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KAMoSHITA

   Benzimidazole-resistant field isolates of Botrytis einerea,  Cercospora beticola, Fusarium

nivale  and  M),cosphaerella melonis  showed  an  increased sensitivity  to methyl  N-(3,5-dichloro-

phenyl)carbamate CMDPC) on  a  nutrient  medium  as  compared  with  the  wild-type  
isolates.

The  difference in the sensitivity  to MDPC  between  the resistant  isolates and  the wild-type

ranged  from  about  8 times  in F. nivale  to about  80  times  in C. beticola, In  pot  tests, MDPC

was  found to control  gray  mold  and  powdery  mildew  of  cucumber,  and  CercosPom  leaf spot

ef  sugar  beet caused  by  the resistant  isolates. but  not  to be  effective  when  the  wild-type

isolates were  inoculated. Furthermore,  MDPC  showed  systemic  activity  in plants and  cura-

tive activity  as  well  as  preventive  activity  in controlling  gray  mold  of  cucumber.  When  mixed

inoculation of  the resistant  isolate and  the wild-type  of  C. betieola was  made  to  the  seedlings

of  sugar  beet, mixed  application  of  MDPC  and  benomyl  was  required  te control  the 
disease.

             INTRODUCTION

  Since the  introduction of  systemic  fungicides

in practice, resistance  of  phytopathogenic
fungi to fungicides has  become  a  serious  prob-
lem in crop  production.i-`' In the field where

resistant  strains  appeared,  failure of  disease

control  by  the fungicides has been experienced

in many  locations. In order  to cope  with

resistance  of plant pathogens, it appears  that

one  of  the most  effective  ways  is the use  of

fungicides to which  resistant  strains  show

negatively  correlated  cross-resistance.

  Georgopoulos and  SislerS) reported  that

carboxin-resistarit  Ustilago maydis  showed  an

increa$ed sensitivity  to antimycin  A  as  com-

pared with  the wild-type.  Similarly, nega-

*  Parts  of  this paper  were  presented at  the An-

 nual  Meeting  of  the  Phytopathological  Society of

 Japan (19e3} and  the  4th International Congress

 of  Plant Pathology  held in  Melbourne  (1983}.

tively cerrelated  cross-resistance  of phos-

phorothiolate-resistant isolates of  dyricularia
eizyzae was  demenstrated to phesphoramidate
compounds  by  Uesugi et al.S) Van  Tuyl  et al.')

also found that some  thiabendazole-resistant

isolates of  Aspengillus nidulans  appeared  more

sensitive  to benomyl  than  the  wild-type. More

recently,  Leroux  and  GredtS-iO) reported  that

benzimidazole-resistant strains  of  B. cinerea  and

Penicillium e ipansptm exhibited  negatively  cor-

related  cross-resistance  to herbicidal N-phenyl-

carbamates;  barban, chlerpropham  and  chlor-

bufam. White  and  Thorni`) pointed out  that

carboxin-resistant  strains  of  U. maydis  were

more  sensitive  to thiophene  carboxa[rnide  com-

pounds than  the wild-type.  Furthermore, de

Waard  et al.i2-t`) indicated an  increased sensi-

tivity of  fenarimol-resistant isolates of  Penicil-

lium italicum and  the other  fungal species  to

fenpropimorph and  dodine.

  However, most  of  the compeunds  described
above  shewed  an  increased fungitoxicity only

NII-Electronic  



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience  Society  of  Japan

490 H 7ts ee pt\ft i'S M  9 #ag  3e  ngfll 59 4i 8n

         Cl

          O NHg/IO-cH,

         Cl

Fig. 1 MDPC,  methyl  N-C3,5-dichlorophenyl)-
carbamate.

against  resistant  strains  isolated in the labora-
tory, and  negatively  correlated  cross-resist-

ance  was  not  demonstrated  in field isolates,
Although  herbicidal N-phenyl  carbamates  were

indicated to be texic to several  field isolates of

B. cinerea  and  P, empansum  resistant  to
benzimidazoles,S"i") they  were  phytotexic and

not  useful  in practice. In this paper, we  report

another  compound,  N-(3,5-dichlorophenyl)-
carbamate  (MDPC, Fig. 1), which  is more

fungitoxic to benzimidazole-resistant field iso-
lates than  to the wild-type  and  exhibits  protect-
ing activity  against  the disease caused  by  the
resistant  strains  with  little phytotoxicity.

       MATERIALS  AND  METHODS

1. Isolates
Ll  B.cineTea

  The  wild-type  isolates, Bc-2, Bc-024,  Bc-039

and  Bc-058, and  the benzimidazole-resistant
isolates, Bc-044, Bc-074  and  Bc-105, were  iso-
lated from orange,  strawberry,  tomato,  cucum-

ber and  grape cultivated  in various  locations of

Japan. The  resistant  isolate, Bc-11, was

kindly provided by  Dr. A. Kiso  (Vegetable and

Ornamental  Crops Research Station, Kurume
Branch).

1.2 C. beticola

  The  wild-type  isolates, C-3-1-2 and  Cer-5,
were  kindly supplied  by  National  Institute of
Agro-Enviromental  Sciences and  Dr. T. Sugi-
moto  (Hokkaido National  Agricultural Ex-

periment Station), respectively.  The  wild-type

isolate, Cb-024, and  the benzimidazQle-resistant
isolates, CbOl6,  Cb-021 and  Cb-085, were

isolated from  sugar  beet cultivated  in Hok-
kaido. The  resistant  isolates, Cer-116 and

Cer-175, were  alse  provided by Dr. T. Sugi-
moto.1.3

 M.  melonis

  The  wild-type  isolate, Ne.  4, and  the re-

sistant  isolate, No. 7, were  kindly provided by

Tottori Agricultural Experiment  Station. The
wild-type  isolate, Dka-12,  and  the resistant

isolate, Dka-2, were  supplied  by  courtesy  of

Dr.  S. Murakoshi  (Kanagawa Horticultural
Experiment  Station).
L4  F.nivale

  The  wild-type isolates, 3a and  81-FS-22-12,
and  the resistant  isolates, 4-1 and  T3-1, were

kindly  provided by  Dr, I. Saito (Hokkaido
Prefectural Kitami  Agricultural Experiment
Station).

2. Cult"reMedium

  Isolates ef  B. cinerea.  M,  melonis  and  F.
nivale  were  maintained  on  potato-dextrose
agar  (PDA) and  C. beticoJa isolates on  V-8

juice medium.

  In all fungitoxicity studies  in vitro. PDA
was  empleyed.  For  the inoculation to the

plants, conidia  of  C. beticoJa were  produced on

tomato  juice medium.

3. FungitoxicilyStudies

  Wettable powder  formulations of  the test
compounds  were  suspended  in sterile distilled
water  to obtain  desired concentrations.  The
solutions  were  then  mixed  well  with  melted

PDA  which  was  immediately poured inte
sterile  plastic petri dishes. Mycelial plugs (5
mm  in diameter) with  the agar  were  placed on
a  center  of  the solidified  plates and  cultured  at

18eC for B. cinerea  and  F. nivale,  and  230C for
C. beticola and  M.  melonis.  Colony diameter
was  measured  after  20 days for C. beticola and

3 days for the other  species.

4. Chemicals

  MDPC  was  synthesized  by  reacting  3,5-
dichlorophenyl  isocyanate with methanol  and

forrnulated as  a  50%  wettable  powder, which

was  employed  throughout  the experiments,

unless  otherwise  stated.  Benomyl  was  ob-

tained as  a  commercial  product of  a  50%
wettable  powder.

5. PotTests
5. 1 Gray mold  of cucumber
  Cotyledonous plants (cv., Sagami-hanjiro)

grown  for 8 to 10 days in a  greenhouse were
employed  as  host plants. Mycelial plugs (5
mm  in diameter) of  B. cinerea  (Bc-074), which
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were  cut  off at  the margin  of  a  rapidly  growing
mycelial  colony,  were  placed on  a center  of

cotyledons  for inoculation, before or  after  the
application  of  the test compounds.  For preven-
tive treatrnent, the chemical  solutions  were

sprayed  on  the plants 4 or  5 hr prier to inocu-
lation. Curative application  was  made  by

spraying  the chemical  solutions  18hr  after

inoculation. For a  systemic  test, the roots  of

cotyledonous  plants were  washed  by  tap
water  and  dipped in the chemical  solutions  for

4  days at 180C under  fluorescent lamps before
inoculation. The  inoculated plants were

incubated in a  humid chamber  in darkness at
180C  for 3 days. Except for the test of  cura-

tive application,  the  disease severity  ef  cotyle-

dons was  rated  on  the following indices; O (no
symptom),  O.5 (slight infection under  the

inoculum), 1 (infection of  less than  20%  of

leaf area),  2 (infection of  less than  50%)  and

4 (infection ol  more  than  50%).  Percentages  of

control  (A) were  obtained  by  the following

equation;

             (S,u,e,o,f,g?,ddicsi.1")
                             ×  IOO    A  1oo-

             (S,u,m,,o.f.i',n,glcsi.In)
  Curative activity  was  expressed  as  percent-
age  of  inhibition of  

"lesion
 development by

measuring  diarneter of  leaf lesion just before
the chernical  application  (18 hr after  inocula-
tion) and  at  the end  of  the experiment  (3 days
after  inoculation) .

5.2 Powdei:y mildew  ofcucumber
  Cucumber seedlings  (cv., Sagami-hanjiro)

grown  in a  greenheuse  for 2 weeks  were  sprayed

with  the chemical  solutions  to run-off.  Spores
of  a  benzimidazo}e-resistant strain  of  SPhaero-
theca fntiginea were  dusted on  the leaves and

the  plants were  cultured  for disease develop-
ment  in a  greenhouse. The  photograph of  the

primary leaves was  taken  12 days after  inocu-
lation.5.3

 Cercospora le`uF spot ofsugar beet

  Sugar beet seedlings  (cv., Monohill) cultured

in a  greenhouse for 6 weeks  were  sprayed  with
the chemical  selutions  to run-off.  Conidial
suspensions  of  the  wild-type  isolate, Cb-024,
andlor  the resistant  one,  Cb-085, were  sprayed

on  the leaves for inoculation 1 day after  the
application.  The  inoculated plants were

incubated for 8 days in a  humid  charnber  in a

greenhouse and  the leaves were  phetographed.

                RESULTS

1. Fungitoxicity qf MDPC  `ugainst  the Benz-

   imidazole-resistant Jsolates and  the VVild-tyPe
   Isolates

  MDPC  was  highly fungitoxic te benzimida-
zole-resistant  field isolates of  B. cinerea,  C.
beticola, F. nivale  and  M.  melonis.  whereas

toxicity to the wild-type  isolates was  relative-

ly low  (Fig. 2). On  the contrary,  benomyl
inhibited the growth of  the wild-type  isolates

at  low concentrations  and  exhibited  low tox-

icity to the resistant  isolates. Negatively cor-
related  cross-resistance  was  clearly  shown

between MDPC  arid benomyl  without  exception

among  the isolates tested in this experiment.

  Benzimidazo}e-resistant isolates of  B. cinerea

were  about  50 times more  sensitive  to MDPC
than  the wild-type,  when  judged by  the  differ-

ence  of  EDso values  for inhibition of  radial

mycelia[L  growth on  PDA,  Similarly, MDPC

was  about  80  times  more  toxic to benzimida-
zole-resistant  isolates of  C. beticola than  the

wild-type.  The  resistant  isolates of  F, nivale

and  M.  melonis  were  also more  sensitive  to

MDPC  than  to benomyl,  but the difference in
the sensitivity  to MDPC  between the resistant

isolates and  the wild-type  was  Iow;  about  8

times for F. nivale  and  11 times  ior M.  melonis.

2  Control of Gray  Mola

  MDPC  effectively  controlled  gray mold  of

cucumber  caused  by  the  resistant  isolate, Bc-
074, of  B. cinerea  in a  pot  test (Table 1). On

the other  hand,  preventive spray  of  benomyl
at  a  concentration  of  200 pag/ml did not  sup-

press the  disease development  of  the resistant

isolate-inoculated plants, Curative application

of  MDPC  controlled  the  disease as  effectively

as  preventive application.  The  chemical

treatment  to the roets  of  cucumber  was  also

effective  to prevent gray mold  of  the leaves,
suggesting  systemic  mevement  of  MDPC  in

plants.

3. Centrol ofPowdery Milaew  of Cucumber
  wnen  a  benzimidazole-resistant strain  of

S. faliginea was  inoculated to cucumber

seedlings,  disease development was  completely

NII-Electronic  MbraryService
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Fig．2　1nhibition　of 　radial 　mycelial 　growth 　of 　benzimidazQle −resistant 　and 　Wild−type　isolates，

A ，B ： B ．　oinerea （○ ： mean 　value 　of　the　wild −type　isolates，　Bc −2，　Bc −024，　Bc −039　and 　Bc −058 ；

● ： mean 　value 　of 　benzimidazole −resis 七ant 　isolates，　Bc −Il，　Bc −044，　Bc −074　and 　Bc −105）．
C ，D ： C ．　 beticola　（Q ： mean 　 value 　 of　 the　 wild −type 　isolates，　 C −3−1−2，　 Cer −5　 and 　 Cb −024 ；

● ： mean 　valuc 　of 　benzimidazole −resistant 　isolates，　Cb −Ol6，　Cb −021，Cer−116and 　Cer−175＞．
E ，F ： M ．　 meJonis （Q ： 皿 ean 　 value 　 of 　the 　 wild −type 　isolates，　 No ．4and 　 Dka −12 ； ● ： mean

value 　of 　benzimidazole −resistant 　isolates，　No ．7and 　Dka −2）．
G ，

H ： F ．　 nivale （○ ： mean 　 value 　 of 　the 　 wild −type 　 isolates ，3a　and 　81 −FS −22 −12 ； ● ： mean

value 　of 　benzimidazole −resistant 　iso1乱tes，4−1　and 　T3 −1）．
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Fig. 3 Control of  powdery  mildew  of cucumber  caused  by a  benzimidazele-rcsistant strain.

a:  untreated,  b: benomyl-treated  (leO pag/ml), c:  MDPC-treated  (100 pgtml).

Table1  Control of gray mold  of  cucumber

caused  bv  benzimidazole-resistant strain  by

MDPC.a)

Concentration
  e'f MDPC

   (paglml)

Percentage  of control

Preventiveb)  Curative Systemic

200

 50

 12,5

  3.i

955912 7157o

988885

e)  MDPC  fermulated as  an  emulsifiable  con-

  centrate  was  emloyed  in this experinient.
b)

 Type  of  test.

prevented by  spraying  MDPC  at  a  concentra-

tion of  100 ng/ml (Fig. 3), whereas  treatment

with  benomyl  did not  show  any  protection.
Pbytotoxicity  of  MDPC  to cucumber  seedlings

was  not  observed  in this experiment.

4. Control of Cercospora Lecof SPot of Sugar
   Beet
  MDPC  was  also  effective  in controlling

Cercospora leaf spot  of  sugar  beet without

phytotoxicity, when  the resistant  isolate was

inoculated, but did not  exert  any  effect  en  the

disease development  of  the  wild-type  isolate-

inoculated plants (Fig, 4). On  the other  hand,

benomyl  controlled  the disease caused  by the

wild-type  isolate but not  the disease by  the

resistant  one.  When  mixed  inoculation of  the

wild-type  and  the resistant  isolate was  made

at  a  ratio  of  1:l, application  of MDPC  er

benomyl  alone  did not  suppress  disease de-
velopment  and  mixed  application  of  both
fungicides was  required  to obtain  complete

control  of  the disease,

              DISCUSSION

  MDPC  is a  derivative of  3,5-dichloroaniline
and  first reported  to show  only  a  limited fungi-
toxicity against  the wild-type  isolate e±

Sclerotinia sclerotiorum.'5)  Among  the  family
of  derivatives of  3,5-dichloroaniline, dicarbox-
imide fungicides, procymidone,i6) iprodionei')
and  vinclozoliniS)  were  the most  effective

against  Boti:ytis and  Sclerotinia spp.  and  their

activity  was  not  influen¢ ed  by  benzimidazole-
resistance  of  the strains.  However, the pres-
ent  investigation indicated that MDPC  was

much  more  active  against  benzimidazole-
resistant  strains  thari the  wild-type  and  nega-

tively  correlated  cross-resistance  was  apparent

between MDPC  and  benzimidazoles.

  The present results  further indicated that a

fairly broad range  of  fungal species  resistant  to
benzimidazoles  showed  negatively  correlated

cross-resistance  to MDPC.  This suggests  that
those fungal species  acquire  benzimidazole-

resistance  through  the same  mechanism  of

resistance.  Moreover,  great attention  should

be paid to the  fact that all o ± the resistant  iso-
lates tested in the present experiments  were

field isolates, This  raises  the possibility of

using  MDPC  to control  the resistant  strains  in

fields.

  Herbicidal N-phenylcarbamates,  barban,

/
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Fig,4  Control of  Cercospora leaf spot  by
benomvl  and  MDPC.

Ia, lb,  lc:  inocu]ated  ivith  the  wild-type  isolate

CCb-024), 2a, 2b, 2c: inoculated  with  the benz-

imidazole-rcsistant iso]ate (Cb-085), 3a, 3b, 3c,

3d: ineculated  with  a  mixture  of  Cb-024  and

Cb-085,  la, 2a, 3a: untrcated,  lb, 2b, 3b: treated

with  "4DPC  C200 paglml), lc, 2c, 3c: treated with

benomyl  (200 "giml).  3d: treated  with  a  mixture

of' MDPC  (IOO psg,iml} ancl  benomyl  (100 ptglml).

M  3 
-7f

 wa .Tn sg fip s J']

chlorpropham  and  chlorbufam  are  known  to

be mitotic  inhibitors of plant cells.i9-2i'  Methyl
benzim!dazol-2-ylcarbamate,  the conversion

product  of  benomyl  and  thiophanate-methyl,

is also  proved  to be a  mitotic  inhibitor ef

fungi.22' Taking  this similarity  in the mode  of

action  into consideration,  Leroux and  GredtB-iO)
tested fungitoxicities of  N-phenylcarbamate
herbicides te benzimidazole-resistant strains

of  B. cinerea  and  P. ejmpansum,  and  found an

increased sensitivity  of  the resistant  strains  to

those compounds.  Among  N-phenylcarba-
mates,  barban was  reported  to be the most

effective  against  the resistant  strains  of  B.

cinerea,  The  present compound,  MDPC,  is
however more  fungitoxic te the resistant

strains  than  barban  and  its phytotoxicity is
much  lower than  that of  barban.

  Systemic  activity  of  fungicides in plants is

important to achieve  effective  control  of  the

diseases in fields. MDPC  was  found to show

systemic  translocation in plants without  phyto-
toxicity, Moreover,  the  compound  inhibited

further development  of  gray mold  lesion on

cucumber  leaves by curative  treatment. These

properties may  contribute  high  activity  in the

control  of  diseases, and  MDPC  or  related  com-

pounds  are  useful  candidates  to cope  with  the

resistance  problem in practice,
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要 約

　ベ ン ズ イ ミダゾール系殺菌剤お よび methyl 飴

　（3，
5−dichlorophenyl）carbamate 間 にお け る負

　相 関交差耐性

　　　　　 加藤寿郎 ， 鈴木恵子 ， 高橋淳也 ， 鴨下克三

　Methyl 　N −（3，5−dichlorophenyl ）carbamate （MDPC ＞

は ，
Botrytis　 oinerea ，　 CereosPora　 beticola．　 Fusarium

nivale ，　 M 夕cosPhaerella 　 melonis の ベ ン ズ イ ミ ダ ゾール

耐性菌に 対 し ， 野生菌と比 べ て 高 い 抗菌 力 を 示 し ，
ベ ン

ズ イ ミ ダゾール 系殺菌剤 との 間 に 負相関交差耐性 が 認 め

られ た ．幼苗 を用 い た 鉢試験 で も ，
MDPC は べ ソ ズ イ

ミ ダ ゾール 耐性菌 に よ る キ ー，t ウ リ灰色 か び病，キ ュ ウ リ

うどん こ 病，テ ン サ イ褐斑病の 発病を抑制する効果が認

め られ た ．ま た ， 植物体 へ の 浸透移行性 お よ び 治療効果

もあ っ た ．一
方 ， テ ン サ イ褐斑病菌 と耐性菌を混合 して

接種 した 場合 ，
ベ ノ ミ ル ま た は MDPC の 単独処 理 で は

十分 な防除効果が認 め られず ， 効果 を発揮 す る た め に

は ， 両者の 混合処 理 が 必要 で あ っ た ．
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