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Abstract The Asian corn borer, Ostrinia furnacalis, is a major pest affecting maize. Its susceptibility to
insecticides is determined by larval development and route of exposure. We evaluated the oral and contact
toxicity of three insecticides with different modes of action, Spinetoram WG, Bifenthrin EC, and Fluxametamide
EW, with different modes of action against 3™ and 5" instar larvae of O. firnacalis. A feeding bioassay was
used to assess oral toxicity and larvae directly sprayed with insecticide solution were evaluated for contact
toxicity. Mortality increased with increase in insecticide concentration and time following treatment, whereas
susceptibility decreased with larval development. In oral toxicity, the LCso values of Spinetoram, Bifenthrin,
and Fluxametamide were 9.00, 20.00, and 52.60 ppm, respectively, for 3™ instar larvae and 18.81, 33.42, and
200.14 ppm, respectively, for 5" instar larvae. In comparison, the corresponding LCso values in the contact
toxicity assay were 13.57, 7.22, and 35.27 ppm, respectively, for 3™ instar larvae and 30.79, 12.41, and 95.32
ppm, respectively, for 5" instar larvae. The ratios of LCso values between 5" and 3™ instar larvae ranged from
1.67 to 3.81 for oral toxicity and from 1.72 to 2.70 for contact toxicity. Spinetoram showed relatively higher
activity through oral exposure, whereas Bifenthrin showed higher activity through contact exposure. From our
findings, we demonstrate that it is pivotal to target early stages of O. furnacalis larvae and rotate insecticides
with different modes of action to improve control efficacy and managing insecticide resistance.

Key words: Contact toxicity, Insecticide susceptibility, Insecticide resistance management, Ostrinia furnacalis,
Oral toxicity
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Table 1. Information of test pesticides, which are used in this study

- - a) Chemical group 0/\b) S
Insecticide Formulation (IRAC classification) AL%) Dilution factor ppm
Spinetoram WG Spinosyns (5) 5.0 2,000 25
Bifenthrin EC Pyrethroids (3A) 1.0 1,000 10
Fluxametamide EW Isoxazoline (30) 4.5 1,000 45

YWG, EC, and EW represent water-dispersible granule, emulsifiable concentrate, and emulsion in water, respectively.
YA I. means active ingredient.

$Al(NongHyup Chemical Co., Ltd., Sungnam, Korea)2} stod ALkl
ofo| AR EF AP ERO| = -5 (NongHyup Chemical

Co., Ltd., Sungnam, Korea) 352 QAIE Fulsle] A3} 4 1
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g3tk 2t e det SHTE o188l FHEEE 5% 152 o ® AN A3, A g A F5,
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Antz oz s Mu| 7t SIHGE 27] AFEo] Yol
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Seoul, Korea)s AF&-alo] f52] &9l 21H EF3I8th RE Z7FFATHF =209.80; df=5, 10; P <0.0001). 500u)<}
AEAAL 393 582 te = e, A7 10 em®] 2500 ¢] Ao = Al F 14t 100%2 AFES
H EZ]FGA|(SPL Life Sciences, Pocheon, Korea)ol| 57}2]<] HAFA 58 f5olxe 598 759 AFadd =
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Fig. 1. Oral toxicity of Spinetoram (Water Dispersible Granule, WG), Bifenthrin (Emulsifiable Concentrate, EC), and Fluxametamide
(Emulsion in water, EW) to 3™ and 5" instar larvae of Ostrinia furnacalis over days after treatment (DAT). (A) Spinetoram WG, 3™
instar larvae; (B) Spinetoram WG, 5" instar larvae; (C) Bifenthrin EC, 3™ instar larvae; (D) Bifenthrin EC, 5" instar larvae; (E)
Fluxametamide EW, 3" instar larvae; and (F) Fluxametamide EW, 5™ instar larvae. Numbers next to the symbols indicate the dilution
factors of recommended concentration for each insecticide. Fifteen larvae were tested per replicate with three independent replicates
per treatment. Values are presented as means + SE. Control mortality did not exceed 4.44% and is not shown.
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Table 2. Oral toxicity of 3 pesticides against 3" and 5" instar larvae of Asian corn borer, Ostrinia furnacalis

No. of LCs

.. b
Pesticides Stage larvac (95% CL, ppm)” Slope = SE Ve df P
9.00
3rd 240 2.296 +0.399 5.766 4 0.217
Spinetoram (6.05-11.75)
WG " 18.81
5 240 (10.85-32.75) 1.195+0.274 1.513 4 0.824
20.00
3rd 240 6.099 +1.027 3.281 4 0.512
Bifenthrin (17.3-23.1)
EC " 33.42
5 240 (20.51-54.47) 1.091 £ 0.260 0.351 4 0.986
52.60
3 240 1.781 £ 0.288 2.699 4 0.609
Fluxameta-mide (39.2-72.0)
E
W 5 240 200.14 132240277 0.615 4 0.961

(126.37-316.96)

“The results of LCss with 95% confidence level (CL) are expressed concentration (ppm) for this bioassay. Mortality was measured for 24 h

after treatments.
SE represents standard error.

ZHLE S50 st 35 ASH e AHFESY

AAEAETH Akl 3% AAld tie 554 a3
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A2 AR AR B AAEEAIES s
4.44% ©]3t2 A E A tH(data not shown).

2| ERE 38 fFolr] 25000 SAdle Hg] & 1Yo
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190l 70.0%04 A2 F 590 100%2 AEEo] 7}
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TE 2 AZE oEH AFadt BRIFEUTKFig. 2B).
1258 &Ajae] A9 A 190 86.7%2] AEFES B
ow, A 3Yd 100%9] EB3IITHF =513.63; df =5,
10; P<0.0001).

HIREYS 33 fr5ollA 2500 349l A & 199
100%2] AFES Ueldom, 5008 A 2] 3 1o
76.7%04 g 3 3] 100%2] 4553 BITHFig. 20).
1,0008] sjAjele- A2] & 59 90.0%] 45ES AL
™ (F=49.78; df=5, 10; P<0.0001), 2,000842} 4,000:}
sl e 77t 733%9} 46.7%5 UERNSILE 5% fEolMe
125012} 2500 3]A el A A F 29l 100%, 5004
Aole Ay F 4U0] 100%0] AEFES UERIIT
(Fig. 2D). 284t 1,0008] 34 Qelx= e & 5Uof| 7t
7} 90.0%%] AFES YERNUTHF=13743; df=35, 10;
P <0.0001).

ESAH Lo = 37

E

ol

FreollA 2500 34l A F

2909l 50000 B4 He A2l £ 3Uo 100%2] d5E =
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AEES EOﬂE}(Flg 2F). 28 FAEE 1ooouH 34
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(F=26.06; df =5, 10; P <0.0001).

350 ASAE HE A 1Y A s AMES o%
gt ek A ARs e 3% frEolld S9MIER, H
AEY B Z2AWel| =7} 72} 13.57, 722 2 3527 ppm
o]lom, 53 FEolME 27t 30.79, 12.41 2 9532 ppm
o|%ATh(Table 3). 38 tiH] 58] WFAAFsE HlE 742t
22790, 17280 2 27080 2 YR F @8 TA Bl A
HHE Y] weAabsErl 7P vigkow | Av|Ed
ESAHErto| =71 2 H & UERsTh

= AN
1 Exaplgololsl dle 2R 30
ARYe HASHS AESHoE TRl sy
A A B FEIL HobaSE
Adsiglon, 58 w53 5ol i

9

FAAEEE =
FH9 Age] FAAYT. ol EBIYL

ST ofef iz -H%—ow Fel o] AVA4E A4
eaithe 7l uysh Qs
(Bouvier et al., 2002; Jeong et al., 2023). WA o] w2
AzAle] 7 Aol 2] Al nhe A AERA



Insecticidal toxicity in O furnacalis larvae

Spinetoram - 3" instar, B Spinetoram - 5" instar
100 100
80 80
s
60 60
=y
g 40 40 -
= —eo— 4,000 —e— 2,000
—0— 2,000 —0O— 1,000
20 —v— 1,000 20 - —v— 500
—&— 500 —2— 250
—=— 250
0 ol —a— 125
1 1 1 L L 1 1 1 1
0 3 4 5 0 1 2 3 5
Days after treatment
Bifenthrin - 3" instar D Bifenthrin - 5" instar
100
100
80 80 |
S
60 60 -
2
I
5 40 40
= —e— 4,000 —e— 2,000
—0— 2,000 —0— 1,000
) 20 +
20 —v— 1,000 —v— 500
—A— 500 —4— 250
0 —m— 250 0 —m— 125
L | L | I | | I I
0 3 4 5 0 1 2 3 5
Days after treatment
Fluxametamide - 3" instar F Fluxametamide - 5 instar
100 100 +
80 80
S
60 60
2
©
5 40 401
= —e— 4,000 —e— 2,000
—0— 2,000 —0— 1,000
20 —¥— 1,000 20 - —v— 500
—— 500 —4— 250
0 —=— 250 ol = 125
1 1 1 1 1 1 1 1 1
0 3 4 5 0 1 2 3 5

Days after treatment

27

Fig. 2. Contact toxicity of Spinetoram (Water Dispersible Granule, WG), Bifenthrin (Emulsifiable Concentrate, EC), and
Fluxametamide (Emulsion in water, EW) to 3™ and 5" instar larvae of Ostrinia firnacalis over days after treatment (DAT). (A)
Spinetoram WG, 3" instar larvae; (B) Spinetoram WG, 5" instar larvae; (C) Bifenthrin EC, 3" instar larvae; (D) Bifenthrin EC, 5"
instar larvae; (E) Fluxametamide EW, 3" instar larvae; and (F) Fluxametamide EW, 5" instar larvae. Numbers next to the symbols
indicate the dilution factors of recommended concentration for each insecticide. Fifteen larvae were tested per replicate with three
independent replicates per treatment. Values are presented as means + SE. Control mortality did not exceed 4.44% and is not shown.

Z7HE o}U2} esterases, cytochrome P450 monooxygenases
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Table 3. Contact toxicity of 3 pesticides against 3™ and 5" instar larvae of Asian corn borer, Ostrinia furnacalis

No. of LCs,

. 5
Pesticides Stage larvae (95% CL, ppm)” Slope + SE Va df P
13.75
3¢ 240 1.726 £ 0.297 0.347 4 0.987
Spinetoram (9.76-18.85)
WG " 30.79
5 240 (18.59-150.98) 1.044 +£0.258 1.252 4 0.869
7.22
3¢ 240 2.338+0.334 5.070 4 0.280
Bifenthrin (5.69-9.16)
EC " 12.41
5 240 (7.95-19.37) 1.187 +0.263 0.523 4 0.971
35.27
3¢ 240 1.065 + 0.257 0.566 4 0.967
Fluxameta-mide (22.23-55.96)
EW
5t 240 93.32 1.602 +0.278 0.082 4 0.999

(69.70-130.34)

“The results of LCss with 95% confidence level (CL) are expressed concentration (ppm) for this bioassay. Mortality was measured for 24 h

after treatments.
"SE represents standard error.

aea 54 el muske Hol AR ey iy
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