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Abstract

Rhyzopertha dominica is an important insect pest of stored grains in Taiwan. During the period 1979-1994, phoxim has been
continuously applied to store house for pest control. Results revealed that the Kuanyin strain was most resistant and that the
Hukou strain was most susceptible to phoxim. Samples of R. domminica collected from various areas have developed a 5-68-fold
level of resistance compared with the Hukou strain. Phoxim-resistane strain obtained by consecutive selection pressure of phoxim
of the Kuanyin strain for five generations showed cross resistance to chlorpyrifos and malathion but no significant cross resistance
to carbamates and pyrethorids. Temperature is a maajor factor that significantly influences the performance of insectivides.
Deltamethrin was more effective at 20°C than at 30°C on a phoxim-resistant strain of R. dominica. Bendiocarb was more toxic to a
phoxim-resistant strain at 30°C than 20°C. Therefore, effectiveness of insecticides against stored-product insects may vary with
seasonal fluctuation. Bendiocarb and carrbaryl are suggested to be applied to control stored-product insects in the summer
season, and deltamethrin the winter. S, S, S, -tributyl phosphorotrithioate (TBPT), an esterases inhibitor, slightly synergized phoxim
(2.79-flod) to the phoxim-r-esistant strain. It may be considered that esterases play an important role in phoxim detoxification.
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ABSTRACT

Rhyzopertha dominica is an important insect pest of stored grains in
Taiwan. During the period 1979 - 1994, phoxim has been continuously applied to
store house for pest control. Results revealed that the Kuanyin strain was most
resistant and that the Hukou strain was most susceptible to phoxim. Samples of
R. domminica collected from various areas have developed a 5~68fold leve!l of
resistance compared with the Hukou strain. Phoxim-resistane strain obtained
by consecutive selection pressure of phoxim of the Kuanyin strain for five
generations showed cross resistance to chlorpyrifos and malathion but no
significant cross resistance to carbamates and pyrcthortds. Temperature is a
major factor that significantly influences the performance of insecticides.
Deltamethrin was more effective at 20°C than at 30°C on a phoxim—resistant
strain of K. dominice. Bendiocarb was more toxic to a phoxim-resistant strain at
30°C than 20°C. Therefore, effectiveness of insecticides against stored—-product
insccts may vary with seasonal fluctuation. Bendiocarb and carbaryl are
suggested to be applied to control stored-product insects in the summer season,
and deltamethrin in the winter. S, S, S,-tributyl phosphorotrithioate (TBPT),
an esterases inhibitor, slightly synergized phoxim (2.79-flod) to the phoxim-r-
esistant strain. It may be considered that esterases play an important role in
phoxim detoxification.

Key words: Rhyzopertha dominice, phoxim, cross resistance, temperature,
esterases.
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#E (Rhyzopertha
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dominica Fa-
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al., 1983) « (HITF3 Hung et al. (1990) 14
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1.E# (phoxim) » 82.7% LHEMFE »
BEATERHE -

2. BIHI#A (chlorpyrifos) » 95% TR
RE AT -

3. E R4S (malathion) » 95% T3 F & »
HEE AR R

4. IM&F] (carbaryl) » 99% T2EHEE » H
HENTRME -

5. B (bendiocarb) » 50% FIEER B
HBIEATRE -

6.5 W E (permethrin) » 90% T ERFAHR
BB AL R -

7. B % (deltamethrin) » 98% LERE
B, REBAFEM -

8. B M E (cypermethrin) » 90 % T B
B, AEAETERE-

9. £/t B2 % (microsomal monooxygenases)
##|# piperonyl butoxide (PB) - 909 4T

HAH#H Aldrich Chemical (Milwaukee,
Wis.) o

10. 7K BEBE 2 (esterases Y HIHIE S, S, S-trib-
utyl phosphorotrithioate (TBPT), 70.5%
TE#HIERE Y Chemagro Co. Bk o

11. Bt HALE@ER (Glutathione-S-
transferases) #El? N-ethylmaleimide
(NEM) » 100% #3HTEAI#E B Sigma 25 (St
Louis, MO) »

HL IR -

8 Rhyzopertha dominica Fabricius
» F 1991 8 HERERMBERE 57|
EWI (Hukou) ~ HE (Kuanyin) » ¥
7 (Kuanhsi) » EF (Tantyw) > #JM (Chi-
chou) » U {(Chushan) + EIf (Minhsiu-
ng) » fFF (Potyu) » #& (Hsinying) » R®E
(Pintung) > FE(Yuli) » RE(Tungli)F+
B A—HERERERECEENIR
&, BEERESUHLE-FAE 45 KK
BLTERAE -

BT RIE -

AR R R R R R S S B R
B k(Wang and Ku, 1982) » TEENK
MEATARREES, HEFAMZREEL
FULERBE AT AMERR . HREERE
HgnAEHES=Z0E -

BRI ERES 1 m NRREREAE
F0.1 gBERSAKEEE LS. OF
9.5 A HEMNEE  BEEERDART R
8, B AR A Z BB 2 kI TR
WE , REBES G NEEBR 10 g T
RERE - MBEAMZENSBERBREE
HEB s EEMEEERIETE » BER
BRimE, ENEHERONTEEET
ZBE - BRAHEM -5 FRE, HRM
R BLRERE B A RVEA 40-50 &
B, HER0CERET 2 MREE
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HIELCE , BG 28I H L Finney (1971 #
BB I ERIE LC, RIEHEH -
T EHRMERIFES ¢

FE30°CT » SRILKMOREERAR
EHHCEHBEN . SEFRERRERE
BRANZEZE  UMTHREAIEZEE -
ENREEMAZHE -

NP ERTEERERCETER
mFBRA, FREF AR 30°C THE LCa
BB IR E ST (Selection pressure)
, BRUBRBREEREDLE 45 KZH
##1 2000-3000 & o HEEZRBHFINEE
BER, EFAFLHAFEEREST -
MEHERZRERE

LRECE 20°C R 30°CT » BAERE T
REERETUEL RAREIEN, DEREMT
FZEE A% - WLRHRETAE LC, 2L
£ TR {E(Temperature ratio for LCq)
IWESEE Yo Eoal gt e L

EEHORREST R
' SILE FNH B PR - AR

F— RNZRETEASEREHCRLY BEY

TBPT 5% Bt EAREERB NG NEM <&
RS 1 mg/ ml BEEAEEER
7F 30°C THMPBEEMFRER AR L
PEFIIEEE B4 YRR -

/= R

— EHEREARAHORMZBENS
1k :

FIHEREEE , UG EEREER
BHOER 2 MENERNE— - SRFRF
LR (Hukow) B EEMREE ) LG B
12.6 pg/ ml» BE (Kuanyin) A TEME R
F o LCxof 861 pg/ml e BEUTRBREREZ
RESOEMANGZ LC, EHMLIWLRE
M L, (EfEthE , FiR 2B imaH
Ft(Relative resistance ratio for LCs)DAEH
TRARE, TRes i, EERRTNIS
~38 {52 THE 264 F  ERAHIDHAE
EFEHCEMELFEIIE -

Z s ZEREZAHY

Table 1. Toxic response of Rhyzopertha dominica collected from different areas of Taiwan

to phoxim by admixture method

Strains N LC.(95% FL) (ug / ml) Slope+SE RR?
Hukou 141 12.6(8.88—17.1) 1.72+0.23 1
Kuanyin 247 861(665— 1062) 2.3040.29 68
Kuanhsi 298 371(240—507.5) 1.4910.20 29
Tantyu 295 131(41.4—241.7) 1.10+0.20 10
Chichou 299 484(327—653) 1.38+0.17 38
Chushan 301 269(163—375) 1.54+0.22 21
Minhsiung 249 447(263 —b48) 1.34£0.18 35
Potyu 290 405(241-- 581} 1.20£0.17 32
Hsinying 297 227(112— 342} 1.35+0.23 18
Pintung 300 62(6.0—146.2) 1.13£0.28 5
Yuli 298 417(244—603) 1.20+0.20 33
Tungli 300 23(0,3—84.9) .90+ 0.30 1.8

1} Number of B. dominica tested.

9) RR Relative (Resistance ratio), LCuw of the test strains divided by the LCy of Hukou

strain.
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EREENTADENRE PEHEE
BHERTELSXEYN  ARBRESHE
B, MHEERAEZHITRRENL . &
HEREE > B ROIDRF , HERR AR
ZEHEE . ARERERE , RAMNSEA
BEELATE0C THAER BN - R
BRUMOSZZIER, DR NER R
) LCx B 12.3 ug / ml - HERHBONIEITH
EELSERHE>MRA>ERE>FRE
SEABR>HERE(RD), BERHZER
ERIAHE . NEERHEERAREN
EHAEEAREL, HTLURABREUE
) LCw» 512 pg/ ml » HERFHHNIERFRN
RASERES>ERE>BRE-UER>
ERR >WHL -

FLLerm fn R e AR U S UL

= FORBESREEHTREMNZ MM

(RRE) » BRECENEERECEE G
%, BEHEENRESMEEESR (RR=
6.2) HEfMEMm I 31 5 EFHEIT
M(RR=468) - TIHRSFEZEHE  HE
ERAEPREE AR - NEH, RE
HEE R HE(RR<?) -

AREREYOELARMERRJ TN
B, LMEBRSRIERT - EHUEERRE
f1 % (Parent strain) » FALUBHFH 2
LCn EITERE - ORERE  EEL TR
BEEMRL LCy 2E 315 mg/ ml(R=)
FRERMAZ 36.6 oA - "EOMFR
FREEEE » UM EHELHS 9500 & < LUBIRER
BEhRESOERCHIES R (phoxim-resis-
tant strain) > EITHIEERED| LBEER B
ERBIME -

Table 2. Cross resistance of Hukou and Kuanyin strains of R. dominica to eight

insecticidas
Insecticides L.Cm(% HFL g/ ml) : - RR"
Hukou strain Kuanyin strain

Phoxim 12.6(8.88—17.1) 861(665— 1062) 68
Chiorpyrifos 12.3(3.47—18.9) 5760(3328—17017) 468
Malathion 144{106—197) 887(120—1703) 6.2

Permethrin 167(64—401) 372(178—571) 2.22
Deltamethrin 47(32.8 -72) 50(40—60) 1.08
Cypermethrin T1(54—93} H3(66—123) 1.31
Carbaryl 32.2(22.7—-47) 38(31--45) 1,18
Bendiocarb 16,0012.1 -20.2) 12(10—13) .75

1} RR, LCy of Kuanyin strain divided by the LCy of Hukou strain.

R= LERRHENBSAELRRE BANCRLNES HRE

Table 3. Generational development of resistance to phoxim by R. dominica Kuanyin strain

Generation N LCy(95% FL){mg / ml) Slope+8E RR'
Parent 247 0.86(0.67—1.08) 2.2940.29 -

F1 247 4,70(0.08--9.93) 0621024 5.6
F2 199 3.79(3.06—5.12) 2.82+0.54 4.4
¥3 195 7.06(5.00—11.9}) 160028 8.2
F4 200 14,2(10.4—26.1) 1.72£0.35 16.0
F5 154 31.5(16.9—102) (.88 +0.20 36.6

1) RR, LCx of progeny divided by T.Cy of parent.
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= REYH/\EENRREBRER
BES I NEENES DA REE R
ZER O ERIMEN - £ 200K, BERIK
BERIF ) LCw & 315 pg/ ml o FAETI SN
ke » BEERE - 77 30°CHF » AILIPgHET
ARIF » LCw B 12,3 ug/ ml » EFRNERH
BREZ MUBHEENSARE - EFMEER
h, REREA  HRECFHHUREE
FLRG - HhRBEZEBEZERA > TR
5286 BEHE(TR=6.T)REH
B(T=6 4B NHEZRELE -
BRETREBEET » HERRIESR
BRENEVRARED - £20CHK MEH

BEBRIT» LCH B 427 pg/ml o HRERM
o DEEMEKMUBEREE - &
30°CH » AILLRBMRERET > LG, & 30.2
pg/ ml e BEEREMERKZ » (BLARTHT
WRFE . BNHRBENRME , BECOLA
R, EHEE STE (TR=0.83) #
Hepig B , HPERR (TR=51.6)
MHEFA(TR=119.6) X BH L (TR=14.7) KV #&
B BEEENRERE -
M9 - SIS O WRIARE MRS BRRT
EATLHFEME B ROEREN 8
MREBESEFEREBHIRE , L
B REINE BT > LCx B 126 ug / ml »

&M CEES N AREHRENNLAREI MUY E

Table 4. Effect of temperature on the toxicity of eight insecticides to the Hukou strain of A.

dominica

Treatment N LCw{95 BFL) (g / ml) Slope £ 8E TR"
Phoxim

20°C 158 31.5(24.2—40.4) 2.06+£0.32 -

30°C 14] 12.6(8.88—17.1) 1.72£0.23 2.50
Chlorpyrifos

20°C 114 33.4(21.8—48.5) 1.6940.32 -

30°C 105 12.3{3.47—18.9) 1.37+£0.45 2.72
Malathion

20°C 193 931{764—1133) 2.751£0.32 -

30°C 182 144{106—197) 1.77£0.21 6.47
Permethrin

20°C 115 1119{624 — 3970) 1.19£0.32 -

30°C 172 167(64—401} 0.54+0.12 6.70
Deltamethrin

20°C 118 36.3(25.2—76) 1.49+£0.43 -

30°C 140 47(32.8-72) 1.82+0.35 0.77
Cypermethrin *

20°C 186 167(119—214) 2.2710.36 -

30°C 137 71(54—93) 2.11+0.23 2.356
Carbaryl

20°C 102 116{72—470) 1.54+0.49 -

30°C 147 32.2(22.7—-57) 1.60+0.31 3.60
Bendiocarb

20°C 176 457(187—7966) 0.780.23 -

30°C 103 16.0012.1—-20.2) 3.37 £0.50 £8.60

1) TR(Temperature ratio), LCs at 20°C divided by LCs, at 30°C.
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Table 5. Effect of temperature on the toxicity of eight insecticides to the phaxim-selected
strain of R. dominica

Treatment N LC:x(95% FL} (pg / ml} Slope+SE TR
Phoxim

20°C 165 >100000

30°C 154 31518(16916—101876) 0.88 +0.20 >3.17
Chlorpyrifos '

20°C 144 >>100000

30°C 158 > 100000
Malathion ‘

20°C 239 60483(33180—187348) 0951018 -

30%C 182 1173(970—1426) 281+0.31 51.6
Permethrin

20°C 197 14519(5470—130001) (691 0.16 -

30°C 159 2038(832— 14206 0.60£0.15 7.12
Deltamethrin

20°C 161 42.7(33.3—56.6) 1.99+0.32 —

30°C 118 £1{43—59) 4.2410.64 0.83
Cypermethrin

20 159 1017(781—1283) 2.46+0.32 -

30°C 153 200{145—257) 2114034 5.09
Carbaryl

20°C 1568 1294( 781 —26490) 0.96 £0.23 -

30°C 117 66(49—95) 2.08+0.41 19.6
Bendiocarb

207 199 444(291—833) 1.02x0.21 -

anC 155 30.2(23.1—239.8) 2.17£0.27 14.7

1} TR, LCx at 20°C divided by LCs at 30°C.

FA EICTHNENERLRENCRERLHERIEREZ BT E
Table 6. Effect of synergist on phoxim texicity to R. dominica at 30°C
Treatment N LCw(95 % FL)(ug / ml)  Slope£ 8K SR”
Hukou strain
Phoxim 141 12.6(R.88--17.1) 1.72£0.23
+PB 108 31.5(10.7— 46} 1.51£0.52 0.40
+TBPT 172 19.1(13.5—26) 1.54+0.24 0.65
+NEM 141 85.2020.5—52.9) 1.33+0.26 0.36
Phoxim-selected strain
Phoxim 154 31618( 16916~ 101876) 0.8840.20
+PB 196 2247716228 33603) 1.4940.21 1.40
+TBPT 172 112978231 —16135) 1.29+£0.17 2.79
+NEM 172 83338(53195—138435) 1.17+£0.38 0.38

1) SR(Synergistic ratio}, LCs without synergist divided by LCx with synergist.
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EMELEREHM PBE > LC, B 31.5
ug / ml o BIKERERNGIETBPT £ L.Cyw
£ 19.1 pg / ml o FRH0%E DY H B EE 2R 0 A
NEM # > LCsx B 85.2 ug/ml, JE7E
2. ZHEB LB PB (SR=0.4) TBPT
(SR=0.65)+ NEM (SR=0.36) ¥ E &%
NHE . BHEERECEBENAERE
FIRMBABET ) LCw & 315 mg/ml e &
MPB#% » LC:w B 225 mg/mle &M
TBPT # » LCs» £ 11.3 mg/ ml» B8
. HEMNEM® » LC., % 83.3
mg/ml, BMWEE - WHEEG UH PB
(SR=1.4) » TBPT (SR=2.79) L& HIF
HHAERIRE , Lo TRPT MR -

B W

HEMERE BRHEERCEZHE,
D OR 2R, RERERR - &R %
EHHEERZ LC, E¥O &M R, #RE
BHHTEHEETE, Eni8RTHEH
FEHHER, BRERBREHCSENELSE
YN - MNEKZS9 - 3 RR @85
BUEE - BN B #F- ZEF, 7
EERAAM  BEREMMS - EHEEER
REHBEAMZTMEESH  TAHEMR
%(Wang and Ku, 1982} - ELI & EFER
BRI AAEETHE, I RACHRES
EERNEEERE FREVEEMSE
a7, ERAEREERY - BERRZIEE
EEBREFERREELE, WRESOE
R AGERE SR EEE o hi
ERSOEMNRT WG ERE N ER R
A aEERRAEREEREBE RN
e

Hsieh et al. (1983)TEEAHE 26 A
BEHBRB /Y, FRBEHKBRUCSE
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R RERELERERTEYN, ARE
Kz o REEEW . WA EHFES R
HEPERERZHIE L - HERAZEMR
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e RSN, T8-S R N FEER R
THAEEBARL . HEELEHER
M, HEEMTAESESENYE  EERAR
ORI RIS » A sERM TR
EERAESY - MEREZERR AW
H MERR=22TERHR - TENHEK
BHEEHEERAL ST AR EIE
ERE, BB IEN - HRAH . IR
. BEE . REEHEREVHURAE
KFEMEERE N R B ERPERE SN

Hsich et al. (1985)8H 3875 H B M0 A ER
BEEFEAERARERE,, EBRERARY
B, HRERERPTEVRITELT - M Hung
et al. (1990)FBEHEHENARELHERE
BEFEARHDERAE, AEERRE
P BRERAHEDUCERRE RE
A ALEHRAERERNSEMELNE
M REZHEEEREEA R B
BEMAMH . BOERESR . EhlmSER
REEFHERN , REROEHARME
Bifr b < BITHETR S, BHRREE
mREAREGL, YREEEFATELER
3o

CAHREL AEDERERMAS
BEABZERZ R EERAFLCA
Mg - REPRELRARBERNE, ™
T BB B B TE#FE (Harris and Kinoshita,
1977; Hirano, 1979; Iordanou and Watters,
1969) - EHBM TN - FER RS NS
HMOWRERBETRAZRESN, HENY
M, LC,, [EH/N , EHEHE - HiEER



Hsieh et al. (1982) » lordanou and Wa-
tters (1969) » O’'Donnell (1980) & Wilkin
and Haward (1975) FAZHABFEREY
G ERARMANAELIEAE,, FTEE
EATHE M REEESN, TRGE
EEBW, MEEEMN,. MEBERSHA
¥ (Thaung and Collins, 1986) - R ZAF2H%
minA BRERERZAERESNEN . B
PERRAESELRNE - AREREEE
CEB R INRAR ERRE EROE , B &
FERAEHBEETHEREE g
HEERGEAZR (Thaung and Collins,
1086; Watters et ol., 1983) » EHHEEEE
—SHK -

M ARHERZARNEREETER
BER, MEBMLR, EHIRFTRER
6.47 5 » TI#IE S RAE £ 51.6 5 - BHINRE
FlIRZU0LL , 3.6 %E 19618 - BEAY
BEREEMBEEMAGIECERE - A{LpyE
S, FEEMER  [MEBE (lorda-
nou and Watters, 1969; McAvoy and
Smith, 1979) -

AEHRENSBEER LR . KEH
RHERE  BETHE 300, £FHH
20°C - AEEMITEL AHERRZHE,
E20°CT » BREYERF - £ 30°CH » Hl
P rRE BEREERNANRZ , B
Wang et al. (1982) 1 RHFEERE
SlENEN - N2 ZERFE, EHELER
WeFWSE - PEZREE, UEHESR
WREEZ BB SR - 0T E T #
BRMEECES, ToiaREZBL, £
Ban I RE B YR (Hsieh et al.,
1982) - ERKEXZEHR SN HBHRER
B, NESEEHENBEZRE—H#F
B o

EaAERRELSRELALS T

W RET O BEFRER I miFE
HETBRERENEER Y EENRES=
FE#H] (Oppenoorth and Welling » 1976)
EMENEEPMERANSE, IEMNE
T8 (synerpgists) >3 S P AA] LLRIBH 7 %L
H (synergism) » MREHEHIFIEERERVER
{Metcalf, 1976; Attia and Frecker, 1984) -
BWOMB , SILEFRNFIE PB . AKERRH
B TBPT Kkt THAK B KBTI NEM
HOERERYEREHNHMA (antagon-
ism) , RERELISREBAAILEER . KEE
BERENTHREERYDERNAHSEE
NEEEREEE MECERTRELR
S cBEIMHIB PR Kok BB RAME S TBPT
HRRLFHHER » L TBPT BHHRR
£, ALHEAREHOERTEE , KFEE
R WWBEATRES2HEGAR « BRME
FAINHB 2 EH , ERPEHOERINE
BEBEHCBMUFAEER - AKEWE
PR e R A AR R R R R
FAENRERE T ERTEMERE , &
EFSFREM R -

%ﬁ

Bt

SRR THREXER S 82-FHE-2.3
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