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Abstract

BACKGROUND: Nitrogen (N) is an important element
for turfgrass (Zoysia matrella) growth; however, standard
N application rate for turfgrass is not established yet. This
study was conducted to evaluate the effect of N applica-
tion rates on the growth and quality of turfgrass for estab-
lishment of standard N application rate.

METHODS AND RESULTS: Treatments were as fol-
lows; control (0 N g/m*/month), IN (1 N g/m*month), 2N
(2 N g/m*/month), 3N (3 N g/m*/month), 4N (4 N g/m*/
month), and 5N (5 N g/m*month). N application im-
proved visual turfgrass quality. Compared with the con-
trol, clipping yield of all N treatments increased by 90~
194%. The grass shoot weight of 3N, 4N, and 5N treat-
ments increased by 52%, 43%, and 111%, respectively,
and the stolon weight of 4N and 5N treatments increased
by 412% and 201%, respectively, compared to the control.
The N uptake amount and N recovery rate were estimated
to be 4.10~6.28 g/m” and 14~58%, respectively.
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CONCLUSION(S): These results indicate that consider-
ing visual quality, clipping yield, N uptake amount, and N
recovery, the application rate of 2~3 N g/m*/month was
suggested to be suitable for Z. matrella production.

Key words: Nitrogen application, Nitrogen level, Nitro-
gen recovery, Nitrogen uptake, Zoysia matrella
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Al 712 2 BA =

AT 2021 59FH 129704 84D ESt AAEE
AR 2] digrogta el AellA FEE G, A
AREE 29) 97 BXE = v X 3|(United States Golf
Association, USGA)IA A|AeF 19 40l Agksleia, &
t) AEd= ENFAE £3eH4] EtHTable 1). ] E
e olglshy zAbA Y, EFAE(pH), A7 ZL\_J_(elec’trlcal
conductivity, EC), 7] (organic matter; OM), dd4
(total nitrogen; T-N), fr&?14Kavailable phosphate; Av-
P,0s), A8 Z-F(exchangeable potassium; Ex-K) 2
0] %] 8H-8-H cation exchangeable capacity, CEC)> 217}
6.9, 0.08 dS/m, 1.4 g/kg, 02 g/kg 30.1 mg/kg, 0.12
cmol./kg, ¥ 1.51 cmol./kgs HERo] 2] /ﬂ.ZH A 2
Eoky} %/K}-?"s]— Eoko]jﬂ.{ﬂ—)ﬂ_‘l uJEHS 9] A ]e: 3

AgoZ MRIT F(ammonium sulfate, N 21%, Capro,
Seoul, Korea), 8/321H](P,0s 20%; Pungnong, Seoul, Korea),
AEKO 60%; Pungnong, Seoul, Korea)s |-

Table 1. Particle size distribution of sand used in this study

e g5t AFEBIGITE FA] 28-S 20184 -E] oF
ZA% HAFS EAo|A] FR)(EE

E

TA BHE AEE EE(diameter 18 cm, depth 15
cm)oll FX1& F FrES o83t 6 /\]7} s = $
ARSI HALZRE Folihe 3] S5 3 am)E
EAE|(diameter 10.8 cm; 4 inch)E ©]&3lo] dAutst &
AEE 2E 39 259 o]Aste] 5597t #Hfste] it}
g & R1E911, 59 1820 30 mm EolE o3}
Ak

A2 A Akl wel t)z7Hcontrol; 0 N g/m?
/month), IN#2]7HIN; 1 N g/m?/month), 2N+
(2N; 2 N g/m?/month), 3NHZT(3N; 3 N g/m?/
month), 4N#2]7+4N; 4 N g/m?/month) % 5N* ]+
(5N; 5 N g/m*/month)Z T3I31th Qaka} 2] AlH]

F2 77} 243 P,Os kg/m*/month 8} 2.43 KO kg/m?/
month)& A2y, 7 AT %ﬁﬁJHﬂillﬁﬁi Ll
Z|5lo] 3utE o2 Aﬁuo}oﬂq g 59 139, 69 199, 7
2199, 8¢ 30¢ 4 10¥ 12Ye] F 53] %‘ﬂo}w_ éli,
ot 1l ZES A WA w2 Aot

} B 1 A0S 8 i S5
ek NI F ) BRS F2-35] BReNE 018
stol B8 FRAAL, N} WS @S el
AR % BB WA G0} AER A AL
i ECER LR DR RS R
A wsk

- Qs el 00 A4 A0 WaE 24
afolrk A1ZH4 #4 National Turfgrass Evaluation
Program (NTEP)eA z|A|gk W& o] 8-afo] Htjele] =
A Ao met d3AReISItH1=worst, 9=best and 6=
acceptable) [5].

Arle] AL ksl flE 649 199, 74 19, 84 30
o, 10¥ 12%0] =] AXE TS F 43 FALSIRICE 7
o A= S AR S8 A 271909 649 19U+

Particle size (mm)

Item
4.00 over 4.00-2.00 2.00-1.00 1.00-0.50 0.50-0.25 0.25-0.15 0.15-0.053
Sand 0.0% 2.5% 7.8% 49.6% 36.3% 2.9% 1.0%
USGA standard 0% 10% below 60% over 20% below 10% below

USGA: United States Golf Association.
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79 1992 30 mmY =olZ AN, 89 30¥} 10¥
129 FAbelA = R e] 3 %017k 30 mm o142l 7HA|
7F EA8t] 30 mm Eol|Z oA A] ZT] ] 5ol FtE
Ad AR $27E olol gt A%s ksl 98 50
mm 0|2 FARIITH14]. 2] A ES AFH = 70%
BEE & Akd JR9E o]fsto]l AFE F 70°C %]
(OF-W155, Daihan Scientific, Daegu, Korea)ol|*] 24| 7t
Axste] Adusa S8

A A== A8 AFE AR T e A A =T
olol AFA TS FAKsto] AWl whE o] st
FAE FrleIglnh Ao 9E4 S AHE A Al
(AES) 01 g& 95% olle-&(Samchun, Seoul, Koera)<
10 mLE 73k, -4°Ce] Wetaellx] 48417k F3F FE3t0]
UV-spectrophotometer (Genesys 2PC, Spectronic uni-
cam, USA)E ©]831%] 648 nm (Aess) S} 664 nm (Ages)©l
A FREE sl offigl 22 AoR Y5 ast b Y
THEL TS AR 15].

Chlorophyll a = 13.36As64—5.19A64s

Chlorophyll b = 27.45A645-8.12A¢es

Total chlorophyll (a+b) = 5.24A4s+22.24A¢e

k

AF FE A7 124 276l AT F9E A
ZARsl7] S8l AEAZE E4HA R FEER Ao o
A4S AAS, AdF(shoot), AF¥EET(stolon) LU X
SHi(root) 8] Zb -5 wElste] AESS FAKRITh

A HIRS] A 5 B MskE FAke| Sl AE
Ao21d 39 259)3 A F= 2021 1248 27%) &
23] AAESITE A9 TR 5 B olskedE wAsl] 9l
& EEOM ST e B Eeldt] B AlRE ST
AHeA. AFH T AR oA T F 2 mm
AE T A EE Al o &el9la, #A4E5E pH, EC,
& Eofshehe Al
fo}O% ALEL%— Atk pHQ]r ch 15902, OME
Tyurinti2&, T-N< Kjeldahl THFHEE, Av-P,Ose
Bray No. 1'12&, Ex-K9} CEC:= IN-NHOAc &2
7 717} BAs

AEA BAL A oA E v AR 10€ 129
AET A5 BAAER ol 8sqla, Y
2 3 HER AuE eEdE A,

dEe TASISIE A AEA EAN EgEehe
AW F AEA BAel Fate] Aafskala, 4 AE(0.2
g)ell F4H20 mL)# #9144K0.5 mL)S 7Fste] 400°C ©]
gold arzt 7Hdste] FAo] Hies ¢ Felldh &
Yatil, THTE 7kt § oJ34|(Watman No.2, Cytiva
Korea, Seoul, Korea)Z o{¥}slo] FE3lt) AL A=
o d¥aliquat)E A0l o]&sk3lth A= Kjeldahl &
FHOE, & UV-spectrophotometers ©]&-sto] HhbE
slHd o, ZAES 93EEA(flame photometer;

e
i

)& olgstel 247 &

PFP7, JENWAY, Staffordshire, UK

Ak AlE 5 A" F 3 AXES] HdEFH 3
7219 A3 L ol8sjo] olaje] Az} 2] wrie) oy
S R SES AASSITS, 5.

HE FTHg/m?) = At A F AR TH%)
A

09,
HT

&%) =

()T B FXF - 2T FE FFD)
[e)

EAIA 8= SPSS (Statistical Package for the Social
Sciences; ver. 12.1.1, IBM, New York, USA)E ©]&3}
A2l 73 ANOVA 4% AAEksic vis Ae]=rd Ae]
TR H gk vlwek] 918 Duncan B S Fal A
TR Bkl FoAE A6, Pearsond R A&
3l AR ] A wste] s AdRAE AAst
itk

Zo w o

TA HIE A $ AR B BSE ARSI
(Table 2). A8 F5 ¥ pH: 6.78~7.155, EC: 0.17~
0.21 dS/m, OM<> 1.0~24 g/kg, T-N<& 0.2~0.3 g/kg,
Av-P,Ost 23.6~35.7 mg/kg, Ex-K+= 0.12~0.22 cmol./kg,
712]31 CECE 1.30~1.48 cmol./kg?l H91E ek o
Z7-¢k Bl W, pHE 1IN, 2N, 3N A g7-olx] S 3l
1, Ex-Ke 5NAZTelA Hs9len, EC, OM, T-N,
Av-P,0s % CEC= E714 02 o4l AolE HehfA]
okokt), AtjoA] A9 AH|E= ol ZHFO T4E A3}
ol[3] =4 W Friol Aash HE R A Aujko] ek
& AN} 5N Aol ZHg o] Fashe AdE U
W Ao 7 AdE} wsl ZA| H| 22 AFRS A4y 25
9o 77} A Eyl A3l A gEdel Ard A
HF 2 A A}ﬁ%l THETS pH7} Aashs AP v
Ao JhFErH16]. tixT(control)olA pH7F 743t
< A4 *WH]EOJ dslaele] ooz AkEltii6).
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Table 2. The chemical properties in the soil after applying various N level
pH EC oM T-N Av-P,0s5 Ex-K CEC
Treatments *
(1:5) (dS/m) (g/kg) (mg/kg) (cmol./kg)
Control 6.78¢" 0.18a 1.5a 0.3a 29.7a 0.20a 1.35a
IN 7.15a 0.17a 1.3a 0.2a 31.8a 0.20a 1.43a
2N 7.11ab 0.18a 24a 0.3a 27.6a 0.22a 1.42a
3N 7.05ab 0.19a 1.1a 0.3a 23.6a 0.22a 1.30a
4N 6.92abc 0.20a 1.0a 0.3a 30.0a 0.16ab 1.48a
5N 6.90bc 0.21a 1.0a 0.3a 35.7a 0.12b 1.47a

“Treatments were as follows. Control (0 N g/m?/month), IN (1 N g/m?/month), 2N (2 N g/m?/month), 3N (3 N
g/m?/month), 4N (4 N g/m?/month) and 5N (5 N g/m?/month). P,Os and K;O were applied 2.43 g/m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12.

Y Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05

level.

EC: electrical conductivity, OM: organic matter, T-N: total nitrogen, Av-P,Os: available phosphate,
Ex-K: exchangeable potassium, CEC: cation exchangeable capacity.

Table 3. Changes of visual turfgrass quality chemical properties in Zoysia matrella after applying various N level

Visual turfgrass quality”

Treatments * Average
May June July August September October November December
Control 6.7¢" 6.8e 6.9c 6.9b 6.7e 6.5e 6.4c 6.1d 6.6e
1IN 6.8b 7.1d 7.2b 7.1ab 7.2d 7.0d 6.8b 6.8¢c 7.0d
2N 6.9ab 7.3c 7.3b 7.2ab 7.4c 7.2c 6.9b 6.9bc 7.1c
3N 6.9ab 7.4bc 7.3ab 7.2a 7.5bc 7.4b 7.2a 7.0ab 7.2b
4N 6.9ab 7.5b 7.3ab 7.1ab 7.5b 7.4b 7.2a 7.1a 7.2b
5N 6.9a 7.6a 7.4a 7.3a 7.8a 7.7a 7.4a 7.1a 7.4a
Correlation ¥ 0.81** 0.94™* 0.83** 0.61** 0.92** 0.93** 0.92** 0.84** 0.92**
(p value) (0.000) (0.000) (0.000) (0.004) (0.000) (0.000) (0.000) (0.000) (0.000)

“Treatments were as follows. Control (0 N g/m”/month), IN (1 N g/m?/month), 2N (2 N g/m?/month), 3N (3 N
g/m?/month), 4N (4 N g/m”/month) and 5N (5 N g/m?/month). P,Os and K,O were applied 2.43 g/m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12. It was sampled on December 27, 2021.

Y Visual turfgrass quality was investigated with NTEP standard, its scale was 1~9, that 1, 6 and 9 represented worst
quality, acceptable quality, and best quality.

*Means with the same letters within column are not significantly different by Duncan’s multiple range test at p <0.05

level.

V k%

and visual turfgrass quality, respectively.
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Table 4. Chlorophyll content in the leaves of Zoysia matrella after applying various N level

Treatments *

Chlorophyll content (ug/mL)

June 19 July 19 August 31 October 12

Chlorophyll a
Control 1244 789 142a 80c
1IN 140d 422a 93a 130c
2N 208¢ 630a 202a 170bc
3N 256bc 629a 214a 245abc
4N 311ab 483a 281a 357ab
5N 346a 569a 228a 416a
Correlation * 0.95** -0.13N° 0.44* 0.78**
(pvalue) (0.000) (0.485) (0.035) (0.000)

Chlorophyll b
Control 2,587¢ 4173a 2,688a 2,175¢
1IN 2,783¢ 3,577a 2,730a 2,995¢
2N 3,364b 4,000a 3,038a 3,135bc
3N 3,604ab 4153a 2,968a 3,763abc
4N 3,801a 3,875a 3,227a 3,870ab
5N 3,842a 4,119a 3,241a 3,870a
Correlation 0.94** 0.09N° 0.33° 0.88**
(pvalue) (0.000) (0.365) (0.067) (0.000)

Chlorophyll a+b
Control 2,711d 4962a 2,830a 2,255¢
1IN 2,924d 3,999a 2,822a 3,125b
2N 3,572¢ 4,630a 3,240a 3,304b
3N 3,861bc 4,781a 3,181a 4,008ab
4N 4,112ab 4,356a 3,508a 4,227a
5N 4,187a 4,687a 3,469a 4,581a
Correlation 0.94** -0.01N® 0.35™ 0.87**
(pvalue) (0.000) (0.485) (0.057) (0.000)

“Treatments were as follows. Control (0 N g/m?/month), IN (1 N g/m?/month), 2N 2 N g/m?/month), 3N (3 N
g/m?/month), 4N (4 N g/m?/month) and 5N (5 N g/m?/month). P,Os and K,O were applied 2.43 g/m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12.

Y Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05

level.

XNS* and ** represent not significance and a significance at the 0.05 and 0.01 probability level by correlation coefficient

between amount applying N source and chlorophyll content, respectively.

A} Ae] e GEA A9 WaE vvjsht
nasle] ¥ Q1 A} A 342 etk Jang and
Kim [18]& 99 o|F garlel A4 Taepe 27k
%4 P FUHL, 102 T4 olFel Azl He
Aol Gelat 4 Qirkn wue vk ek e QA7 Az
2 QA7) Auhel fAHE AEE Mol A7H o tha 2
o2 VRl 2E A A Ao ATE AP
2 AT R eAelN olflA ue sbh veht ok
o o] hehi Zlo A7,

A A FA AAES 2] 219 A

- ASHLEE B7FsISitTable 5). AE7IF 5 AHF€ <
A& 155.7~457.7 g/m*S YERILL, 5N A2 tolA 7}
A o GAESS e, Ak AlH|Eo] FAEEE o

=go] itk dix7gl vjud o, 62 199 Al
A= 2N~5N A2 TellA, 79 1997 8¢ 319 ZAbolA =

2 HIE AHEYTH(IN~SN A THelx], 108 128 ZAel|A]
© 5N AgTellA Foi=E stk A7 5 AFHE F A
ko] vlwolAdE 1IN, 2N, 3N, 4N 2 5N A= tfx
TR} ZH2E 90, 106, 132, 147, 194%2 Zi= itk 1IN #
29} vl g o, 2N, 3N 9 4N A= EAH 02 F9
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Table 5. Clipping yield in Zoysia matrella after applying various N level
Dry weight of clipping (g/m?)
Treatments *
June 19 July 19 August 31 October 12 Total
Control 26.2dY 34.5d 74.5b 20.4b 155.7d
IN 46.4d 90.6¢ 136.8a 21.5b 295.4¢
2N 71.3¢c 116.4b 106.6a 25.8ab 320.2bc
3N 85.5bc 124.2b 118.5a 33.2ab 361.4bc
4N 104.2ab 155.3a 96.4a 28.3ab 384.2ab
5N 110.8a 162.7a 142.5a 41.7a 457.7a
Correlation * 0.93** 0.94** 0.31% 0.62* 0.89**
(p value) (0.000) (0.000) (0.178) (0.003) (0.000)

“Treatments were as follows. Control (0 N g/ m?/month), IN (1 N g/ m?/month), 2N (2 N g/ m?/month), 3N (3 N
g/ m?/month), 4N (4 N g/ m?/month) and 5N (5 N g/ m?/month). P,Os and KO were applied 2.43 g/ m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12.

¥ Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05

level.

*NS and ** represent not significance and a significance at the 0.01 probability level by correlation coefficient between

amount applying N source and clipping yield, respectively.

Table 6. Dry weight of shoot, stolon, and root of Zoysia matrella after applying various N level

Treatments *

Dry weight of turfgrass (g/m?)

Shoot Stolon Root Total
Control 7451 39.6¢ 202.5b 987.2¢
1IN 866.6bc 56.2¢ 210.4b 1,133.3¢
2N 945.7bc 94.0bc 488.8a 1,528.5b
3N 1,134.0b 80.0bc 380.8ab 1,594.9b
4N 1,064.2b 203.1a 321.0ab 1,588.3b
5N 1,571.1a 119.3b 308.9ab 1,999.3a
Correlation * 0.82** 0.68** 0.25M° 0.87**
(p value) (0.000) (0.000) (0.067) (0.000)

“ Treatments were as follows. Control (0 N g/ m?/month), IN (1 N g/ m?/month), 2N 2 N g/ m?/month), 3N (3 N
g/ m?/month), 4N (4 N g/ m?/month) and 5N (5 N g/ m?/month). P,Os and KO were applied 2.43 g/ m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12. It was sampled on December 27, 2021.

¥ Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05

level.

*NS$ and ** represent not significance and a significance at the 0.01 probability level by correlation coefficient between
amount applying N source and dry weight, respectively.
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Table 7. Nutrient content and uptake amount in the leaves of Zoysia matrella after applying various N level

Nutrient content (g/kg)

Nutrient uptake amount (g/ m?)

Treatments “

N P K N P K
Control 6.1bY 1.1a 19.2a 1.22¢ 0.22¢c 1.47b
IN 10.0ab 1.0a 19.8a 4.10b 0.40ab 3.64ab
2N 10.7ab 0.9a 21.0a 4.22b 0.37b 2.87ab
3N 11.4a 0.9a 21.4a 5.01ab 0.41ab 3.14ab
4N 9.1ab 0.9a 20.0a 4.01b 0.42ab 4.98a
5N 11.4a 0.9a 20.5a 6.28a 0.51a 4.63a
Correlation * 0.31* -0.50%* 0.17° 0.63** 0.56** 0.51**
(p value) (0.048) (0.010) (0.177) (0.000) (0.001) (0.002)

“Treatments were as follows. Control (0 N g/ m?/month), IN (1 N g/ m?/month), 2N (2 N g/ m?/month), 3N (3 N
g/ m?/month), 4N (4 N g/ m?/month) and 5N (5 N g/ m?/month). P,Os and KO were applied 2.43 g/ m?/month in
the all treatments on May 13, June 19, July 19, August 30, and October 12. It was sampled on October 12, 2021.

Y Means with the same letters within column are not significantly different by Duncan’s multiple range test at p<0.05

level.

¥NS* and ** represent not significance, a significance at the 0.05 and 0.01 probability level by correlation coefficient
between amount applying N source and nutrient content or uptake amount, respectively.
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Fig. 1. Nutrient recovery rate in the Zoysia matrella after applying various N level.

Treatments were as follows. IN (1 N g/ m?/month), 2N 2 N g/ m?/month), 3N (3 N g/ m?/month), 4N (4
N g/m*/month) and 5N (5 N g/m?/month). P,Os and K,O were applied 2.43 g/m?/month in the all
treatments on May 13, June 19, July 19, August 30, and October 12.

Nutrient recovery rate (%) = (Uptake amount of treatment - Uptake amount of control) / Total supplying

amount x 100

“Means with the same letters within bars are not significantly different by Duncan’s multiple range test at

p<0.05 level. Error bars indicate standard deviation.
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