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Mode  of  Rice BlastControlby Chlobenthiazone"

            Satoru INouE  and  Toshiro KATo

Reseai'ch  DePartment,  Pesticides Division, Sumitomo  Chemical  Co,, Ltd,,

          Tahatsuftasa, 7'akarasuka, Hly,ogo 66'5, JaPan

                (Keceived January 29, 1983)

   Chlobenthiazone  CS-1901), tl-chloro-3-mcthyl-2(3H)-bcnzethiazelone,  is a  
new

 
Iungicidc

for the control  of  rice  blast. Grccnhouse  studies  indicated that thc  fungicide had  high pre-

ventive
 
and

 
Tcsidual

 activitics  at  lew  concentrations  against  the disease. On  
thc

 
contrary,

curative  activity  was  not  obtained  even  at  a  concentration  as  high as  500  "glml. Thc
 
fungi-

cide
 
was

 also  effective  in controlling  the disease by submerged  application,  indicating sys-

temic  movements  in plants. When  t4C-labeled  chlobenthiazone  was  applied  to the leaves or

roots
 
of

 
rice

 seedlings,  radioactivity  was  found  to be  rapidly  translocated  to the  
untreatcd
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loliar or  submerged  application.

             INTRODUCTION

  Since fungicidal activities  of  benzothiazole

derivatives were  first described in the patenti)
which  disclosed 1-hydroxy, l-amino and  l-thiol

derivatives in 1932, many  analogous  compounds

have been tested for their fungitoxicities,2-`)

  Our recent  investigations showed  that the

derivatives of  benzothiazolone were  effective

in controlling  ricc  blast diseasc caused  by

1lyricieJaria or.x,.7.ae Cav., whereas  their fungi-

toxicities in a  nutrient  medium  were  low.

Among  the derivatives, we  found that the

cornpounds  substituted  with  alkyl  or  halogen

groups at  both 3 and  4-positions of  a  benzo-

thiazole ring  were  generally more  effeetivc

than  those substituted  only  at  3 or  4-pusition,

and  4-chloro-3-methyL-2(3H)-benzothiazelone

(chlobenthiazone) was  selected  as  one  of  the

most  effective  ¢ ompounds,  Effective disease

control  of  the fungicicle could  be achieved  by

  * "-iechanism  
of

 iE'ice 

'E-tast
 c6htr'o'1 of' chloben-

    thiazone  (I'art I)

foliar or  submerged  treatment  in thc field.S'

Thc  objective  of  this study  is to understand

how  the  fungicide controls  tlie disease.

       MATERIALS  AND  METHODS

1. I'ot Tests

  Eitlier a  100/6 wettable  powder  or  a  10`),6

emulsifiable  conccntrate  of  chlobenthiazone

was  diluted with  water  at  appropriate  con-
                                      ,
centrations  and  employed  in thc followmg

tests,

  Rice seedlings  (Oryxa sativa  L., var.  Kinki

No.  33) were  used  as  test plants wl)ich  had

been grown  for 2 to 3 weeks  in a  greenhousc,

  Inoculation of  the pathogen was  carried                                     out

by  spraying  spore  suspension  containing  105

sporeslml  to the plants, For production  of

conidia,  the biast fungus, P. oicyzae  (Ken 60-19)
was  cultured  on  an  oatmeal  agar  medium  in

a  petri dish at 28eC for 14days.  The  aerial

mycelium  was  removed  with  a  brush by

washing  with  tap water  and  then the culture

"Tas  incubated for another  4 days  under  Black

Light-Blue lamps,
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   Inoculated plants were  placed in
 cenditioned  room  maintained  at  28CC

 a  relative  humidity  of  more  than

 scribed  as  the incubation  room  in the

 ing), After 4 days incubation, di$ease

 was  assessed  by  the observation  of  
'

 Ieaf area,  The  other  procedures
 tive tests are  as  follows.

 1.1 P･reventive activt'ty

   The  potted  rice  seedlings  of  the 2,
 stage  were  sprayed  with  the fungicide

 sion  4 hr before inoculation.

 1.2 Curative activitv

   The  fungicide su"spension  was  sprayed

 the plants of  the 2.8th leaf stage  I8 hr
inoculation and  then  the treated plants
returned  to the incubation room.

 1.3 Residual activity

  The  fungicide suspension  was

the plants of  the 2.8th leaf stage,
then  placed in a  greenhouse. After 4
these plants were  illoculated and  kept
incubation room.
1.4 S>Jstemic actiwitlv

  The  pots (90 ml  in velume>,  in
seedlings  of  the 1.5th leaf stage  were

were  placed  in a  plastic cup
containing  100 ml  of  the fungicide
and  incubated in a  greenhouse. After
or  15days, the plants virere

kept in the  incubation room.
1.5 VaPorPhaseactivity

  The  fungicide dissolved in
applied  uniformly  in an  apprepriate

to a  filter papcr (7cm in diameter)
RoshiCo.,Ltd.No.2). Thetreated
was  hanged  in a  5-liter glass bcaker as

334 N7kftfti',,.i M8ig
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in Fig. I after  the drying of  methanol,  The

potted  rice  seedlings  of  the 2,5th leaf stage

were  put  inside thc beaker. The  filter papcr
and  the plants were  kept  apart  to avoid  dircct
contact.  After exposure  tQ the fungicide
vapor  for 24hr, the plants were  taken out

from the beaker  and  then incubated  in a  green-
house  for O, 24 or  48 hr, and  inoculated.

 2. I;ield Trials

   Rice seeds  (cv., Nihonbare) were  so"Ted  at

 a  rate  of  200 gfseedling flat (30× 60 × 3cm).

 The  plants were  cultivated  in a  greenhouse to

 the 2nd leaf stage  and  transplanted into an

irrigated field by  a  transplanting machine.  All
trials were  based on  3 replicates  of  20 mL'  with
randomized  block design.

  The  rate  of  disease control  was  determined
by  counting  the numbers  of  all diseased and

healthy  plants in 20 hills per plot. Severity of
leaf blast was  assessed  by the estimation  of  the

percentage of  infected leaf area,  Diseasc
index  of  panicle blast was  calculated  from  the
rates  of  rotten  neck  and  panicle branch blast
incidence by  the formula:

    Disease index (%)

       =
 .-, Lt4 +3E.+2g ±-D.).× 1oo

         
'4
 × total investigated nuffIbers

  A  is the number  panicles with  rotten  neck;

B, C, and  D  are  the numbers  of  panicles which
have more  than  2!3 of  the spikeletes  affected,

between 2!3-l/3, and  less than  1,i3, respec-

tively.

  Foliar application  of  chlobenthiazone  2.50ftt
dust was  made  5 times in total, 3 times  at

O.75 kg a.i./ha  against  leat blast and  2 times

Fig.

Treated  tilter

Test plants

5-literbeaker

paper

 -glass
.

     Exposure  to the fung[cide Placed in a  greenhouse

     vaper
 
for

 24hr for an  appropriate  period

1 Schematic representation  for testing of  vapor  phase activity  oi

lnoculated and  kept
in the  incubation room

chlobenthiazene.
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at  1 kg  a.i./ha  against  panicle b]ast, respec-

tively. Edifenphos  CO-ethyl S,Sdiphenyl

phosphorothiolate) and  fthalide (4,5,6,7-tetra-
chlorophthalide),  popular  rice  blast fungicides,

were  used  as  reference.

  Subrnerged application  was  made  by  uni-

formly scattering  c]ilobenthiazone  80f3 granule

twice at  2.4kg  a.i,Yha  against  leaf blast and

3,2kg a.i,!ha  against  panicle blast, Prob-

enazole  (3-allyloxy-1,2-benzisothiazole-1,1-di-
oxide),  isoprothiolane (diisopropyl 1,3-dithio-

lan-2-ylidenmalonate) and  IBP  (S-benzyl O,O-

diisoprop>r! phosphorotl]ioate) were  used  as

rcference,  All fungicides were  used  at  the

rates  and  intervals recemmended  by  the

manufaeturers.
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 Tab]e  1 Preventive,  curative  and  residual  ac-

        tivities of  chiobcnthittzone  against  blast

        disease,

Concentration  Disease  control  activity  c%) -

  (ILg,iMl) preventive curative  Rcsidual

500200100

 50

 2S

 12.5

  6.2
  3.1

  1.5

1OO100100100100100IOO

 75
 2a

3oooooooo10010085

 35

 o
 o

 e

 o

 o

3. S･vstemic Movement  in Rice 1]'tants    y

  Chlobenthiazone i`C-labeled  in the  phenyl
ring  (19.2 mCi!mmol)  was  prepared  as  aqueous

suspension  at  500 ILg a.i.,iml.  Foliar applica-

tion of  the labeled compound  was  made  by

spreading  50 pa1 on  the upper  surface  ef  the

3rd leaf of  the plant at  the 3,5th leaf stage

and  then the plant was  placed  in a  greenhouse
for 2 days, "Jith root  application,  roots  of

the plant at  the 4th  leaf stage,  whl.ch  had  a

primary  tiller, were  thoroughly  "Tashed  with

tap  water  and  placed into Erlenmyer  fiasks

with  100 ml  of  a  Kasugai's  nutrient  selution

containing  5 ptg a.i./ml  of  
t4C-chlobenthiazone,

and  then  the  plant was  incubated  in a  grcen-
house  for 2 or  4  hr.

  For  autoradiography,  the treated plant was

placed between  several  sheets  of  fi]ter paper
in an  air-conditiQned  room  maintained  at  40C

until  dr}ring, The  dried plant was  exposed  to

an  X-ray  film fur ene  week  in the same  room.

                RESULTS

1. Acti-wities in Pot  Tests

  The  results  in Table 1 show  high  preventive
and  residual  activities  of  chlobenthiazone

a.crainst  rice  blast disease, The  fungicide at

concentrations  above  1.51cg!ml showed  pre-
ventive  activity  and  completely  controlled  the

disease at  concentrations  above  6,2pag?ml.

When  the inoculation was  madc  4 days after

the treatment,  residual  activity  of  the fungicide

was  recognized  at  con ¢ entrations  above  50 pag!
ml.  On  the contrary,  curative  treatment was

Table2  Systemic activity,  of  chlebcnthiazone  in

       relation  to the time  of trcatment  and

       the  dose  bv  suil  treatment.

Concentration
  (,ug. !m]}

Disease  control  activity  (9,i )

5 days10  days15  davs

631.5O.8 1001001001001001008885 IOO1008067

not  effective  in contro}ling  the disease even  at

a  concentratien  as  high as  500 ptg!ml.

  Systemic activity  in the plants in relation  te

the  time after  treatment  and  to the dose  by

soil  treatment  of  chlobenthiazone  is shown  in

Table  2. When  the inoculation was  made  5 days

after  the treatmet, the disease was  completely

controlled  at  a  concentration  as  low as  O.8 stgf
ml.  At  concentrations  above  3stg!ml, the

effectiveness  of  disease control  persisted for

L5 days but lower  dosages were  not  enougb  to

maintain  the activity.

  As  shown  in Table 3, chlobenthiazone  gavc

protectiou against  rice  blast te the plants which

were  exposed  to the fungicide vapor  for 24 hr.

The  fungicide even  at  a  quantity  as  smal1  as  0.!

stmol per ruter paper  showed  the  effectiveness

in the disease control.  The  plants which  were

exposed  at  rates  above  10pamol  per  filter

paper were  almost  completely  protected and

the protection was  maintained  for 48 hr after

the exposure  to the vapor.
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Table  3

                 H dyeers e}E ft t,k, ut 8 ts

'Vapor
 phase  activity  of  chlobenthiazone.

eg 3 
-:-

 eek 58 iEi 8 fi

 Chloben-
 thiazone
(lemol/filter 

"

  paper)

-'"R,)

Disease  centrolactivity  (9,.' )E)

o100'"

1001009985

24

100

 50

 IO

  1

 O.1

1009799966i)

  48-'ioo

  98

 100

  81

   o

After exposure  to  the  fungicide vapor

24 hr, the exposed  plants "'ere  placed

g. reenhouge  
'for

 indicated hr.

 ferin

 a

2. Etz7tictiveness in Fiela TriaJs

  "Jhen the  application  of  chlobenthiazone

2.59!. dust to the  foliage began  prior to the

disease outbreak,  leaf blast was  effectively

Tab]c4  LeafandPaniclcblast  control

controlled.  Panicle blast was  also  effectively

controlled  by  the foliar application  at  both  of

booting and  middle  heading stages  (Table 4).

  With  submerged  application  ef  the granure
7 days prior to the primary disease outbreak

in controlling  leaf blast, chlobenthiazone  8%

granule provided  Ieaf blast control  as  well  as

the  reference  fungicide, probenazole. Vi･'hen
the fungicide was  applied  14 days prier to the
booting in controlling  panicle blast, both rotten

neck  and  panicle branch blast were  the most

effectively  controlled  among  tlie fungicides
tested (Table 5).

3. systemic nfovement  ofi`C-Chlobenthiaxane
  The  autoradiogram  of the plant which  was

incubated  in a  greenhouse for 2 days after  the
treatment  of  the 3rd leaf with  

i4C-chlobenthia-

zone  sho"ied  that radioactivity  from  the labeled

by  feliar application  ofchlobenthiazonc2.593  dust.

'1'reatlnellt")

Rate  (kg a,i.iha) Leaf1]lqst{?e)
Panicle  b]ast

Leafb)blastI'anielec}
 b]ast

Rottenneck(ee)I'anicle branch

 . 
blast

 (96)Diseaseindex
Chlobenthiazone  O.75  1 3,9 8.1
Edifenphos  O.75  1 5.6  4.8

Fthalide  O.75 I 4.7  10.9
Untreated -  -- 23.0 28.5

  
a)  2.se.i, dus{  formu]atl:ens of'[he  test fungicidcs-werE  applied,  

'"

  
b)

 The  first application  was  made  prior to  the primary  disease outbreak  and

    second  and  third  applications  depended  on  the disease dcvelopment.

  
c)

 Applications  ",erc  made  at  both  of booting  and  Tniddle  heading  (50?･k
    stages.

16.21.16.14.

 the

panicle

3 IB.
6 19.

1 22.

9 39.

tiining of  the

  emergence)

592o

Table5  Leaf  and

       granule.panicleblast

 control  bv            "submergedapplication  ofchlobenthiazone8%

Treatment

1(ate  (kg a.i.fha) Leafblast(?c) Panicle  blast

Leafa)blastPanicleb)
 blast

 Rotten
neck  (9tt)Pan{clc

 branch
  blast (91)Disease ind¢ x

Chlobenthiazone

  (87b' G)
Isoprothiolane

  (129･6 G>
Probenazolc

  (89･'e' G)

IBP  C17e,6 G)

Untreated

2.4S.62.4

5.1

3248S2

6,8

O.31102

1315

O,91214

I628

 15

7

1019

'

'

o6

1

34

 l2

 3,9

 4,9

 6710
 2

a]
 Application  was  made

b)
 Applicatien  was  made7

 days  prior to the primary  disease outbreak.
14 days  pric}r to the beoting  stage.
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iungicide was  tranglocated to mature  leaveb

and  also  ]eaves ne"ly  developed during 2 dayg

incubation  in  a  greenhouge  (Fig 2, a) Fur-

thermore,  
i`Cchlobenthiazone

 was  rapidly

absorbed  by  the roots  The  autoradiograms

(Fig 2, b and  c) of  the  plantb, of  which  the

rootg  were  imrnersed  m  a  Kabugai's nutnent

golution  contammg  the fungieide, indicated  a

rapid  distmbution  of  radioactivity  durmg 2 to

4 hr incubation  pemods

               DISCUSSION

  Chlobenthiazone was  remarkably  effective

m  controlling  rice  blagt caused  by  P  o4,xae

The  fungicide ig claggified  not  only  as  a  preven-
tive fungicide 1ike fthahde6) of  fohar blagt

fungicides7-9) but algo  ag  a  systemic  fungieide

hke isoprothiolane,iO)  probenazoleii) or  IBP,i2)

becauge of  their preventive and  residual  activ-

ities  without  curative  activity  by foliar treat-

ment  and  its systemic  activity  by  roet  treat-

ment  Thege properties were  algo  confirmed

]n  field tnals

  In order  to exert  a  fungicidal effect,  fungi-

cides  must  directly contact  the pathogens at-

tached to plant surface  However,  in  fohar

application,  fungicides do not  form a  umform

covcr  on  the leaf Therefore, systernic  move-

ment  and  vapor  action  of fungrcides m  or  on

plants rnust  contubute  to an  ethcient  digease

control  in  fields

  The  autoradiegrams  of  
'`C-chlobenthiazone

treated plants (Fig 2, b and  c) ghowed  that

the fungicide "ab  rapidly  absorbed  by  mce

seedlings  through  the roots  from a  nutnent

solution  containing  the fungicide and  trans-

located into  all parts of  the leaves The

fungicide accumulated  in  the leaves ]n  a  suf-

ficient amount  to control  nce  blast ag  demon-

strated  by  pot trialg Similarly, when  the

labeled fungicide was  applied  to  the leaves,

the autoradiogram  (Fig 2, a) indicated  that

the fungicide penetrated  translaminarly  into

the leaves and  moved  not  only  mto  mature

leaveg but  also  into  leaveg newly  developed

durmg  2 days incubation  m  a  greenhouse after

fohar treatment  Therefore it is concluded

that the fungitoxic compound  moves  upward
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and 　downward 　in　rice 　plants，　althougll 　it　is　llot
clear 　 wllether 　 the　 translocated　substance 　 is
chlobcnthiazone 　itself　or 　a　metabolized 　fungi−

toxic　product．

　　Chlobenthiazone　has　also 　vapor 　phase　activ −

ity　which 　may 　colltril ）ute 　to　a 　distribution　of

the　fungicide．　The　fungjcide　gave　protcction
to　the　plants　which 　were 　exposed 　to　the　fungi−

cide 　vapor ．　 Tlle　exposed 　plants　at 　rates 　above

lOμmol 　 per　 filter　 paper 　 in　 a　 5−liter　 beaker
were 　 almost 　 completely 　 protected　 from　 the
disease　and 　tlle　protection　was 　maintained 　 at

lcast　for　48　hr　after 　the　exposure 　to　the　vapor ．

　　From 　tlle　properties　of　chlobenthiazone

described　above ，　it　is　suggested 　that　the　up −

ward 　 and 　dQwnward 　 movements
，
　 and 　 vapor

phasc 　activity 　of 　the　 fungicide　 must 　 increase
tlle　chance 　of 　its　contact 　With 　many 　spores 　on

plant　surfaces ，　and 　this　contributes 　to　ethcient

disease　control 　in　practice，
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要 約

　　Chlobenthiazoneの イネい もち病 へ の 作 用特性
＊

　　　　　　　　　　　　　　　　　　　　　　　　井上　悟，加藤寿郎

　新規 な イ ネ い もち病防除剤，chlobenthiazone （S−1901｝，

4−chloro −3−【nethyl −2 （3H ）
−benzothiazolone の 作用特性 に

っ い て 検討 した．本薬剤は低濃度 の 茎葉処 理 で予防 ， 残

効効果を 示 す が ， 治療効果 は 500　pag！ml の 高 濃度 で も示

さなか っ た ，土壌処理 は 低濃度 で 高 い 防除効果 を 示 し

た ．ま た 本薬剤 は ， す ぐれ た 浸透移行性お よ び 揮散性を

有す る こ と が
14C −chlobenthiazone を用 い た 実験 お よ び

ポ ッ ト試験 結果 か ら判 明 し， こ れ らの 性質 は ， 圃場 で の

茎葉処 理 また は水面処理 に よ る 防除効果 に 寄与 して い る

もの と思われ る．

＊ Chlobenthiaz （⊃ne の イ ネ い も ち 病防除機構 （第 1報）
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