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Effect of Growth and Nitrogen Use Efficiency by Application of
Mixed Silicate and Nitrogen Fertilizer on Zoysiagrass Cultivation
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ABSTRACT. This study was conducted to investigate the effect of silicate mixed with nitrogen fertilizer on improving the
growth and reducing nitrogen input of zoysiagrass. Plant height, fresh and dry weight of shoots, roots, and stolons, the number of
shoots and total of stolons length were increased with highest in silicate mixed with nitrogen 24 kg/10a than nitrogen 24 kg/10a,
and it showed no significance in silicate mixed with nitrogen 18 kg/10a. Nitrogen use efficiency in mixed silicate fertilizer was
increased by 25-30% than single nitrogen fertilization. Moreover, the contents of available SiO,, and organic matters of silicate
fertilization on soil was higher than not silicate fertilization on soil. The silicate enhanced the growth and density of zoysiagrass,
while it was a crucial factor to affect the chemical property of the soil.

Key words: Available SiO,, Nitrogen fertilizer, Silicate, Zoysiagrass

Received on May 12, 2014; Revised on June 4, 2014; Accepted on June 17, 2014
*Corresponding author: Phone) +82-55-760-5026, Fax) +82-55-759-8432; E-mail) stop05 1 1@hanmail.net
© 2014 The Korean Society of Weed Science and The Turfgrass Society of Korea

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License & #160;
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted noncommercial use, distribution, & #160; and reproduc-
tion in any medium, provided the original work is properly cited.

=

—_

M

= 7%, 71, ESE e ASS
2] 7]%0l wet 24 "rh(Carrow, 1980).
B3 g g oA AL ZHHH—E—

o

lo

(Klancnik et al., 2014) Kang et al. (2007)=
A A T FETE LSS Mgl FolA

137

et al. (201 2)-9—
X]— E]: x] /J—

AT A ETRE A

A EA oF EoF

T A
SR e N
Algo® Qlal Egk %—1‘3}71] A8k
57) Al on, ol qla) Al At
S}Alﬂt 29lo] Eth(Ma and Naoki, 2006).
FaE oA WE drA o g2 A Eo] ek
of dFE PIXlE Fg AR FHEHL
S TH(Epstein, 1994; Liang, 1999; Ma and Yamaji, 2006;
Takahashi et al., 1990). 3}23} 25 A= A EZZ =
AEo] Wrdd A=E F7M71AL, Bl tidk AR S

o] FEFE AL F UTHMa and Yamaji, 2006).

+

-7 5 A WH(Epstein, 1994),

o
=
T



138 SHgA] - oS - kg - x|

B3] Wo] A FA7 EYAR AN T 9lom, 7 MSZAI W ASH 24

2H HIEE ASStH 97 AF /A, 2A o) 8E TX B G2 A A 24, AR, 254 A3
o TH=E FHS e 7lod g th(Lewin and Reimann, F&] AT A=F, AGHE MAG, 257 4ol &
1969; Parry and Smithson, 1964). T3t = Bk tst i ZASIA T A EAo S4H Frlo]9] sH3S dolr

=
Ax 5o

ko] AlgantE W AEA =AU 7HEE
Pty Ao o % S 337F HE A tH(Kang
and Stutte, 1982). TF2H HIE A& A9 FF o8&
S SXNA Aa AEIES A7 A3 (Lee et al., 2005),
E< pH 7HAol 37} Slol ExAjufol frelet, EF
NAHAZA Gt ok HE o] gtk(Sauza et al., 2011).

A AOAl FrHE L AFL A Aty SUE
el A= AN EE AMEa Jon, dA¢ 7|E
flo] Aol oEste] EoFe] slshdo] A} ofslE
Atk TAHE H|E A]ES HAo] S o|8E T E
&Fo £, shEd Aol rhsstth sulelA e A
Hjel FaFS mx= v g A3t ofF i
gt Ao = ] ASAAHE g AH]7]&o] B et
THKim et al., 2003). wabr =2 = T HIE A
ol W sh=ziv]e] A M E ARassE ot
B} ettt

AT
AW

W2 Y e

e
ol

erﬂ:ﬂ

A2 2 AlH|RE|

A3 L 2013 2¥HEH 8¥7HA] A HE A&

o] ARass golrr] 98 sk
AL AT Y FAAE REAGESEE 5
1 =)ol A 3 skt *AVHLL S (Zoysia
Japonica Steud.)E ©]-&3}4, 1/2000a 114 ELE| ALE
(sand 96%, silt 4%, clay 0%)E LT Fo =z AL &
S# 2 FAHE BIE(SI0, 25%, CaO 40%, MgO 2%)S %
A F+E Ag A A2l 400 kg(0.4 Mg)/10a2]
ko & AlZAlH] 3 TH2013W 2¢ 28%). AHE H| B
A 3 20139 39 790 ZEG o] 10cme] EEA
S 770 oAt oA A2 RY 3FIAE wid B
£ 3193, 1 olFele dFdel by Atk
g3 Aol 5 w7bx] Y 77le TSR] 24t

2 AFA Ak AlH)E2 400 kg/10a2 SFA AL, °l
= Bae et al. (2012)9] A3 A3 Az}t AQu A FFAF
¥ & 3= 4000 kg/haoll A ZE] A So] EJtheE 245
Zuskdnh vlge) 384E 20139 59 1€93 79 259
23| 2 o] AREI o, NS QAR E§E o]&sly 0,
6, 12, 183} 24 kg/10aS F=HE Az, P 7HA4 <
2 17%°] &34, K= #4424 K0 A 60%°] Ashz
Z}z} 12 kg/10aZ A 2] &} Th.

al
i

J X~

>

1

E
o

N

"1

F

>

i=He]
|H=

7] {8 AEAE Zﬂ?ﬁﬂ(Model DS-80-5, Dasol Scientific
Co. Ltd., Gyeonggido, Korea)Z 80°Co|A] 48A]7F 7A x5}

of Bt AEA B4 2N AHEdAE
A AEAEAH(LAS., 1987)0 F3le] BA5192H, Si0,

2R H,0-H,S0, 3l H & o] &3t on, A4 A8
2¢S E3€ Kjeldahl flasko] H,SO, 20 mLE ] 7}3}<,
Kjeldahl digestor2 300°Co|A] §Ho] FAo] & ufj7}X]
204 7HA o2 H,80,3mLE FH7iste] ¥3l g & o3}
A2 gk 7 XAl Folsl= FAFE hoodH oA &€
ol 12} 3FAIZ] 3 crucibleol] ©o} 600°C 3]3}2 (Model
LV 5/11b180, Lilienthal, Berman, Germany)ol|*] 2A]7F %3
= Y HEsIA AEA AR 0.5gS 100 mL #&)-&
FHo F3}la, H,S0,: 50% HClO=1:10 B &2 &3t
10 mLE 718t 2 EAE B3st & S/SE 100mL %
A7HA] STk N2 Indophenol bluet © & PS Vanadata
Hoz vl ZA38 AL, UHA| K, Ca, Mge] F714+%
e fedg —?%E}ESU} —E%ﬁ] (Optima 4300DV/5300DV,
Perkin Elmer Inc., Waltham, MA)Z =43} t}.

EY olzEtd o grEaT

E/J2 Bouyoucoc(1962) W ol &3l 42 313t
ERE B4 5215F 95 ATY ESRAY
(LAS., 1987)°] &3t A8 e™, EF pHe 37 €
ESANE 5g TFF 25mLe 7hste] Ao 1A% 1

3k & pH meter (Starter 3000, Ohaus Co. Ltd., USA)Z
Aottt E A7AEE(EC)E 31 @ EYAE 10g
TR S0mLE 7Fete] Aol M 1417 wnkgk ol
C meter (Starter 3000c, Ohaus Co. Ltd., USA)Z 543t
Ak f71EF FA2E KjeldahH 3 Tyuring &2 24
3L, FE Q14K Lancasterd 2 5743151tk 2|3
0] INNHOACHOE &8l 1 Ae §=4%
Z}=u} 2334 (Optima 4300DV/5300DV, Perkin Elmer Inc.,
Waltham, MA)E TA ST fraarA > 1N NaOAc
(pH 4.0) 580l o|& WHE o]&st] 37 700 nm
AX FHZE %XJ sto] £ 319 th(Hallmark et al., 1982).

2 le rE

i

o
O

rulm

A 24

AFT) wj R Ygouix] 3utEo g pon, EAR
218 SAS ZZI¥(v. 9.1, Cary, NC, USA)S Al-&&}o]
ANOVA A4S A, A+ B3 fold A3
< DMRT (Duncan’s Multiple Range Test) 5% ==l



=] Aol AFE ¥lg ARPZE e} FAel8a8e] miAE 9 139

Si 400 kg/10a
+N 12 kg/10a

Si 400 kg/10a Si 400 kg/10a
+N0kg/10a +N 6 kg/10a

Si 0 kg/10a
+ N 24 kg/10a

Si 400 kg/10a
+N 24 kg/10a

Si 400 kg/10a
+ N 18 kg/10a

Fig. 1. Effect of mixed silicate and nitrogen fertilizer application on the growth of zoysiagrass. Silicate fertilizer was applied at 0
and 400 kg /10a. Nitrogen was applied at 0, 6, 12, 18 and 24 kg/10a, respectively. Data investigated at growth after 175 days.
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Table 1. Effect of mixed silicate and nitrogen fertilizer application on plant height, fresh and dry weight of zoysiagrass.

Plant height Fresh weight (g 1/2000a pot™) Dry weight (g 1/2000a pot™)
Treatment”

oot tolon oot oot tolon oot

(cm) Sh Stol R Sh Stol R
Si0.4+N 0 92¢ 11.6¢e 13.9d 20.6 ¢ 36¢ 5.5d 4.8c¢c
Si0.4+N 6 12.3d 24.6d 234c¢ 292D 7.4d 104 ¢ 75b
Si0.4+N 12 14.8 cd 412¢ 33.1b 435a 12.1¢ 13.1b 10.7 a
Si0.4+N 18 18.1b 64.2b 38.6a 46.0 a 18.1b 15.0a 112a
Si0.4+N 24 222a 733 a 395a 478 a 20.0a 163 a 114a
Si0.0+N 24 17.1 be 643D 332Db 454 a 17.8b 15.1a 11.1a

“Silicate fertilizer was applied at 0 and 400 kg/10a. Nitrogen was applied at 0, 6, 12, 18 and 24 kg/10a, respectively.

YMean separation within columns by Duncan’s multiple range test, p=0.05
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Fig. 2. Effect of mixed silicate and nitrogen fertilizer application on the biomass and density. Silicate fertilizer was applied at 0 and
400 kg/10a. Nitrogen was applied at 0, 6, 12, 18 and 24 kg/10a, respectively.

Table 2. Inorganic nutrient of zoysiagrass by mixed silicate and
nitrogen fertilizer application.

Treatment” Sio_z] N_1 onﬂ KZO.] Mg(_)l Ca(?l
(gkg’) (gkg) (gkg) (gkg?) (gkg™) (gkg™)
Si04+NO 71.1 110 3.8 137 43 75
Si04+N6 720 138 44 159 44 713
Si04+N12 587 162 34 180 45 66
Si04+N18 620 167 25 198 47 68
Si04+N24 658 179 34 196 50 7.1
Si0.0+N24 628 137 41 187 52 64

“Silicate fertilizer was applied at 0 and 400 kg/10a. Nitrogen was
applied at 0, 6, 12, 18 and 24 kg/10a, respectively.

o] ol gk A3 AFAES B8 THKim et al., 1986,
2002a, 2002b). =2 AAH| T AJH]ol| = B33 714k A
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ATkl 3193 tH(Takahashi et al., 1990).
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Table 3. Chemical and physical properties of the soil by mixed silicate and nitrogen fertilizer application.

Treatment” pH EC ] Av. SiO_lzy T—N] Av. Pz(_)ls O.M. Ex. cation (cmol, kg™)
(I:5) (dSm™)  (mgkg) (gkg’) (mgkg”)  (gkg-1) K, Ca,Mg

Si0.4+N 0 7.0 0.09 487.4 0.15 9.5 0.53 0.08 1.15 1.10
Si0.4+N 6 6.9 0.12 421.4 0.14 13.2 0.49 0.07 1.15 0.77
Si0.4+N 12 6.6 0.10 185.1 0.14 14.8 0.44 0.08 1.15 0.61
Si0.4+N 18 6.5 0.10 206.2 0.16 12.7 0.48 0.07 1.15 0.87
Si0.4+N 24 6.6 0.12 132.9 0.16 14.8 0.31 0.07 1.15 0.80
Si 0.0+N 24 6.5 0.11 125.1 0.14 10.0 0.37 0.07 1.16 0.85

“Silicate fertilizer was applied at 0 and 400 kg/10a. Nitrogen was applied at 0, 6, 12, 18 and 24 kg/10a, respectively.
YAv. SiO,: available SiO,; T-N: total nitrogen; Av. P,Os: available P,Os; O.M: organic matter; Ex. cation: exchangeable cation.
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