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[. Title

Development of a diagnostic device for the insecticide resistant beet

armyworm, Spodoptera exigua (Htibner)

II. Research aims and significance

Big populations of the beet armyworm, Spodoptera exigua (Hiibner),
has been occurred since 1938 in Korea. The pest has so large a host
spectrum (e.g., welsh onion, oriental cabbage, hot pepper, and
soybean) that it gives an huge economical damage on most vegetables and
other crops. The pest 1s exposed to a broad array of insecticides
because of the extensive use of the chemicals without any consideration o
n the susceptibility of the pest to a specific chemical. Development of the
insecticide resistance failed to provide an adequate control of the pest. 'I'h
ere is, however, a high degree of variation in insecticide resistance of the
pest among different populations (e.g., in hosts or
regions or seasons) because adults are highly mobile and larvae are
polyphagous.

This research goal is to develop a convenient, cheap, and accurate
diagnostic device for the inseciticide resistant beet armyworm. With
this device, farmers and extension servicers can easily detect the pest stat
us of a specific population to insecticides so that they decide the kind and

dose of the insecticide reasonably.
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ITI. Research plan - progress and contents

A final goal of this research i1s to develop a convenient, cheap, and acc
urate diagnostic device for the inseciticide resistant beet armyworm throug
h measuring the activities of the enzymes related to insecticide mode of ac
tions. 1o do this, specific research aims are the
followings:

(1) to develop analytical methods of the insecticide-detoxifying
enzymes of the beet armyworm,

(2) to correlate between the insecticide susceptibilities and the
activities of the detoxified enzymes of the differrent field and

laboratory populations,

(3) to develop a convenient, cheap, and accurate diagnostic device
for the inseciticide resistant beet armyworm and to fially apply
to a field system.

IV. Research results and application

Estimating methods of the activities of esterase and
acetylcholinesterase of the beet armyworm were developed. 'The
activities of the both enzymes had high correlations with 1nsecticide
susceptibilities of the different populations of the pest. This
correlation will be further analyzed by using different populations

obtained from different fields or selected in the laboratory in the
second vear of this research. In the final yvear of this research, a

convenlent, cheap, and accurate diagnostic device for the inseciticide resist
ant beet armyworm through measuring the activities of esterase or
acetvicholinesterase or both enzymes.
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A1dg M E
Al 1 8 A7 5580 Y
1. A+ w73

uuiub il (Spodoptera exigua (Hitbner)) & b & ghvialzt 3 F o dfvatboly)
of &3l EuiX|e 2 RE ofdd], 2thX|wel AX FHASA FAX ok o
R 7] 2yl M= AT =S Udolgla e B2

MgolAe Bol=Zal7) Iberia HtE FolA] HlEsled & Aoz 4FHA U=
Fo 2 Hudies E3lud :dHAF WAE 93 Dimethoate & AE T of tiwt
A= bl ol AL XAA AR Geocoris fallen (Z1=HdAT) 9o 43 RFo] &
ool ol HHE W] diFolet ST, ul=e EE 2o Als 19603t 7}
A o] #FE A AT + AR 19723 o|F 23 F WF Ty o %
oAl WAL oHF Fo2 AHA 7] AlFSH FAHE olFA dFoloiA FH
ol S|P E PAFo] F7istn Y. Hd#=9 A% vis RIS
EHE I3HE TYUSI HABAA Yo] Eo Fojo 24U Y I /A4 AT
HF WAyt ST

THOoIA ol A= 1980} FHt ol T o, gt B FX| oA dA o] A
3 59A a7 2715t 9 Aoz B1E 3 dt}t (Cheng et al., 1988). 28t
etoll M= 1928'd AME R0l A Isirt Ruxx (JLr, 1928) o] % A9 Hs)jrt g
A 2] dth7)F 1986-19873 R Asl|, BALAHolA 4% st Z ufF, 7Hd| o
A, Rz F& 7HElsta S BRI (F &, 1986; & 5 1987; ©] & 1987
£ 5 1988, 4 & 198R), iAo}l 753l sz FHEI 3 AUk 19883 A
=9 m AuF7l F XY FHF 5 UEREAE deAsidon ok (2 F
198K).

-2y atoll A o] dFo it WALAAE ZAMGE AL 19261d HE 19300 7HA]
Trobsoll 93t A ATFol AT Aol o]F AT, FolEel o3 HE &
UL 58 9YolUT HF ALY 109 27doll o 8-9% Alold] [AtFo] H
18] BTt

2 (1993) = pheromone trap ol &3k ALY FALel 448 AAst U5
1070 X Goll Al Fafupal 28 ZALSIEEE. 199239 A9 AY 1S d9AM= 4%
o FE <A A-AEHZ] AFSIET. 1990 ©]F pheromone trap o €3 wbA A
& ZAPNA 37 Aol uel @Al o] Frbsle Aekoldrt (A, 1993). S
TAFS FRAWe R Zd4E Bt dSEE= AF gl a2y YA dy
A At HF o] 59 FEolH A 44t A 7HES BEAFEo

1919 11 3 (1991) & #9 299 IFFE2 g% 8%, A= 86%, 3G 78%
AL AAE 1.9%, olrF 15%, MY 14% STt ZIelAEA S HAF 95%, 254
04%, F¥)F 82%, ¥F 83%, F 56%, wjF 439, LT-uF 43269}

AAH s B vSdA 9 2ntg], 7L viFoA F9 5-6 nlg] oA,
U= F9 ¢F 2 niy] ojAduWE HuFHAo (2, 1993). 7159 WHH7F o] |
of o8 2}Eo JsE F ot




2. 479 HaA

o] ol tidt FHFY Hio] aH =7td, lchzA] vlo]ld] A, Mermithidae
olii 7| EL FEoNA A 43-91%, 3.7%, 1.9% & 2o HAZS YsiMe st
A F2ofof] o] FESHX] FE A Hojdoh

opRFLbRke] oA 73 3""“—4 X3+ DDT, Toxaphone, Parathion, Pyrethroids &g}
otyel Hlud axrt EgY AFEEAJ] Methomyl o tidh HatAdo] EA7} =
o HHA[ol oj o] UT (Meinke and Ware, 1978). X3} Bacillus thuringiensis
(BT) o M e FulFFF WY (Tricoplusia ni) BT 4500y & AS S
&S B o (Maclntosn et al, 1990) BT <} disjiAs = A3 Ao] A7 g2 Q).

F2 A HEAE BTt 313d Foko ol FEFjof st @A Foko
el d AR #HEH dvs fstdAsE & Q5T
o] AT E FHL g o %*Eoﬂ*i de|goez A 5o g 2473}
ol|Eu} HAFA AH3IA Tl (resistance management) = A <o HE3 A
Fa 7]12ke] o] 7} %—”FZ‘#O]E}
= HdAqte] A= 7Hm% HEetT &4 AFA A iy 7hE 8 o
s A A ofe] UEE Fr|Hoz &2HTgoz FHAHQ FokdAF ATAy] &
e 2AHAJTL = zﬂ-‘:’ﬁ AAE 7 JQAESY. F, o] d7+= 48H o539 55
= 7t4 AAY 3 9 FH A ¢ vHAOgA & 7Y E ZA S

00" rr

3. T 9 7]=d3}

7 =l HE

Aw}ﬂu A7t EAA B AL godd Futez HudE u vk (= F
1989). (1993) ¢} o] (1993) ¢ atuhuiul el dAdols WAV Ao i3k 4
7} .,,.—*?—q} Aejoltt, ATAQ WA A7t AF3 Aol

U =97 dHI

AEA e A 7|2 kAo ot TSt AFAIZE ARG olEe B R
el 34 BEIH, Ay A rjFReE e £ At o] F 4o £
olgt 7 <A77t ®eol Hol e ot ASEH J|FHolnt (Roush &
Tabashnik, 1990). A333 H3A 7132 ohA] =sEL A4 Hstel 243 w3t
2 T

ubahiere] okl x38lAle] H 1= DDT, Toxaphone, Parathion, Pyrethroids #gt
olye} vlnd FIH7} =T AAZAAQY Methomyl °ﬂ tf 3l A 3}FAdo] A7 =
o] HFA|o] o]3 o] Ut} (Meinke and Ware, 1978). %3} Bacillus thuringiensis
(BT) ol Wiz s FEHUR (Tricoplusia ni) EE} 4508 =& AAEE
S B (Maclntosn et al, 1990) BT ol thsiA = A &gAdo|l EA|7F 5 U

-
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4. 8 7l=dH 9 FHFA

1980 Gt} Fwtol% o] Zo) A Ty FsE oAy 2o B
F 2293 pofo] A4¥o mE WA AW 4 HE AP 5o 24 8
olo] & 4 AT BEHF Boto] o Zsoksts BANA MARY A B
53 wobel o]g8 T ool Mopsi M BHAlo|Th

A 2 3 AFMEUAY S

A7 HE ATAL AYBEE Fihpgel 424 BU AXEY
AHL 5 HYskn W 4FA AL B4R ALstE Roloh
g45t7) e AR ATALREE e 2k

(1) AFA 28 #dd st sls 84 FHH/IHES GHSO

(2) °F2] 2 AAAEH{GE 454 A aL8EH = HIE—E—-—:} J =)

(3) #ML o] &3t7]e HEst slsaAEH AT E & ol H8A4
Al 3ot

2. G E AN AMHES

olsh e B A7el AFYNETL Y=Y A Faid
S 2% 2R BLEAY 99 9 shihbl okl 4
arNsgYe BER AT

g

ok

'cg-




2 A¥4d Jeisgn STy A a)odA] 712 QZFALE o] v
%ﬁlr-gﬂr F-3lgo A Z|EY ARERT A3 JNEFALE ZA (Table 1)E a3t
tHZFALsoll o] &3tar Ut

Table 1. Modified artificial diet of S. exigua

el — e o e e

Ingredients Classical type Modified type
Soybean powder 30g 30g
Wheat germ powder 30g 30g
Yeast dried 16g 3
Caseln - g
Agar 0.0g bg
MPH 1.2¢g 1.2¢g
[L-Ascorbic acid 3.bg 3.bg
Sorbic acid 0.6g 0.bg
Formalin (10%) 0.9ml 0.9ml
Mineral mix 28 28
Linseed o1l - Iml
Vitamin mix - lg
Distilled water 280ml 230ml

AFS-3E A3} (Table 2) /HHE ALE7F 71858 AR B3] AEsollM =1L
g 717ko] wspth JiEEE AlROAE wlAgdo g casein"% F7MA AL EEIA]
HFAE. O 2 [inseed ol ZFT Vitaming d75AZCRE AEFTHI A5 5
FzsAS axE Fode AFdAT. Ty T AR BT AF7HA 80%0]8 4
AM8-8 7)Esley Eo AlSZAY HE 973 BE ovkel¥e A K
Zo] & AMggo] FQoj} o]F o] AlfoA 3rigy oz FHE Mol &5
2 FALSo] w2 A EHZE S R AYe FHol A3 Folte AL vH




stal ol Wl AFRAENM EE AFgz AN Bl aFHch

Table 2. Comparison between classical and modified artificial diets on S.
exigua development

Stages [nitial # Dead # % Mortality % Cumulative Period (days)
Classical type
Larvae
Ist 100 30 30.0 70 2.3
2nd 70 12 17.1 58 3.7
3rd H8 23 39.6 39 2.3
4th 35 19 H7.6 16 2.4
Hth 16 D 35.7 11 2.1
Prepupae 11 2 22.2 9 2.0
Pupa 9 2 28.6 7 7.3
Adults It
Total 93 93.0 22.7
Modified diet
Larvae
Ist 100 18 18.0 82 1.8
2nd 82 1 1.2 81 2.8
3rd 31 4 4.9 77 2.1
4th 77 13 16.9 64 1.2
Hth 64 & 12.5 00 1.0
Prepupae H6 34 60.7 22 2.2
Pupa 22 8 36.4 14 0.7
Adults 14
Total 86 86.0 16.8

- 10 individuals/ petri dish X 10 replications



(1) e A=

Microcentrifuge tube (1.5ml)el PBS-TX (0.1M sodium phosphate bhuffer

1 -TT N~ N Ir-0s TNt AV WaYa 'y QO Al 1.0 y -] L =L HL: 1wk O 14 Al
wetllll, Pl Q.4 U. 370 1 LIVOIL AT LW —5-“'-:-_‘4' lIIll”’E’ 1"6‘-:1_1-’- ‘?—I H ¥ "“T O = "B'h

Homogenizer2 7tttk 4% 583 15000mmolA] fAREsId A58 d=}
o] FFNE thA] PBS-TXZE 108] 3 Aste] 2mad 2 §4 B Ao o|gEr},

el 2 S ukH -2 Bradford (Bradford, 1972) 8o oa} A3 3o}

1) Iml ¢ Bradford-&ol 20119 sample2 40

2) 5% Spectrophotometer (Kontron)2 595nmeoll 4] &3 3lc}.

3) Bovine serum albumin<=- 0, 50, 100, 200, 400, 800, 1600ug/ml &% &
ot AFEFAE dert

W7N1E A 7Fo BT F FEADTHAL 280 5B7bA] oF 3082 o
7F E= HIY (Table 3).

Table 3. Total protein amounts (itg) of each larval stage of S. exigua reared
on artificial diet

Stage N Protein amount (mean + SD)?
ond 10 2496 + 6.17 @
3rd 10 13659 + 2145 °
4th 10 45345 + 55924 °
5th 30 75724 + 91.86 ¢

' Means followed by different letters differ significantly by LSD test at
a=0.05.



(3) Esterase @8 =%

General esterase®@ ¥ -2 Townson (Townson, 1972)9] ¥HH-8 ubgli}ulo] ¥
Fste] e W& o] 83

@ Reaction mix
10 ul 10X A% L5
2 ul 50mM PNPA 1n 80% Methanol
985 ul EST buffer
@ Mix for 10 min
@ 400nm ©lA] 10% HFHo R A3

(4) Acetylcholinesterase (AchE) &3 =%

AchE¥¥ -2 Ferari (Ferari et al, 1993)¢] ¥i-& sbihijrte] w¥ste 7
H WS o] &3

O Teviere] G dE FE5E (10x 3 A) 500ulE 42 1ml
Spectrophotometer tubeoll ¥ =

@ AchE inhibitor241 15-bis (4-allyl dimethyl ammonium phenyl)
pentan-3-one dibromides 50ul¥ Y <

@ 500ul®] AchEe] 7]&89 (100mM acetylcholine iodide (1.2ml)), 12mM
5,5-dithio bis (nitrobenzoic acid) (2.4ml), 2%} FHFF 656.4ml))E ¥

@ T3 405nm LAY 10 2732 FFEE SH 3

(5) Esterase® A 7|9 & &4

A 719 %52 Tris—glycine buffer (0.0bM Tris, pH 83) system® 6.5%
nondenaturing polyacrylamide geloll4 Hoffer vertical slab gel& AM&3tgith 2t
sample (ca. 0.7 ug of protein)%_loading buffer (502 sucrose, 0.01% bromophenol
blue, 0.004% basic fuchsin, 0.154% dithiothreitol, 0.0372% EDTA in (1:3 diluted)
electrode buffer)®2 FH|HUTE A7|F9&5L2 300V €A AGANA tracking dye’} v}
S7kA] @@ a7tA] o] FHRTE. GelsS 100 ml F2 8-

(0.2M phosphate buffer (pH 6.5) contained 2% d-naphthyl acetate and 0.04g fast
blue BB salt)oll A 25T 1A|ZHE<t o] FH T W3 gels& HEN (7% acetic
acid, 5% methanol)oll Al &2 di7ztx B a=E)




(6) Z-8HH3l (AChE®Q Michaelis-Meten constant (Km) value Z2A)

AChE®] EH =YY FUsht AchE9 7]Z<Q acetylcholine iodideS 47}

A & F5E (05 mM, ImM, 2mM, dmM)E 5t F428EH S SASIYTH

3. BRI Mk ALE A g

(1) Topical application A EYJAY

gptube) 53 S-S AdWSE 252 1TAA 2 w29 10uta]d v)g] Akgle] o
atH A7l & Topical applicator® 1ul? SZd] X2 dHc}

(2) Leaf-dipping A EZHAH

z} F=9¥ (0, 25, 50, 100, 500ppm) Al Z7] 6 X 6 cme] HFUE 2%
1-2A17F Fume hoodoll A4l HAEAIFH T, Ity 3852 (28T 7|04 Akt
2l 6-7 %) AW 25E1TCoA He® z+ vl 5 v} HFstsew Z
FLol A 10¥HEstt  AEl$ 4AIT dIA] e 2 #He, Zis, e 44

gl = SHolx wow AFoz AY¥e s

A 3 & gt N ZedAl H dlis222k2] A

(1) ARAE 2 o] AR Tl FA A4

Al 7FAl kAl (parathion, deltamethrin, bifenthrin)oll th$t spytuintel 2473
Ar= AldE s oA €8th  Deltamethrin® 2 24t Add o3 Al Y
Sl AWtz oz wkfxjAlEF ("LDg")& B¥juste] B o parathion, deltamethrin,
bifenthin®] <oz guh ik 5336 713 4288 HAFrE (Table 4). 27 kA9

- 8 -



Table 4. Toxicity of parathion, deltamethrin, and bifenthrin to the laboratory selected
strains of S. exigua 5Sth instar larvae

-

Strains” Insecticides N LDy (g 9% FL Slope RR’
Unselected Parathion 1&0 0.25 253 - D2 05 +0.12 1.00
Deltarmethrin =~ 180 031 010 - 0Of4 05+015 100

1
Bitenthnin X 0.53 011 - 131 080019 100

Deltarmetimn
Cen 1 Parathion 144 2307 154 - 41.(2 191 +041 347
Deltarmmethnin 146 6.89 246 — 515 0x+013 223
Bifenthnn 144 2L 1.22 — 8&2 070+014 4
(en 2 Parathion 144 8&l1 32 - 037 070015 141
Deltarmethrin 146 12.87 325 - &3 046+014 4152
Bifenthnn 144 560 083 - 29 032013 976
Parathion

Cen 1 Parathion 126 6.45 231 - 6010 061 +019 13&3
Deltamethmn 16 060 014 - 367 043+0.12 223
Bifenthrin 126 0.12 006 - 0.4 1.01+016  0Z1

(en 2 Parathion 144 7.4 331 - 120 153+043 1.19
Deltamethrin 144 0.28 001 - 1.30 0.6+013 0990
Bifenthnin 144 064 021 - 1.A4 0015 110

Field
194 Sep Parathion 150 344 581 - 68 0A+018 5H67

Deltarmethnn 150 378 1.4 - 457 096+012 1219

' "Unselected” means a susceptible strain which have been reared in laboratory for 6-7
generations without any insecticide treatment.

"Deltamethrin Genl and Gen2” means the first and the second generations selected
respectively from the susceptible.strain with 0.1pg of deltamethrnin.
"Parathion Genl and Gen?” means the first and the second generations selected
respectively from the susceptible strain with lug of parathion.
"Field 1994 Sep” means the field strain captured from the hot pepper farm in Andong
In September 1994.

* "RR” respresents a relative ratio of LDg value of a strain to that of the unselected
strain.



Ard F -2 parathion 2HHE Al ist Aldirzy Rsighel wizl 4AddekAlo] of 3l
da/de] ot TE Deltamethrine 2 Ayd F T deltamethrin 39k ofu g}
parathion®} bifenthrinel W3l kA THSEHE A Sol ATt o] HudolA okA] 7
TA X34 EE B deltamethrin, bifenthrin, parathion® 2o 2 #@#sgtcy, ¥l
parathionol| W3l Add L A4 HDdF ¥ nd o parathionol]l s <Al #
T4 A3SHE Holuy deltamethrin®} bifenthrinol thdld A= 2thx] &2 2FA] 9 3FE

] e - e L

s d+4d F71E BT

oke] MEEANAM AL Fuhlww wmeld B o A A Ee @2
SHAl kA ZEAol It w1 At A kAol thal AwrstE 253 okl
=3 obAl A5 EL Ade BT (Table 4).

RS i FEE Y AFAld st ofA] AyYAHAE SEAE ¢ U B
LEFHTY. 199433 FEAl €RH TFoA & ofe] FHhtHlIT) o] ofelF o
2 HyY AYdA 6-7AY F FoiASSE AU F2  parathion, deltamethrin,
bifenthrings . & ¢fA| AR T =gt & TP L2 o|EAFEU= /71U AA
59 Fo A AT At & A4 AAFI G deltamethrin@ parathion
z}z}to] Fofoll AwrE oA ZF AwbekAo] A4 ASHE doefez myhviy
o] F <fAlo] i3t <A AFA7|ZE WESHT QS YvERAT I8y T A
Aute]] mE A 44 A AL of7he] zfolE YERHTE (Table 4).
Deltamethrin®. 2 Awd oo e FHA=2o|=A %Y bifenthrin #5kolu 2}
710 A Q! parathionoll i3] <Al T4 AsE KL parathion AL GEE F
gy Aol kAo HL AL FRUT. o] deltamethrin®fAl= WAAAFAH2 +
413t 7hsAdolleS X3

3E Fo 3} Leaf-dipping®Hol 93t bifenthrin®f Aol st I+ A= @
A7 R = Al 713 Zd5A dHolBues A9E g ozt - Y3t (Table 5).

AChE®S 8L Z4+A4Ad (“Unselected”)oll vl &l efAl AR A E3 ofe 5
Al ket EST &3-8 ZobA o) (Table 6). Deltamethrin A3 wh-8 Al A
7t A3y ghol wal AChES &3e A3 #H43 ¥ ESTY &8 @] o}
Aok ¥ Parathion A @S AllAddoAes gd3ded B8] AChES &
o ma) 7hA8t3 ESTY 8% wa Zold oy A2t s 238 AllA
3] AChE®] 832 2713 ESTS €8 wolath okel39] AChES ESTEE
& 7 kAl Al BE 2Ade 2287 FAEE RAFH

...10_.
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Table 5. Toxicity of bifenthrin to 1995 field S. exigua 3rd instar larvae

Collecting date Location Host N LCso (ppm) 95% FL
Aug 08 Ik Hot pepper 250 11.89 542 - 19.16
Aug 08 Poongsan Welsh onion 250 14.72 8.17 — 21.70
Aug 11 Onhye Weed 200 62.52 32.87 - 240.24
Aug 15 Kilan Soybean 250  13.87 6.52 - 22.20
>ep 01 FEosung Soybean 250 25.07 1397 - 37.84
Sep 11 Poongsan Welsh onion 250 10.24 271 - 19.90
Sep 13 Eosung Soybean 200  13.63 6.82 - 20.48
Sep 25 Poongsan Welsh onion 250 16.07 3.54 - 32.92
Oct 15 Andong Welsh onion 250 12.13 0.04 - 29.15

_11_



Table 6. Acetylcholinesterase (AChE) and esterase (EST) activities among
different strains of S. exigua 5th instar larvae

Strains' N AChE activities EST activities
(nM/min/ug) (nM/min/ug)
Unselected 20 0645 + (0.251 45.65 + 16.37

Deltamethrin

(en 1 30 0623 + 0.261 63.04 + 22.04
(ren 2 30 0.307 + 0.193 14882 + 123.42
Parathion
Gen 1 30 0.283 + 0.206 146.49 + 50.76
(en 2 30 0.339 + (.240 93.02 + 3878
Field
1994 Sep H3 0.312 + 0215 5469 + 2222

1 , . . . .
"Unselected” means a susceptible strain which have been reared in laboratory

for 6-7 generations without any msecticide treatment.

"Deltamethrin Genl and Genz” means the first and the second generations
selected respectively from the susceptible strain with 0.1ug of deltamethnn.
"Parathion Genl and Gen2” means the first and the second generations selected

respectively from the susceptible strain with 1pg of parathion.
"Field 1994 Sep” means the field strain captured from the hot pepper farm in

Andong in September 1994.
* "RR” respresents a relative ratio of LDso value of a strain to that of the

unselected strain.

AChESl Hsle)l uisf &4 #Alel AHAEAHINE FHS7) s
Michaelis-Menten5=%1 Kmzt-s 24 A eolA SH3H T (Table 7). FFAA R ©oll
A g7 2 Kmzke] EashA e o = Aok, 593 ASHEFAA HAR7] Km
kel slEre By @ sEEd A A Aol toE A ¥lie R T
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TS FHE& FE UU2Y Deltamethrin A1, 2M ol A B nlelzdo] oFA] 4
A7t Zragtd @l Kmakel 718 B3t

Table 7. Km values of Acethylcholinesterase of S. exigua larvae

- —

Strains' Age N Km (mM)
Unselected 2nd 10 0.085
3rd 10 0.087
4th 10 0.069
5th 10 0.369
Deltamethrin Genl 5th 10 0.311
(enZ Hth 10 0.420
Parathion (renl H5th 10 0.355
(en? oth 10 0.210

' "Unselected” means a susceptible strain which have been reared in
laboratory for 6-7 generations without any insecticide treatment.

"Deltamethrin Genl and GenZ2” means the first and the second
generations selected respectively from the susceptible strain with 0.1ug

of deltamethrin.
"Parathion (Genl and Gen2” means the first and the second generations

selected respectively from the susceptible strain with 1ug of parathion.

ESTS Wl tis] &4 A A E dolry] 3] AVFFTE £
sf EST®] banding patterns-& ®lu3dlqch. dhpre dAA 21709 esterase bands
7F 65% gelollA] B2 =lo]Htt (Table 8). FA|3 HAAZEE L 84w A A
Tel "WHIZARE 7Tho] esterase bandst A2 AHY $ASHY ESTH# 1-5=
hemolymphel F2 BIX3= esteraseo| EST# 7-10, 12-13, 20-21 & ZZjo

__13,..,



Za B YIE esterasesB A AW 2A7F oF7ie] Bo|E Ko Fu}

ofA HAad HEZF O E 6719 A dellA EST bandind patterns2 B 23}
t}. E17& A3t BEE bandst J DAY {FAHUA AolE HERE HolE H
Aot (Table 9). <FAlA Y oAt U= bandst E16% E17¢193 19 E2,
E7, B8, E11& 244 FotelA Bo} ol A HdolA g B MEE Rols
bands©} AT
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Table 8. Esterase banding patterns of the 5th instar larvae of S exigua

on 6.5% nondenaturing PAGE

' Rm: Relative mobility of a band to the total nﬁgratmg distance of tracking dye

EST# Rm' Whole body Hernolymph Total’
1 0.01
% 003 | e
3 005 |
4 008 |
5 000 | s e
6 013 | e ] i |
"/ 0.15 .........................................................................................
8 017 | o |
9 D18 | e L
10 019 | e |
11 0.20
12 (023 | s L e
13 0.25
14 0.27
15 0.31
16 0.33
17 0.35
18 0.38
19 0.41
20 051 | e L
21 0.63

‘ Esterase reactivity to 2% a,8-naphthyl acetate:

strong (

), medium (

oSl
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Table 9. Esterase (EST) banding frequencies of different S. exigua strains
which showed different survival responses to insecticides

Strains’

EST' SI (n=43) 2 (n=15) Dl (=28) IR (n=15) Pl (n=14) P2 (n=10) *4s P

El 0.512 0.857 0.607 0.000 0.000 0.300 K73 <0001
D 0.26 0.000 0.214 0033 0.600 026 1933 0.002
I3 0.279 0.133 0.500 0.267 0.000 0.100 1580 0.007
F4 0.814 0.733 1.000 0.600 0200 0.0 200 0.001
DS 0.140 0.000 0.26 0.083 0.000 0.000 1263 0027
I'b 1.000 0.857 1.000 1.000 0857 0.900 11.78 0.0
E7 0.163 0.000 0.214 0.133 0200 0.000 1600 0.007
D 0.3H 0.133 0.536 0.207 0.714 0.900 21.53 0.001
ES 0.361 1.000 0.929 0033 0.643 025 A <0001
E10 1.000 1.000 1.000 1.000 0.7 1.000 1612 <0001
L1l 0372 0.133 0.3 0.200 0.7 0.700 066 <0001
ElZ 0.6 0.933 0.90 1.000 0.7%6 1.000 1349 0019
EL3 0.116 1.000 0.2%6 0.933 0.643 0.600 o576 <0001
El4 0.000 0.800 1.000 0.0 0.000 0.000 10624 < 0001
ElS 0.000 0.467 0.31 0.000 0.214 0.700 3821 <0001
El6 0.000 0.000 0.000 0.000 0.500 0.000 879 < 0001
El7 0.000 0.000 0.000 0.067 0000 0.000 7.39 01493
EI8 0.000 0.333 0.000 0.033 0.000 0.100 2078 < 0001
E19 0.000 1.G00 0.000 1.O0O 0.000 0.900 12081 < 0001

' Each EST number corresponds to the number in Table 6.

°”S1 and S2” represent the first and the second generations of the susceptible strain
which have been reared in laboratory for 6-7 generations without any insecticide

treatment.
"D1 and D2"” represent the first and the second generations selected respectively

from the susceptible strain with 0.1ug of deltamethrin.
"P1 and P2" represent the first and the second generations selected respectively

from the susceptible strain with lpg of parathion.

_16_..



(3) T 7l5eol WE A4

wjolA Hobe ALY QBAECM WE s AEZHE R
(Table 10). 3%Zol ta oA 744 Axe 2zo]E Holx %3k (Table 11),

5% o7 HE ESTS &8 vHln:E (Table 12) Q1 ZAIE RukE o)
Alde] HAALR A U ESTY ZAMS RO < FALE o v]&] A AALF o] A
El, E6, Elle|l ®o] YElt. ol5 EST= =

5% carboxyesterased] &3t A
d 4 vt (Table 14). Fig. 12 7|F4E Soldd YA zleris HE B
.

_..17_



Table 10. Effects of different diets on S. exigua developments

prepupac
pupae
total

lst
Z2nd
3rd
4th
oth
prepupae
pupae
total

Ist
2dn
3rd
4th
oth
prepupae
pupae

—_r— -

— ——rrar. -

—_—— — -
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Period(days) Survival rate Mortality
Oriental CabbgéHCQHv -
2.1+0.3 0.3+0.1 0.7+0.1
3.3+0.3 0.7+0.2 0.3+0.2
3.7+0.1 0.6+0.0 0.4+0.0
1.4+0.6 0.7+0.1 0.3+0.2
3.1+1.0 0.9+0.1 0.1+0.1
0.9:0.6 1.0£0.1 0.0+0.1
4.7+1.8 0.810.2 0.2+0.3
19.2+1.8 0.08+0.05 0.92+0.3
Kale
2.1+0.3 0.5+0.3 0.5£0.3
3.5+0.8 0.8+0.2 0.2+0.1
3.3+0.4 0.8+0.1 0.210.1
3.6+0.3 0.8+0.1 0.2+¢0.1
2.0+1.0 0.8+0.2 0.240.1
0.9+0.5 1.0£0.1 0.0+0.1
3.0+1.2 0.8+0.2 0.2+0.2
18.4+1.3 0.21+0.19 0.79t1.9
Artificlal diet
1.9+0.2 0.8+0.1 0.2+0.1
3.0+0.2 0.8+0.1 0.240.1
3.5+0.4 0.8+0.2 0.2+0.2
2.6+0.5 0.8+0.1 0.2+0.1
2.1+1.0 0.7+0.2 0.3+0.2
0.8+0.6 0.6+0.5 0.4+0.5
4.3+1.1 0.710.2 0.3:0.2
182:08  052:031  048:03



Table 11. Bifenthrin toxicity on different S. exigua populations
reared on different diets

————— -—

Diets LDso(ppm) O5%FL Slope

Oriental Cabbage 12.66 5.66 - 20.63 1.13 = 0.20
Kale 16.07 3.53 - 32.92 066 x (0.16
Artificial Diet 16.07 354 - 32.92 066 = 0.16

Table 12. Esterase (EST) activities of different S. exigua populations
reared on different diets

Diets EST (UM/min/ug)
Oriental Cabbage 12.69+6.00*
Kale 11.73:8.21%
Artificial diet 4.86+3.30"

' Different letters followed by means were significantly different at
a=0.05(LSD test).
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Table 13. Hemolymph EST frequencies of different S. exigua populations
reared on different diets

A — o —m o= —_— = ————— ———rear  w——. 4 m—a ——— e

EST Oriental cabbage(n=4) Kale(n=6) Artificial diet
-
o 1.000 1.000 0.833

E3 1.000 1.000 1.000

24 0.000 1.000 1.000

ES 1,000 1.000 1,000

E6 0.500 1.000 0.000
E11 1.000 0.000 0.000
E14 1.000 1.000 1.000
E15 1.000 1.000 1.000
E16 1.000 1.000 1.000
E17 0.000 1.000 1.000
18 1.000 1.000 1.000
E19 0.000 1,000 0.833

_.20_...



Table 14. EST characterization of S. exigua

—.E_m o E_Lm L

| EST ﬁl,,B"-'Nzw“i&i serine Monocrotophes Dicl;iorovosé
EZ + + + +
£3 + + + "
EA4 + + + +
E5 + + + -
E6 + - - -
Ell + - ~ -
El4 + - - -
El5 + - - -
El6 + - ~ ~
E17 + - ~ -
El8 + - - -
E1S + - — -

" ¢ p-NA : aB-naphthyl acetate
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g 713 HA A B uf {Fr|IQAESFE FFAAA 53] AAIHEFS
acetylchoninesterase (AChE)7} Z€592 43A At o= <A HAdAst #
Goll A 22 AChE®8 3 & Km#tdlA #7104 s Ag4d 717359 shted
o] Z-EHEHZo] ot gF FHY 4 Ut Folg AMH-E F7|7F isgel] ot
2} AChES Km#tollAM 884 Xojlv F71d <A A AdAE7 vh20a 443 31
oo Al FEE sk Aldojtt, dubF o g gHhdlre oY {FFHTUe =5
FZol A kA A o] AASE Wolxvt HauErnh o] ZAyE thA]dH AChE
o] o] ofAl AT Lo 4BAFIAE H=vdes HE YEID

F oFAlAE He 2Fol A general esterase@ ¥ o] FUIE BTt
Esterasew dutdg oz fFFeo dFAd F483F 5 EAZA deltamethrinz}
parathion AR5 38FF Wl esterddE AU Loz o] 49 dH &7}
o} oFAl| FraAdAstelte FEEES & g Arh AHIIFGEAONA o] AL HWHolzs
23 Aat ol AL & 5 Yoy El63 El7v ¢FAl A o &
3k bands2A FEE st}

ol el A2 B H esteraseth |ZAALEE F 719} acetylcholinesterase
Ao gEigo| wyngdlel H3g AFA 712 2gH S UEHT

A4 ATMUAY M U M) O ¥ (ASsH wol

A1 & ZidisEls g4

b2 ATl AFE AFAESG AL HEL whbge tyAS 2
FlAbg o) FHsAe B3 At

g share] obAl By zAbe BaAblA A ABE f71AAY Fhutd
oJEF FETIE T szol=AEel Foo] by wale] EHHYL
Z1glZieh, gy o] gy 2zos e wAAPHL 42 5L
oz g4 Ay Lol Fsokge ¥ AY dve vhehdch

T}.  Acetylcholinesterase ¢} esterase® &4 Z4A43o] TA= A TA
ks FAN= AdZAA N G583 AHE A FsHA T
S35 g oFA) AakAd 7|Zto] AChES ZHEHWHES 7tsAde FH
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