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WE. [B6) AR B 2% k&G Vip3Aall 33323 £ K Ostrinia furnacalis % 3 %
AP R HE A K AR Macrocentrus cingulum #5%v@, [ k) 4 &4 8 A 4w 2 69 5 % A4 100
pg/g Vip3Aall & & 69 A TAQHH "R T 2 K3BAT 40 R |7 d B AT F B BRI 6 5L 1 oL
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ol RR A ZR a9 IR KR RS F AT 2 KK 10 d Gie Rk B 2R R TFRF AH RN, 5
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Abstract: [ Aim] The aim of this study is to clarify the effects of Vip3Aall toxin on the Asian corn

borer, Ostrinia furnacalis, and its parasitoid Macrocentrus cingulum. [ Methods] The indirect effects of
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Vip3Aall protein on M. cingulum were assessed by the bioassay with the artificial diet containing 6 pg/
g azadirachtin used as the positive control. The mortality and parasitism of 0. furnacalis larvae
parasitized by M. cingulum were recorded at 10 d after feeding with a diet containing 100 pg/g
Vip3Aall protein, and the cocoon weight of M. cingulum and the emergence number per O. furnacalis
larva after pupation and emergence of M. cingulum were investigated. The direct effects of Vip3Aall
protein on M. cingulum were assessed by the bioassay with 20% honey solution containing 100 wg/g
azadirachtin used as the positive control. The mortality of M. cingulum adults daily after feeding with
20% honey solution containing 100 wg/g Vip3Aall protein, and the mortality and parasitism rate of O.
Jfurnacalis larvae at 10 d after being parasitized by M. cingulum adults from different treatments were
recorded. The cocoon weight of M. cingulum and emergence number per O. furnacalis larva of next
generation of M. cingulum were recorded after pupation and emergence. [ Results] The bioassay results
showed that the average mortality and average inhibition rate of body weight of O. furnacalis larvae were
50.7% and 77.1% , respectively, at 7 d after exposure to 100 pwg/g Vip3Aall protein. In the bioassay
of indirect effects, the mortality of 0. furnacalis larvae significantly increased when they were fed with
the artificial diet containing Vip3Aall protein after parasitized by M. cingulum, and the cocoon weight
and the number of M. cingulum progenies produced per host decreased; however, the toxin had no effect
on the parasitism rate and longevity of M. cingulum adults. In the bioassay of direct effects, the longevity
and parasitism rate of M. cingulum adults, the mortality of O. furnacalis larvae, and the cocoon weight,
the number of progenies produced per host and the adult longevity of next generation of M. cingulum were
not affected when M. cingulum adults were fed with 20% honey solution containing 100 wg/g Vip3Aall
protein. [ Conclusion] This study assessed the potential effects of Vip3Aall toxin on M. cingulum from
the indirect and direct aspects through bioassay system. The results demonstrate that M. cingulum is
insensitive to Vip3Aall protein at the concentrations exceeding those encountered in Bt crop fields.
Vip3Aall protein has no direct adverse effects on M. cingulum, and the indirect detrimental effects
detected in the bioassay may be due to poor host quality.
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E IR AR B 9 (vegetative insecticidal proteins,

AT K AR B ME Macrocentrus cingulum 2=—Fh £

VIPs) B 1ETh 25 4 2R AFT B Bacillus thuringiensis ( &
PR Bt) TEXF 804 K P T 46 23 0, 15 30 RS 2 i Ak
3 f ey U4 1) — b 43 WA ME R IR B (Estruch er al.,
1996; Carr et al., 1998) , “H IR F d 8 AR K H
T T BuARBERMIE, I HE MO8 Bt B
R o, Vip3A 2 X 2 Rl A T HURE S
SEWER H B BA ) R R R vip BRI
AE KRG 1 e 5L R E K X /N i % R Agrotis
ypsilon | §ff 3% & Wk Spodoptera exigua K1 Bk ff HL
Spodoptera frugiperda 2% FE 1 B A B Ptk ( Estruch et
al., 2002) ; LK (2006 ) fdf AR B A F AR, K
vip3 FEPRIHN ery JEPR BEATREG I RAL 45 B0 —ABIE
RN WA FUPE R S JE UK R vip BERS ery
L PR E o il 5 e PR i 2 5 e PR G ) 3 8 2 B 7 e
vip FE PR HUVE D v ) DL SR, vip BRI E 412
BHTAEY UL E R A& 52 % d 7 A= Hi i A AR
Py m A R A D5 T

IG5 4 N AT A 0 LB VRGN 4y s 7 LA
FW E KU Ostrinia furnacalis B IMENKE ,
H A SRR AL 30% 2247, S WE P 6 K BE 1) 41 4
RKE (X484, 1985 1 [F 55, 1987; Ahmed et
al., 2016) . TR A P06 AT 70 S U K R 4y B
BT AR, DL 3 I A i ar A iR (A
R, 2011) o MBS 1A A i i BB AR 5 FOK Y
22 HO AW A, 2 E R EORAER TEK h &
BB IR R E 5, HAEM R B K
T A A ) R A i (PR, 1995) 0 B
WFFEUESE , R FHFE eryl F 3R 3T F K ALK AR N #b
Fo ) AR PR (AR A 0 o) I R A O T A T
BT BAT o 5 ( ARAESE, 2011)
TERFEVEYI R AL & R 11 20 4F ], e BRG 5E
PRIVEY) B TRt i AR 21 20 12 hm® , A RO 25 #E 1
1 500 123570, 5 R VED T 12 At A28k B
KA R 8 28 3% fat BE A At 25 250 43 (James,
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2016) . MRS RAEMLER]E 1 3F L EH—
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(Romeis et al., 2006, 2008) , #:FLRPTRAEY) E 5
M SRR AR XS KBS HU™ A 5 H— Sy KRR
HUEFE R L SL R B AU W 2H 2 (angEdy A 200
W) Bl B R T AU ) B 27 EAR N R R
T A BRI L O R SR I B AR Y0 A 1Y
SO, B AT AR R o kA 7 AR TR T B R
TR R aF FH R A E RN A R TN A
KEFSE. B, AR50 275 7 5L D % dU B o
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2, 2016) 51X} Vip3Aall 25 )2 15 B # 2l H] 42 5
M) SIZ P . K MR A M Rl —— RO A B e 1 2y A
B Fg B AT O, LU B R LR
Vip3 Aal 1 XA AR S e BV TR 52 ), S e BE PRI
PRI KBS T S AR 22 AR
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1.1 KRR

ME P K E Ay SR P R R 2R 45 B i 7R B BOR
FTCH N N AR (R R4, 19805 RE AR,
1999) #4710 55, TEWLE 27 £ 1°C AHXF IR 70% ~
80% OGFIMI K 161: 8D 1= N &L TR 240, J& T
ARHE A A AT B il 50 B HUE B R BURG &R

RELA A A4 B R L IRT R L 4 2 A 1)
ML R IE Ay 7 % N A I R ORI 3 44 4))
VE Ry ar 200, A A e B 9 THRE 27 £ 1°C AN
J&70% ~80% JGJEIA K 161: 8D i) N LA Mk #%
v o MR A S R U R T 24 £ 1°C A
JE70% ~80% ,JGJAIh 16L: 8D (1) 55 G v 2458
]I 20% W% 7K (Wang et al., 2016)
1.2 ik

Vip3 Aal 1 i85 (0 B 650 28 v R A= W) R
AR A a5 i TG B K AT R R
0.3% BBz 2Ll B b st BHRFE IR Y H R A
FRAH
1.3 £mEe

AR A R IEC ) 228 T DR SR A A v I
HARFITCHNG N AR R 845, 19805 REE
P, 1999) o FFEC T R IC K LM BT A 13 5T
SHRG A IE AT S A T R TR o e

A DUARDRE TR s % 12 1 el iR & )5
i
1.4 Vip3Aall & 5 X3 i K42 200

Vip3 Aal 1 X7 P = oK 85 i) 25 g I SR FH ) s
BAD: B 5 mL FJCRK AR B Vip3Aall & A5
BT 5 g U KM ) A= A LT 4 TR IR A
BC I BLH B R 100 pe/g ) Vip3 Aall 5 A= U iR)kL
R FE R 5210 ) 2 58 () B 5% v S R e 1)
AMEH 10 f52L B ) |, ASE/KIR & B9 A= 5]
BMER 2 N B RN S Y 51 )5 40 A 48 LA
Mo, B2 0 I T K 400 095 < e (R Ak Bk 1) Oy
2 ~ 12 h) BRER PR A A DR L4 1 3k, 3 D
B, By RS ki, AR ALBE 48 Sk gy, e
53K By 48 FL A D AR Bs R T RE 27 +
1°C AXTEEE 70% ~80% JGJA A 16L: 8D Ay
MREEFRA 7 d 5 A 0T i sk &)y H AR s BORIAE
g AR THRSET R JET % (% ) = ST B/ 4%
HE > 100 ] AR T R AR EMHI (%) = (3
MR- (A — Ab A P PR E ) /0 BRZH 1 24 14
# x100]
1.5 Vip3Aall & B X BB 4< (4 B8 5 10 8] 32 22 i

W 20 XEHRIAL (48 h AP ) BRI HE 4 IR B K,
A TRIEGE (30 em x 25 em x 30 em) P #EATSEHL,
AN 209% %K o ZEHL 24 h 5 [ BEAS SR 14 58 N
3 I AT i EOR Bl S 2R 5 48 Sk K IR
3 W 4 dU gt AR B AR AR . o 10 mL 2K TE
PKFR B Vip3 Aal 1 2 ¥ WP G T /K A BR 19 BT
BRER I3 15 10 g A=t T4 S8R A Be il th 25
PG B A AR R B2 Ry 100 wg/g 1 Vip3Aall 4
F AR TR Ik B 32 104 ) 2 6 H ] A 58 v
SEPREE A YA B 10 fELL B FIE 6 g/
g R EPR 28 A ek ( BH X B vk B BB R X6 IE.
U ORI B SO B ) | 4300 4 26 5] 24 fL
FrduiR RS SR TR N AT A 24 h JE R R oK
WEEH B TR R, AL 1 Sk, 3 0 e
S IEA b, TR AR E T 27 + 1°C AHXT
MR 70% ~80% SGJEIAA 16L: 8D iy A T M 45
FERAHA SR BN AR B 50 Sk R EE 4
FAE 3,10 d JFic sl T KR4l B A sE T AL
NPT RAR SO ZF A O, TSR TR R 37 A 38
[P AR (%) = [ 8075 42 0 0 6 K BE &)y i A%/
(HERD BN EOK B 4y s A8 — S R oK R 4 i BE
T80 1 x 100 | o S SRUEMEE S K AR i 06 3 2 &) A it
I B T A P TE HE -1 i 48 2, W A A 2 A S
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MY F KA Ay dU ST 5 mL B0 48 (Wang et
al., 2016 ) FEATIG SR, Fof BT R A Ot 2 24 HOMTE.
I RIER PI IR 25 B 5 X A B Btk AT
FREJFICSE . AT R AR SO i PR S Tl SR
M EN RS
1.6 Vip3Aall EEMEHKERENEEYT

H5 20 XHHTPIML (48 h LAPY ) A9 HEAT K A4 A 06 i
A SR IETE (30 em x 25 em x 30 em) N 1T ACIE,
FE53 i M 20% ¥ EE K L% 100 peg/g Vip3Aall &
FI1 20% %K F1E 100 pg/g BB (FHE X RE,
TR L BB ZR LA A P 0 8 T BB VR FE ) 11
20% WK, REP R TE 4 1 IR, B R I JIEE A
AR B0 LI A SE T 10 EA TR I 5% o

ZEHC 24 h J5 ) RS IR0 T8 P 43 0 DUKT B oK
FHAH A BRG] AL E K IR 3 5 &) AR KA
WA, W FRIE TS N B A 24 h B9 I K E R
A3 A Al K B A AR DU RDR A 3R Hpl R AL
1Sk, I3 R 35 B A 4l Rkt o % 5% HOAUk
T 27 + 1°C  AH XTI FE 70% ~ 80% ., >t Ji] H]
161 8D N T A B 3246 vh i) 5%, B> Ak 7 48 3k
Y F ORI 3 84 A IR EE A 3 1K, 10 d J5idsRIE
N ORI AE T A Bl M A e 25 AR R 0, 3
FACT R AR R (%) = [ WA ERTM

TORBEA B AN (F A I T R MR 4y ol A% -
WHH TR IR L AET- %) | x 100} o A RIEREH
PRI AR I T 2 0 AT 1 O f I 45 21, 5 1
AT A Y F ORI ) BB SK T S mL B
B (Wang et al., 2016) #EATHEIR , fo5 AU I A4
SR LAY DI P K LA P S O i 45
Ja XA R AT AR E I E . Y AU R A
HEPL)S  IC R A A R
1.7 HiFESH

W 45 ROk R 7 5 22 9 A (one-way
ANOVA) 43 #r, ¥ ¥ (B 18] 22 53 ] 4 /0N 7 J7 43 B
(LSD),P <0.05, FrfGLitsrbritia [l SAS 1t
W,

2 #ERESH

2.1 Vip3Aall & B XFIEM EKIER 20

JE A B 5, D T 100 pg/g Vip3Aall
g & DOR AV /S CE IV I R e RN T
AR . A2 25 SR S, & 100 pe/gVip3Aall &
N AR 7 d J5 S T K BE A7 55 4 1 1)
SEIBET 2R 50. 7% - B A FE I 2 77. 1%
(#£1),

#&1 Vip3Aall B ILHH E RV 4h R EY 00

Table 1 Effect of Vip3Aall protein on the neonate larvae of Ostrinia furnacalis

Vip3Aall ¥ (pg/g) FET-3 (% ) PREIH (%)
Concentration of Vip3Aall Mortality Inhibition rate of body weight
0 0.70 £0.70 -

100 50.70 +1.84 77.10 £1.57

A58 100 pg/g Vip3Aall i AT AnDEHm T EOKRERIFELhHL, 7 d 5 A L T SR AR I 28, P8 P 49(H + brifEiR. The neonate

larvae of O. furnacalis were fed with artificial diet containing 100 pg/g Vip3Aall, and the mortality and the inhibition rate of body weight were

investigated at 7 d after feeding. Data in the table are mean + SE.

2.2 Vip3Aall ZE B X EH KRR EZ 700
Vip3Aal 1 £ FOS AR 1 (A B e 2 A S P F K IR
RN TR R L3R 2, al MU 25 A R BRI S
AR TS A i A 52 2 S35 RN, T I A e KR )y e ¢
JEGHT A e P AR SR R S AF Vip3Aall AT
T, 2 SECHAE TR WL T , AT PR e 1)
A7 B R B I M oK ML ) Y e e R B T
W EMVRRZR AL B A BH PR B ZH T R IR TR
Fe T AL PR R R e ) 2 B R T
FART AR AL, 5 Vip3Aall 2 AN BRAC
FH 285 s PHMENS IR ZH BRSSP Y S R L ) e 1 5 A1

TUKX IR A Vip3Aall EHEALHA
2.3 Vip3Aall EEMEGKEEENERZE
AR S e BT e UK 7 Vip3 Aall EE A
Er EIVBRER 1 8 B 0 He e A i 7 2 SO AR
(IR DL 3, B I MR e e p e FL IR 5 100
e/ g ENPRER B K 5 , A7 i S 25 IR T R e 2
IR BRALA Vip3Aall AL PEZH . R S 1A
WEWCR S Vip3Aall 2 H AKX B B 1 B
FEA AN A AR TR R AT A AR DL oK R Al i AE T
FRBAT 7 A T, [ A X B AR B AR
Y SRR A | Bk Y R RSB A A R
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Table 2 Indirect effect of Vip3Aall protein on the parasitism of Macrocentrus cingulum on Ostrinia furnacalis larvae

RIRESP/N AR A T e B RIAUE S AR A T
AbBE FETZH (% ) WER(%)  PHEIRE R (mg) L o A (d)
Treatments * Mortality of Parasitism rate  Average cocoon weight FEmergence number per  Adult longevity of
0. furnacalis of M. cingulum 0. furnacalis larva M. cingulum
a CK
AR (CK) 9.0x1.4¢ 77.9£2.0 a 108.7 £3.2 a 26.3+1.3 a 8.5+0.4a
Pure water
100 Vip3Aall
he/g Vip3Aall & 38.9:1.9b  81.8:0.7 a 57.53.4b 15.6 £0.4 b 8.2+0.3a
100 wg/g Vip3Aall protein
g EJ) S 4 o) B
6Mg/b.|ﬁ%(lﬁf’+31,m) 49.3x1.4 a 76.8 £4.7 a 57.7+1.2b 7.9+0.4 ¢ 8.3+0.4a
6 wg/g Azadirachtin ( positive control )
F 180.61 0.81 5.45 128.15 0.16
df 2,6 2,6 2,6 2,6 2,6
P <0.0001 0.4896 <0.0001 <0.0001 0.8524

T3 10 mL 4K (100 we/g Vip3Aall 16 pg/g ENBE (9 A LARDRHAEE I F oKL o 2031 10 d J5 3R F ORI 4 RSB T 20 2F
A3, 24 d S THRNEAT I PR A e - R A A I R S SPIAL S 10 TSR I TR AR e R P RO T + ARrER s W BI%L
i Ja AR/ ING PR R AS A AL P R 22 S50k 31 g K (P <0.05, 1LSD K55 ) o © O. furnacalis larvae were fed with the artificial diet containing 10
mL pure water, 100 wg/g Vip3Aall and 6 wg/g azadirachtin, respectively. The mortality and parasitism rate of O. furnacalis larvae were recorded at 10
d after feeding, the average cocoon weight of M. cingulum was recorded at 24 d, and the emergence number per O. furnacalis larva was recorded after
emergence of M. cingulum. Data in the table are mean + SE, and those followed by different small letters within a column are significantly different ( P <

0.05, LSD test).

%3 Vip3Aall RHEEMNEGRKEREREFETHERIEL RN
Table 3 Effect of Vip3Aall protein on Macrocentrus cingulum and its parasitism on Ostrinia furnacalis larvae

TR (k)

e L T E T FREST(mg) TR g ()
kb3 * A (d) BT R (%)  TFER(%) Cocoon weight of :) f l_l Adult longevity of
Treatments * Adult longevity of ~ Mortality of O. Parasitism rate  next generation per o urmaca w, next generation of
. . ) larva of next generation .
M. cingulum Jfurnacalis larvae of M. cingulum . . M. cingulum
of M. cingulum
20% &% K (CK
CHEEK( ) 8.2+0.3a 7.0+1.8 a 80.5+2.4a 106.9 £6.2 a 28.67 1.5 a 7.9+0.2 a
20% Honey solution
100 Vip3Aall
we/s VipSAall E g o 7.7+2.5a  82.0+1.0a  102.9+4.7a 27.4%3.7a 7.6+0.3 a

100 wg/g Vip3Aall protein

100 pg/g EFRER

CPRAET )
) . 6.8+0.2 b 5.6t1.4a 80.1+2.4a 100.1+5.9 a 27.5+2.6a 8.1+0.2 a
100 pg/g Azadirachtin

(‘positive control )

F 17.01 0.30 0.23 0.36 0.07 1.26
df 2,6 2,6 2,6 2,6 2,6 2,6
P 0.0034 0.7505 0.7983 0.7117 0.9365 0.3503

" S 20% S EOK 5 100 /g Vip3 Aall 19 20% 857K A1 100 pg/g EVBRER ) 20% i K ARV 4 PR 2006 o A R0 0 A A e i e
F, W TR 2525 10 d J5 T3 TORIE S BT SR 77 A4 26,24 d J5 o157 A QAR A& MR B0 1 2 BB T i, X4 Y A e e P b s
TC TSR YN R MR A it o P ROIE AP ME = AR s RFUBHR 5 A [R) /NG B 3278 A (R Ak B ] 22 535 B 12 35K (P <0.05, LSD
Ki%) o " M. cingulum adults were fed with 20% honey solution, 20% honey solution containing 100 pg/g Vip3Aall and 20% honey solution containing
100 azadirachtin, respectively. The adult longevity of M. cingulum was recorded everyday, the mortality and parasitism rate of O. furnacalis larvae were
recorded at 10 d after parasitized by this parasitoid, the average cocoon weight of M. cingulum progenies was recorded at 24 d, and the emergence number
per O. furnacalis larva was recorded after emergence of M. cingulum. Data in the table are mean + SE, and those followed by different small letters within

a column are significantly different (P <0.05, LSD test).

9D 1 PS5 ML AS (S 3 PR A B8 LR A 11 T

3 g A, LR ) 52 5 A TR TR W Y 2R
2 (Sétamou et al., 2002; O'Callaghan et al., 2005;

et BE DRI TR A RS ol LA M AR Romeis er al., 2006) .tk (5 P 1 FE J6] i 6
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T VE A e BE THVE P 08 IR BE AR AR W 00 1 TR 5
( Priestley and Brownbridge, 2009; Comas et al.,
2013) o —FERPPAN T I AR M0 B AR T 1L 52 i)
HR A2 AT 55 AT 1 230 = IR TF AR 19, B Tier-1
5 ( Romeis et al., 2008)

ARG AR P L U T A AR PR
A SIEZFE SR R E R ECE As
), AR MER B A KR — IRAE— D e,
PR 25 52 B A B PR B IR AF AR B 2 B R R R
( Ramirezromero et al., 2007; Salama and Zaki,
2010; Desneux et al., 2010) , KEIRIESE R EI G
FEPIVEY) B TR 7 AN 2 X BB bR A s AN A
520 ( Naranjo, 2005a, 2005b; Romeis et al., 2006;
Hellmich et al., 2008; Jensen et al., 2010;
Alcantara, 2012) . 20, A B 5% 2 B, FH 2 T 154 {74
T Cryl Ac #5 AU 5 R R S5 (0 B Cyeloneda
sanguinea , JAFIEFE R H P | IR 07 b 8 Rk e
5 5 % B8 1 JC 1 25 2% 5 ( Nakasu et al., 2013)
FMAT CrylAb, CrylAc #1 Cry2Aa 8 H A\ 15
RHFIIBCEe eryl C J RKRE ) 357 e 53 J31) 4] e v A
W& Chrysoperla sinica , Jo/E Ay 2 2 BURR A 52 B AH
S0 (Li et al., 2014a, 2014b) . %} CrylAb A
U — BE M i85 Tetranychus urticae BUE Bt 2K )5
| R 0 )y Hh T )y HL Y A A A RS RO B3
R MRS CrylAb 8 8RR i K O R
Spodoptera littoralis BUE Bt K5 1AM B db 4l b | BE
e R KR B 32 B AU 216 ( Dutton et al., 2002) .
SN SR e = NI P i S PUP N S A b AL
FEUEH T EE 3 B B BT RS AL
B, B389 A 5800 ( Naranjo, 2005a; Lovei
et al., 2009 ; Shelton et al., 2012) ,

PEHT Bt 2 0] 25 A= 06 118 52 e AN AN 0 5 7 2
B AR Be I E Bt 8 F A A A 4 A (] 455
i, E A FHE ] B 2 R R A A i E B 2
%] 25 A s 19 B #2252 W ( Ramirezromero et al., 2007 ;
Salama and Zaki, 2010; Desneux et al., 2010) , 73z,
B VA2 AR W) 2 i T P [R) PRI5E rh S B fi ) 2% R A
110 £ PL B Rk B2 R AR B UR 1) 2 8 P05, i 2
Py EUESE 100 pg/g Vip3Aall F XL T KR
SPE—E BRI s 24 1 100 we/g Vip3Aall
A N AP ] M A R A A0 2 A 1 S
KIS, i TP ORI A2 3 Vip3 A 35 7 A A
SO, AT 5 UMY (A B Y SR T A8 | R
FASK Y e A2 B W, A BT R B R BRI VR

) =908 77 6 R AR A AE S ) o = A RO
( Naranjo, 2005a; Romeis et al., 2006) , % 7] 38 i
X Bt 2 AP EO0 B 2 OB B
HER I (Wang et al., 2016)

AT A T DR IR i PR A ) 2 i A T )
PR T i L DRV P 2 38 10 A U2 | b (AR
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