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               INTRODUCTION

  Rice blast caused  by R}'ricularia oozzae  is one  of the most

serious  plant diseases in rice  production in eastern Asia.

Fthalide (4,5,6,7-tetrachlorophthalide, RabcideO) has been

widely  used  as  a foliar fungicjde against  ricc  blast disease

since  1971. It prevents appressorial  penetration by inhibit-

ing rnelanin  biosynthesis in R  ot:},zae',2) like tricyclazoLeZ,3)

(5-methyl-1,2,4-triazolo(3,4-b)benzothiazole, BeamO)  or

pyroquilon3) (1,2,5,6-tetrahydro-4H-pyrrolo-(3,2,1-i,j)-
quinoline-4-one, Coratop@  ),
  While melanin  biosynthesis inhibitors CMBIs) have been
used  as  basic rice blast fungicides for nearly  30 years, there

have been no  reports of insuMcient eMcacy  (relating to the

less-sensitive strains)  or  of  the appearance  of  resistant  strains

in the fields, Therefbre, MBIs are considered  a  low-risk

fungicide in terms of  the development of resistance against  P.

orpuae.

  As exemptified  by tricyclazole action  mechanism,  the major

group of  MBIs inhibits the reduction  steps  from 1,3,6,8-

tetrahydroxynaphthalene  to scytalone  and  from 1,3,8-

trihydroxynaphthalene  to vermelone  in the melanin  biosyn-

thetic pathway,2･`'9) wheFeas  carpropamide  interferes with

thedehydration  reactions  from scyta]one  to 1.3,8-

trihydroxynaphthalene  and  from vermelone  to 1.8-

dihydroxynaphthalene.iO-i2) Since MBIs have Iittle or no

fungitoxic propenies on  P. ot:yzae,  the minimum  inhibitory

concentrations,  or the effbctive concentrations,  on  mycelial

growth do not  represent  the sensitivities ofindividual  strains

to MBIs. Thus, the sensit{vity  of  P, oo,zae  to each  MBI

should  be determined by a certain other  method.  Appressor-

ial penetration tests on  cellulose membranes]3)  or  inoculation

tests on  rice leafsheaths]`) or  onion  epidermisi5) could  give the

sensitivity  profiles of  R  ou,zae  for MBIs, But these methods

are  diMcult to use pructically when  we  handle a number  of

'
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isolates for the  tests.

  In this paper, a  simple  method  for monitoring  the sensitiv-

ity of P. orp,zae  to fthalide on  cellulose  membranes  is de-

seribed, using  strains isolated before 1976 and  others  isolated

in the 1990s,

          MATERIALS  AND  METHODS

1. Chemicals

  A  formulation of frhalide 20%  flowable (FL) (Kureha
Chemical Industry, Tekyo)  or a formulation of  tricyclazole

20% FL  (Takeda Chemical Industries, Tokyo)  was  directly

suspended  in distilled water.

2. tsolates

 The Agricultural Experiment Stations of Niigata, Fuku-

shima,  Miyagi, Akita and  Hokkaido  prefbctures kindly sup-

plied 1 1O field isolates of P. otlpzae, which  werecol1ected  from

1995 to 1998. The  gene bank of the Japanese Ministry of

Agriculture, Forestry and  Fisheries provided 11 isolates,

which  were  collected from 1953 to 1976. Thestandard  strain

P-2, isolated in 1948,i5) was  also  used  in this experiment

3. Cultural Methocts

  All the strains  were  maintained  on  rice  bran agar  medium.

Four agar  disks (4mrn in diameter), cut  from the edge  of

pre-cultured mycelia  on  an  oatmeal-sucrose  medium.  were

placed on  a fresh oatmeal-sucrose  medium  in a petri dish and

were  incubated at 25]C for 9 days. After removal  of  the

aerial  hyphae, the cultures were  placed under  fiuorescent light

at 25aC for 4 days. Spores formed were  collected and

suspended  in sterilized  distilled water  and  filtered through

bleached cotton  ctoth,  Spore concentrations  were  adjusted

to 1× 1O" to 1×  10Slml, and  the  suspension  was  subjected  to

the cellulose membrane  test.

  The mycelial  mass  ofA  onyEae  from the stock culture was

transferred to 30m] of yeast-glucose liquid medium  (yeast
extract  20 gll, glucose 5 g!1) with  10 to 20 glass beads (1O mm
in diameter) in a  100-m] Erlenmeyer fiask. The flask was

incubated at  25eC for 3 days and  shaken  once  a day to

disperse the mycelial  mass.  Then, 2ml  of  mycel{al  suspen-

sion  was  transferred ento  the rice bran agar  medium  in a  petri

dish and  incubated ut  25"C for 4 to 10 days under  continuous

fluo[escent light. Spores were  harvested and  suspended  in

disti}led water.  Spore concentrations  were  adjusted  to 1×

105!ml to 5× 1051ml, and  then the suspension  was  used  for

the  pot tests.

4. Determination qf' Minimum  Inhibitoo, Concentrations

   of Appresson'al Melanization

  The celtulose membrane  method  was  employed  to observe

the melanization  of appressoria.  substantially  according  to

the method  of  Araki and  Miyagi,i3) which  was  modified  by
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substituting sterilized  "'uter  in place of  the rice leaf
homogenate. The chemical  solutions  were  prepared at the

given concentrations  for t'tha]ide and  tricyclazole with  two-

fold dilution steps, A sterilized filter paper (Toyo No, 2, 85
mm  in diameter) was  placed in a petri dish, and  2.5 mr  ofthe

chemica[  so[ution  was  added.  The  cellulose  membrane

(Seamless Cellulose Tubing, Sanko  Junyaku  Co. Ltd.,
Tokyo) was  pretreated in boi]ing distilled water  and  dried.
CeLlulose membranes  in 10mm  squares  were  suMciently  im-
mersed  in the chemical  solution  and  smoothed  out  on  the

filterpaper. Then  10"1 ofspore  suspension  was  dropped on

the cellulose  mcmbranes  and  incubated at 25"C for 2 days.

Appressoria on  the membranes  were  observed  under  a  light

microscope,  The degrees of  melanization  were  assessed

according  to a sca]e  from LL -"  (unmetanized ) to a 
"+

 
"

 (fu1ly
melanized),  with  20 to 30 appressoria  being suri,eyed from
each  cellulose  rnembrane  piecc, Then. the lowest concentra-
tion at  which  the degree of tLppressorial  melanization  was

"`-"

 was  considered  as the minimum  inhibitory concentra-

tion of  appressorial  melanization  (MICAM).

protective value  was  calculated  on  the infected area  conyerted

from thc severity  index,

           RESULTS  AND  DISCUSSION

  The ranges  of MICAM  (minimum inhibilory concen  tration

ofappressoria]  melanization)  for the MBIs  were  evaluuted  by
the cellulose mcmbrane  method,  Ten out  of  12 strains iso-
lated betbre 1976, and  79 out  of  110 strains isolated in the
1990s, formed distinct melanized  appressoria  en  the cellulose

membranes.  The  rest of the tested isolates did not  form
enough  appressoria  or djd not  melanize  under  these condi-

tions. The  degree of melanization  in appressoria  was  asses-

sed visually under  a light microscope,  Typicul examples  of

melan{zed  appressoria  in the contro]  and  unmelanized  appres-

sor]a  tn  the presence of  MBI  are  shown  {n Fig. ].

Table ] The MICAM  values  of Il}'ricularia otly'iae isolates
befbre 1976 to fthalide or  tricvclazole.                    '

[solates Coilected yeurMICAMn)
 cmgll)

Fthalide Trlcyclazole

5. Pot 7}?st

  The isolates having di flbrent MICAM  values  were  inoculat-               v
ed  on  the rice seedlings  treated with  fthalide to evaluate  the

preventive values  on  plants. Rice (Or.v-,a sativa L. cv.

Koshihikari) plants were  grown  in a plastic pot (64 mm  × 64

mm)  to the four-[eafstage, Fthalide was  sprayed  at  50, IOO
or 200 mg!1  with  a vo[ume  of  1000 11ha. The spore  suspen-

sion  of  each  isolate, which  is chosen  from the group of

different MICAM  values.  was  sprayed  onto  the treated plants
3 hr afier fthalide application.  The plants were  kept under  a

high humidity condition  at  25'C for 2days. and  were  then

maintained  in u  growth  chamber  at 250C for 12 hr (light) and

at  200C fbF 12hr (dark). The  disease severity index wtts

ussessed  on  10 rice  seedlings 6 days after inoculatien, The

MAFF  IOI I09b)
MAFF  10]1IO

MAFF  1011tt
MAFF  101113
MAFF  101r14

MAFF  101[[5
MAFF  ]Oll19

MAFF  10tt22
MAFF  101123

MAFF  30SOOI

MAFF  30S473
P-2

19761976]9761976t976197619761976t97619531968]948O,39l,S6O,39O.20O.78NDc)NDO.39O,20O,39O,78O,78O.05O,20O.10O.05O.20NDNDO,10O,10O.10o,leO,10

")
 Minimum  inhibitory concentration  of  appressoria]  mela-

ntzation  on  the  cellulose membrances.  
b)
 Ministry of  Agri-

cuLture,  Forestrv and  Fisheries. 
t)
 Not determlned.          '

                Contro1 Fthalide O.78 mgA

                  (+) a)  (-)
F{g. t Microscopic photographs of  melaniLed  and  unmelanized  appressoria on  the cel]ulose  membranes.
U}
 The degrec of  appressorial  melanization  / +  (t'ully melanized),  

-
 (unmelanized).
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 Only three strains  of R  oryzae  isolated befbre the 1aunch of

fthalide in 1971 were  available  for this study. Therefore,

these strains  together with  9 strains  isolated in 1976 were

grouped as  
""not

 or lesser-exposed" to fthalide, The MICAM

values  of  these isolates before 1976 are  shown  in Table 1,

The sensitivities to fthalide of R  orvuae  isolates from the

1990s ranged  from O. 1O mgfl  to I,S6 mgfl,  with  a  peak at O,39

mgll  (Fig, 2), No  significant  diversity ofsensitivity in the R

otlyzae  isolates to fthalide has been seen, even  after nearly  30

years of  practical use (Fig. 2).

  The MICAM  values  ofthe  isolates from the 1990s to tricycl-

azolc ranged  from O.O1 mgfl  to O.39 mg!L  with  u  peak at  O,1O

mg/1  (Fig. 3). Although  the MICAM  values  ofthe  isolates

to tricyclazole were  lower than  those  to fthalide, the profiles

of  the sensitivities to both fungicides were  identica[, The

cross-sensitivity  between fthalide and  tricyclazole was  present
with  a  correiation  coeMcient  of O,463 (P<O,Ol) (Fig. 4),

There was  no  chunge  in the sensitivity profiles to tricyclazole

in A  ot:pzae between the isolates before ]976 and  the isolates

in the 1990s, As tricyctazole was  registered  in 1981, the

sensitivity profile ofthe  isolates collected before l976 can  be

considered  as  the  baseline sensitii,ity,

  Figure 5 shows  the box-and-whiskers plots of  the MICAM

values  ofthe  isolates in the 1990s to fthalide in each  prefec-

so
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 3otst:20z

  le
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    =--t
       '
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    Isolates''O''
 before 1976 (n=10)

    lselates in
+
    the1990s(n=79)

          ..o- -･a･.H
  o
    e.OS O.10 020 O.39 OJS  1.56 3.13
                 e)

             MICAM  {mgn]

Fig. 2 Sensitivity distribution of R)'rieularia oryzae  isolates
to fthulide.
") MLCAM  : Minimum  inhibitory concentration  of  appressor-

iul melanization  on  the ceLlulose  membranes,

se-
..  .].I

                        I
sco  

''
 

'
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                e)
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Fig, 3 Sensitivity distribution of  Ryricularia o,tviae  isotates
to tricyclazole.
a)
 MICAM  : Minjmum  inhibitory concentration  of  appressor-

ial melanization  on  the  cellulose membranes.

ture, There was  no  significant  difference in the sensitivities

ofthe  isolates to fthalide among  the regions.  Thenumber  of

applications  of  fthalide in Akita should  be greater than  that

in Hokkaido, where  rice  biast fungicides have been usecl  to a

lesser extent, These data suggest that the number  of applica-

tion times  did not  cause  much  selection pressure or alter the

fungal sensitivity  to MBis. Figure 6 shows  the MICAM

values  of  isolates to tricyclazole in each  region.  The mean

values  of MICAM  to tricyclazole in each  prefeeture are

distributed within  a narrow  range,  from O.07mgfl to O.15

mgll.

  In the pot tests, no  di fference was  observed  in the preventive
values

 of fthalide at  the  concentrations  of  50, ]OO and  200

mgll  to the eight tested strains  (Table 2), Strains of

MAFFIOI109, MAFFIOI110  and  A3 formed fewer lesions

k.v-E.

-

Aco'
 

  -2.5
    .1.2 -1 .0,8 -O.6 -O.4 -e.2 O O.2 O,4

              Leg MICAM  
E)
 te fthalide {mgl])

Fig. 4 Cross-sensitivity profile in Ryricularia ot:y,zae isolates

to fthalide and  trjcyclazo]e.
a) MICAM  : Minimum  inhibitory concentration  of  appressor-

ial melanization  on  the cellulose  membranes,

b)
 Figures in parenthesis show  the  number  of  isolates.

C)**
 : Significance level for correlation,  P<O.Ol.

ggii

    
O

        t99Sb) 199g 1sc8 1995-1op8 1998 194g-L976

        ne16c)  ngO  n=7  n#6  mlO  n=le

        (17)dl (46) (17) (10) {20) (12)

Fig. 5 MICAM  values  of  R},ricutaria onpzae  isolates to

fthalide in each  prefecture.
a)Origin,

 
b)Coliected

 year. 
C}Number

 ef  isolutes forming
distjnct melanized  appressoria  on  the cellulose

membranes.  d)Number  of tested isolates. 
e)Ministry

 of

Agriculture, Forestry and  Fisheries,



Pesticide Science Society of Japan

NII-Electronic Library Service

PesticideScience

388

Society  of  Japan

H Jpt ft es e}t k  lt, ce 26 tsng4e  -t di 13 e{ l1 H

Tab]e 2 EMcucy of  fthalide by protoctive foliar apptication  against  rice  blast inoculated wilh  field iso
which  have different MTCAM  values.

lates

Conc, ofspores  Infected area  of

 {counts!rn1) untreated  control

Preventive valueb)
lsolareu)

  Cenc. of  fthalide {mg!1)
50 1oo 200

MICAMc)
(mglm])

   Hl5MAFFIOII09

    P2

    N2

   NllMAFFIOIIIO

    A3
   A33

5× los5
× IOs5

× los5
× los5
× ]os5

× 10sI
× 105SXI05

4].89.631,944,3S4.52,41.832,91oo9999.795.191,3]oo97.299,399.8too99.798,696,7IOO99.i99.91ootoo1OO99.899.81OOlOO99,9O,2O.39O,78O.78O.781.56l.561,S6

"'H15/
 Hokkaido  0998), MAFFIOI109/  Nagano

([99SL MAFFIOt]]O:  Fukui {]976L A3  and  

'A33:

plantY(mean infected area  efuntreated  plant)] x  [OO.
ial melanization  on  the cellulose  membranes.

CI976), P2: Niigata (1948), N2  and  N]] : Niigata
Akita (l998). 

b)
 [1-(mean infbcted areu of  treated

 
C)
 Minimum  inhibitory concentration  ot' appressor-
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+ Mean  
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 Hokiiaido E)  Akita Miyagi Fukushinia Niigata

        1998b) t99S 199S 199S-199g 199g

        n=I6c)  n=40  n=7  n=6  n;10

        (r7)d, (46) (l7) (10) (20)

Fig. 6 M]CAM  values  of  P.vricularia ou'zae

tricyclazole in each  prefecture,
")

 Origln. b)
 Col]ected year.

distinct melanized  appressoria  on  the

membrunes,  
d)Number

 of  tested isolates,
Agricu[ture, Forestry and  Fisheries.

ii

MAFFe)1948-1976

 n!IO

  (12)isolutes

 to

")

 Number  of iso]ates forrning

              cellu]ose

           
e)Ministry

 of

on  the untreated  control  and  seerned less pathogenic than  the

other  strains,  Nl1 cuused  serious damage  to the untreuted

plants.

  MBIs  also  inhibit mycelial  pigmentation ofR  ou,zae  in the
course  of  vegetative growth. We  attempted  to estimate

minimum  inhibitory concentrations  of  mycelial  melanization

to the above-rnentioned  iso]ates on  agar  plates. However,

mycelial  melanization  varied according  to the kind or volume
of the medium  and  also according  to light conditions  (data
not shown).  Moreover, the diversity ef mycelia]  melaniza-

"on  umong  untreuted  isolates made  it diMcult to draw out  the

MBI  efi'ect on  the melanization,

  This is the first report to monitor  the sensitivity of  P. ou,zae

to MBIs by a  cellulose  membrane  method  before and  ufter  the
introduction of  MBIs  to practical use. We  confirmed  that

there was  no  significant diversity of  sensitivity to ftha]ide
among  the strains isolated before 1976 and  those in the 1990s,
after nearly  30 years of  application  background, Recently,

new  MB[s,i7"") with  a  ditferent mode  of action  from that of
fthalide or  tricyclazole, have been introduced as  rice  blast
fungicides. The  approach  presented in this paper may  be
usefu1  for assessing the resistance  risk  for new  MBIs,
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要 約

イネい もち病菌の フ サ ラ イ ドに 対す る簡易な 感受性検

定方法

　　　　　　　永塚 隆由，佐藤　勉，千 田常 明，山 口　勇

メ ラ ニ ン 生合成 阻害 剤（MBD の 作用 は 非殺菌的で あるこ とか

ら，イネい もち病に 対する感受性検定法が 確立 して い ない ．セ

ロ フ ァ ン 膜上で の イネい もち病菌付着器 の メ ラ ニ ン化阻害を指

標 として，フ サライドに 対する圃場分 離株 の 感受性分布を調べ

た．フ サ ラ イ ド実用 化前後に あた る 1976年以 前に分離 され た 農

水 省由来 12株中 10株 と，各県の 農業試 験場 か ら提供を受け た

1990年代の 分 離 菌 110株中 79株は，セ ロ フ ァ ン 膜 ヒでイ」
．
着器

を形成し，付着器 の メ ラ ニ ン 化も認め られ た．こ れ らの 菌 株に

対す るフ サ ラ イドの メ ラ ニ ン 化最低阻害濃度 〔M 置CAM ）は ，

0．10〜L5mg ／1の 範囲で 0．39　mg ／lを頂 点 とす る
一

峰性 の 分 布

を示 し， 分離年，分離さ れ た 地 域 に おけ る違い は認め られ なか っ

た．トリシ クラ ゾール に つ い て も一峰性 の 分 布が得 られ，両剤

の MiCAM 値 問 には正 の 相関が 認め め られ た．また ，
　 MICAM

が 異な る菌 株を ポ ッ ト接触試験に供 したが，こ れ らに対 す るフ

サ ラ イ ドの 効 果 に 違い は 認め られ なか っ た，MB1 長期使 用 に

よ っ て も，イ ネい もち病 菌 の 感受性 に変動は 認め め られ ず，

MICAM は，感受性変動を監 視す る簡便 な指標 と考えられ る．

N 工工
一Eleotronio 　Library 　


