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Soil Properties and Growth Characteristics by
Production Periods of Zoysiagrass Sods
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ABSTRACT. In order to establish the efficient sod production and soil management, there is a need to perform research on the
growing condition of zoysiagrass on soil environments. With an attempt to identify the growth of zoysiagrass and the chemical
characteristics of soil according to different growing seasons, this study was carried out in separate areas where zoysiagrass has
been grown for 1 year, 10 years, 20 years, and 30 years. As the growing season became longer, bulk density of the soil was increased,
porosity and gaseous phase were decreased. The level of pH was highest in the area where zoysiagrass has been produced for 30
years, whereas total nitrogen and organic matters were found to be the greatest in where zoysiagrass has been produced for 1 year.
Accordingly, the chemical properties of soil were deteriorated more in the area with continuous cropping than in the area with 1
year of cropping. As the time period of producing zoysiagrass became longer, growth of shoot and root were decreased. In this
study, it is required to produce zoysiagrass through soil improvement in areas that have been used for production for over 10 years.
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5ol WolAAL qlek. o7} &30 S a4S AN EE FAHIL e AHANE st w7 B AR
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Aol = YE8art Hrk(Min et al, 2014). fFARES Al
& Ael & B 54 FEEol FEel ko] s
FEZU AE BRARo] o= FHAE o] ARt &F
@S 23] E Shrt(Jung et al, 2001). Tt = ARk
= gl g Aol AL AulE 5] el HrA
EG 9 dugale] ofgaL, ofde IYE FAAZI7] H
ok Aefet seti|Ro) Ao 2 EQFe] FE)d ) sy o]
ofsE|o] Ztj Aol F&2 mIxIth(Hwang and Choi, 1999).
A2 sidS fiste] AR, AE WP 5] ol A4
S AARH(Jun et al, 2002), YA S-S Azto] A

Al AN s7PF Al ol Aol 2=

5 AL o

o J

1%
A5 EFEY 2ALS B GUBY soke HKEA,

Fx, Au7le 5o 712ARL] FHE Fato] AJH|Y

0.

x I

93ttty & 4= Qlth(Han et al, 2014; Jung et al, 2001).

uhebd B A3s XY Fo A AR o) wizt
Ai7I7el whe mopel Bl BTt AT S BAS
AESFo] e 9] sH A} S5 SRt V[ 2ARE ¢
7| Sfstel sastact.
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He= 34 " EFA=E 5g0] 557 25 mLs 7}
of] 1A]7F WHIGE 3 pH meter (Starter 3000, Ohaus
Co. Ltd,, USA)Z =A3}9th E9F A7 A== (EC)= =4
H EGAR 5g0 7 25 mLE 7feto] Aol A 1AIZE
HI3t 5o]| EC meter (Starter3000C, Ohaus Co. Ltd., USA)
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Agt Set=nt E33A(ICP spectrometer (OPTIMA
4300DV/5300DV, Perkin Elmer Inc., Waltham, MA)Z 24
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Ot WHE o]§ste] I 700 nmof| A FEE=E S5}
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IM CH;COONH, (pH 7.0)= =231 & S A3l=Z el Zu}
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Perkin Elmer Inc., Waltham, MA)E ©]-838}o] =A5}9 ).
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Table 1. Survey location by coordination by production period in production of sod on zoysiagrass in Jangseong.

Code Production

No. period (year) Region Latitude (N) Longitude (E)
a 1 Geumsan-ri, Samseo-myeon, Jangseong-gun N 35°%11, 687 E 126°, 40, 156
b 1 Seokma-ri, Samseo-myeon, Jangseong-gun N 35° 11, 665 E 126°, 40, 365
c 10 Seokma-ri, Samseo-myeon, Jangseong-gun N35%11,733 E 126°, 40, 201
d 10 Seokma-ri, Samseo-myeon, Jangseong-gun N 35° 11,777 E 126°, 40, 149
e 20 Seokma-ri, Samseo-myeon, Jangseong-gun N35%11,723 E 126°, 40, 198
t 20 Seokma-ri, Samseo-myeon, Jangseong-gun N 35° 11, 689 E 126°, 40, 145
g 30 Seokma-ri, Samseo-myeon, Jangseong-gun N 35° 11,748 E 126° 40, 212
h 30 Seokma-ri, Samseo-myeon, Jangseong-gun N 35°% 11,724 E 126° 40, 277
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AEA 9] AEELE AEAHE AZ7](Model DS-80-5, Dasol

Scientific Co. Ltd., Gyeonggido, Korea)= 80°Col|A] 72A|7}
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ZAshea, AR AdeE 2A

o] A5of A4S A4 Erk(Lee et al, 2007).
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A, & S Fig 13 ek g Auf7]gte] 149
BE 30d71x= mejo] dleko] 40% o]AtolglA|ut, 304
3= W= 40%0]5k7t Ho] HELef niate] fkEE St
Shlch. E3 o e f (195E 208)A 9 71R] = 15._*40] oF
EoA AMFE ] Woll AAAIRE g2k h (301)9] 7
HEH JE el &akqirt.

Zhe] e A]of| A= WS &5t wff X9} tfef 1.5cm
Wefo] Bk} o wol W=t wol W A2l o]

AEo] ks 24517 918 HAE et B A
olof| Zo] A7|A =, ojuf thF-EE] F7tollA= T A
o g2 FHekstA ttEo]Fa Qlth(Bae et al, 2012). B
ZFejo Qe Bk Byt WS Atelv} =
= AoR, A%t o3 AlLEE Ty devF 2o ok
Froh A HES ok SV, B S8 A
HhS A 7| L olof| W EoF O A3tE Qlsf Xt

Ir

32 BoF £ AT} Z7lElth ST} Lhe s
= a0l e AoR HiEe| glon, BEofe &
7lE o AT =L SFITHKIm et al, 2010).
webs 7=l Wees EY S U= Won, 4y
Aol 79 et gk 2oF A jlol A%
H ztez 3 B $AUES wole JoR dd
H it EoF 2252 Aufr)zte] 1d = EOF a®l bx| Y
AN 242} 45.63F 49.8%= 71 = em, ZHHH717P01 £
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Fig. 1. Soil texture by production period on zoysiagrass field in
Jangseong. The soil was sampled in March 28", 2014. a: 1 year,
loam; b: 1 year, loam; c: 10 years, sandy loam; d: 10 years, loam;
e: 20 years, loam; f: 20 years, sandy loam, g: 30years, c: 30 years,
silty loam, and h: 30 years, loam.

Table 2. The soil physical characteristics by production period on zoysiagrass field in Jangseong.

Code no, Production period  Bulk density Porsoity Water content Three phases (%)

(year) (gm~) (%) (%) Solid Liquid Gaseous
a 1 1.44+0.06" 45.612.1 17.4+1.1 54.4+2.1 25.1+1.2 20.5+2.4
b 1 1.332+0.15 49.8+5.6 16.3£1.2 50.215.6 21.8+4.0 28.0£5.6
c 10 1.58+0.09 40.4+3.5 13.51£0.5 59.6+3.5 21.3%+1.7 19.1£3.1
d 10 1.5510.06 41.512.3 16.5+1.7 58.5+2.3 25.743.5 15.9+3.8
e 20 1.64£0.10 38.1£3.8 15.5+0.4 61.91£3.8 25.4+1.7 12.743.4
f 20 1.66+0.03 37.4%1.3 13.0+0.4 62.6+1.3 21.510.6 15.9£+1.7
g 30 1.6010.06 39.742.3 19.4+0.9 60.312.3 31.1+0.9 8.612.5
h 30 1.6840.04 36.811.5 17.310.9 63.2+1.5 29.0+2.2 7.7£3.7

YMean * Standard Deviation.
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Table 3. The soil chemical characteristics by production period on zoysiagrass field in Jangseong.

Ex. Cation (cmol.kg™)

Code Production period pH EC T-N OM. Av. P,Os CEC
No. (year) (I5) (dSm") (gkg’) (gkg") (mgkg') (cmolkg!) g+ = (p Mg Na'
a 1 6.47 0.28 1.3 254 453.5 6.64 066 367 153 027
b 1 6.93 1.31 1.4 27.3 1159.1 12.62 267 676 253 046
c 10 6.17 1.28 0.8 15.6 974.4 8.24 016 571 130 0.0
d 10 6.89 1.44 0.6 12.8 260.0 7.44 022 469 155 027
e 20 6.22 1.17 0.6 13.1 142.6 6.22 018 289 210 0.26
t 20 5.58 1.27 0.7 14.6 112.1 441 021 226 095 025
g 30 4.72 1.17 0.8 16.9 199.7 7.18 030 412 164 027
h 30 6.02 2.02 0.8 16.5 162.1 8.22 040 460 210 0.29
YT-N: total nitrogen; O.M.: organic matter; Av.P,Os: available P,Os; CEC: cation exchange capacity; Ex. Cation: exchangeable cation.

Al 7| 7to] 7|Shd s F7FskA o, B BQF 714>
Al 71Zko] 188 EF a2} bAoA Z+2F 20.59} 28.0%
2 7P =9k, 30 E E9F g9F h A Hof|A] 742t 8.6t
7.7%= 7V @A Ve Az tke] AriskE s 714
o] A5l o= AE0] sl Tt B 94
AL AA7IREe] dojdas BT F/do] st
HEL wlAke] W go] olAn maje] afo] wopxni,
7170 ApA Bk Hlgo] WL, BEqF YA} AobA] i B
Sl o} wldrh olglA ok SRcH(Kim and Cho,
2004). Green o] ]xfe] Fgo] W A4 QAT 3L
A8} skl FREol Wi HIL, Le Begw ol
bentgrass®| AJ5-2 AStAIXItH= Halef AR AakE U
B} 2 tH(Kweon et al.,, 2005).
oo} Zro] AlZA Ao Hagh =2 ofY et A4S
| 9 = EY =942 S5235HKim et al, 2010).
Asho] gl Tolshs Eoke Eoko] AR,
S, AMHEE, B714 SO W QR ot e
THKim et al.,, 2003; Yang et al., 2001). wt2kA] Ajuf7]7ko]
713 2 AuiR| o] A9 BoF 224 oSt 927 =
of &9} 7jAl0] Wasit ke 4 gl3ich

K] % AL A S] S A7 zbo) whe wof st
Hel B4 BT A3} Table 37} 23k}, 2ol Ay A
Eieo] o= 2lEsroll wet EekR|H, Zoysiagrass
o] 4% 45752 W97k WARE A Wl 55750/}
(Emmons, 2007; Lee et al, 2013). 0| & £ ZAX] Y7} H|
AR, Aufz|zro] 4713t Has BEoF W] pHIRE 7
28h= Aol laL, 53] 30 % gAYl A= pH7L 4728
A9 Yolut IRtk (Table 2). £F U] ECO] 44 7)
il 717k0] oj A FhsHe AR walth S5t v)m
o] Q%A Eo] Bo muwsl th melow old) Eo

pHO| A3} ¥ EoF 2 NO,-N FHefut o 2o] ECO 27}

2

>
M ok

= A A4 EAIE dL 7| 2= (Lee et al., 2001), AHul7]
7ro] 713k Bkl thgt 227t HastRlh

et BoFo] Hat SRS f71E 24g
kg', &It 577 mg kg'olgka 1St B} 1t (Jung et
al, 2001). & Aol A= A7) 7ol Arighaas A,
718 S dasialetl, Aui71zke] 1912l a2t bA|
i f7lERFe] 247 2549 27.3g kg' 0= 24 g kg'o]
syolglont, 10do)4 Bl Eofoll At 20g kg'o]oHS Lie}
o] Auf7|zte] Aojdars fejuzt & BESF Bt 771
= YEETE AA UERth B W FAaQARS aftE
fA 7R 22} 453.5, 1195.1, 974.4, 260.0 mg kg' 2= 20
o4k e e] fA R} &7 Lpelt Aulz|zio] Ao
A4S B W fagdo] fdadhe A3FE Ueh st
zicj o] Aggel Hagh EQko] QlAakslaFo] 29 mg kg' o]
oM &}l sl I (Carrow et al., 2001), ZFt]Fol Hx9]
A9 AA A QA M9l 150-250 mg kg'ol@kal a1yl
o (Lee et al, 2006), 131} 100 EoF2 Ax HOHT}
A UEht Zo Qlakgheo] mbejo g Eofe A
ol A& & 7 UUTh o= AM|ES A & o A
g 7oz AH] B Zo] drkAo]7] wief Qlite] &
askA e EPelAE AgHor FHEl Bl <
Aol FAE Q7] dlZol2tal & 4= Qlth(Lee, 2011). 2 H f
A A7 A X EA] oFole o] & dleke 747t 613, 1242, 7.37,
6.73, 5.43, 6.33, 12|31 7.39 cmol. kg0|2431, CEG= 6.64, 12.62,
8.24, 7.44, 6.22, 4.41, 7.18, 12|11 8.22 cmol. kg'°]3iT}. aftE
A 7kA] 9] 97| ESHE o] SFekS 7F7) 92.32, 98.42, 89.44,
90.46, 87.30, 83.22, 88.16, 2|1l 89.900|¢l. o, Aulj 7|7t
o] A7eFdaS d7]xst 9| gheo] sl Aol qlr.
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Table 4. The growth characteristics by production period on zoysiagrass field in Jangseong.

Code Prgduction Pl'fmt Fresh weight (g m™) Dry weight (g m?) No. of shoots
No. (A) period (year) height (eam?)
(B) (cm) Shoot Root Shoot Root
a 1 9.79 a* 12399 a 366.8 b 366.8 a 136.3 a-c 25481 a
b 1 10.07 a 1102.8 ab 4134a 291.7b 160.8 a 21140 ab
c 10 8.48 a-c 919.6 bc 341.1b 289.4b 106.7 be 20400 ab
d 10 9.63 ab 865.4 bc 275.8 cd 262.9 bc 89.8 ¢ 19229 be
e 20 8.22a-c 634.5cd 288.2¢ 196.4 cd 117.7 a-c 13807 ¢
f 20 7.65 bc 695.0 cd 245.3d 196.9 cd 145.9 ab 13778 ¢
g 30 6.89 ¢ 551.1d 276.8 cd 154.0d 96.9 bc 14518 ¢
h 30 10.24a 906.6 bc 257.3 cd 257.3bc 107.2 bc 16459 bc
A * NS ok NS * NS
F-test’ B * w3k *3%% Hkk NS *k%
A*B NS * Hokk * NS NS
*Mean separation within columns by Duncan’s multiple range test at p=0.05.
NS, *, *** Non-significant or significant at P=0.05 and 0.001, respectively.
& ZARE ZAnhs Table 49} ek AsIge] A7IBHE] AL ER] 71 BFE ol Weto] FFHolor B
wje} Aabie} el AAOlA Golg olS tEhfgl Ao BErEIth 109 o)4F kel 2] Aux o] o
oh Ao AASS wld Auf7izte] 1dE a9t bAY 2 Ui art QIS Aom AAEY, o r BN
oA Ztzt 123993 11028 go = 71 =UAL, 30 gAl & 913 W&, 7AHE HmY A3 HE AJH] Fof Rt
oA 5511 ge = 7Y B yEbEdth Ashie] Al Aol o]fojxof & Aotk

= Aufzizio] 1dE bR Hof|A 4134 g0 = 7P} kAL,
2095 A AollA 2453 go = TP WQLTE Ajul7| o] @
s e} AJotio] BAFY HdEFo] Has)
ATk L2 aL R A= A 7]Zko] 1 E a9t bA|
o] Z}z} 25481709} 21,1407 &= Aufj7]7ko] Haa5 7N
Aa7b B2 AeE A

2 AtollA B Al 7|gto] A7 |ShE S BoF Ao}
719 gFo] Hashs AS Ve QL (Table 3),
71 Sl Fhalel theh $HuUEol Zolot BIE %
4 QIFh Bope] ofatabyel otskz zirie] Agol 7t
sk Ao WEHET. ol §7]%0] EobsA)
Aol FE i BUT BRE 1 o] g
o AAFse S Holmalrt wush fAR A7
U ¢tk (Loveland and Webb, 2003).
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