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Abstract From 2005 to 2024, a total of 324 Botryosphaeria spp. isolates were collected from apple orchards
in various regions to investigate their sensitivity to fluazinam. Phylogenetic analyses revealed that Botryosphaeria
sinensis to be dominant, with the Botryosphaeria kuwatsukai also identified. The ECs, values were calculated
based on the mycelial inhibition rate on fluazinam amended media, showing a range of 0.06 to 0.59 ng/mL,
with an average of 0.09 pg/mL for all strains. When comparing the mean and distribution of ECs, values for
strains isolated from 2005 to 2019 with those isolated from 2022 to 2024, significant differences were not
found. Furthermore, no significant differences in sensitivity were observed when comparing groups based on
pathogen species or region of isolation. Additionally, the inoculation results on the fluazinam-treated apple
fruits also showed no statistical differences in control efficacy between less sensitive and sensitive isolates.
Based on these findings, all strains of Botryosphaeria spp. isolated from various regions were found to be
sensitive to fluazinam. The baseline sensitivity of Botryosphaeria spp. to fluazinam established in this study
will serve as a reference for future sensitivity evaluation and regular resistance monitoring in Korea.
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Atk 5] SdE HERE Ad 7S W AA7E AL
2 4 Uth(Lee et al., 2023; Song et al., 2018). A A
o7 AFHASHY WAE fa AAE g AREA
RS (Fan et al., 2019; Wang et al., 2022), =il A = A}
RTINS ol tial] U, T, TESE, AT
ol &k AtAl7F 55 o] vk (Rural Development
Administration, 2024). ©] & ‘T}5’ol 3= fluaziname
Botrytis cinerea, Sclerotinia sclerotiorum, Alternaria spp.,
Colletotrichum spp. <] 39St WLl 73t E4&
Hole a3l AgAlo|th(Liu et al., 2019; Myung et al.,
2024). FA7A fluazinamell thak A e von,
Aol A A3 #72 A AA] HALEA] BSITHFRAC,
2024; Liu et al,, 2019). SFARF, AtAS] A &2Q1 ARG
AE A AP B 7S Eolal AAlY 13
£ 7AA717] Wl fluazinamel] tigh A3 e 9192
73] &K Corkley et al., 2022). 53, Botryosphaeria
spp.oll thgh fluazinam® 774 AR F2ollA 20184
of #4E o= FAIA FIHQ A= HiHA &
%2 (Song et al., 2018), A= AHE AF7} o] F
oJx| 7] k& Aejeltt. ofo] whet AtA|e] 7IE A A
A& Fl W A AR o 2R A
3 ] E AHAR] BUE"o] o]Foxfok drh(Russell,
2002). mEbA, 2 AollA = Al AFEASHS o)
= Botryosphaeria spp S W$S2 fluazinamel] ot 7<=
3 ARE AXESIT olF 8l 20059%-E 20249714
= ket AdoA EEe #FES AMEete] R
J

A ABEAS AAsha, A 444 WalE 2Aleen.
)

siplon, s HE A¥e Tl AN fluazinam

AL HRE M FHAO &E U B =2

o|F Aol A AMESE Botryosphaeria spp. 4TS XS
sl (Lim et al., 2024), 20249 7%, ¥%, 4= 2
FHE A ARAA 221E F 94719 Botryosphaeria
T4FE SEE ALY O T HE Eoqulo}l & 32479
sl d3s st GRS 475 AMEL potato
dextrose agar (Difco, Detroit, MI, USA) HJX]ol] &7 25°C
G710l A 597 vieFek F Aol ARSI, 717 B
7S 98 -80°C ZALWYE L glycerol stockeZ W

=
sTh
MZHARL Y SHAS EXAYEEYN 5
S E 759 total genomic DNA SHE 9], WA

< 25°C 7oA 797 wiFst F HiGene Genomic
DNA prep kit (BIOFACT, Daejeon, Korea)s ©]-83}¢]
gDNAE FE31%3L, ©]F ITSIF/ATS4, EF1-688F/EF1-
1251R, B2a/Bt2b Ze}o|H & Algate] Zhzke] faks 5
Z319tH(Alves et al., 2008; Gardes and Bruns, 1993; Glass
and Donaldson, 1995; White et al., 1990). %% PCR 4t
E-2 ExoSAP-IT™ (Thermo Fisher Scientific, Waltham, MA,
OSA)E 0|83l AAIg ¥, macrogen (Dagjeon, Korea)oll
olglate] 75 H7IMES FEEIST. R A4
2 NCBI (National Center for Biotechnology Information)
o] Basic Local Alignment Search Tool (BLAST, https://
blast.ncbi.nlm.nih.gov/Blast.cgi)olX FAHES eldt & &
Aot o] ¥ ZHAFEH] AT FAAAE BlaLst
7] 918l MEGA 11.0 ZZ 13| neighbor joining 'S
ARg-ate] Al'eTE 238k th(Tamura et al., 2021).

AZHRE| M FHAO 8 fluaziname| 2 HH
3k AP FER ST 59 fluazinam (active
ingredient 50% SC, th5)9] dAMIR A &= gy
Hog Akt 7 #5E PDA iAol 797 it
=, = AdoM 27 4 mme] FAFEZFS cork borer®
Hofujo], =R FAIE H7HE PDA iAol HEskict
Fluazinam SC¢ F8A4% &S I3, HT $&7t
0.01, 0.1, 1, 10, 100 pg/mL === 4=#A] 8]4] PDA Hj#]
& AFsidnh. JE MAE 697F 25°Co et § A
2] #Fo AAE S, ol AT 45
A7 Blarste] Ao @A A Al (%)= Atst
Ark e APS 7 75 s wkEe R sl
N2 IGAEE HMHCE ECy (Half maximal effective
concentration) &= 73171 I8, EX 28 3]HE (logistic
regression)= GraphPad Prism® software (version 10.2.3;
Dotmatics, La Jolla, CA, USA)ol|A] AA| 3} tH(Pugliese et
al., 2018). AIXFE ECs, 7S 719bo. 2 AR 759 A

a3

of Wk A4 AEE BRlsha, Ao AMSe HadS
e du, B T 2 28 Al wE} ECy, whel Bt
I XS vt olwf 7 ko] - Aol Aozt
A= AE et ECy ok 7 3 H & (%)S H]aLst
AT} TSk, HHH SR ECs, #tol B 7l 7ok Wk
g S #FE 27 A Aol W ey =2 A
o2 Autsle] Aglel] AME-sI9T

HAOAM AZERE M SEHTO S fluazinam?| 2HX|

ECso &t AAF AZE 7|uto g At (o) 455 Al
ol HF T AHAE At ¥ JA &35 vlas)t
2=3F Al ol cork borerE o]-g-ste] I
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A FH A 4 mme] AAE WL, 25°C dFANA 7Y
7¢ uj ke AL R M S ] AL AgtelA wlo] Wl &
o 719 FAFIZTE HESIATh ol RE A3

N L
B
N

of thall ko= JAPsitt. o] F fluazinam®]
& F5(200 pg/mL)E BHSFHT 500 mLol| 343
A, HET S 3023 FA ST AlE S 308
xS AE e 2eE E2knY 8719 ¥
°] 25°C =AM 77 BASSIE FAEl e By
A 23S HEe F AdAlE AeA i Y 27

)

N

[¢)

ol BTt HE 7Rl oA Aok FAje e
Fdoll g Hute] A4S SAsslen, W Al &t
£ Arkatsint

al

=}

2 =l

dnt 4
Botryosphaeria 52| 8 A1}

£ AFoA gusk dA 324719 AP FER S
43 % 277N 4= Botryosphaeria sinensisSt &gt
clusters @733t 2™, UMA| 4771 #5= Botryosphaeria
kuwatsukai®t 5L clusters 3/d 3} THdata not shown).
whebA], suf] TR 2| o] AlakdollM 2l § Bomyosphaeria
spp= B. dothidea$t " A%k 2102 WIAE B. sinensis
7F oF 85%= Akl e AoE ERIF UM (Zhang et
al.,, 2021), °F 15%= < WM BIEH B. kuwatsukai
2 SHEAHLim et al., 2023). oI" B. kuwatsukai= ¥
&t &l AGoA BF AN (A E: 1T, A |
45, T5 S, S 20, A5 TE, Ad 37T,
A T, 7371 1), 8] A9 wE £ Apole
AT = ISt oleldt Adke o) Aol S okt
g Al el Al FE M Eo] B. sinensis7t F

A
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88%%2 A3l 1o, 019 12%7} B. kuwatsukaiZ 57
= Aol FARFATHLIm et al., 2024).
22 oz, X[, HF F0o 2 fluazinam0 Cist Z

=4 Hl1

Fluazinam®ll t$+ 32471 Botryosphaeria 72 753
AEE A A3 e #57F FARE FARE oA
BAE VEY A3 A AR g9d] FREA
2 AUTH(Fig. 1A). FA #52] H+ ECs@tZ 0.09 ng/mL=
UEREO ™, 2 0.06 pg/mLoAlA o) 0.59 pg/mLe] ECy,
& MRS YERATHFig. 1B). olwf HA #52] °F 97%
o siBst= 31771 @+ ECsy #t©l 020 pg/mL o]stoll
wE¥she ZoE Ueon, JiAoR =2 ECy W
Ve UHA] 70 #FE 2 ghe] Y 0.59 pg/mL el
2ol Wok] wiRel] yAAHeR AEA] kit
Fluazinam®| ™3+ Botryosphaeria spp.2l ECs, B2 A=9
2 ¥ ul, Hd ECs 742 2005~2019 ] ehol| A
0.07 pg/mL, 2022~2024'A ol 0.09 pg/mLE F 2}o]
£ UeRiA TefzellA vERd HRIZE 77F
A BLEH 0.06~0.08 ug/mLE UER} SAH o2 Ho
4 e Wsht #EEA FAUTHFig. 2A). 8 AHE
719FS. 2 Botryosphaeria®l &l wet 24A3S ¥k

=
oy, HxE

TT o=

S o], 8352 B. sinensis A2 Hd 0.09 ug/mL, B.
kuwatsukai FTHS Ht 0.07 pg/mLe] ECs, 782 YERS

on, o]59] 77hd ECy # REE HIWeitlE W= F

o] o)L ITHFig. 2B). BE3h 72 4FE Ead A
o2 o] RS Blud de 7P e RS
BOl XY (HE: Ha ECs & 0.10 pg/mL)# 7H¢ =& 74
F9E Bl A (EE: Hat ECy 7t 0.07 ug/mL) 7kl &
Agk e atele ERIEA] ekgkon, BE o] F
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Fig. 1. Mycelial inhibition ratio (%) of 324 Botryosphaeria spp. on the fluazinam-amended media (A) and distribution of calculated

ECs values across all strains (B).
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Fig. 2. EC;5, values distribution for Botryosphaeria populations according to various standards. The ECs, frequency distributions of
populations collected during two periods, 2005 to 2019 and 2022 to 2024 (A). The ECs, frequency distributions of B. sinensis and B.
kuwatsukai populations (B). A box and whisker plot of ECs, values by isolation region, including Gyeongbuk (GB), Gyeongnam
(GN), Jeonbuk (JB), Jeonnam (JN), Chungbuk (CB), Chungnam (CN), Gwangwon (GW), and Gyeonggi (GG) are shown in (C).
Black dots represent outliers, defined as ECs, values outside the 2.5~97.5 percentile range, while “NS” indicates no statistically

significant differences between the compared groups.

ARE ECso % 32 WS Uehlo] SAA FoA= v
ERFA] Q9kTh(Fig. 2C). 2% W Hete] AwtAlol et A+t
A AL A A4 AP FH AR FEE
4 JtH(Brent and Hollomon, 2007). 24 A& Hole
benomyl(‘L}1°), pyraclostrobin(‘TH3 ) 5] AretAlol o
Sk ECs #t2 23 A3 wt57doll @A xfel 7}t v
Elu, 44 AdAdS Hole tebuconazole(‘AH’) 54
2FA19] Z3Foll= ECs, #tol =R AA8] fhaste &
A& 7FAaL itkBrent and Hollomon, 2007; Myung et
al,, 2024). sAY fluazinam®| 735 AA7EA] A3 LAY
of ek ¥arr} glom, ofo] et A4 712 JA] g es
WER|A] ot AA, F& o APHLE FRHEA &
TH(Schepers et al., 2018). W=FA fluazinamoll 3l 7H4
S B o) AFEY A, dE AT JAES
3l A=3 ECyy #he AR B. cinerea, Fusarium spp.,
S. sclerotiorum, Bipolaris maydis 52| TFet A& WL+
of tigt 7l& S AXSHATHChen et al., 2018; Liu
et al., 2019; Shi et al., 2016, 2023). o]w Tj¥-&-o] F5F7}
fluazinamel] sl H 1.00 pg/mL ©|ske] HA3F] &
ECs) #t2 YERo] BF g oR BuErh & AT
oA 32470 ARHFHASHES tdeE 453 ECy
 BES WeF 0.09 pgmLOE Wkon, Aadat A
dTE A8 HREHA U FIHCE, AR, AY
W, #78 ECy o XEE ¥t A3 SAARA folde
UERHA] edol, Fekztel] Weet Ao zto] GA] &<l
g gl]leh olge Axk= ol AelA 16270 B
dothidea 57} fluazinaml] e ECy, 3 0.003~0.19
pg/mL (Avg. 0.04 ng/mL)C.Z A&¥ AL nlgtog ni
A AR Budk A FARITHSong et al,
2018). TRk, o] AFA ol Hls) Hst L Hoi ECs, w4
Tha =2 A0 2 Yep7| wiiol] 2k S Al FH 4
S NAIEe] tiet fluazinam A3/ BUEIEo] F97)

d

o o EEZ

Al ol Fojxofd Aoz AztE,

A A RE M ZEH RO CHE fluazinam?| H WA S0
Fluazinam®] A7 AR $E91 200 pg/mLe 2|3k Al
IS ECs, 748 zteloll AAIQle] B FAjg]tel] Bla]
ko] A=A TH(Fig. 3A). ECsy ghol Rke w5 579
WA &%) 454~71.0% (Avg. 60.9%)Z YERSL,
ECs ol =39 a5 5709 WAl 2&(%)2 56.3~91.7%
(Avg. 71.0%)2 1= th(Fig. 3B). AH=4 Al S84
sl A8 ARS A A A BEE mEs ALS
2 Rl w2l t ARS Bl T JA] AelE
gk A3 SATE T (p < 0.05) A=A U
(Fig. 3C). F7H o2, FA 27| Buk W24 9A] ECy B
o] Wk ¢t =9 ¢ oA 4zt et 473
mm ¥ 37.6 mm= AAT zjo|E HolA] FUhOM(Fig.
3D), 7 Azre] FAARA zpo] H=g SIS = fIATHp =
0.0532). WebA, ECy kol 2kelS Hel F 45 JeS 3
AoA el HY94 3 fluazinamel]l the WAl g3 =
F AR 202 vEhtT ol fluazinamell 7321 B,
dothidea 5 T+ Akt ol FE3 F 200 pg/mLe]
A E AE]stlS ol oF 65%2] WAl &S Bl o] A
T4} A tHSong et al., 2018). =3t pyraclostrobin
ol thall ECs, Fkol =L WUQ B. dothidea @ o] F-
AellA A= AR Wik HAS Yepd 23 ofx o
2|3 tHFan et al., 2019). T, fluazinam 2 EA4 W=
SR L | Hol W] 2] IS Alske
B3 AAlZ G ItH(Chen et al., 2018). ©]2 23|
Coniella vitis, Bipolaris maydis, B. dothidea 52 BU o
A& 5 fluazinamS H2|A], oAl A2 § HAH+S HE
S A9E vad vk wA 93E Yeple JeE |
25 H(Chen et al., 2018; Song et al., 2018; Wang et al.,
2022). webA, 2% AFE 53l Botryosphaeria spp.©ll Hh
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Fig. 3. Control efficacy (%) of fluazinam against sensitive and less sensitive Botryosphaeria isolates on apples fruits (cv. ‘Picnic’).
Pictures of apple fruits treated with fluazinam or ddH,O (control) after inoculation with Botryosphaeria (A). Mean lesion diameters of
apple fruits treated with fluazinam or ddH,O (B). Statistical differences in control efficacy (C) and lesion diameter of control fruits (D)
are shown as a box and whisker plot (“ns” indicates non-significant differences between groups according to the t-test results).

St fluazinam®] & G35 F7FH< AASIAL, dFNA
WA 35 A ERlste] AEA oM HEs 14 A

o] BT Zlow A7ben)

Fluaziname APT §H &) o2 284L 7IAe
S YURIA Ao, FFole] A} W] Qs
MR o] FF& Aalste] A+t 35 YERATH(Liu et al.,
2019; Vitoratos, 2014). Fluazinamol] 3k A & 7k
3¢} AA7HA] A=A Fgkom, 248 7]Zto] H]
SolZQl AR o , T2 FA AEE YeERle
AAE] vl A T f13do] Blwd Ytk (Mao et
al., 2018; Tucker et al., 1994). T=3h 715 45AE AA
o|d AFEoNA S sclerotiorum, B. cinerea, F graminearum,
Ustilago maydis 5] Tt 2= U 3o]o] thal of
S =& FA4S e Zo® B EcKLiu et al., 2019;
Vitoratos, 2014; Wang et al., 2016; Wu et al., 2022). ¥
T-E B3 Botryosphaeria spp.2] fluazinamel thet 743
e R8s A A, BE 757 @A 8] W2 ECy 7t
S YeEision dAxd, A9d, #3E 7Ae] Abole
SRIEA] FTh. HE3h, o] HESNE WE =2 EC
e B3 75 JoH B ECy, #he Bel 7 Huk
Frefm g xjo] T Ak WebA fluazinam A+t
2005378 20243704 S ThFE A9 9] Apo]
St & B. sinensis 2 B. kuwatsukai @55l T3}
Holm, A7 IAGFH S 53 7=

e

47

= 303}

2 v a

IRIFA] ke Aog AT} A9, A4 fluazinamel]
5

gk Aol wEd rhsAde ods] EAlg S
sclerotiorum, B. cinerea, C. vitis 52 &%olo| tiall 7]
o)X ¥HEH O 2 fluazinam HiA ] HES A3}, ECy, 740l
2 qufoll A Hdf 80ui7EA] F7kebH A oZ WA o
F7F == A tH(Mao et al., 2018; Shao et al., 2015; Wang
et al, 2022). FE3h JUlFoE =& ECy, #e 7K
Clarireedia jacksonii w5 3-& minimum inhibition
concentration (MIC) #t2 7} Phytophthora infestans o
£ 747} 2] 32 2 27l HE F fluazinams: #|2]s)
RS, ECy) wol RUH w570l vlal] e W A asE
R ATHSchepers et al., 2018; Shi et al., 2024). W=HA, &
Ug TN AEHO 2 fluazinamS 2T Al A9
astar, delA WA a3rF AsiE A
o7 A7tET B3k, 7|5 Bishe W] A v vt
439 FES 7]XH (Lurwanu et al., 2021), Al 3]
o] it 2EHAE F7MANF17] Wil Botryosphaeria spp.
o o W AZET} Fobd ZOR ol th(Dong et al,
2021; Garbelotto, 2024). w&kA, =Wl Botryosphaeria 717
o] tigh Fo)Ze A BUBHS Fall A& AR
4 #E7t dasitt & A 23S 9 S fluazinam
o] 71 S A 5 S AR FE A 2 TRAEl

TTow
S AR el B A7 A §89 )% AR
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