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Abstract
This study was conducted to evaluate the control efficacy of dollar spot on creeping bentgrass
CrossMark after applying various amounts of tebuconazole, chlorothalonil and mixture of tebuconazole

click for updates

and chlorothalonil (tebuconazole+chlorothalonil). In effect of three fungicides on suppression

against Sclerotinia homoeocarpa, tebuconazole and tebuconazole+chlorothalonil were

a OPEN ACCESS found to inhibit more than 98% fungus growth on medium and 70% in chlorothalonil
+Corresponding suthor: treatm;ent. The control efficacy of tebuconazole at different rates of 31.25, 62.5, and 125 a.i.
Phone. 182-42-821-5734 mg m™ on creeping bentgrass showed more than 80%. Application of tebuconazole (125.0
Fax. +82-42-821-8888 a.i. mg m?), tebuconazole+chlorothalonil (125.0 a.i. mg m>+135.9 ai. mg m™) and
E-mail. gjlee@cnu.ackr chlorothalonil (135.9 a.i. mg m™) were suppressed 96%, 80%, 70% for the dollar spot

severity, respectively. Correlation between application amount of fungicides and control
ﬁ:ﬁ::def‘;iszel;l’zé?;g efficacy of dollar spot was significantly positive, and suggested amount of tebuconazole,
Accepted: June 20,2018 tebuconazole+chlorothalonil and chlorothalonil that might suppress more than 80% of

dollar spot were calculated to 29.6, 132.2+142.8, and 157.0 a.i. mg m™, respectively.
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M2

ARS8 Sclerotinia homoeocarpa®ll 2J5f] ] Qlof| A WY o= Xt 0 &2 x| Pztr] e} tA| g3
TE 7152 ot glow sujel A A= X gEHE 2|7t QLo 4-6d T 9-1087 o] T2 AR
(Shim etal., 2000). 3 APFEH-2 S D2kt A Y2 HA-S PAdoto] A7) 2= ot e o] Holut
o) -2 A5tA A ZAA A Q1 1slj7F 2| YR Th(Couch, 1984). B ¥to] H -2 7] of| THAH A S o
off A= 5271 85% ol /dellA Al A=W, F2 Fhr] ] o] oJs)] o] ZZtHChang et al., 2012).

FAREE S HASH] YoM = AlHEe, e, rdE 2 AEFEE 5= ol 8ok Ee] dTE o
Qlou} ol A 71 wo] 0] 85h= HIH-& AR H S A|(AHANS o] &5H= B o|thKwon et al., 2010; Lee,
2010; Shin et al., 2006). “L2{ut At A & 2|54 0 & ARESHA H= -9 w2 oA ol thet A< o715t
b2 Yo oA A/d-E EolaL, A 8 %— =o]7] 91t A 2] o] AF= 2AtH(Kim et al., 2010; Shim et
al,, 2001). 2t} ®off A E flof AR-&-oh= At A o] 218 71 2tolu AMS =2 FAnE et S. homoeocarpa
O] oFA| A/ ol SRt adlo] Hug AutA o] HaeFS Zo| AL 28 7] 2o| thE A=Al E oSt
AristAY Sotsto] AP E|| = Hit o] A|QEE] AL QItH(Chang et al., 2012; Kim et al., 2010).

FAEH WA E ol ARE-El= Ul ell A 71 wol 55 A A= triazoleA] A A] o] H(Kim et al., 2010),
sterol A2 A dlloto] TALS] A2 AAlok= HTEA A A2 E2 A thZarm et al., 2003). 21} triazole
Al At Al S-S AR WA ofy 2t AAlnkE g ol v A w A i Zhe- o] R L of W Hwtol ofgh '
O] WA &= A 2fst= 7397t ot FutEE HAE HEH AHE-SHA] 24Tt SHEEHE S, homoeocarpa?t &FA| A
B3 HEW7Z] & Hh(Kim et al., 2010). ©] 2|3 24 Hﬁo}ﬂ {1l 248 712o] thE AFA A ALt B
AHAA S £ 857 5HH, £851= A9 HHA 347]- FJE 7] & FH(Chang et al., 2012; Popko et al., 2010).
Chlorothalonil:> T E2 Q] B3 AdA| 2 4] o[ J 2| th At s 2h-8-2 Wolioto] wARe] 'HobE SAsHH, Bl o
St A o] Aol B R] ¢FFtHMcDonald et al., 2006).

FANEE-2 XY Qo] WAlste Mo R A Al E Aot -eolls A Foll o] S5l 2 Aok
2 Aokl glovt 2o o] R Pt = ZESof vl W2 o= ] =7 B Y H k=
Ag]of ofaf el == -7 Eet I 2= A AA el vlel 3-58) e o B2 GO A A7 AR HERE S
homoeocarpa?t 1@/3-& Z55HA == 745 o B2 WAH|-8-o] FAYSHA ETh(Shim et al., 2000).

wteta] 2 A= 23 HIE T2 A (Agrostis palustris Huds.) ol A DAY 5 nEH o &2 Q1 BhA| S
ZAFSEZ] 9480 1) in vitro2} in vivo Z7190|1 4] tebuconazole2] A 2|5FE T A5 A&} 2)
tebuconazole} chlorothalonil ¥ 5 ¥4 o] @A #]2] A] Fdut5H WA &3+ 7okt

= Y

SA2=

Aol o] 8% %@U}%tgsq = QAFAA] £ 2] SKY72 FEEH F4] Ao 4] T FHnLEH o
oA 2011 5¢Y J AR EE 2 F 5] 70% ethanoll] 3037}, 1% NaOCI (sodium hypochlorlte)
BAofA 127 FH 4 &3}1 2 A2 5 B Whatman NO.1 filter paper (Whatman, Inc., Maidstone,
UK)oll 28] 552 A7t 3o] water agar (WA; agar 20.0 g L™)o]] X]AF6}o] 25°CE 245 270l A vjoFstsd
t}. 2-3Y v ot & WA 2] o] ¥ g Z 7ol A Abet AR ZS W o] Y] o] potato dextrose agar (PDA; potato starch 4.0
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g L, dextrose 20.0 g L™, agar 15.0 g L)of| o] A3t & 5= Ba|5ti et Balw 455 thA] 283 HE T8 A0
HEste] ol E Moz e A Balet FTHuEY F3(S. homoeocarpays N Dol AHESIAT. FAIFA = E
tebuconazole ¥4 =3} A|(tebuconazole 25%; T, Hanearl Science Ltd., Taebaek, Korea), chlorothalonil 5=3}4
(chlorothalonil 75%; C, Kyung Nong Co., Ltd., Seoul, Korea), tebuconazole+chlorothalonil <=2}4|(tebuconazole
23%+chlorothalonil 25%; TC, Arystalifesciencekorea Ltd., Chungju, Korea) 5 3714] 2FA| 7} AHE-E] ATt

S

o S BN

A 5 St A& 2Q15}7] 95]] tebuconazole (T), chlorothalonil (C) 2 tebuconazole+chlorothalonil (TC)
= I mgkg’, 3 mgkg”, 5mgkg’, 10 mgkg', 30 mg kg, 50 mg kg™, 100 mg kg & 150 mg kg 2] ‘5= 2 PDAY]
oFA| Wi A5 ZAISFATE. 212t F = At Al E o= 2 A1 oAl v 2] 9] Sl w215 S. homoeocarpa
TE(5.0 mm)S 24t 25°C2 A L% 7|(JSMI-02C, JSR, Gongju, Korea)oll A 1204]17F 59T v ¥t
T A OASE ZABSAT, 7 ARl 719] R Fol ARl ofle) BA10) el FAEA ol
&& tek

A AAE(%)=(1-2FA IR ol M &f w52 2178/ A 2] ol A o otF-9] 217)x100

HIFILLE 22|28 S4015E LA =1t

2 A= 201149 595H 20119 78702 37019 57t -G HA] 249 SKY2EZ2 Y SA| 2ol 3
sk ZAIH = 20061 of mHEE o oF 61 7F el wl T 2] WE 824, palustris Huds.) ‘Penn A-1° E50]
At 5 2A|= tebuconazole U dF2HAIE ©]-8-5F 11, tebuconazoleS -5=01 2,0008] 2 34l 5to] SFA|E A
2ot et T2 7] 2] A] tebuconazole®] B A 2] WL 125.0 ai. mgm” 2.2 1 Lo] Bof| 54510 TFA
251N 1 L m?)oh= M- a={ste] 2 H=7E 2FA A 2] tebuconazole 34N A 2|okA] o2 FA4 2]
(control), tebuconazole 3]419H 250 mL #] 2] (31.25 a.i. mg m™; T1), tebuconazole 3]4 20 500 mL #] 2] (62.5 a.i.
mg m”; T2), tebuconazole 3]41 9 1,000 mL #] 2] (125.0 a.i. mg m™?; T3)2 F-25}ct. ZA| kA 2] & 2] oAy
-7 AL 7](KS-10-1, Kwang Sung Sprayers, Dagjeon, Korea)E ©]-8-5F0] 212|531, 3]41 % oFA|7} H|4FE| of of
2o Fake = AS WA[5H] ol A Al2FE ZFEHER 0.5 mx A = 0.5 mx3=°] 0.2 m)= A A & oF
e
1 24 0] AT 9= 0.25 m? (0.5 mx0.5 m) 7] &2 A EF-2 4 m’ R, AR v x] = ¢
FATE. BAIFAI ] 2= 58 249, 59 319, 69 79l 5 33] H 4
T2 ofA| ol ATy e 2 AAISHA T WA E AR oA A2 3 79 1H4 5
33] 2AF , A ZAFLRI 6 144 9] A E AL AIHE o] §5to] SHuEE ] HAZHE of 54

ol 2JsiA ct.
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SN A 2] ] T Al o] waw ) A 2] o] mafeH«100
Tebuconazole, chlorothalonil 2 §H| 2{2| A| SZI0}24 kx| S0} AA

] 2] 4= T2 2] 4(control), tebuconazole T-= ] 2] 71(125.0 a.i. mg m™; T), chlorothalonil T5 #]2]74(135.9 a.i.
mg m”; C; ‘& 2FAHE A A o]l A A E chlorothalonil @] <A A 252 A& of] wh} 940-1,500 a.i. mg m~>o]Lt EA)|
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2] 72} v w3l7] 915H9] 135.9 ai. mg m*S A2 ¥ tebuconazole+chlorothalonil 4] # 2] F-(tebuconazole
125.0 a.i. mg m™} chlorothalonil 135.9 a.i. mg m?; TC) 2 -2}t A A= 55 1 Lof| 545k HAF &
T AP 7](KS-10-1, Kwang Sung Sprayers, Daejeon, Korea)E ©]-8-5to] A 2|5t a1, 2] A| F-A|SFA|7} THE A 2]
T2 HAE = AS 27] Yo AZHE 7R 0.5 mx A= 0.5 mx3=°] 0.2 m)= A 2] F oFAE A 253t
AR T AT F9 = 0.25 m” (0.5 mx0.5 m) T7] 2 A EAF-2 4 m* P, A A v FHdRHE) S
2 x5t FAIFA Q] A= 5E 249, 59 31¢, 62 7H & 33] F A2 sttt FAvEE O] WS
JFHES oA G AT AJH = Aok HEAE AR oAl AE] F7d (HH 0= S 319HH F
33] AL oIl o™, 2E ZAFLRI 6 144 0] WA E ZAPAE o865t TS WAIZFE ofef] 54

SEERESE
SR 7H )= 2} 0] WS- 2] 0] mafe )5 2] 0] wa A «100

EA 4 2]= SPSS 12.1.1 (IBM, New York, USA)Z ©|-8-5}%] Duncan tFEAAR T} T A4S Sl A2 27t B+
Zrol FolAE Aot al, 2t oA o] A 2= WA 7] et 8RS Bl I 2 TS =

= =2
2 A
oFAIH Aol W S. homoeocarpa®] wHAEZ AA&-2 Fig. 17 2ok, T W5 222k TC A 22+

& Yt o] oA o] 7ol whet o2 A Uebsitt. o] Z3E 550 S. homoeocarpa®] dAME A &3t =
C &5 A ET T S5 A2 +u TC A Aol A S-=stth= A2 &RI6HA AL, S. homoeocarpa™8 WA
A TC @A Ag]oll A A a7t =7 vehd Z1 0= Hol T 837} o Aths AS 458 4= AUk o=
triazole ] “&<F<] propiconazole 2] A| nitrile ] “52FQ] chlorothalonil 2.t} 505 o] vFA] § 717} @-4=5}th=
Chang et al. (2012)2] Ao} G-AFSFATE TS Kim et al. (2004)-2 chlorothalonil 2] B Latof] t$h G- 2l-2 oA
Hlj 2] of| A A=A 0] A 2] 5ol whet o2 A vrephdtial Barste] 2 Ao Axket fAFstSAT
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Fig. 1. Inhibition rate of three fungicides such as tebuconazole (T), chlorothalonil (C), tebuconazole+chlorothalonil
(TC) against 5. homoeocarpa.
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Tebuconazole {2|2FE F20IS x| 0}

Tebuconazole 5214 2] A2|=fo] whE F 2| HMETIH oA FxntErE 2] WA-&2 Table 17} ZTt.
Tebuconazole®] A 2]kl w2 50 HA & A BE A2 5 55 7152 80% o14e] WA a7+
LFERH AT}, Y, tebuconazole 22| T30 WAlE-2 oFAl A2 #o] 472 25%<] T1H o 33
71718 TovE 233k T304 ZH2F 16.7%2} 20.5% 4 Z7151%t}. o] Aule B3] T Aol a0 2 A0}
S YA Al tebuconazole-S WA 2]E otal 3121} tebuconazole= T 5 (2,0008) 3]4 oyof gz & 54 o
% 250 mL m2ZF 0.2 A a)S sl guhA 0 2 EHutEy uh)r) s stk AL el 2 9ot

e

I
J
N, o

Table 1. Control of dollar spot in creeping bentgrass after tebuconazole applied.

Treatment” Application (a.i. mg m?) Control efficacy (%)
Tl 31.25 80.1b"

T2 62.50 93.5a

T3 125.0 96.5a
P-value 0.08

YTreatments were follows. T1 was applied 250 mL m™ tebuconazole solution diluted with tap water, T2 500 mL m>, T3 1,000 mL m? on
creeping bentgrass on May 24, May 31 and June 5 in 2011.
“Means with the same letters within column are not significantly different by Duncan’s multiple range test at P<0.05 level.

Tebuconazole, chlorothalonil % gl 2{2| A| 015 WA =at A4d

Tebuconazole} chlorothalonil ©] 314 4| 2] & 5 ulEH o tisf] 2F 80%2] WAl & vHE YeF A thFig. 2). TC
LA Ao AelgE 710 = T9CE 27 A2 ollE 49 T v= A2l 7= 2F96%2] WA av-& LEfigl
3, C o= AT 70% A =0 A avtE U Qlet o] 2iE Fofl FREE U & TCRHA| 2] A 2lof] 9]
YA &= chlorothalonil 2 TH= tebuconazole @] G&Fo] o & 7102 Ho|H, Fig, 13} H|woto] & wjj Z} 2FA| 9
2 A Ao} -FALE A4S LERY QITh Chang et al. (2012)2 triazoleA] “&2F2] propiconazole©] -7
Al A chlorothalonil H TF <=0}l K alsto] 12 o] Aket AR Kim et al. (2010)-2 ©]of o
3] tebuconazole©] S. homoeocarpa®l TIgH ECsy gto] TFe: AFdA|Sof| H|al @ 2|51 W7| wjiZolatal ¥ 15}t

TCEA Ael7=T o= At vl of, T T A2 oh dnkE1 o A a7 3e4ar, ¢ v A9
o} v we o, BA A §-o3E YERR] 2tttk ESE tebuconazoleX} chlorothalonil©] 23150 Q= TCEA|
] o] T HulEH HHA8-L tebuconazole A 2] 7¢1 T T & 2] qtH o} ZFA S} chlorothalonil 2] & §tef <)ot
A5 Gk E1E 4= glITt Chang et al. (2012)2] Aol A & triazole ] 5-2FQ] propiconazole ¥} nitrile ] 5-2FQ1
chlorothalonil& Z8sto] FAnkEH o] W 2 Hof| A 2|sh= -9 A 2] e of] e A St /dolstA yret
Wt o= A Q1 Zrelof gt o WAl S o) ARSe At A Y] F, AL 814 W A 73k 22 A
v ol whet S, homoeocarpa®] A 2@/ 0] th2 A Uebt 7] wl & © 2 TehElth(Chang etal., 2012; Chang et al.,
2013). T3t tebuconazole-> 3 50| 34 A A=A 2 2] Al Z2]3 HIE T A oA oAt 2] 5 S35 Herd
™, oFg A4 71712 2F 28U A2 e A Qlth(Latin, 2006). HHH O chlorothalonil-S HEA] B9 At A 24 ]
2] Al Z2]g MIET A0 A Y FAo| &= o] o Gy Wb L, Tt 7390 oo A EH, S HnE
ol tiet oF g 2| 7172 oF 14 =2 i A S1tH(Latin, 2006). 551, 2 470114 chlorothalonil 4 2]7-2] 1A
BI7F U AL oFA A2 Al 27 Y o|u] FAnEH o] HAS 1317 whZol| o Eabrt vehbA] 9kekar,

off
H1
o Nk
o
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Lt of| 22 50 2 A o] 2% chlorothalonil &) £410] tebuconazole®] U tebuconazole+chlorothalonil % 2]
:ﬂ-ilﬂr At o 2 wolby] w20 2 of| A=t} TS tebuconazole+chlorothalonil &4 2] 2|2} tebuconazole THE
P R Re) PR E=RE | v 8]—7] %13l chlorothalonil WP B75H(1,500 a.i. mg m?)2] 2F 9% A =2 2|5} 7] wfj&of 5

A @37 A YERG 2 YA HTH Chang et al., 2012; Fig. 2). Chlorothalonil 547 At A 2.4 J)r—’FL} 7
o0 ol a7t FA a] Zjﬁ\_ﬁb_(McDonald et al., 2006), F0]3P4d AtA ol H]5|| ek 2|4 7]|7to] U%
(Latin, 2006), 571 H4A] 5o o = 2 5 7HF 7|7 o] Aof ul= EPAC A= 2|t A=} A E AR
A5kl th(Vincelli and Dixon, 2003). 12 2.2 Ztr] whof| A S HutES+H o] HhA|| ol chlorothalonil S ©]-85}7] H
A= DL AA = AREohs AR R0l Aot E-8oto] dashs Aol UA BE&S
Settle et al. (2011). chlorothalonil & TH=© 2 ] 2]5H= Z 2.t} boscalid S &850 #]2|5H= 79
WAlEo] 72%C14 87%= 5 3etal Hargh vp Qlet. H|S ARG ofA| o] FR-of A 2|2 22T 2
tebuconazole¥} chlorothalonil 5 = ¢FA] &] 9HA] A 2] A] FuFEH WA G= Settle et al. (2011)9] A¥}e} thE
AE eR it whebA] tebuconazole} chlorothalonil ¥ 5 T4 9] 54 utEH B4 a5 H71s17] $5iA]
+ 2t o] A7 2| Aot e B o] mhE p/d o] Aol & UEhd 4= Qlo B g 32 7|37 ThE of 2 A HofA
A2 A7], A2 B A Ao the He Aol B et o= P ETh(Kim et al., 2004).

100 - a*
T vs TC: *
b Cvs TC: NS
~ 80
S b
z
£ 60 A
g
=)
W
= 40
St
=
S
20 A
0
T TC C

Treatments

Fig. 2. Control efficacy of dollar spot caused by 5. homoeocarpawhen three fungicides applied on creeping bentgrass.
Treatments were as follows. T: tebuconazole WP treatment (125.0 a.i. mg m*), TC: tebuconazole+chlorothalonil WP
treatment (125.0 a.i. mg m™2+135.9 a.i. mg m™), C: chlorothalonil WP treatment (135.9 a.i. mg m™). Three fungicides
were applied on creeping bentgrass on May 24, May 31, June 5in 2011.

*Means with the same letters within column are not significantly different by Duncan’s multiple range test at £<0.05 level.

oA 22|t SH0SE YAlEnte| 42ty

OO

At 0] 2 2] ol whE FuhEH A B3-S F7olr] sl 2 Aol A8 tebuconazole, chlorothalonil
9 tebuconazole+chlorothalonildtA| 2] A 2|&F FAutEY WA avete] A AE XA tH(Table 2;

chlorothalonil™} tebuconazole+chlorothalonil&A| 2] A 2]3FFd FHER WA §719] AAm= AAI5HA] &2).
Tebuconazole, chlorothalonil ¥ tebuconazole+chlorothalonil 24 2] oFA| A 2]t - HntE 1 A& L5 4 9]
ATA S JER T, ZH2E y=0.0783¢"7742%, y=0.04586"9% y=6.6094c 390~ 2] é}% TZs19om R Z ES
90% M= g o] mi-¢- =A Lreltth(A ol A yi= oFAl A glol 1, x= FutEs A& H, e= AR
A5 HERdTh. o] A& o]-&5to] ZF A=t A o] SR A&l 80% o1 = ‘/]'E}IHL A 2]+ tebuconazole,
tebuconazole+chlorothalonil 4] 2 chlorothalonil®l 4 Z}2} 29.6 a.i. mg m?, 132.2+142.8 a.i. mg m?, 157.0 a.i. mg
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m> 22 ZAE|Ch ATAS Tl AR kAl AHalskat 7 oFA| o] WA e Blad uf, tebuconazole,
tebuconazole+chlorothalonil A ¥ chlorothalonil-2 ZF2F HAF A 2] 5F2] 23.7%, 105.8%, 10.5-16.7% H L2 e}
St} o] AiEE HIE S 2 tebuconazole, chlorothalonil & 5 2FA| 2] 3HA| A 2] A] &FA| 5142 73 G A 2](250
mL m>)ot = S AR 9] °F 80%E WA & A 43% = Sl S0 YAE Sl TA
(3149 1,000 mL m?)5H= A X ok 74 G4 2314 94 200-300 mL m?)5H= -2 oA @ E2F0] A1R-S Zof
H|-§-0] Zraet g ofl tiet flallda 2L o k= o] QLo 8. homoeocarpaZt OFA| A @/d< oln] E 53t

739 ®AI7F o HTh(Kim et al., 2010)= T2 2801 Qlo B 2 o]of ¥t =5 A7t " et 7o 2 whH)

Table 2. Correlation coefficient and regression formula between application amount of fungicides, the tebuconazole,
chlorothalonil and their mixture, and control efficacy.

Fungicides Regression formula® R? value
Tebuconazole y=0.0783¢"7> 0.8854**
Tebuconazole+chlorothalonil y=0.0458¢"% 0.9996**
Chlorothalonil y=6.6094¢" 5% 0.9052%**

“y and x mean applying amount of fungicides and 80% control efficacy of dollar spot caused by S. homoeocarpa.

O Ok
i |

2 A= A HETH oA EAR FAnEE o G824 WA 2AFSH] 915l tebuconazole
A2 FdntE1 WAlE T tebuconazole} chlorothalonil B 7 oFA| o] @A A2 Al TAuEH WA avtE
7ttt oFA A7) B ot ZATof A tebuconzole} tebuconazole+chlorothalonil $FA+= 98% ©]4+2] S,
homoeocarpa At SA] IS YERH 1T, chlorothalonil= 70% ©]5+2] wtAF 24| S-S LR T}, Tebuconazole
o] Jej3Fd e WAl 9= 31.25, 62.5 9 125 ai. mg m> A 2] ol A BLE 80% o]/ <] WAl &S UEHH
it TebuconazoleX} tebuconazole+chlorothalonil A # 2]+ 80% ©]A4+9] HhA-&-2 YEFHY, chlorothalonil
Al = 2F 70% 2] WAlE-& WeErW Tt At o] A 2&gt FAnEH WA avhe g o] AHiAE vER L
a1, 80% ©]A+e] HHA| § 1= LEHY = tebuconazole, tebuconazole+chlorothalonil 34 ¥ chlorothalonil 2] #] 2] &F
2 7}7}+29.6, 132.2+142.8, & 157.0 a.i. mg m> 2. &2 THE| It

F9ol: F2282Y WAlE, XS, Sclerotinia homoeocarpa, Bl 57 W&
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