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RESPONSE OF PERENNIAL RYEGRASS TO WEAR STRESS IN 2009

Bradley S. Park, James A. Murphy, Tracy J. Lawson, William K. Dickson, 
and Joseph B. Clark1

1Sports Turf Education and Research Coordinator, Extension Specialist in Turfgrass Management, Principal Labora-
tory Technician, Turfgrass Research Farm Supervisor, and Principle Laboratory Technician, respectively, New Jersey 
Agricultural Experiment Station, School of Environmental and Biological Sciences, Rutgers, The State University of New 
Jersey, New Brunswick,  NJ 08901-8520.

	 Increased use of sports fields and other recre-
ational sites presents a difficult challenge for turf-
grass managers responsible for maintaining du-
rable, uniform, and safe natural playing surfaces. 
Establishment of traffic stress tolerant cultivars of 
Kentucky bluegrass (Poa pratensis L.), tall fescue 
(Festuca arundinacea Schreb.), perennial ryegrass 
(Lolium perenne L.) or mixtures of these species, 
can help sports field managers maximize the safety 
and playability of sports fields.

	 Perennial ryegrass, a common component of 
seed mixtures for parks, grounds, and other turf-
grass areas, has been traditionally utilized where 
rapid turfgrass establishment and soil stabilization 
is desired, including seeding at a time of year when 
the probability of successful establishment is low 
(Beard, 1973).  Its popularity for use on sports fields 
is a result of the ability of this species to produce 
mowing patterns, tolerance of close mowing, resis-
tance to wear, and rapid seed germination in 4 to 7 
days (Puhalla et al., 1999).

	 Characterized by individual components of 
wear, soil compaction, divoting, and soil displace-
ment (Beard, 1973), traffic is the most frequent and 
damaging stress to turfgrasses used as a sports turf 
(Minner et al., 1993).  Wear injury affects above
ground plant parts and is defined as the immediate 
result of crushing, tearing and shearing actions of 
foot and vehicular traffic; soil compaction can pro-
duce chronic stresses associated with increased soil 
bulk density, loss of soil structure, and reduced aer-
ation, water infiltration, and water storage (Beard et 
al. 1974; Shearman, 1988).  Soil displacement and 
divoting can often contribute to a decline in the qual-
ity of sports field surfaces; however these stresses 
have not typically been assessed in research. 

	 Traffic stress simulators have been developed 
to mimic the effects of trampling, which imparts wear 
and compaction of soil, while others, such as the 
machines described by Shearman et al. (1974), Bo-
nos and coworkers (2001), and the GA W device de-
scribed by Shearman et al. (2001) were developed 
to primarily impart wear stress. 

	 There is limited information in the turfgrass lit-
erature regarding the tolerance of newer perennial 
ryegrass cultivars to traffic stresses.  Minner et al. 
(1993) reported on the traffic tolerance and recovery 
of perennial ryegrass entries comprising the 1986 
NTEP Perennial Ryegrass Test using the simulator 
described by Cockerham and Brinkman (1989).  Park 
et al. (2004) used a simulator (Bonos et al, 2001) 
and vibratory roller to apply wear and compaction 
stresses to the 1999 NTEP Perennial ryegrass test.     

	 Perennial ryegrass cultivar recommendations 
are needed for sports fields.  The objective of this 
study was to assess the response of perennial 
ryegrass to wear stress applied in September (fall) 
2009.

MATERIALS AND METHODS

Evaluation Trial

	 The 120 entries of the 2004 NTEP perennial 
ryegrass trial were established in September 2004 
at the Horticultural Research Farm II in North Bruns-
wick, NJ.  Entries were seeded into 3.5 ft x 5.5 ft 
plots at 6.8 lb seed/1000 ft2.

Soil test results from August 2009 indicated that the 
soil pH was 6.0; soil phosphorus (P) and potassium 



218

(K) were 82 and 317 lb/acre, respectively.  The test 
was mowed approximately 2 times per week with a 
reel mower at a height of 1.5-inch.  The test was ir-
rigated as necessary to avoid severe drought stress.  
Annual nitrogen (N) applications for 2009 totaled 1.2 
lb/1000 ft2.  The experimental design was a random-
ized complete block design with three replications.      

Wear Simulation

	 Wear was applied to the trial using the simu-
lator described by Bonos et al. (2001).  A total of 
24 passes of the wear simulator were applied over 
three days (12 passes on 15 September; 6 passes 
on 16 September; and 6 passes on 17 September) 
to approximately one-half of each plot.  Every other 
pass was made in the opposing direction of the pre-
vious pass.

Plot Evaluation

	 Visual turfgrass quality (i.e. overall appear-
ance, turf color, uniformity, density, mowing qual-
ity, reduced rate of vertical growth, leaf texture, 
and freedom from insect and/or disease damage) 
was assessed on a monthly basis during the grow-
ing season from 2005 to 2008 using a 1 to 9 scale 
where 9 equaled the best turfgrass quality (Koch et 
al., 2009).

	 To assess perennial ryegrass response to wear, 
fullness of turfgrass canopy (FTC) was visually as-
sessed using a 0 to 100% scale where 0% equaled 
the absence of a turfgrass canopy and 100% equaled 
a full canopy.  The rating was taken before wear on 
15 September 2009 and after 24 passes of the wear 
simulator on 18 September 2009.  To assess recov-
ery from wear, FTC was subsequently rated 26 and 
42 days after wear (DAW).  Turfgrass quality under 
wear stress was visually assessed on a 1 to 9 scale 
(9 = most dense, uniform turfgrass canopy after 
wear) on 18 September 2009 and 26 and 43 DAW.  
All data were subjected to analysis of variance and 
means were separated using the Fisher’s protected 
least significant difference (LSD) test at p < 0.05. 

RESULTS AND DISCUSSION

Wear Tolerance

	 Perennial ryegrass cultivars and experimental 
selections with the highest FTC after 24 wear pass-
es were Mach I, Silver Dollar, Plateau (PST-2LAN), 

Charismatic II GLSR (LTP-PGGLSR), Wind Dance 
2 (PWDR), Panther GLS, Fiji (GPR), Pacesetter 
II (PS-2), Brightstar SLT, Citation Fore, Pick 02-R, 
Palmer III, Homerun (RG3P), E-99, Presidio (CNV), 
Grand Slam II (PST-2GSM), Hawkeye 2 (SRX 4692), 
Headstart 2, D04-LP05, MMW, Secretariat II GLSR 
(LTP-101-GLSR), and Halo (KN42) (Table 1).  Silver 
Dollar, Charismatic II GLSR, Panther GLS, Homer-
un (RG3P), Grand Slam II (PST-2GSM), Hawkeye 
2, MMW, and Secretariat II were among entries with 
the best average turfgrass quality (no wear) in 2005-
2008 (Table 1).

	 Linn had the poorest FTC after 24 wear passes 
on 18 September 2009 (Table 1).  Entries exhibit-
ing FTC less than >30% after 24 wear passes were 
ASP6001 (RTS), Pinnacle, Ringer II (04-BEN), Sun-
shine 2, Affinity, Exacta II GLSR (LTP-611-GLSR), 
Edge II (AC2), BAR Lp 4420, Overdrive, Kokomo 
II (IS-PR 235), Prototype (DCM), ASP6006 (LPFG), 
Cabo II (IS-PR 233), La Quinta (JR-255), Repell 
GLS, ASP6003 (TRS), Nexus XR (SNR), and LPR 
02203 (Table 1).

Recovery

	 Entries exhibiting the highest FTC on 29 Oc-
tober 2009 (42 DAW) were DP 17-9788, Plateau 
(PST-2LAN), Silver Dollar, Panther GLS, Pinnacle, 
Charismatic II GLSR (LTP-PGGLSR), Hawkeye 2 
(SRX 4692), Affinity, Palmer III, Citation Fore, Sec-
retariat II GLSR (LTP-101-GLSR), SRX 4682, E-99, 
ES45, Premier, Mach I, APR 1648, Manhattan II, 
Barlennium, Dart (APR 1663), APR 1670, Brightstar 
SLT, Revenge GLX (JR-348), MMW, and Galatti (DP 
17-9502) (Table 1).  The recovery of Pinnacle, Af-
finity, Premier, Barlennium, Manhattan II, APR1648, 
and Revenge GLX, Dart (APR 1663), DP 17-9788, 
ES45, SRX 4682, APR 1670, and Galatti (DP 17-
9502 was notable since these were not among the 
top group of wear tolerant entries assessed using 
FTC on 18 Sept. 2009 (Table 1).   

CONCLUSIONS

	 Differences were observed among peren-
nial ryegrass cultivars and experimental selections 
when subjected to wear stress in 2009.  Selection 
of perennial ryegrass cultivars for sports field seed 
blends and mixtures should strongly consider turf-
grass quality, susceptibility to diseases such as 
gray leaf spot (caused by Pyricularia grisea [Cooke] 
Sacc.), tolerance to wear, and recovery from wear.  



219

REFERENCES

Beard, J. B.  1973.  Turfgrass:  Science and culture.  
Prentice-Hall, Englewood Cliffs, NJ.

Beard, J. B., J. F. Wilkinson, and R. C. Shearman.  
1974.  Turfgrass wear tolerance:  The anatomi-
cal and physiological basis.  Proc. 44th Ann. 
Michigan Turf. Conf., East Lansing, 3:1-2.

Bonos, S. A., E. Watkins, J. A. Honig, M. Sosa, T. J. 
Molnar, J. A. Murphy, and W. A. Meyer.  2001.  
Breeding cool-season turfgrasses for wear tol-
erance using a wear simulator.  Int. Turfgrass 
Society Res. J. 9:137-145. 

Cockerham, S. T. and D. J. Brinkman.  1989.  A sim-
ulator for cleated-shoe sports traffic on turfgrass 
research plots.  California Turfgrass Culture. 
39(3-4):9-10.

Koch, M. J., M. M. Wilson, W. A. Meyer, C. R. Funk, 
S. A. Bonos, R. F. Bara, W. K. Dickson, D. A. 
Smith, J. M Bokmeyer, and E. Szerszen.  2009.  
Performance of perennial ryegrass cultivars and 
selections in New Jersey turf trials.  Rutgers 
Turfgrass Proc. 40:131-164.

Minner, D. D, J. H. Dunn, S. S. Burghrara, and B. 
S. Fresenburg.  1993.  Traffic tolerance among 

cultivars of Kentucky bluegrass, tall fescue, and 
perennial ryegrass.  Int. Turfgrass Society Re-
search J. 7:687-694.

Park, B. S., J. A. Murphy, W. A. Meyer, S. A. Bonos, J. 
den Haan, D. A. Smith, and T. J. Lawson.  2004.  
Traffic tolerance of cool-season turfgrasses.  
Rutgers Turfgrass Proc. 35:49-118.

Puhalla, J., J. Krans, and M. Goatley.  1999.  Sports 
Fields:  A manual for design construction and 
maintenance.  Wiley and Sons, Inc., Hoboken, 
NJ.

Shearman, R. C.  1988.  Improving sports turf wear 
tolerance.  Proc. 58th Ann. Michigan Turf. Conf. 
17:153-155.

Shearman, R. C., J. B. Beard, C. M. Hansen, and 
R. Apaclla.  1974.  Turfgrass wear simulator for 
small plot investigations.  Agron. J. 66:332-334.

Shearman, R. C., R. N. Carrow, L. A. Wit, R. R. Dun-
can, L. E. Trenholm, and J. E. Worley.  2001.  
Turfgrass traffic simulators:   A description of 
two self-propelled devices simulating wear and 
compaction stress injury.  Int. Turfgrass Society 
Res. J. 9:347-352.



220

Ta
bl

e 
1.

	
W

ea
r t

ol
er

an
ce

 a
nd

 re
co

ve
ry

 o
f p

er
en

ni
al

 ry
eg

ra
ss

 c
ul

tiv
ar

s 
an

d 
se

le
ct

io
ns

 s
ub

je
ct

ed
 to

 w
ea

r i
n 

S
ep

te
m

be
r 2

00
9 

in
 a

 tu
rf 

tri
al

 s
ee

de
d 

in
 

S
ep

te
m

be
r 2

00
4 

at
 N

or
th

 B
ru

ns
w

ic
k,

 N
J.

  (
In

cl
ud

es
 a

ll 
en

tri
es

 o
f t

he
 2

00
4 

N
at

io
na

l T
ur

fg
ra

ss
 E

va
lu

at
io

n 
P

ro
gr

am
 P

er
en

ni
al

 R
ye

gr
as

s 
Te

st
 –

 N
TE

P
).

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

(C
on

tin
ue

d)

	
1	

M
ac

h 
I	

85
.0

	
56

.7
	

6.
0	

56
.7

	
5.

7	
65

.0
	

6.
0	

4.
6

	
2	

P
la

te
au

 (P
S

T-
2L

A
N

)	
85

.0
	

50
.0

	
6.

0	
66

.7
	

7.
3	

76
.7

	
7.

7	
5.

2
	

3	
S

ilv
er

 D
ol

la
r	

91
.7

	
50

.0
	

6.
0	

61
.7

	
6.

3	
76

.7
	

7.
7	

6.
1

	
4	

C
ha

ris
m

at
ic

 II
 G

LS
R

 (L
TP

-P
G

G
LS

R
)	

86
.7

	
50

.0
	

5.
7	

55
.0

	
6.

0	
70

.0
	

6.
3	

6.
0

	
5	

W
in

d 
D

an
ce

 2
 (P

W
D

R
)	

80
.0

	
48

.3
	

6.
0	

48
.3

	
5.

3	
61

.7
	

6.
0	

5.
1

	
6	

P
an

th
er

 G
LS

	
90

.0
	

48
.3

	
5.

7	
63

.3
	

6.
7	

75
.0

	
8.

0	
6.

2
	

7	
Fi

ji 
(G

P
R

)	
80

.0
	

48
.3

	
5.

3	
46

.7
	

5.
0	

58
.3

	
5.

3	
5.

1
	

8	
P

ac
es

et
te

r I
I (

P
S

-2
) 	

81
.7

	
46

.7
	

6.
3	

46
.7

	
5.

3	
60

.0
	

5.
7	

4.
3

	
9	

B
rig

ht
st

ar
 S

LT
	

81
.7

	
46

.7
	

5.
7	

51
.7

	
6.

0	
63

.3
	

6.
7	

4.
3

	
10

	
C

ita
tio

n 
Fo

re
	

85
.0

	
46

.7
	

5.
3	

51
.7

	
5.

7	
68

.3
	

7.
3	

5.
0

	
11

	
P

ic
k 

02
-R

	
75

.0
	

45
.0

	
5.

7	
41

.7
	

4.
0	

53
.3

	
4.

7	
3.

9
	

12
	

P
al

m
er

 II
I	

81
.7

	
45

.0
	

5.
0	

51
.7

	
6.

0	
68

.3
	

6.
7	

4.
1

	
13

	
H

om
er

un
 (R

G
3P

)	
90

.0
	

43
.3

	
5.

7	
41

.7
	

4.
3	

61
.7

	
5.

0	
6.

6
	

14
	

E
-9

9	
93

.3
	

43
.3

	
5.

0	
48

.3
	

5.
3	

66
.7

	
5.

3	
5.

4
	

15
	

P
re

si
di

o 
(C

N
V

)	
80

.0
	

43
.3

	
5.

0	
43

.3
	

4.
7	

56
.7

	
5.

0	
4.

8

	
16

	
G

ra
nd

 S
la

m
 II

 (P
S

T-
2G

S
M

)	
88

.3
	

43
.3

	
4.

7	
38

.3
	

3.
7	

58
.3

	
5.

0	
6.

3
	

17
	

H
aw

ke
ye

 2
 (S

R
X

 4
69

2)
	

95
.0

	
41

.7
	

5.
3	

51
.7

	
5.

7	
70

.0
	

7.
0	

6.
0

	
18

	
H

ea
ds

ta
rt 

2	
80

.0
	

41
.7

	
5.

3	
45

.0
	

4.
3	

58
.3

	
5.

3	
4.

1
	

19
	

D
04

-L
P

05
	

78
.3

	
41

.7
	

4.
7	

51
.7

	
5.

0	
58

.3
	

6.
3	

4.
4

	
20

	
M

M
W

	
86

.7
	

41
.7

	
4.

3	
46

.7
	

5.
0	

63
.3

	
5.

7	
6.

0



221

(C
on

tin
ue

d)

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

	
21

	
S

ec
re

ta
ria

t I
I G

LS
R

 (L
TP

-1
01

-G
LS

R
)	

90
.0

	
41

.7
	

4.
0	

48
.3

	
5.

3	
68

.3
	

5.
7	

5.
9

	
22

	
H

al
o 

(K
N

42
)	

80
.0

	
41

.7
	

3.
7	

50
.0

	
5.

0	
61

.7
	

5.
3	

4.
4

	
23

	
P

S
T-

21
7	

83
.3

	
40

.0
	

5.
3	

48
.3

	
5.

3	
60

.0
	

6.
3	

4.
9

	
24

	
Fu

si
on

	
83

.3
	

40
.0

	
5.

0	
43

.3
	

4.
7	

61
.7

	
4.

7	
5.

8
	

25
	

E
S

45
	

83
.3

	
40

.0
	

5.
0	

45
.0

	
4.

7	
66

.7
	

6.
0	

5.
1

	
26

	
Li

ne
 D

riv
e 

G
LS

 (A
P

R
 1

79
7)

	
95

.0
	

40
.0

	
5.

0	
45

.0
	

4.
3	

58
.3

	
5.

3	
6.

1
	

27
	

D
P 

17
-9

78
8	

88
.3

	
40

.0
	

4.
7	

61
.7

	
6.

7	
80

.0
	

8.
0	

4.
0

	
28

	
S

R
X

 4
68

2	
91

.7
	

40
.0

	
4.

7	
55

.0
	

6.
3	

66
.7

	
6.

3	
5.

2
	

29
	

G
al

at
ti 

(D
P 

17
-9

50
2)

	
88

.3
	

40
.0

	
4.

7	
46

.7
	

4.
7	

63
.3

	
5.

3	
4.

7
	

30
	

C
ut

te
r I

I (
P

M
 1

01
)	

80
.0

	
40

.0
	

4.
7	

41
.7

	
3.

7	
51

.7
	

4.
3	

4.
6

	
31

	
R

eg
al

 5
 (I

S
-P

R
 2

71
)	

80
.0

	
40

.0
	

4.
3	

40
.0

	
4.

3	
53

.3
	

4.
7	

6.
6

	
32

	
D

ar
t (

A
P

R
 1

66
3)

	
86

.7
	

40
.0

	
4.

3	
43

.3
	

4.
3	

65
.0

	
6.

0	
6.

0
	

33
	

A
P

R
 1

67
0	

78
.3

	
40

.0
	

4.
3	

43
.3

	
4.

3	
65

.0
	

6.
0	

5.
9

	
34

	
M

an
ha

tta
n 

5 
G

LR
 (P

S
T-

2A
M

)	
85

.0
	

40
.0

	
4.

3	
45

.0
	

4.
0	

56
.7

	
5.

7	
5.

7
	

35
	

B
ac

ca
ra

t (
R

A
D

-P
R

8)
	

80
.0

	
40

.0
	

4.
3	

41
.7

	
4.

0	
58

.3
	

4.
7	

5.
2

	
36

	
Fi

re
bo

lt 
(P

R
G

 H
S

-0
1-

09
)	

81
.7

	
40

.0
	

4.
3	

38
.3

	
4.

0	
51

.7
	

5.
7	

4.
4

	
37

	
R

ev
en

ge
 G

LX
 (J

R
-3

48
)	

83
.3

	
38

.3
	

5.
3	

48
.3

	
4.

7	
63

.3
	

5.
7	

6.
3

	
38

	
P

re
m

ie
r I

I	
90

.0
	

38
.3

	
5.

0	
50

.0
	

5.
3	

61
.7

	
6.

3	
3.

7
	

39
	

P
S

T-
2A

G
4 

	
85

.0
	

38
.3

	
5.

0	
50

.0
	

5.
0	

60
.0

	
6.

0	
5.

9
	

40
	

TR
47

	
78

.3
	

38
.3

	
4.

7	
45

.0
	

4.
3	

56
.7

	
6.

0	
4.

7



222

(C
on

tin
ue

d)

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

	
41

	
D

P 
17

-9
49

9	
76

.7
	

38
.3

	
4.

7	
40

.0
	

3.
7	

58
.3

	
5.

7	
4.

6
	

42
	

P
ar

ag
on

 G
LR

	
85

.0
	

38
.3

	
4.

7	
35

.0
	

3.
3	

51
.7

	
4.

3	
6.

0
	

43
	

A
P

R
 1

64
8	

88
.3

	
38

.3
	

4.
0	

51
.7

	
5.

7	
65

.0
	

7.
0	

5.
1

	
44
	
1G

 S
qu
ar
ed
 (A

P
R
 1
66
4)
	

90
.0
	

38
.3
	

4.
0	

43
.3
	

4.
7	

53
.3
	

5.
7	

6.
1

	
45

	
P

an
th

er
	

90
.0

	
38

.3
	

4.
0	

43
.3

	
4.

3	
60

.0
	

5.
7	

3.
6

	
46

	
K

ey
st

on
e 

2 
(IS

-P
R

 3
12

)	
95

.0
	

38
.3

	
3.

7	
35

.0
	

3.
7	

58
.3

	
5.

0	
6.

4
	

47
	

P
le

as
ur

e 
S

up
re

m
e 

(P
M

 1
03

)	
88

.3
	

38
.3

	
3.

7	
36

.7
	

2.
7	

46
.7

	
6.

0	
5.

5
	

48
	

W
ay

fa
re

r (
L4

4)
	

71
.7

	
38

.3
	

3.
3	

40
.0

	
4.

0	
55

.0
	

5.
3	

4.
6

	
49

	
S

R
 4

60
0 

(S
R

X
 4

S
P

)	
90

.0
	

36
.7

	
4.

3	
35

.0
	

3.
3	

56
.7

	
4.

7	
6.

5
	

50
	

P
al

m
er

 V
 (R

N
S

)	
86

.7
	

36
.7

	
4.

0	
33

.3
	

3.
3	

53
.3

	
4.

3	
6.

4

	
51

	
B

A
R

 L
p 

43
17

	
80

.0
	

36
.7

	
3.

7	
38

.3
	

4.
3	

56
.7

	
5.

0	
4.

1
	

52
	

G
ra

y 
Fo

x 
(P

S
T-

2M
N

G
)	

81
.7

	
36

.7
	

3.
7	

41
.7

	
4.

0	
56

.7
	

5.
0	

5.
8

	
53

	
N

ex
us

 X
D

 (S
P

4)
	

75
.0

	
36

.7
	

3.
7	

36
.7

	
3.

7	
55

.0
	

4.
7	

4.
7

	
54

	
M

an
ha

tta
n 

II	
81

.7
	

36
.7

	
3.

3	
50

.0
	

5.
3	

65
.0

	
7.

3	
2.

7
	

55
	

P
ro

te
ge

 G
LR

	
78

.3
	

36
.7

	
3.

3	
33

.3
	

4.
0	

46
.7

	
4.

0	
5.

8

	
56

	
P

ia
ni

st
 (D

P 
17

-9
50

5)
	

78
.3

	
36

.7
	

3.
3	

36
.7

	
3.

7	
53

.3
	

4.
0	

4.
2

	
57

	
B

ar
le

nn
iu

m
	

83
.3

	
35

.0
	

4.
3	

46
.7

	
5.

0	
65

.0
	

7.
7	

4.
1

	
58

	
C

al
yp

so
 3

 (M
S

2)
	

85
.0

	
35

.0
	

4.
3	

36
.7

	
4.

0	
53

.3
	

4.
7	

5.
4

	
59

	
P

al
m

er
 IV

	
91

.7
	

35
.0

	
4.

0	
35

.0
	

4.
3	

51
.7

	
4.

0	
6.

1
	

60
	

A
llS

ta
r 3

 (I
S

-P
R

 2
74

)	
90

.0
	

35
.0

	
4.

0	
36

.7
	

4.
0	

58
.3

	
3.

7	
7.

0



223

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

	
61

	
P

rim
ar

y 
(IS

-P
R

 3
12

)	
88

.3
	

35
.0

	
4.

0	
33

.3
	

3.
7	

48
.3

	
4.

0	
6.

4
	

62
	

Zo
om

 (L
C

K
)	

81
.7

	
35

.0
	

3.
7	

38
.3

	
4.

0	
56

.7
	

4.
0	

6.
7

	
63

	
P

in
na

cl
e 

II	
91

.7
	

35
.0

	
3.

7	
40

.0
	

3.
7	

55
.0

	
4.

3	
4.

8
	

64
	

To
p 

G
un

 II
 (J

R
-3

24
)	

80
.0

	
35

.0
	

3.
7	

40
.0

	
3.

7	
58

.3
	

4.
7	

4.
6

	
65

	
D

ef
en

de
r (

D
04

-U
P

)	
73

.3
	

35
.0

	
3.

7	
33

.3
	

3.
0	

48
.3

	
4.

3	
6.

0

	
66

	
A

S
P

60
02

 (B
P

R
)	

70
.0

	
35

.0
	

3.
3	

40
.0

	
4.

7	
55

.0
	

5.
0	

5.
1

	
67

	
B

re
a 

(0
4-

B
R

E
)	

78
.3

	
33

.3
	

4.
3	

36
.7

	
4.

7	
56

.7
	

6.
0	

5.
2

	
68

	
A

S
P

60
05

 (A
JM

)	
70

.0
	

33
.3

	
4.

0	
38

.3
	

4.
3	

53
.3

	
5.

0	
5.

2
	

69
	

A
cc

en
t I

I (
JR

-1
19

)	
85

.0
	

33
.3

	
4.

0	
41

.7
	

4.
3	

60
.0

	
5.

7	
4.

7
	

70
	

C
ad

di
es

ha
ck

 II
 (J

R
-1

63
)	

78
.3

	
33

.3
	

3.
7	

40
.0

	
4.

0	
53

.3
	

4.
0	

3.
9

	
71

	
S

te
lla

r G
L 

(IS
-P

R
 2

36
)	

86
.7

	
33

.3
	

3.
7	

33
.3

	
3.

7	
50

.0
	

4.
3	

5.
5

	
72

	
G

oa
lk

ee
pe

r I
I (

JR
-1

14
)	

70
.0

	
33

.3
	

3.
7	

36
.7

	
3.

7	
56

.7
	

4.
3	

3.
9

	
73

	
B

A
R

 L
p 

49
20

	
85

.0
	

33
.3

	
3.

0	
45

.0
	

4.
7	

58
.3

	
6.

3	
4.

0
	

74
	

B
ue

na
 V

is
ta

	
81

.7
	

33
.3

	
3.

0	
41

.7
	

4.
0	

56
.7

	
5.

0	
5.

5
	

75
	

P
al

m
er

 G
LS

 (G
L-

2)
	

90
.0

	
33

.3
	

3.
0	

36
.7

	
3.

7	
51

.7
	

4.
3	

6.
2

	
76

	
N

ot
ab

le
 (A

F)
	

88
.3

	
33

.3
	

3.
0	

35
.0

	
3.

7	
50

.0
	

4.
7	

6.
1

	
77

	
A

S
P

60
04

 (E
X

S
54

)	
73

.3
	

33
.3

	
3.

0	
33

.3
	

3.
7	

51
.7

	
4.

7	
5.

5
	

78
	

U
no

 (D
04

-1
1T

)	
93

.3
	

33
.3

	
3.

0	
36

.7
	

3.
0	

45
.0

	
3.

7	
6.

7
	

79
	

Tr
an

sf
or

m
er

 (D
04

-1
66

7)
	

90
.0

	
33

.3
	

2.
7	

38
.3

	
3.

3	
53

.3
	

5.
0	

6.
1

	
80

	
S

op
ra

no
 (D

P
1)

	
73

.3
	

31
.7

	
4.

0	
36

.7
	

3.
3	

53
.3

	
4.

7	
6.

0

(C
on

tin
ue

d)



224

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

	
81

	
M

on
te

re
y 

3 
(J

R
-4

08
)	

66
.7

	
31

.7
	

3.
7	

48
.3

	
5.

0	
58

.3
	

5.
3	

4.
0

	
82

	
D

er
by

 X
tre

m
e 

(IS
-P

R
 2

68
)	

80
.0

	
31

.7
	

3.
7	

31
.7

	
3.

3	
43

.3
	

3.
0	

6.
6

	
83

	
G

ra
y 

S
ta

r (
P

S
T-

2L
G

L)
	

88
.3

	
31

.7
	

3.
7	

35
.0

	
3.

3	
53

.3
	

5.
0	

5.
3

	
84

	
H

ar
rie

r (
S

R
X

 4
U

P
3)

	
85

.0
	

31
.7

	
3.

3	
38

.3
	

4.
3	

51
.7

	
4.

0	
6.

1
	
85
	
A
m
az
in
g 
G
S
 (I
S
-P
R
 2
76
)	

93
.3
	

31
.7
	

3.
3	

31
.7
	

3.
3	

48
.3
	

3.
3	

6.
8

	
86

	
In

sp
ire

	
90

.0
	

31
.7

	
3.

3	
36

.7
	

3.
3	

55
.0

	
5.

0	
4.

5
	

87
	

A
pp

le
 G

L 
(A

A
Z-

B
10

4)
	

86
.7

	
31

.7
	

3.
3	

31
.7

	
2.

3	
48

.3
	

4.
0	

6.
3

	
88

	
P

re
m

ie
r	

75
.0

	
31

.7
	

3.
0	

43
.3

	
4.

3	
66

.7
	

5.
7	

3.
8

	
89

	
D

el
aw

ar
e 

X
L 

(P
ic

k 
01

-2
)	

88
.3

	
31

.7
	

3.
0	

36
.7

	
4.

0	
56

.7
	

4.
7	

5.
3

	
90

	
P

M
 1

02
	

85
.0

	
31

.7
	

2.
7	

31
.7

	
3.

7	
51

.7
	

4.
7	

4.
2

	
91

	
A

ttr
ib

ut
e 

(IS
-P

R
 2

70
)	

86
.7

	
31

.7
	

2.
7	

30
.0

	
2.

7	
43

.3
	

3.
0	

6.
5

	
92

	
D

as
he

r 3
 (P

ic
k 

R
B

-1
)	

81
.7

	
31

.7
	

2.
7	

28
.3

	
2.

7	
41

.7
	

3.
0	

6.
5

	
93

	
P

en
tiu

m
	

83
.3

	
31

.7
	

2.
3	

38
.3

	
3.

3	
51

.7
	

5.
0	

5.
0

	
94

	
V

B
99

	
60

.0
	

31
.7

	
2.

3	
28

.3
	

3.
0	

45
.0

	
3.

3	
4.

4
	
95
	
P
iz
za
zz
	

83
.3
	

30
.0
	

4.
0	

35
.0
	

4.
3	

51
.7
	

4.
3	

4.
8

	
96

	
P

he
no

m
 (A

P
R

 1
66

0)
	

75
.0

	
30

.0
	

3.
7	

31
.7

	
3.

0	
50

.0
	

4.
3	

5.
5

	
97

	
Q

ui
ck

si
lv

er
	

78
.3

	
30

.0
	

3.
3	

30
.0

	
3.

3	
46

.7
	

4.
0	

4.
6

	
98

	
P

S
T-

2B
LK

	
90

.0
	

30
.0

	
3.

0	
31

.7
	

3.
3	

48
.3

	
4.

0	
5.

2
	

99
	

Fi
es

ta
 4

 (P
ic

k 
F4

)	
85

.0
	

30
.0

	
3.

0	
28

.3
	

2.
7	

50
.0

	
4.

0	
6.

5
	1

00
	

M
aj

es
ty

 II
 (V

B
77

)	
70

.0
	

30
.0

	
2.

7	
38

.3
	

4.
7	

53
.3

	
5.

0	
4.

9

(C
on

tin
ue

d)



225

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

							









--

--
--

--
--

--
--

--
--

--
--

--
--

R
ec

ov
er

y-
--

--
--

--
--

--
--

--
--

--
--

--
-	

Tu
rf 

Q
ua

lit
y3

				





N
o 

W
ea

r	
--

--
W

ea
r T

ol
er

an
ce

1 --
--

	
26

 D
AW

2 	
26

 D
AW

	
42

 D
AW

	
43

 D
AW

	
20

05
-

		


C
ul

tiv
ar

 o
r	

15
 S

ep
t.	

18
 S

ep
t.	

18
 S

ep
t.	

13
 O

ct
.	

13
 O

ct
.	

29
 O

ct
.	

30
 O

ct
.	

20
08

		


S
el

ec
tio

n	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

20
09

	
20

09
	

Av
g.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

					






0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9	
0-

10
0%

	
1-

9
					







sc
al

e4 	
sc

al
e5 	

sc
al

e	
sc

al
e	

sc
al

e	
sc

al
e

	1
01

	
P

al
ac

e 
(IS

-P
R

 2
73

)	
91

.7
	

30
.0

	
2.

7	
28

.3
	

3.
0	

43
.3

	
2.

7	
6.

5
	1

02
	

A
S

P
60

01
 (R

TS
)	

83
.3

	
28

.3
	

3.
3	

33
.3

	
3.

7	
48

.3
	

4.
3	

4.
6

	1
03

	
P

in
na

cl
e	

81
.7

	
28

.3
	

3.
0	

58
.3

	
6.

7	
73

.3
	

8.
7	

3.
1

	1
04
	
A
ffi
ni
ty
	

71
.7
	

28
.3
	

2.
7	

45
.0
	

5.
3	

70
.0
	

7.
7	

3.
7

	1
05

	
S

un
sh

in
e 

2	
75

.0
	

28
.3

	
2.

7	
31

.7
	

3.
0	

48
.3

	
4.

3	
3.

7

	1
06

	
R

in
ge

r I
I (

04
-B

E
N

)	
80

.0
	

28
.3

	
2.

7	
30

.0
	

2.
3	

43
.3

	
3.

7	
5.

0
	1

07
	

B
A

R
 L

p 
44

20
	

80
.0

	
28

.3
	

2.
3	

36
.7

	
3.

7	
53

.3
	

5.
0	

4.
3

	1
08

	
E

xa
ct

a 
II 

G
LS

R
 (L

TP
-6

11
-G

LS
R

)	
88

.3
	

28
.3

	
2.

3	
30

.0
	

3.
0	

43
.3

	
4.

3	
6.

4
	1

09
	

E
dg

e 
II 

(A
C

2)
	

68
.3

	
28

.3
	

2.
3	

31
.7

	
2.

0	
50

.0
	

3.
7	

5.
1

	1
10

	
O

ve
rd

riv
e	

66
.7

	
26

.7
	

3.
3	

31
.7

	
3.

7	
51

.7
	

4.
0	

5.
2

	1
11

	
P

ro
to

ty
pe

 (D
C

M
)	

78
.3

	
26

.7
	

3.
0	

25
.0

	
3.

0	
46

.7
	

3.
3	

5.
9

	1
12

	
K

ok
om

o 
II 

(IS
-P

R
 2

35
)	

85
.0

	
26

.7
	

3.
0	

23
.3

	
2.

3	
40

.0
	

2.
7	

6.
4

	1
13

	
A

S
P

60
06

 (L
P

FG
)	

68
.3

	
26

.7
	

2.
7	

30
.0

	
3.

7	
45

.0
	

4.
3	

5.
2

	1
14

	
C

ab
o 

II 
(IS

-P
R

 2
33

)	
66

.7
	

25
.0

	
2.

7	
30

.0
	

2.
3	

46
.7

	
3.

3	
5.

4
	1

15
	

La
 Q

ui
nt

a 
(J

R
-2

55
)	

71
.7

	
25

.0
	

2.
0	

31
.7

	
3.

7	
46

.7
	

4.
0	

4.
1

	1
16

	
R

ep
el

l G
LS

	
65

.0
	

23
.3

	
2.

7	
30

.0
	

3.
3	

48
.3

	
4.

0	
5.

4
	1

17
	

A
S

P
60

03
 (T

R
S

)	
83

.3
	

23
.3

	
2.

7	
30

.0
	

2.
7	

43
.3

	
3.

0	
5.

1
	1

18
	

N
ex

us
 X

R
 (S

N
R

)	
63

.3
	

21
.7

	
2.

7	
21

.7
	

2.
3	

40
.0

	
2.

7	
4.

7
	1

19
	

LP
R

 0
22

03
	

75
.0

	
21

.7
	

2.
3	

41
.7

	
5.

3	
58

.3
	

6.
0	

2.
9

	1
20

	
Li

nn
	

46
.7

	
5.

0	
1.

0	
11

.7
	

1.
0	

41
.7

	
4.

0	
1.

1
		


__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

_

		


LS
D

 a
t 5

%
 =

	
16

.0
	

16
.5

	
2.

7	
19

.5
	

2.
6	

17
.4

	
2.

5	
0.

7
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__

(C
on

tin
ue

d)



226

Ta
bl

e 
1 

(c
on

t.)
.

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

__
__

1 	W
ea

r t
ol

er
an

ce
 ra

te
d 

af
te

r 2
4 

w
ea

r p
as

se
s

2 	D
AW

 =
 d

ay
s 

af
te

r w
ea

r
3 	Q
ua
lit
y 
as
se
ss
ed
 in
 th
e 
ab
se
nc
e 
of
 w
ea
r; 
9 
= 
be
st
 tu
rf 
qu
al
ity

4 	F
ul

ln
es

s 
of

 tu
rfg

ra
ss

 c
an

op
y 

us
in

g 
a 

0 
to

 1
00

%
 s

ca
le

 (0
 =

 a
bs

en
ce

 o
f a

 tu
rfg

ra
ss

 c
an

op
y 

to
 1

00
 =

 fu
ll 

ca
no

py
)

5 	T
ur
f q
ua
lit
y 
un
de
r w

ea
r s
tre
ss
 ra
te
d 
on
 a
 1
 to
 9
 s
ca
le
 w
he
re
 9
 =
 fu
lle
st
 tu
rfg
ra
ss
 c
an
op
y 
an
d 
m
os
t u
ni
fo
rm
 g
ro
un
d 
co
ve
r a
fte
r w

ea
r




