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Abstract Various diseases occur in fruits, leave and roots during strawberry cultivation and cause severe
economical damage and huge amount of chemical fungicide use. Recently, as consumers’ interest in safety of
foods and organic agriculture produces have increased, control measures using alternatives for chemical
fungicides have been newly developed in various ways. This study was conducted to test antifungal activity
and control effect of sodium dichloroisocyanurate (NaDCC), using as disinfectants, against major disease
pathogens of strawberry, Fusarium oxysporum (Fusarium wilt), Colletotrichum gloeosporioides (Anthracnose)
and Phytophthora sp. (Phytophthora blight), and Xanthomonas fragariae (bacterial angular leaf spot) and
evaluate availability as environment-friendly materials. When NaDCC was treated at the concentration range
of 150 to 300 ppm, it suppressed significantly hyphal growth and reduced spore germination by more than
28%. In field condition, NaDCC showed excellent control effect (control value: 50%) against the bacterial
angular leaf spot disease. Based on above-described results, we suggested that NaDCC can be used as
alternative candidates to chemical pesticide alternatives of for controlling strawberry diseases.

Key words Strawberry, sodium dichloroisocyanurate (NaDCC), antifungal activity, Fusarium oxysporum, Col-
letotrichum gloeosporioides, Phytophthora sp., Xanthomonas fragariae.
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7] IS 203772502 HAAIHSZE 139]9] siEE ioides)®] TR EA S T Ezo|w FAol BRIFQl A

oF SellA AE e B F5 A, uE, 2% It AEAE APt BE o=, 7AEE Foe

A= = i "'?—
Qrzbale] W o] Al7Im AAERA Aol A=A}

=7 ®¥1th(Nam et al., 1998).

*Corresponding author

Tel: +82-55-772-1922, Fax: +82-55-772-1929 A BT Eahs @) A S-S AT (Fusarium
E-mail: kwak@gnu.ackr oxysporum f. sp. fragariaey= T= El| g A5

47



48 aln = A I

e P EE=E RN S BN
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L Fdt Aol Tk o 94 5AS AU
™, o] W] THE A A A5l A5H
gstE|thrt 2 Ee] Eato] ZwEle] AEA7F gl S
WA o] YEPdTHMatuo et al., 1980).
19974 Ze AsiA dEE ool o TS
75.2%)3t92 A ¥ (Phytophthora nicotianae)y 2|71 4]
o] Sl NEE F4E Uehla, B0, AT B o)
S A o Wal] A% F AAE TAleke
WS YERATHSong et al., 1998). ©]/d2] Al7kA] W &
719 o, A, e, 2710 AEE0l E dsE deTm
2 g7)9 HALS fleiM e wi=A] A7 D ettt
(Song et al., 1998).

7] AR A AR e A AP O R
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Woze BAF 749 A AN BT S50 e}
(Propineb, mancozeb)S A&} ATHNam et al., 2011).

7)o B E = A e] A5 -2l =714 Ridomil
I Metalaxyle #2let] 2 @35 EI Ith(Anand-
hakumar and Zeller, 2008).

7] AEee] Af F9 IS o83 Edur
2ot A=A WA Fo] AREL YA FHEAE 3
43 LS EG Holld A7 A0l Thsste] B
Aol o}He¢S A3 Uth(Nam et al., 2011). B7] AL F%
ol WAl eAl 2 Z o] anilinopyrimidinell £ pyrimethanil,
cyprodinil, mepanipyrimsS AM-3l3Z(Nam et al, 2011)
Ao, Wdwte] sheksofel tigh Ay wdo] mig-
2] Yehbs A3S 7RI Sloh B3 AN sk
ol gt a7 S7kehe AR XA A A o] Ak
o] & @ 3lth(Kim et al., 2010).

olo] & A= Alarmje] AZHA Foll st ol dd
= 24 JAEA7F E(Yoon et al, 2009) AdiEA|
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7] SAML, 7] A B 27] Aol st
A 9 Eapdol AR aHE FHEALL, Al RS
Hs e 3 d 8-S 2RI gz oAM W
AEHE THETOEA D7) B PAE A% 144 AA
24 NaDCC4| AH87Fs7d & A etaAt =3 aigitt.
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PDA (potato dextros agar) ¥ <ol &7] E-A Wt (Colleto-

trichum  gloeosporioides), 87| AE="t(Fusarium oxys-
porum) 2 27 QY (Phytophthora sp.)8] +5< &3t
o] 27°CollA] 54 7F w3l T NaDCC (1 ppm = 1.81 mg/
L)o] AFAAEHE 2ASH] 9l8te] PDA 20 mldl| 27.15
mg, 13.575 mg, 9.05 mg, 4.525 mg] NaDCC z}z} 37}s}
] 300, 150, 100, 50 ppm F=7t HE2 2QstQ.om, of
ZT2E NaDCC stockS H7FsHA] 282 PDAHIAIE AMS-
&ttt PDARRA| oA 5247w A #F-5 NaDCCPt 5
THE H7H PDA|A| S| Tl offste] 27°C ez
ol 747k wiFRAaL, 3%, 749, 10 A OR #Ee] vt
A &-& Z79 33 TH(Soh et al., 2014).

{n]
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M ZIZ0| ChE NaDCCO EXOF HM S}
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{7] 4
At

3717 Wetol gk EApdoldA| avte Hdd EE 7}
7t e %9 NaDCCE A2d vhy ZApdoleS XA}
ato] Wreict. B7] eAEAetel] ek 24} doldAl g
ZH= NADCC 150 ppm, 300 ppm =04, B7] A58
A3t ol iA1= NaDCC 50 ppm, 100 ppm, 150 ppm 5%
ol A 73Tt WA Spore stockS THE7] 918 PDA Hj
Aol WhH FF5S JEdk] 27°CollA 597 wet & o
AZE 2K Petri dishol B 15 miE #57s8to] o= +
A} ZAE Fofulo] Falcon tubedl] ¥4 spore stockS
Az} Spore stock®] EAFEEE Hemocytometers
ARESI] 7 x 10* cfu/mlZ A3 th2F= Eppendorf
tube?l] Spore stockS 500 ul ¥ 490 ul PDBS} 10 ul B
45 Yol Ft}. NaDCC 300 ppm Aol 5L &
9 spore stockS 23 NaDCC 1.357 mgs go] Foj= t}
< PDBE #HF EZF°| 1ml IA Itk 150 ppm}
50 ppm *2]7= ZHzte] Eppendorf tubel &%2] Spore
stocks} NaDCCZ 0.687 mg 2] 0.229 mg®] NaDCCZ
Yol ths PDBE AT EF°] 1mlo] HA 3 v &
4Jo] F3lt}. Eppendorf tubedl] HolE Y&Eo] & 4oz
% 37°C shaking incubatorol 4] 347} vkt 6A17F, 124]
7k, 24A17F, 48A17F, 72A17kRkE} 2 ulE Hemocytometer®l
Yo]E xA}e] wolg-S A&3ItH(Soh et al., 2014).

X

NaDCCe| &Mz g2t ¥ ZH UM 24

D7) M EFEHLSTXanthomonas  fragariaeys
Nutrient broth (NB)i Aol %%-3}e] 25°C shaking incubator
oflA] 48217+ ATl NaDCCe 2] F%+ 50 ppm,
100 ppm, Z&]3L 150 ppm o2 wjR]of] 715l 12417F 7F
ASZ ODHE 45l NaDCCO] A3 4313
ok LA A A = g LTS 10° cfwmlE 843}
PDK agar (20 g of potato dextrose broth, 10 g of Bacto

Fol

peptone, 20 g of agar per 1 L of sterile distilled water) 5l
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Fig. 1. Hyphal growth of F oxysporum on on PDA amended with different concentrations of NaDCC for 7day-incubation at 28°C. A:
Control, B: 50 ppm, C: 100 ppm, D: 150 ppm, E: growth curve of the Fusarium wilt pathogen of strawberry on PDA amended with

NaDCC.

Al a2A =TTt %%&01
discZ X431, NaDCCE &=
o] 347 AAujeF T A FHES %
NaDCC9] Aul=] WA g3 o=
o 7§ AN AAleiit. 7R 2AIM 22 1749
OH*"ﬂ SHA| & A2jste] 3WHE o= st on 7 57t
S Bhp-20] WA 661 m® o|ATE EAQAMIE S AME-St
= S7IRA A X g4 & vige] A & B
Hre] Waio] AlAE = 109 269H 104 7HH 0= 33]
A & PHEE 2ARI] NaDCCO &35 43k
SAEAE 7 A Ao Fste] ANOVA
4 (Tukey’s HSD)YE AR&-ste] 4138131t

ZH wR]ell paper
300 ppmo= A st
J5kct.

BERN I R

24 1
@y WelM MZ0 et NaDCCO ZAMME A9X| &2

PDAH|AdolA NaDCC s Ao w2 @7] AlE
e AR AAEHE 797 2ARE A3 100
ppm 150 ppm A 2] Fol|A] 9] AP t21oh frof 4
ol pol& Hgon, E3] 150 ppme] sEolME dAPE A
& A7akA) 23k vbE NaDCC 50 ppm A 2olM e oAl &
F7t v Azt 5AThFig. 1).

=@7] @A ] Agle
T 2ok #AR] ARelA E ApolE HolA]
(Fig. 2A, 2B and 2D), 300 ppm2] NaDCC &l ME
Aol 2hds] A = A Th(Fig. 2C and 2D).

=7] G <] Z9-olE NaDCCE 150 ppm EEE A2
s W ARl SHe] oAlEe Ao® vt
(Fig. 3). ZE A8& uho 7 43031 om, W2 vl
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Fig. 2. Growth inhibition of Collectotrichum gloeosporioideson
on PDA amended with different concentrations of NaDCC for

8day-incubation at 28°C. A: Control, B: 150 ppm of NaDCC,
C: 300 ppm of NaDCC, D: mycelial growth curve of the straw-
berry anthracnose pathogen on PDA amended with NaDCC.

ke @] ANESHFL 27°CA 7Y, B EAHH
27°CollA 8Y, 7] AHF-E 27°CollA 1047 w3tk

rlo

wy| Held ZF0 chE NaDCCo ZXieto} X &2
7] A Kol thst NaDCCe] ZApdo} A g 3=
&AH LS AAIEIEY sE2X AESH TS 150 ppm,
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Fig. 3. Effect of NaDCC on the hyphal growth of Phytophthora
sp. A: Control, B: 150 ppm of NaDCC, C: growth curve of
Phytophthora sp. on PDA amended with or without NaDCC.
Phytophthora sp. was cultivated on PDA at 28°C for 10 days.
All statistical analysis with Tukey’s HSD (p =0.05) and the
bars indicates SE.

A YA 300 ppme] FEE NaDCCS A 2lato] zjz}
Asto] ek EApgo}l A &S ZARIAT B7] AES
9] 739-o= 150 ppme] NaDCCE *2|sle] EA} o}

AkgE A3k, NaDCCE A2l 3FA] ¥ tiz7e] 7

1.93 £3.47%°] Wokg-2 1l Wh, A7) 7

36+£0.71%2] Wol&S Ht}. 150 ppm NaDCC

97] AESH A tiate] #AM] AGE FHHoR

AE #A AAlsks 202 A2 =QIthFig. 4A).

Wite] dAMAe] 23] JAIEAE 300 ppm
NaDCCEEZ *g|sto] Eapdolg-S #ast 43, 234 +
0.33%°] EA} Woks-& W] thx79 71.12 +0.65%°l H]
3 xApdolE A8 JAsk= A o= JESITHFig. 4B).
7] eA o] EA) dold 2E5S Hu) sl A
o A, tjzTelAs AA(0ATHel ARAR0 HAEA}
Sl HlE EAE HEE A (Fig. 5A), 60A7 o] At
EARE APARI wolto] FAE B3 xA7} Wols)
o FAPE S Bgo] & HATHFig. 5B). NaDCCE
300 ppm F%= glat A= AA (A 7HelE A3

 EA7L BEE ALK Fig. 5C), 60
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Fig. 4. Effect of NaDCC on spore germination of two fungal
pathogens of strawberry. A: spore germination of £ oxysporum
B: spore germination of Colletotrichum gloeosporioides. The
different letter and on the bar indicates that corresponding
mean is statistically different in each time point with Tukey
HSD (p =0.05).

Germination rate (%)
8

36 48 60
Time(hours)

A|Zo] 733t Folli= wolto] FAJ5A edgkor] 2A7L
ofsle] FAH Ak By A2 5 ISIThFig. 5D).

NaDCC X 2|0 o8t ©7| HEMZRE|EAR SA K
3 ¥ U &3

IAERAAL 300 ppme] NaDCCE &30S o) Al
ARFUEFS AASke] F8ig halo zoneo] T AT
(Fig. 6A and 6B). 4827+ A vlYS sh= Fetol A€
NaDCC 50 ppm, 100 ppm Z2]3L 150 ppmollA] Al 257
Aol Aol 100% A& = ATHFig. 6C).

AUIA oA et H5E NaDCC7t 2ol A 2 1
HALS JAB=AE AN A3, A 1X APoM = A
FELol FHAAHE A= e 2FOE, NaDCCO
ot e A A BATGERE 1] AA)). 3] FFo|
27 E A2 A g e B SIS Qe 2%
S 2 NaDCC Aol ofsf B o] oF 50% Hadhe
O =2 ZAEUTHFig. 7). A FF0] 2% A3 Alge
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Fig. 5. Spore germination of Colletotrichum gloeosporioides in spore suspension containing 1/2 PDB broth amended with (C and D)
or without 300 ppm of NADCC (A and C). Spore germination was measured immediately (Ana d C) and 60days (B and D) after

preparation of spore suspension.
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Fig. 6. Antibacterial effect of NaDCC against angular leaf spot
pathogen. A: control, B: 300 ppm of NaDCC, C: growth curve
of Xanthomonas fragariae on PDK (20 g of potato dextrose
broth, 10 g of Bacto peptone, 20 g of agar per 1 1 sterile distilled
water) amended with 0 (control), 50, 100 and 150 ppm of
NaDCC. All statistical analysis with Tukey’s HSD (p = 0.05)
and the bars indicates SE.

12

I NaDCC |
[ NaDCC 2
10 | EEEE Control

Disease incidence(%)

Field1 Field2 Field3

Fig. 7. Effect of NaDCC on the development of angular leaf
spot of strawberry in the plastic film house conditions. NaDCC
was sprayed three times with 10- day intervals. Statistical
analysis with Tukey’s HSD (p = 0.05) and the bars indicates SE.

A Ao oF 6.5%2] W EC] AR NaDCC
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o] ARE-E AL AT 2 X3 FAHE a7t 71l
el 2 X3AH WAAe) sde] 3 Aot
(Kim et al., 2007).

B A= AFARE AREI YA AAF SHA
Hto] glokar 4R e A 9o Be AHES AW
NaDCCe] ©7] F2 #Hogo] vist 4adL A5 24,
NaDCCE 7] Aled, BT 2 I a4
9 xApdols Al oz RIFTE Eg
NaDCCe WA 7ol Mxgh D7 MdAd B
of tiatdM = 28t 3 Al a3 = 202 WA

D7) AESH T2 79 NaDCC2 =7t 150 ppm& W
HAMIA ] dA38] AA|H oY, BY] GYHE B AE
S e A4S Bk 23y 2] el
Aol @7 AESHa 27] g Ao AAH
A= 150 ppm FE=olA FAMEA A G227 I2H 300
ppme] FEo AR FALe] o] AA T £ AP wh
ZH NaDCC9| Fxol M Hda B2 ARG oA 4
ol 27t YE AL E Hol NaDCCE ol upe} 4
#E% tE 102 A5 H.

2 AgA NaDCC #A-5%+= 300 ppm (Niedzand
Bausher, 2002)2 A5l o, 3714 B7] 24 BT
5 ARl dA3] AAEeH, 2 F BY] Al
Wk @7) 9wl A9oe dAAEES 300 ppmi
2 150 ppm FEANAE FAMIFC] HA ] A==
= Ukt 22 dopelAle] tisir e 54 34
oA FUE =) AT AL D] AETHA,
7] BAAE olg3te] Algst A3, zHzte] #AMIA
AZ BAE 150 ppm, 300 ppmolx] Exptelrt A€
Aol FelgYorm 2 NaDCCE HYwe] A 9 ¥4}
ol AR g3} glgol RIS

710l oAl WAl & LA A ke =] A
BRYe A giaRl=S 239k o F7ielA] A
g Bedoz Aol HHL dor, UM
Kwon 5(2010)°] 2J8] %z By & g 7] A E
ZAo7 A7te FFE oy Y= Fo o)
NaDCCE AW A3oA 50 ppm ©] 5t M = AlgA] B
We] AE 3] Ao, 53] ZgAHANA Al
FAEFHY TS 50% A= 7Far7E FEle gl A
o7 Yeh} ko g @) AlgA REUH WA o s
ARgol 7k 102 AtsHT
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@] =2 HE0 cist 4NN NapCcCe g7EM
H gx szt "ot
Acter - 238 - ZHK - RIS - Lota]
AT S4ARALYE, HATEEA/1$9, AL YA AL
2 o Wlol e 71 o] Wsiel BAHOR SelY £ fusiel Be P9l skl A8S12 sl
AolT), 2T §715AHES AERAAe] et wlxle] Do) Zkatel whe} shaks ok Al Ao ol gt wal WA
' o] o AwHn ﬂ-iﬁ?ﬂﬁ”“mﬂAEﬂiﬂﬁ}I%LNﬂmGJWﬂ$£%%&
(@] NSeH, 2] e, @) o Te)n 2] AaaRrg)el e 3aad 2 A ERE A%, 2
A2 K54S Belshid S5 NaDCCE 150-300 ppm S5 A2 1] L9 FAHIS
2 FAHOR e, LA WOlRE 68% o4 AIAIE ROE ZAEITh NaDCCE 2] AlgAEE)
gl tistel e 0 WA ERE Ueiglin), TN @) A meaas) g 0% 0]

© A2 2 Yl o] 432 EUE NADCCE 7] ¥ WAE A4 SREAZ AMEE 4 S 207 A

=90,

Molo]  =7], o]dsto)AloFE R EF(NADCC), &84, Fusarium oxysporum, Colletotrichum gloeosporioides,
Phytophthora sp., Xanthomonas fragariae
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