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  The  sudden  outbreak  of  the rice  stem  borer,

enile smpressalis  (WALKER), in Okayama  prefecture
in 1978 and  failure to control  this insect by  organo-

phosphorus  (OP) insecticides are  closely  related  to
resistance  (TANAKA et  al.,  1982,  1983).  To  elu-

cidate  resistance  mechanisms  of  the  rice  stem  borer
to OP  insecticides or  to overcome  this resistance,

synergism  studies  have  been  carried  out  by  several

researchers  who  have found that  IBP, edifenphos

and  pirimicarb are  able  to enhance  the  eMcacy  of

fenitrothion with  which  they  are  combined  (TANAKA
et  al.,  1982; MANABE  et  al,,  1983; KoNNo  and

KAJiHARA,1985).  Inapreliminaryreport(KoNNo

and  SmsmDo,  I985), we  demonstrated  that  the

salioxon-analog  K-2  is an  efTective  synergist  for

fenitrothion and  fenitroxon against  the  OP-resistant
rice  stem  borer, and  that  the synergism  of  feni-
trothion  by  K-2  is due to the  blocking of  degra-
dation of  fenitroxon. The  prcscnt study  describes

the  synergistic  efllect of  several  noninsecticidal  OP

esters  and  metabolic  inhibitors on  OP  resistance  in
the  resistant  strain  of  rice  stem  borer.

  Two  strains  of  rice  stem  borers were  used  in this

study:  an  OP-resistant Hata  strain  collected  at

Hata  in Soja, Okayama  prefecture in 1983 and

maintained  in the laboratory without  insecticidal

selection  pressurc, and  a  susceptible  strain  (S) col-

lccted at  Kawashimacho,  Saitama  prefecture in

1971 by  the  Institute of  Physical and  Chernical

Research. The  insects were  reared  on  artificial

diets (eggs-fourth instar larvae) and  on  rice  secd-

lings (fourth instar larvae-pupae)  by  the  modified

methods  of  KAMANo  (1974) and  UaHiuMi  Cl974).
Rearing  conditions  were  kept at  26+10C  under

a 16L-8D  photoperiod regimen.  LDso  values  of

fenitrothion and  fenitroxon topically  applied  to the

Hata  strain  were  75.3 psg/g and  41,3 pagfg, respec-

tively. Resistance factor (LDso of  Hata  strainl

LDso  ef  S strain)  for fenitrothion and  fenitroxon

was  41.8 and  34.4, respectively  (KoNNo et  al.,

1986). Fifth instar larvae (60 to 70 mg  of  body

weight)  of  the  two  strains  were  used  in this  study.

  Fenitrothion and  fenitroxon were  99%  and  98%
samples  respectivcly,  which  were  provided by  Sumi-

temeChemicalCo.,Osaka.  Thefollowingorgano-

phosphorus  compounds  were  synthesized  by  pub-
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lished procedurcs (ETo et  al.,  1962; MAEDA, 197e;
MARKLEy,  1960) and  purified by  recrystallization,

distillation or  TLC:  K-2  (2-phenoxy-tlHLI,3,2-
benzodioxaphosphorin-2-oxide), K-1 C2-phenyl-
4HLI,3,2-benzodioxaphosphorin-2-oxide),  ])EF  (S,
S;SLtributyl phosphorotrithioate), IBP  (S-benzyl
O,O-diisopropyl phosphorothiolate), EBP  CS-ben-
zyl  O,O-diethyl phosphorothielate),  (EtO)2 P(S)
OCH2Ph(O-benzylO,O-diethylphosphorothioate),

and  (EtO)2 P(O)OCH2  Ph(O-benzyl  O,O-diethyl

phosphate). TPP  (triphenyl phosphatc), TOCP

(tri-o-cresyl phosphate) and  PB  Cpiperonyl but-

oxide)  were  purchased from  Tekyo  Kasei Kogyo

Ce., Tokyo. WARF  anti-resistant  (2VLdi-n-butyl-
P-chlorobenzenesulfonamide) and  S-421 (octachle-
rodipropyl  ether)  were  a  gift from  Dr. J. Fukami
of  the  Institute of  Chemical  and  Physical Re-

search,

  Toxicity tests  of  OP  insecticides werc  conductcd

according  to the  method  described previously  <KoN-
No  et  al.,  1986). Synergism tests werc  conducted

as  fo11ows. A  mixture  of  OP  insecticide and  tcst

chemical  at  a  ratio  of  1 :10  in O,5 "1 of  acetone  was

applied  topically  to  the  dorsal sicle of a  larva's

abdomen.  Mortality was  counted  after  24 hr at

Table  1. Syner

260C. LDso  values  were  computed  using  the

method  of  FINNEy  (1952) for probit  analysis  which

was  adapted  to a  program  for the  NEC  N4700

computer.  Since none  ofthe  test  chemicals  used  as

synergists  is toxic at  the test dose, the syncrgistic

efllect is expressed  as  the  fo11owing ratio.

  Synergistic -  LDso  ofinsecticide  alone

    ratio  LDso  of  insecticide in mixture

  The  biological activity  of  various  chemicals

tested ag  synergists  is presented in Table 1, In

addition  to  K-2,  four OP  esters,  i.e., K-1, DEF,

IBP  and  EBP  reduced  the  level of  fenitrothion

resistance  frorn 8- to 2-fold against  the Hata  strain,

DEF  and  K-2 were  more  effective  synergists  of

fenitrothion than  EBP,  which  was  more  eflective

than  IBP  and  K-1, TPP  was  not  synergistic  and

TOCP  antagonized  fenitrothion, EBP,  the  O,O-

diethyl analog  of  IBP, was  l.7 times  more  synergis-

tic  than  IBP. The  synergism  by EBP  was  com-

pletely  Iost by  replacing  the P(O)-S-benzyl group  of

EBP  with  a  P(O)-O-benzyl  group  or  with  a  P(S)-

O-benzyl group. Therefore, the  P-S-C  bond  in

EBP  and  IBP  appears  to bc irnpertant for syner-

gisticaction. Fenitrothionwasantagonizedstreng-

gism of  fenitrothion by various  chemicals  against  the  Hata

and  susceptible  strains  of  rice  stern  borers

Chemicalsa
LDso{ptgig) Synergistic    '

  ratlo

Hata  strain

  Fcnitrothion alone

   +K-2

   +K-1
   +DEF
   +IBP

   +EBP
   +(EtO)2 P(S)OCH2  Ph

   +  <EtO)2 P(O)OCH2  Ph

   +TPP
   +TOCP

   +PB

   +S-421

   +  WARF  anti-resistant

Susceptiblestrain

  Fenitrothion alone

    +K-2

   +DEF

   +IBP

   +EBP

 75.3

  8.5

 35.9

 9,I

 21.5

 12,6376.5150.5

 83.7188.3376.5376.2

 75,6

1.81.82.01.81.8

8.92.18.33.56.0O.2O,5O.9O.4O.2O,2l.O

1.0O.9l,O1.0

a
 Fenitrothien+synergist Cl:10 ratio)
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ly by PB  and  S-421. 0n  the  other  hand, K-2,

DEF,  IBP  and  EBP  had no  effect  on  the  toxicity  of

fenitrothion against  the S strain.

  The  Hata  strain  showed  resistance  to phosphates
and  phosphonates  such  as  fenitroxon, methyl  para-
oxon,  diazoxon, pyridaphenthion-exen  and  EPN-

oxon,  as  reported  previously (KoNNo et  al,,  1986).

Therefore, the  efibct  ofsynergists  on  the  toxicity of

these  oxons  was  examined.  As  shown  in Table  2,

K-2, DEF, IBP and  EBP  were  all  eflective  as  $yner-

gists for fenitroxon against  the  Hata  strain,  but the

degree of  the  synergism  of  fenitroxon was  lower

than  that  of  fenitrothion. K-2 and  DEF  also

synergized  various  oxon  analogs  of  phosphoro-
thioates  and  phosphonothioate against  the  Hata
strain.  K-2  and  DEF  had no  effect  on  the  toxieity

of  fenitroxon and  other  oxons  against  the  S strain.

  It is now  generally accepted  that  insecticidc

synergists  act  by  blocking the  enzymes  effecting

insecticide detexication. Therefore, the  mecha-

Table  2. Synergism  of  various  oxon  analogs  of  OP  insecticides by several  chemicals

          against  the Hata  and  susceptible  strains  of  rice  stem  borers

  chemicalsa (L"DglsgO) 
Sy",e.rE,gstic

   Hata  strain

     Fenitroxon alonc

       +K-2
       +DEF

       +IBP

       +EBP
     Methyl  paraoxon  alone

       +K-2
       +DEF
     Diazoxon  alone

       +K-2
       +DEF
     Pyridaphenthion-oxon  alone

       +K.2
       +DEF
     EPN-oxon  alone

       +K.2
       tDEF
   Susceptible strain

     Fenitroxon alone

       +K-2
       +DEF
     Methyl paraoxon  alone

       +K-2
       +DEF
     Diazoxon alone
       +K-2
       tDEF

     Pyridaphenthion-oxon alone

       +K-2
       +DEF

     EPN-oxon  alonc

       +K-2

       +DEF

a
 Oxon+synergist  (1:10 ratio)

41.3
 6.7

 8.427.525.8

 7,2

 1.8

 2.317.1

 8.6

 7.427.1

 3.8

 4,O21.6

 4.5

 9.4

I.21.81.2O.5O,5O.63.24A4,O2.S3.62.41.eLl1.0

6.24.91.51.6

4.03.1

2.02.3

7.26.8

4.82.3

e,g1.0

l.OO.8

O.7O.8

O.61.0

O.91.0
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nism  of  resistance  caused  by detexicatien can  be

presumed  by the  type  of  synergi$t.  In this study,

fenitrothion was  indicated to be synergized  by K-2,
K-1, 

-DEF,
 IBP  and  EBP,  but antagonized  by  PB

and'S-421  in the  Hata  strain,  Specific inhibitors

of  carboxylesterase  such  as  TPP  and  TOCP  were

not  synergistic.  Synergists offenitrothion  wcre  also

eflective  for various  oxons.  These findings sug-

gcsted that  the  resistance  mechanism  of  the  Hata
strain  is attributable  not  to oxidative,  but to hydro-
lytic degradation of  a  phosphorotriester bond.

DEF  and  IBP  have been  shewn  to  suppress  the

resistance  of  parathion, methyl  parathion,  methyl

paraoxon, and  temephos  in the  house fly and  Cbelex

tarsalis (PLApp and  EroNG, l966; AppERsoN  and

GEoRGHrou, 1975; HEMiNGwAy  and  GEeRGHiou,

1984). The  synergistic  eflect  by  these synergists

is normally  considered  as  indicative of  the  involve-

ment  of  esterases  or  phosphorotriester hydrolases in

the  insecticide metabolism.  K-2  has been  shDwn

to be an  inhibitor of  esterase-mediated  parathion
resistance  in opzus Persicae (OppENooRTH and

VoERMAN,  1975),

  Among  compounds  tested  as  synergists,  K-2  and

DEF  were  the  most  effective  for fenitrothion.

However,  neither  synergist  is capable  ofincreasing

the  susceptibility  of  the  Hata  strain  to the  level of
that  in the  S strain.  In order  to  overcome  the  OP
insecticide resistance  of  the Hata strain,  a  study  to

determine and  synthcsize  new  synergists  is now  in

progress.

  We  thank  Dr. J. FuKAMi,  Dr. K.  Usvi and  Mr.

K,  UcmvMi  in the Institute of  Physical and  Chemi-

cal  Research  for their valuable  advice  and  supply-

ing the  susceptible  strain  of  ricc  stem  borer.
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