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SERF . AW REREREERAYM TN ERIERFIHESFEGEREYW, K AR EREESFTEER
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Effects of photoperiod and temperature on diapause induction in Ostrinia

Jurnacalis ( Lepidoptera: Crambidae)
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Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural Sciences,
Beijing 100193, China)

Abstract: The Asian corn borer, Ostrinia furnacalis ( Guenée ), exhibits a facultative diapause. Its
diapause characteristics play a pivotal role not only in allowing its populations to use the most favorable
climatic conditions to the greatest extent, but also in regulating its seasonal population dynamics. The
objective of this study is to understand the effects of seasonal cues such as photoperiod and temperature on
diapause induction in O. furnacalis, which will provide the scientific evidence for forecasting population
dynamics. Effects of photoperiod and temperature on larval diapause were examined under 80% relative
humidity and combinations of temperatures 20°C, 27°C and 30°C with 11 photoperiods in the
environmental chambers ( HPS-500 and HPG-320H) with four geographic populations, i. e., Nong’ an
population (NA) of Jilin Province, Hengshui population (HS) of Hebei Province, Huizhou population
(HZ) of Guangdong Province, and Haikou population (HK) of Hainan Province. The results indicated
that photoperiod played a key role in diapause induction. Short-day caused larval diapause at 20°C , and
the photoperiod response under a series of diel patterns showed that it was a typical long-day insect. The
critical day-lengths were 14 h 3 min, 13 h 59 min, 13 h 32 min, and 13 h 7 min for NA, HS, HZ, and
HK populations, respectively, which were declined from the north towards the south. The day-length of
12 h induced the highest diapause rate. The sensitivity of larvae in response to the photoperiod for

induction of diapause declined with the increase of latitude. However, the photoperiod curve showed that
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it was a short-day and long-day insect at 27°C. There were two critical day-lengths for NA, HS, HZ, and
HK populations, i. e., 12 h 50 min and 13 h 32 min, 11 h 35 min and 13 h 8 min, 12 h 58 min and 13
h 1 min, and 11 h 50 min and 12 h 26 min, respectively. The highest diapause rate for each population
was significantly lower at 27°C than that at 20°C. The critical day-length would be shortened when the
temperate increased from 20 to 27°C. However, the diapause rate was less than 4. 3% at 30°C,
suggesting that the diapause was almost inhibited completely. These results demonstrated the
compensatory effect of temperature on diapause induction by photoperiod in O. furnacalis. In conclusion,
0. furnacalis has a temperature-dependent type I photoperiod diapause response in the nature; the
critical day-length of the population increases with its geographical location toward the north; and the
population diapause response is also characterized as a short day-long day insect, which may play a key
role in the presence of multi-populations with diverse ecotypes of voltinism in one geographic location.
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induction

WM F AR Ostrinia furnacalis ( Guenée) J& T3
PEHE R, — MR, ZHRERPGE | R X
RSN, TEH A X LAV & 234 A&
(ARZREE, 1995) . Wi B R WiZBRMEIEMEK
ARBMFERERZ —, HAERRHX AT
B ) 2% 57, BVSE R R — 3t DX, AR 4E 4y [E] g 22
Ao WMAEARIFIR 1 ARX—MLASE 1 RBRL)
BA, EAGELNREZES 2 A/, 2 RmX
WA LRI (BHEE, 1995) . L BAREESE
1 ~3REEFRDH N 41.7% , 89.1% F1 100% (4=
B e TR ZZ IR, 1983 ), A JE 4 B 5H i 1 Re th R B
AL REEREL . EIMT I E R i ok 2
FhER W E K UE Ostrinia nubilalis (Hbn. ) B HF 57 3
B, wmERE N FERRALEM. RES, E
G52 IR B S Y 2 R R AE AR B
Z R F K (Beck and Apple, 1961; Showers et al.,
1975 ; Takeda and Skopik, 1985 Ikten et al., 2011),
KT EARIEE N FER T HESARE T
TSR e UK AR S (RL IE SCRIZE BT 7y, 1964
SHEIFAE, 1984; F @R SE, 1995; #&E — %,
2000; &3H7FIE KSR, 2000) . o T BAHEH B XA
[ 3th DX KA R RSN S IR TE R, AR
B | WALAEK . AR EMN SRS O 4
PEREEAERE, T FI 4T T 06 A 5 18 B BBk
EVE X HA A B 75 S R R SO A

1 #MBE5E7FE
L1 kiR

A< S 56 i A B R 3 KR 4 > 3 b
SrAIREE T H E AW R 4, FEIL (ST

&, BE3 AFEEE 28 +1°C, RH 80% , SLEH#
16L: 8D Z5f4F T 18]35 B AL A= OF . 452 F 91 £ oK
W NTARRH BT 7 SR RARFREAR (A RE
&, 1980) 4k UIRFREIE 2 ~3 R, B REMEN
TEFEFEE, IR BRA BT,
1.2 XFEEX M EREFHBEHES

JEJRIAYE S WY £ KR 4h B il B A IR 7E HPS-
500 %l ( Heraeus 2\ H] A7) Fi1 HPG-320H &I ( Mg /RIE
RERAFA) NLE AP T 45T
RH 80% F, 20°C #1 27°C 5 11 /G E A S, B
0L:24D, 21:22D, 61: 18D, L: 13D, 12L: 12D, 13L:
11D, 13.5L:10.5D, 14L: 10D, 16L:8D, 20L:4D #i
24L:0D, XL EAREL R TKFEEM. E£H
#2920 em, & 15 em BFR R & HF AN TR
150 g, FEA Y EKIERFEL) 212y 500 3%, HAFh
BRI &, BCT LA BRI E B 0 N TR SR 46 b
TSR, BRIEDGCHHEY N ETHE, YRAF
BRI ER R 2 45 d, HEHE IR TR ) 4 SR
FIWT i B G, 10 R ALIR AP IR & S E 4
B, JFEWE R, A 0 B R B
223 ~611 k4 (FE2),
1.3 BEXTHMEREFEFFSHZN

FERTROC R S F iR Ee b, 2507
12L: 12D F113L: 11D WG EHA T Eb 20°C, 27°C
F30°C 3 MRBESFRAFXH I FORIE L) B & 15 F 1
R, Bt ARSI, HAt AR KOy IRIL. 2745,
1.4 HEGH o

Il 5 Jo 30 R BRCAE [ s SR BB ML, 7E 20°C
T, ARG B AOC RS H
JI b 3t 3825 E 22 18] B 56 R AFEATAH AN BE 404 o B
AGeit R A SPSS #1442
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Table 1 Data of the geographic populations of Ostrinia furnacalis used in the experiment

BRI SRAEH R G eyt SRAE ]
Geographic population Collecting locality Latitude Longitude Host plant Collecting date
H 7 HE
NA AR 125° E RHLEX 2007. 10
Nong’ an, Jilin Province Field com
LBl vy FH
HS el 116° E x * 2007.10
Hengshui, Hebei Province Field corn
M E
HZ FARBM 114° E AR 2007. 12
Huizhou, Guangdong Province Sweet corn
[u} =
HK wH 110° E ARk 2007.12
Haikou, Hainan Province Sweet cormn

x2 ARBEMEEAPHAS THESLMEREL R FIRXEANHR B

Table 2 Numbers of Ostrinia furnacalis larvae tested in the experiments of diapause induction under

combinations of different temperatures and photoperiods

Hb BN A6 T W4l B (k)
Geographic Number of larvae tested under each photoperiod
population o[04 21.:22D 6L:18D 11L:13D  121:12D  13L:11D 13.5L:10.5D 14L:10D 161:8D 20L:4D 241:0D
20C
NA 448 239 411 322 379 367 415 359 428 464 283
HS 295 303 402 413 431 289 437 341 345 547 399
HZ 446 253 324 416 432 274 401 343 337 383 365
HK 286 259 395 345 437 392 401 333 223 485 493
27°C
NA 444 354 444 308 241 363 370 424 356 278 326
HS 345 325 339 304 303 294 298 450 412 467 437
HZ 414 436 391 422 401 328 382 409 353 360 378
HK 432 583 424 260 254 357 393 561 515 319 324
30C
NA - - - - 235 334 - - - - -
HS - - - - 272 327 - - - - -
HZ - - - - 283 341 - - - - -
HK - - - - 366 611 - - - - -

2 HBRE5HH

2.1 SEEEAR I T RAE i E B R

ARG S T TR IR 4 i R B3
AR E20CHMT, LI (2 ~12 h) FEFRER
Grah B AW E (63.7%~100.0% ) (B 1) , &F0iH
HEARTEH 12 h BEAMHFTERRES, N
90.6%~100.0% , 7EH 12 ~14 h X HEE, I E
KU 4l iy 7 SO IR ) 3 4 2 B BERE, Db
HRIK 16 h i, 4 IR TR TR 1.2%

PLTF o AR 50% S A3E A B MO IK B b im
SR, W NA, HS, HZ fl HK 4 N3P AREEAE
20°C 414 T Bl A6 A 43 512924 14 h 3 min,
13 h 59 min, 13 h 32 min # 13 h 7 min,

5 20°CHHEL, 47 27 CHIH B BERIK,
HFESRM o AR B HOLRKELE 12 ~
13h ZEI(E2), 2REFGETHREWEE, 7
WiFESFTMNEREHFAMETFE —ELRKE, H
—ETLEN, CHRETERRE, WE R, HOLR
KE2~11 h4BEEXR<23.0%, 1M >14 h K
I, SR E R <14.6% ., PG ih<k
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Fig. 1 Photoperiodic diapause response of four geographical populations of Ostrinia furnacalis at 20°C
A: NA; B: HS; C: HZ; D: HK.

R, R 27 CIZBA PR FOEE I, B ROLR
Ia] ()G B A% 7 e OGR4, NA, HS, HZ fil HK
4 AHoIEFRFE/ 514 13 h 32 min, 13 h 8 min, 13 h
1 min F1 12 h 26 min, K %600 88 [a] b 6] R 4% A2
T S & 8 im F 6 R, Kk 12 h 50
min, 11 h 35 min, 12 h 58 min #1 11 h 50 min,
2.2 XEARHEBEFSHMIEES L

BARFE20C, HOLMR 12 ~14 hJEE N, T £
KR 4 A HbIRRPEF AT B 306 HOCIRET RE KH 2
BELRGERE A, SR HhIRAN B B 2R RO R 99 A
LR R (R R ) AR 25 (F
1) o 3 BE R R U B X O J SR AURk . BPAE H OB IR
A —MENVEER T, SRS T R M
BRZ, NA, HS, HZ I HK 4 DFIEE I 3
5 HOGR B B L FE 8R4 5 0 - 20. 6057,
-24.9086, -33.9771 F1 —44. 8571, FEFhaEHn I
SITRG R, HEAWER M. mikarHm, &
20°C AT, e 0 B b BHR A XS O A 40 I I Fy ek
TR

FE20CHMT , WM FRIERN A & 1

T 5 A () B 26 B[R] 2L B 2R A
XXZ(E3)(F=27.751; df=3; P=0.034), H
R, FEIRBE R 20°C i), HbIRSE AR 24 29. 3
BE, WY E KR A B 75 5 W B e A% 5 3
Lh, ZE27TCHKMET: HRABE(F=8.715; df =
3; P=0.098), Ik, 7€ 27°C T 45 HbIRANEE 1l A
AR T 20°C, Bp—E iR ETERE A, BEIRE T
=, AR
2.3 BEXIEMNEXRIERB D

[F] — Y R A [RIIR B 2% 1 T 4Rl 55 . E oK AR 4))
B, HirERAHEER, MERENAS, E
TRE, BIRERF 30CH, HERKE 12 h f1
13 h [HEE R 1.4% ~4.3% F10.6% ~1.5% ,
SR SR B AN H (B 4) . BLEH, BE
BEAE, REDEEBXH T ERIERFTHES L
B2 T REaE, mIREMENE LA

3 g

TR, 250 B Al W R B LA
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Fig. 2 Photoperiodic diapause response of four geographical populations of Ostrinia furnacalis at 27°C

A: NA; B; HS; C: HZ; D; HK.
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Fig. 3 Linear relationship between the critical photoperiods and
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latitudes of four geographic populations of Ostrinia furnacalis

7% (Saunders, 2002) . —ELLT, BRI R
JCRAVE S W R B 4 FhRE, BT
M—RKARRME(EHRBERHERLE); 1
M—E RN (KERBERWERE); I
R—4 H IR H RO B (i B U BE A T4
H B H B Z [ —BOB R E N, HAt B K
WEREE); VE— a1 H RN R (ZEH A
PERDEIRAF TR T, ERENRKLETHT)

(Beck, 1980) , £ _fLsiZLEBER H B oK
H B i B ( Dickson, 1949 Z%i@ A F i, 1981;
Roditakis and Karandinos, 2001; Wei et al., 2001;
Huang et al., 2005) ., #E4RIE, 7 25°C &4 F 1L VY
WK (S HEIFEE, 1984) FIVLIREE 5% (kL IE ORISR R
B, 1964) EARIEE K H IR AL, ABFFELERE
B, TE20C /MR EMRZ ., FHLETK, | AREM
TR O 4 /2PN T KR S PR A4 ' R 30 S b
2K H BB AL,

A ) 2t 2 46 ) O A A i 25 S R AELE 1Y, R
N B B B 155 S O R R A5 L A 3t 280 44
BA B, AR F R R i i 56
BERR AN R R N E R
—o WIRIE, 2R BT IE KA LR
B RTHRER . — Ok, ARk
RERENEEBEN, FZREAR-HFLRENE
e BEH IR A 5 4 B TR BRI 50, Hlm FOL A
1% AH B 38 s 98 2 29 1 h ( Danilevskii, 1965
Beck, 1980; Sims, 1982), 55— B33 N7EA [F]Fh
BrhiE— R0 T X —MGER R, i Rk
Sericinus montelus . 4 2L /N ¥& 20 W& Phyllonorycter
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Fig. 4 Effects of temperature on photoperiodic diapause responses of Ostrinia furnacalis
A 121:12D; B; 13L:11D.

ringoniella, ZE $I {7t W Aedes sierrensis. i FE B
Wyeomyia smithii 5 il 5t & 438 insisi 21 b,
HE R4 B N 6. 70, 7.0, 4. 8° F1 5. 4°
(Bradshaw and Lounibos, 1977 ; Jordan and Bradshaw
1978 ; Ujiye, 1985; Wang et al., 2012) , XFp—2
P ER R MR R AR T RS AR KRE
5, W=ZUL Aedes triseriatus 1 YP T B 175 S I AL
JEREARE I 1 h A2 R 4.2°, THS)
BB IR A OC R e 1 h 2R
#J20°(Sims, 1982 ; Shroyer and Craig, 1983) , B4t
TE YN ORI [F] b B AP B B 15 S R Im SO A
BTN, 02 F0e 1 ALBIFPRE(41°31° N, ik
200 m) 7E 26°C fiE AL EHA K 14 h 53 min (&3
FJERZE, 2000) ; 7E 25°CHaFR ILTPGIL /K (35° ~36°
N, 3k 600 m Z245) ##£4 14 h 30 min ( 5 B 2%
£21984) , B APEE(32°04' N, 3k 9 m) N 13 h
30 min (AL IESCFIZERERT, 1964) , BtRHIERR (26°25'
N, %3k 1500 m Z£247) #hEE 4 13 h 18 min ( BE4ESC
SR, 1984) , BN 2 IBES EREIRTI 6 5. &
WroE R, BN 20°CH, BT EKIEH T K
e AN 1 h, IR 24 28.6°, X
YL, YN KR B 55 S 8 I SRO6 R AN B
HA R TG, G InE B 52 IR B S g ik B
) S

A BN B A i R B AME AR A
B (N2 ERIEFHPREKETBELIEAEK) , T
HAE—CASTHEE (D5 %, 2003) , B
TERBR -EBENKREERIEAFOLRBER
TP RN . B AR BRI R IE I &
5, W H B8 Mamestra brassicae L. AR B KK
( Goryshin and Tyshchenko, 1973), 5 i Panopa

vulgaris W T B4 (Saver, 1984) , H5ji 5 WF Aphis
fabae BEREFR R KX X REFR R S % ( Vaz Nunes and
Hardie, 1999) . Ak, HIFHAEALHE 0 FIRK A
FERCROLASE Y AAREBEE, RERHEK
AR EARTE B RAKHER, K H R
N # B B WA TR B Dendrolimus punctatus ( Walker) Fl
Bki: IR Conogethes punctiferalis ( Guenée ) 7EH% 48 Y6 iR
BT A 3 8.3 T M (Huang e al., 2005;
Xu et al., 2012) , AT EAR, “0 h7 BRI 2K
B, Y EKRE T R EIE T 0, RImIGIK B
KTWAEFE AR AR AT Re it T R IRER
H AR B EEE T A TR
BARCAMRRE B E N FEAREESRHE T,
(E7E IR B B [F] 3 4 B SR SR A S BB ZU e T
W] BE & A= 78 57 (Sauders, 2002) , —2EE B E 1)
JEIEE S BA IR RS, I A0 R S IR A
K, G4 FRIEEE M 20°C $2 532 23°C, Wi 1) H 35
W& Homoeosoma electellum Bl G HI45%1.5 h
( Chippendale and Kikukawa, 1983) ; 163518 & &1
fin 4°C, #7 4 B Helicoverpa armigera F EL b &
Loxostege sticticalis F)IlEFGERIZE% 1 h (LW
T I6, 19955 # BB 4, 1999; 3 AT %,
2009) , FEEH E) & E OG5 S B A R E R
0, FOG 0 R H X R B A URR, 8RR IR A
EEPEIRMEIKERRMERRMHERE
(Thurston, 1976) , iR 4571 2 W WK IR AR 27 &
KA (Beck, 1962) ;5 A, IR I 46 H IR 5 0L 2
BH K E &L, & iRNAEH# (Kamm, 1977;
Nisimura et al., 2002) , HA —LE &, HYLFH R
N7 2k 28 R BE R BE A R T e QN E B B OK IR
Diatraea grandiosella Dyar 8 V4 B} Fh & (19°N) 18] 3§
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£ 20°CF FOL A BOE H%jﬂkﬁ,mfi R, TifE
23°CHA25C i HIR-K H B B R, H 25CH)
mWEREEMRT 23C, E 30°C T WAL A R 2 FeA
1% 4 #F (Kikukawa and Chippendale, 1983) ; [k
W E KW Ostrinia nubilalis (Hbn. ) {73 7E 18. 3°C
(65°F) & By % JA 3 B bi ith £ K B BB = g Y
( Mutchmor and Beckel, 1959), 30°C | 45 H F&-K
H MR 5 BL B (Beck, 1962); A £ B i 4
Conogethes punctiferalis 1£ 20°C F1 25°C T fIFR B G
BRI 2K B B A, 7E30°C T E B4
e (A EH, 1981; Xu et al., 2012) , &<
WHRERBR, W EKRIELE 27CHEB TR, H
SR R N Bl 26 Ok 48 B BB B OBE RN B, T 7R
30°CHIE BEHINH
— Iy, WY EREELE BARFIAB TKH
FRAESE By, Rl RAEIRA ML IX, HBAH I 3 i BUAE
BZAWIEK, ZJEHRkZE i AR 16 J8 19 B R BE iR
BRI E R AT RE . HTA
[F)6 BE | A X 1 O Jo 0 R R BE RS PE A, DA
B & s BRI B RN A S R, AR R 25
B VEF M5 55 (6 Y FOK IR H A RIfL B AP B
BpRER A, ndbstss | (R ZFE) f5E 2 R O%
H)H 41.7% 1 89. 1% M MEH AU F (& EEHM
TR, 1983) 5 TEH MR FIRFAE—fLBIF — 1k
BRhHE, H—CRIFPRE R AR, B0, faF
(B, 1995; & ME KR, 1999a, 1999b) ,
R, BERIREE (27°C) TR H BR-K H B R A
ARERFEFIL R HAMBENEEARZ —,
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