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Abstract In 2023 and 2024, we collected 77 apples showing symptoms of flyspeck from orchards in
Gangwon, Gyeongbuk, and Jeonbuk provinces, Korea. We isolated a total of 52 fungal strains from symptomatic
fruits and based on cultural characteristics and phylogenetic analyses, they were identified as Peltaster fructicola,
Schizothyrium wisconsinense, S. pomi, and S. emperorae. Fifteen strains were isolated from the punctate type
and identified as Peltaster fiucticola. We isolated 37 strains of the flyspeck type, among which the predominant
species were Schizothyrium wisconsinense (18 strains) and S. pomi (12 strains). Since no fungicides are
currently registered specifically to control flyspeck in apples in Korea, there are limited studies on effective
fungicides against these pathogens. Using fungicide-amended media, we evaluated the efficacy of 17
fungicides registered for use on apples. The fungicides targeted 13 strains representing three predominant
species, P. fructicola, S. wisconsinense, S. pomi. Our results showed that tebuconazole WP, mefentrifluconazole WG,
and metconazole SC in the G1 group, benomyl WP in the Bl group, and mancozeb WP in the M group
exhibited over 80% of mycelial growth inhibition rates in all the tested strains. Although the inhibition rates
against most strains were above 80%, group C2 that consists of fluxapyroxad SC, penthiopyrad SC, and
pyraziflumid SC showed inhibition rates of 60~80% against some strains. In contrast, fungicides in the C3
group generally showed mycelial growth inhibition rates of less than 60% in most strains. Our results
represent the first report on the isolation frequency of flyspeck pathogens in apples and provide a basis to
establish effective management strategies for flyspeck in apples in Korea.
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O
F9% A5 F shdeln, 2024 71F 33,313 hao] Aful Wal2 Foke] 4620 Zao]Ho] MAIEE Ao B Ho]
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AE S 7HA 3 9,12111 715 A EA BHO| giaFi) FE
E5olM %S FAJ3HH(Gleason et al., 2011; Batzer et
al, 2016). O]Eif& B 7159 doRle AEe 71eiA
01-0} zl;qx%o _\4 =3 _Zrz] O}x]u]— Juqoﬂ 33/\451 _\,—lLZ:O
ol FAE "ojre] AAA HalE etk (Gleason
et al., 2011). T3, 1SS - o] st %é% &
A 5 -‘4’“"“/\1 Az 3g 2 S A
ATHMirzwa-Mréz et al, 2012). IANE 1S g@!f—/]%o]
Z¥Z}y Gloeodes pomigena, Leptothyrium pomi (= Schizothyrium
pomi)dll &l WA= Aoz dHAHASL, 1990 el
I FH P = FF Fell(mycelial type)oll tht A7k
2ol w2} Peltaster fructicola, Geastrumia polystigmatis 5
cheFgh Mol Astal gl Aol FRIFATH Williamson
et al., 2000). 2 £2} ASHY A5 Tl 2070 o]
£3} 100 o3| FolE 1S5S Yo Zo R
HES O™ (Gleason et al., 2019), =UoA% punctate
types] #FS F43t= P fructicola®t flyspeck types
YAsl= S. wisconsinense, S. pomi, S. emperorae 52| 1
SAF o] BIE o] tH(Choi et al., 2024a; Choi et
al., 2024b; KSPP, 2025). ©]¢} o] 2553w
A7) Y5t 39l 4+= mancozeb®} metiram 72> EBDC
(ethylene bis-dithiocarbamate)A| 2] 2 captan 5°] &
ol Zo 7 dHA A 2H(Gleason et al., 2019), ol wz}
A A e Aozt EA gtk BAL7h Atk (Tarnowski
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Table 1. List of fungicides and dose used in this study

0
ru
=]
ol
i)
o
Ton
08
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tigh Es3Ael WAl kAo st A7t 2 EL ofel £
A A= 202337} 202439l ] %‘l ALt ZHHHXPWW
IEATHY S Hole AL At ¥

Be) 5451, SEd #55 UoR AtA ﬁl*—iHHXl%
Sl ohet AtAle] @A A oAl Z9E HAsileH,
2EERFE Y A WA oA Adre $3 7124}

-

=7
HAE AFsiaen, Hdd FeHe O] A= U:}‘“Jr
333 tH(Choi et al., 2024a; Choi et al., 2024b). 23t
olyAe) HHL 0% ABES o|G5He] HE 45 5,
A FHO #FS Y Hiet i AE o] &ste] Al

HjA] (potato dextrose agar, Difco, Detroit, MI, USA)l

Agete] Bedds Eelaiit. AT 452 A2 Al
A AW s, 49 A7 Bag fs) -80°Ce]

glycerol stockel] HZ3}T),

- Recommended dose Half of recommended dose
FRAC code Fungicides al
£ (%) (ng/mL) (ng/mL)
Bl Benomyl WP 50 332.5 166.3
Fluxapyroxad SC 15.3 38.25 19.1
C2 Penthiopyrad SC 15 75 375
Pyraziflumid SC 15 375 18.8
Azoxystrobin WP 10 100 50
- Kresoxim-methyl WG 50 250 125
Pyraclostrobin WG 20 67 335
Pyribencarb WG 40 134 67
C5 Fluazinam SC 50 200 100
D1 Cyprodinil WG 50 250 125
Tebuconazole WP 25 250 125
Gl1 Mefentrifluconazole WG 10 50 25
Metconazole SC 20 67 335
Captan WP 50 1000 500
M Chlorothalonil WP 75 937.5 468.8
Dithianon WG 75 429 214.5
Mancozeb WP 75 1500 750

a.i.: active ingredient; WP: wettable powder; SC: suspension concentrate; WG: water-dispersible granule.
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StHE 9o TAMES 42 fsle] FES 25°C
Az 1497 vikst H HiGene™ Genomic DNA
prep kit (Biofact, Daejeon, Korea)& ©]-8-3l] gDNAE 3
ZSIAT). Peltaster % w5-2] 735~ ITSIF/ATS4, LROR/LRS,
mtSSU1/mtSSU3 primer pairs ©]-8-31° internal transcribed
spacer (ITS) %9<, nuclear large subunit of rDNA, mitochondrial
small subunit of IDNAE 53} tH(Gardes et al., 1993;
Rehner et al., 1994; White et al., 1990; Vilgalys et al., 1990;
Zoller et al,, 1999). Schizothyrium < 4F52] 735 ITSIF/
ITS4, EF1-728F/EF1-986R, Bt2a/Bt2b primer pairS ©]-&-3}
o] ITS 99, translation elongation factor 1-alpha -R-1A},
beta-tubulin F+A1E 5231 tH(Carbone et al., 1999; Gardes
et al., 1993; Glass et al., 1995; White et al., 1990). 5=
PCR 2Hz-2 ExoSAP-IT™ (Thermo Fisher Scientific, Waltham,
MA, USA)E o]-8-35}] AA|gt H, Solgent (Daejeon, Korea)ol
ojgste] w7 F7IMES SR olF 7 &of 2
ALE AT FAAAE vlwshr] 91 MEGA 11.0
22 7o)X Tamura-nei model 719F2] maximum likelihood
WS ARSste] AT TS A s th(Tamura et al., 1993;
Tamura et al., 2021).

JSSHRHYEZ s SoxQl AFK M
U Al S5 AAl F 1754 SAE o]t
L Y3 TH(Table 1). AP S T3} 74 kA 9]
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OE—E— % AME- F%(recommended dose)’} E]E kA
5 —2— A2t Talf& #FES PDA Aol 457
H] %k"??} , 4 459 4L 4 mm cork borerg ©]-&3}]
agar plugs wlojWjaL 7}z} M;};q] 3] ujz| &} thxeF-ol ]
A43F T}, Strobilurin Al AdAle] 79, A 35 A=E 2}
@S 918 SHAM(Salicylhydroxamic acid)yS AtAl 34
Hi ol SHA| H7VIo M, P fiucticola, S. wisconsinense®
749 50 ug/mL, S. pomi= 1 pg/mle] HE5 Z3IATh
2E
Gl

AgTE R i on, thxT+ PDAC
Felrh. dAF 24E HES HiAIE 4577F 25°Co] wik
gk & Hyo] A|HAE ol gsto] AT 45| A4
SABIAAL, FAE T o] #AF A AES AHEEiT
A A AAEE R 2227 (version 4.3.2)°] pheatmap
packageE o8-t 43131t

202333} 2024371 L=, AAEE, AGEE 49
Abh oA A E 77719 2SS T oY AR

HoHOl DA A oAb &ub HY 139

25Y T 52709 457} E2] = ATH(Table 2). 2H2Fe] 5
52 Peltaster fructicola, Schizothyrium wisconsinense,
S. pomi o2 FARENOH, o AN 7] BHIH A}
F1E AT FOE IRIFATHChoi et al., 2024a; Choi
et al., 2024b). HAHEE Eo|H o5 H]&2] 7%, punctate
type?] WAL Hole 237 HHNXM P fiucticola?t 1570
TTE 100%2] BI&= 2= ATk Flyspeck typee] 79
735, 41709 o|HHAZRY 37He] FFE TR OH,
S. wisconsinense, S. pomi 5 Schizothyrium 49| 3=
ZEo| AT} ©] F S wisconsinense?t 187 FFZ2
oF 49%, Z12]3L S. pomiZt 127} 42 32%2] =& H|ERE
e EATHFig. 1), w2 7P E8 Hleo]l =94d
P, fructicola, S. wisconsinense, S. pomi©l 3| &2 A<
9 5L 7o g 747 i, o, i #FE Adsie
o, 3G FFECl tallA A 23 AA S s

389 128%H S M

A 1370 ﬁ—r"ﬂ EH A ‘:}Ok@ 48712k TR E At
Alo] #AF A A B3 A 3ITHFIg. 2). YH o+ (FRAC
code B1)2] benomyl WPE P fiucticola, S. wisconsinense,
S. pomi 352 AFE A 100%2] =& dAF A AL
< HIY T2 & (FRAC code C2)°] fluxapyroxad SC=
S. wisconsinense SW05 W34 75%, pyraziflumid SC=
P. fructicola PFO19] Ti3lA 62%2] <AF A% mXﬁ]%Q =
eifle, 2 9] ) talME 80% o] & #A
A7 A A)go] ﬂo]i]i’ili} Penthiopyrad SC2] 7%, 75;‘45}
BE P fiucticola 2 S. pomi FFNM= 80%2] =2 Ak
AR AA &S BAoY, S wisconsinense SWOlHTE
Aelg SW02 % SW03wo taliAl= 60~80% AH A
A Aol FlEATt U3 & (FRAC code C3) AA|
e #FEE Al tig A ztol7t HgsiAl
15U}, Azoxystrobin WP, kresoxim-methyl WG pyra-
clostrobin WG= S. wisconsinense SWO022} S. wisconsinense
SW04 2 S. pomi SPO1 & A FFA 60% ©]*3<]
oA &o] FlEAoY, e #FEo] WM 60%
ujgke] vko AL A A &o] FlF ATl Pyribencarb
WG| 5 P fiucticola PF02 2 PF03, S. wisconsinense
SWOI, SW02 2 SWO4, S. pomi SPO3IFFEE A|9]a},
B 80% WRHe] AL A AAlEo] SRl oS AlE
(FRAC code C5)9] fluazinam SC} 2+ * (FRAC code D1)2]
cyprodinil WGi= S. wisconsinense 5l tallA 60% ©]
ol JAES B9, AH F (FRAC code G1)9
tebuconazole WP, mefentrifluconazole WG, metconazole
SCOl 74 B w5l tieliA 80~100%2] =2 dAF A%

bt

I

AA&o] AU 7} +F (FRAC code M)9] captan WPE=
AAT RE P fructicola T2 S. pomi 5=l tiaiA 2z
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Table 2. List of isolated Peltaster and Schizothyrium strains

Species Strain Region Host

P, fructicola KNUF-23-CS02 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS05 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS06 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS07 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS08 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS09 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS10 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS11 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS12 (= PF01) Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-CS23 Cheongsong-gun Apple (cv. Fuji)
P, fructicola KNUF-23-BHO1 Bongwha-gun Apple (cv. Fuji)
P, fructicola KNUF-23-BH03 (= PF02) Bongwha-gun Apple (cv. Fuji)
P, fructicola KNUF-24-US01 (= PF03) Uiseong-gun Apple (cv. Fuji)
P, fructicola KNUF-24-CA05 (= PF04) Uiseong-gun Crab apple

P, fructicola KNUF-24-BH04 Bongwha-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ01 (= SW01) Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ02 Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ03 Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ04 Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ07 Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-MJ06 Muju-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-CS04 (= SW02) Cheongsong-gun Apple (cv. Fuji)
S. wisconsinense KNUF-23-CS17 Cheongsong-gun Apple (cv. Fuji)

S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. wisconsinense
S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. pomi

S. emperorae

S. emperorae

S. emperorae

S. emperorae
Schizothyrium sp.
Schizothyrium sp.
Schizothyrium sp.

KNUF-23-CA01 (= SW03)
KNUF-24-RB01 (= SW04)
KNUF-24-RB02
KNUF-24-RB03
KNUF-24-RB04
KNUF-24-RB05
KNUF-24-RB06
KNUF-24-US03 (= SW05)
KNUF-24-US05
KNUF-24-CA13 (= SW06)
KNUF-23-CS13 (= SP01)
KNUF-23-CS14
KNUF-23-CS15
KNUF-23-CS16
KNUF-23-CS18
KNUF-23-CS19
KNUF-23-CS20
KNUF-23-CS21
KNUF-23-CS22
KNUF-24-CA06 (= SP02)
KNUF-24-BHO2 (= SP03)
KNUF-24-BH03
KNUF-23-CS01
KNUF-24-PC04
KNUF-24-PC06
KNUF-24-BHOI
KNUF-23-CS03
KNUF-24-PC03
KNUF-24-US04

Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Uiseong-gun
Uiseong-gun
Uiseong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Cheongsong-gun
Uiseong-gun
Bongwha-gun
Bongwha-gun
Cheongsong-gun
Pyeongchang-gun
Pyeongchang-gun
Bongwha-gun
Cheongsong-gun
Pyeongchang-gun
Uiseong-gun

Crab apple
Apple (cv. Ruby S)
Apple (cv. Ruby S)
Apple (cv. Ruby S)
Apple (cv. Ruby S)
Apple (cv. Ruby S)
Apple (cv. Ruby S)
Apple (cv. Fuji)
Apple (cv. Fuji)
Crab apple
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Crab apple

Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)
Apple (cv. Fuji)

The strains used for fungicide screening are indicated in bold.
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Punctate type
C (n=15)

S. emperorae

Schizothyriumsp. __
(8%)

(11%)

Flyspeck type
(n=137)

Fig. 1. Symptoms of punctate and flyspeck type on apple fruits, and isolation frequency of sooty blotch and flyspeck strains. A:
Symptom of punctate type on apple fruit; B: Symptom of flyspeck type on apple fruit; C: Pie charts showing isolation frequency of

52 strains from each mycelial type.

7 100% 2 80% ©14e] =2 wAF A SAlEo] E2ly
Koy, ZHO =2 S wisconsinense SW03, SW04, SWO05
FA A= 80%m| W] A|&o] IR YHA] 7} &+
<] chlorothalonil WP, dithianon WG2] 74-¢- thi-5-9] 5
o oA B oA a3t SRIFEATE. ool AzelA,
3% A AT H S B aHo= AT F
UAH A= U 9] benomyl WP, A ¢
tebuconazole WP, mefentrifluconazole WG, metconazole
SC, 7} AlZ-2] mancozeb WPE ERIEQon AFEEsER
zpole EAISIAIRE o 2] AR BT Aol
E& A A AlEo] Sl AThFig. 2).

Aol WAslE ZEAFHEE V=, T, H T
ek AolM 2 o] WIEHIOH, 53] P fiucticola,
S. wisconsinense, S. pomi= 7 AAHLZE T} 7|50
IEEAFHY S Yol WdHo® delA Sirh(Batzer
et al., 2016; Gleason et al., 2019). dA] = Al 2

SoATHE ek AAVE 5 AUA ¥, 1S5
AREY ] T o] 2 AkrA WA &3 Foll digk 4
7t AFSIEE wEhA, 2 Al = Aol 55 U
S AE] AHAIE ol &ste] 2T HEHORE HE
P. fiucticola, S. wisconsinense, S. pomi 3% 3|l A}
A AAES A8 A v, AH o A 7 79
mancozeb WP7} 31491 7o & RISt} ARt t} 37
AFe] AtA|2] 7%, SHAMS Z7Fste] 28-S 488319
So|= B8l azoxystrobin WP, kresoxim-methyl WG,
pyraclostrobin WG 52| strobilurinZ]l A-gAlo & 5 +
o thalx] B JAEHE UEleH, #F7ke] #A
A7 A& Zpol7t RIS webA, ) 283
W FFE T L5} strobilurinA]l Al A=Al sl A
& Ve Ao AztEu, Zapdol oA a3, W A
23, A B9l 59 F7HY AAol 28 Zlew
la2l=3
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Fluazinam SC

Cyprodinil WG 80

Pyraziflumid SC 60

Fluxapyroxad SC 40

Tebuconazole WP

20

Mefentrifluconazole WG

Mancozeb WP

Benomyl WP

| Metconazole SC

Pyribencarb WG

Penthiopyrad SC

Captan WP

Pyraclostrobin WG
Azoxystrobin WP
Kresoxim-methyl WG
Chlorothalonil WP

Dithianon WG

PFO1 PF02 PF03 PF04 SWO01 SW02 SW03 SW04 SW05 SW06 SP01 SP02 SPO3

Peltaster fructicola

Schizothyrium wisconsinense

Schizothyrium pomi

Fig. 2. A heatmap showing the mycelial growth inhibition rates (%) of 17 fungicides against Peltaster fructicola, Schizothyrium
wisconsinense, and S. pomi strains on fungicide amended potato dextrose agar for recommended dose.

A =l Al aA] A Zzadde t, AH A%
9 captan WP 5 LSS tol| sl G921 Zo=
ol Qe A Eo] o E8E o] 2™ mancozebs}
U3 EBDCAIS] metiram, propineb L3+ -8 WA &
5 Jepd 202 o2 dEthUhm, 2022; Back et al., 2025).
SEATE A5 Fpdolla] Ao A& = Y9l o R = A7}
A el I 2A AEEA QA 7] B, A vF
S A QRle= QlElA WAsle ZoE FHHEC
(Gleason et al., 2019).

2 AtelM e 2d7 AR A LSS ATl iEl
U Al T5E AHFAE tdeE dAF A JAIE
AE B8l TR AAE 23edE ¢ 23S
E3) S Al AA] A 2ol A9 7% AEE
gag Ao F g

Aol 2
P RO BUHE AP BRIEA S

RS-2025-02223499)°] A ¢ol| oJ3)] =] AFH T
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@
S MUOSESEREHI Peltaster fructicola R Schizothyrium spp.0f|
CHgh Aol ZA d& oM 23 HE

32

2 % JU AHx, AAEE, AHEE 2419 Fedelr] 23T WAL ol A TTHE A3t
on, #lg HWAHORRE 5N #FE eIt FRE 7= wdEE B B ATEE fidA #4853
Peltaster fructicola, Schizothyrium wisconsinense, S. pomi, S. emperorae= F3%UTh. 2] H] &S 21t A}
punctate type®] WANME P fiucticola’t 150 571 EEISIAL, flyspeck typedlA EE|® 3771 45
S. wisconsinense w7 1802} S. pomi w5 12707} 242k )=k, @A77 Sl = Al 2853 5FH W
WAE S AA7E 555 IA ¥, ST HYHES E49 02 AT 4 e ArAl digh A7 B
AAoltt. ojof| Alzte] TEH 17709 AHAE IO 28T H o] ek EAAQ AetA] Adks 98l =2
H&=2 F-2|¥ 3% (Peltaster fructicola, Schizothyrium wisconsinense, S. pomi) 13 @50l tl3to] AgA| &4 wjx]olA
A A oA 232 AR ST 2 A3 AH 79 tebuconazole WP, mefentrifluconazole WG, metconazole SC,
1 2] benomyl WP, 7} 1] mancozeb WPL] 7% & oo TlalA] 80% o] =2 AL A GAE0]
gol= it o2 2ol 431 fluxapyroxad SC, penthiopyrad SC, pyraziflumid SC] 734, L+ FFolA 60~80%2]
A Eo] HEEN O, RS ol thalA 80% oo ERIEITE 13 ol &l AtAl e 79, thi-2el
ol thalx] 60% wIRke] FAF A oAl &o] SRIFTE E A e Fol Bolste AoR 4 Akt
2S5l thigh A WSS A50 R RIS on, 23] Bl A el thgh r|aAtE s
ol&d AR AlgHrt

ol o

E

1=

OlOq: Peltaster, Schizothyrium, 155", A, AdA|
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