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The Effects of Mowing Height, Rolling, N-fettilizing, and Season
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*Dept. of Landscape Architecture, Sung Kyun Kwan University
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ABSTRACT

This study was carried out to investigate the effects of mowing height, rolling, N-fertilizing, and
season on green speed(i.e., ball-roll distance) for developing and implementing a program of increasing
green speed in Korean golf courses. Data were subjected to multi-regression analysis using
SPSSWIN(Statistical Package for the Social Science), which collected from Yong-Fyong golf course
greens selected to investigate. The results was as follows,

1) The multi-regression analysis of mowing height, rolling times, and N-fertilizer application rates
on spring green speed was as follows; Y:(spring green speed) = 4.287 + 0.155 Xu(rolling times) - 0.131
Xx(the amount of N-fertilizing) - 0.251 Xa(mowing height).

2) The multi-regression analysis of mowing height, rolling times, and N-fertilizer application rates
on summer green speed was as follows; Yz2(summer green speed) = 4.833 - 0.423 Xs(mowing height) +
0.146 Xi(rolling times) - 0.107 Xz(the amount of N-fertilizing).

3) The multi-regression analysis of mowing height, rolling times, and N-fertilizer application rates
on fall green speed was as follows; Ya(fall green speed) = 4.651 - 0.383 Xs(mowing height) + 0.142
Xi(rolling times) - 0.103 Xa(the amount of N-fertilizing).

4) As mowing height was lowered by 1mm, green speed increased by 0.251~-0.423m. As rolling
times increased by l(one), green speed increased by 0.142~0.155m. As the amount of N-fertilizing
increased by 1g/m?, green speed decreased by 0.103~0.131m. The season also affected green speed. In
comparison with spring green speed, summer green speed decreased by 0.145m and fall green speed
decreased by 0.144m.
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#39 2T FreA 18 AME tE A2, &

9. 24 AuEs Ade 13 B
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A stimpmeter, FZ%, A (maker), FAE
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Table 1. The treatments of mowing height, rolling, and
N-fertilizing on Yong-Pyong Golf Course greens

. . h . the amount of
Mowing height Rollln.g times N-fertilizing Note

{mm} (time) (2/m?)
55 0 2 Green #9
5.0 1 4 Green #16
45 2 [ Green #18
4,0 4 - -
3.5 - - -

B 2= Fo] HE A7 AJE FAHs =
7 YAA whl wgko 2 23k AL uhEs]
78 A, & 19 29z E 34 &4

A 1% olfdle HXHoZ 78 AITE ASH
(Brede, 1991), o9 7+& 34 & 208 dEste I3
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oju okl

2I=F ER )
(sT +s])
_BLxsh (41)
25T xs]
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ST= ZAAE 228 Weke] 33 A9E
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Ay Ao I3 235 EAdA A3E AdE w
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b =, 2000; Rist and Gaussoin, 1997). A2
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Aos nlAty B3E oA, 29 34, FHd A
% EYHSE AP Fo SPSSWINE o439 o
| e (stepwise) PHCE OFIALHE T8
282, AFHE A4S e tsIAEY
2 sigel WA g3 ARAE F3sts] Ao A
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2 Table 201]*']9-} Zo] BulE(dumnmy variable)
2 AEZ, AFE 249 HepdF(DUMZ,
DUM3)E 44, &8 g5, Zx ANEa 3 5
TR e FE5UFE QY I2¥ 2dEe
Ete] gAY o R s AR S T8tk

o

—_

a: Mower(Type: Walking Single
unit; mowing width: 227)

b: Roller{Type:
weight: 420kg)

Green Gal;

¢! N-fertilizer{ Type: Walking
Centrifugal Spreader: capacity:
25 ¢ : spread width: 3-5m)

Figure 1. The eguipments used for mowing, rolling, and N-fertilizing in these treatmen
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a! prepare stimpmeter, balls, ball makers, and scale

c: the measurement of ball-reli distance for each
treatment

b: put the bhall in the notch and slowly raise that
end until the ball starts to roll down the groove
onn the treatment plot

d: bal rolling down from stimpmeter

Figure 2. The measurement of green speed(ball-roll distance)

Table 2, The dummy variable of season(spring,

summer, and fall)
. . Dummy variable
Season variable | Dummy variable program DUMZ | DUM3
1 Spring IF (season = 1) DUMZ = 0 0 o
[F (season = 1) DUM3 = 0
2 | Summer IF (sesson = 2) DUMZ = 1 | o
IF (season = 2) DUM3 = 0
3 Fal [F {season = 3) DUM2 = 0 0 0
IF (season = 3) DUM3 = 1

n. Az 3 og
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|>
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HEE 458 ¢ e 952 Uiy sAAS
06652 #19 3709 HFEZ FA4E 48 Eﬁ*go] -'g
a3 A9 o 67%E AW 4 e, ¥ 2y
2 752 ol 438 RYHF = 791.085 P <
0.01).

9e] Ao v EFE A4 BE wgozd ¥
2 og9 AL V(2 JY A9T) = 4287 +
0155 X:1(E% %) - 0131 Xo(BA AME) -
0251 Xs(dAZ)oE AREA) X8 93 2§
H =gy ¥ &9 Hae 14" ’*ﬂtsﬂr FH+)9
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Table 3. Predictors of management with green speed dependent on seasons in Yong-Pyong Golf Course : Spring

Unstandardized Unstandardized
Dependent Independent coefficients coefficients R EF
. . T value | Sig.T Sig.F
variable variables Std. -square value
B Beta
error
Rolling
. 0.155 0.005 0.520 31.047 0.000
times
G the amount of | o\ | 5oos -0.483 28859 | 0.000
reen N-fertilizing : ' : : : 0665 | 791.085 | 0.000
speed -
Mowing
. -0.251 0,010 -0.4027 -24.010 | 0.000
height
{constant) 4,287 0.052 82,869 0.000

adke AL gt ®ik BE 3 HA T betagldl
Slste] YA FATE detd A g9 35}
052008 7MY &2 A9EE gy @ 4 gleid
N HAATY Jrde didE tRES o83 &
g FAAEL Adsigle, 2 dee 154 % 29
B 31.047, A4 AH[EF -28.859, dRF -24.0108
2N TR 5% §9 SR ARsMo] 7)7iERR
o] 3719 W4EE B 19 AuTas Sdude] 49
Aol feks n|As oz gyt 4 qlqir)

Y = 4287 + 0.155X1 - 0.131Xe - 0.251X3
{4 2)
| 714, Y1 . green speed(spring)
X1 ¢ rolling times
X2 ! the amount of N-fertilizing

X3 ! mowing height

2. 048 D2l Am=olM ojxlm B2, Ha
Alu[2te) &3

o} &l Table 40l viebd vlg} o] A7, &9
34, A4 Aujgke] BE T8 AHCE & 4 9
T TR et SAASE 080622 H9 3779
HEEE FAE MY THe| ofE T3 Aute) of
81%E HHE + UYL 98 74 & 729 §9
3 A58 BYcHF = 1657.999, p < 0.01).

o} AaolA vlEF3 Ao BE WigoZd
2 B9 AN Yo(ofF T8 A9E) = 4833 -
0423 Xs(lAZ) + 0146 Xi(EF 35 - 0107

Xo(Za AN R A6 A8 238 ¥g8 =
BT 5 B9 ¥5E I8 A9Eg ()Y Aaa
Azb glom, A AuF dA2e &)Y g
A7E Sle ALE YeigtH 4 3). <AL ¥ 5
7t Z715) matM 1l AN} Zvleky, A 79
A AlYjko] Z7kgtel webd 18l AnEsl 7ad
= A2 guig. =3 ZF 3 AAFQ betagtd
3t Ay FOTE dold 2 oA L7} -06572
M & A9EE /gy @ ¢ dsid A 59
A A5 dsid e tEEE 048 F95 3
S NEE A3 7 W\ tBARL oA -51.630,
E8 34 37418, AL AMIF -30138°08M EF
5% FrFEolA ARIe] AztEug o] 3709 W
TEE dF 1% AHEdE SEupd F939 o
S uAe AeE #aE ¢ Ay 23 WMSE
o At 8o A9 e dgioy, &8, oA} Ko}
AE JE ATty @A thsle A94E BYd
(9 Xs AFE -0251°)3 989 Xa AFe -
0.423).

Y2 = 4833 - 0423Xs + 0.146X1 - 0.107Xz
(4 3)
71, Ye

X1 ! rolling times

green speed(summer)

X2 © the amount of N-fertilizing
X3 : mowing height
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Table 4. Predictors of management with green speed dependent on Seasons in Yong-Pyong Golf Course | Summea
Unstandardized Unstandardized
Dependent Independent coefficients coefficients R E
. N T wvalue | Sig.T Sig.F
variable variables Std. -square value
B Beta
error
Mowing
. -0.423 0.008 -0.657 -51.630 | 0000
height
Green Rolling 0146 | 0,004 0.476 37418 | 0.000
speed times : ; . ’ : 0.806 1657.999 | 0,000
the amount of
oo -0.107 0.004 -0.384 -30,138 | 0,000
N-fertilizing
(constant) 4833 0.040 l 119.430 | 0.000
3. 718 D2l Am=sA oK B2 AL 3o A FRRE dold At oAt -06462

AlBl2ke| &3t

7}&oE Table 508 vtepd uke} o] Ay, 23
34, Ak Aujge] RE 39 ANEE o384 9)
= BLE YEstTh FAATE 083022 ¢ 379
TSR FAE AE 28] skE I8 A3jze] o
B3% & AW 4 UL 7 T K v 5o #9
g AaE BorHF = 1943172, P { 001).

$lel ARl vESE3} Aol BE wjelo 23 ®
239 WAL Y7 ¥ AWE) = 4651 -
0383 Xs(dA32) + 0142 X:(EF 3%4) - 0103
Xo{ A AMEH 2 248t A3 58 23d &
Hu$ £ 9 d5e 19 A9 9(+) 9 Ataa

2 7P & AdES Mgy & stk A 3
AA TS el gEMe tREE o 4% Fredx 3
g A8 Aath 7H W tEA L o2 -54.179,
9 34 41925, Ai AW -33711084 25
5% folagolM AF7He] Z|ZEHRE o] 3¢9 W
TFEL /M I 2ntge £405 o7l o
g5 AlE AR AR 4 N A2 Aed
T A7t 33 2mEe 7Ry g2 giE miey,
I HAEe B 4By AR Hed T Fa
Au)Eat 2399) Q3ke Qg 7Mg BF o g
Zo|Ex AxE B4t

Ys = 4651 - 0383Xs + 0.142X: - 0103Xe

Az7E Qlem, A4 Aluest dAies F(-)9 i@ (4 4)
A7 g ACE UEHTHA 4), 032 8 g %714, Ys : green speed(fall)
7h =715l wield I3 A3 Er) SbEkr, X2 X1 : rolling times
AL Ad| o) %—7]'@")“ ek I3 A E7t ZhaE Xz  the amount of N-fertilizing
= RAE oviget 3 BE 3AAF betaftel 9 Xs  mowing height
Table 5. Predictors of management with green speed dependent on seascns in Yong-Pyong Golf Course @ Fall
Unstandardized Unstandardized
Dependent | Independent coefficients coefficients R F
. . T value | Sig.T Sig F
variable variables Std. -square value
B Beta
error
Mowing
. -0,383 -(,383 -0.646 -54,179 0,000
height
Green Rolling 014z | 0142 0,500 11925 | 0ooo
speed times ’ ) ' ’ ’ 0.830 1943172 | 0.000
the amount of
e -0.103 -0.103 -0.402 -33.711 0.000
N-fertilizing
{constant) 4651 4651 132,985 0.000
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el T FrolM I AW )@ oA, EF, B4 AMIF AW 53 97

4. J21 AT =oM X B2, B AH[E

HEel oo

Aol 28 A¥zd s TS 1)) 23
zze] AAES duifesst & 5HEs ol ¥
AlA 3 AEAE A3E A3 Table 69 VR
vre} 7ho) A1, §F e AL AT BT oy
AH(DUM?2, DUM3)E 18 AHEE 428 4 9
SR et 39Aes 0752 99 3709
HeEE TAE A3 Byo] AFE I3 Avze %
76%8 49T 4 Uit & Fd 3 Y28 fofd
AAE HAHF = 2216.259, P < 0.01).

99 Aol v EF3 A5 BE ulgozd E
837 wAAe va(AEE Jd A9E) = 4687
- 0352 Xa(dAZ) + 0148 Xi(EF FF) -
0114 Xo{AA AulE) - 0145 X«(DUM2: AY)
- 0144 Xs(DUM3: A#)E AAsYch A48 23
of ¥3d SYHws 5 €Y e Id 2uss 4
(+)¢] AgaAzt glow, A4 At dAzEs &
(-9 AaaAs de 2oE Jepdti 4 5), T2
I yrESE il A¥E I8 AYie 2SI
22 3lo] A v 2¥ W A& 0145m, 7Hel
0.14dm7} Aadke AoR vy, Ef B3 37
AT betagtoll ojstd Ajd FAwE Yokl A
A 27} -05612 JHE 2& AL sEgy & F
ATk A FAA S Ak A tiEES 9
23 fron A4S AgEged 24 Hed tEARE
d| A 7-67.962, 234 59,644, AW -50.605,

)
BF 5% §9) M AFIHEe} AR o 5
A9 wsse 29 2sake Eousd 4239
9B AL 20T $IT 4 ATk

DUMZ(AR) -16.133, DUM3(A4) -16.001FA
[ =
S

Y1 = 4687 - 0352Xs + 0148X1 - 0.114Xz -
0.145X4 - 0.144Xs (4 5)

o 7)A, Ys . green speed(season)
X1 : rolling times
Xz ! nitrogen
Xa : mowing height
X4 1 DUMZ
Xs : DUM3

Agafeial 19 Anre fele] FR35H o]&d
Pt By A, £ B, Al AHEe of
3 Id ~sse] WEE AFEE 24y, AR
g 28 A3te] Wsts $A4F 3 EE HTE
9 AfEd o4 A 43E vAE AeE
uebg e, ot weldel et 18 A¥ES
SolA oAl =7l T (Nus, 1992 Salaiz et al,
1995: Throssell, 1981), &3 347t Z7kgel wat
A fFo4 A F7tE%82W(Di Paola and
Hartwiger, 1994), @4 AJ¥|go} 271l melA &
94 A #Arde ALE JeEEtHRist and
Gaussoin, 1997). £%, ¥ - 58 - 7124 O34 43
t Nzl 243 232 JelltHRist et al.
1997).

S

1o r

rlo

Table 6. Predictors of management and seasonal factor with green speed in Yong-Pyang Golf Course: season

Unstandardized Unstandardized T
Dependent Independent coefficients ceefficients R F
pencent p neeRe T value | Sig.T SigF
variable variables Std. -square value
B Beta
errar
Mowing
. -0,352 0.005 -0.561 -67.962 0.000
height
Rolling
tirnes 0.148 0.002 59,644 0.000 0755 9916250 0,000
Green
the amount of
speed N -0.114 0.002 -0,418 ~-50,605 0.000
N-fertilizing
DUM2 -0,145 0,002 -0,154 -16,133 0.000
DUM3 -0.144 0,009 -0.153 -16,001 (.000
(constant) 4.687 0.009 179.201 | 0.000
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J22 BEd 9 I3 Ansg] #Wales 3}
371 YA UmA HFEY 3 IRAA v 24
oA & o) Wil 28 A £ 23, oheat 23k
i Table 7 #%). AT 23 TH Anje) Wt
Z2 27} Imm 27V Wel] -0423 ~ -0251m
ofn], x| 7e| W3} o] 3 ~ 5mm, 0 ~ 2mm
27 T woll 13 299 W3 2 Hu 0846 ~
Om, #4 -0502 ~ OmzY & F AU o} 5,
2000, Di Paola and Hartwiger, 1994). &% ¢
3 18 ~nzel Wil 22 E3o] 13 3713 o
0142 ~ 0155me|d, o]3¥ql €4 347} 33/F
vjgtelaty & of, 29 Auze Wt L AHuj 0 ~
0310m, 2 0 ~ 0284mzty B + YAcHDbi
Pacla and Hartwiger, 1994). i Au|gk] &3
I Az Bigt £ AL AlMo] 1g/m® $7H
g -0.131 ~ -0.103mo|s), HYZ A4 AuE 3
L) = 329 Fx AulEe] 6g/mioly &
o, I3 Au=o Wi & A -0786 ~ Om, 3
A -0618 ~ 0mEZ ¥ & YU A F,
2000), @Weby 18 AvEe) wal & 713 IA &
4 Q= AL dx| s} AL Alujgkol gt T,
27 359 2Ex A7) g 1Y ANEE PA
7 & e ZAAHY ol & £ s J9 A

EE 77 delMe HA A71H0E Fa A
HlEke 7HAAF| 2, Zdo| Aol JATLE 7ed BF
= Ro} 714 Aozt Eoth dAnE A
W= Ad gdAM orge Ao 2EHAE A3
87) M HEeAH 2L olfdhe AL oy BF
Hel 13 Avze Fadhioz Arke ok Dipacla
and Hartwiger, 1994). viAj2to & AE Hztol ojst
I3 Avse wgt £2 -014 ~ omadT 8 & 9L
of, AAdslel g 13 ATce] Hase B2 )
Fog st A vxg o), HAHOE AF
0.145m, 7o 0.144m7t 24890

kil

Agh TEIHE NS HEtd I8 AHEY
dAF, &¥, da A6, 22 AZY F3E
A AL A5E #A4 dd AHE &
2T 729 IHUE{(Green #9, #16, 418)EF
B 38 Zolu, £3¥ ART SPSSWIN
(Statistical Package for the Social Science)&
o] &3lo} thEEAEA (multi-regression analysis) 3
Q¥ 1 ZFe oA 2k

1. & 2d 25t gg &2y, £, 133 dx
Ao AR Ade g 2otk Yl
J9 AHE) = 4287 + 0155 Xu(EY FF) -
0131 Xz(Z4 AMF) - 0251 Xs(dA2)

2. 9§ 3¢ AT gt oA, §, 13 4
2 Ao gAY Ze di&H 2R
Ya(odE 138 ATE) = 4833 - 0423 Xs(oA2)
+ 0.146 Xu(E¥ 3% - 0107 X(dh AEEH

3. 71 18 29z i X2, EFH, J28l2 F
4 AEe dedAEY Z2ds gL 24T
Ya(7He 18 AFE) = 4651 - 0383 Xa(AL)
+ 0142 X{( 28 39) - 0103 X(FAA AHE)

4. AT} Imm Roldel webx I s}
0251 ~ 0423m FVISiEH 8% 57113 35}
ol 28 AT} 0142 ~ 0155m Z=74skgnh E
2 NHF| 1g/m? Frhete] wWebd 17 AdEst
0103 ~ 0.131m ZAsEd, Aol Wart 28 &
Mo 952 vlgch & 23 A9se unE o, o

Table 7. The regression equation of green speed and maintenance

Seasonal Rolling times . . . Season
Green speed Constant (0 1, 2. 4) Nitrogen Mowing height DUM3 DUM3
Spring Y1 = 4,287 +0,155X1 -0.131X2 -0,251X3 - -
Summer Y2 = 4,833 +0,146X1 -0.107X2 -0.423X3 - -
Fall Yi = 4651 +0,142X1 -0.103X2 -0,383X3 - -
Season Ye = 4687 +0,148X1 -0.114X2 | -0.352X3 -0,145X4 -0,144X5
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ulm

L)

g A9CE 0145m T4, 7He AfEE
144m 7 3}‘}11:}.
olEZ8
A oA, F2Y(1099) AT, A2 B8 o

M7 FE 22 ¥HY 18] 9
& ShaAn)8a)a] 13(2) @ 139-146.
oV, AT #32Y2000) e FZ A o)
AR 29T B4 e W QT BRZARYA

28{4) ® 29-43,
. Brede, A, D.(1991) Correction for slope in green speed

23)=o) HAE g

measurement of gelf course putting greens. Agron-J,
83(2) : 425-426,

. Di Paola, J, M. and C. R. Hartwiger(1994) Green speed,
rolling and soil compaction, Golf Course Management

10,

. Nus,

. Radko,

62(9) © 49-78.
1.(1992),

Management 60(11)
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