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Reduced Sensitivities of the Pear Scab Fungus (Venturia nashicola) Collected in

Ulsan and Naju to Five Ergosterol-biosynthesis-inhibiting Fungicides
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In Korea, EBI fungicides which are highly effective for control of pear scab and rust but of high risk for
development of resistance have been frequently sprayed by majority of pear growers. To detect any possible
resistance or reduced sensitivity in the field strains of scab fungus to five EBIs, difenoconazole,
fluquinconazole, flusilazole, fenarimole and hexaconazole, sensitivity tests were conducted with fungal
specimens collected in Ulsan and Naju where scab usually occurs and EBIs have been intensively sprayed for
many years. As the strains for which ECy, values of the EBIs were largely shifted from those of base-line were
occasionally found, the resistant or less sensitive strains were supposed to be distributed. In the activity test
for the EBIs by artificial inoculation, in which EBI-treated pear leaves on the potted seedlings were
inoculated with fungal spores collected in the two regions, development of resistances to EBIs were confirmed.
Since the fungal spores collected at 4 and 2 orchards in Naju and Ulsan, respectively, produced much higher
disease incidence on the leaves treated with hexaconazole than those on the untreated control, those fungal
specimens were determined as resistant to hexaconazole. Similar results were also obtained with two
specimens from Ulsan for flusilazole.

Keywords : Resistance to EBIs, Reduced sensitivity, Venturia nashicola
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Table 1. Details of EBI fungicides used in this experiment

= =
FF 3. 20061 AN} UFA] A GO A
oM EES A FdA %—E—ﬂ%—tﬂ g Ao
Me A, 295 2 FFUANA 17229 F7F e

CERIEEERE L 97 olEE s +78
Oﬂr:} HRANAE 93, 3, B 17573

%H%‘?} ol E%«] Huk Aol F4¥ ZAE Tl
detsta, Wdwe] 28 A Al 2/ 2] 93
penicillin G potassium salt$} streptomycin sulfateE Z}42}
50 ppme] 52 H7}3 potato dextrose agar(PDA)I
%9 IAHGEA-S TUg the, 20°C Wi g7l 484
7 vlFE F AA) golA sollA] wolgt dEAE A
A wgHf- PDASY o]2], A] 20°CollA oF 6047k ul %k
stodrt. g gt AR e oW EELENE 34FY S
2l akalrt.

T whd aduiela] EelE Bede] EBIO| tig A
&S HAA] f3E 200735 A Uella H2d
o] AsHA g 57t F XS 5
7E2RE oS 5094 AFH, 947 1HFHE A=
o] tﬂ-bﬂ ow Bigw B ] Bﬂookg}“}i‘:}'.

g A, #(2005)7F A B7F AR RALA
ARSRIEYY 22 5% EBIE A4stAsrl, 25 oA
o] AbA} 7144 Table 19 YERASITH

v x] Aol A WAFL] EBIY AE A HAA. uiy
F Aoy ug 5% EBI® base-line sensitivity
dataE 47] 9siME ofF THE rBIoﬂ &% o] ¢l
= dF7F Haghd|, 28% g Fdldie 8 &
Aoz AR FAZFHAF42 Dr. Hideo IshiiZF-E
60FT5 EGol A& #579 TYS A8 +
HAEA AR B7FE WSkthE 7RIS 2007-27).

:,d

Recommended

Common name a.l. (%) Formulation® d S ) Manufacturer Abbreviation®
osage (mg a.i litre™)

Difenoconazole 10 WG 50 Syngenta Dif

Fluquinconazole 10 wpP 67 Sung Bo Flq

Flusilazole 20 WG 25 Dongbu HiTek Fls

Fenarimol 12 WP 42 Dongbu HiTek Fen

Hexaconazole 5 WP 20 Gyung Nong Hex

*WG WP and SC represent water dispersible granule, wettable powder and suspension concentrate, respectively.

"Chemical names were abbreviated in the text
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Fig. 1. Frequency distribution of the base-line sensitivity of Venturia nashicola strains to EBIs.
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Fig. 2. Distribution of ECs, values of EBIs for mycelial growth of monoconidal strains of Ventria nashicola isolated Naju and Ulsan

(2006).
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Fig. 3. Distribution of ECs, values of difenoconazole for mycelial growth of monoconidal strains of Ventria nashicola isolated at two

separate orchards in Naju and Ulsan, respectively (2007).
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Fig. 4. Distribution of ECs, values of fenarimol for mycelial growth of monoconidal strains of Ventria nashicola isolated at two separate

orchards in Naju and Ulsan, respectively (2007).
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Fig. 5. Distribution of ECs, values of fluquinconazole for mycelial growth of monoconidal strains of Ventria nashicola isolated at two

separate orchards in Naju and Ulsan, respectively (2007).
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Fig. 7. Distribution of ECs, values of hexaconazole to mycelial growth in Ventria nashicola monoconidal strains collected at individual

orchard in Naju and Ulsan (2007).

Table 2. Sensitivities of pear scab fungus against EBIs applied just prior to the artificial inoculation of pear seedlings with fungal spores collected

at Naju and Ulsan

Scab incidences on the leaves treated with EBIs (%0)

Localities Sites EBIs?

DW Dif Fen Flq Fls Hex

N2 95.0 30.0 10.0 30.0 5.0 100

Naju N3 95.0 27.8 26.3 25.0 12.0 100
N4 100 25.0 35.0 15.0 4.8 100

N5 80.0 0.0 28.6 0.0 0.0 100

U3 61.5 0.0 10.5 15.0 21.1 80.0

U4 71.4 17.6 21.4 5.0 0.0 50.0

Ulsan U8 85.7 15.0 10.0 5.0 25.0 78.9
u1o 40.0 100 55.0 20.0 100 100

uU13 40.0 20.0 25.0 20.0 100 94.4

*DW: distilled water, Dif* difenoconazole, Fen: fenarimol, Fls: flusilazole, Flg: fluquinconazole and Hex: hexaconazole.
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Aol 9] HAL Al E oHERAN HYgFS ©
22 Zejsfiof shedl, dvH¥ o2 EBl Ay 43
Al A fitness7t R o] EFo] AdlEo] glon
Z(Barug?t Kerkenaar, 1984) ©¥2-8 B3 o #3}A4
& HES F57F BHEH ojH e Mol & Aoz A
Z+E| Qv whEbA olgdt AE Bdhr] $is) EBIE A
FAMSEEE ARG uUE Qo] 2R S Bkl
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A QAT HAdFo EAZ AFH HESY AYEE
A Ak HYd HE F o 15 FH o] AlEhy
I F AFHOE WAt IAAHER HE F 3F7A 9
YHYEES Table 201 VeRAATH

o] AFNA WA Wyt oz Zhead A3 &
= A wdo] FgAsA TFRIAT N5l )33
HAwe FAgolA 80.0%2 oHgeS BPou
difenocnazole, fluquinconazole & flusilazole S *8]%t B
oA who] b3 AAlE AL, B U3A AFH s
T FAFNA 61.5%] o|HFES BIedol s
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difenoconazoled &3k 7 $-ol= wHlo] AT
Rew, Us AFex F-A2olM 71.4%2] HE &S BA
O} flusilazoleS #}2]dF HEqAE o] A3 o
21154 Ath(Table 2). wEbA] W YFo] 4 EBIC dis 7

FA o] Yol ALY Aol WEEA| o ¢
2 4 e A3 AT F de poz B 4 glon,
FAg e} R g @] Qe A9 Aol Ast
AY AL g5 &-ﬂ} EAsle Zez B 5 dx
FAgEG gl 22 Ave AdY Ho] =& ¥
&5 EAdte A= E&E’r%} T A9k

o8] ZEL R b U o) Y B &
kel U3, Ul0, U139 Al oA AT #2
hexaconazoledl] T3] A &9 Aoz Aok, U103}
U139 o< flusilazoleol] thaiA= A3HAlel Aoz &
T AN} E U0 A3 F& flusilazole ¥E-7E of
Y fenarimolol WA T A Ao vehgr),

Hj] oA o] HA A ECy 7] HELFEY ] 7t
Z WY fenarimololl A 2 -g0) 71F & Aoz o
Aot U094 RS o5t EHgo] 50%E T3
T2 40% Kt} ETtHTable 2). 2 H fenarimolo] T
3 ECy @9l ¥27F W7 o JEFX25E A
HojupA] ¢fo} N17}k N29|A ECs, wt©l 1.5 mg/l7t He
57 242 1935748 A Th 28y ol HEA S 4.6
wo] AUA] oo mm AA AFA delre de] A
A Aoz FAHAE 53] N2oA] AFHE 42 A&
A HEl ot AA N AFE-HA= fenarimol A 2]l
Ae] ol AL 10%E F2E 9] 95.0% Bls] ZA v

A

[

Unt-8113

LR - A -

A8 - A

- A

QITH(Table 2).

DifenoconazoleS *2]& 74-9-o] &2 7] =X &
o} N2ollA] | <] WE &0l 30%= 7H =RAL N5
o} U3ellA AHF & #gol W3 ich 23 )
Agel AR M e 449 UsdA £t &5 Folle
ECs, 3t©] base-line BT Z 454 oA A sle #5357}
(53 AR, UglA A && HET vivtFEoiA
o] WhH &2 15.0%0l AR 28ktH(Table 2). whebA US
A AAYE 53 57 SAY 2 Hl8L v
Zo 8 FAAHA

Fluquinconazole 2 33+ 7%
=dl, N2 X7 9] 29 go] 30%2 7 =43, N5o
A AT FE& FJET BRI wgo] d3 gl
242 U4 2 UselA Af3E 79 2HEE 5%l Avt
] ggot BlaA Al Ao e S (Table 2) &
3] UdellM A3 & A golA e AAoA ECs, %
o] w9 Wi HgxlolA ZA ol Fo] UAFA] &
UTHFig. 6).

Flusilazoleﬁ— AT st Q9o W g2 FFE AR ¥
ol wE} 3 3e 2olE HA=ul, N5k UdelA A3
g o} ¥ Hga 9;} A3 oAE wE U103 U394 A
3 Fo SHEL 100%E FAT Y 40%9 HE 45
3] %%.(Table 2) Fig. 8914 B vhe} Zo] duAx
= v At of Alde] A= wiA] Ao el AAHH
Fo} A3E xpolzt AU, U4ollXe flusilazole®] ECs,
Zhol WX 1081 E 33 FF77F 2AEAL Y, 72
& Lo YT F9 FF) YsiMe de] A

FUE

HES tAZ Wt

Fig. 8. Scab lesions appeared on the artificially inoculated pear leaves to whlch Inoculation was conducted 3 hrs after treatment of EBIs
at the concentration of manufacturer's recommendation. (a) U13-DW, (b) U13-flusilazole, (¢) N3-untreated, (d) N3-hexaconazole.



HUR- e Fu Ao ergosterol AEA] AsiAle] Tk

3 A TH(Table 2). olol] Wral N2ojAM &= AWtE o= ECy,
Zhol vl whow Bke] 0.103 mg/it HYL 2F
NME ECs #©l 0.6 mg/t Bl 457F AR, A
Z Ao A WS 5.0%E v WrkTable 2).

Hexaconazole®] 7%, U4¢t UL A3t »E dA4d
oM AFHS F& FAHEG AN O & e B
=, U 43 400 U10dA A 45 F
T 739 g0l 100%ATL WA= -9~ Aste] 9
7VgAbe el 4Aafd7bA VERTHFig. 8). &4te] U4et
Ugol A AH G &S HET Folre] W &2 DWA
2ol Ao dy gt WRR|RE g &o] 7Hz} 50%9
78.7% EHo] Ax @& F£FELE oY UTKTable 2). 2¥
Bl hexaconazole® HiZ| AFollAe] A Ao = EC,
el HaEAe wg wteu AdsedeA AT o
ol tigk AA A 4359 BFAA ECs, o] Hat
2o 10ME ¥E Fol LAHATHFig 7). wHEA
hexaconazole2 A& & UF-oA {5 ¥o] Zo] drAlst
Aoz AAHAYT £ YT N2oiM 8] ECs, BHE#S
U4¢] guvt HAZ N1A &= U4e] 350y 5o Y
#2] ECsy WA AA7E &4 R "R #9krh(Fig.
7). b HHAE g oA A g5 4
ool Bl AR w2 Zoz AL olHI A
E B A UFdA AFe ARy Ee
hexaconazoledl] W3l Z+pAdo] A Rl AV Aatd o
o] MER EAsH= Aoz =AU

WivHE BB EBIE Mg A5 Azl A
FH Hdd] #F JAGS IdF JEE A A A
3t e A YA 739 EXVF s, dRe Ay
ol A1 hexaconazoleo|L} flusilazole®] #&]& T2 Bt
O 2 WS RYCEE a8 A olE oF
AE AR "ol B Asld £ sl AoE el

EBI= 1 3183 Fxo] 93] 49 Fo2 gidEe
tl(Fuchs &, 1983), o] AgA AM&-3 552 EBI &
fenarimol¥} pyrimidineA|©] 1 =] 4k = 2% (riazole
Aol o}&9) 28 7)F2 o Zol} ergosterol T
o] 4] 24-methylendehydrolanosterol®] 14a-methyl7] €]
ole-& A8 sh= DMICItH(Ragsdale, 1977). 28] DMI
< WFE 2R S deRlle Aoz d8iA e
(Barug®t Kerkenaar, 1984; Leroux 5, 1988; Thind %,
1986.) ©] AFlA 4F2] DMI= F5dd wjet & A
o wz EFe HFgd Bk Ulod UlzdME
hexaconazole®} flusilazole2] X &]o €8] 100% T 2
A B eSS 2y olE dAE mAAEAYL Yehile

AAY Btk 28y NSYlA & hexaconazole )l

e A3} 57

2}8) 100% WS BPAT flusilazole Aol &ls)A
F do] &3] gAHP LRz F okAle AP T
H712E g AR AZHY T & ey e
difenoconazole, fluquinconazole, flusilazole®] 352 4%
3| vl=d AE HAL, 53] NsedA e ol 35S &
HE 3] AT FoE B mAA A 9
7tedel #& Ao AU 2y A4 B¢
o) 3%o] A9 Wl AF¥E B U103 U39l
A€ flusilazole> 100%2] UH-& Ho] difnoconazolee| 1t
fluquinconazole®} 2}o]& H Yt} olzjdt oz EuiH
ol 4% DM/} ZAAR S YRt Bole o

& Zo=E AZtHAU.

AE7kA] 3K EBIY Wg A& 7]3He oljifA] 2
=8 FEA9 FUE A% EBIY wAW FH % T
(De Warrd®} Nistelrooy, 1988)2} C-14 demethylase %
A-reductase®] A4 (Barug®} Kerkenaar, 1984)Z 138t 4
332 ergosterol®] FAE Adsk= ALE A Ut
A EBI Wit A #FE in vieelM e 4A £
Ak o5 g A AdejellA] A&l o] P 3L (Barug
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W94 B EAYY 5o Qo) i) o H3E
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-O )\(‘)] g J':{}
2 A2 BuEe glvh(Kalamarakis 5, 1991). 28
U W E 3o A triadimefon, triflumizole, bitertanol &
fenarimols ¥4 717+ T A% HXE A3 triadimefon
o] F71ERe it Zdo] A Asl=E AL, triforine
o A= 2A}A o] E215 UTHOtsuka 5, 1988).
ol#gr oz EriH EBIS] g A2 MEghe &
TIA A e HdeA Astde] B Y F

Ae Aoz Azt
meEbd A UFe 4R FHedes wAd
hexaconazole®]\} flusilazoleo] thdl A 843-L o] & EBIY]
HAE3E AR mE AT 4 St AdEE

2 o

Seivkete] oiRge] uf Au) ol e HaEyy
I FL&EFHE HAE ) AYH wEgde] &
EBIE WA ARS8l $to) -2 FH o] Ag3on
et EBIE QA;FSE ARE) & 24} Ul A
LB Ry #E 233t difenoconazole, fluquinconazole,
flusilazole, fenarimol %! hexaconazole®] 5 EBI| W3+

flo o
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