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RE: FZeTEERERTH HD-1 WREAEASHR ., HD-1 RRBEEER (Cry™) WFERU
BB e R AXME B Helicoverpa armigera BHMIERHW LB A R R, HD-1 B&ZE A MK
HHMRABENE, EREMRR; HD1 FRAMNMA LR WA RBEEMAEKMRIEN, HE
RBMERER; HD1 E&ERTH (Cy ) FRMBLAXHTHEREREH; A& FAXM
MEMWERRFEREZWHWER, EXRMEAXLEREN, AHIEAREEART ST
ERAREEMEREANEERR. F2EASHceHAFRAKESY —EFEH, THEH
HHHFETREERA.

X@RiF: MEM,; Koefrd,; #H; HaH
PESGES: Q965.9 XRIRIRE: A

Hne W Hl (Bacillus thuringiensis, Bt) R EBRMMAR ENERFEREBEY. BN
BEAREN, MEMBEZERAFBENERERDY, SEE—ERELEWE Bt A
REY. BHBEHEFIEGHEAARED (BB-AER). FRMRIHFER, A EH,
RN FEENFETREREREAMBERNBUR AP, BEZEMBRIEETHNKRIE
BRXRIBEEXN Bt BEARKNK/D, FWBtHARKR, ETHFETFHHEEMBERHNXEE
BIMEBRZ REMLE, AR Bt WRARBR, RINEEUB/MER L¥ A HD-1 &bk AH
HEZEE RBE R Helicoverpa armigera AM¥, MRAER. FHUAF-LE ANEH
MERHHITTHRAER, HETTHZE2EASH ST EFHRAEKES B R #E¥AE
o

1 MB5AEE

1.1 XHE
R BRI ZEAATRAFERAIBER R, FRMRE LB N 27C. HIEEF
75% . JLHRBETE 15 he BHRELL 10% HEZEKBR, SBETFEHLE, SR UATHEEE,

EEWH: EXARKBFES (39900099) Mt EBEREESATH (KZ952-51-109)
* EiREH
Wl B 1999-07-22; BiTH#: 2000-01-26
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FEFEESRRAKRDY. BEH. ZESH. HXANKR. TEEXFRPE. LK. WES
B4 o

EF: B HEESNE AR HD-1 71 HD-1 AR E#H, (Cry”) £ 0CHEFEH D,
DEAK-4SRAEEGEFREESR, HD-1 BBLBE LSRG, HEKE TR, WAhFERAEE
a8 BEE SR Zhang 17, MK 99.23%; FREOFSFEEHED, Hd HD-1 ¥
WiFK 98.5%, HD-1 BB H AN EEH 2 E ABAFTENERIIYHRTFE R BAHRBRA;
Cry EHHBEERMMNKERNSRERFERRGE L RE,
1.2 BHNE

HD-1 d44& . HD-1 ##1, HD-1 Bk REHKR (Cry” ) FHRRFZLE AFFIUNTR
FIUHE . 31.25 pg/mL, 62.5 pg/mL, 125 ug/mL, 250 pg/mL, 312.5 pg/mL % 375 pug/mL
BAANT RSB, SAEERIBL N 60 L, LAIER A TR R340 5 90 k4E b xt i,
HFFR=zEHEFRAGHANEARNRUBAOBRES, RNEZLBEITPRBHELE 2
HAabEe, ZEHRZIERFER LM, DR ERSERE 2 BAERAEXNRAFMERKE
BWEEHMN, 4K 2H, SHYRRETR, KESHS AR 12 HEELD R&4HEE
B8 RAERKEENEPNKPEN, RIEXT-RSHE Abbot FkitEP],
1.3 ERYEERRK
1.3.1 4B RERNE. oBARF, HD-1 &4 . HD-1 ¥# . HD-1 X &k
(Cry”) ¥HURH TSR AEREHNRHN 62.5 pg/mL, S EXBEL AR FHHEERET 9em 5
FIMA, FFERRALEEANRE, BRISEN 4 BGRYK 24 h FHRAREFILA, 01
L, BB ISAER., HFAARFREE 48 h, B, MARBMEAZNKTF4 4 48 h
NHBRKHER, SOERIRAMEE., 48 h ERUBRR, BIEFHRMEA SOCHEFEN, £
RERHETE, REUARTE, SMHEMSR4%8, BFUERMTEE, HEsih 2 HRE
TEE, HEHERHEK (D), DI MItEAR. DI=AEFAHRERE/GIREANRER + 4
BEHERERE).
1.3.2 ¥\ RNBEERNE: LHEERRZE: HD-1 §& 62.5 pg/mL, 12.5 pg/ml.;
HD-1 % il 62.5 pg/mL, 312.5 pg/mL; HD-1 K HEEZE#H, (Cry ) HF# 62.5 pg/mL,
312.5 pug/mL; HoE&E A62.5 pg/mL, 312.5 pg/mL, 43 H 53 BERFHFE AR E FEHL
Wo BILE S kMEshh, BABI0MER. BHAAARFEBEE 72 h, T4 H 8:00# 18:00
ST mFrEME, HESRBERE (T, TIKITEAR: TI=40HmELEEN FH
/(o AELBER FRgh R+ S EEEEN LM RE),
1.4 ZRYERRR

bR R, HD-1 Sk, HD-1 3%, HD-1 TMERZEHK (Cry”) FHEFEZLE A
FIVR R 62.5 pg/mL. RIRIBE K 4 4 BYLIR 16 h, 4 5EIEE A R i 38E
B, BRERIGR 9 kghd, B4 H 1 min WE—K, HWE 45 min, MEBBET IS
HBE. BEHMRB =K, MARENT: RE—4 R OFEmERFEREHE; Hsh
—EERIT. FERAHRMRNEE. ORE2HBREREMEAR; KE—SREH LR,
1.5 HEERASBFRARKESYNIARRIER

WERO, 31.25 pg/mL, 250 pg/mL WH LR A5 5WHE 0 pg/mL ,31.25 pg/mL,
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62.5 pg/mL,125 pg/mL B Bt FHRAEGB S RE FA LR S, S4BT 0 60 %, 2
HE®BRESFEN, 435GitsHh2 8, 5 HETE,

2 HR

2.1 BEHLR

PR HD-1 BEMBA RA (AKRGEEA) shd, ZE2AMS BN RAIBRT X,
HD-1 #HAMARET, ERTERME; M Cry FHRMNFLEAAES HNESHBRIET
(F. HF2EALLRLE 12 BENERT 10% 8 MEET,

#1 BEAPAXIHZLE HD-1 BE. HD-1 FH, HD-1 TREREHk (Cry” ) ¥R
RMAEZEXAANIEHORERTE
Table 1 The modified mortality of H. armigera larvae on the ingestion of HD-1 crystal,
HD-1 spore, HD-1 Cry~ mutant spore, and thuringiensin A of B. thuringiensis

" HD-1 &k HD-1 % Cry #R iy .\
;4 HD-1 crystal HD-1 spore Cry™ spore Thuringiensin A
Concentration
(ug/mL) 2 B 5H 2H 5H 2H SH 2H 5H
2nd Day 5th Day 2nd Day 5th Day 2nd Day Sth Day 2nd Day 5th Day
31.25 45.61 68.40 8.33 8.17 0 0 0 0
62.5 40.68 80.25 5.45 3.68 0 0 0 0
125 57.89 85.12 10.94 13.91 0 0 0 0
250 55.17 96.34 25.00 27.60 0.02 0 0 0
312.5 52.54 94.62 12.28 23.79 0 0 0 0
375 66.10 98.21 20.00 38.20 0.04 0 0 0
0.014 . B Control BHD-13F/ HD-1 Spore MHF =L KA
’ OHD-1&4 HD-1 Crystal BCry 3 Cry- Spore Thuringiensin A
0.012
0
0.01 KA
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BH1 HR=EEFFHEHD1 §E. HD-1 8., HD1 RRERELEHKR (Cry’ ) FHRMKAEERA
Mg RS RAERRTFHEEE W
Fig. 1 The short term effects of HD-1 Crystal, HD-1 spore, HD-1 Cry~ mutant spore and thuringiensin A

from B. thuringiensis on the growth and development of H. armigera larvae
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5BiE, BFER (Cry ) H45, SABAHBNEESEERME, L+, BE HD-1 &Kk
MAZEEANYHEENRFEFSREERN 4% (B 1), 12 H)F, HD-1 k44K
HAERT; He2RAHAYBRILFRAELEK, 2ERFALRPEHNHIEAS; HD-1 FH4A
HERERE, AEEEMRTIEALH; HD-1 THAREK. (Cry ) ¥HR4HLRIEKE S5t
BAGHHEREER (H2),

0. 45 B W Control BHD-13#8 HD-1 Spore WEELEA
e DOHD-1 @4k HD-1 Crystal BCry-¥# Cry- Spore Thuringiensin A
2 0.4
3 .
3 0.35 [f
= .
23 03 K
W e 3
£ o5 [
H e &
82 02 (R
-
DX
S® o015 [N 2\
I | -
Z oo :‘ =
S g =N
£ 0.05 B3 =
a3 o E\
0
0 31.25 62.5 125 250 312.5 375

WEE Concentration (ug/ml)

B2 HE4&HE HD1 &&, HD1 8/, HD-1 TREAEEK (Cry ) FRAFZELEA
MREHSBEREENKBHER

Fig. 2 The long term effects of HD-1 crystal, HD-1 spore, HD-1 Cry~ mutant spore and thuringiensin A

from B. thuringiensis on the growth and development of H. armigera larvae

2.2 ARVERFHTHRANBRRER
4 WY BERER (R2) MBS RESCHEFN EHOBEREK (F3) BERHA, B
#HmXf HD-1 M MFAAERENERRM, X Cry FHAF 2 E ALHBERRNI.

F2 OEFEEXBT HD-1 FE. HD-1 R, HD-1 THMEREHk (Cry” ) FRM
REERXR AL R 4 RHBOEREY
Table 2 The deterrent index ( DI} of the H. armigera fourth instar larvae against HD-1 crystal, HD-1 spore,
HD-1 Cry~ mutant spore and thuringiensin A in the choice test

HD-1 @k HD-1 ¥ Cry ## HZgRA
HD-1 crystal HD-1 spore Cry~ spore Thuringiensin A
ER#EM (D) 0.248+0.079 0.248+0.072 0.468 £0.096 0.5494 +£0.095
(Mean + SE)

2.3 EEAVEEREFHATHRMRITHIRE

WMEARES Cry M., HD-1 FHRMIEFRXAN LHREBEXBSEEARLEEXER,
S HD-1 A EWBRERBEERE (B 3),
24 RZEXASBFRARKESYHIIERRIER

MR SBRTEHNETF2AERTE, 5L E ALL31.25 pg/ml, 250 pg/mL BMEM,
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GRS HRTEIHRNOM1.8%. BHZER A S Bt FARKKREY —EBHEH, MR

CREBERR (H4),

%3 EEREXRIMARVMHBELBEAE LHEEEY
Table 3 The tactic index ( TI) of H. armigera neonates to the treated diets in the choice test

kb 315 R 1R 2H 3H
Treated diets 1st Day 2st Day 3st Day
(pg/mL) 8:00" 18:00 8:00 18:00 8:00 18:00
HD-1 & (HD-1 Crystal)
62.5 0.179 0.188 0.121 0.034 0.148 0.154
12.5 0.233 0.143 0.029 0.108 0.194 0.240
HD-1 ¥# (HD-1 Spore)
62.5 0.180 0.200 0.227 0.195 0.207 0.286
312.5 0.294 0.111 0.119 0.132 0.206 0.194
Cry” #k#2 (Cry~ Spore)
62.5 0.418 0.502 0.424 0.412 0.446 0.410
312.5 0.476 0.525 0.536 0.547 0.517 0.537
H =4 % A (Thuringiensin A)
62.5 0.429 0.500 0.436 0.343 0.476 0.350
312.5 0.351 0.300 0.323 0.441 0.474 0.393

* WEE M} E] (the time of observation)
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B BB AT R R
Fig. 3 The feeding behavior of the H. armigera
fourth instar larvae on diets with HD-1 crystal, HD-1

spore, HD-1 Cry™ mutant spore and thuringiensin A
A. %8 (Control); B.HD-1 &tk (HD-1 crystal);

HD-1 3% (HD-1 spore); D. TRM&#ERZEH, (Cry™) ¥8

(Cry™ mutant spore) ; E. =4 ¥ A (Thuringiensin A)
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Fig. 4 The potentiation of thunnglen‘gﬁl)h on e

toxicity of spore-crystal mixture of Bt

ERFIRERER, HD-1 REEOMNMARNRAF RS, HEREMBRE, HD-1 ¥



90 E ® % # 43 %

axmE R AAENE, BSRREFHRMK, BEESRXRINREEANERERASRRED
AELET; THRERZEH, (Cry” ) FRMMEREBRAEE, WRAESEN. EHARER
XUHFAKBASRAZEARR, RA—-EHAREE", Du% (1996)PHH#, oK
BERTHCRRMFRREOAFRDEEFENERER, Boo-NBFETEL —MBHE
EHFARKE. Bk, RERFZEHERARBEEMERMEARNEERR,

HoER ABRMNME ALY E SHBSERN, BEXHBERNERETAATRE W
HIEM, EEMNKKRMEEE, MBS HNEEE 12 HABREHBHOEK., FrE&EA
MR RSN EABEREM, ETRBEEEBRFZSTAFAREKRAYNRLEN, K
ERAMGREOERAFELRFEIHME, NBF &R AFRAMRREEEE, BHERRE,
A ERERK, MREREBEREM; GEEONFERABRRBER, HERARE, REHNE,
MG RAFRMOEREMN. B, KRR AENFZEFERRNOR S Z—, TRE
FERMBERER, HEXHENAT, BTHRSXNERIVE —EFHE, NERIAKLL
o BRI —BUAN, EXHEATEFRBBHRET, FaE&RARXXEEIREYMARYRE
i, FEEREAESHALEER.
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Comparison of toxicity and deterrence among crystal, spore and
thuringiensin A of Bacillus thuringiensis against
Helicoverpa armigera (Hiibner)

ZHANG Ji-hong, WANG Chen-zhu”*
(National Key Laboratory of Integrated Management of Agricultural Irisect Pests and Rodents,
Institute of Zoology, the Chinese Academy of Sciences, Beijing 100080)

Abstract: A comparative study on the toxicity and deterrence among crystal, spore and thuringiensin A of
Bacillus thuringiensis against Helicoverpa armigera (Hiibner) was carried out. The parasporal crystals of
Btk HD-1 were highly toxic and feeding deterrent to H. armigera larvae. The spores of Btk HD-1
showed some insecticidal activity and highly feeding deterrence. The spores of a HD-1 mutant without crys-
tal, Cry~ , had no toxicity and feeding deterrence. The thuringiensin A greatly inhibited larval develop-
ment, but had no feeding deterrence. In the no choice test, larval feeding was arrested by HD-1 crystals,
but HD-1 spores, mutant Cry ~ spores and thuringiensin A had no effect on larval feeding during the 45 min

observation. When the crystal-spore mixture is combined with thuringiensin A, larval mortality was greatly

increased.

Key words: Helicoverpa armigera; Bacillus thuringiensis; toxicity; deterrence
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