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Fig. 1. Changes of LDgo(ug/female) of malathion

and methyl parathion through genera-
tions of the population selected with
malathion.

@: malathion, O: methyl parathion, a
line along the abscissa shows selected
generations except arrows,
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Table 1. LDs, values of several organophosphorus insecticides for S
strain and Doi colony, and resistance ratios of M and P
strains to their original colony (Doi).
Resistance ratio*
Insecticide LDs, (pg/g) M P
S Doi 6th** 15th** Tth** 16th**
malathion 0.57 13 11 17 2,8 3.5
phenthoate 0.43 26 4.8 8.6 1.3 3.0
methyl parathion 5.74 220 1.5 2.5 3.5 8.9
parathion 2.34 38 2.6 8.2 9.1 14
fenthion 5.10 30 2.0 2,2 5.5 11
fenitrothion 4.47 312 2.4 3.8 2.6 6.1
diazinon 0.51 13 3.9 3.6 2.1 2.2
EPN 0.55 105 3.7 8.5 6.1 42

* Ratio of LDs of M or P strains to that of Doi colony
** Generation number after the selection started
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Table 2, LDg, values of organophosphorus, organochlorine and carbamate
compounds for S, M and P strains.
LDyg (ng/g) Ratio of LDs
Campound
S M P M/S P/S M/P
I Organophosphorus compounds

=P(S)-S-
Phosphorothiolothionates
1 malathion 0.57 215 45 320 79 4.8
2 phenthoate 0.43 224 79 520 180 2.8
3 dimethoate 0. 66 153 79 230 120 1.9
4 mecarbam 0.92 23.7 14.5 26 16 1.6
5 disnlfoton 3.17 76.3 47.4 24 15 1.6
6 phosmet 0.34 480 84 1400 250 5.7

=P(S)-0-
Phosphorothionates
7 methyl parathion 5.74 555 1960 97 340 0.28
8 parathion 2.3 312 520 130 220 0. 60
9 fenthion 5.10 67 339 13 66 0.20
10 fenitrothion 4,47 1180 1910 260 430 0.62
11 cyanophos 2.06 510 1700 250 830 0.30
12 dichlofenthion >493 >5400 >5400
13 phosnichlor — >1300 >1300
14 diazinon 0.51 47 28 92 55 1.7
15 pyridafenthion 1.38 13.8 12.5 10 9.1 1.1
16 ethyl fenitrothion — 730 >2600 <0.28
17 isopropyl parathion 285 >9700 >1200 >34 =>4,2
18 Salithion 5.74 164 97 29 17 1.7
Phosphonothionates
19 EPN 0.55 890 4390 1600 8000 0.20
20 cyanofenphos 2.06 >2700 >2700 >1300 >1300
21 S-Seven 249 >5400 >5400 >22 >22

=P(0)-S-
Phosphorothiolates v
22 malaoxon 0.23 3.49 1.91 15 8.3 1.8
23 vamidothion 1.00 12.4 6.58 12 6.6 1.9
24 Fujithion 0. 61 5.53 2.63 8.6 4.1 2.1
25 Kitazin 19 87 71 5 4 1.2
26 Kitazin P 485 1600 2000 3.3 4.1 0.80
Phosphonothiolate
27 Inezin A 280 640 8 19 0.44
Phosphorodithiolates
28 cdifenphos 22 320 440 15 20 0.73
29 Conen 297 1300 1700 4.4 5.7 0.76

>P(0)-0-
Phosphates
30 methy! paraoxon 0.32 11.8 39.5 37 120 0.30
31 paraoxon 0.27 4,3 9.7 16 36 0.44
32 fenitrothion-oxon 0.46 48 279 100 610 0.17
33 phosnichlor-oxon — 97.3 - 304 0.32
34 isopropyl paraoxon 2.93 28 39 9.6 13 0.72
35 dichlorvos 20.6 42,1 22.9 2,0 1.1 1.8
36 chlorfenvinphos 0.45 4.47 1.84 9.9 4.1 2.4
37 propaphos 0.86 3.21 2.64 3.7 3.1 1.2
38 Salioxon 2,24 4.74 6.03 2.1 . 2.7 0.78

184



Bi ot % M 42 w1V

Phosphonates
39 EPN-oxon 0.59 14 71 24 120 0.20
40 trichlorfon 21.3 187 126 8.8 5.9 1.5
>P(0)-N- .
Phosphoramidothiolate
41 acephate 1.75 4,00 3.7 2.3 2.1 1.1
II Organochlorine compounds
42 DDT 9.51 17.4 22.9
43 lindane 78 82 76 1 1
III Carbamate compounds
44 carbaryl 0.85 3.3 2.6 3.9 3.1
45 propoxur 3.17 7.9 5.2 2.5 1.6
46 Hopcide 2.68 8.4 4.7 3.1 1.8

Chemical names of some compounds

4,
13.
15

21,
21,
25.
26.
27.
28,
29,
37,

mecarbam: S-(N-ethoxycarbonyl-N-methylcarbamoylmethyl) diethyl phosphorothiolothionate
phosnichlor: 3-nitro-4-chloropheny! dimethyl phosphorothionate

pyridafenthion: 2, 3-dihydro-3-oxo-2-phenyl-6-pyridazinyl diethyl phosphorothionate
S-Seven: 2,4-dichlorophenyl ethyl phenylphosphonothionate

Fujithion: S-(p-chlorophenyl) O, O-dimethyl phosphorothiolate

Kitazin: S-benzyl diethyl phosphorothiolate

Kitazin P: S-benzyl diisopropyl phosphorothiolate

Inezin: S-benzyl ethyl phenyl phosphonothiolate

edifenphos: S, S-diphenyl ethyl phosphorodithiolate

Conen: S-benzyl n-butyl S-ethyl phosphorodithiolate

propaphos: p-methylthiophenyl di-n-propyl phosphate
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LAX RISV EFAS, JURIRAL LB
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B2 2D Th Y, T % X 5T malathion &
AUVt methyl parathion itk - THiAicREL,
TEHER Ry bABEIBT B RALD ELID
THhahb, LEOMBERABOERE MU S
MAZREDBMIE AN EEHZAONS,

Malathion 3 M2 methyl parathion i2k 3
iz k - T4 AR 7 OO v > #lic
HUHEHIES S Sz 4oz &id Table 1 TR
T h T HH%, malathion HYRHET phenthoate
YA U AEHMPEM AL o DIz MR E LT, para-
thion Xt EPN iztiL T LD MK BAE
Tdh 5, T methyl parathion EF#HT EPN

& parathion T% U THULFPREKID methyl parathion
PLE IO MADSHYTH B L & LD TIEA S
o, (DL L DY LAliTx L TIRTTOMKMND
LDse 253K STV, STHEEDIE IZL T
BRI, TNTONMHY o RlICH L TRIED R S
PIEHUEDRLR (B HUVNIEEZHAIET) Licz i
BRI TA B,

37T, Table 2 {TRUIAIFIOTHY Filic o0
T, SHEMITHTIM, PiljRHEDIEIITERE 2387
DREFIT X b RASZEDMA SN BH5, SR
AHEHUVEHD LB S 20BLF E WS 4 DB X 10
EUTFDLI>TH A,
M*%#% : 9 fenthion, 15 pyridafenthion, 22 malaoxon,
21 Fujithion, 25 Kitazin, 26
Kitazin P, 27 Inezin, 23 edifenphos, 29 Conen,
31 paraoxon, 34 isopropyl paraoxon, 35 dichlor-
vos, 36 chlorfenvinphos, 37 propaphos, 33 Sali-

23 vamidothion,

oxon, 40 trichlorfon, 41 acephate

P %K : 4 mecarbam, 5 disulfoton, 15 pyridafen-
thion, 18 Salithion, 22 malaoxon, 23 vamidothion,
21 Fujithion, 25 Kitazin, 26 KitazinP, 27 Inezin,
23 edifenphos, 29 Conen, 34 isopropyl paraoxon,

35 dichlorvos, 36 chlorfenvinphos, 37 propaphos,
38 Salioxon, 40 trichlorfon, 41 acephate
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Table 3. Ratios of LDj, values of P=S
compounds to those of their P=0
analogues for S, M and P strains.

Compound S M P
malathion 2.5 62 24
methyl parathion 18 47 50
parathion 8.7 73 54
fenitrothion 9.7 25 6.8
phosnichlor — >13 >4.3
isopropy! parathion 97 =350 >31
Salithion 2.6 35 16
EPN 0.9 64 62

EDYVRMT7F—F 4 2L TERRIIEV T
DRMITEA > T ENEDTH B, LbrLzhbid
SR 33T BIEITYELL & 2084 £ T3 & A W3 HZIVIE
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@5 &, S R#kicsiy 3 EPN L 20D oxon i3
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ZDP =0 FLUkDHH LDs iZPIWVMiE 2T
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=SEL b BBRIOIINT D55, M, Pilj
BRSO TR OBAIZ S SIREIETH 5.
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5LDTHABS.
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95 P RHEDZNDHDRL THSH, >P(S,0)-S
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®: >P(S, 0)-S(or O)-aryl compounds,
QO: the other compounds, figures with
each point are referred to those of
compounds shown in Table 2.



Bi 1 R

#D LDso DIUNIZIXIEDOHIMIRY S 5 & 5 ic IR X
N3, THIIERELIEYIPE ¢ 2 — 1202 B L IR0
> Th, A—MORUITH S rodicliii 2NN cid s
Wk, ZRMHEAND I bic—FXnab I T
AONBENH5THS, CCTRAPEHUELIDILLA
A5HRD ETFic { 2FOWANCIERTETH A E
HA5,

Mihb0E v = o a3 a, L OEZMERES mala-
thion THIKL TATZIGHIVERSEDS, malathion iT
53 DIESIVE 2 T 3@ izi3d, dimethoate T 137
{%, phenthoate {Z37{%, mecarbam iz 13{%, para-
thion 1z17f%, EPN 210{%, diazinon {Z 8 [$Da%
B RBIVWICC L2 LI, TbbEEES
OFERE FRE, malathion i & 2 RHIC & - TIRRIA
OFTHR Y o Alic 2 ZHEDINE % Fa 2 @ 123, parathion
& EPN it 2 PO RRE AL TR 6 D H X
hiha W, TR S ORI HERDB IR DAL
#A33Tiz malathion % parathion (T8 GEHIYE
BHLUTOICE S IFHTH A LAY,

Y o BF O RIVLEIC & > THIRL 1k
RERCONT, FEEAICET 2t s~ %20
R Y= ez a i UAHT B,
ZN6MD>5 L, Ozaki and Kassai® e x ey
#% malathion & AWML fenitrothion TZhZh
BUALFRU 1B ERBST DO TR PER U S~
TAEILTIE, FIEERII T2, RGOty o
FICAEEBIVE R R U205, LT LI3MEH 5 DR
EHBIL I E DA S, UL A x5z, & (Culex
tarsalis), F » X3 % 7Y, 7R,z (Chrysomya
putoria) Jg ¥ Tik malathion iTk kDAL
carboxyl 5% & 12/00AIES Y O AICIRIZ & A &R0
BHHERRE ed 728, CHUIERIAOHE Y L7l
WCIEPEDSE S sty = o3 ant O LIRS
B, ML SO TY malathion itk 28T
BRI % b oY LAl & b O IERPER R L,
methyl parathion ¢ X 3K T3z =P (S,0)-S (or
O)-aryl BD § it & hFHWENHEZRTENS XS
RERIRASNTNS,

M, PliR#Et e biTP=0BDFHY L FliTL
Ti—uc EHHEEMIEL, oz ik, x2W®
PexbEIL A OPFETNLYH, IHRP=STH
L TP =0OMEUER HARL T HMH L b HOTibe
TSN E VS C L D, Ve yeaasnd
31T 2TTE Y o AMEDTYERRI 2% & 5 L TR
LETHA,

3l B x &

1) Ozaki,K.: Appl. Ent. Zool., 1, 189 (1966).

B4 42 %IV

2) I8 MGERA ¢ IGTHE, 11,145 (1967).

3) HFEGOE - HEMEL— : BT, 11,193 (1967).

4) Mrig— - dbJ518e - MEEAEEA « BRIEAEYE
digtgy MRM2EEARSIRN (1967).

5) Ozaki, K. and T.Kassai: Botyu-Kagaku, 36,
111 (1971).

6) Busvine, J. R. and M.Feroz: In “Insecticide
Resistance, Synergism, Enzyme Induction”
A. S. Tahori, ed., 1-28, Gordon and Breach,
London (1971). :

7) Busvine,J.R.: Ent.exp. & appl., 2, 58 (1959).

8) Oppenoorth, F.J.: Ent. exp. & appl., 2, 216
(1959).

Summary

Green rice leafhoppers, Nephotettix cincticeps
Uhler, moderately resistant to organophosphorus
insecticides were collected in the fields and some
parts of them were selected with malathion and
the other parts with methyl parathion respective-
ly throughout 20 generations. After 15 or 16
generations since the selection was started,
malathion- and methy! parathion-selected popula-
tions developed 17 and 9 times resistance respec-
tively to the insecticides used for selection in
comparison with the parental population. Altho-
ugh the insecticidal pressure was stoped after
the 20th generation, the following generations
kept the similar level of resistance to the selec-
ting insecticides. After then, the resistant popula-
tion selected with malathion was referred to as
M strain and that with methyl parathion was
as P strain.

During 16 generations, M strain developed
higher resistance not only to malathion but also
to phenthoate (X8. 6),parathiAon (%8.2) and EPN
(x8.5) than the parental population, while P
strain showed more resistance to parathion (x14),
fenthion(x11), fenitrothion(X6.1)and EPN (x42)
as well as to methyl parathion.

LDs values of 41 kinds of organophosphorus
compounds for M and P strains were obtained,
and it was found that both strains had very wide
range of cross resistance. The resistance levels
of P strain to =P(S, 0)-S(or O)-aryl compounds
were higher than those of M strain, while the
resistance levels to aliphatic phosphorus com-
pounds in M strain were higher than those of P
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strain.

For both strains, most of P=0 compounds
tested showed low LDs, values in comparison
with P=S compounds, and P=0O compounds
showed much lower LDjs, values than their P=S
analogues. These facts suggest that the deto-

xification before oxidation or activation of P=S

compounds to P=0O is an important mechanism
in the organophosphorus-resistance of the green
rice leafhopper.

The two resistant strains showed no cross
resistance to both organochlorine and carbamate
insecticides.
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Introduction

Resistance to malathion in insects such as the
housefly has been extensively studied and its
main mechanism was proved to be the increased
activity of carboxylesterase hydrolyzing carbo-
xylic esters of malathion to nontoxic acid meta-
bolites. It has been demonstrated in Musca dom-
estical®, Culex tarsalis®™®, Chrysomya putoria®
and Tribolium castaneum™ that carboxylesterase
activity is higher in malathion-resistant strains
than in susceptible ones and that inhibitors of
carboxylesterase exhibit synergistic effect on
toxicity of malathion for the resistant strains.
Moreover, the malathion-resistant strains of these
insects show little cross-resistance to the other
organophosphates having no carboxylic ester®.

It has been observed that malathion-resistance
is also developed by selection with the other
organophosphates in Musca domestica® and Blat-
tella germanica'®. Such a resistance appeares to
be attributed to another factor different from

188

PijR#EDO= v v
3oLy OEHEUTIER

carboxylesterase.

Kojima et al'V showed that in the green rice
leafhopper in vitro degradation rate of malathion
was higher in a malathion-resistant strain than
in a susceptible one and that naled (Dibrom),an
inhibitor of carboxylesterase, exhibited synergistic
effect on the toxicity of ~malathion. They
concluded that the malathion-resistance in this
leafhopper was attributed to the increased activity
of carboxylesterase. On the other hand, it was
shown that nonspecific aliesterase (AliE) activity
hydrolyzing many simple aliphatic and aromatic
esters!? was very high in the resistant leaf-
hopper as compared with that in the susceptible
one!tt3-19 and was linked with the resistance to
malathion'”. These findings were followed by the
report!®, in which an esterase activity hydrolyzing
carbophenoxy malathion (O, O-dimethyl S-(1,2-
bis-carbophenoxy)ethyl phosphorodithioate) was
high in the resistant leafhopper, and was inhibited
by a saligenin cyclic phenyl phosphate K2, a



