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Analysis and Improvement Practise of Drainage Problem
on Soil Profile at the Golf Course Fairway

Jung-Ho Lee', Gi-Rai Jung’, Jong-Min Lee, and Young Kyoo Joo'*
'Dept. of Biological Sci. and Tech., Graduate School of Yonsei University, Wonju 220-710, Korea,
’Kangwonland Resort, Jeongseon-gun, Gangwon-do, Korea

ABSTRACT. Research was focused on the improvement of poor drainage problems on golf course fairway which
had not been performed soil test or properly amended during the course construction. The analysis of the drainage
problem basically was caused by a deterioration of soil physical properties by the top layer compaction. The soil
hardness reached about 3,000 Kpa around 5~6 cm of soil profile. The slow infiltration speed to subsoil by the
compaction was caused directly a poor drainage capacity. However, the properly amended sand soil showed an
apparent value of 1,500 Kpa through the subsoil. The water content test showed a similar result that higher rate of
20~30% and ideal rate of 8~12% at poor drainage area and successfully amended area, respectively. However, an
imported topsoil media which had higher content of silt and clay from a trans-planted sod had made a heterogeneous
soil profile and that caused a poor drain capacity by a low infiltration rate. Those drainage problems triggered to
buildup a reduced soil layer by poor soil gas exchange. The soil environment of deoxidation enhanced anaerobic
microbial population and induced methane gas build-up to 55 ppm, and that resulted an adverse effect on turf growth

by root growth retardation, consequently.
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Table 1. The sampling regions chosen by the drainage condition and the completion of the top layer renovation in 2003 test.

Fairway region Particle distribution Drainage Soil texture Renovation
clay 8%
A silt 18% poor Sandy loam not completed
sand 74%
clay 10%
B silt 14% acceptable Sandy loam completed
sand 76%
CP-20)E o]&3le] HlFEFA] T Yadk X9e A4 78417991 Region BAYE &S] EYHE7} oF 500 KPa
ake] ] Z|9ke] 20 cm sHP7HA] ZlolE EF AE Wzt B et EF Zold & 9F gle] 1,500 KPa o] &=
E ZH3s9t v 2ecmZolE 2 3% Datas CP-20 &  WAIF oz g3 2oz YehgthFig 1).
ZEYO]E o] &3l Excel Programo|A] #4353 & g X9 25 Ay B (0~15em)s! BE 3
O

FU 7 e 2Ho B 1 =7 7] (Hydrosence™,
Campbell Scientific, Australia)E ©]-8-3}¢] 5em Zlo|E=E F
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Tro o=

190z ofn] ERPNFS AAF sojgle] A

RIS
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F T E=A IR HE B4 e AFHT E
2 APAolM EAZHHIFAN), EY 24 (ASTM
F1815-97)3% 3842 ASTM 4972-89 ¥l w2}l Soiltek
2333 A (KA-P, Korea)S AH&-3te] 24513 tHASTM
International. 2010). £ gas $F-2 Soil gas analyzer(Soil

Air™ Technology, USA)2 Al8-3le] RES 7)ol uj&
CH,, 0.9} CO, ¥ W3} &2 B4 a0
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Fig. 1. Changes of soil hardness on depth of profile with or
without of the topsoil renovation in 2003 test (Region A: not
renovated; Region B: renovated).
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Table 2. Soil physiochemical properties of topsoil samples on fairway Region A and B in 2003 test.

Region A Region B
Tested item/ Soil sample
0~5 cm 5~10 cm 10~15 cm 0~5 cm 5~10 cm 10~15 cm
OM (%) 1.71 0.53 0.87 0.97 1.66 0.58
P,0s (mg/kg) 441.0 79.8 71.9 211.1 216.2 101.5
Exchagable K' (cmol,/kg) 0.19 0.15 0.14 0.14 0.21 0.21
Exchagable Ca™ (cmol./kg) 4.89 6.46 3.50 4.76 6.80 5.62
Exchagable Mg"™ (cmol,/kg) 1.02 0.98 0.94 0.64 1.28 1.49
CEC (cmol,/kg) 7.34 7.50 6.77 438 6.69 8.50
A9S 28 BAY BT GA e S-S fsi4 Table 3. Soil texture of sampled regions of fairway at R golf
L ¥E= JA A B2 22 A2 A]Z S gl= B9k course (A~D) and E golf course (No. 1, 2) tested in 2008.
MR el F4lo] Heastrta ddEm v sts 9 , Particle Soil .
EE YA FAE A%H EF vSE Aelr} 27 € Region  gigribution (%) texture  RenOVation
clay 15
22X & (200849)2] Ho{o] E2FQ| O|&tstM H|W =4 Region A silt 13 Sligg Not completed
Region A~D& ZREA o2 majjo] ghofo] &2 AR 24 sand 72
FENAM AGEZA] gt E25 e Aok A A clay 5
o BEZS 2y ko] =4 vehd A AEHQL W) Region B silt 9 Lsoailrgy After completion
EdE R Qal wiEAPE e Ao Azdn a8y sand 86
Region D] 7341& 918 2Ad BA§ Fr]e] EFS & clay 21
A@ sk oiapeh o) gl we(72%) HER HE RegionC st 10 5 Notcompleted
Y THTable 3). 48402 W28 sod A} Ao 9 E sand 69
Fe sojslo] HEZ] EYT BAT Aol molH of cay 17
T EY old3e] 4o = Q3T Region D] w2 Region D silt 3 Loamy After
olo] ¥ oz Fehe ). wond 70 sand completion
olst tiulste] slojglole] w47k Y QI E T day 31 Planted sod
7 slojgle] 2] 212 B4R 9Hole (No. 1)+ 9Hole (No. r0(§t(z)gne silt 41 Clay rootzone
2ol EFe EARA A3 mo) gl 0% o4l A} and 28 for Region D
AER BAHA clay
EF p7AAG] ASl A= 2ol 50~80 mm A5 oA No.1 silt Sand Good turf
B JE7E 3,000-4,000KPa, DEFS! AE 200mme] e wnd 90 condition
M 4500KPa FEE EF SAE WS A5 2B courseE day 1
A AL B 5 Yuk oA wE B A9l A & No2 st 6  Sang  Goodwurf
o Awe] 4% AE Zo] 4em BERE o 3,000 Kpa) wnd 93 condition
B AxE 2ol gemZoldlAE oF 3,700 KpaZ EF
732lo] AAE thE 7 AY(B, DET EY 1487t A
s | Aoz Yo 150 mm o] AESME o 2u vt 2% A EAAY, C D) A¢

AE7} 7Ashs 2102 Hol 50~100 mm E94] hard pan
il WG Z1o g Wt Zlold Axrt 7 4%
e RES ES AANAYG S AAIg BXY% D F
A9 o 2 YEMTHFig. 3).

Hl57F 5 Region BE] A% irle] Belrt ¥l
£ AGe) FRFFol 10% HOI2 FEF Ao Ve

0~10 cm ¥ZH-2o] o] 25 % Wz FEg o]

HobstA UERSTHFig. 2). 53] EY7IAIA G Y= w4
7F &g DA A YEhe mlFE S-S
oF o] B2 sodo] HEARS] 24 FYES 7190
752 e

Table 5014 ¢} o] wirEFAdo] 4§ R golf course
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Fig. 2. Changes of soil moisture content(%) on depth of topsoil
profile with or without of the soil renovation in 2003 test
(Region A: not renovated; Region B: renovated).
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Fig. 3. Changes of soil hardness on depth of profile by the
renovation of the topsoil in 2008 test (Region A: not renovated;
Region B: renovated).
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Eo =7 9s) WAEE AYOE E golf courser= 3]
=3}9 vlAlE (BHE, Saponite)2l®l H]E| R golf course
£ vAkel HEA0] Be 13 EA (Kaolinite) EFOZ 3
A=At

20084 m|0{&|0] HjSEaEX|do| EQIIA BN

v =7 B 2l Ul EY(5~15 em)oll A= wgrts
(CH,)2] shFo] 55 ppm o & vl S5 3k X} =7
Vet Eok ek n Al x| Qo] AHEZ Yoas Ak
o) ofs Ee] fdEy A mAEe] Asow
At w7t AT BEY U 3718 0] AHFEA
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%

At B
W 2de] akae] Bl Apol7h gllont ol itkalet

Table 4. Gas analysis in soil profile with application of the
topsoil renovation.

Region B Region C
Gas / Area (After completion, (Not completed,
good drainage) poor drainage)
CH, (ppm) 40 ppm 55 ppm
0, (%) 20.9% 20.9%
CO, (%) 0.01% 0.34%
Soil moisture content (%)
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Fig. 4. Changes of soil moisture on depth of profile and
drainage conditions of 2008 test (Region A: not renovated;
Region B: renovated).
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Table 5. Soil physiochemical properties of samples on Golf Club R After renovation and golf course E in 2008 test.

Item / Area Region B Region C E Golf Club No.1 E Golf Club No.2
Soil texture (sand+clay%o) Loamy sand (15%) Sandy clay loam (46 %) Sand (10 %) Sand (7 %)
coefficient of permeability (cm/h) 1.59 0.41 17.39 18.54
pH 6.5 6.0 6.1 6.1
EC (ds/m) 1.8x 107 1.7x 107 5.0x10° 54x10°
CEC (cmol,/kg) 4.66 4.65 4.65 4.66
P,0Os (mg/kg) 186.45 164.35 234.80 232.50
K" (cmol./kg) 0.86 0.58 0.35 0.29
Turf condition good sod bad sod good turf good turf
USA.

2SR TE. 20032 20089 EGEE - SIS
AArste] wEEFe] ARl EA I BN AT

gy A Aol Efee]d Wste] tigh 4
S AR M FEEAY S B4 BE Sem~8 cm
Trol EF AR Q] EF EgAdo] ofstEo of
3,000 Kpa®] =2 74 HAL, 20 g Fe F48

=E T
o] o3l B FHE-F o2 e Ho] A 23t ul &
] X*V\j J S
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]
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T2 SAHL BEY ¥

o
o WA S QAL T 2

References

ASTM (American Society for Testing and Materials) International,
2010. ASTM standards annual book. West Conshohocken, PA,

Beard, J.B. and S.I. Sifers.
randomly oriented, interlocking mesh element matrices for

1990. Feasivility assessment of

turfed root zones. In Natural and artificial playing fields.

Carrow, R.N. 1980. Influence of soil compaction on three turfgrass
species, Agron. J. 72:1038-1042.

Deying L., YK. Joo, N.E. Christians, and D.D. Minner. 2000.
Inorganic soil amendment effects on sand-based sports turf
media. Crop Sci. 40:1121-1125.

Douglas, J.T. and C.E. Crawford. 1998. Soil compaction effects on
utilization of nitrogen from livestock slurry applied to
grassland. Grass and Forage Sci. 53:31-40.

Dunn, J.H., D.D. Minner, B.F. Fresenburf, and S.S. Bughrara.
1994. Bermudagrass and cool-season turfgrass mixtures
response to simulated traffic. Agron J. 86:10-16

Gibbs, R. J., C. Liu, M.H. Yang, and M.P. Wrigley. 2001. Effect of
rootzone composition and cultivation/aeration treatment on the
physical and root growth performance of golf green under new
zealand conditions. Int'l. Turfgrass Soc. Res. J. 9:506-517.

Lee, J.H., J.S. Son, I.C. Kim, and Y.K. Joo. 2007. Effects of a
forced air-flow system for recovery of turfgrass after intensive
traffic injury. Kor. Turfgrass Sci., 21(2):127-136. (in Korean)

McCoy, E.L. 1998. Sand and organic amendment influences on
soil physical properties related to turf establishment. Agron. J.
90:411-419.

Pufalla, J., J. Krans, and M. Goatley. 1999. Sports fields: A manual
for design, construction and maintenance. Ann Arbor Press,
Chelsea, MI.

Tae, H.S., Y.S. Kim, and S.K. Koh. 2000. Effect of soil
amendments at heavy traffic area in golf course. J. of Institute
of Landscape Architecture 27(5):107-113. (in Korean)



