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Development of Insecticide Resistance by the Brown Planthopper, Nilaparvata lugens StAL
(Hemiptera : Delphacidae) and Resistance Pattern of Field Populations. Kozaburo Ozaxi and
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761, Japan). Jap. J. Appl. Ent. Zool. 26 : 249-255 (1982)

Lethal doses of insecticides were assayed in several populations collected in the field in
Kagawa and Kagoshima Prefectures, from 1967 to 1979, and Ali-esterase (esterase hydrolyzing
B-naphthyl acetate) activity of two populations collected in the field in Kagawa Prefecture in
1968 was determined by agar-gel electrophoresis. The LDj, values of BHC, organophosphorus
and carbamate insecticides were slightly higher in three populations collected in the field in
Kagawa Prefecture than in the K population collected in the field in Kagoshima Prefecture in
1967 or in 1969. The Ali-esterases of the brown planthopper were separated into five bands
by agar-gel electrophoresis. The ratios of individuals with high and medium esterase activity
of the E, band ranged from 12 to 229 and from 15 to 199, respectively. These results
suggest that some individuals with organophosphate-resistance (R-op) were produced in the
brown planthopper populations during the period 1967-1969. The development of R-op was very
slow during 1967 to 1972. A relatively large increase of the R-op level was observed in 1975.
Thereafter, the R-op level increased gradually each year and the T and the Ot populations
collected in the field in Kagawa Prefecture in 1979 were highly resistant to fenthion (30- to
32-fold), fenitrothion (22- to 23-fold), cyanofenphos (145-to 423-fold) and malathion (20- to
31-fold). The development of carbamate resistance in the brown planthopper was slower than
that to fenthion-, fenitrothion- or malathion. The T population collected in the field in
Kagawa Prefecture in 1979, however, became 5- to 18-fold resistant to almost all the carbamate
insecticides tested. It was shown that the brown planthopper had developed multiple resistance to
organophosphorus and carbamate insecticides, although it was susceptible to natural pyrethrins
and organophosphorus fungicides, IBP and edifenphos like the LE strain.
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Table 1. Time and locality where the brown
planthoppers were collected

BB RENIER T X > TR - oy, Co—#ED
BECITAEY vHl, »—-2—1#], BHC X pyr-
ethrins # R Lz, TR EZhOBRBRNITERENKT,
BRAEMLIT € P VICTITEDBECAR L, ok
BELTNCRE 24—26°C D& TCERE L,

BRFNCRT A MIEERL 28 ) OFHETHE LI
1967, 1969, 1972 & 1975 E it N 54 7 4 L& (Rl -
FHE, 1981) THRE Lichs, BBEIO 7+ b VIERILE
lem, X 10cm ©o» 5 A% 2pl FOET L, ik
DFELETH 7 AFENBECR BRI OB R EFoic, Zhb
DH T AL 4 RS EREY 10 \EToR L, BREHO
I 3 BB X e, MBI R E R G 2 TR
L, #fBAsh kv 24 BB & - FRREE 3
1976, 1977 & 1979 £ i3 B PT e vk (RIK - 757§, 1981)
THRE LT, ZOBEOREIIIUE 3—5 BBOEA
R R R L, BHEF D 7 2 b VIR R E 0.25
pl TN Uic, MEAIIS 2T 52 THRFEL, A
24 B - SERB A I, 1968 o FRER
COWTIE Ali-E - oGO ERE R A E 7V BRIk
BT X BN, BE s VBSIKENT Ozakn et al.
(1966) L [—f¥kds L O S CEM LA, Thidik
P 3—4 HBoRBEMER R 1 B2 KEK 0.03 ml
CEREL, PR (I 1mm, X 5mm) REIE
THRR Ui

i ES

1967 19754 DREHAD (F3 D 4 A BB HHICK T 5
BOEHE R R F 71 7 4 VAT HRIE Lo R Table
2-5 WiRTERY ThHDH, Table 2 1 1969 FE o K{E K
P OWTOBRER R TH B 2%, ZOEEEED LDg (B
1t MTMC o 0.01 pg/tube 2> dimethoate @ 0.67
pg/tube O TRIMER S5 B, A — 54— b
ADEFEZHE], parathion, methyl parathion, fent-
hion & BHC 123 % EZ IR - 7o,

Table 2. LDso values of insecticides in the K popu-

lation collected in the field in Kagoshima

Prefecture in September 1969. (Dry film me-
thod, pg/tube (1x10cm)

Year and Month Locality Pé’}?;}ﬁglon
1967 10 Busshozan-cho, Taka- T
matsu, Kagawa
1968 10 Busshozan-cho, Taka- T
matsu, Kagawa
10 Yoshioka-cho, Kanonji, M
Kagawa
1969 9 Kamifukumoto-cho, K
Kagoshima, Kagoshima
10 Ouchi-cho, Okawa, (0]
Kagawa
10 Yoshioka-cho, Kanonji, M
Kagawa
1972 and 1975
10 Ouchi-cho, Okawa, O
Kagawa
10 Busshozan-cho, Takamatsu, T
Kagawa
10 Yoshioka-cho, Kanonji, M
Kagawa
1976 10 Ikeda-cho, Shozu, Kagawa Sh
Takuma-cho, Mitoyo, Mt
Kagawa
1977 7 Kamifukumoto-cho, K
9} Kagoshima, Kagoshima
1979 10 Busshozan-cho, Takamatsu, T
Kagawa
9 Tsuda-cho, Okawa, Ot

Kagawa

Insecticide LDso Insecticide LDso
Parathion 0.089 Phenthoate 0.13
Methyl parathion 0.061 Mecarbam 0.39
Fenthion 0.067 Carbaryl 0.049
Fenitrothion 0.18 MTMC 0.010
Diazinon 0.14 MPMC 0.018
Malathion 0.21 Propoxur 0.029
Dimethoate 0.67 BHC 0.022
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Table 3. LDso values of insecticides in the T popu- Table 6. Resistance ratio to insecticides of Sh and
lation collected in the field in Kagawa Pre- Mt populations collected in the field in Kaga-
fecture in October 1967, 1972 and 1975. (Dry wa Prefecture in October 1976. (Topical ap-
film method, pg/tube (1x10cm)) plication method, pg/gram of body weight,
RR; LDso for the field population/LDse for
LDso LE strain)
Insecticide
1967 1972 1975 Sh ' Mt .
Fen.thion. 0.64 0.17 9.0 Insecticide LE S;cll')ain Population Population
Fc'am.trothxon 0.70 0.38 6.3 LDss RR LDse RR
Diazinon 0.56 0.25 1.6
Malathion 0.94 0.32 5.1 Propaphos 1.54 4,85 3.1 5.09 3.3
Dimethoate 1.4 0.49 2.7 Fenthion 1.72 9.34 5.4 20.4 11.9
Mecarbam 0.39 0.37 1.5 Fenitrothion 7.79 42.1 5.4 66.8 8.6
Carbaryl 0.063 0.12 0.27 Diazinon 5.93 20.9 3.5 25.9 4.4
MTMC 0.025 0.025 0.043 Malathion 4.42 8.31 1.9 12.0 2.7
BHC 0.21 0.083 0.15 Carbaryl 0.53 2.21 4.2 1.76 3.3
MTMC 1.24 3.30 2.7 2.28 1.8
Table 4. LDso values of insecticides in the O popu- MPMC 0.52 3.84 74 219 4.2
lation collected in the field in Kagawa Pre-
fecture in October 1969, 1972 and 1975. (Dry hion & malathion X3+ % LDg 1252 L3 &2
film method, pg/tube (1X10cm)) 7
Insecticid LDso O & M{EARE D B RFNCHH % LDso 12 1969 4129
nsecticide
1969 1972 1975 BDTHRE L7chs, W EEREE D &R RENC 5 i
Fenthion 0.37 4.7 2.4 V3 1969 FICHRE LI KEEEE X 0 &2 7o (Table 4,
Fenitrothion 0.78 2.7 6.0 5), OfEAREDLEE, 1972 £ % ik malathion 1
Diazinon 0.28 0.86 1.1 . »
Malathion 0.53 0.45 3.6 3% LDgp 13 1969 X » oR{Ehs o fohs, filod % ikl
Dimethoate 1.2 1.6 2.3 WXt 5 LDg 13 1969 £ X b &<, &<z fenthion
Mecarbam 0.73 0.78 1.4 fenitrothion 1= % S M o
Carbaryl 0.096 0.13 0.22 L fenitrothion IX195 L hIZHE - 2o @ﬁﬁ
MTMC 0.024 0.038 0.042 BE, 1972 £ BREEE FEEEE & 4 1969 £ Lz
BHC 0.085 0.21 0.13 RS TH T Ok MBGEEE &, 1975 FEoksE T

17 BHC %< £BHEBHHT5 LD (3 1969 £

Table 5. LDso values of insecticides in the M popu- Y hi5< . fenthion, fenitrothion J malathion it

lation collected in the field in Kagawa Pre-

fecture in October 1969, 1972 and 1975. (Dry 3—8 fEofExmR LT,
film method, pg/tube (1X10cm)) 1976 #Fiwciz LE %%, Sh + Mt E&EKBEOERKY v
. i LDso R E s 2 = R A BRI E A R AT B ok
nsecticides
1969 1972 1975 ZEL, Sh & Mt EHEEFOAERBFICHT 58T
Fenthion 0.89 1.3 3.0 Waskedons, Table 6 wrd X 512, Mt EERIL
Fenitrothion 2.0 1.3 5.3 fenthion & fenitrothion = 9—I12 DKL T L,
Diazi 0.56 0.70 1.1 ..
1\/11:12;3101211 0.94 0.89 29 diazinon & MPMC i35 EHMEIES 4 BHULETH
Dimethoate 1.2 0.92 2.3 -7z, Sh AL fenthion & fenitrothion Zxi-3-%
Mecarbam 0.84 0.61 1.0 T - %
X Mofehy, ZD2 & MTMC
Carbaryl 0.14 0.094 0.16 BAEIR S ED - AR A
MTMC 0.03 0.032 0.036 WL S 5 LL L DIEHUE R 7R L,
BHC 0.26 0.12 0.086 Table 7 13 1977 0 7 » 9 BBV  HERE L

. 7cK{E{&#fo fenitrothion, malathion, carbaryl &

Table 3 1k TEMGEEICOWT 1967-1975 et L MTMC exid s M ch 5, —hboRERic
LDy fHTH %A, 1967 FEOBEMHEIL 1969 FEMEOK 3T 2P HIZIIEE CEE L-F)[Bo Sh L Mt
BAEERIT 5 L vEL, & fenthion & BHC = {AGFH L h2 L &<, malathion 12iz5E 30 24 0
X% LDg XED o T 1975 Eo g BHC L EHMER L, carbaryl 1§ 10 B LR L
IhD £ FEREF T 1967 X<, fenthion, fenitrot- 7z, Vods 4 FMED % BMANC KT 5 HEHLIE oo 13 BR A RS 3]
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X BEXED bhioh - T, TEAMER L, T & Ot {E{ERIL cyanofenphos &
1979 Fiwziz LE &4, T+ Ot HEGRHCHT A &b EVENM %R Lcss, fenthion, fenitrothion &

Y vE) 20 FEHE, H—-S2— MKl 8 fESE L pyrethrins malathion 1y 20—32 2o E LV AEHIMEER R L,
DR EL BT HAECHRE Lichd, #FEHut Table8  Hi#y vHI & n—- 2 — pElcxd 3 285X Ot
AT ERDTHY, FEERE LAEY) Y ROBRER AR XY TEERFTOCE VG LV B ER bR,
WIr 3—423 £, s —% 2 — PRI 3—18 {50 &iF T{E{EBEY isoprocarb & propoxur i 10 2L FIE
Table 7. Resistance ratio to insecticides of the K Hikkk R Lic, WifAfRFO  propaphos, dimethoate,
population collected in the field in Kagoshima mecarbam, trichlorfon & MTMC x5 Bk

Prefecture in July and September 1977. (To- 5L T Ch o foe F TEEROEK ) vADORE

pical application method, pgg/gram of body ) ) I

weight, RR; LDso for K population/LDse for #| (IBP & edifenphos) & pyrethrins ixf3% LDs

LE strain) 1T LE R L IBERZETH - 7,
Icecticid July September 1968 > T & MBEGRH IOV T AL-E fEEO@E G

t _ — . NN T N . —

nsecticide IDee RR LDss  RR TREER ¥ VELIKEE TN, TFig. 1| @i
Fenitrothion 110 14.1 134 17.2 Xo5w, rEA Ry YHD AL-E (35 ROKBHFIC )
Malathion 131 29.6 136 30.8 MExhto, T EMEMGECIE E-2 kB i &5 0E
Carbaryl 5.06 9.5 5.59 10.5 MDD < % Bife (Table 9), E-2 pcByisniehisl
MTMC 7.90 6.3 7.58 6.1 : < ° D REr e

T miEREGEoRB R TEER X D) MEFH TR -

Table 8. Resistance ratio to insecticides of T and Ot populations collected in the field in Kagawa
Prefecture in October 1979. (Topical application method, pg/gram of body weight, RR;
LDso for the field population/LDse for LE strain)

Insecticide LEL St rain T Population Ot Population
5o LDso RR LDso RR

Naled 6.40 77.4 12.1 30.7 4.8
Dimethylvinphos 2.47 12.8 5.2 10.0 4.0
Tetrachlorovinphos 3.40 25.3 7.4 17.4 5.1
Monocrotophos 0.80 6.26 7.8 7.91 9.9
Propaphos 2.59 12.6 4.9 11.6 4.5
Fenthion 4.63 139 30.0 147 31.7
Fenitrothion 10.8 232 21.5 251 23.2
Diazinon 10.0 86.4 8.6 59.2 5.9
Isoxathion 15.9 82.1 5.2 59.7 3.8
Pyridaphenthion 4.52 13.5 3.0 26.2 5.8
EPN 52.2 904 17.3 251 4.8
Cyanofenphos 25.1 10629 423 3645 145

Disulfoton 6.19 40.5 6.5 39.9 6.4
Malathion 9.37 289 30.8 188 20.1
Dimethoate 11.6 32.5 2.8 44.3 3.8
Phenthoate 15.2 95.6 6.3 70.8 4.7
Mecarbam 4.08 13.9 3.4 15.0 3.7
Trichlorfon 154 438 2.8 334 2.2
Carbaryl 0.85 6.13 7.2 5.16 6.1
MTMC 2.41 9.85 4.1 9.35 3.9
MPMC 2.07 10.1 4.9 10.3 5.0
Isoprocarb 1.35 13.8 10.2 5.28 3.9
BPMC 1.61 14.9 9.3 5.09 3.2
Propoxur 0.27 4.85 18.0 1.95 7.2
XMC 1.60 15.0 9.4 ) 12.4 7.8
Methomy! 0.58 5.08 8.7 3.54 6.1
Pyrethrins 2.02 5.30 2.6 3.93 1.9
IBP 724 538 1.0 781 1.1
Edifenphos 71.8 120 1.7 125 1.7
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Fig. 1. Schematic representation of the zymogram of
Ali-esterase (esterase hydrolyzing S-naphthyl
acetate) in the brown planthopper.

Table 9. Frequency of individuals with low, medium
or high activity of E2 band of Ali-esterase

Esterase Activity

Population —
Low Medium High

T 88 22 14

M 50 12 18

fody, TDEITTFIIITERE LS ot

= s
# 23

FES Ry VHDEFAEIL 1951 FELE LIES < £
Liahso fohy, 1966 fFiiZ PHHAK TLIESL IE b 1@
HRE L, ZRET FFED 5lfVTiE2C D, ok
1969, 1970, 19754 &\~ - F2 X 5 WA MRS % Fa 4
LTED, FHOPRICER LSS ik iy
ZF T &7, 1966 FFi1T k¥ 1 vy v 23R U,
PR Lc i ) vHIDHROE & &R X
nieat, 1967 & 1969 FFE RS L /INBEDO r €1 vy
VHDEHEY vHIE = 2= PRI AR E A
BELIER X% . (Table 2-5), fenthion, fenit-
rothion, diazinon, malathion, dimethoate X mecar-
bam DFEHINE A=~ 2= HI L DF LI EI 5T, T
DLl nbOEHY vEIREGENS B Lk
L&z AL, 1966 FEfEC - Y vHo b E
1 ey VAR THHRERRDOTNTER Y VEIESHED
RECHEIRTHBETLZ L TERLV XS CBbh
Do L L7gii b 1967 & 1969 fEDHHE Y v &l & 7 —
A= PHlExd 5 LDg (LEEHR TRt TR, &
JNE D 3 EAEROEFRZHIEESROMMAR X VK
Mo to, Eio 1968 e F)NE-C BRE Lic EAER T
Ali-E o E-2 k@hHro R & EEkmE ks 30—38%
OFEF T I i (Table 9), A vy vH KT
5 Al-E oiEH: & EFEMEO BRI S BRE L
NE e Bigwh, Yy~sZrmaaSfler b EY VAT
1 ALI-E o0& & ) vHIRGIE: & o B EEREY
CHBERBGRO D 2 N H LA IR TV (Ozakn
et al., 1966, Ozakr and Kassar, 1970), L7=43-T
1968 fF1c e Lic b ¥4 my vt v vHIEHE

TaFotc BN T TRBEBELTV D L2 BREE
B ZD L& 1967-1969 SE@ B BT 5 Higy v
Rl 2 Bt B OAGERHEEREN DHAT S &, b+
EA my vh T OB Ty vHEHIE O
DIMNFIEZ DB ool vk By

Z OBFFE T B ERANC W35 BHIEE R & 1967 05
1975 FEF coiEIE ¥ 54 7 4 L AET, ZOBITEFT
MRS THRE Lco T, BIEEROFERE(LL R UH%
THRETTEIDY, WEFSA 7 4 VAETHRE LS
Hik 1967 Fo TEERFOMEE Y, RPTHER L cR
T LA LE RO ch iR LTHE#Y vl
L= 2= rEIIERPE % LDy ORERD, Thb
DEREORIE TR T E, Fig. 2 DLBH TH5b,

ChE LB L, 1967 5 197245 F ToRICIT B
Y VRl E -t 2= P FNCR A IR & T IR
it am BRie o toe L L 1975 ik, MTMC %
Br < &R AN A P T B3 - ek AR B
Ntme 1976 HELIBIL B ORIB AR B350, HHY
VENCH T AP L O BRI — B AR b, A -1
A = MHICR3 5 EGUE D 1975 FELART L b & HEE
NEbhic, cDX 57t EnbifEfld5sE, bEA R
Y vk, 1967 p b 1972 fEE F co i, FEFIESUE
TR ERBIPE S Sighy - fehd, 1975 FEx B KA
EhER A RE L, BELREOBRILSD L vz
bo HARZHCHERAETAMES vy VIDKE~D
TOUAZLE: & TOMFEAEEC I T oT, 3K
FISHUME: D R 0 BRI T & 7oy, 1975 FLIRE,
M e mY v OB CEFIRE O R B ES TS
WRENZE LSBT - TobD EHEI RS, R
BT BEHY VHEIE H — 3 2 — FFIRT D B L~
NOBEE T PR B IBE, A TED X 5 M fEr b
EAmy YHCMAIMERT VB EWv o o BRI
BURBHD L ATHD, HEMEHEI LD HHoEHR
BRACAFL, COFRICRT HEIHRED &M%
BT 5 2 RS BOBRK FIED CEECTH S
EEZ D,

1979 FZixF/NERD 2 » FiofEsgkst (T & O wo
WT 20 FEEOEKE Y vH, 8FEEO N — 4 — 1 H L
pyrethrins W335 BT L A8 Urens, TIRERED
naled, EPN, malathion, isoprocarb & propoxur {3}
T AR Ot BARE X D Eds -7, Lo LG
FEM ik 2 o oo B AN K32 IWPTIE L 22 23 e 2 o
foo YV Zmaasflex b EY VHIDEE, 1 1HE
D PR G M IE R C3tbIsk PN o (@ (AR Tl isdi i =<
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Fig. 2. Change of resistance ratio to malathion, fenthion, fenitrothion, carbaryl and MTMC of the
brown planthopper populations collected in the field in Kagawa Prefecture, (K; population collec-
ted in the field in Kagoshima Prefecture, *=from 1967 to 1975; LDse in the field populations
collected in various localities/LLDso in T population collected in Takamatsu in 1967, after 1976;
LDso in field populartions/LDse in LE strain).

Fenthjon

Fenitrothi

Diazinon

EPN

Malathion

Phenthoate

Dimethoate

Mecar bam

Green rice leathopper

Smaller brown

planthopper Brown planthopper

N o
O o
-
o 1
N o
v o
-
o
S

Resistance ratio

Fig. 3. Resistance ratio to organophosphorus insecticides of the green rice leafhopper (OzAKI and KASSAI,
1970), the smaller brown planthopper (Ozak1 and KAssaAl, 1971) and the brown planthopper.
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27 R ARERL LTS o T (BIE - B, 1970, 1971),
1979 DT & Ot EHEE TR O FE B &
Lk ED L D Th - b HERTE 5,

Y ruaasfler Yy REonTIHERNM
Fe DX B TR 4 o B EhC kB AU L2 B B
NEXRTWB (B - 3576, 1970, 1971), Fig. 3 1%
LA FET VAL FESRY VAT
il L THREI R TS HEK Y vHNCHT 55 A~
7 P AORBMEE AT o e b D TH BN, HEY vHIC
ST BHEHME A2 P AR TR LT hOER TRV AH D
np, Lo LEHiE o R @ B RFhg 3 fF il
FBALTED, PEAS vy v AW TETMEEOK
FBEFITe A P EY vAHARBWTHRRIUTH-T0, &D
XL rEA vy VHO WIMEGE 12k AL-E OEE
HREOEENE T ENBART, ZOERITKT
%) VEIEFIM OBy = sraas g be £ b
EY v ADFRCEM LA ORAE LTS L Sl
b,

FEA mY v A VH & =S 2= Bl
AP AY RT L BB TH T &2 TERH
monocrotophos, carbaryl, propoxur % methomyl 73 &
BRDVOBVWEBFIGEHR IS, LrL=h 2 7L
v ruaasLofhbiRT, ZhbDEREITHE
e E A L5 SRR 5 b AR s
> T LESfEfitEsdd o Tnb, LT hrES vy
v DR EE PRI B R S I A R T B A D BR R L BT
ThbEE L HH, pyrethrins BRI EL, Lk
RS LA BRI, B vEIR
H = a— VEIEEREO R Db ORI ERG
DEWHDONRBINAMEEMENR S S L2 b,

i L3

1967 715 1979 F % COMMICIE L& & FINR cH g
Liz b €A vy v OFREBRRENC T 5 BIER B LR
EL, %7 1968 FizizF)I RO @ER oW T Ali-E
DIEHOEGER YT, = ORI RT 5 FHEHMH:

v rmraasig,

DFE L FIMEGTEC B 5 WM AR L,
1967 7 5 1969 EEp s, BHC, Hi% v vHl & o — 1
A — PHEIZHT B LDy, {Hi: BEIEBRES S L L@
EEEL D BINIERD 3 »FTH HFE LIEAE TR, F
- 1968 - FIIED 2 4 7 b HE Ui BEERT
Al-E o E-2 pkEhE s i & 7o st o @ ES T h
i 12229 L 15—19% nEGTA bR, Thb
DR S, P EAS vy vhLZ OB T K
FlEREL OO -TcbE2 bhh, EFEHEDOR
L, 1967 b 1972 ¥ cofIM, JEWCEIETH
otehy, 1975 LR, Wi VSR ESHERL
1979 fE R D 2 5 Fids b HRE U ER  fent-
hion, fenitrothion, cyanofenphos & malathion = 20
B LD VS AR, -2 — b Eicd 5—18
OB MR R Uiz BHY vEIE 7 —- 2 — FRIICE
SEHMED P ¥ A v v B Tk pyrethrins L EHEY v
ZoBE#H (IBP L edifenphos) 4% LDy, 1358
Zhoo LE Rt LIRIERETH - 7o,

510 H 3 #k
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