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Fusarium wilt on strawberry plants caused by Fusarium oxysporum f. sp. fragariae (Fof) is a major disease in
Korea. The prevalence of this disease is increasing, especially in hydroponic cultivation in strawberry field.
This study assessed the effect of nutrition solution pH and electrical conductivity (EC) on Fusarium wilt in vitro
and in field trials. pH levels of 5.0, 5.5, 6.0, 6.5, 7.0, and 7.5 were assayed in vitro and in field trials. EC levels at
0,0.5,0.8, 1.0, and 1.5 dS-m™ were assayed in field trials. Mycelial growth of Fof increased with increasing pH
and was highest at 25°C pH 7 and lowest at 20°C, pH 5.0 in vitro. The incidence of Fusarium wilt was lowest in
the pH 6.5 treatment and highest in the pH 5 treatment in field trials. At higher pH levels, the EC decreased
in the drain solution and the potassium content of strawberry leaves increased. In the EC assay, the severity
of Fusarium wilt and nitrogen content of leaves increased as the EC increased. These results indicate that Fu-
sarium wilt is related to pH and EC in hydroponic culture of strawberry plants.
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Fusarium oxysporum f. sp. fragariae (Fof)ol] &Jgt ©7| A&
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md 57} FA1E Holo] 2016W0]= 1,148 haZ A2 2]
19.2%E 2|2t oAy g7 Aol A SdFF -4
Aufet =] B F7F2 QS AT A% u|g D 2h2 8
g)ut2] o} B3t 3 (Nam £, 2017), 7| S Hslo)| w2 2 Al
(Fang &, 2011) 52 EFH&I A& 2 S7tol Fa3t
Holo 2 HojRIct

7] A ELHLE 1962 TFo|A FZx B I (Winkse}
Williams, 1965)% o]& ZUjoj|x 1982 0] ¥haio] H 1 E|Qich
(Kim 5, 1982). ©@7] A ESHS EQAGA W2 o|HES
(Burgess, 1981)2} &of| ZHEH o] A1EA|(Nam 5, 2011)7} 5
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2 AGYUeITh Y] N5 PAZE AR
B A5, A2 WA, 92, FHE, S, Au] 25 So
tHGordon 5, 2016; Koike2} Gordon, 2015). Al&2H-&
o] E Aeell Al WA} of77] whizo] EFolut HE A5
A WA 7 208t o3 stk

Fusarium spp.©]l 9|3t ZHE0] AlE3% YL AMES
(Fang 5, 2012), -2 electrical conductmty (EQ)<} m|BE &
A(Santos€} Bettiol, 2003), =2 Z A A]H|(Duffy®} Défago,
1999) SollA | Aol F71etth B7] AlEaHE AMEY
oA o] 575t (Nam 5, 2005), asparaguse] TYstH=
AESH2 735 EXS pHE F4 pH (6.0 22 AT 24
S A 4= AUATHEImer, 2015). ¥HAH, E42] -2 EC
+ Sclerotium rolfsiioll 23t bean 41 &2] ZAEW-S THAA7|A|
THSantos @} Bettiol, 2003), F. oxysporum f. sp. lactucae®l| 2]t
lettuce?] A|&-2H WAo|| = J3Fo| §itHChitarra 5, 2013).
£3) Do\l S AL BN NS B
&9k 51, ol e M Ml £t 52

Tl o]H TEo] Qx| AEdt -5_37} otk o A ES

W el JPAE Fa% 9TL St 15 Wit v
HAJo| A} (Duffye} Défago, 1999; Gatch<} du Toit, 2015).
F. oxysporum f. sp. dianthi= E oA GEFej AR} ZAL
Basvh g WL oAsHaY Ak AAL FREA) Y
K2 oISt 2318 S7h717] wEelekn dehGulino 5,
2015).

e & Aol @] AR A
29 4 9l W02 Wiokolo] pHO} EC S0 THE AIS S
W oA 57+ Amsieck
ERIETE
In vitro AYOILM pHO| TH2 AIS 20| ZAMYE. pHo

2 g7] A 52H 7o FAIAE L pH5.0,5.5,6.0,6.5, 70,
7.5 5220 & 20, 25, 28°CO] LT o)A ZAFSFITE 20039 =
AR O] A e] FF] P4 Bt 27 AleSH+
Fo79 #3E(Nam 5, 2005) WA} =4k} 50 2 pHE %

Table 1. Composition of nutrient solution applied to strawberry plants

A3} potato dextrose agar (PDA, Difco, USA) vl ] of| 4] u}j
Aok FAF AFES v HF 3Y
o

gl

%
F #A AL ZH5)

AE A2 Y. =7 Auj 2o A o] B
T2 NS olBE d 8%
G20 A AABHATE A ESS A2 2GRS &
F2 U 3-4%9] 98 7H ARE AFo] o] g3t A

= Q| ASAE(Z I EO E X A:HE 0| E=65:17:10, 3+
2], ALuto] )7t 2H1H ZaHy] vk -9-335, 57%18 cm)
off BpAY 3574 A ST Al vl = A ouiA] 3
W0 2 X2 91555 ZASISITh Aldoll AHg-2t aij gl
(Table )22 pH AJ@o]l= S28]¢ #3H| & (N-P-K: 30-10-10,
1000¢H, EC 0.63, HE|A o], ®=Z(F8, =) S ik} =4k
SHEC 2 pHE 2ESIOH, EC AP 2 YA H e
2 ECE 245to] ARgshlth Ald7 17t St Al 2R 714
21742 et 20-29°C, Bt A= 40-65%%Th

pH2} ECO]l

ZA=E =AM 7|AIEA Y AR v ds)

7| ZHEHZZoll M ikl pHOl IHE AISSE 2ANME
vk} pH &2 5.0, 5.5, 6.0, 6.5, 7.02] 5322 1x}

AL 49 28U EE 6Y 647IR 28/13]/Y, 22} A&

69 2420 3E] 79 12U7H4] 43/28)/% Bt Hjorel S 23
3ttt 7] AIESH T 2L Fo79 #+3FE MMH|XA
(Correll 5, 1987)0]| A 28°C, 200 rpm . 2 ZgH[jofF 7 &
1x10° conidia/ml2] ZR}E=E 2 Z=ot 50 miA 12} AL 54
44 1A AE, 23 Al 6E 30 o8 A= FESHATE
A2 & A7 o] PA|F ZASHATE oA = 02
78,12 1-290] 3joA| 3L Ago| Fststn s1F 2] FHgol A4
2 4, 2= 2E Qo] Flojx|11 #Qlo] vkAl 32 Qlo] 3k5lE| 11
A5 9] v o]A}o] A& 24, 4= A EH] AA|7F A&, 5= 4
EA| A7} 3LAFo]tHNam 5, 2005).

it

Jhe A X

7] XHEHEZ ol A v ECO]| 2 AISSH ANE
af  ujekeRo] EC 4222 0,0.5,0.8, 1.0, 1.5 dS-m'& 13} AJH
& 749 15855 8Y 299U71A] 4+2/23)/Y FH8FGAL, 23 Al

Nutrient solution

Macro-element concentration (me/L)

composition NO:-N NH,-N NH.-N P K Mg Ca
Commercial fertilizer 46 3.1 36.7 9.4 46 2.1 0
NHRS® 16 134 - 4 8 4 8

*NHRS; National Horticultural Research Station in Japan.
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32 109 1095 12€ 2393} o1& 3] 49 622 59 162
7HA) 42728/ B9k BjoFal S BFshack Slol st 5
SHA 27| AlESHw AR A Z‘-Zﬂ S 50 miA] 12}
AlEZ 749 219, 22} AlE-2 109 1699 A A=l HE3
S1ck, 72 % A7 oA AV S1e] W S5 4
A5,

ME, o U AIZH| 2A.  AHE o} wjo12] pHE pH meter
(FieldScout pH400, Spectrum Co., Aurora, IL, USA)Z =743}
%31, ECG= EC meter (WT1000B, B A A|(AE, 3H=)= =
3t ck vl 19 Bt =R 2 A2 okl
Kk

A2 Q0] B3k EAL ABA ) 39 9L At
Az A7) & 95 Baete] ¥ 2ATH SATe& Lol
Bk A EX] o] &3}1o] EA5F tHNational Institute
of Agricultural Science and Technology, 2000). AEA] F7]
AEL oA Zet=nEFE A 7](Inductively coupled
Plasma Spectroscopy, GBC Integra, XL, Braeside, VIC, Australia)

£ o]-&3to] 43813tk A2t vl CoStat B4 =13
(CoHort software, Berkeley, CA, USA)S ©|£-3] Duncan
multiple range test (P<0.05) 4] © 2 AIA|5}4ch

Zat Y ot

In vitro 20| A pHO|| [} 2 A|SSHAL| FAMMEIE, T7)
NS T FAHLE invitro K pH7} E71852 5
7Vl o, 25°Co| A pH 7.00] 7}AF =9ka1, 20°Coj| 4] pH 5.0
7} 718 Sk ThFig. 1). Ul B7] Ale=rwte] pHell e«
APYE-E pHI F &4 2 st o 25°C7} 20°CH 28°C
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Fig. 1. Mycelial growth of temperature and pH on Fusarium oxysporum f.
sp. fragariae on PDA medium.

A2 He}t 2 dAPRIAE S Xtk
0]52] B7] AlS5Rt-E pH 5-8 ol Al v Al A2zt
RS Qo] FAYSL pHF HE5E okl B
S ®HYth(slas, 2012). Soybeanof| ¥HA3}+= F. oxysporum v =
15°C, pH 5914 7H ¥ ‘7'/\}’}3”‘2 < Uehl(Cruz 5, 2015)
S Rel@at vist AL By Bk AELETe 2
A= pH 6.57F EALF A 714 £-& ¥ chlamydospores
o woti= pH 45004 71 Hdjelat 3l Ark(Tyagie} Paudel,
2014). T3} F. soloni f. sp. phaseoli®] chlamydospores+= &2
pHOflA carbon®] &Ao] zom o]y EqfxZ2 v|BE2-E
£ ZAA7)= 237} 9l B 2 (Mondalz} Hyakumachi, 1998)
5 pHe} chlamydospores ] A7gofl tgt o] A = ojof
PR CEREL: 1

G5 pHOll W12 NSS4 RIS, AT FHelA
RSS2 AL wogelo] pH 657} the Aelet 71 Wt
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Fig. 2. Disease index [(A) 1st trial, (B) 2nd trial] of Fusarium wilt by pHs of
nutrition solution in hydroponic culture of ‘Seolhyang’ strawberry
plants.
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Table 2. pH and electrical conductivity (EC) of substrate and drain Slof| W2 S48 As7F HAsttiar stk (Nelson, 2003). &
solution by pHs of nutrition solution in hydroponic culture” 3] ‘A3 TE O NH,U K 5 17} 9Fo|& S 4gko] o 23
pH Substrate _ Drain solution . Ho| pHE AHY % z Bﬂg].}\];']lz EE3 EXo] 9rHLee
5.0 4p: a ECSZ.? : sp: a ECZ(c;SS-:\ L5 0 e = PHZF oA Ael=7Pdelty %
’ ’ ’ ’ ’ /K] SkAo] E | =] X} AlAFo WAt 3t
55 4.7 a 1.58 a 45d 269a def g | detA Tj 4+ ]"]’0}: ] L}LI o ]j-—; il
o =
6.0 43b 122a 47c 267a (Yamazaki, 1982). #1°} ZatellA] wiFel] pH7b S5 XIS
6.5 4.1 be 112a 48bc 253b = WS Aashar Wi o] pHE F71eke A vl
7.0 40c¢ 1.11a 49ab 249b pH7F =& 212 F2] o] @A4o] Foasht pH7F - A2
*Survey date: 3 June. o] 4o Wrh= Ax(Jun 5, 2011)e} TRo| Q& A =E A
®Means within a column followed by the same letter are not sig- =29tk
nificantly different by Duncan multiple range test (P<0.05). B Azl 4L wlokol pH7} Eol AR 2B AR
e S7hote AES Bl BErE AEa8Y Bfol=
Fedol et AT pHi HolAe AFE BICUECGE  u)®| 9] pH7F AHA RO o ze| Ao A ¥ dhlo] ZhaEt
A7k F-oldo] igich(Table 2). ERF viFA O] pH7F Fobd 31 pHY}F Zoel2 A)12H)| 9] ZHe dlako] Z7}3}od(Borrero
5 o] EGe gastglov pHe S71ete BFE 290 5, 2004) 2 49} H|%:3 AL EIE 4 9l9ick Table 3
°ﬂ/‘H pHeEE A 84 F7IAE s 24T A7l 2

HioFl pHEEE A2] & AEA B4 23 vjgd pHF7H
N AE e VIt AFS Elor o 7714
Holz] ¢ketrhHTable 3).

Fang 5(2012)-& E2kAujoll 4] pH 6.7¢] ESFo] TF2 pH E
FET AlESH WAYo] 71 Artar shof 2 Ao} vt A
FE Btk EY pHe w2 B7] AlESH HA8E B

7] FF5TE 5x10° cfu/g= FA AT 79 pH 6-7 A
7} o8 o] 7}&F wgko} HE =% 71 5x10% cfu/g o) A+e] &
FroA= pH &0 TE AIE3H oHE Aol & o 9l
thar 3tck(Islas, 2012).

TUF9 pH H3k= 29| BlaEs B4, Wl T2
A, H| RO 24, AR Tl mEn FAE A7)
o|FoJX|H pHE #iZlsHY LHF 9] pH7} 5.5-6.58 FAIE

© ZrE o] YL 9 225}t Nelson, 2003). B7] SR o]
A AA pH ML 55-6.2(E% 6.2-6.7)2 7= ol &

F25Fo] o} LUK pH7} W ZHEo|ui(Choi 5, 2010; Shin
5 2013), B2 43 2 A ZHF S Ca @ Mg E&

4
>

255
=T

7] $E7)3-8%)oIck. o] Al7]o] thiEe] @] Auis7ho) A
= 450 Gopuiale] Bjol] i) ExotE Az o
Al WAR S TSk A&l whet )2

o]
50 Bk

Table 4. Disease index of Fusarium wilt by electrical conductivity (EC)
levels of nutrition solution in hydroponic culture of ‘Seolhyang’
strawberry plants®

EC (dS-m™) 1st trial 2nd trial
0 09¢° 06¢
0.5 23b 24Db
0.8 34ab 24b
1.0 3.1ab 27b
1.5 39a 35a

°Survey date: 29 August, 2016 (1st trial), 16 May, 2017 (2nd trial).
®Means within a column followed by the same letter are not sig-
nificantly different by Duncan multiple range test (P<0.05).

Table 3. Nutrient status of strawberry leaves grown in pHs of nutrition solution in hydroponic culture of ‘Seolhyang’ strawberry plants®

pH P K Ca Mg Na Mn B Fe Zn Cu
% mg/kg

5.0 0.53a° 2.60 ab 1.20a 0.59a 303 ab 252b 88a 173 ab 34a 2a

55 048 a 2.61ab 1.15ab  057a 272 ab 309a 9a 196 ab 31a 2a

6.0 0.53a 255b 1.18ab  0.58a 326a 273 ab 81a 210a 34a 2a

6.5 0.51a 2.83a 1.16ab  0.59a 329a 285 ab 90a 168 ab 33a 2a

7.0 047 a 2.71 ab 1.06 b 0.55 a 262 b 252b 76a 153b 31a 1a

°Sampling date: 3 June.

®Means within a column followed by the same letter are not significantly different by Duncan multiple range test (P<0.05).
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Table 5. Electrical conductivity (EC) of substrate and drain solution
by EC levels of nutrition solution in hydroponic culture®

EC Substrate Drain solution
(dS'm”)  1sttrial  2nd trial 1sttrial  2nd trial
0 058e”  0.l4e 047b  005d
0.5 0.60d 0.25d 0.71b 0.28 ¢
0.8 0.94c 042c 1.30a 0.51b
1.0 1.15b 0.58b 143 a 0.58b
15 143 a 095a 156 a 1.02a

°Survey date: 1 August, 2016 (1st trial), 26 October, 2016 (2nd trial).
®Means within a column followed by the same letter are not sig-
nificantly different by Duncan multiple range test (P<0.05).

24 A HHE 4 QLR B3RS AT GltHLee 5,
2015). B3| 2 ARH02 A4, B4, Sl uet &
2o} Fu] S40] Zfo]7} izt B7] Ago] A S
2214 2008 2 (Lee 5, 2015) A 424 Ak} 2F ek
© ¥ ATH0] pH 670 523 1|23 3L Bk

2L ECOH IHE AISS
(o)

o olF|E 2
o EC7F BB E AE2

Wy ke

[e]
T o

= Ho|x] o¥gkrh(Table 4). AHE o wfal o] EC

7t 8 Z7VslgirkTable 5). EaH A124] 24 2w Aot

EC S7toll et S71ot= B BRoU HE Wldaes T
St 2ol & & = (i ItH(Table 6).

Lettuce (Chitarra 5, 2013)2} EH}E (Borrero 5, 2004)2] A
S23 ECO WHE 9 Hrku sho] B 79} o2 2
2 Rtk T 2 Aol HE vokee] ECr} Z71EH4E A)
Sou ue 2T AASE E 2ok S B
Harh NS U] Fa e B A0S ARt &
nhE AJE2He obmkg 249t NaHPO,H,0, Fe-EDDHA,
MnSO,, MoO;, ZnSO,7H,0 =7} 271845 | Wye =7}
st o Akt Eo] 2175=(N 100 mg/)ol A= BAIFE
S7FIAAL Al ESH AR Haste BEFS HAtHDuffy
9} Défago, 1999). 3t FEuobeda/H A A4 vlao] =
242 E0lE AJESH(Borrero 5, 2012)3 Q0] A2
(Wang -5, 2016)2 S7t5h= 23-& Bt Spinach] A&
= A2 NH,-NIE =2 A E 290w (Gatche} du
Toit, 2015), EOLE A|&5-2H-& ZAFE A A2} CuSO,5H,0 # 2]
of| 4] ¥kallo] 745} 31 (Duffy®} Défago, 1999), A&z AlS-S
& KNO7} ThE Aasgemct 3 o] Zagiohar skt
(Schneider, 1985). H]Z- jn vitro Aol A] BFUU Al &S89 o
AL e BE 2710] net A4S oA E 9 (Zhang
5 2013), FEM] AlE 51 T Ao WE FFFel ik
3 (Hopkins€} EImstrom, 1976) 5}o] &7] vl £A o A= 2
At Ao dEFE AL Ao IHE AlESH A
3 A ofoF T Aotk

Table 6. Nutrient status of strawberry leaves grown in electrical conductivity (EC) levels of nutrition solution in hydroponic culture of

‘Seolhyang’ strawberry plants

EC N P K Ca Mg Na Mn B Fe Zn Cu
(dS-m™) % mg/kg
1st trial®
0 1.23d° 0.30c¢ 138¢ 097 a 0.45a 170a 269 a 65ab  59a 14b 4a
0.5 149 ¢ 0.38 bc 1.98b 095a 0.44 a 180a 238ab  50b 79a 21a 4a
0.8 1.56 bc 0.49a 2.02b 1.0Ta 0.43a 167 a 184 b 67ab 68a 23a 3a
1.0 1.64b 051a 2.51a 1.14a 0.49a 166 a 229ab  77a 83a 25a 4a
15 191a 0.46 ab 2.59a 091a 0.40a 19 a 187b 82a 81a 24 a 4a
2nd trial
0 2.38b 032c¢ 1.78d 1.08a 0.41a 104b 199a 20a 57c 65b 5a
0.5 3.03a 0.34c 2.26¢ 1.17a 043a 118b 169 b 12b 65bc 69ab 4b
0.8 3.12a 0.37 bc 2.69b 1.12a 042a 121b 173 b 16 ab 66bc 69ab 4b
1.0 337a 0.39ab 296 a 1.21a 042a 140 a 150 b 19a 77ab  73a 4b
1.5 3.17a 044 a 224 c 1.17a 040a 144 a 111c 18a 83a 71a 4b

°Sampling date: 29 July, 2016 (1st trial), 18 April, 2017 (2nd trial).
®Means within a column followed by the same letter are not significantly different by Duncan multiple range test (P<0.05).
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Fusarium oxysporum f. sp. fragariae (Fof)ol] &Jgt ©7| A&
S FHolA a3t BHafjolch 53] B7|AuA AlEs
3 e A Wo] Z71SHEA Z7tete HFE 1ol
3L Qlek whetbA o] AtollAs B7| A A AlEaH Y
3] wjy o] pHetECS] FF in vitrosh AT 2 AL
314tk pH: 5, 5.5, 6, 6.5, 7, 752 in vitro2} AJEEAF) A A
AsIH I EC=0,0.5,0.8, 1, 1.5 dS'm™ &2 Aulj 3zZ o A ZA}S}H
Ak Invitro Aol 4 B7) AE-SH T FAES-S pH7t 571
SHAA S7FFRAL 25°C, pH 700141 25 20°C, pH 504
7HE 2otk Az o A 27] AlES 22 pH 6.5004]
71 WL pH 5A 7P 2 A3 Byl wjekele] pH
£ gol5% vjele] ECk 2asigln 8] Q9| ZEFFS
S7F=] ATk EC Aol A kel ECT} Aahol| mhet ©7] A
593 W} o) A Z7Iskck o AR ]

=7
AE1 DA Aol A pHEFECTL T -o] ok 2
o 4 gl
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