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Diagnostic Device Model for Insecticide Susceptibilities of Beet
Armyworm, Spodoptera exigua (Hiibner)
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Abstract - Simple diagnostic kits for monitoring insecticide susceptibility of beet armyworm,
Spodoptera exigua (Hiibner) were developed and applied to the field populations. The operation of the
Kits was based on the correlations between enzyme activities of esterase (EST) and acetyicholinesterase
(AChE) and the insecticide susceptibilities. Four different kinds of diagnostic kits (ED, EM, AD, and
AM) were designed and classified by diagnostic enzymes (E for esterases and A for acetylcholinesterase)
and inhibitors (D for dichlorvos and M for monocrotophos). Diagnostic inhibitor concentrations were 1
mM for ED, 10 mM for EM, 100 mM for AD, and 100 mM for AM. Resistant larvae which were not
inhibited by the diagnostic amounts of insecticides developed positive staining (red color), but suscep-
tibles showed negative (no color). An insect was used for both EST and AChE diagnostic kits, but
different in their samples: hemolymph for EST and the head for AChE. These four diagnostic kits were
applied to 11 different populations which showed variations of insecticide susceptibilities. Four kits were
different in the capability discriminating the insecticide susceptibilites according to insecticides: ED to
bifenthrin, AD to methomyl, and ED and AM to chlorpyrifos-methyl. These diagnostic devices can be
used for insecticide-resistance management program for this insect pest. It also provide a technical guide
to insect pest management for farmers, directors, and researchers.
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A0 - 2=k, shhb, obH = B0l A A, o el A

|3 AEAle] o3k fAAMTAEL Y
g gt AAA FHE £ ¥ ok &y
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ek 28y A9 | FHA JeEAe #35e
&2 WAl7E Brregez A} sl g A&}
WE ZolAY, gAY = 238 S
Z7718 e Y=o A el =UEHUSH
(Georghiou and Saito, 1983; Roush and Tabashnik,
1990).

2-gyelell A sl (Spodoptera exigua (Hiibner))
o] 19883 o] % ¥ ®uk ohfet PIel A
A sl A o] dF2 W VIFHEAE o
By ubztge] Z & F U (Gho et al,
1991b). Zev} syl 31.8-2] ofA] A §eH 9 7
B3 AbZA] Ggog 7|EFA G HRE A&
B3oz HiAe] £ o8¥E Fx AUk 2 o
ofx| M- Azt Z zo]E Yeple] M & o
E 713218 9 AER, A71H e 247} oA Adks
Holl gle] We] 242 283A HHAH(Kim et al,
1997; Kim et al., 1998). o|2& A7t AZA A
Hol= o 2H|EtA 2} oM ZFH o A kA 9} 22
EAEY Y wHold wlf 2 ATAE Hio
(Kim ef al., 1997). dukxl o2 o] F FHFAE o]&3
Bl 3259 oA MasEHe HE 5 o 7
Z=17} 7Rk E o] Z o} (Rees et al., 1985; Pasteur and
Georghiou, 1989; Dary et al., 1991).
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Fig. 1. Examples for esterase (EST) and acetylcholine-

sterase (AChE) diagnostic kits which discriminated be-
tween susceptible (—) and resistant (+) S. exigua.

7 AAHIHF. 5 A7} o FAAH AE o)
A @1 A7 Yojukx] keml ol awehl A%
oul opEEA A AS 2AE vehic
(Fig. 1).
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ArzA 9 eAE £X#3817] 98 Raymond
(1985)2] probitEARel] 98 HIEX|Ag% (LDso)” 3
personal computer& o] &3te] ArZE el AA= Hb
A Abewet wdd AN ANz AIEA
1 PR W EWHSLE arcsine transformation F
SAS (SAS Institute, 1988)2] PROC CORR3} PROC
REGS &3 zZt7 A=

Zx g9 oE

vl 7R bt ARl A AR 2 3E
(ED,EM, AD 3! AM)®} A= a5 A7) 943 ok
g z)oe] okel A FE Aoz FHMAX A}
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Mz e 1109 A " okl sphATES
%9 AzAd dajAM ZFpAH el E Bl (Table 1).
Bifenthrin®] 73-%- 8.7@, methomyl®] 7% 9.2n},
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& behiA oke] kel 71E AFAG sl 2H
oz AFAE 7S Jeplsh o83 shihvie
AR AFZA A Holx o] dF {9 oAl
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e A9l 2o 7]el® o (Kim et al., 1997)12
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Table 1. Insecticide toxicities to the third instar larvae of
the field S. exigua by topical application

LDsoug

Population (95% confidence interval)
(Subpopu- n .
lation) bifenthrin  methomyl chiorpyrifos-
methyl
Andong 300 0.21 1.62 _
(laboratory) (0.15~0.26) (1.12~2.44)
Andong 05 020 1.74
(Field) (0.12~0.33) (1.26~2.31)
0.31 1.40 12.84
Kyungsan 442, 1970 51) (0.66~2.24) (7.13~21.23)
. 0.52 2.51 40.39
Koonwi 450 4 3870.81) (1.76~4.24) (21.45~72.16)
Jindo 450 0.06 1.06 6.72
(Kokoon) (0.00~0.14) (0.51~2.15) (2.22~10.73)
Jindo 290 0.32 0.63
(Koonnae) (0.12~0.96) (0.30~1.45)
Bosung 440 0.23 339 8.52
(Hoichun-1)! (0.16~0.31) (2.37~6.16) (4.99~11.83)
Bosung 433 0.21 1.03 9.33
(Hoichun-2) (0.12~0.32) (0.58~1.62) (6.37~12.12)
Bosung 265 0.37 3.36
(Hwasung) (0.19~0.71) (1.63~6.61)
Haenam 450 0.12 0.81 8.53
(Songji) (0.06~0.18) (0.41~1.26) (5.62~11.12)
Haenam 280 1.24 6.59
(Hwachun) (0.69~2.62) (3.37~11.76)

! Hoichun 1 and 2 populations were collected from weeds and welsh
onion, respectively.
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o] AFES Aot (Table 2). ¢) A4 A5
A PEAA Ao ubpA|alefate] ARARAE
Absksi el (Table 3). Bifenthrinol ©i&F ofa) Zh4=Adwd
= €% 79 ED FAAA7E &34 o]tk Meth-
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Table 2. Frequencies of insecticide-resistant larvae among

the field S. exigua populations by four different diagnostic
kits!

Frequencies of insecticide-resistant

Population larvae (%)
(Subpopulation)
ED EM AD AM
Andong
(laboratory) 80 20 37 70 43
Andong _
(Field) 60 40 50 70
Kyungsan 80 50 87 -80 82
Koonwi 80 60 67 97 97
Jindo )
(Kokoon) 60 - 60 0 78
Jindo
(Koonnae) 60 40 10 70
Bosung
(Hoichun-1) 80 14 75 70 50
Bosung
(Hwasung) 80 10 20 10 16
Haenam 80 20 6 8 50
(Songji)
Haenam
(Hwachun) 80 17 50 60 40
VED : esterase diagnostic kit using 1 mM dichlorvos.
EM : esterase diagnostic kit using 10 mM monocrotophos.
AD : acetylcholinesterase diagnostic kit using 100 mM dichlorvos.
AM : acetylcholinesterase diagnostic kit using 100 mM monocroto-
- phos.
$71QUA sulelo 2 opAle] BaAME F EA =
5 5 WEBAE 8 Ao o)W PG Hx
7o) Az BAR QDT Al

ol e AYAA 2P AdATHel AA
Aoz vehdw shihjule] okx A AEE o
ul 3724 s ch (Table 4). £ 3 AWAAL A4
#E A Aol dgt 5A AZAle] wbpz|Abekek
< 70~80%2) Aoz AAF F= uiE g1
ek B3] Azt shiviale] A A oA 7 eAl S
sk b o & 2ns 2

olAe] B dAFelA MEH HNAXE HHET
A&shA 5 Ao oAl AFAANA L] W=
dBFor aAAQ PANHS AASE b o]8d
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Table 3. Correlation coefficients between the insecticide
susceptibilities and the diagnostic kit values (arcsine trans-
formed) of the field S. exigua populations

LLDs of the insecticides

Diagnostic kits! i
& methomyl  bifenthrin chlorpyrifos-
methyl
ED 0.2684 0.8599 0.9375
(0.5606)? (0.0616) (0.0057)
EM 0.5304 0.2102 0.5942
(0.1147) (0.6173) (0.1595)
AD 0.5543 0.5344 0.7194
(0.0963) (0.1724) (0.0684)
AM 0.3464 0.6427 0.8709
(0.3268) (0.0857) (0.0107)
'ED : esterase diagnostic kit using 1 mM dichlorvos.
EM : esterase diagnostic kit using 10 mM monocrotophos.
AD : acetylcholinesterase diagnostic kit using 100mM dichlorvos.
AM : acetylcholinesterase diagnostic kit using 100 mM monocro-

tophos.
2 P value indicating the probalitity of the type I error of the correla-
tion coefficient.

Table 4. Regression between the insecticide susceptibilities
(LCso) and the values of the promising diagnostic kits in the
field S. exigua populations

Diagnostic

Kits! Insecticides Regressions R?

pp  Chlorpyrifos- ;59712389 x DV20.8789
methyl

ED  bifenthrin LCs=—-0.07+0.58 XDV 0.7394

AM. chlompyrifos- 4 3 68 1476 x DV 07585
methyl

1ED : esterase diagnostic kit using 1 mM dichlorvos.

EM : esterase diagnostic kit using 10 mM monocrotophos.

AD : acetylcholinesterase diagnostic kit using 100 mM dichlorvos.
2DV represents the diagnostic value after arcsine transformation.

& hSl bbbyl % b AR Abgel Th
=5 s9ch
eI A AN Z B ERAA & 9 A

FolA A S5 AspErH AbEA) Xﬂ"‘{}"é e
A FE2] A FLATEE dANA FA
Algsla oz I Aol AEA| ZAeAHAE o
&3t AollA] ull-$- F23}c} (Brown and Brogdon,
1987; Ahn et al., 1991). E3|, & dFA /s =
Hhnbe] AbZA] A IhEARE 4 A9 A=
Aol o] AMAXE o] 4F g ARAFH |3
el qutg A Rl A X]EQ_} 4 A
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