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   Synergism ofcarbamates  and  organophosphorus  insecticides against  an  organophosphate-

resistant  strain  of  rice  stem  borer, Chito smpressalis  WALKER,  was  investigated. Although  no

synergism  was  observed  with  the combination  of  fenitrothion and  each  of  four substituted

phenylcarbamates, carbaryl,  methomyl  or  bendiocarb, a  rernarkable  elevation  of  co-toxicity

was  observed  with  the combination  of  pirimicarb  and  fenitrathion. Pirimicarb, a  selective

aphicide,  showed  a  high synergistic  action  with  all  dimethylthiophosphates tested, especially

with  compounds  hqving a  hetero ring  in thelr structure.  Hewever,  synergism  was  not  ob-

served  with  diethylthiophosphates, phosphates and  dithiophosphates ether  than  malathion.

   Pirimicarb showed  ne  synergistic  action  with  organephosphorus  insecticides against  the

susceptible  strain.

                           INTRODUCTION

   Studies were  carried  eut  to  determine  why  the  rice  stem  borer, enito st{nPressalis

WALKER,  reappeared  in 1978 after  an  interval ofabout  a  decade in an  area  of  Okayarna
Prefecture (TANAKA et al., 198I, 1982, 1983). It was  subsequently  reported  that  this

strain  had developed resistance  to organophosphorus(OP)  insecticides, especially  to

the  thiophosphate  types  (TANAKA et  al., 1982). Since then,  the resistant  rice  stem  borers
have  gradually spread  to several  parts of  western  Japan, In studies  on  the control  of

the  resistant  insects, the  synergism  between  OP  insecticides and  edifenphos  (O-ethyl
S, S-diphenyl phosphorothioate) or  IBP (S-benzyl O, O-diisopropyl phosphorothioate),
both fungicides, was  fbund  against  this strain  (TANAKA et  al.,  1982; MANABE  et al.,

1983); this had  also  been  reported  in the  resistant  green rice  leafhopper, MPhotettix
cincticops UHLER  (YosHioKA et  al., I･975). However,  the  synergism  between  OP  insecti-
cides  and  carbamates  fbund in the  leafhopper by HAMA  and  IwATA  ･(1973) was  not  ob-

served  in the  resistant  rice  stem  borer (TANAKA et al., 1982), though  only  substituted

phenylcarbamates wera,used  in the  study  by TANAKA  and  his colleagues.  In this paper,
several  carbamate  insecticides with  greatly diflering structu'res  are  investigated as

aandidate  synergists  and  pirimicarb is presented as  a  new  synergist.

･ MATERIALS  AND  METHODS

insect.Specimensof theorganophosphate-resistant  Okayania  strain  of  rice  stem

        403
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borer were  collected  at  Funahocho  in Okayama  Prefecture in the  early  spring  of  1981 ;
the  susceptible  strain  was  collected  at  Kawachinagano  in Osaka  in 1971. The  insects
were  reared  on  rice  seedlings  by the  modified  method  of  SATo C1964) at  250± 1OC  and

under  16hr illumination per day without  insecticidal pressure throughout  successive

generations. Four- to 5-day old  5th instar larvae were  used  in all experiments.

    Chemicats. Most of  the  chemicals  used  were  supplied  by our  Chemical Research
Center and  others  were  bought from the  companics  indicated.

    pirimiphos-methyl (O-2-diethylamino-6-methylpyrimidin-4-yl O, O-dimethylphos-

phorothioate, 91%)

    chlorpyrifos-methyl  (O, O-dimethyl O-3, 5, 6-trichloro-2-pyridyl phosphorothioate,
94%)

    fenitrothion (O, O-dimethyl O-4-nitro-m-tolyl phosphorothioate, 98%)

    fenthion (e, O-dimethyl O-4-methylthio-m-tolyl phosphorothioate, 95%)

    parathion-methyl  (O, O-dimcthyl  O-4-nitrophenyl phosphorothioate, 99%)

    diazinon (O, O-diethyl O-2-isopropyl-6-rnethylpyrimidin-4-yl phosphorothioate,
96%)

    pyridaphenthion  (O, O-diethyl O-2, 3-dihydro-3-oxo-2-phenyl-6-pyridazinyl phos-
phorothioate, 97%)

    chlorpyrifos  (O, O-diethyl O-3, 5, 6-trichloro-2-pyridyl phosphorothioate, 25%

w.p.  Nissan Chem,  Ind. Co., Ltd,)

    parathion (O, O-diethyl O-4-nitrephenyl phosphorothioate, 99%)

    malathion  [S-1, 2-bis(ethoxycarbonyl)ethyl O, O-dimethyl  phosphorodithioate,
95%]

    phosmet  (O, O-dimethyl S-phthalimidomethyl phosphorodithioate, 97%)

    phenthoate  (S-a-ethoxycarbonylbenzyl O, O-dimethyl phosphorodithioate, 93%)

    methidathion  (S-2, 3-dihydro-5-rnethoxy-2-oxo-1, 3, 4-thiadiazol-3-ylmethyl O,
O-dimethyl phosphorodithioate, 95%)

    dichJorvos (2, 2-dichlorovinyl dimethyl phesphate, 98%)

    monocrotophos  (dimethyl cis-1-methyl-2-methyl-carbameylvinyl  phosphate, 50%
c,c.)

    tetrachlorvinphos  [trans-2-chloro-I-(2, 4, 5-trichlorophenyl)vinyl dimethyl phos-

phate, 99%]

    BPMC  (2-sec-butylphenyl-N-methylcarbamate, 99%)

    MPMC  (3, 4-xylyl methylcarbamate,  96%)

    MTMC  (m-tolyl methylcarbamate,  97%)

    isoprocarb (2-isopropylph¢ nyl  methylcarbamate,  98%)

    carbaryl  (I-naphthyl methylcarbamate,  99%)

    bendiocarb  (2, 3-isopropylidene diexyphenyl rnethylcarbamate,  90%)

    pirimicarb (2-dimethylamino-5, 6-dimethylpyrimidin-4-yl dimethylcarbamate, 99

%)
    methornyl  [1-(methylthio)-ethylideneamino rncthylcarbamate,  9Q%]

    IBP CS-benzyl O, O-diisopropyl phosphorothioate, 97%)

    piperonyl butoxide  [5-[2-(2-butoxyethoxy) ethoxy  methyl]-6-propyi-1,  3-benzo-

dioxole, Tokyo  Chem.  Ind. Co,, Ltd.]

    Tbxicity test by topical aAPtication.  One  microliter  of  acetone  solution  of  a  chemical

was  applied  topically by micropipet  to the dorsal part ofeach  insect's abdomen.  Treat-

ed  insccts were  transferred  te a  petri dish containing  rice  stems,  kept at  25e± leC, and
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their mortality  was  recorded  48 hr later; insects in agony  were  included in the  mortality

count,  The  LDso value  ofeach  chemical  was  calculated  by the  method  ofBLiss  (1935).
Synergistic action  was  tested  by applying  a  mixture  of  two  chemicals  at  the  ratio  of  1 :1.
The  LDso  value  of  each  mixture  was  calculated  based on  the  total dose ofthe  two  chemi-

cals.  Co-toxicity coeMcients  were  calculated  by the  method  ofSuN  and  JoHNsoN (1960).
When  the  chemical  did not  show  any  insecticidal activity,  the highest dose applied  was

used  fbr the  calculation  of  the  toxicity index, Twenty  to thirty insects were  used  fbr
each  dese.

    7loxicity test bj oral  administration.  Each  chemical  in emulsifiable  formulation was

diluted with  distilled water  and  O,2 ptl of  the  solution  was  orally  iniected by a  micro-

syringe  attached  with  a  glass capillary.  The  synergistic  action  was  tested by irijection
ofthe  mixture oftwo  chemicals  (1 :1). Insects were  chilled  before treatment and  twenty

ofthem  were  used  for each  dese.

RESULTS

7Toxici(v of organophosphates  to rice stem  borer

    LDso  values  of  13 OP  insecticides to two  strains  of  rice  stem  borer
Table  1, The  LDse  values  ofsuch  thiophosphates  as  fenitrothion and

            Table 1. Toxicity oforganophosphorus  insccticides to the resistant

                Okayama  strain  and  the  susceptible  strain  of  rice  stem  borer

                                        Lbso'(pt'g'7gSa 

''M"'-

          Chemical  L

 are  shown  in
diazinon were

Okayama  (R) Suspep!!ble
 (S)

RIS

      s
       [[
(CH30)2P-O-R
 Pirimiphos-methyl

 Chlorpyrifos-mcthyl
 Fenitrothion

 Fenthion

       s
       ll
(C2HsO)2P-O-R
 Pyridaphenthion

 Diazinon

      s
      11
(CH30)2P-S-R
 Phosmet

 Malathion
 Phenthoate

 Methidathion

      o
      1[
CCHsO)2P-O-R
 Dichlorvos

 Monocrotophos

 Tetrachlorvinphos

365 <271-629)
115 (81.9"I61)
 58.5 (48.4-69.9)
29,O (22.7-36,7)

29.4 (2(F.7-35,6)
16,2 (12.2-23.2)

8.22 (6,72-10.2)
6.82 (5.15-9.49)
1.67 (l.S2-2.07)
S.22 (2,56-4,e9)

19,6 <16.1-23.8)
3.41 (2.80-4.03)
2.54 (2,02-3.22)

1,15 (1.05-1.24)
O.635 (O.566mO.708)
1.27 (1.I5-1.co)
O.939 (O.837-I.06)

1･67 (ls51rm1･85)
1.39 Cl.25-1.53)

2.16 (I.9I-2.44)
3.30 (2.51-<P,30)
O.729 (O.685n.779)
2.74 (2.22-3.36)

3.071,081.00 (2.35-3.86)
 (O,975-1.22)

..(9.:8A.9.-i･l8.i...

317181

 46

 31

1812

4221

6s3

a
 Figures in parentheses indicate 95%confidence  limits.
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greater in the  Okayama  strain  than  in the  susceptible  strain,  and  the  resistance  factors

(RfS) lbr these insecticides werc  more  than  IO, For the  dirnethylthiophosphates, the

RIS values  reached  more  than  leO, indicating development of  an  even  higher level of
resistance  to dimethylthiophosphate compounds.  On  the  other  hand, the  values  were

small  in such  dithiophosphates and  phosphates as  malathion  and  monocrotophos',

It is, the.refore, concluded  that  the Okayama  strain  has developed resistance  mainly  to

thiophosphates,  especially  to dimethylthiophosphate compounds,

bynergism betweenfonitrothion and  carbamates  against resistant  rice stem  borer

    Synergistic action  of  several  carbamates  on  fenitrothion was  investigated using  the

resistant  Okayama  strain  (Table 2). Co-toxicity coeMcients  were  about  100 when  a

substituted  phenylcarbamate,  a' naphthylcarbamateCcarbaryl)  or  bendiocarb was

combined  with  fenitrothion, indicating that  these chemical  combinations  have no

synergistic  action.  The  co-toxicity  coeMcient  between  an  oximecarbamate(methomyl)

and  fenitrothion was  46, an  indication that  this combination  was  antagonistic.  Among
the  carbamate  insecticides tested, pirimicarb showed  an  ebvious  synergism  with  fenitro-
thion,  and  the  co-toxicity  coerncient  between these  chemicals  reached  372. The
synergistic  eflbct  of  pirimicarb was  greater than  that  of  IBP, while  piperonyl butoxide

showed  no  synergistic activity.

'

Table 2, Synergism between fenitrothion and  carbamates  against  resistant  rice  stem  borer

   ch.micai 
LDso

 (ptgig)a , co-to.i.ity

Single Mixtureb
coeficient

 Fenitrothion 58,5 (48.4-69.9)
Phenylcarbamate

 BPMCC  476 (368-620)
 MPMCC  361 (230-560)
 MTMce  308 (215-438)
 IsoprocarbC l,250 (1,OIO-1,950)
Naphthylcarbamate

 Carbaryld 1,200 (863-3,140)
Oximecarbamate

 Methomyle  23,7 (16,2-38.0)
Others

 Bendiocarbf 686 (470-1,150)
 Pirimicarbg >1,410

 IBP  >1,310

 
･Piperonyl

 butoxide >1,1OO

a Figures in parentheS6s indicate 95%  confidence  limits
bC

 
cH,NHco,@R

 
d

 
cHiNHco,8

 
e

f

96.6 {73.9-122)
78.7 (59.5-107)
91.7 (70.0-124)
81,8 (61,8-106)

I05 (83,5-134)

72,7 (57,7-92.6)

102 (80,8-136)
31.5 (26.1-38,1)
43,4 (35.2-53.9)
92.5 C71,O-119)

108127107138

106

46

106372258127

Values are  total weights  of  the  mixture  with  fenitrothion (1: 1).

cH,NHcoiA

      ve
     CH]  CH,

g(cH,>,NcoiXr'cHJ

       
Nltil         .N.･

         CCH,},

CH.NHCO,N-C-SCU,        t

       CH!
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3. Synergism between pirimicarb and  organophosphorus

                 reslstant  rice  stem  borer
insecticides against

.ro7

Chemical R

LDso(  pglg  >a

Siagle
     bMtxture

Co-toxicity

coefficient

     s     ld

(CHsO),P-O-R
Pirimiphos-rnethyl

Chlorpyrifos-methyl.

Fenttvothion

Fenthion

 Parathion-methyl

      F,
<C.H.O),?-O-R
 Di.azi.non

 Pyridaphenthion

 Ch]orpyrifos

 Parathion

     F,
(eHso)ip-s-R
 Halathion

 Phosmet

 Metliidathion

 PhenLhoate

      P,
ccH]e).p-o-R'

 DichloTvos

 Menocrotophos

 Tetrachlorvinphos

'tf1[,H.),

ti:icl
   CH)o

   uliOl

.oC  
Hs
 3H,

O-No,

  CHt･cop

  CH(CH,),

-no,-ND

  CI-e>c,
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±

-?HCO,CiHs
cH;Cetc,H,

-cHi-N:O-cn:s::Ns>ocg,

-YHO

 co:g:Hs

-cl(-CCI.

'Z:LfUCONHCH.

 Cl-fib,gi,

 CHCI

  365C271-626)

  11S(Bl,9-l61)

   58,5{48.4-69.9)

   29,O(22,7-36,7)

   IS,4(I2.0-39;5)

   16,2(12.2-･23.2)

   29,4 .
(24.7-35.6)

   39.8{28.0-53.4)

   32.I(Z7.1-3S,7)

    6,S2
(5.15-9.49)

    8,22

(6,72-le.2)

    3.22

{2.S6-･4.09)

    1.67

Cl.32.2.07)

   19.6.

(l6.l-23.8)
        '
    3,41
(2.tiO+4.03)

    2.S4

(2:02r3.22)

  S3.3<66.B-104)

  36,9(30,9-44,S)

  3L5(26,]-38,l)

  l9.6CIS.7-22.5>

  12,8(le.8-15.2)

  37.6(32.4-4tt.!)

  S6.2(45.5-69.2>

  54.9(44.3-67.5)

  S3.S{43.8N66.7)

   S.17(4.29-6.22)

   9.92(7,53-13.0)

   4,60(3,73-5.68)

   2.62C2.29.-3.ll)

  32.8(25.S-42.9-)

   7Lo26
(5.88-8.63)

   7,33<.6,.12-B.80)

877

624.

3)2

296

240

 86.

105

14S

120

263

166

140

127

.ZIS

 9']

 69

              
a
 Figures in parenthcscs i,ndicatc 95%  confi4ence  limits.

              b  Values are  total weights  of' the mixttire  with  
'pirirnicarb

 (1 : 1).                                         '                                                    '
                                       '                                     tt tt t                                                             tt.      '                                         t t

Svnergism between Piritniearb and  erlganopho. £Phates against re.s,istant rice stem  borer .

    Synergistic a ¢ tion of  pirimicarb with  16 OP  insecticides was  studied  using  the  resis-

tant  strain  of  rice  stem  borer (Table 3). Distinct synergistic  efflects  were  observed

between pirimicarb, and  dimethyltb.iophosphate grpup compounds.  Co-tpxicity

coeMcients  between  pirimicarb and  each  dim'ethylth.iQphosphate'were more  than  200.
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Tablc 4.Synergism  between  pirimicarb and  organophosphorus  insecticides

       against  susceptible  rice  stem  borer

Chemical
LDso  (ptglg)a

Single Mixtureb

Pirimiphos-methyl I.15 <1,05-I.24) 2,76 (1,37-B,75)
Fenitrothion 1.27 (1.15-I.40) 2.00 (1.7S-2.23)
Pirimicarb >971  -

Figures in parentheses indicate 95%  confidence  limits.

Values are  total weights  of  the mixture  with  pirimicarb (1: 1).

Co-toxicity
coeMcient

83I27

ab

Table

Chemical

5, Synergism between  pirimicarb and  organophosphorus  insecticides

   against  resistant  rice  stem  borer by  oral  adrninistration

LDso  (ptg/g)a

    Single

 46.0 (35A-58.2)
 l5,7 <12.9-19,1)
412 <349-486)

Mixtureb

Fenitrothion

Diazinon
Pirirnicarb

22.0 (16.4-28,7)
17.8 (15.2-20.4)

Co-toxicity
coeMcient

  B77

  170

abFigures  in parentheses indicate 9s%  confidencc  limits.

Values are  total weights  ofthe  mixture  with  pirimicarb (I: 1).

Strong synergism  appeared  particularly between  pirirnicarb and  pirimiphos-methyl or

chlorpyrifos-methyl,  with  ce-toxicity  coeMcients  reaching  877 and  624, respectively.

It is noteworthy  that  both  these  compounds  have a  hetero cyclic  ring  in their  structure,

Among  the  dimethyldithiophosphate  group, only  malathion  was  synergized  by pirimi-                          '
carb;  the chemical  showcd  synergistic  action  with  neither  diethylthiophosphate nor

dimethylphosphate  group compounds,  even  though  thesc  compounds  had hetero cyclic
rings  in their structures.

syneLgism between Pirimicarb and  organophosphates  trgainst  suscoptible  rice stem  borer

    Co-toxicity efll  cts  ofpirimicarb  with  pirimiphos-methyl or  fenitrothion were  studied

against  the  susceptible  strain  ef  rice  stern  borer; co-toxicity  coeMcient  of  each  combi-

nation  was  about  100 (Table 4). Two  combinations  of  the insecticides which  showed

synergism  on  resistant  insects showed  no  synergistic  efft]ct  against  susceptible  insects.

El),nergism between Pirimicarb and  onganophosphates  against resistant rice  stem  borer by oral  adminis-

tratzon

    Since all experiments  shown  above  were  carried  out  by the  topical  application

method,  it was  possible that mixing  pirimicarb with  organophosphates  enhanced  their

penetration from  the  cuticle  into the  body  ofthe  resistant  strain.  To  investigate whether

penetration difi'erences contribute  to the  resistance  and  whether  the  mixing  efpirimicarb

and  organophosphates  contribute  to  the  synergism  by  changing  their penetration rate,

co-toxicity  tests were  undertaken  by the  oral  administration  method  (Table 5). The

LDso  values  of  fenitrothion and  diazinon were  almost  the  same  as  the  values  of  dermal

LDso  in Table  1, The  co-toxicity  coeMcient  of  pirimicarb and  fenitrothion was  also
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equal  to the  value  by topical application  shown  in Table  3, though  weak  s

observed  with  the  mixture  ofpirimicarb  and  diazinon.

409

     iynerglsm
 was

DISCUSSION

    As reported  by TANAKA  et al. (1982), the  Okayama  strain  of  rice  stem  borer had
highly developed resistance  to thiophosphate  greup  compounds  (Table 1). Pirimicarb
showed  obvious  synergism  with  OP  insecticides against  this resistant  strain,  although

other  carbamate  insecticides tested did not  show  any  clear  synergism.  Synergism
between pirimicarb and  OP  insecticides has not  been  reported  on  any  other  strain  of

rice  stem  borer nor  on  other  insects. Pirimicarb is a  selective  aphicide  (BARANoviTs,
1970) and,  by  itselg showed  little insecticidal activity  to the  rice  stem  borer (Tables 2
and  4). It is, therefore,  considered  that  the  synergism  ofpirimicarb  with  OP  insecticides
does not  depend en  the  toxicity of  pirimicarb itselg but upon  seme  unknown  eflbct  it
has on  the  insecticidal activity  of  OP  insecticides against  the  resistant  rice  stem  borer.
Since the  synergism  of  pirimicarb was  not  observed  in the  susceptible  strain  (Table 4),
it is certain  that  the  synergistic  eflbct  in the  resistant  strain  is related  to the  chemical's

obstruction  of  the  resistant  mechanism,  The  result  in Table 5 that  the  oral  toxicities

oforganophQsphates  were  almost  equal  to the  dermal toxicities indicates that  the  pene-
tration from the  cuticle  is not  a  factor contributing  to  the  observed  resistance,  and  the

result  in Table  2 that  pipcronyl butoxide had no  eflbct  indicates that  mixed  function
oxidases  are  also  net  involved in the  resistant  mechanisms.  Therefore, it seems  that

pirimicarb aflbcts  other  mechanisms  ofresistance  than  those.  It is most  likely that  the

hetero ring  of  pirimicarb plays an  important role  as  a  competitor  of  an  OP  insecticide
which  is a  substrate  for certain  metabolic  enzyme(s)  of  resi$tant  insects, because a  high
level of  resistance  was  observed  with  dimethylthiophosphates which  have hetero rings

in their structures  (Table 1), and  because among  several  carbamates  tested  pirimicarb
is thc  only  compound  which  has this ring  in its structure  (Table 2).

    On  the  other  hand, it was  reported  that  an  aliesterase  band specific  to the  resistant

strain  was  detected by polyacrylamide gel electrophoresis  and  was  completely  inhibited
by  the  topical  application  of  IBP in vivo  (MANABE et  al.,  1983). The  aliesterase  was

suggested  to play some  role  in the  detoxication of  fenitrothion. It is quite possible that
the  synergistic  action  of  pirimicarb in the present paper is caused  by the  same  mechanism

of  IBP, i.e,, the  inhibition of  aliesterase.

    Two  important questions still remain.  One  is why  substituted  phenylcarbamates
did not  show  any  synergism  in combination  with  fenitrothion (Table 2), since  they  are

known  as  good  inhibitors of  aliesterase  in the  resistant  green rice  leafhoppers (HAMA
and  IwATA, 1972, l973). The  other  is why  the synergistic  action  ofpirimicarb  was  not

observed  with  diethylthiophosphates (Table 3), though  in the  case  of  IBP  the synergism

was  observed  (unpublished data). It is clear  that  the  alkyl  radical  of  thiophosphates

has a  very  important role  in the  appearance  of  the  synergisrn  ofpirimicarb,  because the

co-toxicity  coeMcient  of  parathion-methyl and  pirimicarb difll]red greatly from that  of

parathion and  pirimicarb (Table 3). In order  to explain  these  phenomena, more

detailed investigations must  be carried  out.
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