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Turfgrass Establishment of USGA Putting Greens Related
with Soil Physical Properties

Dong-Young Kweon'*, Jeong-Ho Lee?, Dong-Ik Lee® and Young-Kyoo Joo’

YOrange Engineering Co., ZDept. of Biological Resources and Technology Yonser University

ABSTRACT

USGA green specification is currently accepted in construction method of Korea. This
study was carried out to find the factors influencing growth of turfgrass associated with
soil physical properties of soil root-zone on golf green constructed with USGA method.
Three putting greens in poor turfgrass and one in good turfgrass condition were selected
for investigation on one golf course site at mid-South Korean peninsula. Soil hardness,
moisture content, root length, and turf density were measured on-site greens, and soil
physical properties and soil chemical properties also analyzed in laboratory.

As a result of on-site surveys and soil physical tests in laboratory, soil physical
properties were most important factors which influenced on turfgrass growth at tested
greens. The results of soil particle analysis on green No. 2, in good turf condition,
matched USGA sand particle recommendations. But those greens such as Nos. 1, 11 and
16, in poor putting greens, showed high soil compaction and improper soil particle
distribution. Those factors created low leaf density, poor root depth, and higher moisture
content compared with lower part of topsoil. Such phenomena caused inadequate tut fgrass
growth with soil hardening associated with poor drainage. Therefore, declines of soil
physical properties associated with improper particle distribution caused a major factor
influencing on turfgrass growth in golf green. Adequate test of soil particle analysis by
USGA specification and proper construction method followed by adequate turf maintenance
should be performed to obtain optimal turf quality on putting green.

Key words : turfgrass, bentgrass, putting green, USGA specification, topsoil, root-zone,
soil compaction, particle analysis, soil physical property

*Corresponding author. Tel : 031-711-8114
E-mail : dhscO@chol.com



96 SHERIC|Ets|x| 193 M22(2005)

M E
A4 YUY 24D e XA
JA(Green)d] AT thEE USGAZH
osja]  o]Folxm gtk USGAZES

USGA(United States Golf Association)2]
AFsl 71391 Green SectionolA] 40 d zF
ATl A4S AFH ger 1 ZAE HA
A8t thA] Aol whdste] EHEo
& THolthrl=EZH3], 2004). 53] #H
gl e 71F AAE
g o 7 ARzAE
of ZWat oz} AA ZIoA FEA,
T4, bR 5 AHE dez she

)

s

u

Ome) Aeirt Fze 23 B 29 Ao
7 AAEA vehgE o] Bol ith ¢
T ABAY ZA Qo ANHeE & %=
oA FEFY] £EE "olEgle T2 8
d F shiz =m glch a2¥AR A
Svtetel F=4 O™ AlFe A3 glof €
E4o8 AgE3 e USGATHoRE =4
9 59 F=F a9 AYYSAEE dA
& xpo]E Holy Ad s FEI}u AlF
el Ago] gheA], girtd o o™ Helo]

=
el AAsAEsl FEe 1A% ¥

i
1=

O,
W
ri,
tlo
B
)
=
o
o
i
o
£
BN
ox
o
h'd
>

fr lo

=
)
>
o
ful
e
4
38 ol
ook Moot

o=
Ho
K
o
o%
o
N

Ir
ro,
24
il
N

L ol8 Edz @FeN HA, A
EEEETE L
gaed ARE Q7] fated A5

ol

o

o i =

o ~
tlo

¢

o,

32

4T o
2 a7l A 43 A
o) 50%7} WAl 913

=z F FHHEY

o
!

32
i [
ofN
oz
)
28
1o
Mol o

lo
>
o)
2
EY
B

4 oo WL

(Fig. Dol tizlA green o] 2= 3

2ldolE =48¥1, HEZ EYY =g -

e Bt

Green TC|Q| MIAE] &H .
el ASAHE @AM 20043 59

Green MEXHQ E2M &
Green ZEZC EY AZw z2t79 ¥
oM deje] Al A& AHAse] Cone



USGA 3oz ZHE J2i9|

k=E|A 0} Bentgrass?| M 97

Hole #1

Hole #11

Figure 1. Tested greens

Penetrometer(CP20 Penetrometer, Agridry
Ltd)E Atgsld BES 7
2em Zlol¥Z 20cmZol7tA] AW ZF3A
t}. 2349 Datae CP-20 AZEYoE o|&
ato] AFEAA BT EF W & &

zxe g9k 45 Z37|(Hydrosence ",
Campbell scientific Australia pty., Ltd)E
o] g3le] REFCENEH 20em Ho|7HA] F

Rimik pty.,

Zr RN EYEEE ST A A
Z\k EokS 2} #(soil core analysis)
oA 4 EYY Ee - g8 S B4
tHRoger and Carter, 1987). £ ¢
A& EF W dolgle 7Y Hele] 2
£ A|A3a, 105C dry ovenollA] 244

:
243}

W oEr ¥ mx Ao

o2

o,

Hole #16

¥ AzA7 T USGAGA A4 sk ASTM
F 16329540 o)) EAEArHUSGA
Green section staff, 2004). )& &< EF2]
LA F v, FrE
ASTM F

: : 30
simulation 2&8&

= ™m
TTE R

1815-97¢] ®HhHo =
3 Ak
2Me ASTM D 4972-899] who= pH,
ANAEEEC), ol 2238 HCEC),
= 'd"*(OM) FEUAMP05), ABY ZAF
K20), 284 Z4(Ca), XY rtaus
M52 54390k BE 482 7t A4
b= o g2 AAEGlon, 2o 1l FHY
A 3t data= SAS ZEadlog Ej
el skich

=0
o 1o



98 FRACIEER] 193 M2%(2005)

gl?:‘! DEd.Il.I' o DA ol tA Aoz 15~25cme] A% B
5% H9°o4 ©E greenclMe  uiF
A MSHE £ 4~12emo] ¥ Be] TS Bt 2]

#23% greeno] HAEFe do W I #2TME BFHom
ooz Wb AAFgon, greens] A 75-9070em’ o, #HlEAE AxAD F
Qo ol Z4o] g o #1F, #11 W Y LEsl 25~307W/em®, #1153} #16
z S AAsl] APL A &L 2F7F dE A9 Ay dxs} 0-50

5.
Atk #1% ZddME AzZHo= g Mem’Z ZF=cKTable 1).

s

of
JEZ Egel a2 =dyos, #115% EY AT U S 53
A

Table 1. Root length and leaf density of bentgrass on tested greens

Measure data #1 green #2 green #11 green #16 green
Root length(cm) 6~12 15~256 4~7 4~8

Leaf density/cm2 25~30 75~90 0~15 35~40

Table 2. Water contents of root-zone to 20cm of soil depth

#1 green #2 green #11 green #16 green  USGA standard

Water ontent(%) 12 16 20 22 18
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Figure 2. Soil hardness of green depth
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Table 3. Particle analysis of green sand(ASTM F 1632-95)

Particle analysis(%)

Paticle size(mm)

USGA Recommendations

#1 hole #2 hole #11 hole #16 hole
Less (t;‘i‘t‘; 005 98 072 041 050  Not more than5%
0.05~0.15 o
(Very Fine Sand) 2.76 1.17 0.74 0.84 Not more thanb5%
0.15~0.25 Not more than 20% of the particles
(Fine Sand) 15.00 9.95 7.46 7.73 may fall within this range
0.25~05 2540 4120 3440 3325
(Medium Sand) ’ ) ’ ' Minimum of 60% of the particles
05~1.0 91.33 43.91 46.14 37.55 must fall in this range
(Coarse Sand)
1.0~2.0 Not more than 10% of the total
(Very Coarse Sand) 17.35 2.52 591 814 particles in this range, including a
2.0~34 maximum of 3% fine gravel
(Fine Gravel) 15.30 0.54 4.95 11.39 (preferably none)
Total 100 100 100 100
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Table 4. Soil physical properties of green sand by simulation test(ASTM F 1815-97)

item bulk particle infiltration total air-filled capillary
density density rate(Ksat) porosity porosity porosity
green (g/em) (g/om) (mm/h) (%) (%) %)
USGA 150 - 300
standard | | 300 - 600* 35 - 55 15 - 30 15 - 25
#1 hole 1.69 2.66 95.2 36.34 28.23 8.11
#2 hole 1.50 2.53 476.2 40.55 31.46 9.09
#11 hole 1.56 2.56 121.4 38.71 30.53 8.18
#16 hole 1.59 2.55 101.4 37.56 28.97 8.59
* Applied by infiltration rate of accelerated range(USGA green specification)
Table 5. Soil chemical properties of green sand(ASTM D 4972-89)
Chemical H OM EC CEC P05 K20 Ca Mg
properties P (%) (mS/ecm) (emolkg) (mgkg) (ecmol/kg) (cmolkg) (cmolkg)
#1 hole 74 0.18 0.14 28.36 76.97 0.17 0.60 0.32
#2 hole 6.5 0.18 0.17 12.19 35.70 0.17 0.34 0.32
#11 hole 7.7 0.22 0.07 36.14 39.73 0.15 5.02 0.32
#16 hole 7.6 0.23 0.20 27.30 88.93 0.20 2.36 0.32
Recommendation ange 5.5~6.5 0.5~1.5 under 0.2 5~10 100~300 0.2~0.5 3~6 0.5~1
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