AEHAS Res. Plant Dis. 26(2): 79-87 (2020)

Research Article https//doiorg/10.5423/RPD.2020.26.2.79

=L &7| A|ISSH+ Fusarium oxysporum f. sp. fragariae2|
(o)

FHH O, GEdat aan BHS

Genetic Diversity, Pathogenicity, and Fungicide Response of
Fusarium oxysporum f. sp. fragariae Isolated from
Strawberry Plants in Korea

*Corresponding author 'E.“E';é_‘* . ?:l.%ﬂ$1 : E!'§¢2 . '.:'_lx|%43 . E%El'P

Tel: +82-41-635-6348

Fax: +82-41-635-7931 BHEL =8 D [T, NS X T[St e 4 s,
E-mail: namtel7@korea.kr CELHSt L OIS AL S AKZ O[S 1}

Myeong Hyeon Nam'#, Hyun Sook Kim', Myung Soo Park?, Ji Young Min?,
and Heung Tae Kim®
7Strawberly Research Institute, Chungnam ARES, Nonsan 32914, Korea

?School of Biological Sciences, Seoul National University, Seoul 08826, Korea
’Department of Plant Medicine, Chungbuk National University, Cheongju 28644, Korea

Fusarium wilt caused by Fusarium oxysporum f. sp. fragariae (Fof) is the most important diseases of a straw-
berry field in Korea. We surveyed phylogenetic analysis, pathogenicity test, and fungicide response about
Fof isolates isolated from Korea. Twenty-seven isolates of F. oxysporum isolated from strawberry plants were
conducted in this study. Specific amplification by Fof specific primer was confirmed in all 26 isolates except
Fo080701 isolate. The nuclear ribosomal intergenic spacer region and the translation elongation factor EF-
la gene sequences of isolates revealed three main lineages. Most of all isolates were contained DNA lineage
group 1, but 2 and 3 group was shown only one and three isolates, respectively. All isolates were shown in
pathogenicity with cv. Seolhyang. The ECs, mean values of prochloraz ranged 0.02-0.1 pg/ml except for
Fo080701 and effectively inhibited mycelial growth at low concentrations. The ECs, value of metconazole was
also 0.04-0.22 pug/ml, showing a similar inhibitory effect to that of prochloraz. The EC,, value of pyraclostrobin
was 0.23-168.01 pg/ml, which was different according to the strain. In the field trial, boscalid+fludioxonil,
fluxapyroxad-+pyraclostrobin, and prochloraz manganese were selected as the effective fungicides for con-
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sp. fragariae (Fof)2 1962 0| SFoA X2 HIE o
(Winks2} Williams, 1965), 71 & X (Okamoto %, 1970), &t
=(Kim =, 1982), WA|Z (Castro-Franco} Davalos-Gonzalez,
1990), 5=+(Huang 5, 2005), $5(Golzar 5, 2007), 25| 2(Ar-
royo 5, 2009), 1=+ (Koike 5, 2009, Williamson 5, 2012), A|2
H]o}(Stankovié =, 2014), E]7|(Dinler 5, 2016) oA R 11%=
s A AAZA S = Zhit Ao Uk

7)o WSt M-S 717 FofE A4 AeshA At
st 712 B7] AuiEgolA 7HE AlEe dAlelth AlE
g ko] EAYESHA 7S o83 Wo] /s Q1o
(Carboned} Kohn, 1999), 7] A|&-2H At £]3) 2013
| 222 dEA Fof £0)4 primer7} /= ${tHSuga 5,
2013). I primer= 27| ©]9] 9] Z-Fof WYL= formae
specialis®] HUF FHE 4= glon, Y29 7|4 £
o BT v A FofE 18T 4= 3l vl California
oA &3t Fofdt 55 ASY -+ fl= A7 AT
(Koike2} Gordon, 2015). Li 5(2014) = ©7] Ajuf Ao A A
elulj 2] 2} real-time PCRE o83l EXQ] F. oxysporum< A
= 5= USIAIRE Fofe] Hold] Aeh2 E7H53 S HA
31 ol A= quantitative real-time PCR (QRT-PCR)& ©]-&
g7 AlEe Ad7|so] /EE7| % sttHHong 5,
2018). T3} Burkhardt 5(2019)-2 u]=+of| ¥HASH= Fofo]] &
0]Z]¢] Tagman quantitative PCRT} isothermal recombinase
polymerase amplification assay 7] &2 74ts}o] Hcto] o] &
S qlk Tt S HAlsHs 2] AEeEEe] 94 5
Kol ZAVE|R| Fak Ao A HB3] Fof AT S 485
7] o] SHo| UL ofof w2 A WS A8 = ¢4
%2 A%oltk

A 27l TEE A8 ddAle dazomatt
metam sodium®] B3 =42} prochloaz manganese,

-

fluxapyroxad+pyraclostrobin, fluxapyroxad+metalaxyl-
M, etridiazole+thiophanate-methyl, iprodione+prochloraz
manganese, pyribencarb, copper hydroxide?] 7%0| 52
o] @tk (http://pis.rda.go.kr). Fusarium spp.o] &5t Al &S
" B A 2+ prochloraz (Amini&} Sidovich, 2010; Shin 5,
2018), prothioconazole (Miller 5, 2020), metconazole (Burla-
koti 5, 2010) 1} 72 2 = 0]38A] 2] demethylation inhibitor|
At A7) o) & o]tk 35t pyraclostrobin (Cruz Jimenez 5,
2018), thiophanate-methyl (Kim &, 1982; Masiello 5, 2019;
Shin 5, 2018)%= &7} Q1A HIL Qlon o] A=tAlES A]
Pt Aol WE E442 7HA AL gl (Petkar 5, 2017). &
—of|= Al+f succinate dehydrogenase inhibitor (SDHI)A|21

pydiflumetofen®]| F. oxysporum f. sp. niveum®]] ]t 5=8} A
S5l antAolg} B ustltkMiller 5, 2020).
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shck Tt o AAIRE 5L 915) Suga 5(2013)2] Fof Eo]
Z primers (FofraF/FofraR primers)2} Burkhardt 5(2019)2]
gRT-PCR probe (Frag_F/Fraf_R/Frag_TagMan_probe)& ¢]&
3] DNA $Z o RE 39135} 4th qRT-PCRS CFX96 real-time
PCR detection system (Bio-Rad, Hercules, CA, USA)E ©]-8-3
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Table 1. Fusarium oxysporum f. sp. fragariae isolates obtained from strawberry fields in this study

Isolate Cultivar Source Year Location® PCR® qRT-PCR° DNAgroup®’ Pathogenicity®
Fo160303 Seolhyang Crown 2016 Nonsan, CN + - 1 2.8
Fo160506 Seolhyang Crown 2016 Nonsan, CN + - 1 44
Fo160403 Seolhyang Crown 2016 Nonsan, CN + - 1 2.2
Fo160510 Seolhyang Crown 2016 Nonsan, CN + - 1 24
Fo160405 Seolhyang Crown 2016 Nonsan, CN + - 1 3.8
Fo160612 Seolhyang Crown 2016 Iksan, JB + - 1 3.8
Fo160701 Seolhyang Crown 2016 Hongseong, CN + - 1 38
Fo160705 Seolhyang Petiole 2016 Nonsan, CN + - 1 34
Fo160618 Seolhyang Crown 2016 Hongseong, CN + - 1 3.6
Fo160304 Seolhyang Crown 2016 Nonsan, CN + - 1 2.2
Fo160708 Seolhyang Petiole 2016 Nonsan, CN + - 1 2.8
Fo160902 Seolhyang Crown 2016 Buyeo, CN + - 1 4.0
Fo160712 Seolhyang Crown 2016 Buyeo, CN + - 1 1.6
Fo160721 Seolhyang Crown 2016 Nonsan, CN + - 1 34
Fo160801 Seolhyang Runner 2016 Nonsan, CN + - 1 36
Fo160802 Seolhyang Crown 2016 Nonsan, CN + - 1 24
Fo160805 Seolhyang Crown 2016 Nonsan, CN + - 1 32
Fo080703 Akihime Crown 2008 Hamyang, GB + - 1 1.6
Fo140501 Seolhyang Petiole 2014 Nonsan, CN + - 1 34
Fo140604 Seolhyang Crown 2014 Dangjin, CN + - 1 2.8
Fo140607 Seolhyang Runnner 2014 Nonsan, CN + - 1 24
Fo140703 Seolhyang Crown 2014 Samyae, JB + - 1 34
Fo150702 Seolhyang Root 2015 Jinju, GN + - 1 12
Fo080701 Redpearl Crown 2008 Ganghwa, GG - + 2 1.6
Fo160609 Seolhyang Crown 2016 Nonsan, CN + + 3 1.8
Fo79 Summerberry Crown 2003 Nonsan, CN + + 3 2.0
Fo160718 Line Runner 2016 Nonsan, CN + + 3 24
°CN, Chungcheongnam-do; JB, Jeollabuk-do; GB, Gyeongsangbuk-do; GN, Gyeongsangnam-do; GG, Gyeonggi-do.

°PCR: 239-bp amplicon was (+) or was not (-) obtained using the FofraF/fofraR primers pair (Suga et al., 2013).

‘qRT-PCR: Burkhardt et al. (2019).
“DNA group: combined analysis with nuclear ribosomal intergenic spacer region and elongation factor sequences.

Pathogenicity test was evaluated at 52 days after inoculation as disease index: 0=no symptoms, 1=1-2 leaves rolled and yellowed
leaves, 2=all leaves rolled and deformed, 3=chlorosis and early plant wilting, 4=necrosis and entire plant wilting, 5=death.
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317] 98l =5tk IG5} tef1 genes®] PCR 522 iNL11/
CNSa/iCNS11/NLa (O’'Donnell 5, 2009)} EF1-728F/EF1-986R
(Carboned} Kohn, 1999)E 0|85}tk PCR HF-2-2 o|H o] X
315 7ol 93] CFX96 thermal cycler (Bio-Rad)Z A A|SHA,
t} PCR AFH&E-& PCRquick-spin PCR Product Purification Kit
(iNtRON BioTechnology, Seongnam, Korea)& ©]-8-3}¢] £g]
3 Bioneer Corporation (Cheongwon, Korea)o]| sequencing
B XS 925}tk Sequences= MEGA 5 software (Tamura
5, 2011) & o]-&3) HA & MAFFT v7 (Katoh£} Standley, 2013)
2 alignd} ¥tk Combined data set (IGS+tef1)E ©]- &3t maxi-
mum likelihood &41-& GTRpG modelx} 1,000 bootstrap
replicates ©]-23l] RAXML version 7.03 (Bioinformatics Insti-
tute, Singapore) (Stamatakis, 2006)2 £ A}3} %k

A S 27] AlES ol et AetAl Bk A
of| AM-&-5 AF+A+= prochloraz (a.i. 25%, EC), metconazole
(a.i. 20%, SC), pyraclostrobin (a.i. 11%, SC), fluxapyroxad
(a.i. 15.3%, SC), dimethomorph (a.i. 25%, WP), thiophanate-
methyl (a.i. 70%, WP), copper hydroxide (a.i. 77%, WP)2] 7%
o]t} Z+ A<tA|= PDA Bl x|ol| A XE-5=(a.i. 7]5)7} 0.001
oA 100 pg/mi7HA] A=tAE =5 gelsto] H7Fsksick A
ol AR Al S et 5 7ol A=t S, PDA Hi o] 4
S Tt HES gt Frlstgion Alit &F HAE ¢
3j| streptomycin 300 pg/mlE vjjx|o]| H7}5}ich AA17F &
< iAol Al wte HES 317 st EH|T Fofd +
AP Aol A A ZZ R XA, 1x1T mm)E Hof Hjof 4
A S H7Fet PDA uljAjof| 4 E35laL, 27°CE] el A 547t
HioFstRom A2 HE FoA 3uHEe 2 ZYPE ik 4
A B= 5UTE uiF et 3 AtA v oA A et
w52 A7} A2 HjRoA Mt #F] A A
a1, o Aol QA FAMYE Al ATH-E 5] vl sk 3ict

FAAA SR 20} (06)=
(1 — ArA Wi Z] ol A 2] 27 /A 2] s ] of| A 52 2]
) x 100

A ASSE YHsn. B7] SEEFAA
AAE AEad BAARE ARSI A=
boscalid+fludioxonil (a.i. 23.5+5%, S1 SC, FarmHannong,
Seoul, Korea) 1,0004], fluxapyroxad+pyraclostrobin (a.i.
4.6+8.3%, Mirivon SC, FarmHannong) 2,0004}, prochloraz
manganese (a.i. 50%, Sporgon WP, HanKookSamGong, Seoul,

Korea) 2,000H], copper hydroxide (a.i. 40%, Daeyucucide SC,
Daeyu, Seoul, Korea) 5008 =2 3 100 mIA 1524 7+4 33]
TR B RS ARAE dgERoR 2R
HE SH3 AEES AP E(55%19.6%14.5 cm, 10 )i 574
971G AES] AT e 4Eo 2 2ASgh 1
A Ao A Al e HES A9 B A4 o 5
A HE LS TrEo] ZAAEH(1x10° conidia/ml)&
10 mi#) 49 25900 TRAET T AFFAL 49 289, 59 4
o, 59 12¢ 33] AR 22} Al Fo A= AP = AlE
o WAE o AES] HFFEFL 49 27%0] B4 F 64 20
Y, 6 279, 7 4Yo] A=A E AHEIGAT o A= Sl
o] Nam 5-(2005)9] W o 2 AR WA A= the
3} 2-& Ao wet Axkshck

H}R . 7H0) =

(1 - A=A A 29| o] HF-&/FA T2 o F&) x 100

22]7F 8| CoStatEA X 2 I3 (CoHort software,

Berkeley, CA, USA)-& ©]-83}4] Duncan’s multiple range test
(P<0.05)A78= A3

FEL 3 Lk
SaF S5 Wl Beld A5337e 542 Table
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2= gick #e)79) colony A& PDA HIA]o]A] A% HEA
o FAS FATAT TR 27 2 ofF BT}

d
single palideg A2 2 Jejz] AL 513 tHNelson 5, 1983).
Ha)#2 Suga 5(2013)0] 75t Fof E0]& primerZ DNA
ZZ31 A3} Fo0807014#F(lineage 2155 A| &3t =& B
oA F o] Eelx|gltHdata not shown). HFH Burkhardt
5(2019)0] 7iErgt gRT-PCR probe:= Fo080701, Fo160609,
Fo79, Fo1607818 (lineage 2, 3715)9] 4431 AEEHck &
279 FA7 thFAdS 913t IGSe} EF-1a sequences®]
A8A EAEY T A8 37H] 159 lineages
£ BYhFig. 1). thEE9] BT+ DNA lineage 13} 39]
2351901 4] Fo0807012] 134k lineage 29f £3ith 3
5 Fo160801, Fo080701, Fo792] IGS2} EF-10. sequences
L GenBanko] 523}tHMT671188, MT671185; MT671189,
MT671186; MT671190, MT671187). =] DNA lineage 1 1%
of &ot FFL ulFolt AR NS LWFH e 18
& g3lsich. TH DNA lineage 315 &3t #FE v
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Fo160303
Fo160506
Fo160618
Fo160304
Fo160708
Fo160902
Fo160712
Fo160721
Fo160801
Fo160802
Fo160805
Fo080703
Fo140604
100 Fo140607
—{Fo140703
Fo150702
Fo140501
Fo160405
Fo160612
Fo160510
74 Fo160701
Fo160705
Fo160403
GL1270 California
GL1702 California non-pathogenic
GL1381 California
GL1703 California non-pathogenic
GL1059 California
100 GL1268 California
GL1315 California
MAFF712071 Japan
Fo080701
MAFF744009 Japan
100, GL1704 California non-pathogenic
95'MAFF727510 Japan
Fo160609
97| |Fo79
GL1080 California
GL1162 California
08 GL1385 California
GL0878 California
Fo160718

Lineage group 1

100

Lineage group 2

Lineage group 3

NRRL22172 Fusarium verticillioides
0.02

Fig. 1. Phylogenetic tree of Fusarium oxysporumf. sp. fragariae iso-
lates from strawberry plants in based on a neighbor-joining analy-
sis of a combined intergenic spacer and elongation factor 1a. gene.
Numbers beside each branch represent bootstrap values obtained
after a bootstrap test with 1,000 replications. Bar indicates the
number of nucleotide substitutions.
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Fof= Urehd AlEaHwe thaf et populationo] EAgtct

£ 2§33 4 Uitk Uh Fof So)4 primer 428 4
1

= 31 lineage 29} 3 AZ0] 7153t AAE B Hhahy
=] ¥AISH= Fof= Burkhardt 5(2019)9] probe = Fof
5ol4 primerg o|-§sto] HEst= 20| axpzlo|n idE
primerE- ©]-8-3t real-time PCR-E probe 79t= I 9 5}ch

D7) AlE3Hol Tofst= Y-S thE-E Fofol™ F. oxy-
sporum®) formae specialist= A|3te 7|5 HYS 71K o] ¥
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hydroxide?] 72 thAlo 2 Z A5 tHTable 2). Prochloraz
== DNA lineage 2159 £3}+= Fo080701+#3& A Y5t



84 Research in Plant Disease Vol. 26 No. 2

Table 2. Effect of fungicides on the mycelial growth of Fusarium oxysporum f. sp. fragariae

DNA Prochloraz Metconazole Pyraclostrobin
group Isolate ECs0’ ECo0’ ECso ECso ECso ECso

1 Fo160303 0.04 0.78 0.08 6.37 24.11 31,487.14
Fo160506 0.10 2.69 0.22 3.10 34.94 17,598.06

Fo160403 0.05 1.00 0.08 145 5.27 3,263.09

Fo160510 0.03 0.50 0.10 1.64 13.34 28,558.41

Fo160405 0.06 0.93 0.12 2.08 63.29 74,580.29

Fo160612 0.02 043 0.06 1.37 1.31 61261

Fo160701 0.06 2.05 0.10 2.35 1.13 469.92

Fo160705 0.02 0.51 0.07 1.36 0.52 99.39

Fo160618 0.02 0.45 0.07 130 1.1 886.67

Fo160304 0.03 0.66 0.09 1.61 5.50 3,23843

Fo160708 0.06 1.02 0.05 1.81 5.13 790.87

Fo0160902 0.04 0.83 0.10 1.89 14.28 11,996.28

Fo160712 0.07 0.93 0.08 2.05 27.61 14,825.83

Fo160721 0.03 0.56 0.08 1.86 478 11.540.37

Fo160801 0.02 0.51 0.12 1.88 13.05 4,923.23

Fo160802 0.04 0.76 0.09 1.74 27.37 25,581.46

Fo160805 0.04 0.75 0.06 1.77 6.01 877.81

Fo080703 - - 0.07 1.1 1.28 392.93

Fo140501 0.08 1.46 0.12 2.54 168.01 299,753.63

Fo140604 0.04 0.56 0.10 1.71 3.79 752.84

Fo140607 0.06 1.71 0.09 2.35 3.30 552.55

Fo140703 0.05 1.15 0.10 2.28 5.97 1,031.17

Fo150702 0.07 1.58 0.16 2.22 17.55 10,024.16

2 Fo080701 15.93 332.56 0.07 134 0.23 19.28
3 Fo160609 0.03 1.13 0.04 1.48 0.84 30.40
Fo79 0.03 0.46 0.07 1.50 292 793.10

Fo160718 0.04 0.78 0.09 173 3.50 1240.19

°Effective concentration (ug/ml) reducing the mycelial growth by 50%.
PEffective concentration (ug/ml) reducing the mycelial growth by 90%.

A S-S H#9] EC,phe] 0.02-0.1 pg/mIZ F& oA &
Ao 2 A AA-Z AA|8FAT Metconazoled] EC,gte
0.04-0.22 ug/mlZ prochloraze} H|5=gt A 35 HGth
Pyraclostrobin®] EC, 72 0.23-168.01 pg/mlZ w30 uw}z}
Ato)7h 2 73S HS 2™ DNA lineage 1715°] T2 159
&5}z AR ECo ) ECgko] 5= 7+ 2 Aol & HYirh 1
9], fluxapyroxad, dimethomorph, thiophanate-methyl, cop-

per hydroxide 4% 2 =2 Lo A= FAIIA| A7} ol
EC, 7k AT 4= $1%tHSupplementary Fig. 1).

Q9] Az @] A& ) prochloraz, metconazole,
pyraclostrobino] T} A-FA| Bt A A &1} o} a3}
A2 B A 2 2] 7}5A-L HTh Prochloraz= ofAufapEA A
9] Z7|14-2H& U0 7)=F oxysporum®l| A} o] H(Shin 5,
2018), Colletotrichum spp2ll &gt BEA R0 = X T oA
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Table 3. Effect efficacy of fungicides for control Fusarium oxysporum f. sp. fragariae

1st trial 2nd trial
Fungicide a.i (%) "
DI° Control value DI Control value

Boscalid+fludioxonil 23.5+5 0.6 bc* 70.0 06f 83.8
Fluxapyroxad+pyraclostrobin 4.6+8.3 04c 80.0 1.8de 514
Prochloraz manganese 50 1.0 bc 50.0 1.4 ef 62.2
Copper hydroxide 77 1.7 abc 15.0 33ab 10.8
Non-treated control 2.0abc 37a

Fugicide spray date: 1st trial (Apr 28, May 4, May 12), 2nd trial (Jun 20, Jun 27, Jul 4).
Pathogen inoculation: 1st trial (Apr 25), Survey date: 1st trail (May 30), 2nd trial (Jul 12).
°DI (disease index): 0=no symptoms, 1=1-2 leaves rolled and yellowed leaves, 2=all leaves rolled and deformed, 3=chlorosis and early

plant wilting, 4=necrosis and entire plant wilting, 5=death.

®The control value of each treatment was calculated by the following formula. Control value (%)=(1-The ratio of diseased index of each
fungicide-treatment/That of the treatment without any fungicide)x100.
‘Means within a column followed by the same letter are not significantly different by Duncan multiple range test (P<0.05).

A HA] AA o] tHKim 5, 2006). Metconazole-2 Fusarium
sppofl g ECsgko] 0.02-0.04 ng/miZ2 AFgs] W2 5o
A @A A &I} Qleka sheithBurlakoti S, 2010). e}
metconazole & ©7| A2+ Ao &1}&o|x|gt 7]
ARA| A% A BIE A Aol T2 ok T A
Aotk E3E EvjobEA AAQl tebuconazole2 B7| A|
Sl el Aaby were] B} chopat E42 Belrt
11 3 THKwon 5, 2020). Prochloraz€} metconazoled} Z+-&
EjotEA AtAlE 229 apoplastZ So17F £, cuticle,
A3, M Z7H=0 2 0]535F= demethylation inhibitor (Arn-
tzen 5, 1970)2 B7] 2|2 AYsto] E@oA S48 Al
5980 o2 AbgA R} F 3Rl A AEkE Bk

Pyraclostrobin-2 soybean?] seedling disease & € . 7]+=F.
oxysporum®]| 0.04-0.481 pg/mle] EC, @f-S 2ol a71491 vt
A2 A=A THCruz Jimenez 5, 2018). Kim 5(2019)2 11
Z= A" C acutatum®) pyraclostrobino]] o gt Z+=A] EC,,
#2 0.5 ug/ml o]d}, A g4t 10 ug/ml o] 3o 2 A3
I} At ] Aol g F3lo] FESR e cyt bR A
HHo] BLIE o] &3 A Fol4 primerz = A3}
S WHS}ST Pistachioo] WA= Alternaria alternata
pyraclostrobin®] o3t EC;,gh-2 744 <0.01 ug/ml, <F
A4 10 pg/mle] L (Avenot 5, 2008), Akto]| A=
Botrytis cinerea2] ECs, 4k 7r=4d 0.008-0.132 ug/ml, A4
0.520-180.3 pg/mle]AtHKim 2} Xiao, 2010).

9o} 22 E7) A8 ol et AtA| 9] wtAL ARl &
ZAHE E3) prochloraze} -2 Ed]o}&3} pyraclostrobinit:

I

1o ox

Z+2- quinol oxidation inhibitors A2} &85} Al &2
of AbESthH Bt B840 WA TS I 4= 9
2 Az,

HTHe ASSH WHSa. D7) SHZFA 4
To AdA He A58 WARLE AR 23
boscalid+fludioxonilo] Th& ArAA| H o} 71AF a3z o|g] o
™, fluxapyroxad-+pyraclostrobin®} prochloraz manganese®=
50% o] Ake] WA & 1}+-E R THTable 3). ¥HA copper hydrox-
ide= Al &80 B2 WA & TE Hlr

Cho£} Moon (1985)-2 Fof WA & $3l captafol, benomyl,
thiophanate-methyl& EJ#3 2 2jslo] HA| a1 & 3ol
sETE & 2ol e EYAAQ] sodium dichloroisocyan-
urate (NaDCC)E AF8-5F] 150 ug/mloj| x| Fofe] wtAEA 0]
@8] A 2R A5 FAARZY 7He o] B A
tHKim %, 2015). In vitro’} ol 4] prochloraz®} pyraclostrobin
o] FAF A AA &I L-Fl=tl] el Al- A o]
= AFAZE AIEST BAlo &R3E0]glT) Prochloraze &
ntE o] Al E5-3H4t F. oxysporum f. sp. lycopersicioll 3291
A2 B 115%] S H(Amini&} Sidovich, 2010), =] 27|46
o A5 FAAZ 5FH o] AREEIL Utk $19] ZatolA
= boscalid+fludioxonilo] A &&1 WA a3}&o]gl=T|
E3] contact AA)2] fludioxonil 2 Th= systemic AA| 21
boscalido]] 2J3t A axlr} & Ao 2 AZH= T Fludioxonil S
F. oxysporum®] A} A% oA B 3k= ikl = skich(Cruz
Juimenez 5, 2018). Boscalid, fluxapyroxad®} 2+ SDHIA| A
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TAIZ pydiflumetofen s=1to] Al S-S w(F. oxysporum f.
sp. niveum)S a3+ 0 2 viA|skchar sk cHMiller =, 2020).
w2bA] A 22 SDHIA| AtAof| tigt B7] A& WAl &t
£ HEd] a7t 9o o, ol Al A A
A 7he/d0] =& A2 olof gt ej = st

F3 97| A HAE A% A= Fof7h e 9 &
FO| TR oA FAISIEE AA7} TR =lF 9|7t
A HEFolggo] Elojof LA 0 & WS 4= Q1S A O 2 Hol
] ofo] gk AbtA| Adho] Al g3l EHIch

2 o
Fusarium oxysporum f. sp. fragariae (Fof) o] 2J3+ 7] A&
=82 = 271l A 71 8% e F shuoltk =W
MPSHE Fofo] B4 BASIILAL 5230 444 thef
A, BTt A BHS-S RALSHIT EE]i-2 Fo080701
= Aol BE F3o|A Fof Eo| primero] ZEZ gt} &
9 nuclear ribosomal intergenic spacer region¥} EF-1
a sequences 24 A3} 37]9] lineageE AT &
o] EE+t lineage 19 £31%.2™ lineage 3¢ 37 w5}
lineage 20 1} 237 EFFEGIch BejE BE FFE 4
E 3o 3942 2tk Prochloraz= DNA lineage 29} 43}
= Fo080701xt 55 A| |5} A58 2] ECs%ko] 0.02-0.1
ug/mi2 W FEofA ARA 02 A Y-S AAISHIc
Metconazole?] EC;, 4t 0.04-0.22 pg/ml2 prochloraze}t
H]=23t oA &35 ®H ) Pyraclostrobin®] EC, 42 0.23-
168.01 pg/ml= oF3zof| wha} 2oz} itk ©7) Al 270 A
boscalid+fludioxonil, fluxapyroxad-+pyraclostrobin, prochloraz
manganese©| B7] A5 WAof aH2jo]qiek
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