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Effect of Water Soluble Silicate on Zoysiagrass Growth

Jeong-Ji Han', Kwang-Soo Lee',Yong-Bae Park’', Su-Min Choi', Geun-Mo Yang’, and Eun-Ji Bae'*
'Southern Forest Resources Research Center, Korea Forest Research Institute, Jinju 600-300, Korea
*Department of Green Landscape Architecture Science, Dankook Univ., Cheonan 600-300, Korea

ABSTRACT. Silicate fertilizers known to be effective in improving the growth and density of zoysiagrass. Most silicate fertilizers
being used in Korea are slag-originated silicate fertilizer, but some water soluble silicate fertilizers are commercially available
recently. This study was conducted to know the effect of water soluble silicate fertilizer, on the growth of zoysiagrass and the
change of soil chemical properties in Wagner pot and field experiment. Root length, fresh and dry weight of shoots and stolons,
the number of shoots and stolons, total of stolons length and the SiO, content of internal plant were significantly increased by the
SiO, content but chemical properties of the soil were not significantly changed by the SiO, content. The SiO, contents of 18 and
36 ul ml™ did not show significance difference, and therefore a reasonable application the content of SiO, was thought to be 18 pl
ml". Foliar spray of water soluble silicate fertilizer is believed to enhance the growth and density of zoysiagrass than soil
application.
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M =2 23} ul 2y 2o AT SorH o] Au o g EofFo] o
FEdES € = Ath(Ham et al, 1996; Hwang and

A felfelold Bolis 2RI, SRR, A Choi, 1999) 9] £ A A48 WIIE ol
7 9 R ERe] BeAl WA BY, AY AE 5 5ol EoF GaTAL $eF 157 mg kg'om 7
= ) 4, B4, B 4R 54 59 gARAon Aoy glout 1 wrlAuA] 4% GE ol

ﬁ IN'

HRA7F F48] WolAHA =27k S71E AL Ytk (Choi  7]E4] ]OPE e 124 b Aaks R Bl =

and Yang, 2006; Jang et al., 2011; Yoo et al., 2002). 2009 2], 3H4 2ASE NHEFT 27t o, Frj o oy E

Ae] Atfo] of 30650l 00KA of 708e] 910 % W B Shus] SlelA dFne] A5l ¢

=2 28f o)Al =713} 11 (Korea Forest Service, 2012), Zkt]  g]7} Q3= t}(Bae et al, 2013¢; Kim et al,, 2003; Joo and

Al WA 57} 57k FEHT Qs Ago|cBae et al,  Lee, 2011).

2013b; Choi and Yang, 2006; Lee et al,, 2014). Al 280 I4dil oA 0l 3l g} ZFEof Qlo]
A= "3 2h7] 7oA AL el Ao 0|20z 1 EJH} ASE o] grom, oA} ZAR Az o

T -1 T

7] W &of thE 2lEof vl I 27 =T o1, o] 27 A o] Az o] AVAS =011 (Epstein, 1994;

St Q5 A= SR A9 Avje] dat Mengel and Krikby, 1987), 1] A 7|e} FA9] AA-S =
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XA @] AT HEFS 57Xt (Liang et al, 2008;
Ma, 2004). 7f4= 2 ] 919 FAE FEHT 7]
FAIE FA = o] QlofA Fo o] &ES FTVHIA B
A 285 Ak 71thal 51 tH(Adatia and Besford, 1986;
de Melo et al, 2010; Liang, 1999). ES7HFA = A 9] &
o] A1, Fa&ol o3t 54 HsiE A= &t
Zo|gtal Hi1%E a1 Qth(Ma and Tahakash, 2002). 3t
A Ao QlojA Al§ At I AL 91O H (Bae et
al, 2013a; Kang et al, 2007), =23 W E 72 A (Agrostis
palustris Huds)®] 534 HejZdo] g&o] aurt 9lu
(Lee et al, 2008), AlQE o AXA¥E 18] X (Stenotaphrum
secundatum (Walt.) Kuntze)2Q] A1} WAALS SFAA] 7|1,
S| AR QIuLAS oA ST (Brecht et al., 2004; Trenholm et al.,
2004). &%+t (Zoysia japonica Steud) Z|ujA] A H R
A8 ALY F4= o] §&& TAAA LA H|FES A
Ak 4= dokal B U EQITH(Han et al, 2014). /4t 24,
AMEe] FEl= FaEal Jlom A W Az o] Aol
sto] AR AFFELt AR o] tE AR K
a1%E 31 Qlth(Joo and Lee, 2011; Lim et al.,, 1981).

G olgEhs e AV HRe) A9 ol F
A g1, BoF nAEe] fUlEe wolilE o WAEE &
7)4tolup Bejoll A EH|E = f-7]4tel] &8l ==TH(Lee et
al, 2005). 1 4 H|E = EQF A2 & 5ol
L ASAIRIE Bt AP v &7t BEoF oA gal= o
TS o] & = A BlioF H=d| X Ao 5444
AST ASAHZL o2 Y] 4] FAREE B7Fs7|17F 9
S, A4 AdRo] vl =2 A §EE ] AExT] A
Sof gk 4k i 8T EE 541 4= flth(Kang
et al, 2007). o= €21 FE] FAHE BlE tiilof
T84 A YRR I A H|ZE0] JE o] A
TEAL Qlovt 84 ARl dig A Aake mlERt
A7 o]th(Joo and Lee, 2011).

waba] 2 AolME 8 AN YRR S M4
2 H|7 AJgo WE gzt o) S} EQkalehy] HI)
£ dobRiA; AlE 43353l

Mz o 2
Az A AlH|EE

FAA =l 2] (Zoysia japonica Steud.)5 ©]-&3}
| ARG wE aakE YobEy| e S 477
SHoATE. 20136 3URE 8U7IA] FRAMHANA A4 F
TR E AFA A=) A A7 18.0cm, o
30.1 cm 21U ZE(1/30002)S AFESF0] =X|o)A AJHS
SHRaL, Al A g H zhe AufR| oA A
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e
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& et AFol ALE S84 A (Kost liquid
formulation, Kosibio Co. Ltd., Chungbuk Jincheon, Korea)
O] A= NaSiOH,0% & o 5 17.80%= -5t
gom, FAKSIO)S 3.54%= a5t 91t

Y EEf ALE(sand 96%, silt 4%, clay 0%)S 5
Foz A& F XFA B A2 A 20134 3
13Y0] 2257 AYF|cto] A|ujulo] dof WAy gt
3¢ 14 ZEY o] 10 cme] w7} 3-4717} &=
5732 704 oAtk oA Az R Y 374 Y
5 stoon 11 o]z Aol A Hsiel
, o] ehmE wi7hA] M Z 7= RshA] etk &
ol ARE3E BlE 9] 39 4= FAEE At e A
gl FUEe Akl Alv] A e a2 E
o] 1/5 %= FEF AJeiich 2013 59 1937} 6 259
23] 2 o] AH|SIGLAL, N2 @ 4H[RE o|-85fo] 24¢
m?, P= 84 QA 17%9] €117, K= 444 K0 4
= 60%°2] AAES 247 12g m?2 Asiqih AE
O] uj A= A oJuix Ry HHE o= Sl 84 4t
2 59 2797 79 7ol 23] #FSRGTE AR A
= HE2FeE A FE 0FA ), 9G-S 50%), 18(F
A, 27(FF2 150%), 36(FH 7S] 200%) wl ml' 5
L2 skqich SV E Aejgy 500 ml¥ A 2)skqlaL,
AR AR dFeke Zkz) 0, 4.5, 9.0, 1353 17.5
7t mgEo] Qgich

WA g ) A ZAA A T AT
5mx5m (25m%) F2L22 AA 167§ A]E (400 mH)E
G R 4R 0 B2 2SIt B AR E(sand 69%,
silt 19%, clay 12%) 1, e AALE L8819 =
E A gTto] AlH]= B3| = (Power 21, Dongbu Co. Ltd.,
Seoul, Korea, N:P:K=21:17:17)2 A4 $£A4ETF 34g m>
71202 49 114, 5¢ 10Y, 54 304, 6¥ 20 43]=2
o] AlHIelola, REiZli 631 AAlsidch. AT g
0(FA2]), 9GFHFS] 50%), 18(FHT), 36(F=HF2] 200%)
Wl ml? 47 02 Aeislich AlRT WA 2014 A
otqlar, AejE= AR S 22 0, 0.18, 0.369}
0.72ml7} Z3tE]o] 919l o, 59 24U} 62 26 23] A
ulahoit.
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AFSFATE. AEA &] 79~ 50 cm x 50 cm 514 €]
el 4 WO wojel XAk, EBAT Asnol
WRAET AL A, B2 Aol Z4T ¥ miow
ghitsto] daks Uehi it AlEA o] S5 709
Pk obi] 9] AEAE 1% 7] (Model DS-80-5,
Dasol Scientific Co. Ltd., Gyeonggido, Korea)2 80°Coflx] 48
A7k Az5to] RS B B4 FENTH 2
Hedoshd AEZA A (LAS., 1987)] F&dto] A5}
Rom, Si0, AR H0,-H,S0, w8l o]-§skslem,
N2 Indophenol bluet] &2 P2 Vanadatat] & 2 H]A} =]
st 3L, U A] K, Ca, Mge] R/ 4RSS Guzg Se}
Zu} B33A(Optima 4300DV/5300DV, Perkin Elmer Inc.,
Waltham, MA)Z =43} t}.

EY olgletd ¥ fSmi & 24

EGEAS 72315 S sdaerd B (LAS,
1987)0ll F5k3lct. E¢F pHe A7 | M=% (ECl= EFH 5
F4 15 &2 5lo] XEst AEN-S pH meter (Starter
3000, Ohaus Co. Ltd., USA)2} EC meter (Starter 3000 c,
Ohaus Co. Ltd., USA)S Al&35to] 2Ask9ct S71& &
2 Tyuring], F24E Kjeldahl 02 EX4391, 8
Ql4F2 Lancasteri] &2 S8}t 2|8 Fol &2 IN-
NH,0AcH e 2 F&dto] 11 A {Fedd Sof=nt 2%
Al(Optima 4300DV/5300DV, Perkin Elmer Inc., Waltham,
MA)Z EA3}¥tt a4 E5F2 IN NaOAc (pH 4.0)
AFEAL o B3f0] T 700 nmoH| FLES 2510
B A8} tH(Hallmark et al., 1982).

Sio, 0 Si0, 9

A4S DMRT (Duncan’s Multiple Range Test) 5% 5=
A

fo1e AN,

T8N it A20 ME S=RTC] MIEn

84 4k Algol e it o) Al A A TNE
oot 7] flsf AR S A2l & SaYxE AFY 4
F2AHE T Ay} 3849 4 FAEF(NE)LF A
Ae| 5 AQstaL, 4l FFol =345 24, 24, A
ARt ZEZA ) AR FH A=Fol F948 A F7tst
SAch(Fig. 13} Table 1). FFAF 3] 2]to] vl FAF A 2]+t
7b 233 o] Adgloen, 4t T 18, 277 36 pl ml!
At 240 20 Folet ZFol7h ISl A
AR =L AL 3FF 273) 36 ul ml! A 2] Lol Al ZHz 51.6
7 523g0® TP wQkal, AR dEee A S
18, 273} 36 ul ml* X 2o A ZHz} 12.8, 13.29} 13.8 g©
2 = Yepd AR Hejzte] fo2b7t glglct 25749
ST AESL A S5 36 ul ml' & 2] Lol A 24zt
29.17} 9.1 go = 71 A Uebgen, AsHRe] AA|S}
AEa2 g4t Azt FoJ3t Zpol& Holx] gl A4
A= AT T 36 pl mlT 2] A 520072 7}
% WekaL, the o B 4t FheF 183 27 pl mlt A 2] +to)
A 247} 463.33F 493770 = Wkour A3t {27t 2to]
7} §ldch(Fig. 2). 3257 Aol Ak =F 36 ul ml' A
2lof|4] 845.5 cm® 7Y Aot Ak T 9, 181} 27
ml" A2 7ke] {-oJgt 2ol 7} UEhLbA] Qe 4L A
of W& gh=zbr] o] H&FFo] Frlstl o, HAk o
36 pl ml™ A 2|5-o] AsFo] 7HE wokeut 4t o 18
T} 27 pl ml! A 2] 17he] S-S o7t 2ol 7k fsich

Zhe] e | ol A =84 A Algell whE gzt o
TAE AR TS ool Y] fisf HAF S AlE § x4
Ao HERARE 7 AT FY,E9] 384 Az

Si0, 18 Si0, 27 Si0, 36

Fig. 1. Effect of water soluble silicate application on the growth of zoysiagrass in the Wagner pot. NF was no fertilizer. Water soluble
silicate (SiO,) was applied at 0, 9, 18, 27 and 36 pl ml" respectively. Nitrogen, P,O, and K,O were applied at 24, 12 and 12 g m”
respectively.
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Table 1. Effect of water soluble silicate application on shoot and root length, fresh and dry weight of zoysiagrass in the Wagner pot.

Treatment”  Shootlength  Root length Fresh weight (g pot) Dry weight (g pot”)

(ulml™) (cm) (cm) Shoot Stolon Root Shoot Stolon Root
NF 12.2¢ 33.0ab 7.9d 9.0c 10.3b 2.4c 3.3c 2.2b
Sio, 0 18.0b 33.5ab 36.1c 22.4b 18.4a 8.6b 7.5b 4.0a
Sio, 9 21.5ab 29.7b 40.9bc 26.3ab 19.0a 11.2ab 8.2ab 4.1a
Si0, 18 22.6a 35.9a 45.6ab 26.9ab 18.7a 12.8a 7.9b 4.2a
Sio, 27 22.0a 36.2a 51.6a 27.2ab 18.9a 13.2a 7.1b 4.4a
Si0, 36 22.4a 36.8a 52.3a 29.1a 20.8a 13.8a 9.1a 4.5a

The growth characteristics were measured at the 169" day after planting and the 64™ day after first water soluble silicate fertilizer application.

“NF was not fertilized. Water soluble silicate (SiO,) was applied at 0, 9, 18, 27 and 36 pl ml™ respectively. Water soluble silicate (SiO,) was treated for
a total 2 times, on May 27 and July 7. Nitrogen, P,0, and K,O were applied at 24, 12 and 12 g m™ respectively.

YMean separation within columns by Duncan’s multiple range test, p = 0.05.

600 1000

No. of shoots (ea pot™)
Total stolon length (cm pot™)

NF Si0,0 Si0,9 Si0, 18 Si0, 27 SiO, 36 NF Si0,0 Si0,9 Si0,18 Si0,27 SiO, 36

Water soluble silicate application Water soluble silicate application

Fig. 2. Effect of water soluble silicate application on number of shoots and total stolon length of zoysiagrass in the Wagner pot. NF
was not fertilized. Water soluble silicate (SiO,) was applied at 0, 9, 18, 27 and 36 ul ml™ respectively. Nitrogen, P,O, and K,O were
applied at 24, 12 and 12 g m™ respectively. The growth characteristics were measured at the 64" day after first water soluble silicate

application. Data are the mean £ S.D. of three replicates. Different letters are significantly different by Duncan’s multiple range test
p=0.05.

Table 2. Effect of water soluble silicate application on shoot and root length, fresh and dry weight of zoysiagrass in the field
experiment.

Treatment”  Shootlength Root length Fresh weight (g m”) Dry weight (g m™)
(Wl ml™) (em) (em) Shoot Stolon Root Shoot Stolon Root
SiO, 0 10.1a" 6.8b 952.2¢ 776.8¢c 354.9b 213.6¢ 281.6b 100.9b
Sio, 9 10.6a 7.3ab 998.6bc 936.6b 548.2a 249.8b 337.7a 121.9a
Si0o, 18 10.1a 7.5ab 1084.5b 942.2b 608.6a 271.9b 346.1a 129.1a
Si0O, 36 10.7a 7.8a 1220.2a 1040.9a 596.4a 304.4a 367.4a 126.7a

The growth characteristics were measured at the 102™ day after first water soluble silicate fertilizer application.

“Water soluble silicate (SiO,) was applied at 0, 9, 18 and 36 pl ml™” respectively. Water soluble silicate (SiO,) was treated for a total 2 times, on May
24 and June 26. Nitrogen, P,0, and K,O were applied using compound fertilizer (N : P : K = 21:17:17).

YMean separation within columns by Duncan’s multiple range test p = 0.05.

A AL Aol Vo] 74 o] B4 2 A ARl 703 Tsm felah Aol ol ¢
AR, ERAT Ae] AAET ABF] ol A obth AARe] AAFS A T 36l ml! K el 7t
ZopolelcHTable 2). 2AS 14 BAZTo A2l T7ke] 12202602 714 S e, chgos M2 18
ol e UERA) Qe n], 2k AL F 36ul mI' mlt X277} 1084580 HoUTH ALY ABFL 7
Ao} 78em 1 DO AL T 99 18 ml' AR T 36l ml? A2 304402 7 HILou,
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Fig. 3. Effect of water soluble silicate application on the number of shoots and total stolon length of zoysiagrass in the field
experiment. Water soluble silicate (SiO,) was applied at 0, 9, 18 and 36 pul ml™ respectively. Water soluble silicate (SiO,) was treated
for a total 2 times, on May 24 and June 26. Nitrogen, P,0, and K,O were applied using compound fertilizer (N : P: K =21:17:17).
The growth characteristics were measured at the 102™ day after first water soluble silicate fertilizer application. Data are the
mean £ S.D. of four replicates. Different letters are significantly different by Duncan’s multiple range test, p = 0.05.

A} er omh 18l it X2l Fol A ol 2ol 7} gl
Atk ERAL) AAFE FAF T 36l ml! A 2] 77}

10409 g & 7H A Yebst oy i#+AF S 9v 18l ml”
Aelqto| A= 22t 936.61F 9422 g0 = {03t 2fol7} Gl
QL ZEAO HEF2 A F=F 9, 187 36 ul ml' A
g|qrof| A 2z} 337.7, 346.13} 3674 gO &2 Fo|X}7}F LrERLY
2] grokek. Aape] AAFI ABES S84 A A
ool ula) 7lehs AE melont AgTgke] 9
A A gk AR A 8 A B
36 pl ml' A E]to A m* 17994.570 &2 7H WkaL, tha
o2 AN ek 18 ul ml' ATt mPe 163111702 U
Efutth(Fig. 3). 257 Zol= 4 3 181} 36 pl ml!
Aol A 247t m*e 322.99F 337.8 m= A 2| F7Fe] 9]
3k Aol7k gioick. K] AeA ERAEOIAE 21w
E Al Ao} vlszsiglom, A A2]of wE gkt
o] E=Fo] F7FsFAAL, A T 36 pl ml™ A 27} o
2 ST Wokou AR F 18 ul mlt A 2|+el 2ol 7}
A S 2ot ot AuE Sl 84 At A
2 7h 2 ol =Rol HAL S & o U3
e o sk anAke] AAAES LEsle
18 pl ml'7F 235t FAF =5l A o2 s Q).
2 dAFANE =2 HEI A A S A5
o xR} Ak Aeltol A 7o A 24
o] Aglom, o= FAkdo] e Hedhso] aurt ik
AL Bk 239} SASFATH(Lee et al, 2008). 4 F=
b w25 E Kol duste] 22 WEIHRAY oz
& AJAto] Z71Eth Al 819 a1 (Uriarte et al., 2004), FA=
seashore paspalum®| AlZAY-S} Z2-S A ZITET H
115} tH(Trenholm et al., 2001). T3t 3HX|3 Zt] o] %A}
Aot Aske] AA|F AEFo] FAARE F7Igh
thal Haskelet 2 Ao Aol YA ahith(Kang et

:]1)
o

[e)

=

al, 2007). e /485 7HIA
o] Fej= pH 9 ofstol| A A=) s
o)A Ith(Ma and Takahasi, 2002). #2] =
T Ao FAtel| wet AlEA Y] AR
il AEA Ho] Hlae] =2 FEth(Yosida, 1965).
o= Wel2 Bl Aol] FAE 40 FS 0.1-10.0%
Arel Aoz e Qo (Epistein, 1999), AALA A&
Hop G2 AlmoA o Wol 4 He Jor HiEa
QIt}(Ma and Takahasi, 2002). G2 Al E35| SHEa}; 4]
=olA GF0) Al Ao WEa SR o|Lfof Fetd
9] o) 59 a7} Y= Al R HUERICH(Epistein, 1999;
Ma, 2004).

o= TRl

3l

al
=

T8 mitd A0 ME
EQY S4o| #st

T8 A AE F FTHEE A ofA] gzt 9
Fr7lol & e 2ARE At 3248} 4 74 2] 5H(NF)
oF HAF FA g Blsl| FfAL ShFo] SUFEE AEA
W A Fol S71shlar, sHAE FHEF 36 ul mlt A2+t
7} 116.7 g kg' 2.2 714 =4 Vel thH(Table 3). A &AW
A0} QIAhE 84 A Aol wet Sk Ak
LFERGLL, 1A @ 27 ul mI? A2l ol A Zk2) 20,33}
12g kg'2 ek ABAY 28, vhdET 2E d
< 8 A FA AR Bl 84 A A B Roll Al
7k AEFE et 2 A3 dde 4 Aes
Tt 225 A 2 Y 4Al29 HHAF ol SR
th= X 312K(Kang et al, 2007) seashore paspalum (Trenholm
et al, 2001), ¥ (Chang et al, 2006) Go|A = T4 AJH|ZF
Bass AR o Ho] F7lath waet &
ARt Aok Heleh e AufR|oll A =840 At A8l

2 3=zt o] F7)ol2 SEFE AR At AP

BITC RIl0I2 B

o]
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Table 3. Inorganic nutrient content of zoysiagrass by different contents of water soluble silicate in the Wagner pot.

Treatment” Si0, N P,0, K0 MgO CaO
(WmlY) gRg
NF 55.7d" 4.7d 2.5¢ 6.8¢c 1.5b 2.4¢
SiO, 0 52.1d 7.2¢ 2.4c 9.6b 1.6b 3.0b
SiO, 9 72.1c 11.8b 3.9b 11.9ab 2.3a 3.5b
SiO, 18 74.5¢ 15.2ab 3.9b 13.2a 2.8a 4.9ab
SiO, 27 95.5ab 20.3a 4.2a 12.5a 3.0a 6.5a
Si0O, 36 116.7a 17.7ab 3.5b 12.5a 2.7a 6.6a

The growth characteristics were measured at the 169™ day after planting and the 64" day after first water soluble silicate fertilizer application.

“NF was not fertilized. Water soluble silicate (SiO,) was applied at 0, 9, 18, 27 and 36 pl ml™ respectively. Water soluble silicate (SiO,) was treated for
a total 2 times, on May 27 and July 7. Nitrogen, P,O, and K,O were applied at 24, 12 and 12 g m™ respectively.

YMean separation within columns by Duncan’s multiple range test, p = 0.05.

7tel Folgt Apo| & HolA] kot

QFIYRZE AlFH 2] AHujA] ZAAH
NG T EF EAAS BT A Ae7tke] #
7F itk Sl AR RS At W EQF pH,
ES W FaH4L A2 A f71E el STk
EoF v x 22 g3/} Qtkal 5199 21k (Han et al., 2014;
Joo and Lee, 2011), & A-Fol A= =84 AL A&l o
£ EY 35h7 #i3tE Holx| sith oje} 22 Ayt
T8 A ol S s fRAHAR ol St
= AFS BAAT §9F 2 2pol & YERA] kAL, &
L FARE v E R B 4] ofom, B Z4of I
{3 FAAF ol vIA A et Aaket fARRE
A3k B9 th(Joo and Lee, 2011).

2 AFANE ol 84 At AlEoll we ki
W A= o8t S7FskAaL, 27 Al b
1o & et it AL o] F7tekrs AlEA|
FFS SR oY B el &t ol
et AEA W 294 FFUoR2A 42
= B A gAH| BTt JHARIE T8 B
GOz gzit] o] o] 7] 4
=

¢

ox
Ho

E
8
o

Eﬁ%ﬁ
B o
o He

20 02 oo [r £ & lo
[o ol

ﬂllO N ox,

nr 2o
2 7

pods
|

(o] 5
=

A2l vs) 4
w270 47
R4 A SR

felshA Frbst ot Eo

chelct.
F20{: FaQAl, Frole, du], =84 A, SRl
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