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Testing for the Fungicide Resistance of Cucumber Powdery Mildew
Populations Collected from Cucumber Cultivation Areas
in Chungbuk and Chungnam
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Abstract Fungicide resistance test to pathogen populations of powdery mildew collected from 6 regions in
Chungbuk and Chungnam was conducted on the cotyledons of cucumber seedlings grown in a greenhouse in
2020. The pathogen populations of powdery mildew in the 6 regions were thought to be highly resistant to
most fungicides except for protective fungicides. Boscalid and penthiopyrad, as succinate dehydrogenase
inhibiting fungicides (SDHI fingicides) belonging to the fungicide group C2, showed a control efficacy of
less than 70% on each pathogen population collected in all regions. Fluxapyroxad showed more than 70% of
control value against pathogen populations collected from Bunpyeong, Jincheon, and Byeongcheon — field 2,
while its control value against them from Osong, Byeongcheon — field 1, and Ipjang was very low. Fluopyram
showed control value of 63.2% and 54.2% against them in Bunpyeong and Byeongcheon — field 2,
respectively, and a good efficacy of over 70% in the other regions. Pyraclostrobin, a strobilurin fungicide
included into C3 group, showed little control value. Among the fungicides that inhibit ergosterol biosynthesis
belonging to G1 group, the control values of difenoconazole and tetraconazole were very low, while
prochloraz showed excellent control values ranging from 66.7% to 100% to each population in five fields.
Among protective fungicides, as sulfur, iminoctadine tris-albesilate and propineb, had excellent control values
to them in most regions. Therefore, preventive treatment with protective fungicides should be recommended
to control cucumber powdery mildew. In addition, in order to increase the control efficiency and manage
fungicide resistance, it is believed that a fungicide treatment system based on protective fungicide should be
established and used.
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Fig. 1. Regions where cucumbers infected with cucumber powdery mildew were collected in Chungcheongbuk-do and
Chungcheongnam-do. A; Bunpyeong-dong, Seowon-gu, Cheongju-si, Chungcheongbuk-do (CJBP), B; Osong-eup, Heungdeok-gu,
Cheongju-si, Chungcheongbuk-do (CJOS), C; Chopyeong-myeon, Jincheon-eup, Jincheon-gun, Chungcheongbuk-do (JCCP), D;
Byeongcheon-myeon field-1, Dongnam-gu, Cheonan-si, Chungcheongnam-do (CABC-1), E; Byeongcheon-myeon field-2,
Dongnam-gu, Cheonan-si, Chungcheongnam-do (CABC-2), and F; Ipjang-myeon, Seobuk-gu, Cheonan-si, Chungcheongnam-do

(CAD).
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Table 1. Fungicides used in this experiment

Fungicides Mode of Ac_tive Formulation Dilution Concentration

action Ingradient (%) (fold) (ng/ml)
boscalid C2(TR) 49.3 SC 1,500 333.8
isopyrazam C2(Th2) 12.57 EC 2,000 62.9
penthiopyrad C2 (1) 20.0 EC 4,000 50.0
fluopyram C2 (Th) 40.0 SC 4,000 100.0
fluxapyroxad C2 () 15.3 SC 4,000 38.3
pyraclostrobin C3 (th3) 11.0 SC 2,000 55.0
difenoconazole G1 (AH) 10.0 WG 2,000 50.0
tetraconazole G1 (AH) 12.5 EW 1,000 125.0
prochloraz G1 (AH) 50.0 WP 2,000 250.0
sulfur M (ZhH 35.5 SC 500 710.0
DBEDC M (ZhH 20.0 EC 500 400.0
Iminoctadine tri (albesilate) M (ZH 30.0 SC 1,000 300.0

"propineb M (7H 70.0 WP 500 1,400.0

chlorothalonil M (ZH 75.0 WP 600 1,166.7
dithianon M (FhH 75.0 WP 1,000 750.0
metrafenone B6 (1}6) 252 SC 2,000 126.0
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Al AR AARS fleie " AE Q018 ARS 35°C)ellM wadst IS fEsidich Medds HEshL

sttt

o
=
. ATE 2 Y U4E Y Am Siplel
_Q_

104

g
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4:3]= pyraclostrobin, difenoconazoleS H| &3t 3529 A}
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F HUE metrafenone & F 1652 AAE At 4N
47}?‘ of thet WAl &35 AAsHAA, 7 AH9¢] 27}
Wt Fee] A=Al A dRl oRE ARKIT 0; Iy 7
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Fig. 2. The control effect of sulfur on the cotyledons and the
first leaf of cucumber against cucumber powdery mildew. The
inoculum used in this study was conidia formed on the
diseased leaves of cucumbers collected from cucumber
cultivation polyvinyl greenhouse at Osong of Cheongju.
Suspension of sulfur (a.i. 35.5%, SC) was prepared at the
recommended dilution fold (N), and 1/5 dilution of the
recommended dilution fold (N x 5) used in the field, which
was treated on cotyledones and Ist leaf of cucumber,
respectively.
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o] AN E A7 AS AT 6 NG| #F Hetol



376 ]S

Ofol
oy
Olon
fas)

Table 2. Control value (%) of fungicides inhibiting cellular respiration of the pathogen against cucumber powdery mildew

Fungicide Diflution Regions”
old CIBP CJOS JCCP CABC-1 CABC-2 CAlJ
Boscalid N? 159 18.2 0.0 25.0 62.5 0.0
N/5 0.0 273 4.2 0.0 20.8 0.0
N/25 26.3 18.2 0.0 0.0 16.7 0.0
Penthiopyrad N 632 18.2 42 50.0 12.5 41.7
N/5 10.6 18.2 0.0 12.5 8.3 8.3
N/25 0.0 0.0 0.0 0.0 0.0 0.0
Fluxapyroxad N 84.2 18.2 75.0 25.0 75.0 0.0
N/5 579 9.1 50.0 8.3 66.7 0.0
N/25 0.0 0.0 0.0 0.0 54.2 0.0
Fluopyram N 632 81.8 70.8 75.0 542 87.5
N/5 53 0.0 83 542 16.7 50.0
N/25 0.0 364 16.7 0.0 0.0 0.0
Pyraclostrobin N 0.0 0.0 0.0 12.5 25.0 83
N/5 0.0 0.0 0.0 0.0 0.0 0.0
N/25 0.0 0.0 0.0 0.0 0.0 0.0

? Diseased cucumber leaves with powdery mildew were collected in cucumber cultivation greenhouses in six regions. Six regions was as
follows. CJBP; Bunpyeong in Cheongju, CJOS; Osong in Cheongju, JCCP; Chopyeong in Jincheon, CABC-1; Byeongcheon 1 in Cheonan,
CABC-2; Byeongcheon 2 in Cheonan, and CAlJ; Ipjang in Cheonan.

® N is the dilution fold of each fungicide recommended for treatment to control powdery mildew in cucumber fields. All fungicides were
treated on cucumber cotyledons one day before inoculation with pathogens, and cucumbers treated with fungicides were air-dried in a
greenhouse for one day. Pathogens were inoculated by evenly shaking off the spores formed on the collected diseased cucumber leaves.

) The numbers represent the control value (%) and were calculated using the formula below.

Control value (%) = (1 - (disease severity (%) in fungicide treatment/disease severity (%) in treatment without fungicide) x 100

34 penthiopyrad= boscalidd W2 &35 HolA|= Scalliet, 2013). w2t~ SDHI 24| LgolXe A4 A3
EUARE, B HehllA 63.2% olake] Axe a3E B X Agdo] WA AtA7t 8 =T EtE, tHE SDHI
t}. A% penthiopyrad®} 7¢] pyrazole-4-carboxamide”] AbA| 9] ARl 7Fs e = Q7] wliEdl], Qo] 37EY
o] £3h= fluxapyroxadi= CIBP, JCCP, CABC-2 A2 1 WAIS 913 ARS- 7l ek AltA] Aidto] Al5stedof i)

At Aol iME 842, 75.0, 75.0%2] &= BT} Strobilurin] A#AlE mEZE=ZoL Wt e cyto-
Fro] 7ML boscalid AFAFE 302 100 pg/ chrome bel B4 B8] 715& Alate] AR} oS
mLe] boscalid #]2] o= o] 7Fsa9A %, fluxa- wasto 2 ATP] S JAlshes AdAlZ geiA Sl
pyroxad®} fluopyrams Ao z2H WA7} 7Fssiath tH(Bartlett et al.,, 2002). =HolX= 200239 kresoxim-
(Cherrad et al., 2017). o]¥l ZAxzpe} 7do] & A= methylZ} pyraclostrobin®] 20033l trifloxystrobin, 2] 3L
boscalidoll thalj ] &l 4 #5F HS penthiopyrad azoxystrobin 200430 FTAZ SEHo] AREHTH
9o} WA A AT AYEE A o] RIAT, pen- (Pesticide Safety Information System, 2023). Z¥E| 2005
thiopyrad?t FL g AlFo] £oh= fluxapyroxadell& w2} b 20001300 7] A GollA Qo] kg A st
A AAE & Ao R AE et SHAYF SDHI At azoxystrobin®] &5 78S Az, W, o4k 821, 54
A7re] wAp A AA7E Al FolH o= A7 Z|9] A7l tiaiA 1,000 pg/mL A 2ol A 24}
w3 O2A Yelgth vls E22vre] 27194 EEe WA &37F A0 vERA] eETHKim et al., 2008).
Al Fsgoly Z boscalidol] A&l FFE fluopyrams} 1o 4] ARE-3F pyraclostrobin GA] 67] Z[<J <] Al A
2FBBA 7} AA A 2EAI T, penthiopyrad®} fluxapyroxad AqA A sE S7FEE detel] g WAl a= A9
o WEME = ARAATE AR EHUTHAmin, et al., I THTable 2). Kim et al. (2008)2] Zzte} 2 A% Az

> o o

gQ

2014). o]¥ A3}= SDHI A4 w0l &3h= 22he] 4 £ B FYox] 9o] 7Y WAE 938 strobilurinl
FA7F ZE71 o] Al SR|eE Ao 518 At o] A2 AREIA &s Ao dAdEY, AR A

ZoF i Wevtol] mEka A3 wkgo] thEA JUErd of Wevtoll thek #3g AAo] Ri=A] B8 T Zlo= A
F ASS HoFI ddh(shii et al., 2011; Sierotzki and z}3it),
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Fig. 3. Disease incidence (%) of each powdery mildew pathogen population at cotyledons of cucumber treated with fungicides
inhibiting ergosterol biosynthesis. Diseased cucumber leaves were collected from cucumber cultivation greenhouses in 6 regions,
and spores formed on the lesion were used as an inoculum. The areas where diseased cucumbers were collected are as follows; A;
Bunpyeong in Cheongju (CJBP), B; Osong in Cheongju (CJOS), C; Chopyeong in Jincheon (JCCP), D; Byeoncheon 1 in Cheonan
(CABC-1), E; Byeoncheon 2 in Cheonan (CABC-2), Ipjang in Cheonan (CALJ).

HIEDAHE HEM X3 9] 20[&7I2HET
HEtof gt 2H &2

283t 63Le] TANA Y3 HAdF Fekol] tisiM =
2 FMulez AT dlfenoconazole Z%rl]-?—ol F= A

Z3}3t}. Difenoconazole #1279 CJBP, JCCP, CABC-2
TAe] WUH oS BEE 9o] WA 37tEH o]
75.0%, 100%, 100% SIS THFig. 3). CIOS, CABC-1,
CAll X739 HY4 HES HEFINS e 375"l

HT=
33.3%, 58.3%, 79.2% LAYstod, WA &7} 63.6%, 41.7%,

20.8%%2 YEISIT) Tetraconazole HA] EAgoA ARE-3h=
A2 A2slgS W, CIOS, JCCP, CABC-2 39|

HAF Ao ¥ AL s JASA &3kaL, CIBP,
CABC-1, CAIl ¥&<] Hdx ool tsiAT 21.1%,
50.0%, 54.2%°] WA @35 24

N2I2HE APIS Adllske AdAll st A4
W2 19821 vdlgt=e} ojAgtdoA] REleh Qo]vt
FH ol 22 B = A tHSchepers, 1983). Sphaerotheca

fuliginea D-17 59} Isr-1 % triforinecl] THalA 6.0
ng/mLelAE A 2] ECs#titt A Z71ske] 600
pg/mL o)/dg BTt 2N 2HE A A8l AbtA
gk Qo7 AL T, =, A, A<
SANA ALHoE HIHIL, -l—;g— o Al g
7H2~3)7] A12FeFITHO Brien et al., 1988; Ohtsuka et
al., 1988; Lopez-Ruiz et al., 2010). oM % 7] A<
o] A AR A 200533 2006130 A3 SR
o] tigt difenoconazole®] A& A4S AASH A3}, diF-

s
a

w0 Hdito] FE AAS HoH, oA HEle] o
- #FE 300 pg/mLé] ATl e Ak e A3
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#5E0] LAEJTHKIm et al., 2008). ¥ AFA dife-
noconazole#} tetraconazole®] WA &3+ CJOS, CABC-1,
CAIJ 37g2] Wzto] tisiAvh 50 — 63.6%°] &35 HA
S W A o] Hdwd M mlg He 3=
Hol A3 Hd AErt AT ZoR oAt SR
28714 o] A 2iHE A ASE FLE prochloraz
o] JA7FEH WA 8¥e 7 AAS tEA dEsisith
CJOS E7-& A|€Jgk Y] CIBP, JCCP, CABC-1, CABC-2,
CAI) =7e] Welst o] QololA W& 16.7%,
8.3%, 20.8%, 33.3%, 0.0%=, T2+ tjH] ¥ = a3t
7} 79.0%, 91.7%, 79.2%, 66.7%, 100%Z FE 514 Lebst
t}. ProchlorazZ} 2F&7]2k0] 7+ difenoconazoled} tetra-
conazoled]] thallA] & &35 Bl WAd Feto] tjsiA
F5gt gIE Hole A& wAal A3do] W] wjiolgtir
Azysict, Qo387 ool WSt triadimenol, myclobutanil,
fenarimol®] 2} A AE FASE Ao A% triadimenol
3} myclobutanil Z+oll= =& W2} A IAI7F AR50l
% E-3kaL, fenarimols} triadimenol 5= myclobutanil 7+
ol wat A3 AATE it o] A= AstA|e]
of fFAMIo] vl "ojd Wt opjg), A i 7%}
tE Aolglal o =33 th(Lopez-Ruiz et al., 2010). L

N

Ofol
g

Olon
fas)

o] Al Aoz Yepdes AL B2H, AaAle 1
= Ay, Frek ARE 35 Sof| e wat A S
ol HY#o] EHIL Aoz AT £ AT

FollA Bz A} 7o) S5} FHe] 649 oA = prochloraz

d

N

o
SESAI =
25 M7No 20/&tFHE Hcto st WA g3t

Sulfur= JCCPe] B kel tisixst WA 237t
58.3%% R3kal, CIBP W+ Aokl disiAle 79.0%, L
3 YA 4l A9 9] et Fel A= 90% ©1%%
o] 943+ g 3= K TH(Table 3).

53] CABC-29} CAl®] Bl tisliie 7]E9] 34
TS 152 348t 4 Axst A tellA At 83.3%
9] @35 HYU Iminoctadine tris-albesilate®= CJOSZ}
JCCPe] Wt Hetell thaliA] 72.7%%} 79.2%<] E3& B
AL YA BE Ao Yyt Jodol gisiME 84.2~

A e N

4 triadimenol A&/ +2] 44.4 - 73% A X7} fenarimol 100.0%2] &35 BTt E3] 1/52 A5t Agjslo =

Table 3. Control value (%) of protective fungicides against cucumber powdery mildew

Fungicides Di}ution Regions”
old CIBP CJOS JCCP CABC-1 CABC-2 CAlJ
Sulfur NP 79.0 100.0 583 91.7 100.0 100.0
1/5N 0.0 7.7 0.0 66.7 83.3 83.3
125N 21.1 36.4 0.0 16.7 83 42
DBEDC N 79.0 273 417 42 458 16.7
1/5N 0.0 182 42 42 83 42
125N 0.0 0.0 0.0 0.0 0.0 0.0
Iminoctadine N 84.2 72.7 79.2 95.8 95.8 100.0
tris-albesilate 1/5N 68.4 72.7 0.0 75.0 70.8 375
125N 57.9 0.0 42 70.8 58.3 0.0
Propineb N 94.7 - 100.0 75.0 91.7 70.8
1/5N 53 - 25.0 41.7 292 8.3
125N 0.0 - 0.0 42 83 0.0
Chlorothalonil N 10.6 - 333 333 292 0.0
1/5N 0.0 - 0.0 42 125 0.0
125N 316 - 0.0 8.3 8.3 0.0
Dithianon N 0.0 - 0.0 0.0 0.0 42
1/5N 0.0 - 0.0 8.3 0.0 42
125N 0.0 - 0.0 0.0 83 8.3

9 The abbreviations for the region are as follows. CJBP; Bunpyeong of Cheongju, CJOS; Osong of Cheongju, JCCP; Chopyeong of
Jincheon, CABC-1; Byeongcheon 1 of Cheonan, CABC-2; Byeongcheon 2 of Cheonan, CALJ; Ipjang of Cheonan.
"N is the dilution fold of each fungicide treated in the cucumber field.
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dithianon 2.0] 27171l thgh WA a3t A8 Ut
Propineb= AES Fa8IA| 942 CIOS 42 W+ 3
2 A9 e UuA] i Ao o] e Fetell tisiA 70.8
- 100%2] -3 g3 2} ST 1/52 845t A
& Aol WA &3} 50% olst= Fasth.

B A% Ax} Ao Adls BE AgAs e
o] Bolst 5& Al AtA9} 21 2EHE AT A
atAlel HlsA A7 digk Al E2t ek
AN S-S B35 ArA|o|A gk 7ol Uigh WA &
7 Yeh A 5 A s Q7] wfitol] A Ak A]

o F& 7]&oof gt} ek 27 3| iz A2 A
oA ¥ gA g3t e ol Rl A7t
152 gAste] et 39, a3t & o2 i 4
go] Q7] wiitel], FHshs T AME FEE F831 A

glohs o] a8l

fol

i}

Ao 23l AoE IHZ metra-
fenoneS E4 AME FE9 126 pg/mLE 223199 o, H
oF WA Ado] £ FA(CABC-13+ CABC-2)0lA v 712}
79.2%9}F 66.7%2) TS B, A Ege] WAF F
ol tieiM e s ¥ WA E37F YeRA] kth(Fig.
4). 3HAI%F CABC-13} CABC-2 72| g Hetol ths)
ME 2529 5.04 pgmlE 348l Asdeols B
Bk 7503 70.8%, LB 6673 66.7%2] E37T A5
ATh.

Metrafenone2| 2|

A2 AlEss o

=

_l

MetrafenoneS A EZ7AL o]F= dEloL} v QA9 7]
T2 YAEIE vl$- SolHel AHAZA 7] WA
o] ARE Hojgit}. AW 200993 20100 oEelote]

93 2% 7oA 74zt A Ll AT (Kunova
et al,, 2016). S5 TH] o7l AGAM = 2AFs S7H
et ekl teiA 249 A= BA 23E 48
URAA T, YA A GolM= A a3t fiS7] wel,
574 1]@'01] =3gkste] ARgo] 7FsE A0 A7}sgiTh
Ae] Al ot FHEI FHE 2o] Al A<
N B3 AAAE AQgh o] AtAlol] gk 7HF

R MY Ay 379
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Fig. 4. Control effect of metrafenone on each pathogen popula-
tion of powdery mildew at each region. The abbreviations for
the region are as follows. CIBP; Bunpyeong of Cheongju,
CJOS; Osong of Cheongju, JCCP; Chopyeong of Jincheon,
CABC-1; Byeongcheon 1 of Cheonan, CABC-2; Byeong-
cheon 2 of Cheonan, CAlJ; Ipjang of Cheonan.
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