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During the infection process of blast fungus, Pyricularia ovyzae, chlobenthiazone (S-
1901), 4-chloro-3-methyl-2(3H)-benzothiazolone, inhibited most effectively the appearance
of infection pegs from the appressoria at concentrations higher than 10 umM. Melanization of
the appressoria was also inhibited by the fungicide at the same concentrations. The rates of
this inhibition at respective test concentrations closely correlated with those of inhibition of
appearance of infection pegs from the appressoria and to those of control of disease develop-
ment. On the other hand, when the chemical application was conducted later than 10 hr
after the inoculation or the inoculation was made with injury (punch inoculation), the fungi-
cide showed no efficacy in controlling rice blast even at a concentration as high as 2500 um.
These observations indicate that the protective activity of chlobenthiazone against rice
blast can be attributed to the inhibition of appearance of infection pegs possibly in con-

sequence of the inhibition of melanization of appressoria.

INTRODUCTION

Chlobenthiazone (S-1901), 4-chloro-3-methyl-
2(3H)-benzothiazolone, is a new fungicide for
the control of rice blast caused by Pyricularia
oryzae.¥ Disease control can be accomplished
by foliar or submerged application.”’ When
the foliar application was made before the
inoculation, chlobenthiazone showed a protec-
tive activity at concentrations higher than 1.5
pg/ml and completely controlled the disease
at concentrations higher than 6.2 yg/ml.*
However, when the application was conducted
16 hr after the inoculation, no effectiveness
was obtained even at a concentration of 500
pg/ml.®  Such a large difference in the effec-
tiveness between preventive and curative ap-
plication of chlobenthiazone suggests that the
compound selectively interferes with an early
stage during the infection process of P. oryzae.

* Mechanism of Rice Blast Control of Chloben-
thiazone (Part 2)

Chlobenthiazone inhibits normal melaniza-
tion of blast fungus at lower concentrations as
compared with those inhibiting mycelial growth
in vitro.®  Melanization in the culture is
extremely sensitive to the fungicide and in-
hibited at a concentration as low as 0.1 gMm.»
Furthermore, when several analogues of benzo-
thiazolone were compared, it was recognized
that there was a good correlation between the
protective activities of rice blast control and
the capabilities to inhibit mycelial melanization
of P. oryzae on a nutrient agar.**> The purpose
of this research is to elucidate the effects of
chlobenthiazone during the process of infection
of P. oryzae and to understand how the inhibi-
tion of melanization relates to the process
interrupted by chlobenthiazone.

MATERIALS AND METHODS

1. Fungicide

A 109% emulsifiable concentrate of chlo-
benthiazone was employed throughout the
experiments.

NI | -El ectronic Library Service



Pestici de Science Society of Japan

690 B 5k

ok W45 HMSOFEILR

2. Determination of Protective Activity

The potted rice seedlings (Oryza sativa L.,
var. Kinki No. 33) of the 2.8th leaf stage were
inoculated with P. oryzae (Ken 60-19) by
spraying a spore suspension containing 10°
spores/ml. The inoculated plants were placed
in an air-conditioned room maintained at 28°C
under a relative humidity of more than 959%,
(described as the incubation room in the fol-
lowing).  After an appropriate incubation
period, these inoculated plants were sprayed
with the fungicide suspension at a concentra-
tion of 2500 #M, and then returned to the
incubation room. Disease severity was deter-
mined by the percentage of infected leaf area
after 4 days incubation.

The infection process of the fungus at respec-
tive application times of the fungicide was
observed under an optical microscope after
fixation with carnoy solution (ethanol : chloro-
form : acetic acid, 6:3:1, v/v).

3. Observation of the Effects on the Infection
Process

The potted barley seedlings (Hordeum vulgare
L., var. Kanto No. 6) of the two leaf stage
were used to determine the effects of chlo-
benthiazone on the infection process of P.
oryzae.

The fungicide suspensions were sprayed on
the plants. After air-drying, the plants were
inoculated with the spore suspension contain-
ing 10® spores/ml by spraying, and then the
plants were placed in the incubation room.
After 4 days the leaves were fixed with carnoy
solution for microscopic observations. A micro-
scopical study was made on spore germination,
elongation of germ tube, appressorial forma-
tion, appressorial melanization and formation
of infection peg during the process of infection
on barley epidermis. Formation of infection
peg was determined by observation of de-
veloping hyphae emerging from the underside
of appressorium or by carefully focusing down
to a plane below the appressorium.

4. Punch Inoculation

The potted rice plants at the four leaf stage
were treated with the fungicide suspensions.
Inoculation of the pathogen was carried out by
placing a droplet of the spore suspension con-

taining 107 spores/ml onto the leaves with or
without injury by using a punch instrument,
and then those treated and inoculated plants
were put in the incubation room for 1 day and
then transferred to a greenhouse. Seven days
after the inoculation, disease severity was
determined by rating the infected area.

RESULTS

1. Effect of Application Time

The relation between the time of treatment
after the inoculation and blast disease control
with chlobenthiazone was shown in Fig. 1.
Application of the fungicide up to 6 hr after
the inoculation was highly effective in control-
ling the disease. Up to 6 hr, most of the spores
accomplished germination and appressoria with
a full size were formed on the tips of germ
tubes. But, the appressoria did not have a
characteristic dark brown color and fungal
penetration was not yet observed. When the
fungicide was applied 8 hr after the inoculation,
only a little control of the disease was obtained.
At this time, a few of the appressoria had a
dark brown color but the others were not yet
melanized. Penetration of infection pegs was
observed only from melanized ones. Number
of melanized appressoria increased with time,
and penetration and invasion into adjacent
epidermal cells were found to occur succes-
sively.

2. Infection Process
Experiments were made to determine the
stage most sensitive to chlobenthiazone during
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Fig. 1 Relation between the time of treatment

after inoculation and blast disease control of
chlobenthiazone.
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Fig. 2 The effect of chlobenthiazone on the process of infection of P. oryzae on barley leaf.

Arrows indicate a melanized appressorium (control, a) and unmelanized one (treated, b).

SP: spore, GT: germ tube, AP: appressorium, DH: developing hypha.

the infection process by using barley plants
which have the advantage of ease of observa-
tion. Formation of infection pegs was most
effectively inhibited by the fungicide and
affected at concentrations more than 10 uM.
Moreover, disease control was also shown at
the same concentrations. In addition, melani-
zation of appressoria was inhibited at con-
centrations of more than 10 guMm. The ratio of
number of melanized appressoria (see Fig. 2a)
to unmelanized ones (see Fig. 2b) depended
on the treated concentrations of the fungicide,
and the rates of this inhibition closely corre-

W

lated with those of control of disease develop-
ment and with those of inhibition of appear-
ance of infection pegs from appressoria. On
the other hand, conidial germination, elonga-
tion of germ tubes and appressorial formation
were hardly inhibited with the exception of
treatment at the highest concentration (Ta-
ble 1).

3. Punch Inoculation

The penetration of blast fungus into intact
host cells requires appressoria and 1s accom-
plished by infection pegs, while in injured host
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Table 1 Effects of chlobenthiazone on the infection process of blast fungus.
Infection process®?

Chloben- Appressorial®> Disease
thiazone® Conidial Elongation Appressorial Formation of melanization control
(pn) germination of germ tube formation infection peg (%) (%)

(%) (%) (%) (%)

5000 2.3 1.2 0.2 0.0 0.0 100
1000 96.2 93.5 22.3 0.0 0.0 100
500 87.3 86.0 68.2 0.0 0.0 100
100 91.2 87.6 64.3 0.0 0.3 100
50 93.5 90.3 76.1 0.6 1.5 98
10 95.2 88.7 73.5 7.5 12.3 47

5 89.6 86.3 68.3 38.1 89.3 0

1 92.4 89.6 75.7 43.2 98.1 0

0 93.3 90.5 73.1 39.3 97.3 0

a)
b)

Aqueous suspensions of chlobenthiazone were sprayed on the leaves of barley at 60 ml/pot.
A number of germinated conidia, elongated germ tubes, appressoria or infection pegs was

divided by a number of observed conidia, and the percentage was calculated.

<)

Appressorial melanization was determined visually, and the percentage was calculated as

follows; a number of melanized appressoria was divided by a number of observed appressoria.

cells, the fungus is able to penetrate by single
hyphae which originates from germ tubes.
Tests were made by injuring host plant cells
to determine whether chlobenthiazone acts
specifically on appressoria. As shown in Fig.
3, the protective effect of the fungicide against
blast disease was not observed even at a con-
centration of 2500 yuM by inoculation with
injury (Fig. 3b), while the fungicide controlled
the disease at concentrations more than 20
#M when the inoculation was made without
injury (Fig. 3a).

DISCUSSION

Non-fungitoxic blast protectants such as
WL -28325 (2,2-dichloro-3, 3-dimethylcyclo-
propane carboxylic acid),” probenazole (3-allyl-
oxy-1,2-benzisothiazole 1,1-dioxide),” PCBA
(2,3,4,5,6-pentachlorobenzyl alcohol),® tetra-
chlorophthalide (4,5,6,7-tetrachlorophthalide),”
tricyclazole [5-methyl-1,2,4-triazolo- (3,4-b)-
benzothiazole],'”> pyroquilon [1,2,5,6-tetra-
hydropyrrolo- (3,2, 1-,7) quinolin-4-one]**> and
pp-389 [4,5-dihydro-4-methyltetrazolo- (1, 5-a)
quinazolin-5-one],'?> which do not inhibit
major metabolic processes that are essential to
fungal growth, are classified into two groups.
The first group includes the compounds, PCBA®
tetrachlorophthalide,'® tricyclazole,'*>*®> pyro-
quilon'® and pp-389,'> which are known to

(a)

Concentration (b)

(M)

100

20

Untreated

Fig. 3 The effect of inoculation with injury on
the controlling activities of blast disease of
chlobenthiazone.

(a) indicates the inoculation without injury and
(b) indicates the inoculation with injury.
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inhibit appearance of infection pegs from ap-
pressoria without the suppression of other
processes. The second includes the compounds,
WL-28325'” and probenazole,*~2* which are
reported to induce resistance in the host plant
by either eliciting fungitoxic components such
as momilactons A and B, a-linolenic acid, 13-
hydroxy-cis-9,trans-11, cis-1 5-octadecatrienoic
acid, or accentuating several enzyme activities
such as peroxidase, phenylalanine ammonia
lyase and catechol-o-methyltransferase, con-
tributing to the formation of lignoid barriers
around the infection site. Although the blast
fungus has the ability to penetrate into host
tissues in the presence of the second group of
compounds, subsequent spreading of the de-
veloping hyphae to adjacent epidermal cells is
halted.

The present investigation indicated that
chlobenthiazone apparently belongs to the
first group. The appressoria treated with the
fungicide lost the ability to form infection pegs
for penetration into the cuticle and epidermal
cells of the host plant. Protective activity of
the fungicide can be attributed to this effect.
This was supported by the following observa-
tions; (a) chlobenthiazone had a high protec-
tive activity when the application was con-
ducted up to 6 hr after the inoculation, but
showed little or no controlling activity by the
application at 8 hr or later, (b) the fungicide
protected the intact plants but not the injured
ones from the infection of P. oryzae.

On the other hand, chlobenthiazone in-
hibited normal melanization of P. oryzac at
lower concentrations as compared with those
inhibiting mycelial growth, and red-brown
pigments were excreted into the medium.
Melanization of this fungus was extremely
sensitive to the fungicide and inhibited at a
concentration as low as 0.1 zm.*> Furthermore,
based on the observation on barley leaves, it
was apparent that the rates of inhibition of
appressorial melanization closely correlated
with those of the inhibition of appearance of
infection pegs. from the appressoria. Good
correlation was also obtained between control
of disease development and inhibition of ap-
pressorial melanization. Microscopic observa-
tion indicated that most of the appressoria
reached full size until 8 hr after the inocula-

tion and this was followed by appressorial
melanization. The incubation time, when ap-
pressorial melanization was initiated, coincided
with that when the application of chloben-
thiazone became ineffective after the inocula-
tion. These observations indicate that chlo-
benthiazone acts on the appressorial melaniza-
tion prior to the inhibition of appearance of
infection pegs, and the protective activity of
the compound against blast disease can be pos-

sibly attributed to the inhibition of appressorial

melanization.

Similar observations had been made with
tricyclazole, pyroquilon and pp-389 on Col-
letotrichum lindemuthianum,* and with tri-
cyclazole and pyroquilon on P. oryzae.!®'®
Woloshuk ¢t al. showed that the former three
compounds inhibited appressorial melaniza-
tion of C. lindemuthianum*® and prevented
penetration with infection pegs into the
epidermis of Bryophyllum leaf and bean
cotyledon, and a similar inhibition of penetra-
tion of P. oryzae into Bryophyllum leaf epi-
dermis was observed with tricyclazole and
pyroquilon.'® Tokousbalides ef al.*” showed
further that these compounds inhibited hyphal
melanization at concentrations well below
those that affected mycelial growth as ob-
served by chlobenthiazone. These similarities
indicate that chlobenthiazone and these com-
pounds act on the pathogen by a similar or
identical mechanism.

Evidence for significance of appressorial
melanization is obtained in albino mutants of
P. oryzae and C. lagenarium respectively.
Woloshuk et al.** observed that melanin-
deficient mutants of P. oryzae which pheno-
typically resemble the tricyclazole-treated wild-
type were nonpathogenic or rarely infected
rice plants, and the mutants studied were
genetically defective in the melanin biosynthet-
ic pathway at the site blocked by tricyclazole
in the wild-type. In C. lagenarium, Kubo et
al.?> showed that more than 909% of the
albino mutant appressoria germinated laterally
and formed secondary appressoria, and con-
sequently less than 109, produced the infection
pegs to penetrate nitrocellulose membranes,
although appressoria of the parent strain
rarely germinated laterally and more than
70%, produced infection pegs to penetrate the
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membranes. Furthermore they?® also showed
that the appressoria formed in the presence of
tricyclazole did not produce infection pegs to
penetrate cucumber cell wall and nitrocellulose
membranes as found in the albino mutant.
These observations supported the idea that
melanization of appressoria plays an essential
role in the appearance of infection pegs during
the process of infection. However it is not
fully understood how the effect of appressorial
melanization relates to the inhibition of ap-
pearance of infection pegs. Further studies
will be made along these lines in order to
understand the detailed mechanism of anti-
penetrant action of chlobenthiazone.
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