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Anthracnose caused by Colletotrichum spp. is a major disease of strawberry plants worldwide. The anthrac-
nose of strawberries in Korea has occurred in most cultivated strawberry varieties since its first report in 1990.
Although many studies and efforts have been made to control the disease, anthracnose continues to affect
strawberry yields in Korea. In this review, we introduced various management methods to control anthrac-
nose in strawberries, such as identifying pathogens and environmental factors involved in this disease, un-
derstanding the importance of latent infection, and developing diagnostic techniques and control methods.
Through this review, we propose that researchers can elucidate a comprehensive and practical approach to
control anthracnose by understanding this disease and developing strategies to prevent its spread, ultimately
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benefiting strawberry farmers.
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7)o EAst= g A AAZ = 275 At
I e wEelA 7R 2A7F HAL e F8 Befolth '
7] B 22 B (crown)o] TE|E el TR
(@anthracnose crown rot, ACR)Z} }Alof ¥ASH= THAIERR]
H(anthracnose fruit rot, AFR)S. 2 JL5E& 4= itk =] 7|
of TAst= TAYS thF ACRO|H(Kim 5, 1992; Nam 5,
1998, 2022), AFRS- 20084 ZF= 1= x| Aul] EA oA Hz2 B
A o] - A2 H 31 E%] ¥ THNam <5, 2008). ACRO]| o]
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3= 29 HYF-E Colletotrichum gloeosporioides complex
o], AFR& C. acutatum complexo]th(Mass, 1998). E7]of &t
A5tz ACR Bal= ol A S=7]0) 2t 30% o] T e
H(Kim3} Nam, 1999), AFRo]| 2]3t 1]} 1]= Florida X| o]
A= A RETONA 70% ol S dovl= St B
o]tk (Mertely 5, 2012).

D7]of WYst= ACR S/ (Nam 5, 1998)2 S H7|of| 7=
&S oA A7t A7) A1EH ILAFSEAL(Fig. 1A, B) crown
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e ube] YT T AL HES Wl £ FAL B

_,_,
e

@ This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



206 Research in Plant Disease Vol. 29 No. 3

chFig. 26). uhel AFRe] o3t T7] A S4HNam 5, 2008
Smith, 2013)&- ACRS] Hulgh Ggol Bl ZA4ka} A}
A4 E TGN £ 40 2 939 Hol 34T 1)
o] L FERANAE T Slol £E4 TAgole)S B4
3}al(Fig. 1G), & ut2n I AFSECHFig. TH).
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A= 19 20] 7MY 3 10U BUNE & BYEL B
of Ffot uld HFL Holu GirkHirayama 5, 2016). 5
3] ARo)N 2] BAYY IARAEL S0 719174 &
S0 713 A Uektid o] A717 bR 4=t 8 9

=
S
=
=
ke

Fig. 1. Anthracnose symptoms of strawberry plants. Anthracnose
resistant (cv. Suhong) and susceptible (cv. Nyoho) cultivar of straw-
berry fields (A), wilted plant (B), crown (C), runner (D), petiole (E),
and leaves (F) caused by Colletotrichum fructicola. Fruits (G) and
flower (H) caused by C. acutatum. Photographs courtesy of My-
eong Hyeon Nam.

4=7] wiolet gk o] A SH7of BAo] A 27

= A4 £ 30%9] 8 &4E Y eItk (Rahmant Louws,
2017). T3t W] Florida A] o] Egsk= AFRO]| o] 3t B4
XA 2 A71Q1 195 E 390 7MY & EAES Hol
= EAJo] Qlth(Mertely 5, 2012).

2022 =i 27 AuiEFS A FF0l 821%F A5}
o} 200595 AJZkC. 2 33| A A o] S7tska glom &
Ae U 722 FFo 2 Aujgdsta QlckFig. 4). 13
U Ak F5-2 e T o2 Aujwdo] Skl
2t B7|dtao] Ak OF] Al il F7she FAIE 2ol
a1 o] T FF9 A4 Az g Y gsi= AL
2o g Z7Hd Al g oS Hrk e 22 g7]o] EAge] F
7FtaL Q= Aol it AARl FLAAA L5 9
o gAY A2, HAsHA Bl AEiA] EAa A W 5ol o
T AFAIE FE o 2 HEstaAL Rtk
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Fig. 2. Number of diagnosis per year requested to Strawberry Re-
search Institute (SRI) for anthracnose of strawberry in Korea.
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Fig. 3. Number of diagnoses per monthly requested to Strawberry
Research Institute (SRI) from 2010 to 2022 for anthracnose of straw-
berry in Korea.
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Fig. 4. Change of cultivation area of strawberry cultivars in Korea
during the latest 18 years.

| ENEHE ER
7]of Bl BRI 19314 u|=of| 4] Brookse] 2]
3l C. fragariaeZ AM|A ]z H11E 2™ 1983 Howard2}
Albregts7} C. gloeosporioides©l| 2]g BEAH & H 113} 0],
SH=(Kim 5, 1992)1} Y (Okayama$} Tsujimoto, 1994) S|
A AR C acutatum-2 1965 53+2] Simmonds]|
o3| Az By Egon, TekA(19904), n]=(19924), o] Agh
(1997d), A21(19994), o}=FNE|LH20004), = =909}
k= (200149), E7e]oH20024), dnp=o} A9sl( 2005&)
Z31(20064), 4 3(20079), 3+2(20084), o] A E( 2009L=l)
120104), o|=re]oH20114), By 22(2012d) Sof|A] gt
AYo] B 11 E]lt}(Table 1). 71 9], B7] gEAof T 0}—1:— B
O 2 C. dematium (Beraha®} Wright, 1973), C. boninense (Bi
5, 2017b), C. truncatum (Bi %5, 2017a) 5-0] itk 2| Zoj| = Col-
letotrichum sppat S50l A epitypification®] H|WE XS F
3] Aekst TAo] 7HssktHCannon 5, 2008). Type strains
o] 71 GRA-L Colletotrichum sppat 533} A53H2 &
Aof Qloj A 71AF 2938 Q@ 4o]th(Cai 5, 2009; Phoulivong
5, 2010). H]Z- internal transcribed spacer (ITS) sequence+=C.
gloeosporioides complexE T18& 4~ §IX|1t glyceraldehyde-
3-phosphate dehydrogenase (GAPDH)2} glutamine synthe-
tase?} 22 & FAA}; B o5 53X 282] DNA 97|
Mg B4 02 BAE TS TET 4= Yth(Weir 5, 2012). o] -
DNA sequencing&4] . 2 @7 ekx9o]| 3+oJdl+= C. gloeo-
sporioides complex+= 71&2] C. fragariae (syn. to C. theobro-
micola)®} C. gloeosporioides ©|%] C. aenigma, C. aliemum, C.
changpingense, C. fructicola, C. murrayae (syn. to C. siamense),
C. siamense, C. theobromicola, C. viniferum & 8%0| A} A 12
1 E)QJcH(Table 1). T3t C. acutatum complex:= C. acutatum<)

C. cuscutae, C. fioriniae, C. godetiae, C. miaoliense, C. nympha-
eae, C. salicis, C. simmondsii 5 7&0] X 1L=|glc}. X, u]=o
A G719] A Fajo)] WA= TAH -2 C. nymphaeae
2} C. fioriniae2] 2019 C. nymphaeae7} $-HEUS Bl
sFtHWang 5, 2019). siHioll A= E7]of] #hofst= He+t
o BANEIY S o8 BE S B4 203v0]
C. gloeosporioides+= C. fructicolaZ A&7 %% 2™ (Nam 5,
2013), 2022 C. siamense (Nam -5, 2022)7} 712 B 11 %|9]
th 552 75 2710 PASt= 72 B2 C fructicola®}
C.siamense 2.2 1% C. siamense7} 45.9%E A}A|3l= A=
olm(Ji %, 2022) crowno]] ¥H8S}H= C. siamense= C. fructicola
Ho}p HdAdo] Zstrhal stk (Zhang 5, 2022). vl=
Florida X|Fo W5} = ©7] ©A¥ AT C. siamense”| 86%
£ X}A5HH C. theobromicola®} C. fructicola &2 2 E&yith
, 2022). TSt C. fructicola~= homothallic?l ¥+ C.
siamense+= heterothallic®. 2 §-A % t}FAo] =2 EALS
7HA 3 Qltkal sk B3] C siamense= C. fructicolath 112
A HYdo R 7|SHSIE LE7H A S SR
A2 (population) ¥3tol| = F3F-E n|A 7ol wom 1
A A &2 0 2 eAgt Y BUE o] Fasith

(Oliveira <,

9758 3 B A HAE ol 98 % AckLe-
andro 5, 2001, 2003a, 2003b; Sreenivasaprasad®} Talhinhas
2005). £3] AAFAT0] 5187 A, A7 oA 7 wl
E7} =91(Chikuo, 1994; Okayama 5, 2007), SH.7|of=

Aol AL FF2RE 44T E 787 A At 4
T SEANA HIE F 25 59t A= ArtErthinada
55 2005). B7| BHA C. acutatum®] FAHZFAIZES 25°C
oAl 2-39, 5°CE 6-17U 2 £=9] ko] Ark(King 5,
1997). $19t o] 7] FhAH O] AH Lo 2 AL AT 5L
3 4L shel B o] Yehby] IS Aeks)
of AAH= Wlo] F8 WA sTho] H gthDebode 5,

2015).

IElE 97 eAYE Adste 71e= v, EXA8
£ 7IWH& o] &5t W ol L= Ak uirel &gt
22 AR A=A E AlZ2A| paraquattt -5 (Mertely2}

Legard 2004; Nam 5, 2004a; Pérez-Hernandez 5, 2008), of|gt



208

Research in Plant Disease Vol. 29 No. 3

Table 1. Colletotrichum spp. reported from strawberry plants

First
Species reported Country Reference
year
C. gloeosporioides complex
C. aenigma 2015 UK, China, Japan Baroncelli et al. (2015), Han et al. (2016),
Gan et al. (2017), Chen et al. (2020)
C. aliemum 2016 Australia Shivas et al. (2016)
C. changpingense 2016 China Jayawardena et al. (2016)
C. fragariae (syn.to C. theobromicola) 1931 USA Brooks (1931)
C. fructicola 2012 Canada, USA, Japan, Korea, China Weir et al. (2012), Nam et al. (2013), Han et al.
(2016), Gan et al. (2017), Chen et al. (2020)
C. gloeosporioides 1983  Argentina, France, Japan, Korea, USA,  Howard and Albregts (1983), Kim et al. (1992),
Egypt, China Okayama and Tsujimoto (1994), Ménaco et al.
(2000), Chen et al. (2020)
C. kahawae 2017 Japan Gan etal. (2017)
C. murrayae (syn. to C. siamense) 2016 China Han et al. (2016), Liu et al. (2016)
C. siamense 2012 Bangladesh, Japan, USA, China, Korea ~ Weir et al. (2012), Gan et al. (2017), Gupta et al.
(2019), Chen et al. (2020), Nam et al. (2022),
Wang et al. (2022)
C. theobromicola 2012 USA Weir et al. (2012)
C. viniferum 2019 China He et al. (2019)
C. acutatum complex
C. acutatum 1965 Argentina, Australia, Bulgaria, China, Simmonds (1965), Reulet and Nourrisseau (1990),
Czech Republic, Denmark, Egypt, Freeman and Katan (1997a), de los Santos et al.
France, Finland, Israel, Italy, Japan, (1999), Ramallo et al. (2000), Stensvand et al.
Korea, Montenegro, Norway, Spain, (2001), Parikka and Kokkola (2001), Bobev et al.
Sweden, USA (2002), Sundelin et al. (2005), Nilsson et al. (2005),
Dai et al. (2006), Novotny et al. (2007), Nam et al.
(2008), Embaby et al. (2010), Misawa et al. (2010),
Polizzi et al. (2011), Latinovic et al. (2012)
C. cuscutae 2012 New Zealand, UK, USA Damm et al. (2012)
C. fioriniae 2012 France, New Zealand, UK, USA Damm et al. (2012), Baroncelli et al. (2015)
C. godetiae 2012 Belgium, France, Ireland, Netherlands, = Damm et al. (2012), Baroncelli et al. (2015)
Norway, Spain, UK
C. miaoliense 2020 Taiwan Chung et al. (2020)
C. nymphaeae 2012  Australia, Bulgaria, Canada, China, Colom- Damm et al. (2012), Baroncelli et al. (2015),
bia, Costa Rica, Denmark, France, Iran, Braganca et al. (2016), Han et al. (2016), Karimi
Israel, Italy, Kenya, Netherlands, Portugal, et al. (2017)
South Africa, Spain, Switzerland, UK, USA
C. salicis 2012 New Zealand Damm et al. (2012)
C. simmondsii 2009 Australia, Italy Shivas and Tan (2009)
C. boninense complex
C. boninense 2017 China Bi et al. (2017b)
C. dematium complex
C. dematium 1973 USA Beraha and Wright (1973), Singh et al. (2003)
C. truncatum complex
C. truncatum 2017 China Bietal. (2017a)
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Table 2. Primers for detecting Colletotrichum species isolated from strawberry plants using PCR-based diagnostics

Pathogen species Type of assay Target locus Primers/Probes Reference

C. gloeosporioides Conventional PCR ITS CgInt/ITS4 Mills et al. (1992)
Conventional PCR B-Tublin 2 TBCG/TB5 Talhinhas et al. (2005)
PCR-MTH MAT1-2 Furuta et al. (2017)
LAMP 5.85RNA CgF3/CgB2/CgFIP/CgBIP/  Katoh et al. (2016)

CgLF/CGLB

LAMP B-Tublin Tu-FIP/Tu-BIP Wu et al. (2019)

C. fructicola Conventional PCR Intergenicregion Cg-m_2F/Cg-m_2R Gan et al. (2017)
LAMP B-Tublin ApMat/Marker2/Marker1 Liuetal. (2021)

C. fragariae Conventional PCR RAPD Fral/Fra2 Martinez-Culebras et al. (2002, 2003)

C. acutatum Conventional PCR ITS Calnt2/ITS4 Sreenivasaprasad et al. (1996)
Conventional PCR 3-Tublin 2 TBCG/TB5 Talhinhas et al. (2005)
Nested PCR ITS [TS1/ITS4, CaInt2/Its4 Pérez-Hernandez et al. (2008)
TagMan gPCR ITS ACUT-F1/ACUT-R1/ACUT-PB Garrido et al. (2009)
TagMan qPCR ITS CalTS_F701/R699/P710 Debode et al. (2009)
LAMP ITS LITSG1 Zhang et al. (2016)
PCR-MTH MAT1-2 Furuta et al. (2017)

PCR, polymerase chain reaction; ITS, internal transcribed spacer; MTH, microtube hybridization; LAMP, loop-mediated isothermal amplifica-

tion; qPCR, quantitative polymerase chain reaction.

2(Hirayama 5, 2016; Ishikawa 2003) 52| HHo 2 27| 3t &
TS wjopshe] Anksh wrlelth old We gshs
9l 5-7%0] 2 Qo] YA RYEAHE {02 B

11 A3}F3] Colletotrichum sppS T-8317] ol8]S =Ho| it
whebd] o]l BAIS sh2skaat 2 AR Aeke] Sy
A4 FALS 1) BB Ao A gk
(McCartney 5, 2003). ‘B7]of Q8= E4" <+ Colletotrichum
spp.2] B3t At 93t BExYESHA 7|&e2 Eo)& primer
=°| 7f¥t=]icH(Table 2). C. gloeosporioides e $]3t primer
= 199279 Mills S-of &J3]] ITS FE 2] CgInt/ITS4 primerZ} |
22 ByElen 7 3% B-tublin g% (Talhinhas 5 2005; Yang
55 2022)9] primer= HIEE|itt 2|1+ 5.85 rRNAL} B-tublin
AL 0|83} loop-mediated isothermal amplification (LAMP)
(Katoh % 2016; Liu 5, 2021; Wu 5
reaction (PCR)-amplified probes and microtube hybridization
(MTH)E o]-&3 Aot v A Ho|11 QItHFuruta 5, 2017). T
3t C. gloeosporioides complex W C. fructicola®} C. fragariae S -
28 4 9l So|d primerSE @757 3lrkGan £, 2017)

8k C. acutatum 0|3 199610 ITS G
Al Sreenivasaprasad 5(1996)0| Xz H 315 o] o] primer
£ o] &3 AT HF Ao o]- &=L qlrk(Parikka} Lem-

, 2019)2} polymerase chain

primer=

metty, 2004). ©] % B-tublin2& ©]-8-3t conventional PCR
(Talhinhas 5, 2005), TagMan quantitative polymerase chain
reaction (Debode 5, 2009; Garrido -5, 2009), LAMP (Zhang
£, 2016), PCR-MTH (Furuta %5, 2017) 5= 7jdt=]o] sbs 2
chofl 8531 glrk

e 7HHHEI lateral flow devices2 28 Qo] ©7| ZZ|oj|A]
DNAE EZ|5}al LAMP assay £ o|-83}o] ©7| b H-S 147
o]t xLlr:L}o}t 714%E B 1 EHLiu 5, 2021; Wu £, 2019).
71 9|, FReINAE o83 B ©AH Atk stepwise dis-
criminant analysis7} AuUj 2] AA oA -3} k-Nearest
Neighbor= Alelo] 4 A7 dele TR o aakxolat
3FETHLu 5, 2017). 3L, gas chromatography-mass spec-
trometry (GC-MS)2} chemometricE ©]-83+ BbAH+ 4 Al
g5} = tAHEA(Dai 5, 2019)& ©]-&-3F 27| Auf27of| A

o gAY A 71e=E 2ol AEA G7EL e 2okeltk
D7) EtxEe| MEH

A& WAl 7 BaHAQ) A B 5 shube AEd
= AASH= Aoz 87] B 12 AFLL ol WA=
I AR ZFAZ(Mclnnes 5, 1992), &7 Al 24 242] 7=,
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ko

£ 2= 5ol ok
O ZIXHE. AAS Wr|H= B9 C. fragariaeol] 7+
7] AEA7F o ghAgo] A XN BEqFoA= o]
R E31A] =t s1gthHorn} Carver, 1968). E3t
C. acutatum-2 1= OhioZF oA ZHEE Eokyl Tr| T}HAlo
A E551A]9HEastburn®} Gubler, 1990; Wilson &, 1992), C.
gloeosporioidesi= 1% A EA| A EFE = Utk EAEA}
= BG4 10 ol 7HAIT-S] 40%7HA] Zasshe BE S
2=7F 23 AXS 2UYSE UAITHFeil 5, 2003; Free-
man =, 2002; Nam =, 2004b), 7] 2] crown ZZloj| A= L5}
(oversummer)s}A] E3gtchar 519 tHUrena-Padilla <, 2001).
w2ba] 7] A Ao z=H oY IAYPES T3 o
& s Ao = 2ot

)

=
o

—_

EEE, oY) AR 230 A2 T W] BAwe] HaY
o] Htk @7| BEAW+t C. fructicola’= v}e§ o), @8 ZolA ], %
9 H, L=, B7HAE 59 F2olA TH=EUNCH, C acu-
tatum- 27| A 27 23 UeuE &3} T2 FxolA

colonizing”} X 11 ]¢jth(Hirayama 5, 2018).

EPZIFE. ©7] &A94 C acutatumE tF 2 ZHEQ] EnlE,
A, 7HA] Qi 22 Ao A 3EE et ES 5= Lo (Free-
man 5, 2001), S B7] -+t C. gloeosporioides= %, T
5, A, arFof Bl 9lem(Kim 5, 2004), YEof|A=
g, &FF, cyclamen®] 1} AR, ofE 7 o] IpAlof| B9l
Jo] B EQIA, ul=rof WSz ©AE -2 2] Al 2%
24 oFBAEE A WA E I THMacKenzie 5, 2007; Xiao
% 2004). ¥V C. fragariae= & 7] Rt tjS=oF A} (silver date
palm)} cyclameni} 22 Al &of WAYS}= HYwtol2t 545
th(MacKenzie 5, 2008). w2tA] B7] SAS do7]= Y
9| Z(species)ol n}et ] 9 ThE 212 7|3 Welt et
et SA S 77 a5t Az

7| EER LAl Dl 1 29!

—

rr

S, W) WA wEe Al s A o
3FZ Wh=T}(Peres 5, 2005). C. acutatum®]| &3+ B7| T4
£ 15-30°Coll A WP 4 9L A LEE 25°Col L, TAY
Aol 21=9] PIFLE leaf wetness o] Faak-gof &7ttt
(Wilson 5, 1990). 21-33°Coj| A §-AH 2] Z A} Hlol= 4A]7k
3 2 o]At9] |eaf wetness7} 8 LE tHLeandro <, 2003a). T

3t 7] I C acutatum HEL] 7 AL 25-30°C0]| A
13X]719] leaf wetness7} -8-X]€ wjo]th(Wilson 5, 1990). u]|=-
9] Floridaol| A= leaf wetness X7+ 24A|17F A4 S-X| 8=
Awth F7ho] ARAZE 6AZH B T o AT A
Ay A2 Frretotar skgith(Forcelini 5, 2017). 54 A2
AlZrolut S AR B7] BAE AT Ak IR0
2=d| Delp£} Milhalland (1980)]| &} C. fragariae 73-$- &
A Aol B)X)= A AZAITES 48417 o] ifolw, A3
FEE 100% Z3F5EE 7247t ol AR S o A Egt
o2 S

D7) AR 22 ME-2 H] 2= B¢ HlE]| osf ARt
(Inada®} Furuta, 2011; Mass, 1998; Ntahimpera 5, 1997, 1999).
= ol ofgt ghAry T2 1] o] A|7]9F A &A |7 o] A E T
(Madden} Boudreau, 1997; Madden <, 1996). = X Afjujjof| A &
£ uj THIR R BARS Mol T 7 HE u)
Hop g4 e 29 4 AT HlEo] o g A
97|29 YAA7} HE4F 7451 thHBoudreau}t Mad-
den, 1995). 9, 1= x|l A S T3t HAfo] j)s
EZAE T e Wkl S ZHAE19tHMadden 5, 1993). Yang 5
(1990a, 1990b, 1992)2 Z A7} HA 2 ZERQ BAH -2
AREAR7} HA] ko C acutatum EAEZAL] 79 AFHL
228 30 cm7pA] 9k 2 glcka sk,

HUR. AEO] P AE0] A F 3= YFol weh g
Y & 9] Zlo]7} YePdth(Marschner, 1995). ©] 7h-&-H] A~
v b At Beto] glo] Ak Fejol wrel by Hwt
F3tch= Ao] Hubere} Watson (1974)0]] 2J3] 4| 5lct E3
7)o WS SAEE FE Aot ZE vt S

42 Z7)st= AFS B thNam 5, 2006; Smith, 2009).

o

7|Ef. E7] AU A BAF oz BASHE A= SR E
A A==t B7] S5 3 5 HY A A T 4A7E
 2]9E F5ho] crown R9|74A] H{iste] B AAE Yo
J(Kim 3, 2002b, 2002¢), =3t 3 A A, A4 off 2 o=
7] Tl oJa ¥ Aol F7Feteh E3 A2 A9l paraquatet
glyphosate = BEAHF2] FAF A4S, E2} FA7} o, Boke)
QES F5t0 SR A Rch e Bale] Z7Fet
tHKao 5, 2019). Th2b @] Al 24 2Ao) 22 A 9
o A2AIE A B9 27 I =S FAS] AANF S A
o|th 1 9, @] &AW C. gloeosporioides= 27| Ajul]} EF
of] ZA3}+= p-coumaruc acid2} ferulic acid®] &2 F=of|A
D7) @A S S7HA7ItKTian 5, 2015).
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27| EtXE x|

THHHE] B, D7) e Aol A AR EE AA, A
4 FF ol BI7HE Aull, AR 0], ol P A= AA
S AeiE S 7P St ZE Q1 WA ot (Free-
man, 2008; Poling, 2008; Smith, 2008). =] &7] S-H= 1995
W7 A9 & =XoA SHFP oY SR e &
21 95-(Nyoho) &F0] dZof|A =g whaf vl g
AW a5 EA = cHNam 5, 1998). wheha] A Shiks
27] s v7HsR Wio] =YE7] AlEkste] AAfl= 95%
olo] H7k st e-20oA SR} HAL itk S B7] SH=
H7b sl 2o AR AAXES o] 85 FA T2 Auf
Skl Qlo] BAY T2 ol T e s TPAAIRE ¢
A WA= A7 U= Aol

7] AR AT AT 1A AP e 2R TYEHE
Z HAEATFE AR S Aol 7H Fag WA el
(Calleja 5, 2013; Debode 5, 2015; Rahman 5, 2015; Sjulin,
2008). Yol = B7|HE -2°Col|A 150 o] A7]8%
A Al A AT o] Aagithal e ghrh(Okayama®t
Hirayama, 2013). ©]+= A 0] in vitro/doll A -2°C, 564
7k A2 Al AZE100% S o= gl7] wiZol2t skqich vt
H 5Y, =, dEHE, 7)o Foli= B71HE -2°Col|A
NYRE 1-371d 7] AstAY 124 FE58 3-971
o A7| A%sho] Bgtth(Lieten 5, 2005). 12ju o] v
Ao 2 97| HE 7] Ade 739 eAs S B E
= Qlth= A= obd] sl gl ARolnh whekA A
TETF HAE A8 S2E BFE -2°Col A 571U A
735 SAY A a3} o Rof it HEVF agt Aor H

O

ek

=W AL Qs B7) F5Y A AL e SH
(Redpearl) &&& ALJstaL tfi&2o] FFo] Ao 7
“d< Hglthdata not shown). £35] 2| 7 AuH|E], =
%, stoldle] % 52 AT FTETY gAYl ok EAAS

Hol o]F &2 Auli@ oA @A FAo FAE 7IsfoF
S Zloloh WA G7| At Aol A ZEE A A FEY
NSOZ (Kim 5, 2017)= A2 Z 2 7t A] HjREoa =
< A¢lo] & Ho|tk

A WS AT 5 e Re 2 SR ARG
EZAY A= v SFALE RS SAY &S WE
4= Q1]ick(Park 5, 2016). 1 €], & & 2~ (Daugovish 5, 2012),
A FAZE o]-§3 B (Yonemoto 5, 2008) 5=

S WS 2 4 Yok o

o
s

[e:

o

S/ 4. 9] gy AT A BE GAE
Algt= W= A7 213 giek John 5(2006)2 27] &
AW C. acutatume]] ZHEE AHE 35°C, 75 2] T 50°C0]
Al 38 A A SR IS A 4 Qo skgith
3 E7] e T EE B71RE 49°C Eof 587 A
T 75% Ae =2 T WA B IF B E QAR A EA &
S ASIAIZ 4= Slol(Freeman 5, 1997b) FH L 3HA AHE-E

A) gk ek

H. 2InES o] &3 B7| BAY HAMH

& ZH7\H<] Trichoderma harzianum (Freeman 5, 2004),
F=AFAES FAsH= vHYA C fragariae M23 (Chalfoun
S 2011), B7] Z3F oA &2 Talaromyces flavus SAY-
Y-94-01 (Ishikawa, 2013), ©7] QoA Ea]3} Bacillus velezen-
sis NSB-1 (Nam 5, 2014a) o] 72=ich o] = Bacillus
velezensis NSB-1= = Ujol|A] AjA|Y|, ©7|EHELS. 2, Talaromy-
ces flavus SAY-Y-94-01= Qo) A] biotrust WPE AF-8-3}%] o]
7] A Zoll A AHEE AL ok ZZolli= vl California
2| o ©A3}H= quinone-outside inhibitor (Qol)A] A#A] o]
AgAS Hol= C acutatumstol] th3l| pimaricin&. 2 & %]
Streptomyces sppol| A 238t natamycine D7| X 4] A oF
Aol ARA] WA &7} B 31 E]{tHHaack 5, 2018). Natamy-
cin-Z w|=rof| A WA Aol WA S}= Verticillium fungicola
var. fungicola®l] €]+ bubble®¥ 2} stone fruit} citruse] 4~
< =& $13f biopesticide 2 5% oFA|o|ch

Thyme®} cinnamon bark @42 ©7] gx{ ol T3l in
vitro®} in vivooll Al Q1 AA A T}E K55t HA|A| =
9] 7H5/do] H = {tHDuduk -5, 2015). T3 EE7} A1E<)
lemon balmi} oreganoF&E-9| 4] 212} rosmarinic acid2}
luteolin A& 9 apigenini} protocatechuic acid A&E0] 7]
EAY A &) 9l-&o] B EtHARmade} Matsubara,
2020).

11 9], A E-9] YA} Highol| W4=A Q] brassinosteroid = &
7] A12A19) W] SAdste] ek ulA AL WA Heko 2
AF&-E 4= Qlth(Furio 5, 2019).

shetx g, T7] &AW HA1E 913k A<tAl= chloroni-
trile, imidazole, methoxy-acrylates, triazole 15l &3}= oF
Aol 5719} 872 FLE5}0] 270F0] o] 555
of ih(Table 3). 7] S WAIS $13) 2 ALg =T gl
ArtA| = azoxystrobin (Kim 5, 2002a; MacKenzie 5, 2009),

pyraclotrobin (MacKenzie 5, 2009), iminoctadine (Nam 5,
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Table 3. Fungicides list registered in Korea for control anthracnose of strawberry plants

z:‘rgzt’:i:ae Chemical group Common name t?nF:irra\;"
c2+C3 Pyridine-carboxamides+methoxy-carbamates Boscalid+pyraclostrobin N
2+C3 Pyrazole-4-carboxamides+methoxy- carbamates Fluxapyroxad-+pyraclostrobin N
C2+G1 Pyridinyl-ethyl-benzamides+oximino-acetates Fluopyram-+trifloxystrobin H
a3 Methoxy-acrylates Azoxystrobin H
a3 Methoxy-acrylates Picoxystrobin N
a3 Methoxy-carbamates Pyraclostrobin N, H
a Oximino-acetates Trifloxystrobin H
C3+G1 Methoxy-acrylates+triazoles Azoxystrobin+tebuconazole N
C3+G1 Methoxy-carbamates+triazoles Pyraclostrobin+tebuconazole N
E3+C3 Dicarboximides+oximino-acetates Iprodione+trifloxystrobin N
E3+G1 Dicarboximides-+imidazoles Iprodione+prochloraz manganease N
G1 Imidazoles Prochloraz manganease N, H
G1 Triazoles Difenoconazole N, H
G1+C3 Triazoles+oximino-acetates Flusilazole+kresoxim-methyl N
G1+C3 Triazoles+oximino-acetates Fluguinconazole+trifloxystrobin N
G1+C3 Triazoles+methoxy-carbamates Mefentrifluconazole+pyraclostrobin N
G1+C5 Triazoles+2,6-dinitro-anilines Difenoconazole+fluazinam N
G1+G1 Triazoles+triazoles Prochloraz manganease+tebuconazole N, H
G1+G1 Triazoles+imidazoles Fluquinconazole+prochloraz manganease N
G3+G1 Hydroxyanilides+imidazoles Fenhexamid-+prochloraz manganease N
M4 Phthalimides Captan N
M5 Chloronitriles Chlorothalonil N
M7 Bis-gugnidines Iminoctadine tris (albesilate) N
M5+G1 Chloronitriles+triazoles Chlorothalonil+difenoconazole N
M5+C3 Chloronitriles+methoxy-acrylates Chlorothalonil+pyraclostrobin H
M7+C3 Bis-gugnidines+benzyl-carbamates Iminoctadine tris (albesilate)+pyribencarb N
M9+C3 Quinones+methoxy-carbamates Dithianon+pyraclostrobin N

°FRAC, Fungicide Resistance Action Committee.
°N, nursery; H, harvesting.

2011), thiophanate-methyl (MacKenzie 5, 2009), metcon-
azole (Nam -5, 2011), prochloraz (Freeman 5, 1997b; Nam 5,
2011), benzimidazolecarbamic acid (Akhter 5, 2009) S-o] &
AEITE vl Floridad) A= YRHA e = 97 e od
Ao 2 WAL 3l captang F= Axste, Aok HAHF
o] ZA=H Qol AtA|E that-&-7 Al AtA|et A A=
sho] JASIAL lthMertely 5, 2012). U} 7] ©HA1R A

€0 2 554 chlorothalonili= 7]=9] @7] &A% WA
= a3} oju|siclal kg cHDaugovish 5, 2009; Haack 5,
2018). FLof|+&= succinate-dehydrogenase-inhibitor A4 21
fluopyram, isofetamid, penthiopyrad, fluxapyroxad, benzo-
vindiflupyre] @] B-X® 4t C. gloeosporioides®} C. acutaum
ol T3t WA aTE AV 23} benzovindiflupyr7} 73 &
& 0|9 a1 (Ishii 5, 2022), fluazinam®= & 3}A 0] tHOliveira
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= 2020; Rebello £, 2022).

7] SAY PAE Sl g AxZ o 9r|RE A A
azoxystrobin (Daugovish &, 2009; Kim 5, 2002a; Nam 5,
2014b), carbendazim, bitertanole, thiabendazole (Paredes2}
Mufioz, 2002), prochloraz-Mn (Nam -5, 2014b) ZA] A] &3}4]
° 2 FAAEFE A o vkl stqink 53], vl= Cali-
forniao A= A4 A E7]|HE azoxystrobin} fludioxonil-
cyprodinilel] Mz A 2|5t Wio] FHsHA AHE-E AL 9l
thH(Daugovish 5, 2009; Haack 5, 2018). Prochloraz 73-¢- %
Al A AT ol A BS S-S AAIsH= B FFol
Lo] F=osfjof gtk ESE YoM = SAEE A A dE
diethofencarb-thiophanate-methyl2 48] A] BA| &1}
7} 2131 tHOkayama®} Hirayama, 2011).

D7) SA WA= v|=ofl A FHLI5HA AHEEE beno-
myl¥} captano] tiet oFA] A+t 2@ 2= A% oF A
A5t Aol B 1= QItkFreeman <, 1997b; Inada 5, 2009;
Kim 5, 2007; Nam 5, 2011; Okayama 5, 2007). 2013 u]=
Florida®] @7]o| A &85t C. acutatum-& QolA| A=Al o
3 Aol B E R o™ (Forcelini 5, 2016, 2018a, 2018b),
cytb®] G143A%} F129L ¥o|7} =AY FEAgHdeEol &
oJFFTHe o] UFal ATk EaF 20084 AE-0] wr|of WIS
+ C. gloeosporiodiesst-©] azoxystrobinof| A &A]-S Heltk
1 3}gitHinada 5, 2008). F3+of WAt = ©7] BEAESF C
siamense+= prochlorazol| B Zr4AS Ho| X9t C. fracticola=
defenoconazoled} tebuconazoled] § Z4=AE& Helthal 3}
fthHZhang 5, 2020). Carbendazim®] 7-9-o| = S A=
C. fructicola®} C. siamense®]] i3l A4S Ho] A& ZA|
sfjok stctar sk TtHZhong 5, 2021).

D7) SRl tiet A=A A3 AR HHoE 4%
W (Inada 5, 2010), A€ wjj#] o]-&-(Okayama %, 2007), mi-
crotiter assayS ©]-&3t W (Smith 5, 2013), B7] &S A
A A2 F ST EARES HE o] Wk Lol 2 24
3= AEAAH(Higuchi} Omatsu, 2014)1} LAMPE: o]-8-3
QolAaHs B F S AEFHE 71&Wu 5, 2019) S| HE

A Aol 2.g=)3 gk

9] S87] SAPPAE S PAE L 2 52E 4
A2 49 254, 5Y 4%, 69 T3, 7-89 454 e A

Ao 2 Ag 4= QItNam 5, 2011, 2015). 124 ©]
A WA 220 ek 7|dishA] gk A7l e o
Uk 2 A At Al 22| Al717F &3 Holl A Ags] et F
& AABIAL Qlek At A 9] 2 712 Algoll whEt oA,
A 7 2& °HA| g 7}o]| 2Fo]7} 31 2™ pyraclostrobin- thE stro-

R Ak

o
n

bilurinA| 2tA| et th= A S 4 A
HA| g 37F B 1 E]Q)tHTurechek 5, 2006).

o= leaf wetness@} =5 o]-8-3F BAY o SHAA|
SRS Ao} 7|4 2ol A A= T YleHCordova
5. 2017; MacKenzie®} Peres, 2012; Peres 5, 2010; Zhang 5,
2019). o] A AHL 29l |eaf wetnessZ 70 2 Bkx{H v
Ay 2d(Wilson &, 1990)¢] thresholdS A#s}o] WA=
Strawberry Advisory System (Pavan 5, 2011)2 7i4ts} out
AEA|, FF AT AE, 27) dEYEEE LHEHA &
of o] thgt At} B a5}t

A9 nlib = BA BAIE Sl B B2 HS
BIAAE A F=1= 10 ppm o2 108 A2 Sl A+t
AL} £8% 7}55kckal gtk (Hirayama 5, 2016).

2 <%
Colletotrichum spp2l &3l 'WAYeH= D7) ebAE-2 & AlA
Ao 2 ZA7} H= Fash Wajjoltt vt B7] gAH
19900 &%= B 119 o] ¢ AA7ER] A= Ql= = T
7] FFol YAt T E T itk X B ©HAES &
2o 2 WAEl] $8 B2 3} AEo] AYPE L QA
Tk 2|42 0 2 Wy e 1 Qlo] gAYy WAIE $i% $EE AE
7} B agt Aol & glRoAs 7] dFEH =RES
7122 gAYol Tojets Y, AL IS SeT A
71&, TR Ao ujx)= 48 9 WA Wy 5 ohekst
47] SAY TS AR 2 2HE B8l 2] @A
HE o olafstal Al HAet THE IdTES AHELZH
D7) A s7tEt dAtE0] Tae BAY HAE Hdl &
Aol gt Hol =o] HZ 7|gich
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