa armigera
(Hiibner ), the effects of thermoperiod on larval development and pupal diapause in 4 different
geographic populations ( Guangzhou population, 23. 08°N, 113. 14°E; Yongxiu population, 29.04°N,
115.82°E; Tai’ an population, 36. 15°N, 116.59°E; and Kazuo population, 41.34°N, 120.27°E)
were systematically investigated under the photoperiod of L12: D12. The results showed that at the same
photophase temperature there were no significant differences in the larval duration (P >0.05) between
20T ( thermophase, 20°C) : 5C ( cryophase, 5°C) (12 h photophase temperature : 12h scotophase
temperature) (the rest in the same analogy) and 20T:9C, 22T:5C and 22T:9C, 25T:5C and 25T:9C,
and 28T:5C and 28T:9C, respectively, in 4 different populations. However, at the same or near average
temperature, the larval duration at 20T:9C (an average temperature of 14.5°C ) was significantly higher
than that at 22T:5C (an average temperature of 13.5°C) (P <0.05) ; the larval duration at 20T:20C
(‘a constant temperature of 20°C ) was significantly higher than that at 28 T:9C (an average temperature of
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18.5°C) (P <0.05), suggesting that the larval development is influenced strongly by the photophase

temperature. At the same or near average temperature, the diapause rates in 4 different populations at 20T:

9C were higher than those at 22T:5C, and the diapause rates at 25T:20C (an average temperature of
22.5°C) were higher than those at 28T:9C (an average temperature of 18.5°C ) ; the diapause rates in 4

different populations at 20T: 20C were significantly higher than those at 28T:5C (an average temperature
of 16.5°C) (P <0.05). However, there were significant differences (P >0.05) at the same photophase
temperature between 20T: 5C and 20T: 9C, 22T:5C and 22T:9C, 25T:5C and 25T:9C, and 28T:5C
and 28T:9C, respectively, suggesting that the diapause induction is influenced strongly by the photophase

temperature. At the same thermoperiod, the larval duration and diapause rate were significantly different

among different geographic populations. The larval duration and diapause rate were positively correlated

with latitude of habitat, suggesting that sensitivity to temperature is gradually enhanced with a decrease in

latitude of habitat.

Key words: Helicoverpa armigera; geographic population; developmental duration; diapause induction;

thermoperiod ; photoperiod

BHE THAI MRS, oA B R PR 5
RS R, BEXNRRAERKER. f1h. £
FASZHEN, OF KEMRIRE, HiXSifsx—
R AR EIR T TR, AT, BAKMT, BE
HARAEGEEEIRZ S, TR%RETEREER
HATEAE AL (LA thermoperiod ) Z H1, — i (i
i thermophase, LI'F R E XN T) HIMAEH K, MK
[F1) Yk BE — A BE AR 2 (fIR IR B cryophase, DR 5
C) , XAEHF77 5 48 KOt A 3 1) % 1 ( photophase)
FEEHA (scotophase ) #HXT I, H L, HAR H6)H
SRR ERAN B REREETMEHEE
EEZN(Beck, 1983),

BABNBERAERKENE, EAFLZIRE
( Beck, 1982, 1983, 1986; Liu et al., 1995;
Fantinou et al., 2003, 2006) , {HAS[F] 1 B %R &
BRI X T REHME B, IR HAEK
AREHIEM, 518878 EA R E R A,
HEBTHWEEE, WkKMUAE Trbolium
castaneum , BF % B Trogoderma iuclusum ( Hagstrum
and Leach, 1973), & 75 B4 Therioaphis maculata
( Messenger, 1964 ), Bi & Wf Acyrthosiphon pisum
(Siddiqui et al., 1973), BRGE ¥ Telenomus podisi
(Yeargan, 1980 ) #1135 M 4 2 % Wk Platynota
idaeusalis (Rock, 1985), MHB —~SBE W EETH
HFESVFHREAX, RABTHEAFERSE
BTEAREZESR, BN E KR Ostrinia nubilalis
(Beck, 1982), &% /"R ¥ Trichogramma pretiosum
(Butler and Lopez, 1980) Fll K 4 Sitophilus oryzae
(Hagstrum and Leach, 1973) , "B/ HE R, FR
A BT REE LEER T AT EE, itk

HHELIL Wyeomyia smithii (Bradshaw, 1980), jXubzhR
KU, NFEFESEHER R, ERRHAAERA .,

TE B RS (BRI, SYeimiR) T, AW
R TRZB RO E AR, Fln, ¥
RMNEZFBMR P. idaeusalis TEF7EE 5 B o IR A 3 3%
AMBEREIRNL, HECABAEERERESFRER
# & (Rock, 1983) ; 7EERY EKIE O. nubilalis 7,
BRSO R EERA B EF R A
(Beck, 1985) , AT, IREAMIMET KR R FIHE S
TarEZe, FEOGER AL R R R B R,
T ELAR MR IR A A1 B i e 5 0t A 3 Ve R A
SRI3FF (Beck, 1983) , I HiR FIAA B X B 5%
Ve FAFETE 2R R 7, Ani A A AR TR A s
VRIS SE T 8] | VR S A I 4 E R A
PR ESE, Frd, ARME R, ARBERF
7, BRI RATRESBANRR,

K344 B Helicoverpa armigera ( Hiibner ) /2 DA i #5
ZRFIERE RS, BN R TESE
REWTFRM, FEOE R ARIER # A 48 Bk
FIE M FERE R (B EH, 1981; e
FZEZEHT, 1986; BEFARSE, 2000) , fRIRFISE H IR
MR E VR A B — 4 H IR IR A B I B 5 =
AEF A BE SR AR (2= NS 3, 1981) 5 JF ELAR
B ot R 3 B T SR 32 1R BE ) 4 B (B DT AR 5
2000) , ZEHRAEFNZEZE5ET (1986) Hiil, PO)I AR H
TG AAAF R E SR EL T, ERAZEH T
R A 2R IR X 7= A i AE R EE B TR 22501, #5511
PONARAS R A R BT R A IR B AR
o XEEEERYIH, TEERMAT, 2L AIR BT
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A FIER AR XA AT R, AR E A
SMRIE . ik, FATRGEREE T IR A R
BRI BUE BT T AW, IRA
A% AN [ 26 BEAR B8 HL A= 16 52 3 SR B IR F B A,
LR EA ER A U (E A EAR R

1 #BSH®
1.1 Bt RiE

PR RAHIR B AR)IN L TLPERE | ILAR
LML TR D), RERBER LB, RE

LhEBA DT 100 %, HRAEEARALIAR, &
BB Wu F1 Gong(1997) W hE:, £ 25°C, L16: D8 [t
JRAAME TSR, 3 BATTE 24 FLARARESR, 3 )G
TE 21 fLKAEAR N R, AR R & 4R MK (R
MR, 1999) 1R, HELL %A 3 s M4 R AT
1.2 XZBWFE

HIRBCE: N T BRI AR B E S K
EE R, F5 6 E E7E L12: DI2 (W R
FEREOEAM) , ZEHOAYT, IERES, W
B HYEL AR TR BE (2@ A T, 1981) 6

x1 WMEHREER
Table 1 Collecting data of Helicoverpa armigera

FREEARRS SRR LEEE(°N) £ (°E) SRS [H] 4 EEY
Population code Collecting locality Latitude Longitude Collecting date Host crop
GZ ] Guangzhou, Guangdong 23.08 113.14 2010-6 F % Comn

YX YLPE K& Yongxiu, Jiangxi 29.04 115.82 2010-7 Tk Com

TA I[173%%% Tai’ an, Shandong 36.15 116.59 2010-7 FE K Com
KZ L7 4k Kazuo, Liaoning 41.34 120.27 2010-8 #i4E Cotton

BERE: 7 AW4A, —4N 20, 22, 25 Al
28CHEIR; 7 —d2WFAH, 12 h IR E R
thermophase ) : 12 h BEHAE & (fKIEHH cryophase) =
20T: SC( BB EEA-& iR 20°C: iK1 5°C, faFx
3 20T:5C; £ HHE) , 20T:9C, 22T:5C, 22T:9C,
25T:5C, 25T:9C, 25T:20C, 28T:5C, 28T:9C, 25T:
20C, AiFIRERFCHIRE, FHEREREREH
WREE, BPSEEATEL 12 h SBHATE & RS IR 46 iR 3%,
12 h BFERIRIE A P gR . 3 KER ., IRA
B IREA A IR IR B e 4 N 58 AR, FAL3F%
b [ A 1 min,

Y500 9% 4y R R AR L SR S AR B Y B SR A
B ROR R B B] (SR B 1 IR) WREIE R & 44 R
HAERKEKE RACIEELL . DA _ESEI7E T i e i
Fr48 GZX-250BS-TII h 4T, St IR 5E B2 500 ~ 700
Ix, FEHIRBEZZALIREE )y £0.5C,

1.3 FHEWREHIE

R H T 7 130 S T 0 8 PO AR i BB B IR L
Wr, fLiE/E 10 - 15 d BR S4B AT o281k 1 4 41 €
N#EE MA (Cullen and Browning, 1978)

1.4 HEGITESH

7 H WLEIC 5% & 4 4 3L & B D 30 R0 A 0 e

)5 fL4FH 10 - 15 d FHAIWHF B IR S &, SitiE

., NFH SPSS 13. 0 etk k47 5 2% 3 BT (one-
way ANOVA ) FIZk P B )3 434 (linear regression) ,,

2 KR5S

2.1 BEAHMREHSREEHAKEMm

2 Won TTERAH L12: D12 44 TR A
X R AR B AR A A A R R B R, R
2HIL, AR E R FEZEEY SRRSO
) IR EE R, TR (W) IR BEXT &l i A=
KEBHRIRWE/N, BN, A [ 3 R e 1R 3
20T: 9C(PF-¥IREE 14.5C) TSR R E B %
KFLE 22T: 5SCCR¥RE 13.5C) TR B
(P<0.05); 20T: 20C ({83 20°C) % R & il
B KT 28T: 9C(EHIEF 18.5C ) (P <0.05) ,
GZ FhEEAM 74 28.58 d F122.97 d, YX FhEES5IH
31.85 d 1 28.29 d, KZ FiBE4r 3k 27. 68 d Fil
25.40 d, ¥R B2, (H TA FEE4 5% 30.53 d
129.68 d, ZRAEE; HLRIEIEHIUE 25T
9C #128T: 5C wr, ¥k 2 IRAH P HOLHIRES
BRE L, B 1 EEE R T F— R R4
HEBHHSEIEE R BEMRMELR (K
ZECR® 430K GZ: 0.7893, YX: 0.7674, TA:
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0.5837, KZ: 0.9128, H P {5#/NF 0.01),
BEEEZT S, A, Xo6HIRE R
i, /U FRAN , & FREE 20T: 5C F120T:9C,
22T: 5C 1 22T: 9C, 25T: 5C #1 25T: 9C, PR
28T:5CH128T:9C Z 4R AE IR A BEE
F(P>0.05), #—HRAYHEMERRE FER
JEHIR EE R

MR 2 BFIE S, TEAEFMIRFET, A
AR EEIAEREER(P<0.05), K
ZHENEBIBR T R ESRET I BERK TR
G, YhRURE S WSS A —E M IE
HXXR(E2), HFE, fF£1ERE 20, 22 f
25CT, MAE KZMBENS R LT IR ERT
A EER) TA A1 YX R ; 1 28°CF WA -
2.2 REAPMBEAFETFSFHZMN

FEOLAHA L12: D12 54T, 1RJE BAXTAS [F] b 38
PR RN EESERILE 3, AR AW, &

SR BE R MRS I T W EER R, TR EE
X R B SRR N B0, A IRRR AR
I 39 20T: 9C (PRI 14. 5°C) T Wy & R
THE22T:5COFHIRE 13.5°C) PR E &R, Hp
CZMBAEXFMEBRAN THEREER (P <
0.05) ; YX, TA il KZ Fh7E IR 25T: 20C (-4
IR 22.5°C) B E Rt TR A 28T 9C(-F
PR 18.5C) HH & 35 FEIR M 28T: 5C(F1
IR 16.5C) T, FFHHH & R BERTER
20°C (P <0.05) ; 1A 28T: 20C (F-HELEE 24°C)
& TA 0 KZ A A9 7 345 B AR IR 25°C f91. it
bh, SRR R, BRABAEESL, A
# 20T: 5C #120T: 9C, 22T:5C I 22T: 9C, 25T:5C
F125T:9C, LK% 28T:5C i1 28T: 9C 2 [A] ¥ & K&
ARFEZEF(P>0.05), H#h— 13 B 1 I8 B Xt
WEFEFHERBN

®2 FEMEMBERSAESRREAYE TS REEHH(EAH L12:D12)

Table 2 Larval duration in different geographic populations of Helicoverpa armigera at

different thermoperiods under photoperiod L12:D12

4 & B A Larval duration (d)

AKAERITE RLTTE WA

Yongxiu population

Tai’ an population

Kazuo population

WAB(C)  FHRE(T) o
Thermoperiod Mean temperature
Guangzhou population

20T:5C 12.5 43.13 £1.96 aC (63)
20T:9C 14.5 43.38 +2.14 aC (56)
22T:5C 13.5 31.06 +1.13 bB (95)
22T:9C 15.5 30.93 +1.03 bB (102)
25T:5C 15.0 30.33 +1.59 cC (120)
25T:9C 17.0 28.85 +0.88 dC (96)
28T:5C 16.5 23.78 +1.30 fD (105)
28T:9C 18.5 22.97 £1.76 gD (104)
25T:20C 22.5 24.98 +1.69 eB (82)
28T:20C 24.0 19.75 £2.22 hC (84)
20T:20C 20.0 28.58 +1.36 dC (89)
22T:22C 22.0 22.67 £2.06 gC (60)
25T:25C 25.0 19.43 £1.32 hB (75)
28T:28C 28.0 14.33 £0.95 iD (119)

48.50 +1.80 aA (58)
48.52 £2.26 aA (61)
38.00 £2.26 bA (74)
37.51 +£2.26 bA (57)
31.82£2.35 ¢B (60)
31.81 £2.52 ¢B (87)
28.09 +1.98 dB (68)
28.29 £2.07 dB (83)
23.06 £2.62 ¢C (76)
21.83 £2.52 B (63)
31.85 £1.41 cA (69)
28.60 £2.30 dA (60)
20.09 £2.76 ¢BC (70)
17.69 £2.13 fA (71)

49.58 +4.35 aA (79)
43.67 +4.82 bC (63)
37.76 £3.98 cA (62)
37.61 £5.79 cA (84)
31.57 +2.57 dB (77)
31.55 £4.22 dB (72)
29.66 £2.72 eA (58)
29.68 +2.41 eA (76)
25.36 £3.45 fB (66)
20.86 £2.60 gB (58)
30.53 £2.63 deB (79)
24.79 £2.40 fB (78)
20.90 £2.75 C (78)
16.08 +1.51 hC (72)

45.18 +2.51 aB (78)
45.94 £2.91 aB (68)
38.42 £1.50 bA (66)
37.82 £1.65 bA (66)
33.85+0.98 cA (80)
33.85£1.02 cA (68)
25.34 £2.03 «C (84)
25.40 £2.09 C (70)
27.62 +1.20 dA (84)
23.52 +1.36 fA (62)
27.68 £1.66 dD (130)
22.98 +2.34 fC (87)
18.23 £0.67 gA (103)
16.83 +1.51 gB (77)

T: {ii}}] Thermophase; C: i} Cryophase. R AV b2z ; R —SIEIRE A F/NG 7B 2R S BAE AR FIIR T 4 & &
WS BE, TG RFRRE PR R BRI T A R 4h dU% 7 22 52 .2 (one-way ANOVA, P <0.05), %5 M IET

AR, Data in the table are mean + SD. Values in the same column followed by different lowercase letters are significantly different in larval duration

of the same population at different thermoperiods, and values in the same row followed by different capital letters are significantly different in larval

duration of different populations at the same thermoperiod, all by one-way analysis of variance (one-way ANOVA, P <0.05). Figures in brackets denote

the number of samples.



1292 B 2R Acta Entomologica Sinica 54 %
45 - ¢ J7MNFIEE Guangzhou population AAEFIEE Yongxiu population
: 50 |
=-2.1197 81.33
ol 3 re 7899;‘ ; =0 091 45 y =-2.4824x +94.656
T ) 40 R?=0.7674, P <0.01
35+
. 35
30 : 0 |
s 0f : .
=] > - o
2 25t : : B i
B : Pt
= 20 21 —_—
E 19 20 21 22 23 24 25 26 27 28 19 20 21 22 23 24 25 26 27 28
it
) FFRE Tai’ an population
R Sr f . pep 50 3 WA R Kazuo population
1& 0T i 45
H o4 | : y =-2.1480 x + 86.104 y =-2.5407x +95.843
q 41 : R?205837, P <001 m 2 R*=09128, P <001
>
>
35 + 35 2 b
30 30 *
25 r 3
*
20 ¢ 3
15 E :
19 20 21 22 23 24 25 26 27 28 19 20 21 22 23 24 25 26 27 28
FCIARE Photophase temperature (°C)
B 1 SRHRR X AR R4 B R F T AR
Fig. 1 Effects of photophase temperature on larval duration of Helicoverpa armigera
50 20°C 40 r 22°C
43t * BT ¢
* 36
wt . ]
S ul 3=0.0810x + 43.363 M i%-’éﬁﬁlx;fbogf
= - R?=0.0874, P> 0.05 32 F =0o%1% -
£ .
z 4 . : - 30 .
E 22 27 32 37 42 22 27 32 37 42
3
=N - 28
iR 3 25%C - 28°C
P4
g0 2 b
<
® 2t . “
24
28
y =0.1557 x +18.992
a b y =0.1987x +21.945 2 r R? =0.4700, P <001
R2=0.8822, P <001 *
26 * * * 4 20 - - - '
22 27 32 37 42 22 27 32 37 42

Z5¥ Latitude (°N)
B2 AHRERREAE R T AR R4 Rk B I S5 B A BRI R R

Fig. 2 Relationship between latitude of habitat and larval duration of Helicoverpa armigera at the same thermophase temperature

MK 3 EAFEE, EMFRREYT, ARt
BN T RIAEREZST (P <0.05), fREH
KB BR T RAE W E R R TG, #R3
B R (B R ER) #OLMIHREE 20, 22, 25 A
BCHFEHME R ME 3. NE 3 AEH, £%
FiIELRE ¥ R B A SRR AT S 26 B A T v T B
B TEOCREMRKELT, FHHETRS
OGS 26 BEAR G PR B AT 45 R WK 40 SR

4 LI, SRR AR AT S 5 L 1R A AE AR B
HIRIEEIHSC R (P <0.01) , Wi & S50 8 4 B
EBFIEMK. Mo, KRR GZ M YX Fiff )
MEREECHBEN LB TR, S4EK
TA M KZ P T R EHZE THE(E3),
wn, 7EMRAH 28T:5C T, GZ Ml & MAL T,
YX FEEROTEE RO 17. 65% , Mim£hBERY TA
KZ Fe s & R0 5 =1k 62.07% F172.73% 5 &
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fEiE 25°CH, fREFBER GZ 1 YX FhiF i ME K
B, MRS TA 1 KZ F R E ROR 153

60.00% 71 89. 32% , X S5 R K W wg J5 FhE X

=3

B R LA A B 3t R A BE AR 60 HRUE T B A0S0 (LA HA L12:D12)
Table 3 Effect of thermoperiods on diapause induction in different geographic populations of

Helicoverpa armigera under photoperiod L12:D12

JBE AR R TAU TR, UL TS AR RS St A
U3 TR T AR

RABI(CC)

Thermoperiod

PRI (C)

Mean temperature

W& # Diapause rate (% )

T HRREE

Guangzhou population

AKAETEE
Yongxiu population

AL

Tai’ an population

WEAR R

Kazuo population

20T:5C
20T:9C
22T:5C
22T:9C
25T:5C
25T:9C
25T:20C
28T:5C
28T:9C
28T:20C
20T:20C
22T:22C
25T:25C
28T:28C

12.5
14.5
13.5
15.5
15.0
17.0
22.5
16.5
18.5
24.0
20.0
22.0
25.0
28.0

55.56 £5.21 aC (64)
31.58 £1.99 bC (56)
14.74 +2.48 cC (95)
6.86 +1.23 edD (102)
17.50 £2.17 ¢C (120)
4.17 +1.04 dC (96)
0.00 +0.00 dD (82)
0.00 +0.00 dD (105)
0.00 +0.00 dD (104)
0.00 +0.00 dC (84)
26.53 £3.01 beD (49)
0.00 +0.00 dD (89)
0.00 +0.00 dC (110)
0.00 +0.00 dC (112)

89.66 +5.33 aB (58)
91.80 +2.26 aB (61)
86.49 +2.72 aB (74)
57.89 +3.04 bC (57)
38.33 £2.65 B (60)
44.68 £4.95 beB (87)
10.53 £1.66 C (76)
17.65 £3.95 deC (61)
7.50 £2.50 eC (80)
0.00 £0.00 fC (63)
43.48 +3.30 beC (69)
30.00 +4.34 C (60)
0.00 £0. 00 fC (70)
0.00 x0.00 fC (71)

93.67 +5.44 a B (79)
93.65 £2.94 aB (63)
93.33 £2.36 aA (¢,60)
86.27 +4.43 aB (81)
91.49 £3.15 aA (77)
86.11 £4.25 aA (72)
61.11 +4.41 bB (64)
62.07 +6.36 bB (58)
55.26 +5.02 bB (76)
51.72 +3.66 bB (58)
85.00 +4.39 aB (78)
65.71 +£5.15 abB (70)
60.00 +6.03 bB (78)
19.44 +4.82 cA (72)

100.00 £0.00 aA (68)

98.33 +2.33 aA (60)
96.97 £2.78 aA (66)
97.73 +3.08 aA (66)
87.50 £2.38 bA (80)
82.35 £3.10 beA (68)
76.19 +4.62 beA (84)
72.73 £3.49 cA (81)
71.43 £3.52 cA (70)
70.98 £6.00 cA (62)
98.46 £1.50 aA (130)
93.02 £4.08 abA (86)
89.32£5.01 abA (103)
12.50 £3.94 dB (68)

T: {i&}}] Thermophase; C: K} Cryophase. R A VI b2z s [Fl—SIER)E A RN 7 B FOR A REFE A [F) I F 30 T i R 22 57
B3, W8RG AR RE FEFOR R — A T AR R R E R 225 B3 (one-way ANOVA, P <0.05), 155 NI T HEARLL

Data in the table are mean +SD. Values in the same column followed by different lowercase letters are significantly different in diapause rates of the same

population at different thermoperiods, and values in the same row followed by different capital letters are significantly different in diapause rates of different

populations at the same thermoperiod, all by one-way analysis of variance (P <0.05). Figures in brackets denote the number of samples.

*4 HERE

RE TR BT E RSB S EHAX KR E RS

Table 4 Regression analysis of the correlation of latitude of habitat with average diapause rate of

Helicoverpa armigera at the same thermophase temperature

TR (C) PSS PeiE REL
. . . - Ffi tfi PfE 1] 4
Thermophase Correlation coefficient  Coefficient of determination
F value t value Sig. Regression equation
temperature R R?
20 0.8156 0.6651 43.6992 6.6105 0. 000 y =16.9715x +39. 3525
22 0.8875 0.7876 81.5917 9.0328 0.000 y =27.7260x - 1. 7800
25 0.9239 0.8536 128.2272 11.3237 0.000 y =26.9565x —10. 8750
28 0.9467 0.8963 190. 0628 13.7863 0. 000 y =26.3355x —33. 7275

3 itig
3.1
HAHI B

A REE R A R B AR AR R4 R A K
RERWEIPITE, BN RIIARRIGE, B9

EEFHN AR MEMBERE RS RLTH

HER, 6 L12: D12 4T, BB
Rg 2B A BE R, JEE R R AR

R TR EERR, £ V3R AR SR

WL, SR REEIR B BTt e s et

AR LT e AR R, 4 RS HA S
WA EREMRKR,
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Fig. 3 Relationship between latitude of habitat and

diapause rate of Helicoverpa armigera
Pl b BE R IRRLRE , i A IRIR ) SC A 9°CTF I3
The temperature in the figure is thermophase temperature. Diapause rate
is the average value of diapause rate at cryophase temperatures 5

and 9°C.

R B R A KT R, 2R A2
WP I B (AR AL S S I A5 B, MR A SR AT 40
PATF 4 #3821 (Beck, 1983): (1) {REEZSIRTEZF
B HUE IR DX P, BV IR A B S 2 1R B S R IR A
&, ZHRERAERMAPTHATHEERERT R
P, ARINARRL (2) RIREE S TG iRE, Johr
BRI R R E HEAH RN IR B R E IR A T
9185 (3) RIR R AR T 1% 0 & & ke SR BE A
IR AR, BE T AT RIERT AP
(4) KBS ATER B L BUE € s, RAHT
WA EHE SEIR T LSRR, ALRERMTE
AR () M(3) 2, BIEBIREE (20 ~28C) &7
ZHRAER KA, TRIRHEE (5, 9C) K TR
REESEBEE(Z411C) (=484, 1987; Bartekova
and Praslicka, 2006), FrLA, 188X AR 48 B 4h By
ARAERHEM, TEMHEFSHEERFERET, 4
BTERFAY T AT B EE TER.

B U AE N X PR AR TR B T HNTER R B R
W, T A B R AT RS AR O sk DAGE N AS B AR
24, A LLER T B B AERKKE MEHE
B, EHEA SIS Y ek, IR AR
Fi%%) [F]25 ( Tauber and Tauber, 1981) , XX} R H7E
WEHMENAEA T AEENE L, BRRY, &
MHENRET, RMERESENRSEMERER
B R A 25 A R 5 ( Tauber and Tauber, 1981)
ARRBJLT B RFR, MEIMELEE, W
H¥E K Bk Mamestra brassica 7556 JE1#A )y L15: D9 4%
T, B R R R 4 U B K T I 7 R

(Masaki, 1968) , TiA K ERILITFE LT HE,
REHBK T IrfEt. o — 16k kg
Modicogryllus siamensis 7 M BBl B K F {19
(Taniguchi and Tomioka, 2003), ELZR B EFH
W BAAE IR AR 5, H 50 )5 3 25 B TOAH R A
RAEARBH, WA [F R3S R Drosophila (Linde
and Sevenster, 2006) %%, XEWRERBR TR R
WA E IR OARER, BT R a4
TR RWZHME, ALRERER TRE) ZH
AR E, TEMRIROCRABFGT, 48
REDAFE BB 5, 4 o b7 3045 AR S 3
GERIEMRRR, TURBHEESHERREET
K, HARBRA . FER R w2 B v R i
TEfEIR 20, 22 M 25C T g RGH BE R TH 5
FERZRZAGAETRE, Horb i B AR B &5 1
file ke, (B3R
3.2 BEXABMNARMEMBERLAFETESN
2 m

TE B AR (REHAMRIR, SR T, @ %
BB B AR, RS HEREE TS
WE, T AR R TR F (Beck, 1985;
E /NP FEE DT AR, 2006), A0ER Y EOKEE 0.
nubilalis, 7EYEEW L15: D9 T, JeHIK A 31°C, 5
HIM G 21°CH, iR FERMBE (> 90%), HiE
IR 21°CIAE 2 SRR AR, W B EL )
RAK (15% ) (Beck, 1982, 1985), 74§ F i 257 ik
Sesamia nonagrioides TEJR Y6 A # (L12: D12) T, f&
RS E, WE AR 45 RS
BA B, W E B & A BB AR AL (Fantinou e al.,
2002) , 7E ¥ W 45 3E K Pseudopidorus fasciata W,
L12: D12 W6 T, SEHARC & 31CHImIR, Wy
Fia 15 ~28C kiR, SBULF 100% M#H,
KRR R, FBULT 100% K AR (H£%
&5, 2004) o xR B S IR BE SR ZU MR e T
WERE. HIEFENPIRRY, £ SR RME
H, % IR BE X W B R R W AR K e SR g
Drosophila triauraria W, HRXEE (18°C), & [E{K
WR(5C), AR T Mg MR, R B IEE 3
N2 AR B 1) & 42 (Yoshida and Kimura, 1994,
1999) ., 7EKIRM H Colaphellus bowringi W, ¥ & K
RASZCHIRE R, 78 L12: D12 KRR T,
LR (28 F130°C) SOLMIME &R, WFRRAE
RAL, (RS GE, WEREMRS, R
B R A R ZZ PG IR B B 0 (Wang et al.,
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2004) , ALIWAFRIZEMAREER, 6 L12:
DI2 &M F, SRR EMRE R E M EER
R, EVFHREMFESAENELT, HEREE
JEHAR B TR TR R

Beck (1983 ) 1A%, JRJEHARETR 5 00 AT B &
HIAE L, RS R R E SRR T
fEIR, FEREXE RNEA N, X—RTER
TERHEPGIESL: PiIELEZEK K S. nonagrioides
(Eizaguirre et al., 1994 ; Fantinou et al., 2002), 74
T K UME Diatraea grandiosella ( Chippendale et al.,
1976 ) FIRKM EKUEE O. nubilalis (Beck, 1982),
AERHFBIARMSER, 6 L12: D12 &4
T, TEFHIREAHRSAMAEMERL T, 51EEM
o, AR R ER, 0, IR 28T:9C
CPEREE 18. 5C) P& MBI T R Y LER
20C IR 2, TR 28T: 20C ("F-H4iR B 24°C) T
TA 1 KZ FEER0# B R HE IR 25C k. X2
SR T 28T: 9C 1 28T: 20C Hy: A Ik BE LU AH X L
AR 20°C FI 25°C B, MBI F R TR,
XE—PIE LB S FE ORI,

A SEREHE— D iR T AR BOMHEDE A B 2
DA TE B B i 3 3 22 7. ARV B 5 S 0L A
(L12:D12) F, Fg A EE (GZ, YX) X% 1 BE 1Y
AR BUR, MECHREASHERART
K, T J7 bR DO e 4 5 R S s Bl i O R A 5 2R
%o ASCEERBE—BUEN], 75 HH Hh DR BE B
HPEMAS IR B R 2 T (R EELL
B, 1986 BEEAREE, 2000),
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