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   Propargyl  N-(6-ethyl-5-iodo-2-pyridyl)carbamatc  (PEIP) exhibited  high  fungitoxic

activities  against  Er.vsiPke graminis  f. sp.  tritici, Sclerotinia sclerotiorum,  Botv3,tis oinerea,

Pvricularia or),ffae,  and  Rhizoctonia sola･ni  at  O.1 pprn  in v･itro  and  8 te 63  ppm  in vivo,  It

also  showed  activity  against  benzimidazole-resistant isolates of  B,  ci･nerea  as  well  as  the  sensi-

tive  isolates. PEIP  possessed net  only  preventive  activity,  but  also  curative  activity  and

translaminar  action.  The  excellent  activity  ef  PEIP  against  B.  cinerea  and  Elsinoe  amPelina

was  also  confirmed  in ficld trials. I'EIP  induced  morphological  changes  in the conidial

gerrnination and  nuclear  arrangcment  in germ-tubes  of  B. ci"erea  in a  similar  manneT  to  that

of  benomyl,  a  benzimidazole  fungicide. These  results  suggest  that PEIP  interferes with  the

eell  dtvision of  this  fungus.

             INTRODUCTION

  The  benzimidazole  resistance  of  plant
pathogenic fungi has increased throughout  the

world,  making  it diMcult to contrel  many

diseases with  thi$ class  of fungicides.i) As a

strategy  to cope  with  the fungicide resistance

of plant pathogens, the  N-phenylcarbamate

diethofencarb, which  shows  negatively  cor-

related  cross-resistance  to resistant  strains,  has

been  introduced  ior practical use.  But  in-

creased  sensitivitsr  to diethofencarb was  limited
to isolates with  only  high levels of  benz-
imidazole resistance.2)

  NVe discovered a family･ of  pyridylcarbamate
had  high potency for the control  of  benz-
imidazole-resistant and  -sensitive isolates of

cucumber  gray mold  (Botrprtis cinerea).3'

Among  the compounds  of  this family, pro-
pargyl Ai-(6-ethyl-5-iodo-2-pyridyl)carbamate

(PEIP) as  shown  in Fig. 1 had  the most  potent
activity  against  both isolates. Moreover  the

compound  had a  cell  division inhibitory ac-

tivity similar  to benzimidazoles and  dietho-

fencarb. The  excellent  activitv  and  interest-
ing characteristic  of this new  compound  en-

couraged  us  in further studies  to know  its

biological properties.
  The  present paper describes some  biological

properties of  PEIP  including the fungicidal
spectr"um  in z,itro and  the disease control

ethcacy  due to the preventive, curative  and

svstemic  activities  in field trials as  well  as  pot
tests. We  also  examined  the  mode  of  action

of  PEIP  by  using  microscopic  observation,

       MATERIALS  AND  METHODS

1, Chemt'cals and  Formulations
  PEIP  and  diethofencarb were  svnthesized

according  to previously described m"ethods,`,S]

and  the structures  of  the compounds  were

confirmed  by  IR, Mass  and  
iH

 NMR  spectrom-

etry.

  The  benzimidazole  iungicide benomyl  (500,s,'
wettable  powder)  and  the 4',6-diamidino-2-

phenylindole  (DAPI, Wako  Chemical In-
dustries, Ltd.) were  purchased.
  PEIP  and  diethofencarb were  further
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was  sprayed  over  the plant using  a  spray  gun
24 hr before inoculation, The test plants were

inoculated either  by  spraying  aqueous  spore

suspensions  (Ph"vtoPhthora iliofkstans,  Pseudo-

Peronospora cttbensis,  Colletotricht･tm lagenarilum,
Cochliobol･us mty'abeanus  and  Il),'ricu-laria

or.v2ae)  or  by dusting the spores  on  the leaves

(Er.vsiphe gramt:nis, SPhaerotheca ju"gi7iea and

Puccinia coronata>,  Otherwise, mycelial  disks
of  4 mm  in diameter were  placed on  the de-
tached  cucumber  leaf (Scleroti･nia sclerotilorum

and  B. cinerea),  or  the  rice  straws  previously
incut)ated with  the sheath  blight pathogen

(Rhilxoctonia solani)  were  used  to inoculate be-
tween  leaf sheath  portions, The  inoculated

plants were  incubated in the glasshouse for 3
to  11 days at  20 te  280C.

  To  assess  fungicidal activity,  degree of

disease development was  observed  visually

and  evaluated  according  to  the  following
indices:

ipnt7e

          H,:O NH['l"ocH,c.,cH

Fig. 1 PEIP,  propargyl  N-{6-ethyl-5-iodo-2-

pyridyl)carbamate.

formulated as  209,i wettable  powders as

described before,`'

2. J'lants and  Patkogens

  In glasshouse tests, cucumber  (cv. Suyo>,
tomato  (cv, Ponderosa), rice  (cv. Koshihikari),
wheat  (cv. Norin No. 61) and  oat  Cev. Zenshin)
seedlings  were  grown in a  polyethyiene pot
(diameter: 7.5cm),  In case  of  cucumber

plants, the experiments  were  performed  witl]

plants of  one  or  two  true leaf stage.  Tomato,

rice  and  oat  plants were  used  at  four to six

leaf stage,

  iXll the pathogens  stored  in the fungal bank
of  our  company  were  used  for in vzltro  and,/or

-in
 vivo  tests. We  employed  five kinds of B.

c-inerea  isolate, which  are  highly resistant  to

benzimidazole  (HR, S, S>, to both  of  benz-
imidazole and  dicarboximide (HR, R, S), to

diethofenearb (S, S, R), to both of  dicarboxi-
mide  and  diethofencarb (S, R, R), and  inter-

mediately  resistant  to  benzimidazole  and  high-
ly to diethofencarb (IR, S, R>. B. ci,?erea

(IR, S, R) was  1<indly gifted by Agricultural
Technical  Center of  National  Federation of

Agricultural Co-operative  Association (Zen-
Neh).

3. Fit?rgicidal SPectntm  i?i 'v/itro

  To  examine  the antifungal  spectrum  
-in･

 i7itro

of  PEIP,  we  employed  an  agar  dilutien
method.  Each  isolate was  cultured  on  potato-
sucrose  agar  (PSA) at  20 to 25CC. Mycelial
disks (diametcr: 4 mm}  were  then  cut  from  the
margins  of  the  colonies  and  placed on  the PS.A

plates containing  PEIP  in various  concentra-

tions. After incubation at  their optimum  tem-

perature for an  optimum  period, colony  dia-
meter  on  PSA  medium  was  measured  to cal-

culate  ECgo value,

4. Fu,ngicidaZ SPectrum iit viz/o

  To  evaluate  tl]e preventive  activity  in the

glasshouse, 10 ml  of  solution  containing  PEIP

Jl41

3:

2:

11

o:

  Withjudged

 to
tlve concentratlon

5. Curati'c,e

  Thelagenariluvn

as described

plants were

treatment.

plants (the
spore  suspenslon

cu]ated  plants were  incubated

fer 5 davs,      --
  In B.
cotyledons

some  mo

potate-sucrose
paper  disk

 No  lesion

 Lesion area  under  50i-6 ef  treated

 leaves

 Lesion area  under  10%  of treated

 leaves

 Lesion area  under  509,6 of  treated

 leaves

 Lesion area  under  709･tt of  treated

 leaves

 Lesion area  over  70%  ef  treatcd

 leaves

indices 5 to 3, the test compound  was

  be effective,  and  the  minimum  effec-

      
'
 C)v'IEC) was  dctermined,

    and  Systemic Activit.ir
curative  activitv  of  PEJP  for C.              "
   was  evaluated  in the  same  manner

    in the preventive activity,  except

    inoculated 24 or  48 hr before the

    In this experiment,  cucumber

   first true leaf) were  inoculated with

     
'
 of C. Iagenaritt･m. The  ino-

                  in the  glasshouse

  cinere]a,  we  emplo.ved  cucumber

   and  a  paper disk method6)  with

  difications, Spore  suspension  in

      broth (PSB) was  dropped on  a

  which  svas  previously placed on  the
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detached cucumber  leai (the first true leaf).
After incubating for 24 hr in a  moist  plastic
case  at  200C, a leaf with  the lesion was  dipped
into a  PEIP  aqueous  solution  for a  minute,

and  jncubated in a  moist  plastic case  for 3
davs.

  Systemic activity  from root  to leaf was

evaluated  by pouring  20 ml  of  solution  on  the
soi]  surface  around  the cucumber  plant 48 hr
before inoculation, Translaminar activitv

from ieaf-upper-surface te leaf-under-surfac"e
was  also  evaluated.  Chemical solution  was

sprayed  on  the upper-surface  of  the cucumber

leaf 24hr  before inoculation. Mycelial disks
of  B, cinerea  were  inoculated on  the under-

surface  of  the detached  leaf which  had  been
sprayed  en  the upper  side,  The  inoculated
leaves were  incubated  in a  moist  plastic case

for 3 days.

  Except  for the test of  curative  application

against  B. cinerea,  the disease severity  of

cucumber  plants was  rated  in a  similar  manner

above,  In the test of  curative  activity  of  B.
cinerea,  percentage of  disease development uTas
calculated  by measuring  the diameter of  each

lesion just before the chemical  appiication  (a
day after  ineculation) and  at  the end  of  the
experiment  (3 days after  inoculation). Degree
of  disease development was  evaluated  accord-

ing to the following indices:
5:4:

3:

2:

11

o:

No  development
Lesion development
control  leaves
Lesion  development

control  leaves
Lesion  development
control  leaves

Lesion development
control  leaves
Lesion development

centrol  leaves

under  5%  of

under  100/, of

under  50%  of

under  709/6 of

over  70%  of

6. FieldTrials
  PEIP  was  tested at  the concentration  of  250
and  500 ppm  by a  foliar spray  at  1000 lfha for
the control  of  B. cinerea  (curative activity)  on

kidney bean (cv. Himetebou)  at  an  earlier

stage  of  disease development and  of  1000 ppm
by  a  dormant-period treatment  for Elsinoe
amPelina  (preventive activity)  on  grape  (cv,
Neomuscut). Trials were  laid down  as

randomized  blocks, and  replicated  twice with
12 plantsfplot for kidney bean or  with  5 to 6
trees!plot  for grape under  natural  infection,
Disease development was  observed  6 days  after

PEIP  treatment  (B. cinerea)  or  27 days after

treatment  (E. amPelina),  Percent of  diseased

plants or  leaves (PDP or  PDL)  was  deter-
mined  by counting  the number  of  diseased

plants (kidney bean) or  leaves (grape), and

calculated  by  the following formula:

  PDP  or  PDL==number  of  diseased plants
               or  leaves/total number  of

               plants or  leaves ×  lOO

7, Observation of SPore Germination
  A  suspension  of  conidia  of  B, cinerea  con-

taining 10%  PSB  was  mixed  with  each  test
compound  at  a  final concentration  of  1ppm,
and  incubated at  20eC for 24hr  on  a  glass
slide.  Germination of  conidia  was  observed  bv
light microscopy  (OLYMPUS BH-2  micr6-

scope).

8. 0bservation ofNuclei
  Conidia of  B, cinerea  were  suspended  in
sterile  distilled water  containing  10%  PSB
medium.  After germination, each  test com-

pound  was  added,  and  15 pa1 of the suspension

was  spread  and  incubated on  the glass slide

at  200C  for 24hr.  The  suspensiQn  was  air

dried and  stained  with  DAPI  of O.25 ppm  in
methanol  solution.  The  stained  preparations
were  observed  under  a fiuorescence microscope

(OLYMPUS AHBTrFL-2)  with  HBO  200 W12
light source.  One  excitation  filter (UG-1,
365/10), one  dichroic mirror  (DM-tro0) and

barrier filter (L420) were  used.

                RESULTS

1. F ¢ sngitoxic  S2bectrwm
  The  fungitoxic activities  of  PEIP  in witro

and  tln wivo  <preventive activity)  are  sum-

marized  in Table  l, PEIP  possessed a  broad
spectrum  of  activities  against  Ascomycetes,
Basidiomycetes  and  Deuteromycetes with  some

exceptions  and  had a  slight  activity  against

Oomycetes.

  It showed  an  especially  high activity  against

Moniltlnia fructicola, S. sclerotiorum,  Ustilago
nuda,  B. cinerea,  CercosPora beti'cola, CercosPora
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Table 1 Bielogical activity  of  PEIP  inlaboratory

Cin vitvo) and  glasshouse (in vivo)  tests.

Pathegen

rv[inimum  effective

concentration  (ppm)

Jn  witroa)  Ipt t,ivob)

Phycomycetes

 APhanomJ,oes  cochlioides

 PhytoPhthora injbstans

 PseudoPeronosPoracubensis

 Rythium aPhanidermatum
Ascomycetes

 Cochliebol"s miyabeanus

 Colgetotrichumlagenarium

 Elsinoe amPegina

 Er:y,siPhe gFaminis  f. sp.  tritici

 jlonitiniajuucticola

 MlytcosPhaeretla melonis

 ?yrenoPhora graminea
 Rosellinia necatrix

 Sclerotinia scleTotiorum

 SPhaerothecajuliginea

  Valsa ceratosPerma

  Ventu-ria nashicota

Basidiomvcetes

 Corticium  roijSii

 Ilelicobasidium momPa

 Pucoinia  oo}'onata

  Ustilage nttda
Deuteromycetes
 A  lternaria alternata

   apple  pathotype

 Botaytis cinerea  (HR, S, S)e)

  Botrytis  cineTea  (HR, R, S)

 Botrytis cinerea  (S, S, R)

  Botoytis cinerea  (S, R, R)

  Botitytis cinerea  (IR. S, R)

  CeTcosPora beticola

  CercosPora  hihucitii

  CtadosPor･i･um.fbelvum

  Fusarium  ox.vsPoTum  f. sp.

   raPhani

  HelminthosPorium  sacchari

  J'yricularia orygae

  Rhigoctonia solani

  RhynchosPorium  secalis

  Verticiltium dahliae

>100>100

>IOO

>100
   1

   1

 <O.1
   1

   1

   1

 <O,1

   1

   1

10le

<O.1

10<O.1<O,1<O.1<e,1

 O.I<O,1<O.1

 1

   1>100

 <O,1

 <O,1
  10

   l

>soe
 500

>500
  31

   8

 31250

500

1616161663

3163

a)
 Agar  dilution method,  ECgo  value.

b)
 Pot  tests (preventive activity),  ECgo  value.

e)
 Highly  resistant  to benzimidazoles  (HR,S,S},

  te  both  ef  benzimidazoles  and  dicarboximides

  (HR,R,S'], to diethofencarb  (S,S,R), to  both

  of  dicarboximides  and  diethofencarb {S,R, R),

  and  intermediately  resistant  to  benzimidazoles

  and  highly to  diethofencarb  (IR, S, R).

eg2e  rpnt7op5n

kikuchii, P. op:1,'xae and  R. solani  at  O.1 ppm  in

vitro.  PEIP  had  a  similar  degree of  antifungal

activity  against  (HR,S,S), (HR,R,S), (S,S,R)
and  (S,R,R) isolates of  B. cinerea,  Although

PEIP  showed  activity  against  (IR,S,R) isolate,

it was  somewhat  less sensitive  than  the  other

isolates, PEIP  was  also  active  against  C.

Iagenarium, E. amPelina,  MycosPhaerella

melonis,  R),renoPhora graminea, Rosellinia

necatnlx,  Valsa ceratosPerma,  Venturia nashicola,

Cladosporiumjulvum, Fusarium  oaysporMm,  and

Vertieillium dahliae in witro  at  1 ppm.  On

the  other  hand, an  antifungal  activity

against  APhanoiayces cocntieides,  Ph.ytoPhthora

injbstans, Rythium aPhanidermatum,  Cochlio-
                                  +
bolus m6,abeanus  and  HelminthosPonum

sacchari  was  not  observed  even  at  100 ppm,

  In pot  tests, PEIP  was  highly fungitoxic to

E. graminis f. sp.  tritici OfEC: 8ppm),  B.

cinerea  (MEC: 16ppm  against  (HR,S,S),
(HR,R,S), (S,S,R), and  (S,R,R) isolates and  63

ppm  against  (IR,S,R) isolate), C. Iagena･ri"m

(MEC: 3ippm),  S, sclerotioru"t  (MEC: 31

ppm>, P, or.v2ae  (MEC: 31 ppm), and  R. solani

(MEC: 63 ppm).  Against  P. injbstans and  C,

mivabeanus,  the  control  effects  were  not  ob-

ser"ved in vivo  at  500  ppm･

2. Curative and  S>,stemic Activity

  PEIP  possessed not  only  a  preventive ac-

tivity, but also  a curative  activity  against  B.

cinerea  and  C. Iagenarinm  on  cucumber  plants

(Table 2). When  the plants were  sprayed  24

or  48 hr after  inoculation at  125 ppm,  disease

development caused  by C. Iagenarittm was

Tab!e  2 Curative  activity"}  of  PEIP  against

Bot･i:ytis cinerea  and  Colletotrichum lagenarium  en

cucumber  plants.

Treatment  time  after  inoculation

PEIP(ppm) B. cinerea  (S,S,R)b) C. Iagenanum

24 hr 24 hr48  hr

500125

 31

41o 551 55o

a}
 With  indices 5 to 3, thc test compound  was

 judged to  be  effective.

h)  Sensitive to benzimidazoles  and  dicarboximides,

 highly resistant  to diethoiencarb.

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

fournal of PesticideScience 20 <2)May 1995 157

Table  3 Systemic  activity  of  PEIP  against

Botrytis citterea on  cucumber  plants.

}'EIP  (ppm)  Roots  Leaf-upper-surface

to leaves to  leaf-under-surfacc

PEIP(Ppm}1000

1000500

 125

1o [r)5l

o

"rith indices 5 to S, the test compound  was  jud.ved
to  bo effective.

controlled  perfectly. Good  activity  against

B. c･ineTea  was  also  observed  at  500ppm,
however disease control  was  inferior to that
against  C. Iagenarium.

  Trans]aminar activity  irom leaf-upper-sur-
face to leaf-under-surface and  systemic  ac-

tivitv from root  to leai were  examined  as

shoxin  in Table 3. Leaf-upper-surface treat-
ment  of  PEIP  gave complete  control  of  B.
cinerea  at  500  and  1000 ppm. On  the other

hand,  soil  application  of  PEIP  solution  around

the cucumber  seedling  did not  show  ctllcacy･

against  B. cinerea  at  1000  ppm.

3. Fiela Trials

  Field trials revealed  a  good curative  ac-

tivity of  P]';IP against  B. cinerea  on  kidney
bean at  250 or  500 pprn  (Fig. 2>. When  the
solution  of  PEIP  was  applied  for grape in a

PEIP(ppm)

 500

250

o

     O 10 20 30 40 50

               Disensed  plAnts (%)

Fig. 2 Control eracacy  of  l'EIP  against  Bobyt･is

cinerea  on  kidney  bean  in field trials,

Trial was  laid down  as  Tep]icated  2 t,imes with  12

plantslplot under  natural  infection. PEIP  treat-

ment  was  done  at the earlier  stage  of  discasc de-

velopment.  Six days  after  treatment,  percent  of

diseased plants was  detcrmined  by  counting  the

number  of  diseased plants.

     O 10 20  30

              Diseased leaves (%)

Fig. . 3 Control efficacy  of  PEIP  against  Ets-inoe

amPelina  on  grape  in field trials.

Trial was  laid down  as  rcplicated  2 times with  5

to  6 treesfplot  under  natural  infection. 1'EIP

treatment  was  done  at  dormant  period of  plants.
Twcnty-seven  days  after  treatment,  percent of

diseased leaves was  determined  by  counting  the

number  of  diseased leaves.

dormant  period, excellent  control  of  E.
amPeki"a  was  observed  at  1000 ppm  (Fig. 3).

4. Efflect of PEIP  on  Ge7mination

  Infiuence of  PEIP  on  germination  of  conidia

of  B. cinerea  was  observed  under  a  microscoFe

(Fig. 4), Although PEIP  did not  inhibit the
spore  germination, it induced merphological

abnorrnalities  such  as  swollen  and  distorted
hyphal branching in both  isolates of  (S,S,R)
and  (HR,R,S) as  shown  in Fi'g, 4A  and  4E.
These  rnorphological  changes  were  quite similar
to those of  benomyl  against  isulate of  (S,S,R)
(Fig. 4B) and  those of diethofencarb against

(HR,R,S) (Fjg, 4G).

5, Ettfflict cvFPEIP  on･ IVzaclei

  The  treatment of germinating conidia  of  B.
c-inerea  with  1 ppm  of  PEIP  induced  the forma-

tion of  abnormal  shape  of  nuclei  in the isolates
of  (S,S,R) and  (HR,R,S) (Fig. 5A  and  5E>.

9uite similar  phenomena  were  also  observed

in the treatment  with  benomvl  on  isolate of

(S,S,R) (Fig, 5B) and  with  diethofencarb
against  (HR,R,S) (Fig. 5G).

              DISCUSSION

  AIthough the benzimidazole fungicides con-

tributed to disease protection of  broad varieties
of  important  crops,  emergence  of  resistance  to
this class  of  fungicides made  it ditheult to

control  many  diseases.i) As  a  strategy  to
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cope 　 with 　this　 resistance ，　 thc　 mixturc 　 of

benzimidazole
，
　carbendazim 　and 　diethofencarbwag

．　introduced．　But 　al）1）lications　of　the 　mixture

resulted 　in　sclcctive 　effect 　on 　a　population，　so

Fig ．4

Fig．5
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that intermediate  or  weak

sistant  strains  predominated  in
Thus unsatisfactory･  control

observed  where  the fungal
dominated by the strains  resistant

ture, Therefore the

chemicals  for controlling  both
resistant  isolates has been needed.

a  high activity  against  B. cinerea

the level of  benzimidazole 
'

ing that this compound  has a  high
the control  of  plant pathogens
benzimidazole-resistance.

  PEIP  possessed not  on]y  a

tivity, but also  a  curative  activity

cinerea  and  C. Iagenari"m on
Systemic activitv  from

le'af-under-surfacE was  also

curative  and  systemic  properties
for leading to the excellent  control

eases  in the fields.

  Furthermore, phytotoxicity, on

crops,  e,g, cucumber,  tomato,
rice, oat  and  grape  was  not

when  PEIP  was  treated at

shown),  These results  suggest

a  high potency to be a  new

practical use.

  Many  systemic  fungicides
imidazoles,7,8} N-phenyl

phenylformamidoximes,tt)  dicar

andare

 known  to indu"ce
iungi. Among  them  the primary
tion of  benzimidazoles  is generally
to inhibit microtubule  assembly  by

beta-tubulin.i4,ts)

phenylformamidoximes  ana  a

compounds,  N-phenylanilines

    benzimidazole re-

         the fields.2)
   of  the mixture  was

     population was

         to the mix-

development  of  new

       sensitive  and

          PEIP  had

        regardless  of

   reslstance,  suggest-

         potency for

        to cope  with

            ,
     preventlve ac-

         against  B.

   cucumber  plants,
leaf-upper-surface to

   observed.  These

      are  important
         of  the dis-

      varieties  of

    kidnesr bean,
  observed  at  all

5eO ppm  (data not

   that PEIP  has

    fungicide for

                          including benz-

                      carbamates,9,iO)  N-
                             boximidesi2)

    ergosterol  biosvnthesis inhibitors {EBIs)i3'
                  morphological  change  in
                             mode  of  ae-

                              considered

                              binding  to

                N-Phenvlcarbarnates, N-
                           new  series  of

                          exhibit  similar

biological properties to those of  benzimidazoles,

These  groups  of  compound  show  specific  an

antifungal  activity  against  highly benzimida-

zole-resistant  strains,i6'`8)  and  induced dis-

torted and  swollen-germ  tubes of  sensitive

strains  of  B. cinerea."ii)  In B. cinerea,

mitosis  appeared  to be arrestment  after  the
treatments  with  N-phenylcarbamates, dietho-
fencarb and  methyl  N-(3,5-dichlorophenyl)-

carbamate  (MDPC),9,tO) In Venturia  nashicola,

disordered configuration  of  nuclei  in germinat-
ed  conidia  of  sensitive  strains  was  also  ob-

serxred  by  the treatment  with  a  N-phenyl-
formamidoxime, N-(3,5-dichloro-4-propynyl-
oxyphenyl)-N'-methoxyformamidine(DCPF).i9)

Recently, Fujimura et al. reported  that  selec-

tive fungitoxicity of  diethofencarb to a  benz-
imidazole-resistant strain  was  by  binding  of  the
compQunds  to tubulin in Neu･rosPora crassa.20,E`)

  PEIP  was  similar  to benomvl  and  dietho-
fencarb in having  morphological  effects on

conidial  germination and  nuclear  arrangement

in germ-tubes. These results  suggest  that
PEIP  is most  likelv to inhibit cell  division of

the target fungus, B. cinerea.  Pyridylcar-
bamates including PEIP  might  interfere with

the formation or  functions of  microtubule  in a
manner  similar  to that of  benzimidazoles, Ai-

phenylcarbamates,  N-phenylformamidoximes
and!or  N-phenylanilines. It should  be em-

phasized  that PEIP,  benomyl  and  diethofen-
carb  all  belong  to aromatic  carbamates.

Moreover PEIP  had a  similar  pattern in the
fungicidal spectrum  to  benzimidazoles, which

is well  known  to have wide  fungicidal spec-

trum.  These fungicides were  highly active  on

most  Ascomycetes and  Deuteromycetes,
whereas  they  were  less active  on  the Bastdio-
mycetes  and  inactive on  the  Oomvcetes.7,e)

 
"If

 the fungicidal activities  of  PEIP  were  due
to its binding to tubulin, the  active  sites  of

Fig. 4 Light  photomicrographs of  germianted  conidia  of  Botiv,tis cineTea  ef  {S, S, R) isolate (A,
B, C  and  D)  and  (HR, R,  S) isolate {E, E  G  and  H)  {× 280).

Conidia were  incubated in the  absence  and  the presence  of  1 ppm  ef  test  compounds.  A  and

E:  treated with  PEIP, B  and  F:  treatod with  benomyl,C  and  G:  treated with  diethofencarb,
D  and  H:  control.

Fig, 5 Fluorescence  photomicrographs  of  germinated  conidia  of  Botrytis oinerea  of  (S, S, R)
isolate {A, B, C and  D)  and  (HR, R,  S) isolate (E, F, G  and  H)  (× 580).

Conidia  were  incubated in the absence  and  the presence  of1ppm  of  test  compounds.  A  and

E:  treated with  I'EIP, B  and  F:  treated  with  benomyl, C and  G: treated with  diethofencarb,
D  and  H:  control.
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PEIP 　or 　of　the　target　protein　might 　be　dif−

ferent　from 　the　other 　compounds 　as 　reported

in　the　 case 　 of　 rhizoxin ，　 The　macrolide 　com −

pound　rllizoxin ，　which 　has　a　cell　division　in−

11ibitjon　activitV ，　inhibited　mvcelial 　growtll　of

B ．cine ・rea 　and 　other 　fungi．22・23）

　 Rhizoxin　was

bound　to　beta−tubulin，　but　the　binding　site

differed　from 　benzimidazoles．24）

　 Although 　tlle

binding　sites 　of 　PEIP 　was 　not 　clarified ｝
・et ，

PEIP 　would 　bc　 the 丘rst 　 aromatic 　carbamate

which 　 may 　have 　a 　cell　division　inhibition　 ac −

tivity　against 　both 　benzimidazole−sensitive 　and

＿resistant 　iso！ates ．
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要 約

　抗菌活性を 有す る プ ロ パ ル ギ ル N −
（6一エ チ ル

ー

　5一ヨ ー
ド
ー2ゼ リジ ル ）カ ーバ メ ー

トの 作 用

　特性

　　　　　　　　　　　　　　　　　 三谷　滋 ， 中野加奈子

　　　　　　　　　　　　　　　　　 松 尾 憲 総，光明寺輝正

　プ ロ パ ル ギル N −（6一エ チ ル
ー5一ヨ

ードー2一ピ リ ジ ル ）
一

カ ーバ メ
ート　（PEIP ） は Er ♪

lsiPhe
　 graml ：nis ．　 f．　sp ．

tritici，　 ScJe・rotinia 　sclerotiorum
，
　 Botrツtis　 C2：nerea ，

1’

yricularia・rygae，　Rhiioct・nia ・　s・lan・i 等に高い ｝
”fi’t生

を示 し，そ の 最低有効濃度は 寒天平板希釈法 で 0．1ppm

以下 で あ り，ポ ッ ト試験 で は お の お の 8〜63ppm で あ

っ た ．また PEIP は ベ ン ズ イ ミ ダ ゾール 感 受性の み な

らず耐性 の B ．C・inereaに も同様の 高 い 効果 を示 した．

また B ．　cinerea お よ び C ．　Jagenarium に お の お の 500

お よ び 125ppm で 治療効果を有し て い た．移行性 に 関

し て は 根 か ら の 浸 透 性 は 1000ppm で も認 め られ な か

っ た が ， 葉表 か ら葉裏 へ の 移行性は 500ppm で 認 め ら

れ た．　ま た B ．cinerea およ び Elsinoe　amPeiina に対

す る 効果 は 圃場試験 で も確 認 で きた ．B ．　cinerea の 分生

胞 子 発芽 や ，発芽 管 中の 核 に 対す る PEIP の 影響 を 調

べ た と こ ろ，形 態 に 異常 が 認 め られ た ．こ れ らの 作用は

べ ノ ミ ル を 感受性菌 に 処 理 した とぎの もの と酷似 して い

た こ と か ら，PEIP の 作用 点 は 有 糸 分 裂阻害で あ る可

能性 が 示唆され た ．
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