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ABSTRACT. This study was conducted to evaluate the selective control of creeping bentgrass invaded in
Kentucky bluegrass by applying several herbicides and recovery of Kentucky bluegrass by sand injection seeding
method. Selective herbicides such as mecoprop, triclopyr-TEA, imazaquin, bentazone and penosulam pyrazosulfuro-
ethyl and non-selective herbicides such as glyphosate, paraquat dichloride and glyphsate ammonium oxyflorfen
were used. Selective suppression of creeping bentgrass in Kentucky bluegrass was evaluated by turf color,
chlorophyll and visual control indexes. Control of creeping bentgrass was most effective with the double dose
application of triclopyr-TEA (2 Tri-T) in the selective herbicides and the 1/5 dose application of glyphosate
ammonium oxyflorfen (1 /5 GAO) in the non-selective herbicides. Visual control indexes by 2 Tri-T in selective
herbicides and 1 /5 GAOin non-selective herbicides were investigated 6.0 and 7.4, respectively. Treated sites were
covered completely in 50 days after seeding Kentucky bluegrass by sand injection method.
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86%5 AA|taL lom, Foj9o]e} BZA® 30%2t 28%
2 =7 YEPtH(Choi et al., 2012a). FZ F=oA
A Rl AE7EFa e 24 Ao HojAl= A
< FA7IZke] Aa, FA3 "ol gdte] A8
FFA L 4= 7] wlEelth (Woo et al., 2007; Chang et
al.,, 2010; Chang and Lee, 2010).

A7 EF e 20 2AHEAH 28t E7} S7kshHA
gt 2ol A7 A2 golstd A Eof
3 YN ETH A= MER F2EA EAVE HFE
3 A THKim and Lee, 2000; Tae, 2005; Hong and Tae,
2013), 53], =27l A AFHET 2] Y

2 oF WP EIA T AE B 2T ]
&L 91%Z D53 WrH(Choi et al., 2012a). Z]Hul
1=

Egiaes Aol deba A29 wjdhs Woj®=e] 3 (Kim
et al,, 2009a, b), AWE 7| EF 22 =9k YFA] 7| H] 26}
of AEA7]0] mE A A7 g ¥ ol |
A&7 wEn, AFEEA R WA S| wEo] A7
o] A#EFE 1 WAL FA o] th(Turgeon, 1999;
Branham et al., 2005).

A7) &7 TG HellA Fxsteo] 7= =223
HEZHAE WAs7] fsiM e s o= AASAY
HI A A 24 Zx F FREFste] 385A7 = As
AAal 2 tH(Dermoeden, 2000). &2 A7 WL Hl&
o] Bol 285y, WF EEAS Fal APWETHE
7} o) wehs A9t Bon, 8184 el dul 7
7R o] 528 WA AR 2A 7 f10] o188 5 8l
At B2 JA7MR = A Z2AQ] dithiopyr(Kim
and Lee, 2000)4} mesotrione(Choi et al., 2012b; Lee,
2012)2F 2o ol A A2 WA 3EAY fenosprop-P-ethyl
7 triclopyrs A 2lste] WAllst= W e] A=A
(Tae, 2005). 2} AHZAZAE o] &strete =23
HE T 27} JAbste] A€ Aol AAH g FHT|

Table 1. Treatment composition of selective herbicides.

EZ2gg27) 3B Edole Be A|7ko] 285 E R Y
35S 53l SEARS B3k Ao] 38tk (Lee, 2012).
2 AFoMes 2 7R AxAE o835t AEIEF

of Axste] I FME T2 WA g9} WA A 2] 3]
B AT E e
ME W
SAME
B AZE 20119 4953 10971 7047 Hd 3o
Aol |8 271072 FZEFHoA 3R FAI
U 22 xA3) Fea I A IzgmeE X

(Pennlinks)9} 78 7] E-F 22 2~(Midnight) 3 32, 25§ ]
Z72b= AE 7| EF 28 2~ (Midnight) EAHE o] &8ttt oF
AAEAFof| AR A ZA = AEGA AR HAZZ2
A A (mecoprop 50%), E ]S =3 ZF o]l o] 44 (triclopyr-
TEA 30%), ©]vFA- Al (imazaquin 20%), I ERE 2 A
(bentazone 40%) B H == e et FENE YAr3HA
(penoxsulam 8%, pyrazosulfuron-ethyl 3%)E ©|-8& 3} 3L,
H A A 2 A= S ZA ) ESRFIA EF 22397
3} Al (glyphosate ammonium 36%, oxyflorfen 2%), =&
A o] E A (glyphosate 41%)2} I}t ET|ZZeto| =)
A (paraquat dichloride 23%)E ©]-8-3}%tHTable 1, 2).

OFX|| M LA &

SRAI A - M A A ©F v 8 A A A4 o] 22
of w2 AP
ok A S AAEA T A7 FHAL 0.25 m*(0.5 mx0.5 m)
o|AaL, M oFA| 9} ool wet GO R HiA| ST

AR A A A A EA E -2 W FLZ 2 N A (mecoprop;

Treatment Herbicides Ratio to recommendation® Application rate Dilution fold
Control Non-herbicide - -
2 MCPP Mecoprop Double dose 1.00 ml m™ 150
2 Tri-T Triclopyr-TEA Double dose 1.00 ml m* 200
Ima ) Single dose 0.40 ml m? 500
Imazaquin 5
2 Ima Double dose 0.80 ml m 250
Ben Single dose 0.40 ml m? 500
Bentazone 2
2 Ben Double dose 0.80 ml m 250
PPE Single dose 0.05 gm™ 2,000
pyrazosulfuronethyl 5
2 PEE Double dose 0.10gm 1,000

“Ratio to recommendation means application rate recommended in Korea crop protection association
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Table 2. Treatment composition of non-selective herbicides.
Treatment Herbicide Ratio to recommendation® Application dose Dilution fold
Control Non-herbicide - - -
1/5Gly 1/5 dose 0.160 ml m™ 150
1/10Gly Glyphosate 1/10 dose 0.080 ml m™ 200
1/20Gly 1/20 dose 0.040 ml m™ 500
1/5Pad 1/5 dose 0.100 ml m™ 250
1/10Pad Paraquat dichloride 1/10 dose 0.050 ml m? 500
1/20Pad 1/20 dose 0.025 ml m? 250
1/5GAO 1/5 dose 0.100 g m™ 2,000
1 /10 GAO Glyphosate ammonium oxyfluorfen 1/10 dose 0.050 g m™ 2,000
1/20 GAO 1/20 dose 0.025 gm™ 1,000

“Ratio to recommendation means application rate recommended in Korea crop protection association.

MCPP)¢} E |22 &3] 2| o| o o] A (triclopyr-TEA; Tri-
T)= A 2AtlA AFA e Al Ze Pl EZg) 20 gt
WAEZR7E YRR ol & AldoA = uje = Xg
3} AL (McCarty et al., 2000), ©] =&} 4 A (imazaquin;
Ima), ME=A A (bentazone; Ben) ¥ dH=ad J224 7
ol € ¢ %34l (penoxsulam  pyrazosulfuron-ethyl; PPE)
£ 77t A wgS A TH(Table 1). BB A A
ZA| A AL - F2] A o] EN A (glyphosate; Gly)<}
g EC ZZ o] =N A (paraquat dichloride; Pad) 2 &
EZA O ELRF A ZF Q=4 4314 (glyphosate
ammonium oxyflorfen; GAO)E A7 A 3] 1/5, 1/10,
12052 ZH2F A2lskiar, A= 25 7HAS = 23] A
3} tH(Table 2).
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Table 3. The changes of turf color index, chlorophyll index and visual turf damage by application of several selective herbicides.

Date ] Treatment™
Item Species”
(M/D) Control 2MCPP 2Tri-T Ima 2Ima Ben 2Ben PPE  2PPE
5/17 CB 6.88a" 6.77a 631b 645b 6.37b 6.75a 6.90a 6.92a  6.93a
Turf color KB 6.78a 6.60a 6.52a  627a  526b  6.56a 6.41a 6.3%9a  6.52a
index . CB 6.88a 6.64a 478 559  552b 6952  6.96a  690a  6.57a
KB 7.06a 6.95a 7.04a 647a  5.00b 693a 6.95a 6.68a  6.87a
5 /17 CB 274ab 232¢d 184e  203cde 195de  243bc 286a 293a  273ab
Chlorophyll KB 335a 251bc 252b  233bc 176c  272ab  256abc  255abc  257abc
index 5 /31 CB 193ab 173b 94c 111c 103¢  203ab 203a 185ab  182ab
KB 225ab 235a 233a 141de 10le  196abc 202abc  16lcd  180cd
5 /17 CB 1.0e 5.0c 8.3a 7.3ab 7.8a 2.8de 2.8de 4.3cd 5.3bc
Visual turf KB 1.0d 3.5¢ 7.5a 7.8a 8.3a 2.0d 3.5¢ 6.3b 5.3b
damage s /31 CB 1.0f 6.0c 7.0b 8.3a 8.8a 1.5ef 2.0e 4.0d 4.8d
KB 1.0g 3.3e 5.5d 8.0b 9.0a 1.8f 3.8¢ 6.8¢c 5.8d

*Treatments were listed in table 1.

YMeans with same letters within row are not significantly different by Duncan's multiple range test 5% level.

“CB: Creeping bentgrass; KB: Kentucky bluegrass

A= 2MCPP, 2Tri-T, Ima, 2Ima, Ben, 2Ben, PPE 2! 2PPE
oA FELAFTF AR, 47 P & ALFHE
)20 A& 2MCPP, 2Tri-T, Ima 2 2ImaclA], AE 7] &
Fa oA = Ima, 2Ima, Ben, 2Ben, PPE 2 2PPE]| 4]
Q24X F7F A tH(Table 3). GE22AGF ZAME 3
2MCPPé} 2Tri-TE A2 o, AE 7| EF e
At AW EINAE Aadoz AT & S A
o7 ZAMESITH

A|ZHA okg - ofell ZAPA R, oHAME 25 A § A
2 E 28 20| A= 2MCPP, 2Tri-T, Ima, 2Ima 2 2PPE
A oA WA G AN, AE 7| EF 2 oA =
2Tri-T, Ima, 2Ima, PPE 2 2PPESA <Fsj7} Uelsith. 4
= A3 T Y E2 2 A= 2MCPP, 2Tri-T, Ima
9 2Imacll A WA 7 AL, AT EF 2 oAM=
2Tri-T, Ima, 2Ima, PPE 2 2PPEo|A] oFall 7} 24l 514)
(Table 3). A1ZH8 F4HE T3t ofa - okl ZAME 3}, 2MCPP
o 2Tri-TE A& wf, A7 EF L7l S g
AYPHNETHEE deHog AT F IS Ao
A A

559 AZAZAE A2 & GUATF, GELATF 2
A1 ZFA ok g - S| 2AME 5T w, Imazaquin(Ima, 2Ima)
< A7l e ag 2ol tigk ksl 7F 4§ 3(Tae, 2005),
Ben, 2Ben, PPE ¥ 2PPE+= WA @37} YERIA] &kttt
HhH o] 2MCPPS} 2Tri-TE Z| W E 2] 20 thst @A)
a7t AR HNL, AT EF L2 el = Faslvt

HQom, o] FoA WAl &I} 53 A EA 2Tri-T
= Aot

HIMEIN M= & ofd MU AIE

QAR ZAMA Y, SHAIAE § 2 A3} Al AW
Egfizo e B AFeA GAAGF7E sk,
22 Z)A4 1/5Gly, 1/10Gly, 1/5Pad 2 1/5GAO0X 2] 7-2]
AZF7F 6.00 olsks YERN ST, 7] EF 220
A& 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad, 1/10Pad, 1/20Pad
2 1/5GAO0NA thETFHET Yol okl & YER AT
(Table 4). SFAIGE £ 45 A3} A IFNE T 20
A& 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad, 1/10Pad, 1/5GAO
2 1/10GAOH ol 6.00 ©]&tS Ltehfio] g s ®
R, A7 EFa2g =M 1/5Gly, 1/10Gly, 1/20Gly,
1/5Pad, 1/10Pad, 1/20Pad & 1/5GAO°IA <FsilS veR)
Ak FAAF F2AA 3 1/10Gly, 1/5GA0 E 1/10GAO
o] A& T A FHET 20| MaH A7} 7k
g o8 ZAMEAT

SR ZE & 25 A Al ABWMEIY oAM= BE
Aol FEAEAF7F B2, 2 FolA 1/5Gly,
1/10Gly, 1/5Pad 3 1/5GAO A &]Fol|A 150 o]etE e}
o] tzrro) oF 45%0]/ Aaston, e &
aef 2o A& 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad, 1/10Pad,
1/20Pad 2 1/5GAO0%A 2F3|E YERH A TH(Table 4). <F
AL T 45 73 Al 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad,
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Table 4. The changes of turf color index, chlorophyll index and visual turf damage by application of several non-selective

herbicides.
Item Date Treatment™
(M/D) Species”
Control 1/5Gly 1/10 Gly 1/20 Gly 1/5Pad 1/10 Pad 1/20 Pad 1/5 GAO 1/10 GAO 1/20 GAO
5/17 CB 6.88a° 2.64e  522c¢ 6.13abc 5.73abc 6.03bc  6.49ab  3.79d  6.19abc  6.55ab
Tlirf KB 6.78a 6.13abc  6.32a 6.12abc  5.0lc  5.04bc  6.19ab 6.14abc  6.45a 6.67a
color
index CB 6.88a 0.00c 0.76d 5.76ab 1.54c 3.32b 6.02a  0.52c  5.65ab 6.58a
5/31
KB 7.06a 4.36cd 6.04ab 6.51ab  3.18d 5.09bc 6.59ab 5.72abc  6.79a 7.08a
5/17 CB 274a° 108¢  143cde 179bc  175bc  190bc  209b  122de  168bcd 211b
Chlorophyll KB 335a  214bc  214bc  226bc  185c  208bc  235bc  233bc  262abc  277ab
index 5731 CB 193a 73c 76¢ 116b 78c 83bc 161c 70c 104bc 158a
KB 225a  90de  110de  126cd  8le  102de 159bc  114de 168b 220a
s/17 CB 1.0f 8.5a 7.3b 6.8b  3.8cd 2.8de 2.3e 9.0a 6.3b 4.5¢
Vtilslugl KB 1.0g 83ab 78b 55cd  90a  60c  38¢  4.8de 2.5f 1.8fg
r
damage 5731 CB 1.0g 8.5a 8.5a 5.8b 7.5a 4.5¢ 2.8de 7.8a 3.8cd 2.0ef
KB 1.0g 8.8a 6.5bc 4.0e 9.0a 7.5b 5.0de 5.8cd 2.8f 1.8fg

*Treatments were listed in table 2.

YMeans with same letters within row are not significantly different by Duncan’s multiple range test 5% level.

“CB: Creeping bentgrass; KB: Kentucky bluegrass

1/10Pad, 1/5GAO 2 1/10GAO 2] ol A Zz]d Wl E 1)
29 JEALAFT PYRTRTE 40% o) FHistgen,
A7) &-Fag] 20l & 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad,
1/10Pad, 1/20Pad % 1/5GAO *&E°] FslE 2tk 4
Z2224 AT} 1/10Gly, 1/5GAO, 1/10GA0S] ] A
A PNET ] A9 PA7} 7FsE A o= ZAREI

A2V okg - ofsll ZAMA R, SHA|AE & 25 A A
BE Ao I PHE 2] A ER T AN
U 2 FolA 1/5Gly, 1/10Gly, 1/20G 1/5GAO % 1/
10GAON A AP E 2~ A Gt -3 2m,
A FollA AE 7| EF2ef 2ol oFal 7t HAY s L
o, 22 Zo) 4 1/5Gly, 1/10Gly, 1/20Gly, 1/5Pad, 1/10Pad
1/20Padel| A ksl 7} o] WAl 51 Th(Table 4). kA4
3 43 73 A11/5Gly, 1/10Gly, 1/20Gly, 1/5Pad, 1/
10Pad, 1/5GAO # 1/10GAO A&7 =z EWlE 1)
29 A&7t veigew, A8 7| 8528 2= 1/5Gly,
1/10Gly, 1/20Gly, 1/5Pad Z1/5GAONA <Fsl & R A Th
A FAE Fe ofa - el =AM HA 1/10Gly, 1/
20Gly % 1/5GA0¢] Ael7} AP ETef 28] Ae
WA AHE-7hs §F A o® ZAMEUTH

359 HAGAAZAIE A & GUAF, GELAT
92 A A ok g - ofdl] AN F3E W, 1/10Gly, 1/5GAO
4 1/10GAO= A FHME T 20l djgt WAl a7t Q)
3, A7 EFa 2o disixe= szt At v
AAZA FolA AE7|EF 2 2olA a7t A, A

=y
2=

%2

P E 20 WA EHTE $7e A= 1/10Glyet
1/5GAOZ H]|S:3 kg5 Vehlilon, 5 2320
g 713 Al E 1/5GA0S FF Aot

M ool

AlE
A ML S Fall A AR ZA 2Tri-T<F Y]
A AZA 1/5GA0E A2l T 20¢ A3 F Al7HH
kg ZAMAF, 2Tri-T2F 1/5GAO A& +& 242} 6.03 7.4
2 A E Y] AT EF 2y B A EHED
g 2ol gt WA AE UERH A TH(Table 5). 1/5GAO0=
2Tri-THE T WA 7 5t ou Flojdoldl g 7]

23t

Table 5. The visual suppression effect of creeping bentgrass in
Kentucky bluegrass field by application of 2 Tri-T and 1/ 10
GAO.

Visual suppression index (1~9)

Treatment®
1 DAT 15 DAT 20 DAT
Control 1.0 b* 12¢ 1.1c
2 Tri-T 1.3 ab 40b 6.0b
1/5GAO 1.8a 53a 74a

*Treatments were as follows. Control: non-herbicide; 2 Tri-T: triclopyr-
TEA double dose; 1/5 GAO: glyphosate ammonium oxyfluorfen
recommended 1/5 dose. Recommended dose of herbicides was
application rate recommended in Korea crop protection association.

"Day after treatment.

“Means with same letters within column are not significantly different
by Duncan’s multiple range test 5% level.
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Table 6. The change of coverage rate of Kentucky bluegrass
after sand injection seeding in the plot treated 2 Tri-T and 1/
5 Gao.

Coverage rate (%o)*

Treatment™
1 DASY 30 DAS 50 DAS
Control 97 a* 99 a 100 a
2 Tri-T 31b 73b 98 a
1/5GAO 15¢ 68 c 9a

“Treatments were as follows. Control: non-herbicide; 2 Tri-T: triclopyr-
TEA double dose; 1/5 GAO: glyphosate ammonium oxyfluorfen
recommended 1/5 dose. Recommended dose of herbicides was
application rate recommended in Korea crop protection association.

*Coverage rate was rate occupied by turfgrasses such as Kentucky
bluegrass or creeping bentgrass in plot.

"Day after seeding of Kentucky bluegrass by sand injection.

“Means with same letters within column are not significantly different
by Duncan’s multiple range test 5% level.

A 2ho] e 2ol ek s
sttt

e 29} w7 EoE9

=
T )=
Hol 35 HeAFo] I8

et

YN e 55 AIE
A ofAo] o] g AP E g A7} WA
A 7E Abete] WA A v A EE
Ei A7 B F2R =@ 30 gm?)S A=
How wEst § I EAY S AT oA
oﬂt 2Tir-T9 12GAO = ¢F 30%2F 15% =2
Fag 7t dol A, FATE F oF 30¢ 0]
Fl TOHL T AT BT 70% = dEEe] dner,
50 A Fol= ot Hssd IJ5-E&S B ATH(Table
6). Lee(2012)= 9% & AE 7| EFad2e] fEgar}t
UERA] 2AThL st o) o] 2 Aot g A=l
A Mo] opd TlulE(over seeding)S A ste] wolgo] 7+
A3, Aol & FEFE B FHEHAVE Bt T
W ol AE 7] EF e =0t 7*3‘011*% SZHEA7] BES
2 AeEnh AR daize|rt W T E Blukgol
U interseeding®l] 2]3 Zt]7} J-LX‘HE]"E—: H]-&-2 20% W]
2 HlwA w2 Holth(Jung et al, 2010).

rulO )

A

2

05 (o,
rji R N

o T X b 12
Mo oy o > rlo

o ok
AL =

B A= AT|E2 g2 o) ng APHE
N WA S8t AxAE Adsta, 2 I8 A
Aol AH7)EF2H 2 *H‘:"V—]’q#—hoﬂ o3k 35w
e JHEstr] flE R E Ak A I o o] &
A ZA = W ZEZZZAA (mecoprop; MCPP), EB|EZ 2

3] 2 ] o] o) o] A A (triclopyr-TEA; Tri-T), ©]wFA}F o = ]
(imazaquin; Ima), Wl E}EH A (bentazone; Ben) ¥ o =

Ak 72N E 23 (penoxsulam pyrazosulfuron-
ethyl; PPE)9} 22 Al A 24| 9 F2] XA ] EA

(glyphosate; Gly), &+ ET]Z 22| = A (paraquat
dichloride; Pad) 2 S XA EURF SA|ZF L2

44314 (glyphosate ammonium oxyflorfen; GAO)2} 7
HIME A A S o] &staith. QAT FELAF B
WA &35 Fal AN EZ 2] Ao &AL
AR GAZA = Tri-T MZFQTri-T)A 2ol o, B]A =g
A Z2A FAME GAO 1/5%(1/5GA0)°] -3ttt =
M ETY 27 HYg A7) EF 222 27F0A 2Tri-

=

TS 1/5GA08] WA E = 22t 6.0} 742 $-F33dth
WAA Ao AB 7 EF2H S ‘”Co]x—ﬂ*ﬂg ESH oF
T oF 30U FollE oF 7083% AEe] VEE&S BT,
502 Folle iz} Hlszsil Q%Q At

FQ04: F=PHE T2, Glyphosate ammonium oxyflorfen
(GAO), AH 7| &F 222, MEJNAMA 35, Triclopyr-TEA
(Tri-T)
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