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Insecticides

Chemical name Purity(%)
Chlorpyrifos 0,S-Dimethyl acetylphosphoramidothioate 96.0
Dichlorvos 2,2-Dichlorovinyl dimethyl phosphate 96.0
Dimethylvinphos (Z)-2-Chloro-1-(2,4-dichlorophenyl)vinyl dimethyl phosphate 96.3
Diazinon 0,0-Diethyl O-2-isoproply-6-methyl pyrimidin-4-yl phosphorothioate 95.0
Profenofos 0-4-Bromo-2-chlorophenyl O-ethyl S-propyl phosphorothioate 96.0
Pyraclofos (RS)-[O-1-(4-Chlorophenyl)pyrazol-4-yl O-ethyl S-propyl 95.0
phosphorothioate]
Phenthoate Ethyl 2-dimethoxyphosphinothioylthio(phenyl) acetate 91.7
Fluypyrazofos O,0-Diethyl-O-1-phenyl-3-trifluoromethylpyrazol-5-yl 96.4
phosphorothioate
Carbofuran 2,3-Dihydro-2,2-dimethylbenzofuran-7-yl N-methyl- carbamate 97.9
Furathiocarb Butyl-2,3-dihydro-2,2-dimethylbenzofuran-7-yl N,N’- 95.0
dimethyl-N,N’-thiodicarbamate
Benfuracarb Ethyl-[2,3-dihydro-2,2-dimethylbenzofuran-7-yl-oxyl 90.0

carbonyl(methyl)aminothio]-N-isopropyl-alaniate
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Table 2. Changes of the susceptibility to chlorpyrifos in the selected strain (CRS) diamondback moth (Plutella
xylostella L.) to chlorpyrifos at 24 and 48 hours after treatment.

. 24hrs 48hrs
Generation
LCso(ppm)  Slope 95% F.L? RR”  LCsx(ppm)  Slope 95% FL. RR

1 6.25 2.09 48 - 8.1 - 5.77 224 46 -172 -

2 17.28 0.85 10.7 - 439 2.8 1291 0.86 7.5 - 211 22

3 3572 191 273 - 468 5.7 2226 1.79 14.8 - 334 39

4 196.12 1.05 1002 - 3846 314 128.46 1.07 789 - 209.3 223

5 373.87 0.50 104.3 - 13418 59.8 230.78 1.14 1489 - 3574 400

6 >1000 - - >160.0 >1000 - - >173.3
YFiducial limit
"Resistant ratio : LCso of chlorpyrifos-resistant strain / LCso of susceptible strain.
S99 2% Pueg )43 =8 2¥ AR deo vAe 9%E M ¢ Bda A
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Aol7E YIATHGEE 3). o8& A= Hyroyasu(1989)7}
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esterases A& AT wlwate] xlolzh gilony,
719880 isozymeol| = A}o]7} AATHScharf 5,
1998; =, 2002). Scharf 5(1998) ©]2j3t ZHste) oj
3to] esterases?] & isozymeo] chlorpyrifos A 8}4]
Table 3. Activities of total esterases extracted from

chlorpyrifos-resistant and susceptible strains
diamondback moth (Plutella xylostella L)

A

GST #4774 ZAH chlompyrifos 434 A %5(CRS)
€ 993 nmole min" mg protein’o|Q3, HEA AE
(SS)F Hlm3te] 1.7 v EUTHE 4). Chiang 5(1992)
& GST &4o] 1.6 Hj, 2.9 ©j it}-t— AMEE Ed &
429 isozymed 22|3gth I = GST-37% GST-4
isozymeSol 93} {7IAA AFAEo] UAEHE A
< Qg vt otk o)y HFgoez E uw chlor
pyrifes AA AE GST &4 ZF/17F At wrg
o] Br1#e) gglog AL3d Ao oy
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)
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Table 4. Activities of total glutathione-S-transferase ex-
tracted from chlorpyrifos-resistant and sus-
ceptible strains diamondback moth (Plutella
xylostella L.)

Strains (nmole rrfi_rll\'I lapmhth)lprotein'l) Ratio” Strains (nmole rm?')ilBg protein'l) Ratio”
SS 1183 (+1.6)" SS 57.6 (£2.8)”
CRS 117.8 (x1.5) 1.0 CRS 99.3 (£2.7) 1.7
“Ratio : g-naphtol of Chlorpyrifos-Resistant Strain / a YRatio : CDNB of ChlorpyrifosResistant Strain /

-naphtol of Susceptible Strain.
®Standard Error.

CDNB of Susceptible Strain.
®Standard Error.
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Table 5. Insensitivity of acetylcholinesterase (AChE) extracted from chlorpyrifos-resistant and susceptible strains of
diamondback moth (Plutella xylostella L.) to several insecticides

Insecticide m 58 CRS 5
Lso(M) SE. Iso(M) SE. IR

Chlorpyrifos-oxon 1.41x10° 1.84x10° 1.66x10” 2.19x10° 11.8

Dichlorvos 2.07x10° 429x107 6.95%x10° 9.01x107 33.6

Dimethylvinphos 4.97x10° 4.01x10” 8.76x10° 1.73x10° 17.6
Phenthoate-oxon 1.51x107 2.01x10° 2.51x10” 4.37x10° 1.7

Carbofuran 2.82x10° 2.55x10” 5.28x10° 6.08x10° 18.7

“Inhibition concentration of chemicals to inhibit a given enzyme to 50 percents.

Isp of insecticide to susceptible strain (SS)

YRatio =

Iso of insecticide to chlorpyrifos — resistant strain (CRS)
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Table 6. Cross-resistance of chlorpyrifos-resistant strain (CRS) of diamondback-moth (Plutella xylostella L) to
organophosphate and carbamate insecticides at 24hr after treatment as leaf dipping method

SS

CRS

Insecticide 3 RR”
LCso(ppm) Slope 95% FL. LCso(ppm) Slope 95% F.L.

Chlorpyrifos 6.30 2.09 48 - 8.1 >1,000 - - >160
Dichlorvos 5.58 2.01 44 -171 403.2 1.7 179.5 - 903.3 82.0
Dimethylvinphos 1.88 492 1.6 - 22 89.7 1.4 62.8 - 1282 477
Phenthoate 1.65 253 1.3-21 35 20 27 - 45 23

Profenofos 1.05 2.76 08 - 1.3 46.6 2.5 374 - 58.2 44.6
Pyraclofos 9.33 3.06 59 - 147 >1000 - - >107.1
Flupyrazofos 049 3.40 04 - 06 12 7.1 1.1 -14 2.5

Diazinon 5.76 1.79 44 - 176 5262 1.6 368.3 - 751.3 914
Benfuracarb 13.34 331 11.2 - 15.8 >1000 - - >74.9
Carbofuran 944 3.06 7.6 - 11.7 398.9 1.6 300.3 - 530.2 423
Furathiocarb 13.17 2.82 109 - 16.0 348.9 0.7 168.3 - 682.0 25.7

“Fiducial limit.

PResistant ratio

LCso to chlorpyrifos-resistant strain (CRS) / LCso to susceptible strain (SS).
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Fig 1. A relationship between Resistant ratio and insensitivity ratio of chlorpyrifos-resistant strain

diamondback moth (Plutella xylostella L.) to several insecticides
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Characteristics of Resistance to Chlorpyrifos in Diamondback-moth (Plutella xylostella 1.)
Kim Kyungju, Sungsu Kim, Songmun Kim, and Jang-Hyun Hur*(Division of Biological Environment, College of
Agriculture and Life Science, Kangwon National University, Chuncheon 200-701, Korea)

Abstract : To determine the mechanism of the resistance to organophosphorus  insecticide, chlorpyrifos, in
diamondback-moth (Plutella xylostella L.), activities of esterases, glutathione-S-transferase (GST) and AChE
insensitivity which were known for causing factor of resistance were measured. Also, the relationship between
AChE insensitivity and the resistant ratio was investigated to inquiry the cross-resistance. The resistant ratio of
chlorpyrifos-resistant strain (CRS) of diamondback-moth at the 6th generation was developed 160 fold compared to
susceptible strain (SS) one. Activity of GST that are extracted from CRS was 1.7-fold higher than that from SS.
However, activity of total esterases from CRS was similar to that from SS. In AChE insensitivity test, CRS was
11.8-fold less sensitive than that from SS. CRS was ranged from 17.6 to 33.6-fold less sensitive than SS to other
insecticides having same target site with chlorpyrifos such as dichlorvos, dimethylvinphos and carbofuran.
Insensitivity of AChE to phenthoate-oxon, however, was 1.7-fold. Resistance of CRS was 82-fold, 47-fold and
42-fold higher than SS to dichlorvos, dimethylvinphos and carbofuran, respectively, but 2.3-fold to phenthoate and
then we could identify that the resistance development of insecticide might have a lot of difference among the
chemicals with the same target site. The relationship between the AChE insensitivity and the resistant ratio was
significantly correlated (r=0.9951", p(o.m))' This result indicates that AChE insensitivity was associated with
insecticide resistance. Overall, these results suggest that insensitivity of AChE was an important factors to

chlorpyrifos resistance in diamondback-moth, and the slightly increased activity of GST may also have contributed
to that.
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