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Effects of benzoylphenylurea insecticides on the development and
reproduction of the Asian corn borer, Ostrinia furnacalis
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Abstract To comprehensively evaluate the sustainability of benzoylphenylurea insecticides (BPUs) in controlling the
Asian corn borer, Ostrinia furnacalis ( Guenée) , the effects of chlorfluazuron, diflubenzuron, hexaflumuron and
lufenuron, on the development and fecundity of O. furnacalis were tested by leaf immersion. The results show that survival
and larval duration were prolonged by 2.4-4.3 days, average female and male pupa weight decreased by 10.3-43.2 mg
and by 0-7.7 mg, respectively, pupation rate and copulation success were reduced by 14.1% 43.3% and 5.6% —
25.6% , respectively, and eggs laid per female were reduced by 25.5% 53.3% . However, the hatching rate did not
significantly change after first instar larvae were treated with BPUs. The life span of adults fed with sugar solution
containing BPUs increased by 1. 3-4.3 days but their oviposition and hatching rates decreased by 40.3% -58.2% and by
32.9% 64.3% , respectively. The larval mortality of the F, generation of surviving adults was 3. 5-8. 5Hold higher than
that of control moths fed on sugar water only. These results indicate that BPUs significantly inhibit larval development and
adult fecundity in O. furnacalis.
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7 (insect growth regulator) ) & B0 & 32 d B V4 42
AT 8 0 S8 X 24 50 Tl o 0 AL B R AR EEAL
RE Q5% B I B R B AR A T AT AL RE A5
I 20k B F dUig B (Staal, 19755 Dhadialla
et al. ,1998) , I FR A T AR 2. H AR 8 B
AR S 0 (0 4 5 2L R AR 2 5 R T AN [ W)
53 A LT B A A4 ) (chitin synthesis inhibitors,
CSI) « Wi f7 ¥ % K L4 (moulting hormone
analog, MHA) FlI {4 4l 34 2 J H 2K (juvenile
hormone analog, JHA) 3 K5,

2 HOEE Ik 28 % H# 5 ( benzoylphenylurea
insecticides, BPUs) 2 CSI 28255, UL B FHE/EH X
T b R AR 22, 2 M TR & M dU By
(Matsumura, 2010) . X% #k 2 (1981) #f 57 & 7,
P = K AR I B K B R 15 A A v R RO A
N (1986) JZ5RHR 15 Ak 37 o KoK I 3 d )
MIZE T F 0k 98. 7% » £E M (0] 2. 5% KWK 3 5 kL
F P K MR B R 1 By e R CR B Bk
2:,1987) ; Vo [ 35 4% (1997) & B v % Mg % %
TR Ay d A B AR R ORI e T O RS
JOR AR Sy B fbe i £ R AR LR BT v S M R OR R T
feE (X 4T %,2010) . Boiteau 1 Noronha (2007)
W 5E T XA G BR (novaluron) X WK Y T A M F) 25
T35 BB Z 245 75 B AR 6 RRCH e K U i 2% 2R AN
e B HAT — AR IR

KA (2009) Ay L BPUS (134 207 AN
AL R He ) A5 w28 B ) H AT O T B R R
B2 B UCALIE I FE LT BT AR W A s T S0 A
U T o BPUs o B AR 2% K 3 HUi [R] N5 38 B
M A7 3 SR ) A2 JE 4T 4 (Haynes, 1988 ; Desneux
et al. ,2007) « HATE N4 AR WL F BPUs 5 dt
TR 4 ) S0 T oK P BT 9 R T O 4 T VT fr
2 28 24 7508 E U oK PR 40 4 R AR BT 9T R )
T HRNE Ik~ B DK < SR DR R mL I IR 4 A BPUs R
g PORIAI BN SR Ny A= PS8 LN TR
1 RS
L1 ##

DRSNS S RN S N AT S5 N
Mo 2 MR K A% (1980) J7 ik, #E IR (25 +
1) C AHXHE 5 60% ~T70% 6 A #] L: D =14: 10
P = 4 ™ N TRl AT 1% 2 m 5% .

2555 : dE e R (chlorfluazuron) , 4l B 97% , 1l

KHEE AR AR A A BRoRR
(diflubenzuron) , 4l & 96% , YT 78 A MV A 4 5 FR 2
a5 % IR Chexaflumuron) , 46 ¥ 95% , 7 M iz
T AR A ) 3 IR (lufenuron) » 46 5 95% , %
TR R AR A .

1.2 7%
1L2.1 MHhBEMAGFILE KA Rk
BT K (CEAR S ) R4 Kot JF A IR R
ANETJIBT K 4 em B8 2.5 em /M IF Fo AR 2y
53 0l FH A T 78 2 5 A SR 5 ) 28 188 /K i B 1 0.5
~100 mg/L &5 7 ANAS[R) A FE RS B 4 T KM 72 A
[ 94 5 TR 2 9 T v it 10 s, BFUR BE AL SR S i, B
ST SR T 7K 43 S5 TN B AT DR I8 4R 1) T 1 85 5%
I 5 04 N AR G — S0 9 BRI 1 % 4 i
(2165 48 h) 30 Sk, BF < B2 AL 21 3 R 52, LLZETH
KX 2R AL B S B TR (25 £ 1) °C AR XS
YR 60% ~70% M LD =14: 10 (g iz,
72 h JE GEt 4 AE TR fih Bl B AR S S BE P 1 12 3))
B RBE AR BT SPSS A Bk AT B4 g v O
TR 2550 LCyy o 560 0E IR < B Ho R 56042 K L it DR
LCy /3 94 5.0.73.9.2. 1 F1 2.7 mg/L. FH % 2457
LC, Ab B P R OK IR 1 62 )y 100 Sk, 55 4 K
A BRJE 72 h N AE S 4 B N P T KRN T
Ak S IR BRI 4R EIR TR ST R AL B 1
000 3k %)y dt, LA b 70 H Y5 R 8E G A7 38 A 14 o A Ll
AN 35 15 o A 8 90 S AF TG 40 L A I TR S 4K
HG O B NP B S g R B I A 2
PIREE e

S HPIAR 5 S A7 S R HORT 6 R L 4 R 4
Fref £, LLOW 52 24 571 % 3 9 K K A8 1 5 i .
BT 24 7510 4 B S 1D A7 9% e (24 R ) x 24 7 Ak 3
Jii 1) A7 % T 0, (247 70 0 ) 24 790 I e > 0 JRe e g
Xof FECE I > 24 500 i e ) R OME e < o T R O o A
WE I TF 46 A 2 ho B AN [ A 31 00 oA M i 5| N B
1S A N A 2 HE 0% 1) 200 mL 38 E AR oh 47 HE XS
RIGE TR (25 £1) C X JE 60% ~70% -
JERM LD =14:10 MR E N . HIEIHE R 5, I
HR M, A R L N SR AT R R P R S B . R
AL C 2E AR B DS CU A > Ul W] 1z ME M 2 RS
WA AR 2R o LG AR 30 X, AL 3 IR

L GE 7 G E IS5 E R R O A A B T
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PG E RA AL . REAH A AL 20 xRk e,
HEH 3R
1.2.2 FRAHRIZEFILIE 29 P A0 M i
HUo BR8] B AERE IR L 1 1K) 200 mL ¥ RL 4R .
2GR0 BT TIAL B, F 10% (1) 78 BE /K B R () 10 000
5 25 AT B OK Il B AE T2 % 7E 10% ~30% 2
()5 D JIE T AV R 025 A7 0 B 10 000 £ 24 ¥ (1) b
KA B HL 2y DAAS B 25500 (1) 10% JRERE 7K A b )
o A 24 70) Ak B L i 25 15 3k, A b EE 4 K
FA . AR JE 48 h, ¥ ME B Ak ER S 6 N 18] 1
TRRLAR L 5% HLAT IC 7 IR O

HF=00 2 H o 4 Bk 58 17, B H O 958k A
PaR e = WA W (R N NS A R SR ST i R
FRIL S 8 vt i B 75 i > ad i H = 09 5 R 0 Ak
Ko R IL IS R 90 Sk, 4k 3 LN KE
FRIL 1.3 v Bk B 6 oK N ik i 9%, 2 d 5
B 10 S 4 A7 T G K A TR 4 B N 9 K
LN A} rp 4k 2 1 R IRl sk R E
1.3 HESHITHH

K HH SPSS 12.0 48 il # #F 347 ANOVA J5 7%
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W1 AU, M AEIE S R AERK KRB AT M
BRAHEIER « A KRG DR KT
JEL 4y de, B HUR < G0 mE DR < L g R R RS DR A B A1
(19 %)) B Dy 391 4 S0l o X B2 & S KT 24,2, 7
3.9 f1 4.3 do 25 A0 H )5 (1 I 2 AR T 0 ]
4, JCr i oy 7 DA GRUAR IR 4 B 3%, 4 (89.6 £ 0.7)
mg, LEX AR % T 13,2 mg, iy @056 DK 20 52 i A
X g5z 7y 5 s R HE i B ek 2 10. 3 mg s Mk iy B DL
SNE R AL B3,y (54.4 0. 9) mg, B0 41 F %
T 7.7 mg, JUA Bk HUBR A1) e b B 5 0 i i AT
(£

WP SUHE A 5t 1f) BPUs i A 3 3500 91 K K W AL
U A BRI 1T R 4K 2R BT A2 5 e AH G B (3R
D)o 78 4 Bl g b, 50 IR AL B 4 A
43. 3% B PR AN B8 I 5 A0 S 10. 6% 1 i AN fE
WP A 2R RO AL 2 B W S5 AIC T A g e
R 490361 4 A/ B &) He Ak i % (84. 2% ) XL LE
YN BE T 14. 1% , 1 P14k 2 5 060 AT

F1 THIEFE BPUs WLl ERIEL HE KK B HINFIER

Table 1 Inhibition of BPUs at sublethal doses (LC,,) on the larval development of Ostrinia furnacalis
) 1% # Pupal weight (mg)
4k ¥ i (d) . : A (%) PHE (%)
Treatment Larval duration e e Pupation rate Emergence rate
Female Male
e
IR 29.5+0.2 b 92.0+0. 9 be 54.4+0. 9 ¢ 69.2+0.5¢ 93.3 +2.3 be
Chlorfluazuron
i IR
& 29.2+0.2 b 91.2+£0. 6 be 62.1+0. 6 a 84.2+1.7Db 97.2+1.0 a
Diflubenzuron
R 31.1+0.2 a 89.6+0. 7 ¢ 59.5+0. 6 b 55.0+0.8d 89.4+0.5 cd
Hexaflumuron
T Ut [k
A 30.7+0.2 a 92.5+0. 8 b 54.9+0. 6 ¢ 64.2+£1.0 cd 87.8+0.9d
Lufenuron
K
26.8+0.2 ¢ 102.8 £1.5 a 62.1+1.4 a 98. 3+4.3 a 96.1 +1.8 ab

Distilled water

T AR PR O T B = ARAE DR R 0 B JE AR A AT R R AR R 22 Duncan (K2 H BB AE 0.05 KT LERARE, T

K.

Data are mean = SE, and followed by the same letters in the same column indicate no significant difference at 0.05 level by

Duncan’ s new multiple range test. The same below.
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2.1.2 WXWMEINENFIW £ BPUs 4 )5,
XA IR SR B i 1 RS TC R D AR T e
R o Jor, DL IR R SR TR A BT (V) 5 ) g
Sh W S, 0 m G IR s TR AR R Ak B S D M e R gk
(1) A TC J By 2 5 AIG 23 lAX R 41, 1% F 42.2%
LU KT S M 0 4 23 9> T 25. 6% F124. 5% »
L2 29 500 A B A7 35 M 0 B A7 A 0 5 o L e

[ $5,0E [l Chlorfluazuron
0r 57,44 [i# Hexaflumuron

[=2]
[=]
T

w1
=
T

i
=
I

AT LT # Success mating rate (%)

25 < 25
Insecticide » insecticide

2430 = W

Insecticide = CK

(128 & D AR AE 50% LLF 359 58 351G T 56 Fe e
T e 20 B 5 ok HRUDR S A7 37 A A AT T 6 ) 5% Wi BN
3 AN PR A IR AS BC Bk B AR S N RIS G W R
5 E GRUE IR Ak B e, e 0 X s e B 5 AT
AN TR A IE B ) 2 5 8 355 1K T 0] R, T g i B T
A7 A A TR A2 TC B D) % 5 0] BEORH 3T, A EE R
BT 5.6% (K1) .

[ i &1 fi# Diflubenzuron
B 5 iR Lufenuron a
+
ab 4
i
A HE < 23] AFHE <
CK = insecticide CK = CK

E1 THIEFE BPUs & BREFEE EMAZTEAIE

Fig. 1

Mating success rate of male and female Ostrinia furnacalis from survival

individuals treated with BPUs at sublethal doses (LC,,)
P BOAE O T3 B = R UE R (n = 60) , T ME A b AR 7 RER R &
Duncan [ % E LB KA 0.05 KF EEFEZE, TR

Data are mean = SE, (n =60) in the figure. Histagrams with different letters for each insecticide are

significant difference at 0. 05 level by Duncan’ s new multiple range test. The same below.

2.1.3 MEWERMBAERHZE  HA K
B P BN S B K 3 AN AR BT A T 3 7 R
1K 230 ~ 247 i/, B o I 4L i 2 OF (492
B/ ME) YR T 49. 8% ~53. 3% ; G e R A U IR
A 3PP M U 7 B R A AL, 24 ) Ak B - A 0 41
B LA Bt HE M i 5 24 ) Ak B 0 0L 1 7 O R
AN G2 300 R/ ME, ¥ 8 D T AL A AR B HUIR
AEERI 3 ASALA T, HE B0 Y 315 ~ 367 i,
Bt 5% 5w A5 g (B 2) Lo gl > T
25.5% ~36.0% .

4 Fp BPUs AbH WV 91 B oK UE 1 8 4h U5, % 4b
PR R AL I A 92% L bo JLH, G R A EL
W6 IR Ak B AT A 1 BN AL R AE 92.4% ~93.9% 2
T') 17 9604 JOR N gk o R Ak R AL A fR O 0 b R

HT93%, 5 BAGEFAEE-

2.2 Wil ERIERHEE BPUs 73t HE5E H 89
A1)

2.2.1 X HBEEGMEEIBZNI A EEHK
2 YRR ] T T K Ul S g O R R
07 Ak R 35 25 R B T B ER A iy 0 0 AE K (3R
2) o b, g R A M gk R R e R A B R 0K )
P FE K, A 17.9 d R 16. 8 d, A0 HE Ak
B RIGEK T 4.3 d A3, 4 d, U IR Ab B E I 1
S M A d b, A A b Bk > T 1.3 de R
JOR Ak B S FRD M, R ME 7 0N R /b, R 196. 2
o7, AH G X ME 0 ek > T 58. 2% 5 Bk HLUIR R IR
TN U R 2 g B T FEE I 7 B 4 R 2> T
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HEF= G No. of eggs/female

EFil il B30 < Xt i X < 27 W = W
Insecticide * insecticide Insecticide » CK CK = insecticide CK = CK
2 A (HEd < HEME)  Combination (female * male)
2 THEFE BPUs LEBEHFEFMIASHTEHRM~NE
Fig.2 Average eggs produced by individual female Ostrinia furnacalis in the combination of

survival moths from the larvae treated with BPUs at sublethal doses (LC,,)

*2 TMERERENEEREKARENERSEEN
Table 2 Life span and fecundity of adult of Ostrinia furnacalis fed with BPUs and sugar water

A g (d)

pusid . 72Ol CRL/8fE) L% (%)
Life span of moths
Treatment Eggs per female Hatching rate
g% Female gk Male
TE MR + OB K
16.6 0.5 b 16.8 +0.5 a 243.9+0.5 ¢ 29.6+3.5d
Chlorfluazuron + sugar water
TR + B K
17.9 0.5 a 15.0+0.4 b 222.7 +12.7 ed 46.2+9.1 ¢
Lufenuron + sugar water
MK + R K
14.9+0.5 ¢ 15.8 +0.4 ab 196.2 +12.3 d 53.2+11.1¢
Hexaflumuron + sugar water
B SRR + BORE 7K
17.5 0.4 ab 15.9+0.4 ab 279.8 +8.1 b 61.0+6.0 b
Diflubenzuron + sugar water
BB K
13.6 0.3 d 13.4+0.3 ¢ 468.8 +12.5 a 93.9+3.2 a

Sugar water

40. 3% 48. 0% F1 52. 5% ; 5 W Mk &b P e ik i BT 7 H I 4 B BT Z ik 63. 5% » XA (7. 5% ) 1)
GUAN 30% BEWFE AL, LE X IR ALFEMR T 64.3% , e 3 8.5 fif s Ho Ik by 5 #% MR b R AL, by 58. 0% ; i IR
Rl 2 FILE A ERAK T 32.9% ~47.7% - T HRUDR Ak BEZH (1) 2y HUBE T3 AR 43 il ik B 42. 0%
2.2.2 WF RGBEFEEEKEZEHEL T F126.1% 5 53 5 f& 5 BALI 5.6 581 3.5 fifo &
I 5K R Bl U £ BPUs i s AU 24 A0 14 1 % AR &y B R S e AN g K 4 e A
= aaa SR NS R B T S O Nl AV I Qi 4 WIE MR AL FEA A (27.5 £0.2) d, B X AL
TCRWIE BT A5 4 P2 i) b B, g6l me K b B (26.7 £0.2) d SEK T AL 1 d, 77 B B2 IR 582 IR
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R L U U Ak R 2 B & T3 900 ok (27.0 £0.2) d
(27.1£0.2)d F1(26.9 +0.2)d, 5% W4 £ H A

BE.
3 itig

AW FEE RAE W], Jo e IR S5 4 BB BPUs S Huj)
O S M KA P SR O L AR KR E R
P ETH AT BOSE W o BR BAT H AR R SE %) B
PEAL S I 3% 24511 LCo 71 5 Ak B P KK W 4 A s
I BEE K 4y e g 0 B AIC I A I RO A R R
77 GRS E SIE IR R IR SRR Ik R L G DR ) N
W KRR 2B ) 3 B AN R M Al Sammour 4
(2008) T 7% » G 1 JUR T IR 0 DR Ak 3V A K
ik Spodoptera littoralis (Boisduval) 5 & %)t J5 , B&
I T A7 05 A AR AL I il BRI AL R . &
55 (2008) BF ¢ 45 H AR W, W EHE 71 i 0 (THA
FELGF)) Kb BV P KR ) A &)y el A K i
T JF (MHA 2625 70)) 5047 Ji B oK IR gh s 5 ). A&
i 5EH, BPUs G K1 MV Y T K W 4y He Jy 391 R e
Aq i, W BE S BT X A S W BT B R R
PR OR PR 45, 2009) , B AT KL THA 25 25 7
AR, TH0 T B otk N R 1 4
W AW BAT R BN AL & A BPUs (4 7K
S R M9 T oK M He PR S AR AN AR TR B fBL T
Hu, FE7 G0 R B A R A, X R0 B K 7 AR )
fie 5 IR K & Z 2 T4 6. KIS (2009) 5
T IR B A FTHLEL, DA BPUs 521 B )
W R AU B W i R 7 ok B e i) DNA AR (1 B AR
i A O AN BE 0 4k 20 46 )5 BE R JE T2 Perez—
Farinos 25 (1998) W 5%t iF B, S 8 R AL B T 3 %
1 Aubeonymus mariaefranciscae Roudier J5, 24 7] 7]
LAIEN G0 S0 T IR JIG 19 5 & A0 OE AL . 3
KA (1998) I K &)y IR A H3 58 OR /1 e v, e LK
o> B gl dL E AR S8 BRI R H AN BE R AL
A T U85 N - Moreira 25 (2007) & I, T IR Ab
PRI N AU Aedes aegypti (L.) J&» g 400 ) 3L 99 1
WAL AN K E o Wk A2 5 (2008) Ay s L I
SR 4 B Helicoverpa armigera (Hiibner) [ 4
IS LR AN o (R = 7T A ST 5 WA
FUAL PR B L5 B R A7 T B A TC B ) 2
IR - A (B | DO RSN ST R e N (62
Wi AN B S (Bt 45 ,2007) , B R 5 dir 6% A 3 4
Ak PR YN KR S AN AR, L Bt s> T

20% ~30% » 51 W% 16 % B AR 15 51 > (7 %6 07 55,
2009) o X2 K A AL A HOR)E 0 ) £ R
e r R Ll SNt R R S P 4 I E I B o
(kS 35 1987) , JLAE FIBLHI E A 5 B B i 44 B
BN TE e U AN, A ST 4 8w N T
KU ) % SE B 9 0, 5 BPUs SR TR N
7K AP 4R WU R KR A R B, TR R — AR
(1 T D) o 10 ik 0 L A
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