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Abstract Strawberry is an important cash crop worldwide and mainly produced in China, the United States,
Mexico, Egypt, Turkey, and Spain. In Korea, it is also an economically valuable agriculture product of about
$ 667 million annually. Fusarium wilt (Fusiarum oxysporum), anthracnose (Colletotrichum spp.) and gray
mold (Botrytis cinerea) disease have been known as major biological problems in strawberry production.
Fusarium wilt management depended on the disease-free plant and soil fumigants, but no appropriate
fungicides have been selected. In this study, ECs, values of three fungicides were evaluated for 93 Fusarium
oxysporum f sp. fragariae strains isolated from five regions nationwide. ANOVA analyses and Duncan’s test
to investigate the relationship between ECs, values and biological factors were studied. The most important
finding in this study was that ECs, of Tebuconazole was significantly different by location and ECs, of
Prochloraz Mn showed segregation based on the strawberry variety. Copper hydroxide showed no correlation
with environmental parameters. The results will provide a piece of fundamental knowledge for preserving the

strawberry Fusarium wilt disease.
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7] FFO S5, e B f AFe] wistE @
7] A FEsH FAEAL, 1 AArE 12,8439 9
o o]2x k. HujellMe] Bre HA i At

10 1%S AABh= Q8 ZHEolH, =] E7] A
6,324 ha, QAL 203772202 AA 139E A8}

3 slom, de A= e BY] FEoEe A, W,
=8 5] Ut olF Ago] HA| A EFF T 51.8%F
A& ATH(Nam et al., 2011).

ol st D7|o| X BAY3= WO R = Fusairum oxysporum
f sp. fragariae (Fof)ol| oIl ‘WAsh= 19, Collectotrichum


https://crossmark.crossref.org/dialog/?doi=10.7585/kjps.2020.24.1.34&domain=http://kspsjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

Y| QEHRA  Fusarium oxysporum 1 sp. fragariae| AMAH N mIL 35

gloeosporioides®| S1|A AYs= ©AY, Phytophthora
fragariae®] 234 A B7] IH(Kim et al., 2015a;
Jacobs et al.,, 2019), Botrytis cinerea®l 2J8)4 A= A
Hl5go]¥ (Mohammad et al., 2015), Xanthomonas fragariae
off eJafir WA sh= At o] thE2 o]th(Kim et al.,
2015b). 72 F Fofl <JaiAr LAs= 18-S o] F
2FZ 2} (Chlamydospore)s @/t EFIA AEHo] 7
st gh=oll A =719 ALkl 7Y Gk 71Ae B A
A AW Fol] dhto|th(Nam et al., 2008). $3go] Al
7ol AR Wdastke o] FEMo] AL HolA|H,

799 ¥7)9 2715 Aty T3] 24 Eo] 9, &
HFe ANEE FAS HolA FtH(Nam et al., 2008). 9134
< WA SEiME FHTE EYst FAstAAY EY

TEI gaEo] AHAE ARSI 910‘34(Matu0 et al,
1980), I Th2 W0 2= B9k A4 WS Ajtkely A4
g BE StHalr] flsf Wiz flelM FEES o]gato] Auf
She ARl A FAANIE SHE 8t e Aol
TH(Choi et al., 2016)

AR AFEEE 9= DicarboximideA| Yo =3 &}
o|=EAto|= F3bA|(Nam et al., 2011), Phenol ether”]<]
z2FRg=EU7IY= 4814 (Korea Crop Protection Asso-
ciation, 2011)3} TriazoleA2] EIFZUE 4314 (Wang et
al, 2015) o] Ytk BRI E ZeFeazurhz
= &7 AuiAA £3] ARGE AL Qlon Fujslo] =EAL
ol 7] AR N EY HFAEE Fate] B7]¢] o
2] Waj Aol AR&-E o)z 3L 2JtH(Washington et al., 1992;
Nam et al,, 2011). Z} 29| 2H87]2t0 2 A AFslo| =5
APe]= 43[4l = Multi-site contact activity@ A Z2] Tl
A& AAste] A4S Jepdiny deiA JATHFRAC
code list, 2018; Husak., 2015). 28] H¥-IUZ 5314
o} Iy =z $3E FRAC  GroupelA
demethylation inhibitor (DMI)l] &3l= AaAlZ A2 9]
Agde Adllste 714 7He AR BiE] Q.
53] Aol AA AT T dF AETE P450 (cyroP450)

FE3ste] o2 2EE Aol HHE AE A%t g4

4o b 0= ¥e A sth(Mateo et al., 2011).
2 Ao S F8 2] A A9 2 2y
Aete] e fJXol| wet St vhrst s 9371

e Fujsto|ESAtole oA, HIF-IUES T3}
A a2Ey ZRIEEYIR2 FEHA9 ECs 7 ﬁ
STt o] & vt o R 371 AtAlelA S78E ECy
RBESHA Wrte] FeiA 2 9% AEE 246k 7
AbtA H= ou st 8748110 F oxysporum f sp. fragariae
o] ool gk Aol FEFS PIA=A WAt st

.

jflrulo_l

i o

Fusarium oxysporum f sp. fragariae= 93712 455 A}
319tk 937119) 13 75, Kim et al. (2017)0] 28
A ATFM F324 gde GRlsiion ols we A
o, FE, Hday 22 R0 wE EFste] Ao A
STt AR Fuslo| =2 Ao = 3| (77%), ZEF
2= 344 (50%), BR-IUE 42544 (25%)7}
AREEATE 371 eEAlol] el ECy, 3ol 7152 Avslo]
ZEAfol= 42814 0.05 pg/mL (Mirkovic et al., 2015), Z
2IRH2YIZ 814 0.005 pg/mL (Amini et al., 2010),
BT UE =3k 0.2340 pg/mL (Yang et al., 2008)Z A
gate] AES .

= I8 Y = ' EC,, LE

A LAd 759 Wi 2HOEE 9-cm Petri dish
(SPL, Pocheon)oll 1/5 ZHAFsHARIA|(PDA, 24 g of potato
dextrose broth, 20 g of agar/L)yS A&-3}e] AlthulF 3151
o, ZAM|F7IA 27°C, o 27102 5U7F v g3
oFA| Aed AEe 6-well plate (SPL, Korea)oll 7AHeHd
Ao} A=A E St EFatlon, 72t EHo|Ed=
2T (AR A A 2ot Al B 7IE &
= AgTS eI THFig. 1A-C). 71E% F=ol 2zt
1008], 1080 34 F=ke} 7] F=2] 108, 10082 5=
H AFAE wix et EF & S5mLe 25l thFig. 1A-
Q). Yo =EAlo| = F3HAE 0 pg/mL, 0.0005 pg/mL,
0.005 pg/mL, 0.05 pg/mL, 0.5 ug/mL, 5.0 pg/mLe] FEZ
Zbzb smlA EFerlon, tRIZRIUI=R oA
< 0pg/mL, 0.00005 pg/mL, 0.0005 ug/mL, 0.005 pg/mL,
0.05 pg/mL, 0.5 ug/mLe] F=Z 5mLY EFslt). =¥

= 5844 & 747} 0 pg/mL, 0.002340 pug/mL, 0.02340

ug/mL, 0.2340 pg/mL, 2.340 pg/mL, 23.40 pg/mL 9] 5=
2 5 mL 534t} o] & Petri dishol] Bi%E 93712
FE A9 cork borer (diam. 0.4 mm)$} needleS AHE-5}
o Aatal agar 274S WAl FEE F 27°C BANF
714 dZASE widtth. 6-well plateol|A] =277
3] At AR 7Y VIEe R st AT Ae
S o2 A3 6-well plate2] A|E°] 3.5 cmo]
B2 g Al 175 emE ECy°] 71522 Asith
ARHAR] A FARA A y=ax +bE AREat] yo 7%
1752 ARSIt o] & ECsite AFEsidla 44 3
A2 R (version 3.6.1)2 ©o]83t ggplot29] stats
packages A3t AAI5ISATH Seber and Lee, 2003).
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Fig. 1. Fungicides resistance test and linear regression analyses of ECs, value (A ~ C). A strain was cultured on 6-well plate for7 days
(n=4, independent replication) (D ~ F). Linear regression with ggplot2 package of R (3.6.1) (G ~ H). All strains were cultured at
27°C in 1/5 PDA medium, and linear regression analysis was calculated with ggplot2 package of the R (3.6.1) program.

EC52t0ll CHSt SH 24

Pl EFAL0| = 3| (T7%), T2 F2e=g 7=
T8I (50%), HIF-TUE F3HA(35%) ZF FAlel sl 93
#FEHH 5% ECy AHatS o &8 oA} w42 &
2HEA (analysis of variance, ANOVAYS- A3} THGirden,
1992). ECsbs SHWTE AAe § e AY, F5 1
3 Hedete] 22 HRE A= e HEE At
1498 st ARS- #4992 Duncan’s new multiple
range tests XA, p-value2] 7+ 0.001 °]3ke] 7]
o2 FoAE AHYEI Ao gsd A 2 R
(version 3.6.1) ZZ13 9] goplot29} agricolae packageE
ARgste] 4 B AIZEE sl

3l
< 28k JTKKim et al.,
Qgo] A|&E o] At
of it Mol Frtstal U= FAHoIth(Pincot et al.,
2018). 7] 915 A AR Hoj2 ofA| S ElEEUE
I 22ERERE 2016 HAL o W=m 7+ e

i, 10,
i
Ma o

ol A (Collectotrichum horii) A7do] YeRttl= B3t
AATHKim et al., 2016). 20053 AHFE @3l Hls) 2015
A AFE F5 7 Ak ool A WS BoH, 10
W ARk Ao g W] A9 Aot Skl
(Kim et al., 2016). B¢t B F-31UEe] AtA] A3 7]
oz gAYl gAY CYPIIFAANY] Eddol9}
CYPS5Is772k] 3hdd, ABC transporterdl] 98+ °HA4l f-&
ol ¥EA stk 2 ez 2007d BHIE =RolA
dicarboximide fungicides®l] &38h= IHTJO|=FAlO|E o
)3k A A @Ado] B ¥ tH(Kim et al., 2016).
olxH A W] AEHAQ] WA o] YRt o
B D7) A 93709 il oA ARd
5 1| Y8l Ao slo|=8At0| = F3HA(7T7%), 22
FRg=Y7 = $314(50%), HIFE-FUE $314 (25%) S
oz Al A4S SRlslith. #AE Aehd
FEHE A s on o F AT =EFAle|= oA
o] Fold g FAR] Aol FAHYPo R Ae AS &
o13AtHFig. 1A). 7129 Bio] w2Zd Fvslo]=2A}
ol of 28 71z o 7 UHA e HE TP HEo]
A WAL A2 4= th(Husak, 2015). o]l 2735k
Ay Qo] Axet T P4 g YIS vIHA A
AR Aol o]Fof XA S SR et Hrt
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Ol ? *a& o v HE #5 A4S A IAENS 0.2111 pg/mLe] &gk, 0.3292 pg/mlLo] Hgkoz 9l
Cse& AF=3E ZA3K(Table 1), I sl0]| == A}0] E|ATH(Table 1). HIF-ZUE 34| 9] ECs, A 0.1926

= —*rﬂxﬂb Lo R 02188 pg/mL FEE =T ug/mL, FE 1.7301 pg/mL 5=7}F YERGTtH(Table 1). ©l
HIAZEO R 03717 pg/ml, TESZEHG=YIZ FEA = Uz s Ao g2 % 7l oo bwsld

Table 1. ECs, values for three fungicides of Fusairum oxysporum f sp. fragariae strains

Copper hydroxide Prochloraz Mn WP Tebuconazole WP

Strains Locations Varieties Plant tissues WP (77%) (50%) (25%)
Fo080703 Sancheong Janghee Crown 0.2188 0.2674 0.6585
Fol Sugok (Jinju) Sulhyang Crown 0.3020 0.2555 1.3788
Fol04 Hadong Sulhyang Crown 0.2934 0.2717 1.3597
Fol07 Hadong Sulhyang Crown 0.2872 0.3048 1.4935
Foll7 Hadong Sulhyang Crown 0.2840 0.2788 1.1307
Fol2 Sugok (Jinju) Janghee Crown 0.3604 0.2555 1.1476
Fol20 Sancheong Janghee Crown 0.2659 0.2234 1.1811
Fol21 Sancheong Janghee Crown 0.2755 0.2717 1.5023
Fol23 Sancheong Janghee Crown 0.2700 0.2159 1.1440
Fol24 Sancheong Sulhyang Crown 0.2872 0.2804 1.3398
Fol25 Sancheong Sulhyang Crown 0.2659 0.2500 1.4394
Fol26 Sancheong Sulhyang Crown 0.2604 0.2567 1.3220
Fol28 Sancheong Sulhyang Crown 0.2604 0.3292 1.1462
Fol29 Sancheong Sulhyang Crown 0.2872 0.2441 1.3379
Fol30 Sancheong Sulhyang Crown 0.2872 0.2441 1.3014
Fol34 Sancheong Janghee Crown 0.2659 0.3026 1.1693
Fol35 Sancheong Janghee Crown 0.3020 0.3000 1.1126
Fol36 Sancheong Sulhyang Crown 0.2551 0.3125 1.1215
Fol37 Sancheong Sulhyang Crown 0.2812 0.3048 14311
Fol39 Sancheong Janghee Crown 0.2755 0.2500 1.1141
Fol40 Sancheong Janghee Crown 0.2934 0.2555 1.1496
Fo140501 Nonsan Sulhyang Petiole 0.2959 0.2236 0.7053
Fo140604 Buyeo Sulhyang Crown 0.3085 0.2934 0.8633
Fo140607 Nonsan Sulhyang Runner 0.2812 0.2441 0.8755
Fo140703 Nonsan Sulhyang Crown 0.2300 0.2625 0.6051
Fol41 Sancheong Janghee Crown 0.2812 02111 1.2542
Fol45 Sancheong Sulhyang Crown 0.2543 0.2948 0.8476
Fol47 Sancheong Sulhyang Crown 0.2647 0.2755 1.3896
Fol148 Sancheong Sulhyang Crown 0.2700 0.2272 1.3352
Fol5 Sugok (Jinju) Janghee Crown 0.3100 0.2625 1.1638
Fo150702 Sugok (Jinju) Sulhyang Root 0.3152 0.2674 0.8285
Fol53 Sancheong Sulhyang Crown 0.2659 0.2395 1.3936
Fol6 Sugok (Jinju) Janghee Crown 0.2934 0.2435 1.2522
Fol60 Sancheong Sulhyang Crown 0.2755 0.2804 1.3719
Fo160303 Nonsan Sulhyang Crown 0.2934 0.2346 1.2900
Fo160304 Nonsan Sulhyang Crown 0.2872 0.2604 1.2932
Fo160403 Nonsan Sulhyang Crown 0.3295 0.3085 1.0482
Fo160405 Nonsan Sulhyang Crown 0.3068 0.2735 0.6523
Fo160506 Nonsan Sulhyang Crown 03717 0.2333 0.7396
Fol160510 Nonsan Sulhyang Crown 0.2672 0.2234 0.8663
Fo160609 Nonsan Sulhyang Crown 0.2812 0.2959 1.4734

Fol60612 Nonsan Sulhyang Crown 0.2755 0.3214 1.0344
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Table 1. continued

Copper hydroxide Prochloraz Mn WP Tebuconazole WP

Strains Locations Varieties Plant tissues WP (77%) (50%) (25%)
Fol60618 Buyeo Sulhyang Crown 0.2959 0.2358 0.9603
Fo160701 Buyeo Sulhyang Crown 0.3020 0.2358 0.9960
Fo160705 Nonsan Sulhyang Petiole 0.2755 0.2916 0.7942
Fo160708 Nonsan Sulhyang Petiole 0.3444 0.2916 1.2008
Fol160712 Buyeo Sulhyang Crown 0.2843 0.2916 0.8037
Fol60721 Nonsan Sulhyang Crown 0.2788 0.2763 0.6760
Fo160801 Nonsan Sulhyang Runner 0.2872 0.2763 0.8945
Fo160802 Nonsan Sulhyang Crown 0.3222 0.2446 0.7871
Fo160805 Nonsan Sulhyang Crown 0.3000 0.2755 0.7635
Fo0160902 Buyeo Sulhyang Crown 0.2454 0.2234 0.4072

Fol61 Sancheong Sulhyang Crown 0.2659 0.2976 1.3206

Fol62 Sancheong Sulhyang Crown 0.2934 0.2738 1.2850

Fol70 Sancheong Sulhyang Crown 0.2934 0.2738 1.0885

Fol74 Sancheong Sulhyang Crown 0.2959 0.3000 0.9777

Fol76 Sancheong Sulhyang Crown 0.3085 0.2282 1.3526

Fol87 Sancheong Janghee Crown 0.3020 0.2282 1.2538

Fol88 Sancheong Janghee Crown 0.3152 0.2804 1.4169

Fo2 Sugok (Jinju) Maehyang Crown 0.2812 0.2659 1.5025
Fo25 Sugok (Jinju) Sulhyang Crown 0.3085 0.2441 1.4808
Fo26 Sugok (Jinju) Sulhyang Crown 0.2596 0.2551 1.3737
Fo27 Sugok (Jinju) Janghee Crown 0.3297 0.2604 1.1786
Fo28 Sugok (Jinju) Janghee Crown 0.3297 0.2555 1.5483

Fo3 Sugok (Jinju) Maehyang Crown 0.2900 0.2142 1.2883
Fo36 Sugok (Jinju) Maehyang Crown 0.2934 0.2346 1.5337
Fo37 Sugok (Jinju) Maehyang Crown 0.2647 0.2300 1.2774
Fo38 Sugok (Jinju) Maehyang Crown 0.2812 0.3205 1.6027
Fo39 Sugok (Jinju) Maehyang Crown 0.2900 0.2500 1.2436

Fo4 Sugok (Jinju) Maehyang Crown 0.2604 0.2500 1.3299
Fo40 Sugok (Jinju) Maehyang Crown 0.2314 0.2812 1.3734
Fo41 Sugok (Jinju) Sulhyang Crown 0.2604 0.2976 1.3092
Fo42 Sugok (Jinju) Janghee Crown 0.2812 0.2976 1.7301
Fo44 Sugok (Jinju) Sulhyang Crown 0.2613 0.2500 1.3295
Fo46 Sugok (Jinju) Sulhyang Crown 0.2812 0.2551 1.3156
Fo47 Sugok (Jinju) Sulhyang Crown 0.2872 0.2234 1.7072
Fo57 Sugok (Jinju) Sulhyang Crown 0.3625 0.2804 0.1926
Fo68 Hadong Sulhyang Crown 0.2446 0.2358 1.0960
Fo69 Hadong Sulhyang Crown 0.2755 03139 1.1518

Fo7 Sugok (Jinju) Maehyang Crown 0.2812 0.2674 1.4128
Fo70 Hadong Sulhyang Crown 0.3604 0.2948 1.5972
Fo71 Hadong Sulhyang Crown 0.2717 0.2738 1.4693
Fo72 Hadong Sulhyang Crown 0.2755 0.2625 1.3045
Fo73 Hadong Sulhyang Crown 0.2872 0.2358 1.3776
Fo74 Hadong Sulhyang Crown 0.2872 0.3000 1.1772
Fo76 Hadong Sulhyang Crown 0.2812 0.2261 1.1578
Fo78 Hadong Sulhyang Crown 0.3444 0.2500 1.6673
Fo79 Hadong Sulhyang Crown 0.3085 0.2613 0.8450

Fo8 Sugok (Jinju) Maehyang Crown 0.2872 0.2840 1.4158
Fo85 Hadong Sulhyang Crown 0.2934 0.2875 1.5130
Fo96 Hadong Sulhyang Crown 0.2659 0.2700 1.4414
Fo97 Hadong Sulhyang Crown 0.2551 0.2700 1.2574

Fo98 Hadong Sulhyang Crown 0.2188 0.2674 0.6585




Y| QEMERAT  Fusarium oxysporum t sp. fragariae®| MM 2N TIL 39

_
= >
& =

Frequency
>

0.25 0.30 0.35
Concentration (pg/mL)

(B)

10.0
§'7.5
@
=
o
<
w50

25

0
0.25 0.30
Concentration (pg/mL)
(C) 1.184
L)
6

>
Q
&4
=
o
2
L

05 1.0 1.5
Concentration (ug/mL)

Fig. 2. Histogram of ECjs, values for each fungicide. (A)
Copper hydroxide WP, (B) Prochloraz Mn WP, (C) Tebuco-
nazole WP. The gridExtra package of R (3.6.1) was used, and
the red arrow line is the median of the ECs, value.

ECy %] 917} W7l Ueh 202 mo} Sl 7
Fol w2 ool tid A Aot 2 Ao AL
Sl SelsoiekFig. 2). 2 Ao Wt ECyel $EES 3

NEEER R EERE RS BT O EEE 2
gelgglon], e opel FuslolEEAlolE F5A %)

r2Ieel2uy 2 S We AEE BYS 5
J2ATHFig. 2). 22t Yo RE FWslo| ===
FAE 02830 pgml, TRIFRH=WRIZ FA=
0.2721 pg/mL, HF-IUE F3A= 1,184 pg/mLO = UHEk
S th(Fig. 2).
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A9, FE, AEA AN B w8 23)9F ANOVA +
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Fig. 3. Duncan's test results of Copper hydroxide and
Tebuconazole for the location. (A) Copper hydroxide, (B)
Tebuconazole. Duncan’s test with agricolae package from R
(3.6.1) and different letters were show statistical significance
by p<0.0001.

CF)2 3ol 0.04992 99.9% AH T = ke A7t ysk
om, ZRFRe=RyR2 FiAe] Hee 7w
alA FelAE g8 = gl TH(Table 2). HF-ZUE &
3}419] Pr (>F) & 1.61e-030% vl =& AE Az}
I THTable 2). IF|slo|EEAlo|= S84 9} B -2
UE Sl fo) eld B 2)9o) thalo] 2197k
o] zpolE #elsl7] ¢J8] Duncan’s multiple range test
(DMRT) F8) st} Zujslo] = 2Alo|= S84 7 8t
T, T = A el s IR0 JERgS

T5H A% Ad o] 7 e ageFE IRIET
(Fig. 3A). HF-ZUE F3lAlo)A #2] 2|27kl DMRTS
st A} abs, A o] Y 2o E RIFS
3 Fofe} m=ake] thE 202 FRIE Y HFig. 3B). ¥
w9 #2] Ay, B7)9] 5, o] T8 AEA 24
oA [A]e] 2471 HAde] oAl 1A Aolot BAIF
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Table 2. ANOVA analyses of 93 strains ECs, values for three fungicides

Copper hydroxide WP (0.05 pg/mL)

df Sum Sq Mean Sq F value Pr(>F)
Locations 4 0.0734 0.00183 2.484 0.0499*
Varieties 0.00105 0.00053 0.713 0.0493
tissues 3 1.00131 0.00044 0.59 0.623
Residuals 83 0.06132 0.00074
Prochloraz Mn WP (0.005 pg/mL)
df Sum Sq Mean Sq F value Pr(>F)
Locations 4 0.02096 0.00074 0914 0.46
Varieties 0.00198 0.00099 1.221 0.3
tissues 3 0.00038 0.00013 0.156 0.925
Residuals 83 0.06714 0.00081
Tebuconazole WP (0.2340 pg/mL)
df Sum Sq Mean Sq F value Pr(>F)
Locations 4 2.389 0.5972 9.762 1.61e-0.3%%*
Varieties 2 0.078 0.0388 0.633 0.533
tissues 3 0.348 0.128 2.093 0.107
Residuals 83 5.077 0.0612
*##% Pr (>F) < 0.001, * Pr (>F) < 0.05
o UERgT). old ol Al AEE AgR Bt ZpAle| 2

o] e AMg-EFe] Ztolo] o3f et AxtE AlsH
Fusairum oxysporum f sp. fragariaee 87194 5o]%
o2 QIS o] AYIE WdHo® F ¥4 it
(Kim et al., 2015a). 9139 <Jolx 279 PAE 93] 3}
SHA WAL HARE AREEO] $ov) HZ oA g
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