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Growth Response of Zoysiagrass (Zoysia japonica Steud.) as Affected
by Nitrogen Fertilizer Application Rate

Eun-Ji Bae*, Jeong-Ji Han, Kwang-Soo Lee, Yong-Bae Park, and Su-Min Choi
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ABSTRACT. This study was conducted to find out the optimum nitrogen fertilization for production of good quality and high
yield zoysiagrass (Zoysia japonica Steud.), the changes in chemical properties of soil in pot and field experiments treated with
different levels of nitrogen fertilizer. In pot experiment, the fresh and dry weights of shoots and stolons and the number of shoots
increased as nitrogen levels increased, and showed no significant between 24 and 48 kg N 10 a™. In field experiment, the shoot
length, fresh and dry weights of shoots, roots and stolons, the number of shoots and total stolons length linearly increased as
affected by increased nitrogen application, and were not significantly different between 24 and 32 kg N 10 a™. In both
experiments, pH and exchangeable cations (Ca** and Mg™") in soil decreased as the rate of nitrogen application increased. As a
results, chemical properties of soil were more deteriorated in the plots of higher nitrogen fertilizer rate. Thus, these results
demonstrated that the nitrogen fertilizer rate for maximum growth of zoysiagrass was 24 kg N 10 a™' in consideration of growth
and soil condition.
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?l 710|129 S dotrEy] S8 AEAE Ax7]
(Model DS-80-5, Dasol Scientific Co. Ltd., Gyeonggido,
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EAEAL SAS T2 (v. 9.1, Cary, NC, USA)S A}
#5310 ANOVA 8418 ABI9IR, 217 a7t $o)4
A7 DMRT (Duncan’s Multiple Range Test)2} Z|AF-2
Z}(Least Significant Difference}S 5% 454 oA Al
Ashsict.
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EAH|E AlH|2t STC|Q WS
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Fig. 1. Growth characteristics of zoysiagrass (Zoysia japonica Steud.) depending on nitrogen fertilizer application rates in the
Wagner pot experiment. Urea was applied at 0, 6, 12, 18, 24 and 48 kg 10 a™' levels. Fused superphosphate and potassium chloride

were applied at 12 kg 10 a™" each in all plots.

Table 1. Length of shoot and root, and fresh and dry weights of shoot, stolon and root in Zoysia japonica as affected by nitrogen

fertilizer application rates in the Wagner pot experiment.

Nitrogen level’ Shoot length Root length Fresh weight (g 491cm) Dry weight (g 491cm™)

(kgN'10a™) (cm) (cm) Shoot Stolon Root Shoot Stolon Root
0 11.5a° 11.3a 28.2d 89c¢ 7.3d 93¢ 32b 1.8¢
6 12.5a 12.1a 47.8 ¢ 164Db 12.1cd 143b 59a 3.0bc
12 133a 12.1a 56.4 c 16.6b 144 bc 17.4 ab 59a 3.6 ab
18 13.6a 123 a 59.7 bc 18.3 ab 17.1 ab 17.5ab 6.0a 4.2 ab
24 14.5a 13.2a 71.5 ab 19.2a 17.7 ab 203 a 63a 4.4 ab
48 14.6a 123 a 78.7 a 199a 215a 20.7 a 64a 49a

The growth characteristics were measured 120" day after planting and 85" day after first fertilizer application.
YUrea was treated for a total 2 times, on June 6 and July 5. Fused superphosphate and potassium chloride were applied at 12 kg 10" each in all plots.

“Mean separation within columns by Duncan’s multiple range test, p=0.05.
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Fig. 2. Number of shoots of Zoysia japonica depending on
nitrogen fertilizer application rates in the Wagner pot experiment.
Urea was applied at 0, 6, 12, 18, 24 and 48 kg 10 a™ levels. Fused
superphosphate and potassium chloride were applied at 12 kg
10a™" each in all plots. The growth characteristics were measured
85" day after first fertilizer application. Bars indicate standard
error of the mean. Different letters are significantly different by
Duncan's multiple range test, p=0.05.
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Fig. 3. Number of shoots and total stolon length of Zoysia
japonica depending on nitrogen fertilizer application rates in
the field experiment. Urea was applied at 16, 20, 24, 28 and 32
kg 10a™ levels. Fused superphosphate and potassium chloride
were applied at 12 kg 10a™" each in all plots. Nitrogen was
treated for a total 4 times, on April 10, May 11, June 1 and June
22. The growth characteristics were measured 155" day after
first fertilizer application. Bars indicate standard error of the
mean. Different letters are significantly different by Duncan’s
multiple range test, p=0.05.

Table 2. Length of shoot and root, and fresh and dry weights of shoot, stolon and root in Zoysia japonica as affected by nitrogen

fertilizer application rates in the field experiment.

Nitrogen level’ Shoot length Root length Fresh weight (g m?) Dry weight (g m™)
(kgN10a™) (cm) (cm) Shoot Stolon Root Shoot Stolon Root
16 9.2¢” 7.2a 804.2 ¢ 650.2 ¢ 167.5¢ 221.3b 219.3b 41.0b
20 10.1b 73a 1038.0b 701.6 b 194.4 bc 209.0 b 228.7b 449b
24 114a 74a 13154 a 853.5a 231.9 ab 286.1a 247.5 ab 50.9 a
28 11.8a 73a 1399.8a 8853 a 259.2a 259.2a 261.2a 53.7a
32 11.8a 75a 1338.8a 8704 a 261.0a 261.0a 257.1a 522a

The growth characteristics were measured 155" day after first fertilizer application.
"Urea was treated for a total 4 times, on April 10, May 11, June 1 and June 22. Fused superphosphate and potassium chloride were applied at 12 kg

107" each in all plots.

’Mean separation within columns by Duncan’s multiple range test, p=0.05.
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ch. A4 24kgN 102" AJHF7HA| = fo3 S71E5 B
o 1 oo Ae woRt ApolE HolA| ot ol=
m’g A4 E 107} 25 g0 2 747t x%]u];g} TAH| TR
Aeletgle o AR oS HolA] grop A

2 AR AH %ol Aol gk & Azt
2t AR A3S YE 9t (Hwang and Choi, 1999). &E

FERTE) A9 Q7h A4 10a T oF 18-24kgo] W
7} B stk Waeh §AFSH thschery, 1961). @) 7t
O Al 7he 24kg 100 Reh B obe] Al
okl = Aol (Han et al, 2014), S5t ol thet
AAHQ] HFee I |uk 2tz FAH|FE O] AFE-L Ay
e i‘;ﬂo}"i FSol S7HA71= Wdle] Haz, B
U A5S Asishs 5o ZAIR] BE 5 Ark(Lee et
al, 1990). wekA] 24kgN 10a™" o]Are] AAH|E AH|E= &
wasicha weat % 9ok

e Mg A o7 el fad ugEe
25S FAN|RE FEH BT AHE KA At
o] A3t 24 2|7} o] o] #of St (Engle and Alderfer,
1967; Yoon and Lee, 1990). A7|A o2 HOrS ] 3=t
Yange) Age A o] 4 s 4 Yo
o=z %349 ’%‘%e asto] zhe] e Al A A
AH|EFS 24kgN 10208 FhohE]QiT),
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s3] RIl0l2 BY U £ HEN SY

ALHRE FEEE A & SY | 7)ol &
AR At AR 0] SEA E2es ABAY da 3
o] gola] Z7kokoln, Wan| R Au]e 2kgl0ao]
A A ol 228gkg 02 7 A e THTable 3).
A=A il ZE vl e #2512
3t 2}o]& YERA] kekt). Walworth et al. (1986)-2- DRIS
(Diagnosis and Recommendation Integrated System)E- 44T
ShRA A r19ae] ARA U T @ NK, P/

fi:

i

N, K/P9] H|&o] A5 dF=
AtollAl= A AR S7t=
of Ajolg wolx| L), QAT ZEe
A FaH 9= pH 6.0-7.0¢ wjo]ti(Carrow, 1980). 12
U Aol AE A Eopuct A4 AlsEe] 27}
2 B9 pHO| A3t= 2l A7t BoF W ZAE s
WIS UeRA] ool A=A ZE TEY A7t fle
Aoz MZIE|9) 0w, oAl SHEL. ¢JAF B2 Wl o] 3T}
oA &8It X% o] Zﬁﬂﬁ«] X}O]% EOW 2> ¢
Qlo] Hgick AZkgih S5 olare] 7
a2z QAke] E837F FXEof AEA Qi } 1\3—’?——% A&l
b Al 514 3l (Nelson, 2003), pH7| A o2
& T5dax(Fe, Mn, Zn, Cu 5)28lo] B4 &7} F7}5 o]
Atk Ajtsto] Ql4tke] E837F £XE = Aow U
#] )t} (Hannan, 1998; Morgan and Mascagni, 1991).

whe A 24 TS Aav| Rl BEv) £ oS
oA rastelon, Aaulm AHEF 16kg 10 aof 4]
35gkg 02 b %o Lhebta, WAnE Aujef 32kg
10a7'o| A4 2.6gkg' o2 7 WA YegTh o= X 9]
49wl 77 2ol A AdHel o] ofstolx)7]
ol o2 Ao Hls) Y 2= o, ol2gt &

£ S5A1717] Sl heknlg F4 9] Al da 72
43} 7o AR} ZsokEo] AWS Zejdt 4 ojrks By

-

o} FARSE AeS YERYITH(Ham et al, 1996; Hwang and
Choi, 1999).

oY 2E Agof|A] Man|E Al w2 Eg]

o|g}sta] EAS EAIRE Adt A AuFgo] FUHEeE
EF W pH7} 7281t (Table 4). A|$Hd Fol-& Ca*o}
Mg*e= ZAA4u|E AH|EF 48kgl0a'o Al Ztzb 2303}
0.49 cmol kg2 7} WA YElytTt.

Ze] AR Ao A . Has AJH]o] FTFE
EoF ] pH7} 7H43HTH(Table 5). Sxt]o] Ao =oF
pH W9l 45-758 |7} Qv 434 WolL 55.75

Table 3. Inorganic nutrient content of Zoysia japonica depending on nitrogen fertilizer application rates in the field experiment.

Nitrogen level” N P,05 K0 MgO Ca0
(kg N10a™) S —
16 14.6 d” 55a 122a l4a 35a
20 18.0c 57a 134a l4a 3.1b
24 20.2 bc 54a 13.6a 14a 3.0 ba
28 21.8 ab 51a 13.6a 1.5a 2.7ba
32 228a 52a 13.6a 15a 2.6¢

The growth characteristics were measured 155" day after first fertilizer application.
YUrea was treated for a total 4 times, on April 10, May 11, June 1 and June 22. Fused superphosphate and potassium chloride were applied at 12 kg

10" each in all plots.

"Mean separation within columns by Duncan’s multiple range test, p=0.05.
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Table 4. Chemical properties of soil as affected by nitrogen fertilizer application rates in the Wagner pot experiment.

Nitrogen level* pH EC T-N Av. PO OM. Ex. cations (cmol. kg™)
(kgN10a™) (1:5) (dsm™) gkg’)  (mgkg")  (gkg™) K* Ca?* Mg
0 6.7 0.07 0.06 20.0 0.50 0.05 2.78 0.54
6 6.6 0.07 0.08 189 0.40 0.04 2.54 0.54
12 6.5 0.07 0.09 20.2 0.50 0.06 2.71 0.60
18 6.5 0.07 0.09 282 0.63 0.06 2.57 0.54
24 6.3 0.06 0.10 254 1.17 0.06 2.88 0.64
48 5.8 0.06 0.12 27.9 0.97 0.05 2.30 0.49
LSDys 0.34 NS¢ NS 2.31 0.2 NS 0.1 0.14

The growth characteristics were measured 120" day after planting and 85" day after first fertilizer application.
*Urea was treated for a total 2 times, on June 6 and July 5. Fused superphosphate and potassium chloride were applied at 12 kg 10~ each in all plots.
'T-N: total nitrogen; Av. P,Os: available P,O5; O.M.: organic matter; Ex. cations: exchangeable cations.

“NS: Not significant.

Table 5. Chemical properties of soil as affected by nitrogen fertilizer application rates in the field experiment.

Nitrogen level” pH EC T-N’ Av. P,Os O.M. Ex. cations (cmol kg™)

(kgN'10a™) (1:5) (dsm™)  (gkg)  (mgkg")  (gkg) K Ca?* Mg
Before* 6.0 0.42 0.6 79.1 15.0 0.11 248 1.11

16 5.7 0.53 0.7 107.1 144 0.10 2.53 1.01

20 5.6 0.60 1.1 84.2 16.8 0.13 2.55 1.14

24 54 0.80 1.3 111.1 26.5 0.12 2.49 0.82

28 5.0 0.93 1.4 117.4 26.0 0.19 2.27 0.66

32 5.0 0.90 1.5 195.2 16.3 0.14 1.59 0.50

LSDg 05 0.31 0.12 0.26 32.2 4.0 Ns¢ 0.32 0.18

The growth characteristics were measured 155" day after first fertilizer application.
“Urea was treated for a total 4 times, on April 10, May 11, June 1 and June 22. Fused superphosphate and potassium chloride were applied at 12 kg

107" each in all plots.
*Before: Before applying fertilizer in soil.

'T-N: total nitrogen; Av. P,Os: available P,Os; O.M.: organic matter; Ex. cations: exchangeable cations.

”’NS: Not significant.

o|t}H(Emmons, 2007; Lee et al., 2013). ]S Zt] Aufjx] &
AR} ] ek, AN AN 1kg10a7e] 4%
EoF pH7} 5.7011 o4 AAn|7 AlW|FF 283} 32kg10a™
o4 9 pHZL 77k 5002 7hasiol WA} AHIEE =
ARS ey o). chre] Aana Bao) e Eg
QoA Be A7) Ad4s gl F7lelo] 204
EOF 43t eglo] Ho] B S ofgkAIxIttaL
3+ A7 (Mill and Jones, 1996) W&o 2 TetEch EoF U]
ECE AAH|E AJH|ZF 16kg 10a ')A 0.53 ds m'o] 3] oL}
32kg10a'of|A] 090dsm' o2 HAH|FE AH|FFo| oA
% B U] BC/F S7lelginh, HEAE Aau Al
16kg10a™'o|A] 0.7 gkg o]l oL} 32kg 1020 A4] 1.5gkg™" 2
2 Wanz Aol RoldsE Z/ksett ol A
e Al 5SS o Azt setH| RS #AGE Al
22 I o AP 9 o™ (Bae et al, 2013), 3}3H
HlRe| Ry O Below ols) =of pHe| At U

=i}

H

£} % NOAN 7} tlo] EC/l /1o sicke Amte}
SAFSFS tH(Lee et al., 2001).

28y Fol Ca¥2 AiH|| AJH]EF 167} 20kg 102
o\ A Z+z} 2.531} 2.55 cmol kg2 =7 UEMGF O Y 32kg
10a7'o)| 4] 1.59 cmol kg™ & 7H WA YERST). 2|2Hg oF
o] & Mghe HaH|E AH|FF 163+ 20kg 10a o]l A 22}
1.017} 1.14 cmol kg2 =7 UEFG O L 32kg 10 a7 4]
0.50 cmol kg2 7} WA el ZA4v|E Aju|Eo] =
Vs AAdhs S Hoh 32kg10at o] ot
epo] Wav|E ANl Rolole F4l AsEol ok A
Hol AL, "7 Alu|o| F7HdeE B9 3
TS 7= AR THEQIT o]e} o] oFA
I E fFA8H7] fIgh drtgt kst s o] A2 et
g 2 AR 2Hes B
F= 2t B SeHdS oAl o Qlrkar 518l
C}(Ham et al,, 1996; Hwang and Choi, 1999).
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AR A 57He g L A SIS 918 B
Z o 30~40kg 10a ' 0 2 T}EFo] AAH|RE AJH|EIAL Q)
om, dget 71 flo] Aol efEste] B shebgel of
shelm Qle AR | $aa e dug shes
7] el 2l Aujal 2 A Auge Ao
Frok wheba SX o] AL BopAbe 9 Eof U 7]
ol ®HshE arefdt At Yav|E 24kgN 102 FH S3t
o] ggol folalA] S/, AhvlR BRI B
5 EpAhEet Bof U Tt vhdlgo] felstA o
2obs A7 Ul gich. olfdt Ante Sxit] Aufe]
HAeE A AJH]EFL 24kgN 10a' 0.2 TSP AJH|SFof H]
ﬁz& oF 5~15kg10a Aau| 2 Foat tEo] =gt

2 9 Al o3t AL Ao sxiy
Aoz e

o o%":’

>,

xS
ﬂ

o HC)]— =
o 8 gl 7ol 5 U2

o (o]

=L =
¥ tipe ST YA E 44 Qe A
VIS el Slstol W AIPo) uhe SR 4
%3 BSShYel WakE Pobn A Sy ZEAIYR

e A LA E SR ZEARO A A
of ZEA Y AT AEF, A WAl A Al

vlefo] Z7latol wheh Z7lalla, AalE Au)er 249}
48kgN 10a™ H2) 7740 213 Hol & Hol | gsret. 2t
A A ZgA ol A= Aan]a Alu]EFol %%—Ari Al
ZRAT} Asle] AAFT A, A
AR ek A E8A A R A F71e
on, FaHR 24~32kgN 102 A 2| 77koll= frofeh =
o7k oItk Wdu| R Alulggo] F71e45E B U] pH,
2|34 oFole Z23} ul1Yy|gEo| WolA EoF 3}shA o]
ofet| it webA Sxit A Bl Bl sfehdE 1Y
st 24 AR AJH|ERS 24kgN 102702 Frhe9ict.

ArELZ 0], AJAFE

F20{: 2r)ole, Aamg, B fop4, SAT)
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