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   Insecticidc susceptibility  of  lst instar larvae of  the  rice  leafreller drmphalocrocis medinalis

GuENEE,  collected  fi'om 1988 to 1991 in Kynshu,  was  measured  by  leaf dipping mcthod.
The  LCso  values  of diazinon fbr 1988-l99I colonies  were  more  than 10 times  larger than
those for the 1981 colony.  The  LCso  values  of  monocrotophos  for 1990 and  1991 colonies

were  8 and  28  tlmes  larger respectively,  than  those  for the  198I celony.  Ho}vever, the  LCso
values  of  other  insecticides for the  1988-1991  colonies  did not  diflt]r from  those  for thc  198l
colony.  There  were  some  diflerences in insccticide susceptibility  between  Japanese and

Malaysian colonies  ofthe  rice  leafroller. Isovalues ofmonocrotophos  for the  1991 colony  were

10 times  larger than  those  for the  1989 colony.  These colonies  diffbred in their insecticide
susceptibility  to monocrotophos  by a  factor of  23. It was  supposed  that  insensitivity ol'

acctylcholinesterase  to  monocrotophos  was  involved in the rice  leafrolier resistance  to mono-
crotophos,
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INTRODUCTION

   The  ricc  lcafroller, C}zciphatoerocis medinatis  GuENEE, is one  of  the  most  important
insect pests of  the  rice  plant in Kyushu,  This insect can  not  overwinter  in Japan,
except  on  the  Okinawa  Islands, and  migrates  to Japan together  with  the  brown  plant-
hopper  and  the  white-backed  planthopper  in the  rainy  season,

   The  rice  leafroller is controlled  by insecticides from mid-August  to mid-September,

mainly  to prevent the  insect's attack  on  the  flag leaves of  rice  plants. Therefbre, a

knowledge of  the  insecticide susceptibility  of  the  rice  leafroller is important in selecting
eflbctive  insecticides fbr its control.  There are  several  reports  about  the  insecticide
susceptibility  ofthe  rice  ieafroller (ENDo et  al.,  1987; ENDo  and  KAzANo,  l988). The
insecticide susceptibility  ofthe  brown  and  white-backed  planthoppers changed  annually

(NAGATA et al,, 1979; HosoDA, 1983, l989). The  annual  fluctuation in insecticide
susceptibility  of  the  rice  leafrolier, however,  was  not  recognized,  except  fbr diazinon,
until  1986 (ENDo and  KAzANo,  1988).

   This paper describes the changes  in insecticide susceptibility  of  the  rice  leafroller
in Japan during 1988-1991, and  the diflbrences in the  susceptibility  between the  Jap-
anese  and  Malaysian  colonies,
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MATERIALS  AND  METHODS

     insects. Locations and  dates of  collection  of  the moths  are  shown  in each  table.

 More  than  20 moths  were  collected  from  each  coiony.

     Insects were  rearecl  by  modifying  the  method  of  FiuiyosHi et  al.  (1980). The

 collected  moths  were  released  into a  plastic box (22 × 38 x27  cm)  with  absorbent  cotton

 moistened  with  a  10%  honey  solution,  and  allowed  to oviposit  on  the  inner surface

 of  the  box. Rice  seedlings  were  put into the  box  just before hatching, and  the  Iarvae

 were  reared  with  these  seedlings  (variety: Reihou)  in the  plastic cage  (22 × 88 × 27 cm),
 They  were  kept at  25eC  at  16L-8D.

     inseciicides. Technical insecticides used  in this study  were:  Chlorpyrifbs-methyl

 (95%), tetrachlorvinphos  (99%), dimethylvinphos (97%), diazinon (99%), isoxathion
 (97%), fenitrothion (97%), acephate  (97%), monocrotophos  (diluted to 55%  with

 hexylglycol) and  cartap  (98%).
     bzsecticiclal tests. Insecticidal tests were  carried  out  by leafdipping method  (ENDo
 et al., 1987). Thirty five to fbrty ofthe  first instar larvae within  24  h after  hatching
were  used  at  each  concentration.  The  insecticide susceptibility  was  measured  until

the  4th generation after  the  collection  ofthe  moths,  but the  test ofthe  Malaysian colony
collected  in 1989 was  carried  out  in the  14th-17th generations after  the  co]lection.

LCso values  were  calculated  from the  mortality  and  insecticide concentration  in the
leaves of  seedlings  by the  Bmss  formula (BLiss, 1935), The  insecticide concentrations
in the  leaves, which  were  dipped  in several  diflkirent concentrations  of  methyl  alcohol

solution,  were  analyzed  by gas-liquid chromatography.  Percentages ef  insecticide
concentrations  in the  leaves from those  clipping soiutions  were  difllerent for each

insecticide. Mean  of  deposit percentages for chlorpyrifos-methyl,  tetrachlorvinphos,
dimethylvinphos, diazinon, isoxathion, fenitrothion, acephate,  monecrotophos  and

cartap  were  14, 56, 40, 41, 30, 66, 72, 75 and  49%,  respectively.

    I>zhibition test of acetygcholinesterase.  One  hundred  larvae of  5th instar were  homog-
enized  at  OOC  with  IO ml  of  1/15 M  phosphate  buffer (pH 8.0). The  homogenate
was  fiItrated through  nylon  gauze, and  then  centrifuged  at  700g  fbr 10min. The
supernatant  was  furthermore centrifuged  at  10,OOO g for IO min,  and  used  as  an  enzyme

source.

    A  series  ofconcentrations  ofthe  monocrotophos  solution  was  placed in test tubes,
and  the  solvent  was  air-dried.  Inhibition ofacetylcholincsterase  was  measured  by  the

ELLMAN  method               (EmMAN et  al.,  196I) at  280C. Preincubation  was  carried  out  at  280C
for I5 min.

RESULTS  AND  DISCUSSION

    LCso values  of  lst instar larvae of  rice  leafiroller collected  in Fukuoka  Prefecture
in

 
1988-199e

 are  shown  in Table I. LCso values  of  diazinon fbr the  Fukuoka  colony

colleeted  in           l988 and                   l989 were  12-l6 times  iarger than  those  collected  in i981. The
LCse value  of  monocrotophos  ibr Fukuoka colony  collectecl  on  June 30 l988 was  5.2
times  larger than  that  in 1981. But LCse  values  of  the  other  insecticides fbr the  1988
and

 1989 colonies  were  almost  identical to those  for the  1981 colony.

    LCso  values  of  diazinon fbr the  Fukuoka colonies  collected  on  July 17 and  October
22 of  1990 were,  respectively,  9,5 and  66 times  larger than  those  of  1981. LCso values
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Table  I.

Insecticide Susceptibility of  C. medinalis

Insecticide
 susceptibility  of  lst instar larvae of  the rice leaftoller

   collected  in Fukuoka  (Japan) in 1988-I990

                       LCso, ppm

       lgss lgsb 
'
 

'-'lggo
 

'7'--'

 June 30a
       . July16a {uly16a July.17a October22a
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Insecticide

Chlorpyrifos-methyl
Tetrachlorvinphos

Dimethylvinphos
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Cartap
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sonal  fluctuations ofinsecticide  susceptibility  ofthe  rice  leafroller in 1990  and  1991 did
not  show  a  similar  tendency.  The  rice  leafroller can  migrate  long distances like the
brown  planthopper. In the case  of  the  brown  planthopper, IwANAGA  et  al.  (1985)
and  HosoDA  (I986) presumed  that  the  difference of  brachypterous wing-form  ratio  and

insecticide susceptibility  ofJapanese  colonies  may  be due to migration  from diflerent
areas.  In the  rice  leafroller, the difibrence in the insecticide susceptibility  ofJapanese

colonies  in I990 and  I991 rnay  be also  attributable  to the same  phenomenon.
Therefore, the  insecticide susceptibilities  in immigrants  from diflerent sources  must

be thoroughly  examined.

    Annual  changes  in insecticide susceptibility  in thc  brown  and  the  white-backed

planthoppers, which  also  migrate  long distances, were  rcported  by several  investigators
(NAGATA et al., l979; ENDo  et al.,  1988; HosoDA,  1989;ENDo,  1989), In the  case  of  the
ricc  leafroller, the  insecticide resistance  developed  only  for diazinon and  monocrotophos

up  to 1991. The  development ofresistance  fbr diazinon began at  least in 1983 (ENDo
et  al.,  1987, and  then  the  resistance  for monocrotophos  developed  in 1990-1991.

    In the  temperate  zone,  the  rice  leafroller and  brown  planthopper could  migrate

more  than  1,OOO km  (CHANG et al,,  l980). But  the  insecticide susceptibilities  of  the
brown  and  the  white-backed  planthoppers  were  diflerent for th ¢  Japanese and  the
tropical  colonies  (NAGATA and  MAsuDA,  I980; ENDo  et  al.,  1989).  In the  case  of  the
rice  leafroller, LCso  values  of  tetrachlorvinphes,  dimethylvinphos  and  monocrotophos

Tablc  S,

Insecticide

Insecticide susceptibility  of  rice  leafroller collected
in Kedah  (Malaysia) in 1989 and  1990

                     LCso, ppm

              1989 1990

             Apri1 26 December  21

Chlorpyrifos-methyl

Tetrachlorvinphos

Dimethylvinphos

Diazinon

Isoxathion

Fenitrothion

Acephate

Menocrotophos
Cartap

 O.34

 2.0O.6330O.45

3.22,1

 1.5

 O.14

 O.74O.4439O.39

 5.8
 1.4O,63

 1,8

    I'able 4. Diflbrence ofinhibition  of  acetylcholinesterase  of  5th instar Iarvae

           between  Japanese colonies  collccted  in 1989 and  1991
 ttt t tttt- t-ttt tt               ... .ttt. .-...                               tt- tt                                       tttttttt ttttttttttt
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 t ttttttt ttt             .....--.r.t.tt.t.un....L
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''
 (July 16, 1989) 9.49xlO-7M

                      Kumamoto  CAugust6, 1991) 9.08xlO-6  "f

Preincubationwaslsmin'a't2sod  

'
 

-''
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-
 

'

LCso  values  of  1st instar 1arvae ofFukuoka  and  Kumamoto  colony  were  O.39 and9.  I ppm,
respectively,  at  this time.
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for the  Fukuoka  colony  in 1990 were  larger than  those  of  the  Kedah  cQlony  in 1990

(Table 8).
                values  of  monocrotophos  fbr the  1989 Fukuoka and  the  1991
   Since the  LCso

Kumamoto  colonies  were  different, we  examined  the  inhibition of  acetylcholinesterase

by monocrotophes  (Table 4). Insensitivity ofacetylcholinesterase  to carbamates  Fnd
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of  monocrotophos  fbr the  resistant  1991 Kumamoto  colony  wa.s  10 times  highgr than

that for the  susceptible  1989 Fukuoka colony.  X,Vhen the  inhibition test was  
carried

 
out,

LCso  values  of  the  lst instar }arvae of  the  1989 Fukuoka colony  and  those  ef  
the

 
1991

                       and  9.1 ppm,  respectively.  Therefore, it was  supposed

:UaMt ?hMeOtiOnsCeOnlsOitni\itNyVeroef 
Oa'c3e9tylcholin

¢ sterase  to monocrotophos  was  involved in the

monocrotophos  resistance  of  the  rice  leafroller.
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