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Abstract The pyraclostrobin resistant 3 isolates (15CY1, 15IS1, 15BY5) and the sensitive 3 isolates (15BY4,
I15MAT1, 15GC1) were selected to investigate the control efficacy of pyraclostrobin on red pepper fruit and
the field fitness of resistant isolates. When isolates sensitive to the fungicide were inoculated onto wounds on
pepper fruits treated with 100 g/mL of pyraclostrobin, its control efficacy was very high from 94% to 100%.
On the other hand, when inoculated with resistant strains, the efficacy was very low from 7.3% to 33.8%. In
order to investigate the field fitness of C. acutatum isolates resistant to pyraclostrobin, the mycelial growth on
PDA, spore germination on pepper fruits, and spores production on lesions were examined. There was no
significant difference between resistant and sensitive isolates. However, as a result of the infection test on
cellophane membranes and the pathogenicity test on pepper fruits, isolates of C. acutatum resistant to
pyraclostrobin showed higher infection ratio and pathogenicity than the sensitive isolates. Based on the above
results, it was expected that the field fitness of C. acutatum resistant to pyraclostrobin, a strobilurin fungicide,
was higher than that of isolates sensitive the fungicide.
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Fig. 1. Inhibition effect (%) of pyraclostrobin on the mycelial
growth of Colletotrichum acutatum causing pepper anthracnose
on PDA with or without the fungicide at the indicated con-
centration. Among 6 isolates used in this experiment, resistant
isolates (15CY1, 15IS1 and 15BYS) were indicated by closed
symbols, while susceptible ones (15BY4, 15SMAT1 and 15GC1)
was done by open symbols. Standard deviation bars are shown.
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Fig. 2. Mycelial growth of Colletotrichum acutatum 15BY4 sensitive to pyraclostrobin and C. acutatum 15BYS5 resistant to the
fungicide on PDA with each indicated concentration of the fungicide or without the fungicide. Isolates inoculated on PDA were

incubated at 25°C for 7 days.
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Fig. 3. Controlling efficacy of pyraclostrobin against pepper
anthracnose. Control efficacy was evaluated by inoculation test
on pepper fruits. For inoculating the pathogen on pepper fruits,
it was conducted an wound inoculation test. The solutions of
pyraclostrobin prepared at different concentrations were
dropped at 15 puL per wound. The spore suspension of
Colletotrichum acutatum adjusted to 1 x 10° spore/mL was
inoculated by dropping 10 uL per wound 2 hrs after appli-
cation of the fungicide. The disease severity was investigated
by measuring the length of lesion 10 days after inoculation.
Standard deviation bars are shown.
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Aol AR 675 oA C. acutatum 15CY1, 15181,
15BY5+E pyraclostrobinell thaliA A wke-S, 2|2
15BY4, 15MA1, 15GC1& 747 WHg-2 B th(Fig. 1).

79l 15BY49t A3l 15BYSS] #AMIAS 54
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w3l BH, 15BY4= 90.3%7F A== RHH, 15BYSe
34.1% ol AR ok}, o] zpol= IR S A}

Fig. 4. Controlling activity of pyraclostrobin against pepper
anthracnose caused by Colletotrichum acutatum on pepper
fruits. Pyraclostrobin was treated at each indicated concentra-
tion by dropping 15 pL per wound 2 hrs before inoculation. A
is a photograph of pepper inoculated with C. acutatum 15BYS
resistant to pyraclostrobin, B is one inoculated with C.
acutatum 15BY4 sensitive to the fungicide.
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Fig. 5. Mycelial growth of Colletotrichum acutatum on PDA at
25°C. For the experiment, 6 isolates, consisted with 3 resistant
isolates (15CY1, 15IS1 and 15BY5) and 3 susceptible isolates
(15BY4, 15SMAT1 and 15GC1), were used, of which colony
diameter were measured after incubation for 6 (closed bar) and
12 days (open bar), respectively. Standard deviation bars are
shown.
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Table 1. Spore germination ratio (%) of Colletotrichum acutatum at 25°C

Fungicide Hours after inoculation
Isolate
response 12h 24 h 36 h 48 h 60 h 72h

15CY1 61£10.5 be? 61+11.5b 64+7.2 ¢ 71+4.0 ¢ 77+4.0 ¢ 77£3.5b
151S1 Resistance 55+6.4 be 59+8.1b 67+13.0 be 69+2.1 ¢ 89+4.4 a 90+2.3 a
15BY5S 71£13.0 ab 83+119a 81+8.3 ab 87+3.2 ab 87+3.5 ab 90£l1.5a
15BY4 83+10.6 a 88t7.1a 88+6.2 a 90+4.6 a 89+2.6 a 90+2.5a
15MA1 Sensitivity 51+4.0 be 58+11.2b 7443.1 abe 81£3.1b 7945.5 be 904+2.0 a
15GC1 56t£7.6 ¢ 54+79b 71+8.6 be 76+6.6 be 81+5.5 abe 86+5.7 a

9: The means followed by the same letter in the same column are not significantly different P<0.05 by Duncan’s multiple range test.

Adjusting spore density to 1 x 10° spores/mL, spore suspension was prepared and inoculated onto cellophane membrane put on a fiuit.
Keeping inoculated fruits in a plastic humidity box, spore germination on cellophane membrane was observed under a light microscope by
lapse of time. In order to investigate the spore germination rate, the test was performed with three replications per treatment, and 100 spores
were observed at each replication. The means followed by the same letter in the same column are not significantly different P<0.05 by

Duncan’s multiple range test.
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Fig. 6. Penetration of Colletotrichum acutatum 15BYS5 (A) and 15BY4 (B) on cellophane membrane. To observe the penetration of
spores, the cellophane membranes were stained with zinc chlor-iodide solution after incubation at 25°C for 60 hrs. Each bar size was

200 pum.

Table 2. Spore penetration ratio (%) of Colletotrichum acutatum isolates resistant or sensitive to pyraclostrobin on cellophane

membrane placed on pepper fruits at 25°C

Fungicide Hours after inoculation
Isolate
response 36h 48 h 60 h 72h

15CY1 45+3.0 a¥ 67+2.6 a 68+1.5b 73£2.6 b
151S1 Resistance 3745.7b 48+2.5b 76+4.7b 77+4.4 b
15BY5 38+4.7b 65+5.0 a 85+5.6a 85+5.1a
15BY4 3+1.5d 44+0.6 d 8£2.0¢e 1843.0 e
15MA1 Sensitive 7+2.5d 9+1.5d 21+6.7d 3445.5d
15GC1 15+1.5¢ 18+1.5¢ 5546.0 ¢ 56+6.0 ¢

9; The means followed by the same letter in the same column are not significantly different P<0.05 by Duncan’s multiple range test.

Adjusting spore density to 1 x 10° spores/mL, spore suspension was prepared and inoculated onto cellophane membrane put on a fruit.
Keeping inoculated fruits in a plastic humidity box, spore penetration into cellophane membrane was observed under a light microscope by
lapse of time. To observe the penetration of spores, the cellophane membranes were stained with zinc chlor-iodide solution after incubation at
25°C for 60 hrs. The means followed by the same letter in the same column are not significantly different P<0.05 by Duncan’s multiple range test.

Ht 2oMe =X MY

BE #7379 22 34 58S vlawah] faiA 23
ol 6775 ZH2F HEste], Wyt WA o FAE A9
F5 2ARRIT 2 43 BE g5 06 BAHeR fo
A = Ael7t Gtk (Fig. 7). ©] A= pyraclostrobin®]
st A #5 A FA sHAe Aot e
Ho] F]].

EtXY ZFS0l chst HAM A
Pyraclostrobin A3Hd 37-(151S1, 15CY1, 15BY5)%t
4 33F(15GC1, 15BY4, 15MA1)2] T3] tha 9
4 AEE 2AFe7] flste], PDA wiA|olA FA4E IS
Feste] v dujol Aot A FESIATH A
TollAe W A s Wwte] 2738 St ARSI

on, F4A FEAME FulolA vy WA iy 2|5
£ o]83l] ZARBISITE. Table 394 B A3} 7Fo] A
AEAN = A #7924 5 el BAARL o
do] ATk ARE FHA HEFAM e AP 77
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Fig. 7. Spore production of each isolate of Colletotrichum
acutatum at a lesion developed on pepper fruits. To inoculate
each isolate of C. acutatum, pepper fruit was wounded, and the
spore suspension prepared by adjusting spore density to
1 x 10° spores/mL was dropped on an wound by 15 pL. The
disease development was carried out in the same method as
described above. Standard deviation bars are shown.
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Table 3. Pathogenicity of Colletotrichum acutatum isolates on pepper fruits

Fungicide response Isolates Wound (mm) Non-wound
15CY1 20.89 + 5.80”a" 4.00+£0.00a
Resistance 15IS1 26.12+751a 3.75+0.50ab
15BY5 22.37+2.74a 3.00 + 0.00 be
15BY4 19.74 +1.04a 233+0.57¢
Sensitive 15MA1 21.25+434a 1.50+0.71d
15GCl1 26.18+3.81a 1.33+0.58d

9+ = Standard error.

®: The means followed by the same letter in the same column are not significantly different P<0.05 by Duncan’s multiple range test.
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