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Abstract This study was performed to investigate the effect of conidial density, wetness period and
temperature on conidial germination, appressoria formation and disease incidence. While there was not
significantly correlated between conidial density and temperature, and conidial germination and appressoria
formation, there was a significant correlation between those factors and disease incidence. The longer wetness
period was, the higher the ratio of conidial germination, appressoria formation and the disease incidence was.
The optimum conidial density, temperature and wetness period was 1 x 10° conidia mL™, 30°C and 5 days,
respectively. In case the wetness period was more than 5 days, the typical symptom was not found on pepper
fruits because of the overgrowth of mycelia. Using this fruit assay method, which the pepper anthracnose
pathogens were inoculated by spraying spore suspension on non-wounded or wounded pepper fruits, control
effect of three fungicides were evaluated against pepper anthracnose by the protective and/or the curative
application. Propineb showed high protective control activity, while it showed curative control activity on un-
wounded fruits, but did not showed curative control activity on wounded fruits. Tebuconazole, one of curative
fungicide, showed higher control activity in non-wound inoculation than wound inoculation. Trifloxystrobin,
one of strobilurin group, showed high both protective and control activity against anthracnose. In conclusion,
we supposed that the newly developed in vitro pepper fruit assay can be used to evaluate antifungal activity

of control agents against pepper anthracnose.

Key words Colletotrichum acutatum, fungicide activity, in vitro fruit assay, pepper anthracnose
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Disease incidence (%) =[(1 x n;+2 X ny+ 3 x n;+4 x ny)/
4N] % 100

N: total number of fruits

n;: total numer of fruits evaluated as disease index 1
n,: total numer of fruits evaluated as disease index 2
n;: total numer of fruits evaluated as disease index 3
n,: total numer of fruits evaluated as disease index 4

Table 1. Anthracnose disease index on a pepper fruit

Disease index Degree of diseased lesion

0 No lesions on a fruit

1 One or three small lesions

2 Lesion area ranging from 1 to 5%
3 Lesion area ranging from 5 to 25%
4 Lesion area above 25%




dHT ZX LoIED FHI| YE =M

Bds A5 el S S, 2A; dokeh 14f
7] 8= AR SIsiA A 296 ole EAE Y
gk H|o| L5 o]&-sfo] wofufjo] Hlo|Zef F-2Hel Hlete]
A AR AFESln. W g 100714 e A
AFsel okt F27] e AR H, 719
dvj & WO 2 ARSI BE A o R H9s)
ATt
d=Nol 23 #Y

IF gAY WAl AR AEHE BEE Al

propineb (a.i. 70%, WP)$} ergosterol A7 A3l A1
tebuconazole (ai. 25%, WP), B4 358 Adlst=
trifloxystrobin (a.i. 22%, SC)& AM&-3o] BEAHol| gt o
W aet A8 ZHE AT Al o A8

HIhe MUFS A AET A G POR Lhrol
HEWA 27k AR BUTS TP AER B

100
& 80
0
E£% 60+ A
9§ a 2
2% a0{ @ a
s E
<8 20
04
100 -
&
.2 80 a a a a a
[
< 60
S
L2401
88 20
04
100 b a
_ | C
é 80 od
2 g d
@
>
4 40
%
<
£ 20
[a)
0.

5 x 10* 1x10° 5x 10° 1x 106 5 x 106
Spore density (spore mLY)

Fig. 1. Effect of conidial density on conidial germination,
appressorium formation and disease severity on pepper fruits.
C. acutatum JC24 was inoculated with spraying conidial
suspension adjusted to each indicated conidial density.
Inoculated fruits were kept in a humidity plastic box at 25°C for
5 days, and then disease incidence was investigated 12 days
after inoculation. Values in the labeled with the same letter are
not significantly different in Duncan’s multiple range test at
P=0.05.

Etxgol duf 2o Z4EY 17

>
=l
2
T
2

)
fol

<
fr
oF
rjg
o
M
i
o

of
ol
N
e
> 2l

N
ofN

o
o
o
W

©,
o
=2
i

gy

= 1o mx
)
AR
2
[
KopE

ofN l_—)g

ol
ol
ke
ml T
o

@ Ll mlm
X
S
X 3@
B
HU
N
i)
Ol
ol

()

[V}
wn
(o
iy =
)
[
i
M~
O
)
=2
>
wn
o Y ofy
i)
ot
#

oY
Nowg ol
ng
=
ok
o
o
b
_O|L
2
o
ok
rj\g
s
oX m Iy
ol 1
_O|L
[
™)
o

=
2
T

ek

H

e o
e g oL
=)

r
%
1o,
2
OE
0
b
B w2

Folr it

<]

il

g

e
2 oy

o

Rl oo

=)
o
il
=k
e,
o
2,
ox

ofN
2&
N

i~
1‘
B
il
o
of
2
2
o
F(){l
<
o
—M
ol
?é
o H
ok
s
tilo

1%?% 59 Fo] AAE %1310}04 xlE
79 HZEL 1x 109 mL'E A}
golg A 9ol sul AAste] HES
E‘;_L 5

]_

i (e oy o
<
&

ki
yo M o

2 ot
rﬁL r*O

o,
Al 25°Col| A

hi7)
o]-N

=1 o]-o] /\]645‘4. EE ],

4 2@ oy oy oF ok OW 2 2 [0 Hob 47 N b1 X
ol
).
> i
2,
_>,i
é
o o
i _%
FUE

>
e e
e
o_i_,
~
i
~
X,
oy
=
=
o
Q
v}

M
A 242 SAS (SAS Institute, Inc., 1989, Cary, NC)

L2 o]g3le] ANOVA ¥A41E si5lom, He) Ha
ZHH| 2 E 10}04 Duncan’s multiple range test (P =0.05)%

——

sdxa| 7|7 J2(n &Y 227
Hoh, F37| gy  2EZ0 0/x|

rir

o

E”
HE WY 2 UEE Fig 194 Be A 7+
ol YoM C. acutatum 1C248] XA} Wrolg3 H217] &
el FFE A FUTE HAAS JFE 2 e
o whEbr] 68.3914 73.0% Atele] EA} Wolg3 35304
49.3% Atole] ¥-217] FA&S BAA|TW, A bl 2jo]7}
AATh HE 129 T IHEE AR A3, A
EA UES 1x 107) mL'=2 2dste] HF3t A2
98.9%% 7P¢ H& xS Bt

WAL HEEA BE; 1x 1070 mLY)slaL 25°Cel|A]
1,2, 3,5, 797+ ’séz‘xm“(’“ o, FAA 7|7ke] Ao
Aol whebr] Fulf Adol|x] 2} wolg £ o] P&

35 3IAtHFig. 2). 54 A 717ke] SofuhuA] W
Holol Ra7|E FAskes HEo] Tkl AL B,
A7F e 33 gl SlelA Wewre] duilE AR Hdst

g O

o



18

—_
D [o] [=1
(=] (=] o
L L L
o

=
S
L

Appressorium
formation ratio (%)
N
S

o
'

a
b
| I
a
b
| I
a
b
| I
1 2 3 5 7

Humidity period (days)

[=+3
o
L

o

- [}
(=] [=]
L

germination ratio (%)

Spore

]
(=]
L

100 A

80 1

60

(o]

40 -

Disease severity (%)

20 A

Fig. 2. Effect of wetness period on conidial germination,
appressorium formation and disease severity on pepper fruits.
C. acutatum JC24 was inoculated with spraying conidial
suspension adjusted to 1 x 10° spores mL™. Inoculated fruits
were kept in a humidity plastic box at 25°C for each indicated
wetness period, on which disease incidence was investigated
12 days after inoculation. Values in the labeled with the same
letter are not significantly different in Duncan’s multiple range
test at P = 0.05.
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Fig. 3. Effect of incubation temperature on conidial
germination, appressorium formation and disease severity on
pepper fruits. C. acutatum JC24 was inoculated with spraying
conidial suspension adjusted to 1 x 10° spores mL™". Inoculated
fruits were kept in a humidity plastic box for 5 days, and then
disease incidence was investigated 12 days after inoculation.
Values in the labeled with the same letter are not significantly
different in Duncan’s multiple range test at P = 0.05.
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Table 2. Efficacy of fungicides and inoculation methods on the development of pepper anthracnose caused by Colletotrichum

acutatum
s o) Control efficacy (%)
Fungicide App l}catlon
time Non-wound inoculation” Wound inoculation
Propineb 1 DBI 77.89 b9 622 b
1 DAI 61.1 be 133 d
5 DAI 36.1 d 133 d
Tebuconazole 1 DBI 50.0 cd 444 ¢
1 DAI 75.0 b 60.0 b
5 DAI 139 e 22d
Trifloxystrobin 1 DBI 100 a 889 a
1 DAI 71.1 b 91.7 a
5 DAI 0.0 e 11.1d

“Each fungicide was applied by spraying on pepper fruits one day before inoculation (DBI), and one day and 5 days after inoculation (DAI)
with C. acutatum JC24. Fungicides were sprayed by a recommended concentration in the field.

®The conidial suspension of C. acutatum JC24, which were adjusted to 1 x 10° spores mL™, was inoculated by spraying with spore
suspension and 5 pl-dropping on a wound. Inoculated fruits were kept in a humidity plastic box at 25°C for 5 days. Disease incidence on a

fruit was investigated 12 days after inoculation.
9Figures presented the control value (%).

YValues followed by the same letter are not significantly different at P = 0.05 based on Duncan’s multiple range test.
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