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The effect of various fungicides on anthracnose of strawberry, caused by Colletotrichum gloeosporioides, was
determined in vitro, and in greenhouse and field trials. The ECs, values of benomyl were clearly different
between two sensitive and resistant groups of isolates. Iminoctadine tris had lower ECs, values than mancozeb
and propineb as protective fungicides and the response of mancozeb, propineb and azoxystrobin was variable
depending on the isolate. In the greenhouse, pre- and post- inoculation fungicide applications significantly
reduced disease compared to the non-treated control. Propineb, mancozeb and azoxystrobin were effective in
controlling the disease when applied prior to inoculation. Metconazole and prochloraz-Mn treatments as
ergosterol biosynthesis-inhibiting fungicides had the lowest incidence of anthracnose. In the nursery field
trials in 2009 and 2010, the reduced fungicide spray program provided similar levels of disease control
compared to the calendar-based applications with captan. A reduced spray program based on efficacious
fungicides such as prochloraz-Mn will be useful for strawberry growers and provide more options for

controlling anthracnose in Korea.
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A@ kA, 2H=2] B@AY Aol o853 = benomyl
(50%, W# o] ESsA|, A1ANE}), captan(50%, 7 EH3SHA],
A AA M Z), mancozeb(75%, THEAF3HA|, FH-3told]),
propineb(70%, STE}IEF3}1A], vlo]d), iminoctadine tris
(30%, F-ElLtlAl=slA|, F5-31F), tebuconazole(25%, 2
vl =31A|, vho]dd), bitertanol(25%, BFO|Z T3], S5
slo]dl), difenoconazole(10%, ¥ 7F=QJA=31A], AAE,
prochloraz-Mn(50%, =¥ 225344, 3h=AH), azoxy-
strobin(20%, 2-El v} AFa=3}A]|, A3 e}, pyraclostrobin
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10, 1pg/ml, mancozeb, propineb, iminoctadine tris,
tebuconazole, difenoconazole, prochloraz-Mn2] 6% 500,
50, 5, 0.5 pg/ml, azoxystrobin¥} pyraclostrobin 100, 10,
1, 0.1 pgml FEFEZ 3ste] Aol FAIS T Al
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Table 1. Origins of Colletotrichum gloeosporioides isolates
obtained from strawberry

Isolated

Isolate Year Cultivar : Origin
tissue
CGF050604 2005 Johong Crown Busan
CGF050703 2005 Maehyang  Crown Busan
CGF060302 2006 Keumhyang Crown  Nonsan,
Chungnam
Gangneung,
CGF060617 2006 Redpearl Crown Gangwon
CGF060801 2006  Seolhyang Crown Hlongseong,
Chungnam
. Hongseong,
CGF060810 2006 Sachinoka Leaf Chungnam
CGF071120 2007  Seolhyang Rumner \onsan,
Chungnam
Nonsan,
CGF071127 2007 Seolhyang Root Chungnam
Nonsan,
CGF071201 2007 Seolhyang ~ Crown Chungnam
Nonsan,
CGF071203 2007 Seolhyang ~ Crown Chungnam
CGF071206 2007  Scolhyang  Crown , JOngu:
Chungnam
CGF071214 2007  Seolhyang Crown OYeryong.
Chungnam
. Nonsan,
CGF080803 2008 Seolhyang  Petiole Chungnam
CGF080805 2008  Kumhyang Petiole  Nonsan,
Chungnam
CGF080806 2008  Seolhyang  Petiole  onsan,
Chungnam
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Table 2. Treatment evaluated in field trials for control of
anthracnose in Nonsan, during the 2009 and 2010 strawberry
nursery seasons®

Spray date . .2009 — , .2010 —
Fungicide  Dilution  Fungicide  Dilution

April 15 pyraclostrobin 4,000
April 22 pyraclostrobin 4,000

May 6 prochloraz-Mn 2,000  prochloraz-Mn 2,000
June 10 azoxystrobin 2,000 azoxystrobin 2,000
June 17 propineb 500 propineb 500
June 24 mancozeb 500 mancozeb 500
July 8 Iminoctadine tris 1,000 Iminoctadine tris 1,000
July 15 pyraclostrobin 4,000  pyraclostrobin 4,000
July 29  metconazole 3,000 metconazole 3,000
Aug. 5 pyraclostrobin 4,000 pyraclostrobin 4,000
Aug. 15 azoxystrobin 2,000  azoxystrobin 2,000
Aug. 19 prochloraz-Mn 2,000  prochloraz-Mn 2,000
Aug.26 azoxystrobin 2,000  azoxystrobin 2,000
Sept. 3 prochloraz-Mn 2,000

*The comparative trial sprayed weekly applications of captan from 22
April to 26 August and from 15 April to 2 September in 2009 and
2010, respectively.
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Table 3. Sensitivity of several isolates of Colletotrichum gloeosporioides to tested fungicides®

ECs, (pg/ ml)°
Isolate 2 - - -
Ben. Manc. Prop. Imin. Teb. Bit. Dif. Proc. Azoxy. Pyrac.
CGF050604 0.0 1204.6 4749 0.002 0.007 < 0.001 <0.001 <0.001 83.9 0.088
CGF050703 493 5648.5 2232 0.002 0.263  <0.001 0.033 0.003 1.3 0.013
CGF060617 0.0 34.0 214 < 0.002 <0.001 <0.001 <0.001 <0.001 316.7 0.112
CGF060801 176.3 10.5 182 < 0.002 <0.001 <0.001 <0.001 <0.001 61422 0.167
CGF060810 96.4 264.6 399  <0.002 0.002 <0.001 0.002  <0.001 8.7 0.076
CGF071120 94.7 791.1 932 <0.002 <0.001 <0.001 <0.001 <0.001 >10,000 2.629
CGF071127 165.1 2493 232  <0.002 <0.001 <0.001 0.001 <0.001 >10,000 10.293
CGF071201 34.8 95.0 59.1 <0.002 <0.001 <0.001 <0.001 <0.001 0.0 18.008
CGF071203 84.3 617.8 509 <0.002 0.002 <0.001 <0.001 <0.001 >10,000 9.158
CGF071206 112.4 93.8 5.8 <0.002 <0.001 <0.001 <0.001 <0.001 >10,000 19.733
CGF071214 84.9 70.7 1346 <0.002 <0.001 <0.001 <0.001 <0.001 4.7 0.079
CGF080803 1154 0.1 0.3 <0.002 <0.001 0.007  <0.001 <0.001 >10,000 4203
CGF080805 35.7 16.4 11.1 <0.002 <0.001 <0.001 0.003 0.003  >10,000 23.015
CGF080806 183.4 50.4 168  <0.002  0.001 <0.001 0.003 0.003  >10,000 >10,000
Average 88.1 653.3 83.8  <0.002 0.02 0.001 0.003 0.001 936.794 6.736

*Abbreviation of fungicides was shown as follow; Ben.:

benomyl, Manc.: mancozeb, Prop.: propineb, Imin.: iminoctadine tris, Teb.:

tebuconazole, Bit.: bitertanol, Dif.: difenoconazole, Proc.: prochloraz-Mn, Azoxy.: azoxystrobin, Pyrac.: pyraclostrobin.

PEffective concentration, 50%.
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1047bA] 10Y Ao & ZAbstadth W34 254 (Area
under disease progress curve; AUDPC)E A E7] SH7]
7k Q] ol EE v 2ol ¢Jsle] ARtEATE. AUDPC
=X [(Yia + D21t - 1) 2, A71M V=29 o4&,
=92 A7 n=AA & 7|A % o] th(Karadimos S}
Karaoglanidis, 2006). &=, %%, S % AEAIZE, 2
F2 Au22gel] AX]E do]E 27 (WatchDog model 2000,
Spectrum Tech. Inc., USA)E HIo|ES =T} A1F+
X = ) SRR 2 skl on A 2]7k Hlale CoStat
S A ZZ 13 (CoHort software, Berkeley, USA)S ©]-&
Sl Fisher’s protected LSDAA S A A5 T

dot o nE

Al ELA7e] Al Wig 353 A=, C gloeosporioides
CGF0506042} CGF060617 o5+ benomylol] thd+ ECs7k
] 0.1 pg/ml ©]3F2 Kim 5(2007)2 Peres 5(2004)2] 7]
ol o8l s HERAAL 2 9] #FES AR S
Uetlo] Ad 3 A7 FElg AfolE Bt
(Table 3). Kim 5(2007)¢] A= 27| &AW C
gloeosporioides= benomyl A3 7A5Ado g 3] -
FEAeH citrusoll X E2I8E C. gloeosporioides] 735l
T v A9E 23l vl ATh(Peres 5, 2004).

RS A#A9 propineb3} mancozebe] ECso@t< 247t
474.9-0.3 pg/mlS} 5,648.5-0.1 pg/mle 5 A Hk-Sol
£ #olE YeRH WM iminoctadine triss < 0.002 pg/ml
29 ¥ E Y tE BaAddAe g AR
7} 733 TH(Table 3). Propinebe] ECsp+-S Kim 5(2006)
of ol ¥ &7] @S] A9 7.5 ug/ml ©|5t=
BIEAARE B Aol AREE 2005-2007 E2t
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™ 2006 Kim So] B3g D7) ©Age] 2ot
HS2dk A3ks B wEbs g27] sA e os
Al iminoctadine tris A 2]v &A}H Y = o AL
s
EBIAI A tebuconazole®] ¥+ ECsi%k-2 0.02 pg/mlZ o
E M} =& 7S Bl UbA bitertanol?} prochloraz-
Mn9] HFES 0.001 ug/ml ©]5t=2 ThE A H T} he
ECs5 %t H S th(Table 3). 2519 =7 d-¥F C
acutatum(de los Santos 5, 2002y bitertanol®] ECs 3k
1 pg/mle] AARE o] &AW1 C. gloeosporioides=
0.001 pg/mle.2 C. acutatumB o= S AFS HIAh
ol21dt A¥= Kim 5(2006)0] Rt B7] s 9
tebuconazole Y=+ prochloraz-Mnol] o] gk HH-3-3} H] =3}
A= BAt} 3] prochloraz-Mne A vl 7ol A A&
HE=7h 285 thE EBIAY Hl&l A& o] YERA]
%= ¥l prochloraz-Mne] &32}7} th2 EBIAe] H]3]
Az ew AU the EBIA|SHe] WA @d F =7t 4
2 AaAd 7FeAel Uthe HoZ Al TH(Park T,
2002).
StrobilurinZ|?] azoxystrobin®] i ECs@tZ 936.794 ng/
mlE2 =4 YEigtow 57 A 237F ZA Ve
WA pyraclostrobin®] ECsp7b2 0.736 ug/mlo 2 v
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Fig. 1. Disease index and standard error of anthracnose on strawberry plants, cv. ‘Seolhyang’, inoculated with Colletotrichum
gloeosporioides and treated with protective fungicides 2, 5, and 7 days before inoculation or 1, 2, and 3 days after inoculation. Control
shows the disease index of anthracnose in the fungicide non-treated control. Disease index: 0 = healthy, 1 =<50% petioles affected,
2 =>50% petioles affected, 3 = wilted, 4 = necrosis formed on entire plants. Fisher’s protected LSD: P < 0.05.
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Fig. 2. Disease index and standard error of anthracnose on strawberry plant, cv. ‘Seolhyang’,
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Application timing (day)

inoculated with Colletotrichum

gloeosporioides and treated with ergosterol biosynthesis-inhibiting fungicides 2, 5, and 7 days before inoculation or 1, 2, and 3 days after
inoculation. Control shows the disease index of anthracnose in the fungicide non-treated control. Disease index: 0 = healthy, 1 =< 50%
petioles affected, 2 => 50% petioles affected, 3 = wilted, 4 = necrosis formed on entire plants. Fisher’s protected LSD: P <0.05.
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Fig. 3. Disease index and standard error of anthracnose crown rot on strawberry plant, cv. ‘Seolhyang’, inoculated with Colletotrichum
gloeosporioides and treated with strobilulin fungicides 2, 5, and 7 days before inoculation or 1, 2, and 3 days after inoculation. Control
shows the disease index of anthracnose in the fungicide non-treated control. Disease index: 0 = healthy, 1 =<50% petioles affected,
2 =>50% petioles affected, 3 = wilted, 4 = necrosis formed on entire plants. Fisher’s protected LSD: P < 0.05.

HTh EFo|gon Ea WAF AF 5-72 A g
k= Zlo] @34 o] tk(Fig. 1). EBIAl A4l metcona-
zoles A2 ThE A= WdHF HE AL & Ao
Al Zpo|7t glof o) B X F a7} vzl vER o,
£-3] metconazole?} prochloraz-Mne B 7 A 79
I E F 39 AR 27] @A dAel a9t 9
S TH(Fig. 2). Metconazole¥} tebuconazole> =7] 4] E Xﬂ
of Al &AL S JAete &35 UERU

™ E3] tebuconazole®] JA a7t ZThE 3 nlAA). -6]—
H, strobirulinAl Q] azoxystrobine HLTF ZAH A Al
WA g7 et A a s JeRd ¥ pyraclostrobin
< WA 4 A 9 F AgA] wAEHTE FA
Elstth(Fig. 3).

Mancozeb®} azoxystrobin in vitro 7N =&
ECsp#r2 HGA W XEAAMA WA g7} T2 o]
2 o5 e A Al EFETE A ToLE A
Sse gt =7 RO AZHTHKIm =, 2006;
Mondal &, 2005). o]2=e}doM = &7] eA¥F C acuta-
um®] AW F XN ETHE 93] B71BE prochloraz-Mn
o 1027 IAAZ NS o 933%°] & YA ZAE
Elfjo] &34 oAl E ARG-EAL lth(Freeman 5, 1997).
Pyraclostrobin 27 ©A1W8+ C. acutatum®] 735 W%
7t AREART O AW, @Al e 5
< ABZH7} it aAET IARE FEAF ] -
= oy 2 AF5aHA 2ol glrkal 3F3 th(Turechek
5, 2006). =3k MacKenzie 5(2009)° 2|3l =7 g
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Table 4. Area under the disease progress curve (AUDPC) and disease incidence of anthracnose in field trials conducted in Nonsan, during

the 2009 and 2010 strawberry nursery seasons

2009 2010
Treatment® fungiljilc]iren:;]rol(i)(fati on AUDPC Disease AUDPC Disease
incidence (%)"° incidence (%)
Non-treated control - 1,489.5 a° 240a 2,757.3 a 859a
Fungicide spray program 12-13 742 b 420 506.6 b 302b
Captan calendar 19-21 1364 b 34b 6734Db 62.8 ab
P<F 0.0013 0.0007 0.0003 0.0223

*This treatment was described in Table 2.
®Disease incidence on 15 Sept, 2009 and 10 Sept, 2010.

‘Means within a column followed by the same letter are not significantly different by Fisher’s protected LSD test (P< 0.05).

Wt C. gloeosporiodies®] 733 %= azoxystrobine ol ¥
B37F 451 pyraclostrobing 2004-20053 91 & of ¥
2 A8 gH7} v AT 200632 dg a9 =7
UebE T By siginh & AlA X azoxystrobins ‘A
& FFAA AW EATE =A JERSESH pyraclostrobin
o] 7% ot 2 X5 gx] xpo)7t 1A YER} MacKenzie
5(2009)°] Al@ Ao} Hls=gk oAt

D7) B g A X2 =2 FEEA
AF. 200994 2010400 27] =X SHIETFA A
o] 543 @A DAATIE 7|2E g ©AHO A
Al A Z2adl] wet SFAMYE & BAY oHFE&
7 AUDPCE ZAMSH A3, &AW WA= captans 157
o A0 8 AHEshks 7ot ool giAl UERE S
v PR E o= 2ol7t A THTable 4). AA] A2] T2
3ol ojg AW = w2009 8Y 15, 2010
d 8Y 25U 2 HS whA A9 9= 20099 5€
15931 20103 6¥ 159 = 2-370Y wa) W etioh(d
I wA A, 53] 201039 2009 2 A3 A2l
prochloraz-Mn<- pyraclostrobin® 2 thA|3}3L 89 3l &
Ay @Ayo] Frtste] 99 3¢ prochloraz-Mns F712
A PA T A G = DA JERETE 2 ol fE 2010
ol eb-H Ao] B2 8¢y 9 ZTo AEFHo=
HI7F WA 7% 6¥ Sk ddd vls] =4 o
Ebst7] wjZolth. &Aool A ¥ lupin® 7% azoxy-
strobin} mancozeba H| & 1-2% Fof XA WA g3}
7} =tha 51 th(Thomas 5, 2008). WelA 201093 7+
o] &8 F7|o ALAQ] 7t & 7% v 7] A &
oALA kA E AElsl= Aol EAHAA N sk A+t
ZlggE|ojol & Aol

2 AT Aol o] AetAl Ml ZRae) mE w
AW HAlE A SE 717HESE 12-133] 9] oFA| “Jﬁ—i
captan A 2] 72| 19-213]¢} H]aLste] @A eHA A

= % TH(Table 4). MacKenzie 5(2009)2] 2
ol &J3}H C. gloeosporioides®] AE 213 captans
1 Ao Z AXEE= Zlo] Aol gAY HkA| |k
ol azoxystrobin?} pyraclostrobin W o] 71 =
2 ERAERH 2 o FEASAIHY | Ay
ojKok L SIATE T3 C acutatum®) 735-91= captan
< oA AHgA] Aot shdth(Peres 5, 2010). 9
oF ZFo| A+tA|o] Axo] WE WA T2 n=9
D7) @A ol A0 R AMGEN A= captan A 2|2
Haal] fAAE SIeE thE Foln Hg Al aHtE
BA7] we] o] dtAl A7 Z2aE 7] AvlE
7ol A-&-3hrh e WAS ds] U 7 g Aol

o oF
AL =

Colletotrichum gloeosporioides| 2J8l] @Asl= &7] &
Aol tigk ofe] A#Ae] WA RAE in viro, B3}
20t =X SHEEFA AA 3 TE Benomyle] ECs,
W AT ol A A aweE gds]
= th. Iminoctadine triss= mancozebl} propineb3} 7+
REAFgARY e ECyits R 2™ mancozeb, pro-
pineb, azoxystrobin®] &¥= 5o we} tkst AAE
BT vldsl-2oA, 959 AaAlE Hdd HE A
I & g7 AR FF AYsds W EE ofHle F
gl vl&l WA a27F Z%t}. Propineb, mancozeb, azo-
xystrobin WU TE A A Al A EH7T 73
WA metconazole3} prochloraz-Mn$} 722 ergosterol
biosynthesis inhibiting AH#A &2 W2 BAH oW &S

St 200993 20108 =X SEEA A ZHAE A
&Xﬂ A TR wE AW WA= captan A2
233} v A @3S B3k kA prochloraz-
Mn 5% 72 A G372 AHAE 7INte g %}
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