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   Toshiro  MiyAKE,  Hiroshi HARuyAMA,*  Tomoyuki  OGuRA,**

             Takashi  MiTsul and  Akira SAKuRAI

The  Jnstikttc of Pkysical  c!D'J Chemi/caJ Researa]t. Hirosawa.  Miako  351-OI, JaPan
 *Shiraoka  Reseai'ch Statilon (ij'B-iological  .Soience, Nissan  Chemical  hta. Ltd..

      Shimoka-cho,  Minami-Saitama-gun.  Saitama  349-02. faPan
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   The  activity  of  a  new  juvenile hormone  unalogue,  NC-170  [4L-chloro-5-(6-chloro-3-pyri-
dylmethox.v)-2-(3,4-dichlorophenyl)-pyridazin-3{2H>-one],  was  evaluated  on  fuur species  of

leafhoppers, NePhotetlix  cincticePs,  N.  nigroPicttts,  Ar. virescens  and  Recilia dorsatis. When

NC-170  was  topically applicd  to mid-penultirnate  larvae, their mctamorphosis  was  strengly

inhibited. Thc  compound  with  thc  IDso's of  5,2× 10-ti to 3.7×  10-i2 gllarva was  10 te 30

times  as  active  as  natural  JH-1. The  critical  period of  the morphogenctic  activity  was

limited in a  24 hr  span  before and  aftcr  the  4th larval molt,  The  affectecl  insects did net

develep  into normal  adults,  but  into supernuinerary  larvae  (SLI), About  5 days  later, the

SLI  could  not  complete  tlie melt  into secondary  supernumerar}r  lars.ae (SL2) and  subsequent-

ly died. Furthcrmore,  NC-170  shDwed  good sterile  effects.  When  ncwly  en]crg.ed  female

N.  oincticePs  aclults  wcre  continuously  exposed  te NC-170,  the  hatchability  of  oviposited

esvgs  severely  reduced,  evcn  at  a  cuncentration  ot  4ppm.  In  a  field trial, NC-170  showed

good foliar persistcncy in paddy  fields and  single  spray  trcatment with  100ppm  NC-170

considerably  suppressed  the  population density  of  N.  oincticePs  fer more  than  6 weeks.

            INTRODUCTION

  I.n the  last two  decades, much  information
on  the bioiogical activities  of  juvenile hor-

mone  mimics  (JHMs) has  been  accumulated

not  only  in theoretical  but also  in applied

fields, Some  JHMs (e,g, metheprenc,  fenoxy-

carb,  etc.) have  been developed and  com-

mercially  used  in varic)us  insect control  pro-

grams. In leafhoppers and  planthoppers,
which  are  notorious  pests particularly in

Asian  paddy  ficlds, 1iowever, the physiological
and  biochemical roles  (.}f natural  juvenile
hormones  (JHs) have  still remained  unclear,

and  no  JHM  l]as shown  real  proniise from  a

practical viewpoint,  Although some  papers

have fragmentarily reportecl  the morpho-

genetic and  other  physiological effects  of  JHs
and  JHMs against  this insect group,i-`)
further studies  witl]  more  active  chemicals  are

necessary  for a  better understanding  of  the

endocrine  events  and  for future hopper  con-

trol programs involving JHMs  or  other  insect

growth regulators  (IGR).
  NC-I70  (Fig. 1), recently  discovered by

Nissan Chemical Industries Ltd., is a  JHM  of

a  new  chemical  class.  This compound  1]as
selcctisre  JH-like effects  on  leafhoppers and

planthoppers,5) This  paper provides basic in-
formation  on  the morphogenetic  and  sterile

activities  of  NC-170  to  leafhoppers and  dis-
cusses  practical prespects ef  NC-}70  as  a  new
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Fig. I Chemical structure  of  NC-l70.

[4-chlore-5-(6-chloro-3-I)yridylmethoxy)-2-(3,4-
dichlorophenyl)-pyridazin-3(2">-ene]

ag 16 gg

leafhopper control  agent  with  JH  like ac-

tivities.

        MATERIALS  AND  METHODS

1. Animals

  Four  species  oi  Ieafhoppers, NePhotettix
cincticops,  N.  nigroPt'ctus,  N. wirescens  and

Recilia dorsalis were  reared  on  rice  scedlings

at  250C, 70%  RH,  under  long-day  (16L18D)
photoperiod regimens.  N. cincticeips  was  ori-

ginally collected  in paddy  fields in Saitama
Prcf., Japan, in l972, and  the other  three
species  were  supplied  by  Dr. H.  Noda, the
National Institute of  Sericulture and  Ento-
mological  Science, Tsukuba,  Japan.

2, Chemicals

  Juvenile hormones  1, 2 and  3 were  purchased
from Sigma. NC-170  was  synthesized  and

formulated into a  10%  wettable  powder  (WP)
in the Central Researcli Institute, Nissan
Chemical Industries Ltd.

3. nfoicPhogeneticActivity

  Contact application:  Rice  plants in the 6-7
leaf stage  grown  in 15 cm  diameter pots  were

sprayed  with  thc aquatic  suspension  of  NC-170

(10% WP)  until  runoff,  and  air-dried.  Each

pot was  surrounded  by  a  transparent  plastic
cylincler  (40 cm  in height × 15 cm  in diameter).
Thirty  mid-penultimate  (2 day-old, fourth
stadium)  leafhopper Iarvae per pot  were

relcased  on  the rice  plants. The  pots were

kept  at  250C and  morphogenetic  effeets  of
NC-1  70 were  observed  under  a  vinocular  micro-

scope,  when  needed,  14 days after  treatment.

  To  evaluate  the sensitivity  of AJ. ci･ncticops

to NC-170  at  different developmental stages,

fixed age  Iarvae werc  fed on  rice  plants treated
with  10 or  1 ppm  NC-170  (100,i WP)  for 24 hr,
and  then  transferred onto  untreated  rice

 eg3g  pthk3lf8JI

 plants. The  morphogenetic  activity  of  NC-

 170 was  observed  after  the 5th molt  (usually
the transformation  into adult).  In addition,

 to evaluate  the effects  of  NC-l70  on  the dura-
tion of  the 5th larval stadium,  rice  stems

treated with  100 or  Oppm  NC-170  were  put
into glass tubcs, in which  rnid-penultimate

larvae had  been individually reared.  The
timing  of  the 4th  and  5th molt  was  chccked

every  eight  hours after  release.

  Topical application:  Mid-penultimate larvae
were  anesthetized  with  carbon  dioxide. Tech-
nical  NC-170  or  natural  JHs in O.03/`1 of

acetone  was  topically applied  to the dorsal
thoracic surface  with  an  Arnord  automatic

microapplicator  fitted with  a  100 pt.1 syringe

and  a  glass capillary,  Tlie treated leafhoppers

were  kept on  potted  rice  plants until  observed.

  The  ICso and  IDso values  were  obtained  by
statistical  analysis  using  the probit technique
from the merphological  analysis  data, In this

paper, any  larvae possessing setae  on  their
dorsal abdominal  terga  in the 6th stadium  were

recognized  as  supernumerary.

4. Sterile Activity

  Five  pairs of  new]y  emerged  of  N. cinctt'cEips

adults  were  released  on  potted rice  plants
sprayed  with  various  concentrations  of  NC-!70

(le9,'. "iP), and  kept  for 15 days  (the pre-
oviposition  period of  this species  was  about  8
days), After the adults  were  removed,  the

plants were  kept  for another  15 days, and  the
number  of  newly  hatched  larvae were  then
counted,

  In the  case  of  mature  adults  (10-14 days
after  eclosion),  they  were  fed on  treated plants
for 5 days and  removed.  The  effect  of  NC-170
was  observed  in the  same  manner  as  mentioned

abeve.

  In another  series  of  experiment$,  the
number  of  oviposited  eggs  en  the rice  plants
were  counted  immediately after  the  removal

of  the adults  in order  to evaluate  the effects  of

NC-I70  on  the oviposition.

5. 0wicidalActivi(>,

  AT, ci7tct-icaps  eggs  O-12 hr-old were  eollected

from rice  plants and  kept in distilled water.

Every  24hr, more  than  50 eggs  were  trans-
ferred on  fiIter papers  soaked  with  an  aquatic
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the metamorphosis  of  leafhoppers were  evalu-

ated  with  two  different methods  (Table 1),
NC-170  strongly  inhibited the  metamorphosis

of  the four leafhopper species  when  mid-

penultimate  larvae were  released  on  rice

plants sprayed  with  it. The  sensitivity  to
NC-170  was  almost  the same  among  thc  three
Nqf)hotettix species  with  ICs[]is of  O,Ol to O,08

ppm,  whereas  R. dorsalis was  slightly  less
sensitive,  with  a  ICso of  O.3ppm.  Among
three natural  JHs, JH-1 was  the most  active

against  all of  the four species,  followed by  JH-
2, and  JH-3 was  almost  inactive as  a  meta-

morphosis  inhibitor. NC-170  was  IO to 30
times more  active  than  JH-1.
  Fourth stadium  leafhopper larvae treated
with  NC-170  molted  normally  into the fifth

(usually the final) stadium  with  some  unusual

discoloration, The  whole  cuticle  was  strongly

melanized  at  this stagc,  turning  to shin>,  black
in N. cincticaps  and  IV. "igroPictus,  and  to
blackish red  in R. dorsalis. On  the other

hand, the epidermis  became  dark  green in N,
virescens  because of  the accumulation  of green
pigments, as  shown  in Fig, 2,
  The  mean  duration of  the final stadium  was

5 days  on  average  in A', ci･ncticePs  males,

slightly  shorter  than that of  females (5,7
days). Applications of  NC-I70  shortened  the
duration to 4 davs in both males  and  females

(Fig. 3-a) in a  d6se-related manner  (Fig, 3-b),
They  then  developed into first supernumerary

larvae (SLI). Thc  SLI  survived  for about  5
days  and  molted  to second  supernumerary

larva (SL2). This molt  was  not  completed,

however, resulting  in death.

2, Mozjbhologl, ofSuPemumeraitl, Larwa

  The  morphotogical  characteristics  of  SLI  and

NC-170  and  natural  JHs to four  species  of

August  1991

suspension  of  10, 1, O.1, O.Ol, or  O ppm  NC-170

(10?,tt "JI') to remain  wet  throughout  the ex-

periment. Then,  thc eggs  were  kept at  250C,
70%  RH,  under  long-day  photoperiod  regi-

mens.  Hatching  inhibition and  development-

al stages  of  embryos  were  examined  under  a

1)inocular microscope  on  the 14th day  after

ovlposltlon,

6. Fi-eld Trials and  Residual Activitv

  The experiment  on  N'. cincticePs'  was  con-

ducted in a  paddy  field in Saitama  Prcf.,

Japan, in 1989, where  a  
FMusashi-kogane'

 rice

variety  had  been planted  in inid-June.  Both
treated and  untreated  plots were  80 m2  in size
and  each  plot was  replicated  three times. An
aquatic  suspension  of  100 pprn NC-l70  (10%'
VVrP) was  sprayed  with  a  power  sprayer

(Ky6ritsu Co, Ltd., "'Iodel HI'E-170) at  120 J/
1OOO mZ  on  July 18,
  AJ. cifzcti-cePs  adults  in each  plot were  col-

Iected by  a  sweeping  method  (10 sweeps  with

a  30 cm  sweep  net,  repeated  four times  per
plot) every  week  from July 7 (pre-treatment)
to  September  12, and  the  number  was  counted.

  At  the same  time, fivc rice  plant stumps  per

plet were  taken  from the fields treated with

NC-170  to the  laboratory  every･  week  aiter

treatment,  and  replanted  in 25cm  diameter

pots. Each  pot  was  surrounded  by  a  trans-

parent plastic cylinder  (75 cm  in height × 22
cm  in diameter). Fifty mid-penultimate  larvae
of  Ai. cinct-icqPs  or  R. dorsalis per pot were

released.  The  morphogenetic  activity  of  the
chemical  was  assessed  14 davs after  release.                        "

                RESULTS

i. MetamoiPhosis-Inhibiltin.cr. ActilvitJv

  The  effects  of  NC-170  and  natural  JHs on

       Table  1 Metamorphosis-inhibiting  activity  of

       leafhoppers.

   Species

N.  oinotioePs

N.  nigroPictus

N.  vi･resce"s

R. dorsaJis

ICs,o {ppm)a)

  NC-170

   O.Osi'' 
'
 7.

   O,Ol  3.

   O.03 1.

   0.30  5.

IDso  (g/larva)b)

NC-170 JH-1

65  ×  1()-m

70 x  IO-i2

5 × 10-ii

2xlo-n

2,29x1e-to
8,5 × 1O-it

1.S5  × 1o-to

4･-1× lo-ie
 .

  JH-2

2.85  × 1o-s

5.2  >< 1G-s

7× lo-s1.08
 >< 1o-T

 JH-3

>1x1O-G

>1x10-6

>1xlo-e

>1 × 10-6

a)

 Contact  applicatinn,b)Topical  application.
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blg.  2 General  appearance  of  5th stadiurn

Iarvae  ancl  SI.1 of  ]eafhoppers  affected  with  NC-

170.Upper

 left: N.  cincticePs,  5th stadium  larva,

Upper  right:  )v'. cincticePs,  SLI,  Lower  ]elt: IN'.

viFescefls,  5th stadium  larva, Lower  right:  ;N"F.

vi･i'esoens,  SLI.

SL2  are  summarized  in Table 2, compared  with

those of  normal  larvae and  adults.  Except

fer the size  and  the color,  SLI and  SL2  were

almost  the same  in general cxternal  shape  as

5th  stadium  larvae (Fig. 2), Huwever,  they
had  adultoid  characteristics  such  as  three-

segmented  tarsi, adult-type  setae  on  pygofer
and  rudimental  genitalia, and  oceli,

3. Sens･it･i'vit-l, in D(ffli-rent Stage

  The  sensitivity  of  AJ'. cincticops  to NC-l70

increased as  thc larvae advanced  in stadium,

rcaching  maximum  at  the late (3 day-old) 4th
stadium,  and  decrcased rapidly  thereafter

(Fig. 4), The  individual rearing  revealed  that
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      ./
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  o
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          n t
            4th 5th  6th 7th

                DAY  AFTER  4TH  MOLT

li'i.cr. 3 Effect of  NC-170  on  the  duration  oi  5th

]arval stadiuni  i" A'. cint'tice'Ps.

Each  mark  indicates a  chronological  increase in

the percentage  ef  moltecl  insects to  adults  {un-
tieated  larvae) or  SI.1  (larvae treated  with  NC.-

170)e

 rfemalc  treated with  100  ppm  NC-170,  -  : male

treatecl witlL  100 ppm  NC-I70,  Ai  fe!nale treated

with  1ppm  NC-170;  o:  ulltrcatcd  lemale, D:
nntreated  rnale.

the  sensitivity  was  lost in the period from 24 hr
before thc  fourth larval molt  to 24 hr after  the

molt  at  least in male  (Fig. 5), which  is thc  se-

called  
`critical

 period' of  the morphogenetic

activity  in this species.  From  this finding, the

assumption  was  led: the  switchover  of  com-

mitment  from larva to adult  occurs  in this

period.

4, Steriie and  Ovicidal Act･ivities

  When  five pairs of  newly  emerged  2V,
cincticePs  adults  were  released  on  a  rice  plant
sprayed  with  NC-]70, there was  no  observed

effect  in mating  behavior, ovary  maturation

and  ovipositien  during 15 days after  emergence

(Table 3). The  hatchability of  laid eggs,

]iowever, was  severely  suppressed  by  NC-170.
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Table

Larva SLI SL2 Adult

XVingTarsusSetae

 on  abdominal

 tergite

Sctac en  pygofer

External  genitalia

Oceli

Rudimental

2 scgmented

Present

Larval  typu

Rudimental

Absent

Rudimuntal

3 segmented

Present

I.arval type  &
 adult  type

Rudimcnt  with

  adult  setae

Present

Rudimental

3 segmented

Prcsent

Larval  typc  &  2
 of  adult  type

Rudiment  with

 of  adult  setae

1)resent

series

2 series

Expanded
S segmented

Absent

Adult  type

Developed

Present

s:Elgg2ii
cntco Table3  Effccts

of  N.  cincticePs.of

 NC-170on  the  oviposition

Conc,  (ppm)

MeanNo.  of  ovipesitcd  eggs

(± SD)t5  fernales

oo
Newly  emerged

   adultsa)Matured

o b
      p t
        tst ald  3pd  4th  5th  lepvel  stediun

            DEVELOP)ENT  STAeE

Fig. 4 Sensitiyity of  Al. cinatioePs  in differcnt

stages  to NC-170.

Age  of  each  trcated group:  2nd  day  of lst, 2nct
and  3rd  stadium;  lst and  3rd day  of  thc 4th

stadium;  2nd  dav  ol  thc  5th stadium.

e:  NC-170  10 ppm,  o: NC-170  1 ppm.

500100Untreated

 check

105111

103

.1 (24..1
 {21.

.9 (17.

4)4)8) 362319

314

  adultsn)

.3 (33.1>

.7 (18.6)

,8 {24.0)

")  SeeMATERIALS

Table4  Stcrile

ctnct･lcePs.

AND

activity

METHODS.

of  NC-170  te N,

Conc,  (ppm)

rvIeanNo.  of  ]iatched larvae

(± SD)t5  females

86E:'s

l

xtfl
Newly  emergcd

   adultsa)

    OA
    OA

    OA

 11.1 ( 9.4)A
 58.9  (16.1)B

 82.5  (19.8)C

Matured  adultsa)

epe

setee,oceli

  #
  8
  

p-

     -24 -12 O t2 2q 36 hr.

        ath  stadiun  5th  steatun

Fig, 5 DiagraTnmatic  representation  of  thc
'critical

 pcriod' of morphogenetic  activity  with

NC-170  in male  N.  oi"eticePs.

Horizental  ltne represents  the initial time  of  ap-

plication, and  perpendicular  linc the  character  of

detailcd morphology  in resulted  SLI  or  adults.

Figure  indicates,  for examplc,  that  the critical

period of  larval sctac  on  abdomlnal  tergite is irom

24  hr  before  thc  4th larval molt  to  5 hr  after  thc

molt.

500100

 20
 4O.8Untreatcd

 check

 17 5 {12.2)A
 71 3 {25.2)A
204 3 (75.6)B
253  8 (43.2)B･C
321 8 (33,O)C

320.5  (23,7)C

a)  SeeMATERIALSANDMETHODS.

Means  in a  culunm  followed  by  the sarne

(A, B  or  C) are  not  significantly  different

O,05; Duncan's  multiple  rangc  test).

lettcr(p-

No  larvae hatched  when  rice  plants were

treated with  NC-170  higher than  20 ppm,  and

the  number  of  ncwly  hatchcd ]arvae was  sub-

stantially  decreased even  at  4ppm  (Table 4).

On  the other  hand,  when  mature  adults  were

released  and  fed on  treated plants the hatcha-

bility of  the oviposited  eggs  were  not  so
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Fig.6  Ovicidal

cincticePs.

e;  NC-170  100ppm,  c):
NC-170  1 ppm,  z:  NC-170

℃ll">i\
X

:x.K.-";c"iNG

e123456789

     DAYS AFTER OVIPOSrTreN

     activity  of  NC-170  toN.

NC-170  10ppm,  -:
O, 1 ppm.

drasticall>r suppressed  compared  with  the case

of  in newly  cmerged  adults  (Table 4),
  The  ovicidal  effect  of  NC-1 70 was  clear  in the
experiment,  as  shown  in Fjg. 6, where  the
chemical  was  appliecl  directly to eggs.  The
eggs  O to 3 days old  werc  very  sensitive  to NC-
170, but after  day  5 they  completely  lost the
sensitivit>r,

th:m

 t50tstum

 too("se

 so86zoO-".Otf-::-;

6/

2
 
xe---exth

/
i

    .".-"-tel-1....i.-.4xxi-'--

5. I;ield 7'rial and  ResiduaJ  Activity

  ?ractical applicatiens  of  NC-170  to N.
ct-ncticePs  were  tested  in a  field. A  single

treatment oE  100ppm  NC-170  in mid-July

suppressed  the population density for mere

than 6 weeks  (Fig, 7>.

  The  simulthneous  evaluation  of  residual

activity  in the field showed  that  the  metamor-

phosis-inhibiting activity  of  NC-170  remained

high for more  than  6 weeks  not  only  to Ar.
cincticops  but also  to  less sensitive  R. dorsalis

(Fig. 8>.

               DISCUSSION

  The  morphogenetic  activity  of  JHMs  is in
general unattractive  for use  in agricultural  pest
controls,  since  the destructive phase in aimost
all agricultural  insect pests is thc larval stage.
The  control  with  the activity  of  JHMs i$ only
after  the larval phase. However, many  field
stuclies  with  JHMs eonducted  over  the last
two  decades  have  shown  tliat in some  special

cases  aimed  at  some  special  targets, it is

possible to use  morphogenctic  controls.6,7)

Homopterous  insects such  as  aphids,  white-

flies, psyllids, scale  insects, are  typieal re-

prescntatives, Somc  positive aspects  in these

         r m
         O1234567e

               WEEKS  AFTER  TREATMENT

Fig. 7 Fie]d trial of  NC-170  on  N.  cincticePs.

e: NC-170  10e ppm,  o: untreated  check.

Perpendicular  bars on  each  mark  show  SD.

ez:ts::n8:2f!

m1oo

oo

o

-ec-o.-eq:..::.:,>

×

               
Si.,b-"':))'))-:

         t m
         Ot2S4567B

              )tEEKS AFTER TnEATMENT

Fig.8  Residual  activity  of  NC-170  in N.
cincticePs  and  R. doTsatis.

e:  N.  oincticePs,  o:  R. dorsatis.

insects for JHM  control  are  : economic  damage
often  requires  a  population  build-up  through
several  generations with  a  short  life cycle,  most

life stages  are  usually  well  exposed,  and  they
are  often  sedentary,  Even  though  the ecologi-
cal  characteristics  of  Ieafhoppers are  not  so

different, they  have thus far not  received  much

attention  as  targets of  JHMs, and  little in-
formation is available  in this field at  present.
One  of  the most  practical reasons  was  the lack
of  promising  chemicals.

  There are  reports  on  the morpliogenetic

activity  of  JHMs to Draeculacql,hula crassi-

co･rnist,S)  and  Ai . cinctice2bs,2)  but the  dose rates
required  do not  appear  to be very  promising.
Even  

`kinoprene,'
 ene  of  the rnost  active

JHMs against  homopterans, had  to be higher
than  625 ppm  to disturb the metamorphosis  of

IV. virescens.`)  Commercially  used  JIIMs,
methoprene,  fenoxycarb and  pyriproxyfen,
were  also almost  completely  inactive against
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6 weeks  on  rice  plants. Such  persistency is
indispensable in reducing  the insect popula-
tion  bclow  the  level o[  economic  damage  rc-

garding  the slow-acting  morphogcnctic  con-

trul, since  ]ife cycle  of  leafhoppers is usually

about  4 weeks  and  its developmental stage  in
the field population  is often  unsynchronous,

  In addition,  the sterile  ellect  of  NC-170
sl]ould  be noted,  because  it contributes  to the

field effect  in concert  with  the above-mentioncd

morphogenetic  activity,  Leafhoppers  bcrener-

a]ly  deposit eggs  in rows  beneath the cpidermis

of  rice  stems,  hence direct ovicidal  effects  of

chemicals  are  frequently haltered, However,
NC-170  is taken  up  by  adu}t  females and

transferred  into the ovaries  and  oviposite(i

eggs,  where  the embryogenesis  is disrupted,
since  the differencc of  its sterile  activitv  be-
tween  in newly  emergcd  adults  and  m"ature

adults  was  observecl.

  Although the precisc mechanism  of  the
ovicidal  action  remains  unclear,  our  observa-

tions suggest  that NC-l70  attacks  early  physio-
logical event(s)  before the  katatrepsis stage

(4th day  of embryogenesis),  disturbing the

eclosion  of  the first stadium  larvae. Mor-

phological observation  should  be done in

detail, since  the morphogenesis  programs  of

Iarvae marked  by  the beginning of  embryo-

genesis would  be disturbed as  observe'd  in the
metarnorphosis.

  The  effect  of  JHM on  inscct population is
the  criterion  by which  the control  potential of

thc  chemical  in question  can  be  evaluated.

Precise fielcl evaluations  of  JHM, ho"rever, are

usually  rather  ditiicult, particularly in migra-

tory  insects like leafhoppers, since  migratien

would  easilv  obscure  all effects  on  insect          "

populations in small  plots. Taking  this nega-

tive  aspect  into consideration,  the effect  oi

NC-170  described in this paper is deemed  to

be satisfactory  even  from the practical stand-

point. The  increase in the population  densit.v
observed  in treated plots thrQugh  the 4th to

7th weeks  after  treatment  is to  be recognizcd

as  a  result  of  immigration  from the control

plots or  the adjacent  paddy  fields. If tl]e

experimental  plots had  becn  ]arge enough  and

the  adult  migration  had  1)een ignorable, the

res.ult  would  have  been much  clearer,  In order

to  make  certain  the practi(r.al pcrformance ef
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leafhoppers in our  experiments  (data not

shown).

  This study  dernonstrates that NC-170  has
excellent  morphogenetic  activity  to all of  the
four species  of  leafheppers  examined  by  beth
contact  and  topical applications,  and  that it is

by  iar the most  active  among  the existing

JHMs  such  as  methoprcne,  kineprcne, feno-
xycarb.  When  the mid-penultimate  N.
cincticq?5s  larvae were  treatecl with  NC-170, a

shortening  of  the duration ef  the ensuing  final
stadium  was  initia]]y observed.  This syndrome
appears  te be ctosely  relatcd  to the following
metamorphosis  inhibition. For instance, the
duration of  the  flnal stadium  in this species  is
obviously  lenger than  that of  four previous
stadia,  and  it is only  in the final stadium  in

which  a  sexual  difference can  be observed

(which is possibly a  reproductive  strategy).S)

These characteristics  indicate important fea-
tures of  the  special  

Cfinal

 stadium,'  within

which  transformation  frem  larva to adult

occurs.  In the final stadiurn  of  the affected

larva, however, the  duration was  shortened  to

about  4 days regardless  of  sex;  and  in addi-

tion, a  4 days period is almost  the same  as

that of  a  penultimate stadiurn,  This  observa-

tion suggests  that the  affected  final stadium

larvae had  maintaincd  certain  physiological
characteristics  of  the penu]timate  stadium.

Thereafter, the metaniorphosis  was  inhibited

and  the larval cycle  was  repeated.  Similar
observations  were  reported  in a  hemipterous
bug, OncoPert"s fasciatus, in which  a  direct
activation  of  the prothoracic  glands by  JHMs
was  be]ieved to have shortened  the dura-
tion.9,io)

  The  resulting  SLI is not  a  perfect super-

numerary  Iarva in morphological  sense  but a

mosaic  individual possessing both larval and

adult  characteristics.  Almost all  SLI  died

during  the  subsequent  molt  because of  their

rnorphological  and  possible physiological im-
balance. The  mode  of  metamorphosis  inhi-
bition by  NC-170  observed  in leafhoppeTs in

our  study  followed  the  rule  of  the  typical

pattern rcported  in otlber  homopterans  such  as

aphidsi'Ti3) or  psyllids.i`)
  Another  remarkable  benefit of  this chemical

is its ]ong residual  activity  not  only  in green-
house5) but alsu  in field: it persists longer than
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NC −170　in　various 　 si亡uations ，　 further　field

trials　are 　llow 　in　progress．

　 The　 previous　paper 　described　th乱t　NC −170
had 　not 　exhibitcd 　any 　signs （，f　JH−like　activity

to　l　5　n 〔，nlM 〕PPer　species ．5）　 Although 　further

studies 　about 　negative 　e丘ects 　on 　beneficial　or

nontarget 　organisms 　are 　to　be　required ，　NC −

170has 　 showed 　 no 　 adverse 　 effects 　 on 　 some

spiders 　 in　 paddy 　 fields　 which 　 are 　 the　lnost

important 　predators　of　leafhoppers（K ．　Naba ，

per．　 comm ．）．　It　is　conceivable 　that　the
specificity 　 together　 with 　 the　 new 　 cllemistry

and 　the　mode 　of　action 　is　the　most 　significant

benefit　 of 　 NC −170　 as 　 a 　 new 　 class 　 IGR ，　 NC −

170may 　 thus　be　applicable 　in　further　intc．

grated　pest　management 　programs 　for　padd ｝
J
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要 約

幼若ホ ル モ ン様 物質 NC −170 の ヨ コ バ イ類 の変

態 ， 産卵 ， 胚 子発 生 に 対す る影 響

　　　　　　　　　　　　三 宅 敏郎， 春山裕史 ， 小倉友幸

　　　　　　　　　　　　　　　　　　満井　喬 ， 桜井　成

ピ リ ダ ジ ノ ン 環 を 有 す る 新規 JHM ，
　 NC ・170 は ， ッ
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A ．Retllakaran ，　J，　Granett ＆ T ．　Ennis ：　
‘
℃ oln 一

マ グ ロ ヨ コ バ イ を は じ め と す る 4 種 の ヨ コ バ イ 類 の 変態

を強 く阻害 し　（ID，，
＝5 ，2xlO − ii・v3．7x10 − 12

　g ／larva），

そ の 活性は JH ・1 の le〜30 倍 で あ っ た ．更 に ，
　 NC −170

は ，ツ マ グ ロ ヨ コ バ イ成虫 の 産卵 に は 影 響を 与え な い

が ，
4ppm 以 上 の 茎 葉散布 で 産下 され た 卵 の 孵化を強 く

阻害す る ．こ れ は ，卵内に 取 り込 ま れ た NC −170 が 胚子

発生 の 初期 の 生 理 現象 を 攪乱 し，そ の 結果，孵 化 が 阻 止

され る もの と想豫 され た． NC ・170 の JH 様作用が ツ マ

グ ロ ヨ コ バ イ の 野 外個体群 に 与 え る 影 響 を 調 べ た と こ

ろ，100ppm の 茎葉散布に よ り，6 週 聞 以 上 に わ た っ て

そ の 密度を 低 く抑え ，
NG170 の 防除剤 と し て の 可能性

が 示唆され た ．こ の 効果は
，

NC −170 の 稲体一ヒで の 長期

の 残効性に ，大 きく依存 して い る もの と考 え られ た ．
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