
Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofAppliedEntomology  andZoology

Appl,Ent.Zool.  17 (4) :432-438(1982)

Release Rate and  Distance Effects of  Evaporators with  Z-11-

  Hexadecenal  and  Z-5-Hexadecene on  Disruption of  Male

      Orjentation in the  Rice Stem Borer  Moth,  Chilo

        smppressalis  WALKER  (Lepidoptera : Pyralidae)

HirooKANNO,MakotoHATToRi  and  Akio  SATo

Laboratocyof' APPIied Entomology,

          Jbetsu,Hbkuriku
 IVtttionat Agricutturat Erperiment Station,

Migata  943-Ol, koan

SadahiroTATsuKi,  Kyoichi

Yoshiko  OHGucHIUcHIuMi,

 Masaaki  KuRIHARA

and  Jun-ichi FuKAMI

btsect Pdysiaiogy and  Tbxicology Laborato[y, ZEe imtitute of Piij,sical and

        anemicai Research, MiZike, Saitama 351, Japan

<RcceivedFebruary 8,1982)

   In the ricc  stem  borer moth,  C7iito stcePressalis  NVALKER,  the  practical use  of  evaporators

with  Z-11-hexadecenal (Z-11-HDAL), major  component  of  the  sex  pheromene,  and  its ana-
loguc Z-5-hexadecene  <Z-5-HD) for disruption of  sex  pheromone  communication  was  ex-

amined  in the  paddy  field. Pelyethylcne capillary  evaporators  with  Z-11-HDAL  at  a  relcase

rate  of  2,1 mgihafhr  disrupted more  than  90%  of  the  male  orientation  to a  virgin  female

baited trap  whcn  placed  16 m  apart,  and  70%  or  more  disruption Qccurred  at  a  64 m  scpa-

ration  distance when  the  rclcase  rate  from  a  laminatcd  evaporater  was  9,4 mglhathr.  These

results  further suggested  that  the  disruptive effect  ef  Z-11-HDAL  may  be raised  more  by an

increasing release  rate  pcr  unit  area  even  if the  evaporators  are  placed  more  widely  apart.

The  disruptivc eflhct  of  Z-5-HD  on  male  oricntation  was  apparently  lower than  that  of  Z-

11-HDAL.

TNTRODUCTION

    We  have previously shown  that  the  sex  pheromone  communication  in the  rice

stem  borcr moth,  enilo seqpibressalis WALKER,  can  be disrupted by  permeating  the  air

with  synthetic  sex  pheromone  components  and  their analogues  (KANNo et  al,, 1978,
!98e; KANNo  and  TATsuKi, l981; TATsuKi and  KANNo,  1981). Successfu1 disrup-
tion  of  pheromone  communication  between male  and  female lepidopterous insects
has been done  by two  main  approaches:  investigations of  the  amount  of  chemical

released  into the  air  per unit  area,  and  of  the  spacing  between the  release  points of

the  disruptants (McLAuGHmN et  al,, 1972; SHoREy  et  al., 1972; SHoREy  and  GAsToN,
1974). Thus  two  diffbrent approaches  can  be taken  in developing  a  pheromone-
disruption technique.  The  devices holding the  disruptant may  be placed close  to-

bcrether
 (within cm)  in the treated area,  with  each  evaporation-substrate  releasing
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disruptant at  a  low rate.  On  the  other  hand, evaporation-substrates  may  be spaced

far apart  Cm or  possible km), emitting  disruptant at  a  relatively  high rate.  The  most

popular technique  in the  former approach  is the  application  of  microencapsulated

pheromone  as  shown  in many  lepidopterous specics,  including the  redbanded  leafi
roller,  ArgLJJrotaenia velutinana  (CARDE, et  al., 1975; TAscHENBERG  et  al., 1974), Oriental
fruit moth,  Grophotitha molesta  (GENTRy et al., 1974, 1975), grape berry moth,  Paratobesia
witeana  (TAscHENBERG et  al.,  1974) and  so  on.  The  mi ¢ roencapsule  technique,  how-
ever,  is not  applicable  to the  paddy  field inhabited by enilo sorRpressalis  becausc the

chemical  release  from  the  capsule  may  not  be maintained  in the  padcly water.  In
this study,  therefbre,  the  feasibi]ity of  the  widely  separated  evaporators  containing

the  disruptants, Z-Il-hexadecenal (Z-11-HDAL) and  Z-5-hexadecene  (Z-5-HD) was

assessed  for the  disruption of  pheromone  communication  in C7iigo sormpressalis.

MATERIALS  AND  METHODS

    Insects used.  The  female moths  used  in this study  as  the attraction  sources  were

reared  successively  in bottles (750cin3 in volume)  at  250C, 16hr  illumination. Illu-
mination  intensity during photophase was  about  26001ux. The  rice  seed  varicty

Todorokiwase was  germinated  in the bottles and  providcd  as  lar'val fbod. Pupae
collected  from the  rearing  bottles were  separated  by sex  and  held in diflerent cages

to prevent mating  after  moth  em ¢ rgence.  Virgin females 1 or  2 days old  were  used

in this study.

    7lest compouncls  and  their formulaeion. Z-11-HDAL  and  Z-5-HD  which  had  strong

effects  in a  preliminary disruption test (KANNo et  al,, l978, 1980) were  used  as  the

test compounds.  They  were  synthesized  by  the  Shin-etsu Chemical Co., Ltd. Pu-
rities  of  the  test compounds  were  determined to be more  than  95%  by  gas chromato-

graphy.  These compounds  were  fbrmulatecl as  polyethylene capillary,  as  shown

in Fig. ], by  Shin-etsu Chemical Co., Ltd, and  Nitto Electric Industrial Co. for the
experirnent  in 1980. In this case,  thc  hydroquinone was  added  to Z-11-HDAL  at3a/,

of  total an)ount  to prcvent oxidation,  A  difflerent type  evaporator  was  further for-
mulated  by  Nitto Electric Industrial Co.  for the  experiment  in 1981. The  substrates

of  this evaporator  eonsisted  of  three  layers. A  fiIterpaper-layer treated  with  the  com-

pound  was  placed  betwecn the control-laycr  (Polyolefin copolymer  film coatecl  with

aluminum  vapor)  and  the  barrier-Iayer

(laminated film composed  of  polyester
and  aluminum).  The  margin  of  the

evaperator  was  heat-sealed. Three  di-
mensions  of  the  evaporators  were  Pre-
pared to keep diflerent release  "ates  as

shown  in Table  1. These  release  rates

were  determined to be efllictive  based on
 the  previous experiments  (KANNo et  al.,

l980),

    Fietd eaperiments.  Experiments were

conducted  in a  paddy  field in Kubiki

village,  Niigata prefecture in June, 1980
and  1981. For each  treatment,  sixteen

 Fig. 1. Polyethylene cappillary  evapora-

tors with  Z-11-hexadecenal  and  Z-5 hexa.

decene'used in I980,
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 evaporators  attached  to plastic rods  were

 spaced  in a  checkerboard  grid at  various

 intervals over  the field at  about  1.5 m

 above  the  plants and  a  trap  baited with

 2 virgin  females was  positioned in their

 midst  as  shown  in Fig. 2. The  release

 rates  in a  unit  area  (mg/halhr) were

 estimated  as  fo11ows: one  square  sur-

 rounded  by 4 evaporators  in an  experi-

 mental  grid is covered  by  the  same

 amount  of  vapours  from each  evaporator.

 As  a  control,  only  a  virgin  female trap

 was  used.  The  experimental  plots were

 located at  a  distance of  at  least 200 m

 (1980) and  400m  from  each  other  (1981)
 and  were  designed in duplication (l981)
    run  for 8 nights  in 1980 and  for 13

    in the  traps  each  night  were  ceunted

         the evciporator.  The  release  rates

in the  experiment  in 1981 were  estimated

in the  Iaboratory at  25DC  and  300C,

RESULTS

Tlhe results  in 1980

    The  compounds  released  from  evaporators  were  found to disrupt pheromone
communication  at  di{Ierent percentages depending on  thc  distances (Table 1), Z-
1l-HDAL  disrupted more  than  90%  of  the  male  oricntation  to a  virgin  female bait-
ed  trap  at  a  release  rate  of  2.1 mgfha/hr  when  the  evaporators  were  placed even  16

m  apart,  whereas  at  8.3 mglhalhr,  more  than  95%  disruption occurred  when  they

were  separated  by 2, 4 and  8 m.  Also, at  a  release  rate  of  33,3 mglha/hr  and  a  1 m

separation,  a  complete  disruption of  communication  occurred,  On  the  other  hand,
the  disruptive effect  of  Z-5-HD  on  male  orientation  was  apparently  lower than  that

of  Z-11-HDAL.  In order  to  disrupt male  orientation  at  90%  er  more,  it was  nec-

essary  to  release  more  than  229.2 mgfhafhr.

T;he results  in 1981
    All of  the  spacings  tested  reduced  the number  of  male  captures  (Table 2), A
release  rate  of  2.4 mg/halhr  disruptcd about  700/6 of  the  male  orientation  at  a  sep-

aration,  of  16 m,  but the  disruptive eflbct  at  the same  release  rate  per  unit  arca  was

apparently  rcduced  with  32m  separation  between evaporators,  and  at  9.4mglhaf
hr more  than  70%  disruption occurred  even  at  a  16m  separation.

Relezase rate  of' Z-llLHDAL  fiom evoporator  used  in the 198i euperiment

    The  release  rates  of  Z-11-HDAL  firom evaporators  in the  laboratory are  shown

in Fig. 3. The  actual  rates  were  considerably  lower than  those expected,  estimated
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         Fig. 3. Accumulated  release  amounts  of  Z-11-hexadecenal  from  an  evaporator

        used  in l981 at  250C  and  30eC in a  charnber,

firom previQus cxperiments  (KANNo et  al,, 1980), bein.cr only  about  70%  at  300C  and

40%  at  250C,

                                  DISCUSSION

     The  use  of  widely  separated  evaporators  for disruption of  pheromone  communi-

cation  has been attempted  with  certain  lepidopterous species.  In our  present ex-

periments, we  also  indicated the  pessibility Qf  use  of  widely  separated  evaporators

with  relatively  high rclcasc  rates  of  a  major  pheromone  cemponent,  Z-II-HDAL,
for disruption of  pheromone  communication  in C7iilo serRPressalis,  At  9.4mglhalhr,

greater than  70%  disruption occurred  even  at  64m  separation;  it is suggested  that

the  disruptive effect  of  Z-11-HDAL  may  be raisecl  even  further by increasing the  re-

Iease rate  per unit  area,  and  the  evaporators  can  also  be placed  more  widely  apart

(possibly with  a  lOOm  or  more  separation).  TAscHENBERG  ct  al.  (1974) conducted

field experiments  in which  over  989/6 of  the  males  of  the  reclbanded  leafroller,
Argyrotaenia evelutinana,  and  the grape  berry moth,  Paralobesia viteana,  werc  prevented
from  locating pheromone  sources  by  the  release  of  synthetic  pheromone,  Z-9-dode-

cenyl  acetate,  at  a  rate  of  14mglhafhr; individual evaporators  wcr ¢  spaced  at  one

per 100 m2  and  released  an  estimated  100 pg/hr  of  chcmical.  Farkas  et  al.  (1974)
describea that  looplure, Z-7-dodecenyl acetate,  released  firom evaporators  spaced

both 200m  and  400m  apart  disrupted male  orientation  in Tblichopiusia ni,' a  release

rate  of  25 mg!hallO-hr  night  at  both  200 m  and  400  m  separation  resulted  in 95Y,'.
or  greater disruption of  male  orientation.  In thc  Oriental fruit moth,  q,dia molesta,

RoTHcmLD  (1975) also  indicated that  it was  possible to reduce  the  number  of  evap-

orators  with  the  synthetic  pheromone, Z-8-dodecenyl  acetate,  from  onc  per 50m2
to one  per 400 m2  if a  release  rate  at  5 mg/halhr  were  maintained,  As these  reports

indicate, the release  rate  of  the cpmpound  and  the distance between evaporators  varies

with  the  species.  It seems  thaL  the  eflbctive  release  .rate in enigo sarPPressalis  is a  Iittle
higher than  that  in other  species.

    Widcly separated  evaporators  would  requirc  dispenscrs which  r ¢ 1¢ ase  a  Iarge
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amount  of  compound  and  maintain  a constant  release  rate  throughout  the  flight sea-

son,  In our  experiment,  the  evaporation-substrates  consisted  of  polyethylene  cap-

illary and  laminated film, The  release  rate  varied  depending upon  the surface  area

of  these  evaporators.  The  amount  of  compound  applied  to each  substrate  was  sufi

ficient. However, it is further necessary  to improve  the  evaporator  to prevent oxi-

dation of  the  cempound  and  to provide a  constant  and  large amount  throughout  the

moth  flight season.

    Although  the  distance between  evaporators  may  not  be of  prime importance
as  long as  an  adequate  quantity of  compound  is released  into a  given air  space,  an

upper  limit of  separation  must  exist  (McLAuGHuN et al. 1972). RoTHcmLD  (I975)
indicated that disruption of  the pheromone  communication  of  (Iydia molesta  broke
down  when  evaporators  containing  Z-8-docecenyl  acetate  were  placed at  a  distance
more  than  30 m  apart.  It seems  that the upper  limit of  separatien  clistances of  evap-

orators  are  influenced by meteorological,  topegraphical  and  other  environmental

factors,
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