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Abstract 1.5N+0.6GA; (1.5N a.i. g/m*+GA; 0.6 a.i. mg/m*/200

mL), 1.5N+1.2GA; (1.5N a.i. g/m*+GA; 1.2 a.i. mg/m?/
200 mL), and 1.5N+2.4GA; (1.5N a.i. g/m*+GA; 2.4 a.i.
mg/m?/200 mL). Compared to the NFG, turf color index
chlorophyll content was not significantly different (p<
0.05). However, shoot length in 1.2GA;, 2.4GA;, 1.5N+
0.3GA;, 1.5N+0.6GA;3, 1.5N+1.2GA;3, and 1.5N+2.4GA;
treatments increased by 0.8%, 10.6%, 5.15%, 8.3%, 13.5
%, and 21.6%, respectively, compared to the control. As
compared to the control, clipping yield in 1.5N+1.2GA;
and 1.5N+2.4GA; treatments increased by 7.1% and 14.3
%, respectively. These results indicated that GA; applica-
tion increased shoot length, with the 1.2GA; treatment

This study evaluated the effects of gibberellic acid (GA3)
on the growth and quality of creeping bentgrass (4grostis
palustris Huds.). Experimental treatments included a No
application of fertilizer and GA; (NFG) Control [3 N ac-
tive ingredient (a.i.) g/m°], 0.3GA; (GA; 0.3 a.i. mg/m*/
200 mL), 0.6GA; (GAs 0.6 a.i. mg/m*/200 mL), 1.2GAs3
(GA; 1.2 a.i. mg/m2/200 mL), and 2.4GA; (GA5 2.4 a.i.
mg/m?/200 mL). Additionally, the study included a 1.5N
+GA; experiment with similar GA; treatments combined
with 1.5N a.i. g/m* NFG, Control (3N a.i. g/m?), 1.5N+
0.3GA; (1.5N a.i. g/m*+GA; 0.3 a.i. mg/m?*/200 mL),

"These authors contributed equally to this work. showing shoot length similar to the control (3N a.i. g /m?).
* Corresponding author: Young-Sun Kim
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(Table 1). 3-A] H]E& 53] 5 (compound fertilizer, CF,
N-P,05-K;0=21-17-17, Namhae Chemical Co., Ltd., Yeosu,
Korea)E, 34| oHAl= A +8AI(GA;s 3.1%, Jahng-
ryu Industries, Cheongju, Korea)E ©|-8-3}3iTh

5912 AldE LE(AZ 12.7 cm, Zl°o] 13 ecm)ol| =
g & FEES o83l 6ARF B =S d % A
2% METHA F4F 10 g/m*S 20234 72 70| 53t
oq ok 600] Eo]— J,]_a] ].oﬂ ou:] ;q;/] 3001 ﬁ E-&LH]E 71
g/m® (15N ai. g/m?)E 13 a5 A2|apih

| 43
GA; XME2| sEE | ¥=s

GA; A8 w29 A2 fETHA S A4S 2023 99
7UHE 28U JFHUTHIAF A7), AT GAs A &
Lol wht 74 2]5HNFG, No application of fertilizer and
GA;), tlZ7{control, CF 14.3 g/m? 3N a.i. (active in-
gredient) g/m?], 0.3GA; A27HGA; 0.3 a.i. mg/m?/200
mL), 0.6GA; *2]7HGA; 0.6 a.i. mg/ m?/200 mL), 1.2GA;
H2THGA;s 1.2 ai. mg/m?/200 mL), 2.4GA; #27HGAs
24 ai. mg/m*/200 mL)Z AA3ISich AT 4
oA sRER O HixEloM, GAsS Al TRER
s4ste] 3A 9 200 mL/m*E Fold 45 B57)(Trigger
sprayer 700, Apollo Industrial Co. Ltd., Siheung,

deA ATH13-15]. 183 GAsw= AHEe] Al dols Korea)E ©]&3to 49 Aelatleh A3 717k st Wall%
S/ A1) B0l S clel A ol A& A ok 45 o A AR A e
3= SAATH16]. o121 F GAz2 548 medichd A
Table 1. Particle size distribution of sand used in this study
Soil Particle size (mm)
i
© 4.00 over 4.00-2.00 2.00-1.00 1.00-0.50 0.50-0.25 0.25-0.15 0.15-0.053
Sand 0% 19.3% 38.4% 28.7% 9.2% 3.7% 0.7%
USGA standard 0% 10% below 60% over 20% below 10% below

USGA: United States Golf Association
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1.5N+0.3GA; A2]7H1.5N ai. g/m*+GA; 0.3 ai. mg/
m?/200 mL), 1.5N+0.6GA; *2]7H1.5N a.i. g/m*+GAs
0.6 a.i. mg/m?/200 mL), 1.5N+1.2GA; #2]7(1.5N a.i.
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Siolth Ael7E2 oA sRHE o = wj|slgl o,
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o 422 ashb % F AS2 YL ANIAIHI7],

=g

Chlorophyll a 229A645 - 4.68A663
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Table 2. Turf color index of creeping bentgrass after application of GAs

Turf color index

Treatments”
Sep. 7 (0 DAT?) Sep. 13 (7 DAT) Sep. 20 (14 DAT) Sep. 27 (21 DAT) Oct. 04 (28 DAT)

NFG 6.82a” 6.23b 6.64b 6.72b 6.47b
Control 6.81a 7.08a 6.98a 6.99a 6.96a
0.3GA; 6.70a 6.37b 6.46b 6.50b 6.46b
0.6GA; 6.86a 6.21b 6.46b 6.46b 6.59b
1.2GA; 6.76a 6.31b 6.57b 6.58b 6.68b
2A4GA; 6.81a 6.40b 6.53b 6.51b 6.66b

D Treatments were as follows; No application of fertilizer and GA; (NFG), Control (3N a.i. g/ m?), 0.3GA; (GA; 0.3 adi.
mg/m?/200 mL), 0.6GA; (GA; 0.6 a.i. mg/m?/200 mL), 1.2GA; (GA; 1.2 a.i. mg/m?/200 mL), 2.4GA; (GAs 2.4 ai. mg/
m?/200 mL). Fertilizer and GA; were applied on Sep. 7, 2023 and turf color index of creeping bentgrass investigated

every week during 4 weeks.
? DAT: day after treatment

% Means with the same letters within the column are not significantly different by Duncan’s multiple range test at p<0.05

level.
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Table 3. Chlorophyll content of creeping bentgrass after
application of GA;

Chlorophyll content
(ug/g in the fresh weight)

Treatments”
Chlorophyll  Chlorophyll ~Chlorophyll
a b a+b
NFG 1,271b? 961b 2,232b
Control 1,450a 1,071a 2,520a
0.3GA; 1,257b 977b 2,233b
0.6GA; 1,252b 966b 2,217b
1.2GA; 1,276b 961b 2,236b
24GA; 1,233b 971b 2,203b

! Treatments were as follows; No application of fertilizer
and GA; (NFG), Control (3N a.i. g/m?), 0.3GA; (GA; 0.3
ai. mg/m?/200 mL), 0.6GA; (GA; 0.6 a.i. mg/m?/200
mL), 1.2GA; (GA; 1.2 ai. mg/m?/200 mL), 2.4GA; (GAs
24 ai. mg/my/200 mL). Fertilizer and GA; were applied
on Sep. 7, 2023. Turfgrass leaves to investigate a chloro-
phyll content in the turfgrass leaf was sampled on Oct. 4.
2 Means with the same letters within the column are not
significantly different by Duncan’s multiple range test at
p<0.05 level.

Frh= A3 ATe} o] WAl Ao mhE Afolgtar wheke
tH1s].

GAs A7) 5 22 METEA) Q=2 e W
AteitTable 3). 9154 a, 54 b 4 & A54
° 7}7}+1,233-1,450 ug/g, 961-1,071 ug/g 2 2,217-2,520
ug/ge) WIS Uekla, GA, 2l TES dzre) na) 7
2BARL AT SAR R Fog AfolE UERiA|
Sk Kim et al.[19]> T]9] 548 A0 Au]e] upz}
AR Er, 124 A% AAE AR tizTte} AAE A2t
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5

1o
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ZAFI T Table 4). AE oA Az] A )9 2742 3.18-
3.39 cmE FAFE GO, FAXNOR foet Alo)E HERA]
okol it 2Ae] Wsks Akab]ol Ajsisith 1k Aol
A GA; A 79 F FAHE T 249 A% S v A
0.3GAs, 0.6GAs, 1.2GA; 2 2.4GA; Hg]T-SeA 212} 20,
27, 39 % 40% F7Ha, ol 27| Aol ¥43] TS
= & 7 Uk HaTk 2HReld GAse A Al A 3
A= A F 12¥004 BAFCE o35 2olE e
the A Aas) fAkst Aos et 20]. diz7-e) A
3 A% Yehdle AlTE gRlsh] I8 GA; A2 28Y
Ttz vwe w, 0.3GA; 2 0.6GA; Ag] TSl 7t
7} 155 9 12.1% Z30] 7431, 1.2GA; U 2.4GA; A2
TEolA 7242 0.8 2 10.6% Z7°] S718IIth 5, GA; A
2] 28% ¥ tjZ27H14.3 g/m? 3N a.i. g/m?) 9} AL 45
& Yehle AT 1.2GA; A2 sekech

ANE FE F A AHEFE UEFTOE ARSI
(Table 4). 12} A3e] JAEZFE 51255 g/m*e] W&
UeRAtk 131 Algelld 0.3GAs, 0.6GAs, 1.2GA; U 2.4GA;s
Al FAgl el xBTS v A, 7242 92.2, 162.7,
260.8 ¥ 311.8%°] &73la, thxT-s} vlwgs w, 27}
61.6, 47.5, 27.8 B! 17.6% StSIt Mudyantini[21]:= tiv}
(Cannabis sativa 1L.)2] GA; 8] Al 2 S £3713510]
Ao Aeo] Mt Busl] E ATl fARISITh
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29 GA £ A2 A T2 METAY 98 A5E 2

Table 4. Shoot length and clipping yield of creeping bentgrass after application of GA;

Shoot length (cm)

Treatments’  Sep. 07 Sep. 13 Sep. 20 Sep. 27 Oct. 04 ipping yie/ld 2

(0 DAT?) (7 DAT) (14 DAT) (21 DAT) (28 DAT) (dry weight g/m’)
NFG 3.23a3) 4.21d 4.87e 5.17d 5.97¢ 5.1e
Control 3.09a 4.76¢ 5.43d 6.09bc 7.28b 25.5a
0.3GA; 3.09a 5.05bc 5.45d 5.62bd 6.15¢ 9.8d
0.6GA; 3.17a 5.33b 5.81c 6.12bc 6.39¢ 13.4c
1.2GA; 3.04a 5.85a 6.35b 6.51b 7.33b 18.4b
24GA; 3.19a 5.90a 6.99a 7.26a 8.05a 21.0b

D Treatments were as follows; No application of fertilizer and GA; (NFG), Control (3N a.i. g/ m?), 0.3GA; (GA; 0.3 a.i.
mg/m?/200 mL), 0.6GA; (GA; 0.6 a.i. mg/m?/200 mL), 1.2GA; (GA; 1.2 a.i. mg/m?/200 mL), 2.4GA; (GAs 2.4 ai. mg/
m?/200 mL). Fertilizer and GA; were applied on Sep. 7, 2023 and shoot length of creeping bentgrass investigated every

week during 4 weeks. Clipping yield of creeping bentgrass investigated on Oct. 4.
? DAT: day after treatment

% Means with the same letters within the column are not significantly different by Duncan’s multiple range test at p<0.05

level.
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Table 5. Turf color index of creeping bentgrass after application of 1.5N+GA3

Turf color index

Treatments”
Oct. 16 (0 DAT?)  Oct. 23 (7 DAT)  Oct. 30 (14 DAT) Nov. 6 (21 DAT) Nov. 13 (28 DAT)

NFG 6.27a° 6.17a 6.27b 6.59b 6.57b
Control 6.48a 6.64a 6.74a 6.81a 6.83a
1.5N+0.3GA; 6.59a 6.57a 6.73a 6.73a 6.86a
1.5N+0.6GA; 6.58a 6.51a 6.66a 6.66a 6.78a
1.5N+1.2GA; 6.48a 6.61a 6.75a 6.75a 6.84a
1.5N+2.4GA; 6.35a 6.63a 6.75a 6.75a 7.00a

D Treatments were as follows; No application of fertilizer and GA; (NFG), Control (3N a.i. g/ m?), 1.5N+0.3GA; (1.5N
ai. g/m*+GA; 0.3 ai. mg/m?/200 mL), 1.5N+0.6GA; (1.5N a.i. g/m*+GA; 0.6 ai. mg/m?/200 mL), 1.5N+1.2GA; (1.5N
ai. g/m*+GA; 1.2 ai. mg/m?/200 mL) and 1.5N+2.4GA; (1.5N ai. g/m*+GA; 2.4 ai. mg/m?/200 mL). Fertilizer and
GA; were applied on Oct. 16, 2023 and turf color index of creeping bentgrass investigated every week during 4 weeks.

? DAT: day after treatment

% Means with the same letters within the column are not significantly different by Duncan’s multiple range test at p<0.05

level.

Abgt A3KTable 5), 22X kA 2] A 1.5N+GA; A2
TEI FAHTY QN AFE SAKCE frolFQl Al
LERJA] oo} Aldof Aakslitt. 221 A& 7|7 EoF FAg
7ol vlsl 7kt om, ST (Zoysia japonica Steud.)oll
A A Al we} o] ZRAA Fdo] Tkt o
T9F o] A Aol whek G4 A7t Frkste] tiag)
SAHCE gk AfolE vERA FgkeH22].

A%t GA; =8 Ag] & F8E NEYAS] Q54 &
4 W3ls 22181 Table 6). G54 a, 952 b U F 4

Table 6. Chlorophyll content of creeping bentgrass after
application of 1.5N+GA3

Chlorophyll content
(ug/g in the fresh weight)

Treatments”
Chlorophyll Chlorophyll Chlorophyll
a b a+b

NFG 1,326b” 919 2,244b
Control 1,551a 1,035a 2,585a
1.5N+0.3GA; 1,629a 1,026a 2,654a
1.5N+0.6GA; 1,621a 1,013a 2,632a
1.5N+1.2GA; 1,649a 1,007a 2,655a
1.5N+2.4GA; 1,598a 1,015a 2,612a

! Treatments were as follows; No application of fertilizer
and GA; (NFG), Control (3N ai. g/m?), 1.5N+0.3GA;
(15N ai. g/ m*+GA; 0.3 ai. mg/m?/200 mL), 1.5N+
0.6GA; (15N ai. g/m*+GA; 0.6 ai. mg/m?/200 mL),
1.5N+1.2GA; (15N ai. g/m*+GA; 1.2 ai. mg/m?/200
mL) and 1.5N+2.4GA; (15N ai. g/m*+GA; 2.4 ai. mg/
m?/200 mL). Fertilizer and GA; were applied on Oct.
16, 2023. Turfgrass leaves to investigate a chlorophyll
content in the turfgrass leaf was sampled on Nov. 4.
? Means with the same letters within the column are not
significantly different by Duncan’s multiple range test at
p<0.05 level.

29| ke 747F 1,326-1,551 pg/g, 919-1,035 ug/g 4
2,244-2,655 ug/gel RS e, thET 2 1.5N+GA;s
A TE2 FAE Tl vlsl S718I8ick Kim et al.[23]2 ¥
(Oryza sativa L) A AWEe] St whet 954 o
o] $713hH, Noor et al.[24] Bush Bean (Phaseolus
vulgaris L)oIH G2} GAs 2] A G54 ool 5715t
ohal BaEiSich E AIEe] 23k Aldelld GA; A7 o

Z7 A AMFEEN ad g/m?)2] ¥ 15N ad. g/m*®E
A2]sAARE GAs9ke] &8 AP = lsf =547t Tt
oz} Aol 7h yep A ekt FA T St w
2hA] A9t GA; 28 A Al 7r]e] 54 Astst okslE
Wskx] oke Ao w7 ol 9ir)

Z) 27 ARt A48 GA; =8 A7 A% =
JEE ZARISIE Table 7). A9 oFAl A2] 4 1t]9] %
2 318339 cm® FAMG oM, BAOR Fog Ajo]
5 YRR oot 2] WskE ALk oll Ajsksich 24t
AlfollxE Al 289F FAETell vlsl, 1.5N+0.3GA;,
1.5N+0.6GA;, 1.5N+1.2GA; @ 1.5N+2.4GA; A2 752
77} 28.6, 32.5, 38.9 U 48.7% Z7Val%lal, thxT-¢} vlwst
oS w, 72} 5.1, 8.3, 13.5% 2 21.6% =7Vakoich Aas)
GA; =& AY A A4 FE5 53171 913l GA; 42 28
d A 7IEo R ANE 2ARE W, y = 590.77x +
6.297 (R*=9884**) = A UtHx: GAsSl Fra/dE AT,
y: AxA). o] A% o]&st A, 279} fAkE 24
LR 1.5N+GAs 9] A4 #8973 1.5N+GA; 0.2 a.i.
mg/m?/200 mLOZ =it

A TR F A AqAERFE UETOE ARSI

(Table 7). 22} A[@ellA] A B2 4.3-285 g/m*2] W&
ek FAel e} Blwd W, 1.5N+0.3GAs, 1.5N+0.6GAs,
1.5N+1.2GA; 9 15N+24GA; 2752 7t 409.3,
455.8, 523.3 9 562.8% Z7tatdar, thET-9} HlwailS: ),
1.5N+2.4GA; A2 FellA oA &S 14.0% 78ISt ol

i o rﬁ
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Table 7. Shoot length and clipping yield of creeping bentgrass after application of 1.5N+GA;

Shoot length (cm)

Clipping yield

Treatments”  Sep. 07 Sep. 13 Sep. 20 Sep. 27 Oct. 04 (dry weight g/m?)
(0 DAT?) (7 DAT) (14 DAT) (21 DAT) (28 DAT)

NFG 3.26a% 4.33¢c 4.43d 4.71d 5.01d 4.3d
Control 3.39a 4.96b 5.12¢ 5.71c 6.13¢c 25.0bc
1.5N+0.3GA; 3.18a 5.35ab 5.63bc 6.19bc 6.44bc 21.9¢
1.5N+0.6GA; 3.39a 5.53a 5.80b 6.36bc 6.64bc 23.9bc
1.5N+1.2GA; 3.24a 5.72a 6.25b 6.61b 6.96ab 26.8ab
1.5N+2.4GA; 3.28a 5.93a 6.85a 7.40a 7.45a 28.5a

D Treatments were as follows; No application of fertilizer and GA; (NFG), Control (3N a.i. g/ m?), 1.5N+0.3GA; (1.5N
ai. g/m*+GA; 0.3 ai. mg/m?/200 mL), 1.5N+0.6GA; (1.5N a.i. g/m*+GA; 0.6 ai. mg/m?/200 mL), 1.5N+1.2GA; (1.5N
ai. g/m*+GA; 1.2 ai. mg/m?/200 mL) and 1.5N+2.4GA; (1.5N ai. g/m*+GA; 2.4 ai. mg/m?/200 mL). Fertilizer and
GA; were applied on Oct. 16, 2023 and shoot length of creeping bentgrass investigated every week during 4 weeks.
Clipping yield of creeping bentgrass investigated on Nov. 13.

? DAT: day after treatment

% Means with the same letters within the column are not significantly different by Duncan’s multiple range test at p<0.05

level.

AE)7) BF1U(Poa pratensis ‘midnight’)o|A] A2
Al o] mt o 2] EeFo] ZEH%]% AT Aol fAkeA
tH18]. =3 GA3 A2

1.5N a.i. g/m

<= 2T Al AR vkl
m'E ZMEEE‘/P, 1.5N+2.4GA; #g]7olA ]

A go] Z7aSIT. ol A9k GASl £4 Aol n A
% 276 A7} A8Egrn e,

A2 WETIHAY] GA; A2l A B

AN g 1
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