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ABSTRACT. Superintendents have used a silicate fertilizer to improve a resistance of turfgrass against several diseases, drought
damage and wear stress. This study was conducted to evaluate the effect of liquid fertilizer containing silicate (LFSi) on changes of
turfgrass quality and growth by investigating visual quality, chlorophyll content-chlorophyll a, chlorophyll b, and total chlorophyll,
root length, shoot length, dry weight of clipping, and nutrient content in leaves tissue. Treatments were designed as follows; control
fertilizer (CF), SiF-1 (CF + 1 ml m™ LFSi), SiF-2 (CF + 2 ml m™ LFSi), and SiF-3 (CF + 4 ml m~ LFSi). As compared with CE, soil
chemical properties, visual turfgrass quality, chlorophyll content, and dry weight of clipping of LFSi treatments were not
significantly. Contrastingly, shoot density, root length, and the content of nitrogen or potassium were increased by application of
LFSi. The content of Si in the tissue was positively correlated with potassium content or shoot length, and similarly shoot density
positively with chlorophyll content or visual quality, respectively. These results suggested that the application of LFSi improved the
turfgrass quality by increasing shoot density or K content in leaf tissue of creeping bentgrass.
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M B s e, A, ] 9 s &

2 53 T EH 1 921 (Kato, 2005; Kweon et al., 2005;

)= FEAo| A 71 Eol AAE A AlERA & Kim et al., 2009; Lee, 2012), 7L o A% 2] o] AHLem} &
ol gl Ar1Ede 245ks Wi sast &*01 Ae FIA71AL, FAsH] fsiAde A= A7)
CHAhn et al, 1992). t=EZH FH 3|2 A7 wp= ZQ3ITH(Ahn et al, 1992). Zhtj@e]of| A £a74 H|gH

20129 & ' WA = 34257 2% 20069 2627“4 = gk vEg olgstal, 71 viEy ndE HE 5
2ot of 30% S7Fskglal, WA bR e Ahel & o AR o, 2y Fo] fAEntal A qlth(Kim
o 7hs B = orstet Y AEA SUER et al, 2009, 2010, 2012). 0|2 Tlmof g4k MR o] AJHl=
EAE AstAl7l= FH 210 th(Lee et al, 2007; Seo et A ABL WalFol et AGAHL FUHAA o FA
al, 2015). Fr)= ThAAY A Eo|7] mlito] T AAEE & FAEE AR A Urh(Schmidt et al, 1999).

gk Faro Al AlEsto] A ER oo F-M ASS HA HlEE SR 2mel eRellA R HAte S
A flaiAs 215221 7t Hasteh(Carrow, 1980). G5kl o d Aeg swolal, Walle Adge] Sst
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™, A +HEHAE FEHA skl TEECl FEE
o2 d#HA QhKim and Choi, 2002). Zt]= 4=
o sal AERA vl eld 54E 23 9ol (Ahn
et al,, 1992) 1A H|Z 9] AJH] A] &AFSIA| Q] superoxide
dismutase, F=4> FF A BT 59 S7H= A
2] AL-0] =715} (Schmidt et al., 1999), A4 o] 50|
S7Fsko] ] s 9 UE=7} F7Fsh (Han et al, 2014),
=710 EA|PZIT] O] ofHl Ao rasto] shard
AEA 71 a37F Qltk(Kang et al, 1986). S+49 F
= W& (trichome), $UPA|3E Y Of L ZPAE Fof H3E
31 (Sangster et al., 2001), Z-8-7] oA Agj7}A F3HA|
2 =A4E= Aor delx 9t}(Jones and Handreck,
1967; Samuels et al,, 1991). o|Z A A= H42= HExE
FasiEozH ol AU oAlsk, AU 2 A
A2 dAlste] AE9] Hels WAl ayt ole Ao
B 1%t} (Sherwood and Vance, 1980; Jeong et al., 2012).

Ak ulRE SAbele] W Al el et Ao
AS-0] T2 (Sivanesan et al., 2013), YA TFAF B[R = A
7ve] Aol et wOF F fE A Aol gAsIE
B3 A7o] 84 TS E AISRE Aol Bk
o]t} (Joo and Lee, 2011). Han et al. (2014) HAF v 52}
EYH|EE A AR o, o] o] st FA o] S7HE
STFL Wsto] S84 TAF M RE S84 B ael
A AlRjsk= Zlo] aatdd Zow Z|dEch 1y &
o) Al e 84 AL RS} S84 B RE
Hr g2 SAsto] AhaLstal §lof ARg-o]l MAFIL, &3 Al
35} whgo] ©J5) 20| WAL slo] 84 AL v
2o} B RE AlYskeles 7w o] Hasith

webA] B AT A Behu s} Batske] djpo s
AR A % AN 22 WEE s Ava
Ae o, Joje] LT FHof| v FEFl sl AL
s =k,
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ELRTE

NEIZH R BARE
A= 20149 7HFE 20149 11€714] 570 St
gl 29 Abolelathe By Tl
S E|lTh, BARTE 19973 BEE|o] oF 1737 el
H =32y WET 2 (Agrostis palustris H.) ‘Penncross’
T2 o] &8stk AR 249 EFS USGA 40 4%
o mefo} s E} 217} 95wl 5K Rl E EEE
oz 2] UL, Ao Zolt oF 30mAch. &
o g Wad Fre FHel] 98 BANRE B

H] & (compound fertilizer: N-P,0,-K,0=18-2-18, G313, t]

Vl'E ok

A, 3+t A g5 HH|(liquid fertilizer containing
silicate (LFSi): N-P,0;-K,0-B,0;-Mo=5-3-7-0.05-0.0005, C&L
Chemical Co., LTD., A&, 35S ARSI Th 714 -6 o
H](LFSi)= fAk(silicate, SiO5)©] 10% &Ho-Eo] 91911, H]
79| T Al4F SR

el -

Aol vjae] 27 9 Aujgel] oteb o 27 (control
fertilizer (CF); N-P,0s-K,0=18-2-18), LESiES 1,0008)] 3]A]
3t 2|51 (SiF-1; CF + LFSi), 5008 3] 48t #2512 (SiF-
2; CF + 2LFSi) 2 2508 3|43} 22513 (SiF-3; CF + 4LFSi)
o2 FEsH

A ZAO AT Il 1m® (Imx 1m)A7| &2 A
L2 12m?laL, A w2 IR GRS & ]
Pt SAHIR & E53hnE=2014 79 497} 8 49
| AAesAHES 7202 2.0g N ai. m¥], 99 447}
109 7¢0 9 119 49 3.0g N ai. m24] Z}z+ 235]9} 33
S| A5} Th LESiE 201448 79 49, 79 169,
79 254, 8¢ 11¢, 8¢ 264, 9¥ 104, 9¥ 25¢, 10¥ 74,
109 229, 119 1620 SiF-1 (1.0ml m™ LESi), SiF-2
(2.0 ml m™ LFSi) 2 SiF-3 (4.0 ml m™ LESi)S 1,000 ml2]
SRl 314j510] 3 108] B34 1000 ml m?)
SISITh AIE7I7t 5 oflZ el A4 19 H o) (GM262B-
AC9, SIBAURA, Tokyo, Japan)Z2 5+ 2~33] 4.0 mm %02
AXeldTh AE 717 F B7) 4S99 42 10
6 23] AAISHAULL, HiE= 78 30Y, 8¢ 114, 9¥ 4%,
109 6¥of 2~3 mm FARE F 43] $Ys}qict. HFal F
AE {8l AFAIQl 22 3] F L (propiconazole) 4] (23],
8 204, 9¢ 209)Q}t H|H F )= (tebuconazole) -§-A) (18],
99 30¥)=, A=A¢l HY EZX]2(fenitrothion) -4 (13],
9¢ 10¥)%} 2= =9]g| A (chlorpyrifos-methyl) A
(13], 99 309)E 717t AFEsiict

ofs l.H

el

%

NS mAb W BN Y
A A% 2K A o) Thd B4, d8a

o, Y] do] 9 AR &L ARSI e 9] 7HAIA
#7212 National Turfgrass Evaluation Program (NTEP)o]|A]
AARE el &5ko] 79 44, 7¢ 164, 7¢ 25¢, 8¢
11, 89 269, 99 10%, 9¥ 259, 109 7<, 109 22,
109 309, 1199 169, 119 2799] & 123] RA}3}A T
(1=worst, 9=best and 6=acceptable). Zt]2] A& H7}5}h
7] S8l 74 25, 8Y 29¢, 9 30¢, 10¢¥ 31| %t
A& & 48] 2AFSILAL, o] W] HFE ARE o]&3}
o] JE4 TS EASHATE I A ES 4mm= AlE
A=A O EolE o] §5to] AFRE ARE ol=EE Al
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A%t % 70°C =2}0] 22(JSON-150, JSR, 3, 7)ol 4] 24
A7k Azsto] AEES 2HS Arie] J24 Pl

A eko] LA EE DMSO (dimethysulfoxide)S 3=
Z8 2 Yool A 48A]7F FE3}10] UV-spectrophotometer
(X-MA 1200, Human, A&, 312)E A}851¢] 645 nm®@} 663 nm
AN SFE=E S4staL, offjel A2 HOoR PF4 aft b
2 F A5a S AATSHH(Arnon, 1949).

Chlorophyll a=12.7 Ag;-2.69A45
Chlorophyﬂ b:22.9 A645—4.68A663
Total Chlorophyll (a+b)=20.21 Ag;5+8.02A4;

zhe) o] #ie] dol= A2kt Foj(A 5 4cm, Z°] 15cm)
o]-gsto] 8¢ 11U 10 229 23] FAFsFGLAL, Xt
7] Uee AR 9=548 Zoj(1ecmx 1ecm)E ©]&
o] 9 1047} 11 27 23] 2ARSHGIT

ZFAHNA FAH R Aol o3t BEQFO] WSS XA}
st7] flal Ale A (79 49T Al F& (1Y 27Y) &
23] AT BEFA R AA| AAE EA R HE
FoJ(AF 2cm, 3o] 10cm)E o]-&sto] 2+ A2 470
W EopA RS AR, AL Sfa] LA E715ks
2 =2 pH, A7) = (electrical conductivity; EC),
7]& (organic matter; O.M) $5F, 71 & A (total nitrogen; T-
N), &8 ¢lXAk(available phosphate; Av-P,05)% X3t Z+&
(exchangeable potassium; K) 5 A HH O EoF
o} =4 (NIAST, 1998)f =5to] AA|5F3IT pHEL EC
= L5HO R, OM2 Tyurinf &2, T-N2 Kjeldahl 71
o2, Av-P,0s= Bray No.l¥H o2, 2|34 ZHFS IN-
NH,0Ac F&ER o= 22t 245k

AEA A2 Al FRAIZI) 109 319 A E %

S N

e

ol AL,

[e]

-
of Z3to] AAEFYaL, AL Kjeldahl ZHH o2, Q1o
UV-spectrophotometer (X-MA 1200, Human, A&, 3=1)E
ol-gsto] vt Ze| Bl o2, ZE-S HFE = (flame
photometer; PFP7, JENWAY, Staffordshire, UK)E ©]-8-5}¢]
27} 243,

EAA 7L SPSS 12.1.1& ©]83}o] Duncan tHEHAS

£3) AP Bagke] olAE AHsAC.

F

I

o} o

3k

i

EQfo| BI| d& &

A A EFS pHOF EC7} zHzh 7.49) 0.15dS m™'& #F
A7} 7Rse Eopol ik A8 Azt Fof EoRE BC,
W f71Ee AY AR Z7ekla, pHet f ol
AR frasiglon, 212Hd a2 Al A3k 9] Zpol=
LFeRLEA] QISETE A8 ER ¥ Aol EoRseryel v
S BAMCR GolAE HolAl of 4 gHy o]
(liquid fertilizer containing silicate; LES))2] AJH]o|| w}2 &
oFo] WHsh= YENYR] 9FQFt)(Table 1). Han et al. (2014)9]
Ao A= HAE B ESH| 2 o) AJH] A] E9FE] o]3leHAy
H3to] ke mR|A| FQhrhar Hary vpel o] & ot
of A3jel §Arstelch o] 2IE FE ul, LFsie] B
FAR = EZAL0) BGF o]gshd WSt A= FoF
2 vjojat Ae® vepy.

T E2 # 45 =AM

LS AJH] 3 2401 9) 7102 BAe 8ol st
Table 1. Chemical properties of soil in the experimental plot.
. , pH EC oM. T-N Av-P,0s Ex-K
reatments
(1:5) dSm™ gkg™! mgkg™ cmol. kg™

Before
7.4a" 0.15b 2.51b 0.23b 40.7a 0.17a

After
CF 7.2b 0.20a 9.21a 0.31a 22.2b 0.18a
SiF-1 7.2b 0.20a 8.85a 0.32a 24.5b 0.17a
SiF-2 7.1b 0.21a 8.92.a 0.34a 29.1b 0.19a
SiF-3 7.2b 0.20a 9.18a 0.34a 22.2b 0.21a

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™ liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m™ LFSi; SiF-3:
CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on July 4 and August 4, and at 3.0 g N ai m™ rate on September 4 and October 7,
respectively. Three LFSi treatments were implemented on July 4, July 16, July 25, August 11, August 26, September 10, September 25, October 7,

Qctober 22, and November 16.

YMeans with same letters within column are not significantly different by Duncan’s multiple range test at P=0.05 level.
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Rejg gl SR otz 1080 Z71aken, FHe £
H|5k= 1190fl= Tadh= A3FE E 9 tH(Table 2). 74, 10
4 9 11Eo= LS A2 A tj2-HChHET 4y 9
7P Eo] F71eldn, 8l %oz LESi 2] 72}
CF7} H]53t A5 Yetl It ol= FfAto] A& FollAl
o] £AL U WYL $ASHE B} 9T (Lim et
al, 2012), 2ol AL A AEe] G2a Fepolu) el
MS-8 Z7}A| 7| B & (Sivanesan et al,, 2014) AA|A o= 7
Zo}kaL, 7o) Wk 1093} 11€of] %] F2 o] 3F4tH
Ao ekt

LESi AlH] & 2t o] £7] U 3 He] Zolof ¥ol=
Table 33 20}, 9% 10203} 1190 2790 ZAfoll A 2T 9]
7] HEX 19.0~22.7 ea cm™>9} 19.5~23.0ea cm™>2] HYE

Table 2. Visual quality of creeping bentgrass by application of
liquid fertilizer containing silicate.

Visual quality (1: low-9: high)

Treatments®
Jul. Aug. Sep. Oct. Now.
CF 7.0b” 6.8a 6.8a 7.1b 6.7b
SiF-1 7.1a 6.7a 7.0a 7.2a 6.9a
SiF-2 7.2a 6.9a 7.0a 7.2a 6.9a
SiF-3 7.2a 6.8a 7.0a 7.2a 6.9a

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™
liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m LFSi;
SiF-3: CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on
July 4 and August 4, and at 3.0 g N ai m™ rate on September 4 and
October 7, respectively. Three LESi treatments were implemented on
July 4, July 16, July 25, August 11, August 26, September 10,
September 25, October 7, October 22, and November 16.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test at P=0.05 level.

Table 3. The shoot density and root length of creeping
bentgrass by application of liquid fertilizer containing silicate.

Shoot density Root length
Treatments” (ea cm™) (cm)
Sep. 10 Nov. 27 Aug. 11 Oct. 22
CF 19.0b" 19.5b 5.1a 6.9b
SiF-1 22.7a 23.0a 52a 7.5a
SiF-2 21.7ab 21.4a 4.9a 7.3ab
SiF-3 19.0b 23.0a 5.1a 7.3ab

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™
liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m 2 LFSi;
SiF-3: CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on
July 4 and August 4, and at 3.0 g N ai m” rate on September 4 and
October 7, respectively. Three LFSi treatments were implemented on
July 4, July 16, July 25, August 11, August 26, September 10,
September 25, October 7, October 22, and November 16.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test at P=0.05 level.

Table 4. Chlorophyll content in leaves of creeping bentgrass by
application of liquid fertilizer containing silicate.

Chlorophyll a (ug g™

Treatments”
Jul. 25 Aug.29  Sep. 30 Oct. 31

CF 1,378a" 1,901a 1,822a 0,856b
SiF-1 1,377a 1,988a 1,985a 1,198a
SiF-2 1,511a 1,871a 1,964a 1,048ab
SiF-3 1,439a 2,023a 1,849a 1,030ab

Chlorophyll b (ug g™)

CF 0,886a 0,588a 0,490a 0,216b
SiF-1 0,921a 0,641a 0,525a 0,279a
SiF-2 0,806a 0,582a 0,518a 0,254ab
SiF-3 0,841a 0,641a 0,495a 0,242ab

Total chlorophyll (1g g™)

CF 2,265a 2,488a 2,312a 1,072b
SiF-1 2,298a 2,629a 2,510a 1,477a
SiF-2 2,316a 2,452a 2,482a 1,302ab
SiF-3 2,280a 2,664a 2,344a 1,271ab

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™
liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m~2 LFSi;
SiF-3: CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on
July 4 and August 4, and at 3.0 g N ai m™ rate on September 4 and
October 7, respectively. Three LFSi treatments were implemented on
July 4, July 16, July 25, August 11, August 26, September 10,
September 25, October 7, October 22, and November 16.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test at P=0.05 level.

LESi A e]Fofl A F7FsHAaL, LESi A2+ Sofl 4] SiF-12}
SiF-2&= T+ 9| ZAPo| A Y% CFECTF =9 t). Lee et al
(2008)& FALIS] AJH|7} Theo] 7] WEE oF 04~21 ea
e e Z7RARICH T Baste] 2 A o] Ak} fARE
AYS H AT Han et al. (2014)& 4 AlR[7F e o] 2
4 o] F7HIA 1Y A5 9 £7] dxrt SRRt
H skt

) we] Zolof wak s 1127} 109 22200] 27}
49~52cm®} 6.9~7.5cme] HY=Z ZA}=|QITH(Table 3). 84
119 ZAbo) 4] LESi A 0] 3be] 4] Zoli CFe} v
S5BFAAL, 109 229 Aol A= LESi A 2]7tofA] CFETH
56~87% J= SVt en, Bie] o7t 7 Ad A
g9t SiF-122 AR of= HAF Aol oJsf 7
3} Az ol o] F7kte] tlo] AokE A% W Ao
ma) Zlo]7} Zrkeke Ao 2 wehElth(Lee et al, 2008; Lim
et al., 2012; Choi et al., 2013; Sivanesan et al., 2014).

LESi ZJefof] w2 ) o] &4 o G52 b T FF
2 FHES 2AFEGITHTable 4). 79 2591, 89 292 @ 99
302 ZAI AL QB4 0 A4 bW F ARE B B

= bl =
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Table 5. Dry weight of clipping of creeping betngrass by  Table 6. The nutrient content in creeping bentgrass leaf tissue

application of liquid fertilizer containing silicate.

after application of liquid fertilizer containing silicate.

Dry weight of clipping (g m™) N P K Si
Treatments” Treatments”
Jul.25 Aug. 29 Sep.30 Oct.31 Total (%) (mgkg™)
CF 0.40a" 0.4la 0.46a 0.33a 1.61b CF 2.36b" 0.13a 2.28b 6.0a
SiF-1 0.34a 0.48a 0.58a 0.27a 1.67b SiF-1 2.56a 0.13a 2.58ab 15.8a
SiF-2 0.42a 0.44a 0.57a 0.41a 1.83ab SiF-2 2.57a 0.16a 2.95a 34a
SiF-3 0.46a 0.50a 0.70a 0.44a 2.10a SiF-3 2.59a 0.14a 2.79ab 4.9a

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™
liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m > LFSj;
SiF-3: CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on
July 4 and August 4, and at 3.0 g N ai m™ rate on September 4 and
October 7, respectively. Three LFSi treatments were implemented on
July 4, July 16, July 25, August 11, August 26, September 10,
September 25, October 7, October 22, and November 16.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test at P=0.05 level.

T At ZpolE YEHA] ettt 109 319 ZAfof|A]
LESi A2] Al G54 a, YE2 b 2 F J54 2 7
Z} 20.3~40.0%, 12.0~29.2%, 18.6~37.8% Z7}8} 1L, SiF-1
Aol A S dEFol 7 =9kt o= LESi9] AlH]
of ofaf| Akl AT FgEo] o] Alolgo] F7t
sl FEA o] 27157 W&o th(Lim et al, 2012;
Choi et al.,, 2013; Han et al., 2014). T3+ =24 shaFo] =
7lsro 2 x I o] 85, WA 1 AKSlE A 0] BHA o)
S7FEISlaL, Axe] gt A o] S7tste] i s 4
ZAo| Z7138F Ao T Eth(Schmidt et al, 1999; Kim
et al, 2012; Son et al, 2015). HFH] 7~9Yo] = 2] &
AEa FeFo] A+ SAZHSRE FolHQl Zol& Y
ERA] ¢F9k7] wf ol zho] 9] 7RA1A E- ol FEFS v]A]
2] ok 7 o7 WehEThH(Table 2, Table 4). ZxAko] wg
T2 7~8go] A2 Ahof AlRuhaT Yo R kA

“Treatments were follows. CF: control fertilizer; SiF-1: CF + 1 ml m™
liquid fertilizer containing silicate (LFSi); SiF-2: CF + 2 ml m2 LFSi;
SiF-3: CF + 4 ml m™ LFSi. CF was applied at 2.0 g N ai m™ rate on
July 4 and August 4, and at 3.0 g N ai m™ rate on September 4 and
October 7, respectively. Three LFSi treatments were implemented on
July 4, July 16, July 25, August 11, August 26, September 10,
September 25, October 7, October 22, and November 16.

YMeans with same letters within column are not significantly different
by Duncan’s multiple range test at P=0.05 level.

Al A2 eI A0 Ago] Skl 9¥ol= 9
A7F SoAIH, S ol viEet 22 vy keef o
8 AEYAVE fAste] fnjef Aol o7t Xfeol7} L)
Uz o= Aoz gehEth(Ahn et al, 1992; Kim et al,
2012).

LESi A 2jof] wh Zr] FE=Fs 2Aps7] flsf &t o
A S ZASE 27}, 1.61~2.10g m?o. 2 ZALE Gt}
(Table 5). 4} SA|x|Z2] b A7 AP A= A2HE
Aol S HEhA] eRokout § dAledo R vjad o, SiF-
29} SiF-30f| A S X|EFFe] S7Fehlet. Al Bl AlH]=

zhro] we] o] SO RN ko] T4 U offol
S7hE|a, 24 g 2 Bl S7iste] dhrio] A

o] 2713t Ao 2 HIE h(Schmidt et al,, 1999; Choi et
al,, 2013; Han et al,, 2014; Lee et al, 2015).

LESi H2| 5 2e] 5 TAE 7] 4R I 24 4,

=

Table 7. The relationship among growth factors in creeping bentgrass by application of liquid fertilizer containing silicate.

Growth

factors” vQ SD RL TCh DWec N K Si
vQ 1.0000 0.6249* 0.2860 0.2809 0.1359 0.3883 0.3312 0.5350
SD 1.0000 0.0060 0.6965* 0.0320 0.5533 0.4432 0.5900*
RL 1.0000 —0.0784 —0.1656 —0.5388 —0.2486 0.0339
TCh 1.0000 —0.1258 0.7550** 0.4175 0.3578
DWc 1.0000 0.0277 0.6399* 0.2342
N 1.0000 0.4314 0.3703
K 1.0000 0.6213*
Si 1.0000

“Growth factors were follows. VQ: Visual quality; SD (ea cm™): shoot density; RL (cm): root length; TCh (;ytgl g "): total chlorophyll content; DWc

(g m™): dry weight of clipping; N (%): N content in leaves tissue; K

(%): K content in leaves tissue; Si (mg g™'); Si content in leaves tissue.

*and **represent a significance at the 0.05 and 0.01 probability level, respectively.
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%

AL o, 48 U FA2 717 2.36~2.59%, 0.13~0.16%,

2.28~2.95% 9 3.4~154mg kg'o] HE e AT
(Table 6). A9} ZHE-2> CFHEUT} LESi A 2]-tol| Al F7}st
o} Qlu} o A2l Aol2 e Al skt o]
L AL )R] AJujol] oJ3 oFE Horh Ztstel Wast
25 ghero] Zvlatrhe ole] ATET A/alAehChoi
et al, 2013; Sivanesan et al,, 2014; Han et al.,, 2014).

LESi Z2jof o3t zht] o 53} Fdof n|X|= 3=
B7FsE7] Q18 2AF 5 W S AT (Table 7).
=7] Yie A9 7HAA FHolu 54 g 49
A (P<0.05) 2, A4 e I54 T Fof A
(P<0.01)y&, ZE T A& Fo Ad (P<0.05)=,
T S Wy ZE S Qo) A (P<0.05)e U
ER QAT FHAEe] A= X F qFa el S7hekaL,
T TS e Y £7] 94Xt $715k0] Han et al.
(2015)9] Al FARE A0S Hlou qfa st A
2 g ARl fode 1T 4= jlslh ol A Y
T, THAR A8 FEu A 9 o] wE &}
o2 THETHKim et al, 2016). ©|= &3} LFSi®] AJv|7}
e o 22 W ZE b £7] 3EE SVHIPIAL &
7] =9 S7hs 7HAA FEolY &4 e St

A i Ao Selwglrk
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