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Benthiavalicarb-isopropy[, a  novel  member  of  the amino  acid  amide  carbamate  group  of  fungicides, is effective

against  all Oomycete fungal plant pathogens except  Ry'thiutn spp,  Our  results  demonstrate  that  this fungicide e"

fectively controls  potato and  tomato  late blight caused  by metalaxyl-sensitive  and  
-resistant

 strains  of  Phytoph-

thoru  in.festans, Experiments  in vitro  demonstrated that benthiavalicarb-isopropyl was  inetfective in stopping  the

discharge ofzoosporcs  from zoosperangia  and  suppressing  their motility;  but strongly  inhibited myce]ial  growth,
sporulation.  and  the gerrnination ofsporangia  and  cystospores.  Experiments in a  greenhouse showed  that benthi-

avalicarb-isopropyl  has not  only  a  strong  preventive, but a]so  a curative  effbct; its translarninar preperties are  efL

fective along  with  its rainfastness  and  residual  activity. In field trials, it was  effective  in controling  tomato  and

potato late blight at 25-75g  a.i,/ha. ･V･ Pesticide Science Society ofJapan
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INTRODUCTION

Late blight caused  by PJo,tclphtho,u inYlestans (Mont.) de Bary

is an  important and  devastating disease worldwide.  R  in,fes-

tans  is regarded  as  a  high-risk pathogen spreads  rapidly  via

wind  and  watcr,  and  rcsistancc  of  R  in.festans to fungicides of

the phenylamide group has already been reported.i'4) The de-
vclopment  of  fungicides with  new  modes  of  action  is called

for, Benthiavaljcarb-isopropyl, jsopropyl[(S)-1-(6-fluoroben-

zothiazol-2-yl)ethylcarbamoyl-2-methylpropyl]carbamate

{Fig. D  is a novel  amino  acid  amide  carbamate  fungicide de-
veloped  fbr the  control  of  diseases involving Oornycetes. Ben-

thiavalicarb-isopropyl has favorable toxicological and  envi-

ronmental  profiles, and  can  be used  for successfu11y  control

disease in various  creps  without  causing  any  damagc  whcn

used  at the recommended  rate, This paper describes the prop-
erties  of  benthiavalicarb-isopropyl, including its biological ac-

tivity against  R in,festans in vitro  and  eMcacy  in controlling

potato and  tomato  late blight in grccnhouse and  field trials.

Furtherrnore, it is revealed  that benthiavalicarb-isoprepyl does

not  atfect  respjration,  synthesis  of  nucleic  acid  protein and

lipia and  or  the function ofthe  plasma-membrane  ofR  in.fes-

tans. Although benthiavalicarb-isopropyl is considered  to be-
long to the same  chemical  group as  iprovalicarb which  is pro-

posed to afft]ct the stability  of  the fungal cell wall,fi) the pre-
cise  mode  ofaction  ofthis  compound  stiLl remains  to be clari-

fied, Benthiava]icarb-isopropyl has no  cross-rcsistance  to ex-

isting fungicide groups, and  it is a promising product for inte-

grated pest contro]  and  resistancc  management  programs.

         MIYI]ERIALS  AND  METHODS

J, llathogens

A  standard  strain  of  R injUstans obtained  from infected

tomato  leaves was  maintained  on  plants in the Life Science

Research Institute of  Kurniai (Shizuoka), and  was  used  in

grccnhouse trials. Strain TK-301  (A2 mating  type), a  meta-

laxyl-scnsitive strain  ofR  in,festans isolated from infected po-
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Fig. 1, Thcchemica]structureofbenthiayalicarb-isopropyl.
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tato lcaves in fields of  thc National Agricultural Rescarch
Center for the Hokkaido  Region, was  used  for all in i,itFv

studies  and  field tria]s. A  meta]axy]-rcsistant  strain,  7-1 (Al
mating  type), obtaincd  frorn the Hokkaido Plant Protection

Ornce, r1234,  r1234-2,  rO-3,  and  C-3 (R in.flestans), IFO-8386

{R ('apsici),  IFO-30285  (R pabnivora), IFO-30474 (R ('acto-
fum),  IFO-30595 (R nicotianae).  IFO-304 16 (R po,'ri). 30-26
(R katsttrae), and  30-27 (R megasperma)  were  used  for exper-

iments in vittv  on  mycelial  grewth.  All isolates were  main-

tained  on  rye-A  agar  culture  mediumh)  at  200C,

2. Ptants

Tomato  {t"'copersicon esculentttm  Mil].) cv.  Ponderosa

seedlings  were  grown  in plastic pots, and  used  at the fifth to
sixth  leaf stage,  Tomato  and  potato (Solanum tuberosum  L.)
cv.  Danshaku  seedlings  were  transplanted  to the field, grown
for 45-60 days. and  then used  in field trials.

3. Chemicats

Benthiavalicarb-isopropyl, technical grade (99.1%), was  syn-

thesizcd by Ihara Chemicals Inc and  tbrmulated as  a  1OO gi'kg
wettab]c  powder  for greenheuse and  field trials. For experi-

ments  in vitro, test compounds  were  dissolvcd in dimethyl
sulfbxide  (DMSO). The final concentration  of  DMSO  in assay

solutions  was  lower than  1 g/1. Mancezeb  (750g/'kg wcttable

powder) and  metalaxy]  (250g,'kg wettablc  powder) were  from

Dow  AgroSciences and  Syngenta, respectively,

4  EtiZict on  Each  Lgfe-Stage qf'R in.festans

  4,i, Mvcetialgrowth
Mycelia] growth of  Phytophthova  spccics  was  tested with  rye-

A  agar  culture medium  (filtrate ofa  rye  infusion {60 gll) con-
taining 2 gll sucrose  and  15 gll agar)  which  containcd  the test

fungicide at  a predetermined concentration,  Mycc]ial discs

C4mrn in diamcter) were  cut from the tip oftcst fungi which
were  pre-cultivatcd on  rye-B  agar  culture  medium  (supcr-
natant  of  a  rye  infusion {6eg/1) containing  2gll sucrose  and

1S g,/1 agar),  and  were  transp]anted  onto  the test culturc  agar

and  incubated at  200C for 5-7 days in the  dark. Radial growth
was  measured  the inhibitory activity  ofthe  test fungicide was

assessed  as  a percentagc of  the growth on  the untreated

medium.  and  lso (50% inhibitory concentration)  va]ues  were

calculatcd.  The tests were  conductcd  with  three  replicates.

  4.2, Sporuiation

The sporulation  analysis ofR  in.festans was  performed using

sliccs  {8mm  in thickncss) of  potato tuber. A  zoosporangial

suspension  (1,OX10' zoosporangialmL)  of  tcst fungi, filtered

through two laycrs of  gauze. was  prepared by growing the
fungi on  potato tubcr slices  at 20eC  for 6 days in the dark,

The zoosporangial  suspension  was  inoculated onto  the surface

of  a tuber slice  with  a  hand sprayer,  and  the tuber slice  was

cultivated  fbr 4 days at 200C  in the dark. After the fiushing of

the zoosporangia  with  stcrilized  watcr  using  an  ultrasonic  sy-

ringe.  the tuber sliccs  were  imrnersed into the test fungicidc
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fluid; this fluid had a  predetermined  coneentration  which  had
becn produced by dilution with  stcri]ized  water,  Zoosporangia

were  induccd to re-form  for2 days at 200C  in the dark, each

tuber  slice  was  then picrced by a 12mm  diameter cork  bercr.
the disk was  immersed in sterMzed  water  ofa  predetermin¢d
quantity, and  the zoosporangja  were  separated  with  an  ultra-

sonic  syringe.  Re-formed 7oosporangia  were  counted  wlth  an

eptical microscope  (Olympus BH-2L  and  the inhibitory effect
ofthe  test fungicide against  sporu]ation  was  asscsscd  as  a per-
centage  of  that on  the untreated  control.  The tests were  con-

ducted with  three replicates.

  4.3. Dire('t germination .fbotn :oospotungia  and  cT's-
      tospotws

Direct germination from zoosporangja  was  tested in a  gcrmi-
nation  so[ution,""'  (O.2 rnM  CaCl!, O.OS mM  MgSO,, O.05 mM
KH2P04.  and  O.5mM  NaH(rO]),  Tbst fungi were  grown on  po-
tato tuber slices  at 200C  for 6 days in the dark. and  zoospo-

rangial suspensions  were  harvestcd and  fi]tered through

two  layers ot' gauze. These suspcnsions  (1.0× 1O' zoosporan-

gialml) were  then pre-incubatcd at 330C for 16hr, test  fungi-
cides  were  added  and  the mixtures  were  incubated at  100C

for 48 hn Gerrnination from cystospores  ",as  also  tested in the

germination solution.  After zoosporangial  suspensions

(1.0× 10' zoosporans,ialml)  were  pre-incubated at  220C fbr
4hr, they  wcre  transferred to 100C and  incubated for 3hn

After almost  a]1 of  the 7oospores  wcre  released  and  encysted

test fungicides werc  added  and  the suspensions  werc  incu-

bated for another  6hr. The  rates  of  direct germination of

zoosporangia  and  eystespores  wcrc  determined with  an  opti-

cal microscope,  and  the inhibitory activity  ot' the test fungi-
cide  was  assessed  as  a percentagc of  thc respective  germina-
tion jn the untreated  control.  The  tests were  conductcd  with

threercplicates.

  4.4. Indiiect germination.finm zoosi)orangia  and  motiiih'

      qf'the:oospot'es
lndirect germination from zoosporangia  was  tested in the ger-
mination  solution.  Test fungi were  grown  on  potato tuber

s[iees  at 200C  for 6 days in the dark, and  zoosporangia  were

harvested and  filtered through  two  layers of  gauze, Zoospo-

rangiaL  suspensions  (1.0× 10" zoosporangialml)  were  pre-in-
cubatcd  at 22eC for 4hr, test fungicidcs wcre  added.  and  the

suspensions  were  incubated at 1OOC  fbr 3 hr. The motility  ot'

the zoospores  was  also  tested jn the germination solution.

After  the zoosporangiaL  suspensions  (1.0× 105 zoosporangiai

m])  were  pre-incubated at 22eC for 4hr, they  were  transferred

into a  1OOC {ncubator for 3 hr. Test fungicidcs were  added  and

the suspensions  wcre  incubated for 3ht The rate  of  indircct

zoosporangia  germination was  determined using  an  optical

microscope,  and  the inhibitory actix,ity  of  thc tcst fungicidc

was  assessed  as  a  percentage of  the germination of  the un-

treated zoosporangja.  The motjlity  of  the zoospores  was  ob-

served  with  an  optical  microscope,  and  the inhibitory activity

of  the test fungicide was  asscssed  in comparison  with  that of

thc untreatcd  zoosporcs.  Thc tcsts wcre  conductcd  with  three
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replicates.

5. GreenhouseandField 7}'ials

  5. 1. Preventive andcurative  E:t7bcts

Preventive and  curative  efTects  werc  testcd in the greenhouse
and  each  treatment  p]ot consisted of three pots. Ibmato
seedlings  were  sprayed  with  16ml  per pot of  fungicide test

solution containing  the test compound  at a predetermined
concentration;  spraying  was  done before or  after  inocu]ation

with  a  zoospore  suspension  of R in.festans. Inocula were

obtained  from fresh sporangia  {adjusted to 1.0× 104 sporan-

gialml) which  were  harvested 3 days after  the tomato

seedlings  were  inoculated with  the fungus. After the  test

plants were  sprayed  with  the inoculum, they were  transferred

to a growth chamber  and  incubated at 200C  in the dark fbr 3

days (100% relative  humidity). After  incubation, the disease
intensity on  each  leaf was  expressed  using  a  disease index
(Scale ofO  to 4); O: no  lesions, 1: 1-5V6 lesion area,  2: 6-33%

lesion area,  3: 34-66%  lesion arca,  4: more  than  66%  lesion

area.  The  disease severity  ofeach  pots was  calculatcd  with  the

fo11owing formula; Disease severity=100 × (N,+2N2+3N3+
4N4Y4(No+Ni+N2+Nr+N4),  where  No, Ni, Ni, N3 and  N4

represent  the  number  of  leavcs belonging to each  disease

index. The eMcacy  of  the test fungicides was  assessed  as  a

percentage of  disease severity  in the untreated  plot. The tests

were  conducted  with  three replicates.

  5.2. 7}unslaminarandsvstemicaction

Trans]aminar and  systemic  actions  were  tested in a  green-
house. Each treatment plot consisted  of  three pots. The

translaminar  action  of  the test fungicide was  assessed  as  a

means  ofcontrolling  tornato late blight by spraying  the fungi-

cide  suspension  only  on  the adaxial  surface  ofthc  lcaves. Ibst

plants were  sprayed  on the abaxial  surfacc  of  the leaves with

inoculum {1.0× 104 sporangia/ml)  24hr after  treatment with

the  fungicide. Systemic action  for controlling  the diseases de-

velopment  on  the upper  lcaves was  assessed  by spraying  the

lower leaves with  16m]  of  fungicide suspension  per pot; it

was  also  tested in the pot  by drenching the soil  with  3 liters of

fungicide suspcnsion  per square  meter.  Test plants were

sprayed  with  inoculum (1,OX104 sporangialml)  24hr after

treatment  with  the fungicide. Then  the plants in each  test were

transferred to a growth chamber  and  incubated at 20"C  jn the

dark fbr 3 days (1OO(k relativc  humidity). The  disease severity

of  each  pot was  calculated  and  the cencacy  of  the tcst fungi-

cides  was  assessed  as  a  percentage of  the disease severity  in

the untreated  plot. The  tests were  conducted  with  three repli-

cates,

  5.3. Rain.fastnessandresidualactivit.v

Rainfastness and  residual  activity  were  tested in thc grccn-
housc. Each treatment  plot consisted  of three pots, Tomato

seedlings  were  sprayed  with  16mL of  test solution  per pot at

predetermined concentrations.  Rainfastness  of  the test fungi-

cide was  assessed  relative to the plot without  artificial  rain-

fa11 treatrnent: test plants were  exposed  to 30mmlhr  rain  for

,ft)urnalttf'festic'ideSt'ienc'e

1 hr using  artificial  rain-fa11  equiprnent  24hr  after  treatment

with  the  fungicide. The control  plants were  not  cxposed,

Residual activity  of the test fungicide was  also  assessed  rela-

tive to a  control  ptot; the test plants and  the control  plants
were  retained  in the greenhousc for 7 days and  1 day after

treatment with  the fungicide, respectively.  Then  the pLants in

each  test werc  sprayed  with  inoculum (1.0×  104 sporangialm])

and  transferred to a growth chamber  and  incubated at 200C  in

the dark for 3 days {100% relative  humidity). The  severity of

disease was  calculated for each  pot, and  the eMcacy  of  the

test fungicides was  assessed  as a  percentagc of  thc severity

among  the untreated  plants. The EC,-o (Rl) was  calculated

from control  values  for the plot of  artificiaL  rain-fa11  trcat-

ment,  the ECso (R2) from control  values  for the plot kept fbr 7

days in the greenhouse, and  the ECso (C) from control values
for the plot without  thcse treatments. The ECs,, ratio  was  cal-

culated  as  fbllows and  the value  for each  treatment  was  pre-
sented  as  a  value  which  is uninfiuential  in 1, The tests were

conducted  with  three replicates.

ECso ratio=ECs,(Rl)  or  ECso(Ri)  EC,,(C)

  5.4. Eieldtrials

All field trials were  laid out  with  a  randomized  block design

and  replicated  3 times. Each plot size was  3,75m2
(2.5× 1.5m) and  consisted  of 1O plants fbr potato, or  2.5 m2

{2.5X1rn) and  consisted  of5  plants for tomato. Tbst com-

pounds were  applied  as  a  spray  ofa  rate  of  1OOO Uha. The  tim-

ing fo11owed the  normal  practice in the area  (7-day intervals).

Thc disease severity  of  each  p]ot was  calculated  by observing

a]1 test plants in accordance  with  the standard  of  the EPPO

guidelines on  potatoes. or  with  the same  standard  as  with  the

pot tcsts on  tomatoes.  The eMcacy  of the  test fungicides was

assessed  as  a  percentage of  the  disease control  in untrcated

plants.RESUUTS

 AND  DISCUSSION

1. opect on  Each Lij2i-Stage qf'R injZtstans

  i.1. Mycetialgro",th
Benthiavalicarb-isopropyl  strongly  inhibited the myceliat

growth of  Ph.vtophthora species  (fable 1). The Is, and  MIC

va[ues  of  this compound  against  R injlestans, R capsici,  R

palmivora, R cactorum,  R nicotianae,  R porri, R  katsuvae.

and  R mega.xperma  were  all within  the range  ofO.O1-O.05  and

O,03-O.3rng/1, respectively.  Benthiavalicarb-isopropyl can

control  rnetalaxyl-resistant  strains as  well  as  metalaxyl-sensi-

tiye strains  ofR  infestans. No  cross-resistance  was  observed.

This indicates that the mode  of  action  of  benthiavalicarb-iso-
propyl is different from that of  the phenylamide fungicide
class,  lt was  reported  that phenylamide fungicides strongly  in-

hibit the synthesis  of  ribosoma]  RNA  in Oomycete  fungi."'

Therefore, it js thought that bcnthiavalicarb-isopropyl does

not  inhibit the synthesis  of  ribosomal  RNA  in R infestans.

  I.2. SPontlation
From  the experiments  using  the slices of potato tuber, it was

NII-Electronic  
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     kble  1. The  inhibitery activity  ofbenthiavalicarb-isopropyl  and  metalaxy]  against  mycelial  growth ofPloJtophthora  spp.

                                         Benthiavaliearb-isopropyl Metalaxy]

      Pathogcn  Strain '
 

''-

                                         Iso") MICh) Isoa) MIch}

Plu,tophthorrtin.fevtans TK-301 O.03 O.03-O.l nO  nt

                          r1234  O.02 O.1-O.3 O,09 O.3-]

                          rl234.2  O.03 O.1-O.3 O.05 >tO

                           ro-3  o.o3 e.o3-e.1 o.21 >lo

                           C.3 O.03 O.ln.3 O.15 3-10

                           7-1', O.04 O.lg}.3 >10  >10

Ph},tophthotucap,yici

Ph.vtophthorapalmivola

Ph.vtophthotu caetoritm

Ph.vtophthoranicotianae

Plytvphthottipotri

Ph.l,tophthofukat.yutue

Ph.vtcv)hthotu mega,spei'tna

IFO-8386IFO.30285

IFO-30474

TFO-30595

IFO-30416

O.OLO.02o.e3o.osO.02O.04O.02o.o3n.1

 O.H].3O.03-O.1

 O,1-O.3

 O,1-O.3O.03-O.1

 o.ln.3

O.62O.54O.03O,08O,08O.46O.34 >3

 >3

   O.3 1

 >3

 >3>LOO>100

")
 Thc  50DG inhibitory concentration  (rngll). 

b}
 The  minimum  inhibitory coneentTation  (mgt1), 

")
 Phenytamide-resistant strain, 

'i}Not
 tcgtcd.

clear  that the sporulation  ofR  injlestans was  stronglyinhibited

by benthiavalicarb-isopropyl at  a low concentration. On the
other  hanq  mancozeb  was  less active: 6.4×  104 Zoosporangia
re-formcd  in the untreated  control.  Bcnthiavalicarb-isopropyl

applied at 1 mgfL  achieved  a 96.8%  inhibition of  sporulation

('lable2).

  1.3. Dinect germination  .fi'om zoosporungia  and  ays-

      to.v)ores

The  percent germination ofzoosporangia  (direct germination)
and  of  cystospores  of  A  in.festan,y in each  untreated  plot was

63.1 9,6 and  90.0%, respectively.  Direct germination ofzoospo-
rangia  and  germination ofcystospores  were  completeLy  inhib-

Table 2. The  inhibitory actiyity  of  benthiavalicarb-isopropyl and

tospore  germination ofPh.v,tophthora  it!festans

ited by benthiavalicarb-isopropyl at 1 mgll  (Table 2). Man-

cozeb  was  less effective  than  benth{avalicarb-isopropyl.

  1,4, indirect germination,from zoo,spovangia  and  motitity

      qfloospores
In the untreated  zoosporangial  suspension  of  R  in.12istans,

77,3% of the zoosporangia  released  zoospores  (indirect ger-
mination).  The releasc  was  only  slightly  affbcted  by benthi-
aval{carb-isopropyl  at 100 mg/]  (Table 3). No  difference was

observcd  in the rnotility ofzoospores  of  R  in.festans between
the  plot treated with  100mgfl of  benthiavalicarb-isopropyl

and  the untreated  plot. On  thc  other  hand, motility  was  corn-

pletely inhibited by mancozeb  at 10mgfl. Ph.vtfij,hthoiu has

mancozebagainstsporulatjon,  zoosporangta  germinatien and  eys-

Compeund
Cencentration

  ("glm])

Pereentinhibition{± SD)

Sporulation Zoosperangiagermination

Benthiavalicarb-isepropyl

Mancozeb

 le

 1

 e.1100

 10

 1

97.6±2.la)

968 ± l,S4S.2

±9,166,7

± 14.0

 S.7±9.8

 7,3± 6,4

 100.0

 1OO.O9g.6

± 2,398.6

± 2.360.8

± t3.3

47.3± 9.6

Cystosporegermination

      100.0

      100.0

     95,5±4.9

      IOO.O

      IOO.O

     22.7± 11.3

Untreated -  6.4× le4spore,'mlh) 63.1± 8.8") 90,O± 5,6d]

")
 Percent inhibitien of  spoluration,  zoosporangia  germination and  cystospere  germination in each  treatment compared  to untreated  con-

trols. Resu]ts are  presented as the means  and  standard  deviations (n=3). b)The  amount  of  re-formed  zoospore  in untreated  control.  
")Thc

perccntage ofzeesporangia  germination in untreated  control.  
d)

 The  pcrccntage ofcystopere  germination in untreated  eontrol.
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Tabte 3. The inhibitory activity  of  bcnthiava]iearb-isopropyl
and  maneozcb  against  zoospore  releuse  and  their efTects  en

zoosporc  motMty  ofI'h.L,rophrhoi'a  infbsrans

Compound C;oncentraLien

  (ltginil)

Percentinhibition

(± SD)  and  ctTect

Zoospore  Zeospere

 rclcasc  motilitv

Bcnthiax,alicarb-isopropyl

Mancozeb

1O{)

 lo

  11OO

 10

  1  9.

77.

4)-,5± ]1.

    o.o

    o.o

   100.0

   100.0

   1±8.8

  3± ll

9,,]++tt)++++++

 +

L.intreatcd .4h)t  l -

'"
 The  percent inhibition of  zoospore  in cach  ti'camient

comparcd  to untreatcd  control.  
-)
 
'I'he

 percentage ofzeespore  re-

lease in untreated  control.  
`'The

 degree of  zoosporc  motility  in
each  treatment  compared  ",ith  untreatcd  control.  +++:  largc

cequal to the  untreated  control).  ++;  middle  (a little bit less

than  the  untreated  control).  +:  small  (much less than the un-
treated control),  

''
 : nothing  (stopped}.

both a citric  acid  and  a glyoxylate cycleiO'  and  our  cxpcri-

ments  showed  that benthiavalicarb-isopropyl does net  inhibit

oxygen  consumption  in R in.festans (Y. Miyake, unpublished
data). It was  rcportcd  that both the re[ease  and  rnotility of

zoospores  are  alTected  by energy  generation inhibitors such  as

famoxadone and  eyazofam{d.ii'i!)  Thus, it is suggcstcd  that

benthiava[icarb-isopropyl does not  afi'ect thc encrgy  produc-

100

80AS

 60yEE8

 4o

20

oO.3

       +  Benth

Fig. 2. Preventive

late blight. Nlertica]
niean  {n=3).

1 3 10 30 100

    Concentration(stg/ml)

iavalicarb-isopropyl +  Muncozeb

efft)ct  oi'  benthiavulicurb-isoprepyl on

bars rcprcscnt  thc standard  deviations

300

toTnatoot'

 the

,ft)i"'ntttof'ft',sti('id('Sc'iwi{'c'

n*yo--=oU

100

80

60

40

20

       o

        O.3 1 3 10 30 100

                     ConcentrationCttg/ml)

Fig, 3. Curative eff'ect  of  benthiavalicarb-isoprepyl on  ton]ato  lutc

blight.Benthiavaliearb-isepropyl
 "･as  applied  at  I2hr {-} er  24hr  (i) arter

inueulatlon of  Ptv'tophthoi'tt iitrZ'st{tns. N{anco7eb was  applicd  at

]2hr {e) or 24 hr C") aftcr inoculation, Xiertical bars represcnt  stan-

dard deviatiens efthe  mean  (n=3).

tion system  of  R  infastans. But bcnthiavalicarb-isoprop.vl pre-
vents  zoospores  from cncysting  (data not  shown),  So the pos-
sibility  that it had some  influcncc on  thc synthesis  ot' the  cell

wal]  rcmains.

2, Gi'eenhot{se and  P'ieid b'ials

  2. 1. Preventive and  ('uiutii'e  epa'('ts
Benthiavalicarb-iseprepyl demonsrrated good bio]ogieu] ac-

tivity  in greenhouse trials. Prev ¢ ntivc  trcatmcnts  at  a low' rate

of  1-3 mgA  completely  controlled  lomato  late blight (Fig. 2}.

Mancozeb  -'as  less etT'ective  than  bcnthiax,alicarb-isopropy[,

Curative treatrnents 12hr after inoculation. at  a rate  ef

10rngil, also  conipletely  controllcd the pathogen, and  no

symptoms  were  observed.  Following the rreatments  24 hr aftcr

inoculatjon. although  some  slight  symptorns  of disease werc

observed  even  at the  high concentratien.  a]]  ofthese  fungi                      L. L

Fig. 4. Disease syi"pton]s  en  teniate  Teaves tbHowing  curative

trcatmcnts with  benthlavalicarb-isoprepy] al 12hr  {u) or  24hr (b)
after  inoculation at a  rate  of  1O mg,'1.
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Fig. 5. 
'ihe

 translaminar  and  b},h'temic  activiliy ot' bcnthiava]icarb-
isepropyl agamst  teinato  latc blight.

Benthiavaliead'b-isopropy[ xxas  upp[icd  enly  on  Lhc uduxiul  surfuuc  ol

1"Tnale  ]ctwcs(i  ). c)n loLvcr lcaN cs  (")or  on  thc  soil{-}  at  24 hr be-

ibrc inoculatien. ,Xs  t'or translaminar actiL'itv. inocularion "as  carricd

eut  en  thc  abaxial  surt'aec  of  thc  leuxcs, Vcrliu`'Ll bars rcprchcnt  stan-

dnrd dcvintiens et'the  meun  (n ]}.

wcre  inhibited from developing {Figs. . 3, 4). ]t is belieNed that

thcsc results  can  he attributed  to thc t'act that the  treatnicnt

with  thc fun.gicide took place af'ter the pathogen had started

inN･ading the plants. Nlancozcb did not  hai'c a curaTiK'c  ctl'cet

on  plants inl'eeted vvith  toniato  late b[i.ght.

  2. ui. T}vm.y tamintiJ' cmd  .s/1'steinic' a('tion

]L was  estublishc(1.  by usin.g  tomato  seedlings  in which  on]>'

the adaxial  surfticc  ofthe  lcavcs had bccn treatcd, that benthi-

uva[icarb-isoprop},1  exhibited  good trans]aniinar tietivity

against  toniato ]ate blight. Centrol of  fungal aetivity  on  the

      5

      4
   .9
   N. 3
   Pn
   U2
   m

      1

      {)

           Benthiavalicarb- Mancorcb

              isopropyl

            ss Rainfastness en Residualactivitv

I'ig. 6. 
']'hc

 rah)l'asLncss und  rcsidual  activiti.v of  benthLaLaliciLrb-

iheprupyl und  inunuezcb  u.yHinhl toinato lare bli.g.ht.
The  EIC',,, Lvas  calcL-lated i'roTn eontrol  i'alucs and  the raLie i'er cueh

trcatinenl Lvas  presentcd as  a value  "'hich  is ttnintlucnLiul  in 1. N'crti-

ca1  bars rcprcscnl  standard  dci'iatic}ns et'lhc  nicun  Oi=3).

Fun."icldiul AcLiviLx ol' Be-tliiai /Tlicurb-iHeprop}･1  .IV5

  leo

   80tt

 60xt:

 40U

   20

    o

          Benthiavalicurb- Benthiuva]icarb- Mancozeb

         isepropyl isepropyl 1600gui,'hu

            ])'g ut'ha  50g  aL,'ha

                    ee 
±3DAT3  M  4DAT4

Fig. 7, C'ontrol actixiti)' ot' bcnthiai'alicarb-isoprc)p}'1 it.ynTmsl

tomate  latc b[ighL.

iv'crtical
 bars reprcsent  standard  dci iati{ms urrhe  mcan  {n=  .1 ).

'3D,ALT3=3davsat'der3i'[treatincnt,

upper  leaN'eb through  thc spra},ing  of  the conipeund  on  the

]owcr [caves was  bare]y evidcnt  excn  at thc highcsr cenccnrra-

tion (]OOm.g,ib. 

'['hereft)re,
 it is proposed that  thc  cenipuund

had alinost  no  abilit>' to n]ove  through  thc syinplast,  llo"excr.

cotnplcrc  contro[  ihrough  soil  drenehing was  observed  at a

eonecnTration  or  only  3 ]ng'1,  and  thc coinpoLtnd  had 
.good

apoplastic  mobility  (Fig. )'), N,Iancozeb  did not  show  an>'

translaniinarorsvstc]nicaetivitv.

  2.3. Rctintctsine.s's anc/  re.viclttaia('tii'i4'

The rainf'astncss  of  bcnthiavaliearb-isopropy]. estab]ished

through  a ratio  of  EC.y, values,  was  a]mosr  equai  to that et' the

standard  i'un.gicidc mancozcb  (Fig. 6). On  the  othcr  hand.  the

rcsidual  activity  o[' benthiavalicarb-isopropyl surpasscd  that oi'

tnancozeb.  It is thought  lhat  bcnThiavalicarb-isoprep}･1 "ill

fu[[x, denionstrate centrol  in thc field.
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         B]nthiavalicarb- Itcnthiav･alicarb- Muncozeh

          isopropy[ isopropy] 160(}g ui, hu

            50g uL ha 7.Sg aL'Iia

                    ee 5DAT5  W  11DAT)-.

FiL,. 8. Uontrol aclivi1} ot'bcnlhit"alicarb-isoliropyl  a.gainsr petato
]ureblLght

Vcrticul  bars rcprescnt  stnnclurcl  dcvintiens ot'the  menn  (n ]).
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  2,4 Eield tt'ia is

The erncacy  o[' benthiavalicarb-isopr{}py] was  testcd for the
control  of  tomato  and  petato ]ate b]ight caused  by R  itlfL'stans
in the field. The  compound  was  not  u$ed  unti]  aftcr  the first

symptoms  appeared  on  the tomatoes  and  potatoes. and  then

applied  4 or  5 times  at 7-day inte-,als, Thc ability  of  benthi-
avalicarb-isopropyl  at 50gailha  to control  tomato  late b]ight
was  high  and  equal  to or  surpasscd  that of  the re ference fungi-

cide  mancozcb  cFig. 7). The eMeacy  of  bcnthiava]icarb-i$o-

propyl at 50 or  75gai,/ha against  potato ]atc blight was  equal

to that oi'niance7cb  (Fig. 8). These  resu[ts  suggest  that the bi-
o]ogiea]  propertics ofbenthiava]icarb-isopropyl.  in addition  to

its basic antifungal  activity.  contt'ibutc  to its good abi[ity  to

contro]  potato and  temato  ]ate blight in the field.
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