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Abstract

This experiment was carried out to investigate the growth of Kentucky bluegrass according to
the amount and concentration of liquid spray on the leaf surface. A preliminary experiment
was carried out from April 2017 at plastic house in Dankook University. In 2018, a field
experiment was carried out at Dankook University in Cheonan. A Kentucky bluegrass
'Midnight' was used for in preliminary and field experiments. The amount of water used in
plastic house experiment was 100, 25, 5, and 1 mL respectively. GG (13-2-3+trace element)
was used as the liquid fertilizer. In field study, liquid application was carried out with a
low volume of water (25 mL m?) as a control, and as ultra-low volume of water 1 mL m?
was used with undiluted, doubled and quadrupled diluted solution. In plastic house
experiments, grass color and plant height showed the darker leaf color and longer plant
height than the conventional control, and the statistically significant difference was also
shown. However, there was no significant statistical difference in visual quality compared
to the conventional control. In field experiment, the plant height was the tallest in the
1 mL ultra low-volume (undiluted) treatment in spring and autumn, while the same
trend was observed in all treatments in summer. Root length showed similar tendency
in all treatments. There was no statistically significant difference in the treatment period
between the roots and the control. As a result, 1 mL m? ultra low-volume solution showed
no difference in the growth of Kentucky bluegrass compared to 25 times and 2 times.
Therefore, ultra low-volumes of application can be used for Kentucky bluegrass management.

Keywords: Amount of liquid spray, Kentucky bluegrass, Liquid fertilizer, Ultra low-
volume, Water dilution content
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F3 719 Ao ® Y, BA, 34, 73‘71%“;'-4 =14 5ol L5t OIJ‘lﬂJ_ U= J_% 2] Ztj o] ThMurphy et
al, 1997). €&, Al fHolMe 224 2 4718l ZE)7] EF 1A B E7] EF 1A 0] 23 A7t
kA 0 2 AR8-E] 3 RITHAdams and Gibbs, 1994; Hanson et al., 1969; Kim et al., 1998; KOWOC, 1999). 2-2|u=}ol| A =
=24 5 Z7]0] Eol o] 8= 1 itk AF A LA 0 g ] YA Bl FAlo] FoshH, HiX mlsf A| 25 o] whE i,
USGA |45 A 235t 2]5to)] 24 A] of & 1270 st @/t 2|43} sHA] |27} 71Hs517] whio|c. it 717]
T F4o| 4ot 3 £ B HoU EE S-S 5 TV S| Al AR S8 81kE S TS 7] = A
I JthKim, 2012; KISS, 1998).

SejuRt ool Jd tifE A8 HIEaAR 2AE| 0] 1A, E, Hlojglo] ¥ e ZE)7| EF 1A
eF S 7F 5285 o] AL QU HH(Choi etal,, 2012). ©] FollA] ZE|7] EF 12 A= Elof 2% 2 25:9] oF 86% S
APA|SaL 9 om, w|ojeo] et 2ol e 30%2 28%2 =] WEf= 222 HAIEITHChoi etal, 2012). T 27
oA kA Xl 7*“37] & E:LEHAJ Z/d o] Yolzl= 22 = 7|7to] A, FA 3} GetAdo] f45t0] 7
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429] 450] B2 FEE U917102 220| 98 Fojol SAEIES o= 718 YRAMIZAD ahck o 2

2 ZaAol EQAIHIS 7| R0 R 513 QA2 £ Fol ot 9 FEo] ARekzitio] o] 81, TS o] &
w7 231 el wisb] Bk ARl ofs) §4u W] o Abel: W Ade] 14372 B ok
(B sl 2010) SR 154000 G} 1o B8 A831c1 3 B 513432 oA P) 48 Y2
A S 10404 B0 A = 22| PJUATIL g Telol] MAIElo] ARES: 714l Bhe A7 E FHAZL,
A1 SIS ol g3lol YRG0l D1 745 2919 ol WHe BB A WHAZIEE, NS S
B0l uls) §47} o2l 4, W2k, ofel 5] §7|QkE0) §47 §olsia u] 2 Faprh el xieio] Geke 2
g 2 9lom, Alu] 5 1|2 5= gsle] 9ol B3] We 202 B w1 9lrkRoch, 2010)

U ZAe] 3¢ AHAEIE AlAsHA E A = =

oF AHAH|E 5| HE5HA] Zohe BB A4 H| RS A o Aash= 59| ¢ %Ookvt_lg = /\Oﬂ i
2 0|20, 29| ofo] oL E SAn|L A Ao 4G E L \THBruce et al., 2010). & ‘_Lﬁ'\—%
o] Ae]2kgo] A uff |, @ AE FRIAH] & F 257 o]ufol] 2F 65%7F S4EH o] uf -2 Ad FH T}
o] ¥ e} F4HTh H 115t Wesley and McCarty, 2004). 9] -2 5-& QT F4afo] won F4-ake- 9]
FHEC} o] A Wrhal H s Qe JHAIH] O] ke ol e 5ol Bt FA4 o2 F4a iyt £l o}
A THLiu et al., 2003). Michigan T8}l A<= Creeping bentgrass (L-93) ©llA A4, Qlak 717} 70%0)/d 45+ ol 42
&= AJbo] AJH| 24417 o Ujghs A AE A|A|SH | = SFA T (Roch, 2010)
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2011). =31, AHAE| S o] g5to] v 8 A F7FZ 7HAAZ 4= 9l o, P AIH] & v 5ot YR EZ ] o3t 4%
S92 59l o & JHAn|7} 372 Bt kst alZ A o]akal B 115 9Th(Jiang and Sullivan, 2004). 12Ut H] 2.9]
AHAHIA] AL Zefol| tigh A= n| &3t Adefolch 2|2 E23} Zh2 2| A S AR 7|7} 7idkE] o] 22 E7fo 2
TR AHIE = Q= AA S E L) Ho 2= ERFS S0lA S840 %] Hejo] 7Hs/d = =oAL Qlok
a3 Eg B AlFois oiu)o] Al r 2 Bekg T 100 mL 4ol ZAEHQ] | mL7HA] 29S ) AE7] 2
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(V-]
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FHAH] & 2]k n|=ol| A =) H3FoHH]| GG (1323, FIF ) E A4 ARG Z 26t 10gNm? (15 ¢
Nm?yr') T 02 14U 7H4 0 = 2ot Qleh A B2 Al Y 22 100,25, 5, 1 mL 271 0 = A3stQlr o
T2 = JAHAH|GER] b2 B4 2] LE 0]- 851t 100, 25 mL &% A2+ &4 Co, YFAz|o] AL 7| (Tee-
jet Nozzle: VS8002, TeeJet Technologies, Springfield, USA)E- ©|-85t%1 2.1, 5, 1 mL AFE = 22| 57 AFL 7] (Manker HQ4S,
Mantis, Germany)E- ©]- &5t}
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Sto] shol 1524 Taesto] FUTh AT Hix| = Y 4922 5191t ZARIE O = XY M F4 5=
7N A 7H3QL; 1984 =1 E5)E Skl o, HEgh i) 272 ZAFSIGIT. FAEA]2 SAS (Statistical Analysis

system ver. 9.1, Cary, NC, USA) Z 2 1 88-&- 0]-85}0 Duncan %2 433511t
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o mfu
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FRAAH] X 2|52 vl=ol| A =4 H B3] GG (13-2-3, FlFR4)E A4 ARG o= SHAketo] 1.0gNm? (15 ¢
Nm?yr') 502 14U 7HH 0 = X 2|5lQlct B2 24 AdolA B3 SRIEUH ZAEF | mL m?>S AHES

Sk ool Xj2) s U9, 2uo] 4sfel o 2 2t ALERGIC) T B 2121791 25 mLm AHEF-E 23] CO,
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] AL 692 299 FAM 5,1 mLm?2 9] 22 Lol 212} 7.0, 735322 714 e =A1S g x5k Qich 2] et
100,25 mL m? 2| 2]l A 242t 6.5, 6.6 5522 04-08 559 2[5 Hl om, EAA 2 2 &= {-o|3t X}o| 5 2l
Ch(Table 1).

2791 8¢ 17U FE] 9€ 14Y7HA] AP A= T4 2] L] 7FAIA Alo] 5,1 mL m? %] 2|12} 100, 25 mL m? %] 2]+
of ulsh A2 FFe E%Xl‘i ESAR R Folgt atol= QI 21271 2 HolE 109 12YFE 26Y ZAMoll= 1
mLm? %] 2|ol| A 755302 7P = UEH oW, A1 0 2 & §-ol5k 2to] & &Rl

Zt] FH-2 AREA 0 2 A 2] 4iztol] 5AIZ 0 2 §-olgh 2ol & Ko A] ekottt. et 127191 8¢€ 3%, 8€ 179, 9
9 14, 9¥ 219 ZARA|Ol= 5 mL m? A2} 71e] FA o] Wolzl= A0 & AL} 11.27] & Alelotal AyFE o 2
AR B8] uh2 7HA A F4o] X 2] tol BAH 2 folgh 2ol 7t YEA] b= A 0 & Kol FlE)7] EF A
o] A7go] /et &, 7HEE AHIAl I mLm? 2AE%F %] 2] 9] 7Fs/do] Q= 21 0 2 w=|glch

X 2742 AR 0 & 5 ml m? T} 1 mLm? %] 2ol A A 2]+t 2 Hed o ALo)] visl =] ARSIt 7€ 20
FAMA] T2 2] E 100, 25 mL m? %] 2] 7Ll I3} 1 mL m? %] 2] 7Ll A] 50 mmE 7 AA| ZAFE QL 0, % 2] 417t &
AA o2 golstato] 2 Yt} 9 21 RAIAE 5,1 mLm? A 2] 712] Z240] 65 mmE 74 ZA] AR I

Table 1. Visual color, quality and plant height of Kentucky bluegrass by foliar application volumes of GG (13-2-3+trace
element) liquid fertilizer at plastic house in 2017.

Treatment”

date

6/22°  6/29 7/13 7200  7/27 83 817 9/7 914 921 928 10/12° 10/19 10/26"

Visual color (1:gray-9:dark green)

Control
100 mL
25 mL
5mL
1mL

- 6.5b 6.7a 6.5¢ 70b 6.8ab 7.0a 7.5a 7.3a - - 7.0b 6.6C 7.0b
- 6.6b 7]a 6.6bc 7lab 6.6bc 6.7ab 7.0b  7.2a - - 7.0b  7.0bc 7.1b
- 6.5b 6.8a 68ab 70b 63c 70a 71b 75a - - 7.0b  7.0bc 7.1b
- 7.0ab  7.0a 7.]a 7.3a 6.7abc  6.3b 7.0b 7.5a - - 75a 7.3ab  7.1b
- 7.3a 7.0a 7.0a 7.3a 71a 6.6ab  7.0b 7.0b - - 7.5a 7.5a 7.5a

Visual quality (1:bad-9:best)

Control - 6.6ab 68a 652 72ab 72a 73a 7.3a 73a 7l1a 73a 7.0a 68 7la
100 mL - 6.72b 6.7a 6.3ab 7.2ab 6.8ab 71a 7.1ab 7.0b 6.7ab 7.2a 7.0a 6.8a 7.1a
25 mL - 63b 622 62b 70b 65b  71a  71ab 7.dab  7.0a 7.1ab 7.0a 6.6a 7.2a
5mL - 6.6ab 652 62b 70b 66b 63b 68 65¢c 63b 68ab 672 6.6a 6.8a
1 mL - 7.1a 7.]a 6.7a 7.5a 71a 6.7ab 7.0ab 6.6c 6.7ab  6.6b 7.]a 6.7a 7.]a
Plant height (mm)

Control 54.7a - 48.7ab 41.2bc 38.7a 32.5b - - 53.7a 46.2c 41.2b 68.7b 30.0c 26.2a
100 mL 56.2a - 475b 41.2bc 38.7a 33.7b - - 56.2a 53.7b 46.2b 71.2b 42.5b 33.7bc
25 mL 58.7a - 46.2b  40.0c 38.7a 31.2b - - 58.7a 60.0a 51.2ab 75.0b 41.2b 36.2b
5mL 58.7a - 52.5a 46.2bc 45.0a 37.5b - - 63.7a 65.0a 60.0a 85.0a 58.7a 45.0a
1 mL 57.2a - 52.5a 50.0a 48.7a 48.7a - - 62.52 65.0a 63.7a 83.7a 65.0a 50.0a

“Treatments: Control, not treatment of GG liquid fertilizer; 100 mL, Application volumes of water is 100 mL m? and liquid
fertilizer (13:2:3) N ai 1 g m?% 25 mL, Application volumes of water is 25 mL m? and liquid fertilizer (13:2:3) N ai 1 g m? 5 mL,
Application volumes of water is 5 mL m? and liquid fertilizer (13:2:3) N ai 1 g m?% 1 mL, Application volumes of water is 0 mL
m? and liquid fertilizer (13:2:3) N'ai 1 g m?.
"Means spraying date of GG liquid fertilizer.
a-ct Means with the same letters within the columns are not significantly different at P=0.05 level at Duncan’s multiple range

test.
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o>‘

}7] 232 2w GG AH] 9] | mLm? 24 ETF AlH= U2 AH|(100 mL m?), 425 AH](25 mL m?) 2 H] 215}
y

] g5 7| Hoj2| x| gro A=, I A gl AR5 ST et Qlo] AR AE R ARG ES =
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ik Al 4 e &84 e /i o 2 SRt 7HsAd o] lthal whE| Qi
£2 T

A A2 1 mL m? Y AR HT 7t Bt 735522 ThE 22Tl sl A=AE uls e EITh 25 mL
m? (258 9) 2 2|52} 1 mL m? 2849} 2|2} 7= 1t 6.65 52 HSRH S BATE T2 1 mL m? 48194 22
oA S E7F Hojz) = A& ERISHITE 12| B2 | mLm? Yo A3 x)2]7Lo]| H]s) 57} s A 45 oljn] A
Fike EofAlE A0 2 FlE It (Table 2).

e 7IAA A2 69 2193 78 62 ZAFA 1 mLm? Y 2| tol| A 755502 7P AL, A2 71to] 5
20 2 {0t o] 5 H et ARHA 0 2 tf 24191 25 mL m?(258 ) BOFE | mLm? Y %j2]7Le] 7HA 4 F4o]
A AL o, FE7F Ash A= 2812 B 4ufel 2] 2] ol A= 1t F2 o] ol x| 23RS Elth
) 272 7HAIA AE AL ATl a7 FA] 2 1 mLm? H Y AP X2 t7h ek 0 2 A RARE] ] om, X g
toll $AA 025 §ogt 2fo] 5 ERItE. 25 mL m? (2581 )2t 1 mL m? Y ] 2]7of] H]sl} 262l Sl 4ufH 2j2j 7=
] 27o] &2 23S Hol ] F27} Hold s B2 Solsxs 202 AT 7] 23E &3l dH]
PEA] A3 S5E 2T ok 258 W 1 mLm? Y A3 X 2] 5Lo) A9 =M e7F F7tstal, 270 AojA|= &t
Holom, F4L tiztet fARE 20HE Bt J2iut ] 4232 E91 1 mLm? 482 A 2|71e] 739 25
o|tfete H| & a¥te] SRI2 Sl A| kTt

2] Zdol= 108 182 RARA Y thzof sl 2812 A 2]FLoll A 11.7 em =2 THE 2] 2] tof] HISl] AA] =AM /1.
U 119 159 ZAfol|A= Z2]7tol] o] & Ho|A] QRtThTable 3). B8] HEZFH E7] 4 ZAM] BE A2 FollA] &

R

>
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Table 2. Visual color, quality and plant height of Kentucky bluegrass by foliar application volumes and concentrations of
GG (13-2-3+trace element) liquid fertilizer at field condition in 2018.

date

Treament —op TTen o4 62l 628 76 720 727 83 823 851 97 94 920 1044 1012 1020 1P 115
Visual color (1:gray-9:dark green)

25 mL (25x) 6.3a 7.0ab 7.0b 7.0b 6.6b 63a 60b 6.5ab 6.7a 6.7ab 6.8ab 7.2a

1 mL (1x) 6.6a 73a 7.5a 7.5a 70a 652 63a 672 7.0a 7.0a 7Ja 7.5a

1mL (2x) 6.3a 6.7b 7.0b 6.5¢ 6.5b  6.0b 60b 6.5ab 6.7a 6.8a 6.8ab 7.5a

1mL (4x) 6.0b 7.0ab 6.5c 6.0d 6.0c 6.0b 6.0b 63b 6.7a 6.5b 6.5b  6.8b
Visual quality (1:bad-9:best)

25 mL (25x) 7.0ab  7.0b 70b 6.6b 6.6b 6.1b 6.5ab 6.7a 6.8a 7.0b 6.8a 6.5b®

1 mL (1x) 7.3a  7.5a 7.5a 7.0a 7.0a 6.5a 672 7.0a 7.0a 73a 7.0a 6.7a

1mL (2x) 6.7b  7.0b 6.5c 6.3b 6.5b  6.0b 6.5ab 6.7a 6.8a 7.0b 6.8a 6.5b

1 mL (4x) 7.0ab  6.5¢c 6.0d  6.0c 6.0c  6.0b 6.3b 67a 6.6a 6.7b 6.5b 6.5b
Plant height (mm)

25mL (25x) 36.2c 25.0b 31.2a 30.0b 28.7b 30.0b 27.5b 31.2ab 38.7ab 33.7a 26.2b  32.5b*

1mL(1x) 425ab 31.2a 3752 37.5a 33.7a 35.0a 35.0a 35.0a 412a 37.5a 33.7a 37.5a

1mL (2%) 40.0b 27.5ab 35.0a 28.7b 30.0ab 30.0b 28.7ab 31.2ab 33.7b 37.5a 26.2b  27.5¢

1 mL (4x) 437a 262b 32.5a 27.5b 30.0ab 26.2b 25.0b 26.2b 35.0b 33.7a - 26.2b 31.2bc -

“Treatments: 25 mL (25x), Application volumes of water is 25 mL m? and GG liquid fertilizer (13:2:3) N ai 1 g m?% 1 mL (an
undiluted solution), Application volumes of water is 0 mL m? and GG liquid fertilizer (13:2:3) N ai 1 g m? 1 mL (2x), Application
volumes of water is 0.5 mL m? and GG liquid fertilizer (13:2:3) N ai 0.5 g m? 1 mL (4x), Application volumes of water is 0.75 mL

m? and GG liquid fertilizer (13:2:3) N ai 0.25 g m?.

"Means spraying date of GG liquid fertilizer.
Means with the same letters within the columns are not significantly different at P=0.05 level at Duncan’s multiple range test.
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Table 3. Growth rates of Kentucky bluegrass by foliar application concentrations of GG liquid fertilizer in
2018.

§ Root length (cm) Root D.W. (g) Shoot density (ea cm?)
Ireatment 10/18 11/15 10/18 10/18
25 mL (25x) 8.5b 12.7a 0.037a 28.5a
1 mL (1x) 10.5ab 13.7a 0.037a 27.5a
1mL (2%) 11.7a 13.2a 0.037a 29.5a
1 mL (4x) 9.2ab 14.0a 0.035a 29.2a

* Treatments: 25 mL (25x), Application volumes of water is 25 mL m? and GG liquid fertilizer (13:2:3) N ai 1 g m?
1 mL (an undiluted solution), Application volumes of water is 0 mL m? and GG liquid fertilizer (13:2:3) N ai 1 g
m? 1 mL (2x), Application volumes of water is 0.5 mL m? and GG liquid fertilizer (13:2:3) N ai 0.5 g m? 1 mL (4x),
Application volumes of water is 0.75 mL m? and GG liquid fertilizer (13:2:3) N ai 0.25 g m?

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

A0 fojgalolE Bolx) elglct. ool AutE B ) 312 B3 25 mLm? 2 2580} ou] M2l 70k mLm )
o S M2 770o] e) 71253} Z7] WE] xjol} gl Zlo] HRlHF 0m, 7] AT GG AHIE | mLm? U
0 WEslolx Ael7] BRI Hlsih S]] ASkths 2L BT 4 YTk EFF | mLm? BFOR
GG 19| 528 26|, 4}l 0 2 5]4j5to] Armslol He] o], we) 218%, F7] W} rhrio] v)s) Holx
A O TS Hol, ZABF AL Aule] P U

4>
30
rlr
N
or
ox.
H1
ol
rO
i
32
uj

M| FALEA] 2AEFT o] thE HE7] EF2HA0] B52 AR fIste] & A3l +3=3iH.
2 24oM ZE HY o2 oju| o] -3 H Tt 2018\ 0= Tr=Thatal T Al ol 2
& Aol =Y. A 2F2 AE7] EF T2 Midnight 0] AREE AT 24 A9 Al 23 22)= 100,25, 5, 1
= ARSIt 2 A A AH| 2)2)= A2 25 mLm? 2581 ) S tHEF2 S0, 2AEF I mLm? A2 =2
9, 2ufj ol 4ufjoll S st H] 2= oM U A FH R GG (13-2-3+0]F 24 F AR H i 24 A
ollA] 7t Ak 242 1 mLe} 5 mL A4S 242|571 B sz E o e GAS Holal 2] AA| A
= or, 2] ztol SAX 02 Folgh 2fo] & Bt Defuf FHol A= ey Rt v wsiM A o2 F
ofgt 2po]7} ERlE|A] gpotth A Aol M= 242 53 7R RAF A 1 mL 2AETHE ) 2ol 7 2
lout, o FHoll e BE AT FollM HIRE A7e Bt 2] dol= BE A 2ol vt e B #e A
=25 HE2FsHAelA 52 42 B o, 2 1tol $A1A 0= {oJgt afol= YehA] 3ttt 47] At
ZE20 1 mLm? 2AEFOR A A A= 2562l oufollvt vl A E}7] S5 I2A0] Aol o] S HolA]
oot A2 EFo 2 E Al a g0 Fujehs S uHiE 7 st Ao = deE ]t

Z.g0]: o], 24 2ek AE)7] S22, 5148, 544
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