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Fungicide resistance of cucumber powdery mildew was screened among the pathogens isolated from diseased
plants in main cucumber productuion areas in Gyeonggi Province. Each fungicide from different activity
group for the control of powdery mildew were sprayed on cucumber leaves according to application concen-
tration. Each conidia mixed with sterilized water isolated of pathogens were transferred on the cucumber leaf
disks treated with each fungicide. At 7 to 9 days after inoculation of pathogen, disease severity was recorded
under the microscope. Most of pathogen isolates showed moderate resistance to difenoconazole belonged to
DMI group fungicide while some isolates from Osan were resistant even 300 pg/m/. Isolates from Pyeongtaek,
Osan and Yongin area also showed moderate resistance to fenarimol while one isolate showed resistant to
fenarimol even 300 pg/m/. Most of isolates from Pyeongtaek, Osan and Yongin showed highly resistant to
azoxystrobin belonged to strobilurin group fungicide. Standard sensitive isolates the minimum inhibition con-
centration (MIC) value for azoxystrobin showed 200 ug/m!/ while resistance isolates showed above 2000 pg/
m/. Resistant isloates also showed cross resistance among strobilurin group fungicides and low control effi-
cacy in the field test. These results suggest that treatment of strobilurin fungicides should be reduced for the

control of powdery mildew.
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Table 1. Fungicide lists for the resistance screening of cucumber
powdery mildew pathogen

Activity group gg&gﬁagl Common name EA(%I:;
Benzimidazole Benzimidazole carbendazim 60.0
DMI Pyrimidine fenarimol 12.5

Triazole difenoconazole 10.0
Strobilurin Strobilurin azoxystrobin 20.0

kresoxim-methyl 47.0

®Al, Active ingredient.
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U (%) = (4A +3B+2C +D)/(4 X E2AFLS)) X 100

A; 50.1~100%

B; 30.1~50%
C: 20.1~30%
D; 0.1~20%
Zn 3 ng
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Table 2. Disease severity of powdery mildew for the maintenance
of pathogen depending on inoculation methods

Disease severity

Treatment”
5day 7day 9day
Paint brush 0.03 1.90  2.13
Dropping with spore suspension (SS)*  0.07 2.23 2.50
SS + Tween20(0.03%) 0.0 0.0 0.0

“Conidia was dropped per 10 1/ on leaf disk after adjusting concentra-
tion of pathogen 3x10%/m/.

*Disease severity graded by 0: no mycelium, 1: mycelium on leaf
disk but no sporulations, 2: mycelium and under 20 sporulations and
3: mycelium and above 20 sporulations.s

Table 3. Optimum inoculation day after application of chemicals

Disease severity* on

Concentration inoculations days

Fungicide

(ng/m) | day 4days 7 days
Fenarimol 30 0.0 0.0 1.0
Difenoconazole 30 0.0 0.0 1.0
Azoxystrobin 200 0.0 0.3 23

"Disease severity was estimated after 7 days inoculation of sensitive
isolate.
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Table 4. MIC values for Sphaerotheca fusca isolates depending on each fungicides

Fungicide concentration (ug/ml)

freatment 0 15 30 50 100 200 500 1,000
Fenarimol 2.7 0.3 0.03 0.0 - - - -
Difenoconazole 23 0.3 0.0 0.0 - - - -
Azoxystrobin 2.5 - - 2.8 2.3 0.2 - -
Carbendazim 2.9 - - 2.9 - - 0.1 0.1

Disease severity was estimated after 7 days from sensitive isolate inoculation.
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Table 5. Sensitivity of cucumber powdery mildew isolates to
difenoconazole (2005)

DI

- 257

Table 7. Sensitivity of cucumber powdery mildew isolates to
fenarimol (2005)

Collection Isolat Difenoconazole concentration (pg/m/)
solate
area 0 30 300 1000

Collection Isolat Fenarimol concentration (pg/m/)
area noe 0 30° 300 1000

Pyeongtack  P20050901  3.0* 3.0 0.0 0.0
P20050902 3.0 3.0 0.0 0.0

P20050903 3.0 3.0 0.0 0.0

P20051004 2.7 23 0.0 0.0

Average 29 2.8 0.0 0.0

Pyeongtack  P20050901 3.0 3.0 1.0 0.0
P20050902 3.0 3.0 1.0 0.0

P20050903 3.0 3.0 0.0 0.0

P20051004 3.0 1.0 0.0 0.0

Average 3.0 2.5 0.5 0.0

Osan 020050405 3.0 3.0 23 0.0
020050406 3.0 3.0 23 0.0

020050407 3.0 3.0 1.0 0.0

020050308 3.0 1.0 0.0 0.0

020050309 3.0 3.0 0.0 0.0

020050310 2.7 0.0 0.0 0.0

Average 3.0 2.2 0.9 0.0

Osan 020050405 3.0 23 0.0 0.0
020050406 3.0 2.7 0.0 0.0

020050407 3.0 1.7 0.0 0.0

020050308 3.0 2.7 0.0 0.0

020050309 3.0 2.0 0.0 0.0

020050310 3.0 2.7 20 0.0

Average 3.0 24 03 0.0

“Disease severity graded by 0: no mycelium, 1: mycelium on leaf disk
but no sporulations, 2: mycelium and under 20 sporulations and 3:
mycelium and above 20 sporulations.

Table 6. Sensitivity of cucumber powdery mildew isolates to
difenoconazole (2006)

Collection Isolat Difenoconazole concentration (ug/mi)
solate
area 0 15 30 300

Yongin  Y2006033001 2.0 2.0 1.3 0.0
Y2006033004 2.3 2.0 2.0 1.0
Y2006042411 2.3 0.0 0.0 0.0
Y2006092018 2.5 2.5 23 0.0
Y2006092019 3.0 3.0 3.0 0.0

Average 24 1.9 1.7 0.2

Pyeongtaek P2006033103 2.0 2.0 23 1.7

P2006033105 3.0 2.0 23 1.0
P2006092015 3.0 1.5 1.8 0.0
P2006092016 3.0 2.5 1.7 0.0
P2006092017 3.0 3.0 27 0.0

Average 2.8 22 22 0.5

Hwasung H2006041310 2.2 2.0 2.0 0.0

fenarimol®l] 3t 744 AEE

= By, QA 82 AYGA EyE 12719 #F Fol
A oMol #FF7E 30 pg/mi) A2 AN BE aEE
©m, P20050901 ==& H]E3 37 55 3

Ao Wol dAsh= A1 #1E 4 AU TH(Table
7). e A Fo A 20063 AAE Y AFE BT
30 pg/m/2 X%BH“M HA7FFHo] HAEIG e, 1 &
P2006033103 T+ 300 ng/mle] = 2] X% v wkag
o] 1A}, ol E‘v} difenoconazoles} -F+A}8+ A3}

020051111 3.0 1.7 0.0 0.0
020051112 2.7 0.7 0.0 0.0
Average 29 12 0.0 0.0

*Concentration recommended in practice.

Yongin

Table 8. Sensitivity of cucumber powdery mildew isolates to
fenarimol (2006)

Collection Fenarimol concentration (pg/mi)
Isolate
arca 0 15° 30° 300

Yongin Y2006033001 2.3 03 0.0 0.0
Y2006033004 2.3 20 20 0.0
Y2006042411 2.8 0.7 0.0 0.0
Y2006092018 3.0 2.5 1.8 0.0
Y2006092019 3.0 3.0 23 0.0

Average 27 1.8 1.3 0.0

Pyeongtack P2006033103 2.3 2.0 1.3 0.7
P2006033105 2.5 1.0 1.0 0.0
P2006092015 2.7 1.8 1.7 0.0
P2006092016 2.3 1.8 1.5 0.0
P2006092017 3.0 3.0 3.0 0.0

Average 2.6 1.9 1.7 0.1

Hwasung  H2006041310 3.0 1.7 1.0 0.0

*Minimum inhibition concentration (MIC).
°Concentration recommended in practice.

il Azt o]t SRRk 8914 8] = 3k 570
o] #F Sl Y2006033001% Y20060424112) 2719
F7F 15 pg/mie] A ellA 033 079 THEE B
3, YA 3gFE 25 30 ug/mle] A E|olA st
St} o) A3} A difenoconazoled}t o] 2212 2] 3
7 FEo] ERX Y H U= difenoconazoled} fenarimol?}
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Table 9. Sensitivity of cucumber powdery mildew isolates to
azoxystrobin (2005)

Collection Isolates Azoxystrobin concentration (pg/m/)
area 0 200 1,000 2,000

Pyeongtack  P20050901 2.0 20 20 2.0
P20050902 2.0 2.0 3.0 3.0
P20050903 3.0 2.0 3.0 3.0
P20051004 2.7 25 2.7 2.7

Average 2.4 2.1 27 2.7
020050404 3.0 3.0 3.0 3.0
020050405 2.7 3.0 3.0 3.0
020050406 3.0 3.0 3.0 3.0

Average 2.9 3.0 3.0 3.0

Osan

*MIC and Concentration recommended in practice.

Table 10. Sensitivity of cucumber powdery mildew isolates to
azoxystrobin (2006)

Collection Azoxystrobin concentration (ug/m/)
Isolates ,
area 0 2000 1,000 2,000

Yongin Y2006033001 2.2 2.0 2.0 1.3
Y2006033004 2.0 2.0 20 1.7
Y2006042411 2.3 2.0 2.0 0.0
Y2006092018 3.0 3.0 3.0 30
Y2006092019 3.0 3.0 3.0 30

Average 2.5 2.4 24 1.8

Pyeongtack  P200603313 2.3 2.0 2.0 2.0

P200603315 2.0 2.0 2.0 2.0

P2006092015 2.7 2.7 20 2.5
P2006092016 3.0 2.6 2.8 3.0
P2006092017 3.0 3.0 3.0 3.0

Average 2.6 25 2.4 25

Hwasung  H2006041310 2.3 2.0 2.0 0.7
Gwangju®  G2006083112 3.0 1.3 0.0 0.0

G2006083114 2.3 1.7 0.3 0.0
Average 27 1.5 0.2 0.0

*MIC and Concentration recommended in practice.
*Tsolates were collected from organic farming areas in August.
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Table 11. Sensitivity of cucumber powdery mildew isolates to
Kresoxim-methyl (2006)

Kresoxim-methyl concentration

Colﬁg;ion Isolates (pg/m)
0 200* 1,000 2,000
Yongin Y2006033001 2.3 2.2 22 2.0

Y2006033004 2.0 2.0 2.2 2.0
Y2006042411 2.2 0.0 0.7 0.0

Average 2.2 1.4 1.7 1.3

Pyeongtack P200603313 2.0 2.0 22 20
P200603315 2.0 22 22 23

Average 20 21 22 22

Hwasung H2006041310 2.2 23 25 2.5

*MIC and Concentration recommended in practice.

Table 12. Sensitivity of cucumber powdery mildew isolates to
carbendazim

Collection Isolates Carbendazim concentration (ug/m/)
area Oppm 300 ppm 600 ppm 1200 ppm
Pyeongtack P20050901 3.0 2.0 2.0 2.0
P20050902 2.0 2.0 2.0 2.0
P20050903 3.0 2.0 2.0 20
P20051004 2.7 2.0 2.0 1.0
Average 27 2.0 2.1 1.8
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Table 13. Fungicide efficacy evaluations of resistant powdery mildew isolate in field tests

Treatment lzlc Dilution Disease severity” (%) Average” Control effect
(%) Rep. A Rep. B Rep. C (%)
Difenoconazole 10 3,000 15.0 12.5 15.0 14.2* 77.8
Azoxystrobin 20 1,000 32.1 40.6 40.0 37.6° 412
Fenarimol 12.5 4,000 12.5 15.0 13.9 13.8° 78.4
Azoxystrobin + chlorothalonil ~ 4.8/40 1,500 25.0 20.0 27.5 24.2° 62.2
Kresoxim-methyl 47 4,000 42.5 50.0 425 45.0° 29.6
Trifloxystrobin 22 2,000 20.0 35.0 15.0 233" 63.5
No treatment - - 61.1 66.7 63.9 63.9° -

“Each fungicide was sprayed 2 times and severity was estimated after 7 days from final foliar spray.

"DMRT (5%).
“Al: Active ingredient.
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