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Abstract

This study was conducted to evaluate synergy effects of non-ionic surfactant on control
of large patch diseases caused by Rhizoctonia solani AG 2-2 (IV) on zoysiagrass with
tebuconazole. After applied with surfactant and tebuconazole, control efficacy of large
patch in the pot and plot tests was 47.8-52.9% and 94.5-98.8%, respectively. Compared to T
treatment, the effects of T+K, T+1/2K, and 1/2T+K treatments on large patch control were not
significantly different. These result indicated that the application of tebuconazole fungicide
in zoysiagrass was still valid in the control of large patch disease, and the non-ionic surfactant
was useful in maintaining the similar disease control effect even with the reduced fungicide
application.

Key word: Control efficacy, Large patch, Non-ionic surfactant, Tebuconazole,
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Mo

Rhizoctonia spp.= $r=-%tt](Zoysia japonica)Oll 4| 2to|SEYoluEY, FE2QlntE 8y (B o}
1), 4 glo|ZEYoIInEE Ao 7| = AlER Yol Th(Shim et al,, 1994). 1 FoA =
Rhizoctonia solani AG 2-2 (IV)Z Sr=ZIT]of|A] glo] S EUolER S U 07|+ Al ZH Yetol
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o, 2 7] o] ZHZolut thF ol AAISHHKim et al., 2015; Ryu et al., 2014). 7 ZHt]= @ 250k 5 SLojjA] AY
SoHA Hn, EGH ol LAE= A9 A& 0 & Ho] dAYsto] zht] o] A3t A8-2 ZHAAIZITKShim and Kim,
1995). Ul A 2to] S EYotrtER2 543t 7He- ol 52 /85 (Shim and Kim, 1995), Z3A14& &3t EYF &
74 7N L A-EE A 0] AR E Fof A H ThKim etal,, 2010; Kim et al., 2019).

Al g0 9Z Bl AAIE Aok 79 o] ShHEC S A 2jsh= Zo] 4ol AT ZxAe] I =

o 7} Y1, Tho| M A T W 7} o} ol o] HiHoj] ok S 2|2|5l= 70| o] THARN et al, 1992). TE3F Zhrjof] HHAY3}
+ Heo] F2 THFol MAlSh= 97 Hot At Al E O A 2ok AR T B 2] oto] WA S HKIm
etal, 2018). 2to] S EYomIEH HHAo]] ARE &= T2 o] e H oA = Aol 33/4d okd 24 Hie) 2 S5k o] 23
= 5ol AFRE OIEEM HE240 2= 39S 60 54571 = St (Benelli et al, 2018). 12| 2= 2] HEjo|A &
oFe] 345 FXAZ|L R E FRIATIH, okg A& aatE FXIA717] oA 22 Aot @A AHE/dAlE
AFgsta Atk Yuetal, 2002)

AHE A= 52k 8-ofo] 9lo] mHof| HA F2hw]of YA H A A sh= 5704, H2H4H sefo] E2]2] Q]lof| oJsf
AAEZ] EE & Sk &, 2|3 FAAeE 12| o] g FAl ol S8k A % ZESHCHYu etal., 2002).
A A= A= o] FEIEZS5-S Foto] 52k o ME 8ikE 7ok Ao & LA QThYu et al,, 2002).
o] glojl & ] ol A= EqFo] E]7 H= 8F5HA Q1 ujEoll 528} F] x| gko} x| -46H 2gst o] Agk
(localized dry spot)= WAI5H7] I8l AFESFAL ATHAhn etal., 1992).

Lee and Lee (1995)= tebuconazole®| SH=-7tt]of] EAYst 2to] S E L otntS 1 o] WA 37} -4s5thal B sioich
Tebuconazole> E2|o}EA] 52F0 2 A 2lo] S EYoltEH, F=E<ntEH, elo| S EYollntEH, 5404, T4
1 ) of] AR&-|= AkFA| o] ™ (Kim et al., 2010; Kim et al., 2018), FAH] sterol Y S 2 A5Ho] A8 o A)|5h= Atk
ol H & AEA|ITHZam et al., 2003). Z 543 A4 Q1 tebuconazoleS X 5. AFtA| 9l chlorothalonil . TF 79U 34~ 2
of|zof 2Jgt £4lo] A7) o) hr]e] ¥ WAof| A 71 ekg A& 7|17+ LJrEME}(Lau'n 2006). Yu et al. (2002)-2 A
A7} Al Bl H T AtA| Q] S5 EX15to] WA &3t 2l oFg A4 7|7HS S7HAIZIThL B askQich &=
3 52ko] f a2 Hl o] 2/d& UEh7| wiZell oA §4d& PdA o= {4517 HﬁH H]o]-2/d AHEIAE 5
2 ARESHA "ok 2 A Utk (Yu et al, 2002). WA £ A3 tebuconazole™} H] 0] 24 AAZAIAIE 225t &
o|ZE oS HHA| 3tE FAFSI O H, A 2 H|o| 24 AlHedA|e] a3tE H7skgich

Mgzt S SAME
2 A= 20131 10956 20148 947HA] 127112 59 Thad g Al 2412 tigAtol<d i% go] 2ot HAt
T-& AN YT SA] WH= 19979 A= o] oF 171 33F 2 ZollM B EXY (Z. japonica)S: ©1-8-5F

St 3A| kA= Rhizoctonia spp. WAl AFE-E= AAAQI Eﬂ BIAUVE wxil(teubuconazole EC [T], FarmHannong Co.,
Seoul, Korea)2} limonene Q. Z & F&3F A H]o]2/d ATHE/JA| (non-ionic surfactant [K; ™KICK], Compo Expert
Co., Krefeld, Germany)S- AF8-51ATH SA| Y2 5EXS% 5H 0| Y223 (Korean Agricultural Culture Collection,
KACC)elIA £ ke glo] ZE L O}D}%‘%‘ Z(Rhizoctonia solani AG2-2 [IV])E AH&3FITE SA EY-2 USGATHE
of| A3tet Hel| Y& 2= Bl E ZE AlFo] o] &5, Al A oM = 2 24 Al o 8T HeflE T A

Eqfo o] g3lgirt

o

l‘:lJ rﬁr
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TEANY

A B E AF-E ZE (diameter 15 cm, depth 15 cm)°l] 338 & S5E2 E0HISH] ARESHITE HiEAfo] A A
S0 2o A 23 S & 5 om 20| 2 AT § A& EEof| o] AlSint JTj7 A X E A 4
A dF2EHE 25}93«‘1}. A 5 AE= 5l potato dextrose agar (PDA)N B YFotL, Bl JE ot Bl g 2 st
Foto] 300 gm?e] YO = B ESIQI L, Frg st H]'d 2 WA ofo] T 7|5 27} 80% ©) /) & =5 st
7= tiZ+(control; no fertilizer), tebuconazole 2] 2]7X(T; 0.125 ai. T g m?) & tebuconazole™} H| 0|2/ AFHEJA]|

S A2 THT+K, 0.125 ai. T g m™H0.25 K g m T+1/2K, 0.125 ai. T g m™+0.125 K g m?; 12T+K, 0.063 ai. T gm>H025K g
2 2kt

A ZE O] F7]+= 1/6000 a1, A F T Bl %] = 2P ] i X 3RHE) O 2 Hl X6}t At A2} vl o] 2/ AlHE
‘A= 2 At Aol Foto] R ER fJ 5t & oFA 8] A 9] L m?)E Y277 (Trigger sprayer 700, Apollo
Industrial Co., Siheung, Korea)S ©]-8-5}0] 21251 1L, oAl 9] X 2]+ 38](6/19, 6/26 2 7/3) AAISHATE Al 717 5
Z7PEYoIA] e & 552 0|85t %Hﬁ}&’it}

Ok 2]2] & szt o] ] EA T} HHAl&-S AT X E2-2 National Turfgrass Evaluation Program (NTEP)
o] 7} ¥hrH o] Z5}od (1=worst, 9=best and 6=acceptable) 43](6/19, 6/26, 7/3, 7/10) ZAFSFA I, B WA 8-S X|& k]| 2 2]
2] 15 2o 13] AP

r:ol'

E

0]1

]_

38

ol

AIFIZAFS 90144 E-dof| glo]ZELofnt2H o] Ehlslo] 3]E.5|9] O L} HHF 52 0] Yo} 9l 2|9
1, 7+ xj2) o] B S u|g-0] 50%7} E| &2 2] 2 A A THKim etal., 2019).

ﬂOIEELJOPUPE—Hé A S
T iR = F R 02 SIRlt A2 FHE oAl X P)s AFEF7 1S ol-8sto] ZEAIY T FUsHA sk

aL, oFAe] A= %._ 26%, 99 2% 9 99 9of 35] AAJEIRL

M| 2 2] & gh=zir] o 2he] FA A 9 wiAlE-2 22} 43](8/26, 912, 909, 9/16)2} 13](9/16)01 ZAYS}o] ofsl 4 ok
= 57151 9tHRDA, 2010). 22} 74 2lo|ZE L olul2 1 o] WA &-& AJ3] L] x]a)7Lo] BhYat alo]ZEL]ohn}
10l IR mAle S7sto] T WA S AR S of2f| A2 o] sto] 2lo|ZEUohEH Al &S s

2

3]
Eh

2to| ZE oS AIE (Yo)(1-21 2] 7-2] T 1A & Pt/ =0 'EH HAlE W) X 100 ey

SRy

=

S71%2]+= SPSS (ver. 12.1.1, IBM, New York, USA)& ©]-8-5F] Duncan th&-7 42 58l A 2] 7+ Batgke] fjaks
A3tk

At
TE AY

R solani AG2:2 (IV)2 HE3}0] efo]SEUofutg o] Mgt EEo| ulo| ey ARTHAS} e IE FA1S
XIS 5 BT 4% M B 915 A2 BAL ZARICHTable 1), AE A RS FYL 5357
2 74 fox7} ket ofot Aol A slgict. i et vl g u, THk A2l o) A2 72 Ht e
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Zrt) o] 7kA1 A EZ o] EA| Uestth oA 33] 212] & 74 10Y ZAPOIA] 2FA 22|52 ] EAL txFEoH 7
O] o] =%, T+K, T+12K E 12T+K A 2|52 T2 A4 32217 UA] kot AlaE/d ) K] x{2]of o5t of
3f|(phytotoxicity)y= 23514 G4t

Al Ao} v]o| 2/ AHEIAE 33] 22| & 2k A2l AlES ZARISITHFig. 1). AlE 5 § AdA|9t 1] o]
273 AlAE/gA] 220l oot Z-A | W WAl T, THK, T+1/2K B 12T+K *] 2] 7ol A 22} 49.3,49.3,47.8, 52.9%
2] Lreio] oF 50%2] JHAl &1hE eI ITHFig. 1). T #2]-tet Bl e off, T+K, T+12K % 12T+K 2] 2] 7o) ¥l &
> SAH R fo)AQl xto|E UEFUA] 9ttt A3 Aol A] tebuconazole #] 2] 2to] £ EolrkER] WAl|of A
A el e WA g et 45t A a0 S UERAS U ALEE HAA) AHE A 2 At A S S-8-5to] A El
She A BIRTUS 130 50% 22 H12T+HK)IA BRI US 345 2] Lo} SAFe 2w 4y B8-S
R

i

rl

t
r

Table 1. Visual quality of zoysiagrass inoculated with R. solani AG2-2 (IV) after applying surfactant
and tebuconazole.

Visual quality (1: low-9: high)

Treatments®
Jun 19 Jun 26 Jul 3 Jul 10
Control 5.3a 5.8b 6.3b 6.4b
T 5.3a 6.0ab 6.7a 6.8a
T+K 5.7a 6.3a 7.0a 7.0a
T+1/2K 5.7a 6.2ab 6.8a 7.0a
12T+K 5.5a 5.9ab 6.4ab 6.6a

* Treatments were as follows. Control: non-application, tebuconazole (T; 0.125 ai. T g m?), and mixture treatments of non-
ionic surfactant (K) and tebuconazole (T+K, 0.125 ai. T g m*+0.25 K g m? T+1/2K, 0.125 ai. T g m™0.125 K g m? 1/2T+K,
0.063 ai. T g m*0.25 K g m?). Tebuconazole and mixtures of tebuconazole and non-ionic surfactant were applied three
times on June 19, June 26, and July 3.

a, b: Means with the same letters within a column are not significantly different by Duncan’s multiple range test at P<0.05
level.

100.0
52.9a
80.0
&
1 493a 49.3a 47.8a
g 60.0
9
&
(]
S 40.0
B
e
S)
Q
20.0
0.0
T T+1/2K 12T+K

Treatments

Fig. 1. Control efficacy of large patch in zoysiagrass after applied with non-ionic surfactant or tebuconazole. Error bars
indicates standard deviation and different letters indicates significant different at P<0.05 level according to Duncan’
s multiple range test. Large patch was investigated on July 10. Treatments were as follows. Control: Non-application,
tebuconazole (T; 0.125 a.i. T g m?), and mixture treatments of non-ionic surfactant (K) and tebuconazole (T+K, 0.125 a.i.
T g m20.25 K g m? T+1/2K, 0.125 a.i. T g m>+0.125 K g m?; 1/2T+K, 0.063 a.i. T g m?+0.25 K g m?). Tebuconazole and
mixtures of tebuconazole and non-ionic surfactant were applied three times on June 19, June 26, and July 3.
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ZZ A

2to|ZEolu}S o] ¥ sh=tzie] 27go] H]o| 4] AlHEAI et R IUZE 5A2] 2]g]oj o5t sh=ztt] o]
50] HekE Hrlelr] flal A4 F2S ZAIAtTable 2). AIF A S]] FL2 70712 A4 {92t
7FUERA] ot Aol A3tetedct. iz 7ot v w gt LLH T, T+K, T+12K 9 12T+K 2] 2|52 oFA 2] 7 A &
HE] o] 7kA1A EZ o] =9kt oFA 33 2E] 3 9 162 ZAlIA ofA A el 5e] 2] F4-2 tR L E I 3
0] =UA, T+K, TH/2K Z 12T+ A2 752 19 %74] 2] foJ 2} L] kot AlHE/dA| Ko A 2ol o5t Zh]
o] oFsfji=HHAgstA] ekttt

ArgtA| 2t B0l 24 AHE/IAIE 33 A 2] & gh=zir] Age] 7k A el WAl &S AN ChFg. 2). AlE =5
T el AdA|e} vlo] 2] AlHE/dAe] Mol o]gth eto] S E U oputER WAIES T, T+K, T+1/2K E 12T+K
2] FLof| A 247} 94.5,98.8,97.0, 97.0%4] LFEFN O] 2F 95% oo WA S 3HE LFER QAT T X 2] 7+t v w s uff, T+K,
T+12K 2 12T+K 2| 7-2] HAl &2 A2 02 324l o] & Lepfz] okttt o] S Sl AlHE/dA|et altA]
E £835to] A2lohs 4 IR IUE %] 50% x| TolA HIR IS 2 A2 tet gARE gto] S E Yo}
ohS g WA g3 Lehd i

Table 2. Visual quality of large patch in zoysiagrass caused by R. solani AG2-2 (IV) after applying
surfactant and tebuconazole.

Visual quality (1: low-9: high)

Treatments”
Aug. 26 Sep. 2 Sep. 9 Sep. 16
Control 7.0a 6.9b 6.8b 6.5b
T 7.0a 7.2a 7.1a 6.7a
T+K 7.0a 7.1a 7.1a 6.8a
T+1/2K 7.1a 7.1a 7.0a 6.8a
1/2T+K 7.1a 7.1a 7.1a 6.8a

* Treatments were as follows. Control: Non-application, tebuconazole (T; 0.125 ai. T g m?), and mixture treatments of
non-onic surfactant (K) and tebuconazole (T+K, 0.125 ai. T g m*0.25 K g m? T+1/2K, 0.125 ai. T g m*0.125 K g m?
1/2T+K, 0.063 ai. T g m*0.25 K g m?). Tebuconazole and mixtures of tebuconazole and non-ionic surfactant were
applied three times on August 26, September 2, and September 9.

a, b: Means with the same letters within a column are not significantly different by Duncan’s multiple range test at P<0.05

level.
97.0 97.0a
100.0 95.5a o882 2
g 80.0
>
%é
S 60.0
&=
o
£ 400
=
o
O
20.0
0.0
T+1/2K 12T+K
Treatments

Fig. 2. Control efficacy of large patch in zoysiagrass plot after applied with non-ionic surfactant or tebuconazole. Error bars
indicates standard deviation and different letters indicates significant different at P<0.05 level according to Duncan’s multiple
range test. Large patch was investigate on July 10. Treatments were as follows. Control: Non-application, tebuconazole (T;
0.125 a.i. T g m?), and mixture treatments of non-ionic surfactant (K) and tebuconazole (T+K, 0.125 a.i. T g m2+0.25 K g m?,
T+1/2K,0.125 a.i. T g m20.125 K g m? 1/2T+K, 0.063 a.i. T g m+0.25 K g m?). Tebuconazole and mixtures of tebuconazole
and non-ionic surfactant were applied three times on August 26, September 2, and September 9.
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/3 28713 Ag/d 28718 280 Qe SRR B A &8, AL B8 7HEEE A1 5o o
™(Choi et al., 2004), 371 =2F0] A3 3lo] 0]- &5+ QT Watanabe, 1982). AHEI A= 2]
= UERA] QAR sekke] d= 2-gof| ofsl WA &1HE AFSA17 1M (Yu et al, 2002), £/ e}
A, v]o] 243, AHEJA| 9 ol 2/d AHE A 50 & 53 (Tomlinson and Faithfull, 1980). 4+
Ao 749 Al &g datoll o At E S LU AIRH(Choi et al., 2004), Phytophthora parasitica®] A| 3220 27 =L
A} A 7]0f| At & 1HE LreRU] o] (Stanghellini and Tomlinson, 1987) AFa 4| 4] AR&5}7]0fl= AR HHof| ih-o-
EPHATHChoi et al., 2004).

Hsie] Al AR A= k) SRR 2 A ko] B2t 2|44 g, T, 0|3 5ol 9= o] 52 e
ZIAIZITHYu et al., 2002). Tebuconazole®}t -2 Ao si/Ad AtAl|7} eka s Uehl 7] Qlsial= Al 249 Zd=t
B2 54, Y2 S5 B Y F9l= o] 5otofof SR 2 o7} 45 = & ZH7HA] o] EstojoF gt
ChBenelli et al., 2018). TH2}A] tebuconazole®| SHa2tT]of| A 2lo| S E L otnl5H WA §3HS 0|7 YJsiAl= AlHE:
A E -8 2 U 2AlQ) o] 5t TS 7 Adshe Zlo] E 2 5ITHAn etal,, 1992; Lee and Lee, 1995). 2Ho] S EY
ofntEH-2 EYH Y2 R. solani AG 22 (IV)7} EYll 2890+ Sttt o] AARE7|E 7P AIAH W5 ] mEol
AJ5H74 9 TH 9] 7]50] ostE| 11, soko] Hie] Tt AISH A 4= QU whehbA o] Q1S Folf I REEH EE she
70| oot AU A| ] 280 & Foko] oka 5 FXAIA 4= ATh(Yuetal., 2002).

A A (synergist) ZA1 2] Al A Hejaah= oFg - oFsf) A|H-S Fofl o] F A2l QITHBaur et al., 1999; Yu et al,,
2002). 2 Aol A = AHE/J A2} tebuconazole S £-83F OFR - sl Alol| A AHEJA| Q] 220l &Jgt o=
EFLEA] 924 ThH(Table 1 and Table 2).

Kim et al. (20182 5-XuHEH Ao A] tebuconazole®] #2]Foll whet A& }7F ZhAadhctn B nakgla, A8
ol A tebuconazole®] #{2|7fol| & 2to] S EYokatEH W0l Zto] & eItk Ata BlAA)). 22 &2 A+
oM AL/ £& A2 A] 12T+K A&7 T X 2712t FARS 2to| S EUottEH BHA| a2HE Urehigict
(Fig. 1 and Fig. 2). T3}, I E AJ&ol|A] okA) 13] 2]2] & T+ 2] L] elo| 2 Eyolnl2H] B 8-2 T2 B} £
£EA AL, TH2K A2 7= TA g et EAIA felxbe UehdA] EUATHARE BAIA)). wehA] tebuconazoles: ©]-8-3F
shizit] ] gho| S EYolutE s WA Al AlHEA A Q] A 2]of w2 5 aatE et A0 & Bl o] = AHg
8] X 2|7} tiF ol A 2R S ZHAAIA 22 o] 5= &-0|(Dekker et al., 2005)5HA] T i of 2t 52ke] 3
EE 7hM(Yuetal, 2002y FHAZ 2-8517] w202 HhEth 5 AHE/IA S 53t AltA o] 2to]EE L ofnt
S A S artet 1 ¢clof tidt Bt Art Hesh A o 2 A7HE L

39

A
o

o
=
fol

rlr

—

o 2 ok

g ox ro
%
m 0
%

)

o M
ox.

[o}

ox,
i
%

2
(RIS
o
oE

=
olN

ol
2 A= tebuconazole™} | 0|2/ AAZ/IAE A 2J5t & gfo|S EYolEH WAl RukE ZAbsto] P A= B
o] 2/ A& dA|e] G35 Wrlstgich 2ol A AlHE g} AdAl o] &8 2 e]o] ofaf h=zir]e] 2] &
AL iz Ho B F7koto] AHEdA 2 2fol of gk oFsl= HAgskA] ottt fo] S E YohlER o] WAl &2 i
E A&} 23 Aol A ZF2F 47.8-52.9%31) 94.5-98.8% = LEFUIITL, T+K, T+12K 2 12T+K %] 2] 7= T3] 2] 7ot
SAHCZ §o ARl ato| & YEFA] gttt o] 5 ATHE ot ), BRI UEC] X 2] gfo] S E Lotk e] |
Aol f-&stthe AS YR, vl o] 2] AU/ Aok E3oto] ARg-oh= 742 50% Thasl ARatAl| %] 2]oll = H]%:
oA 81+ UEtio] 2ht el Hejol -8 210 & |t Tk
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