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Introduction

Golf is a game that has undergone tremendous technological changes in the 1990’s. One of these dramatic changes
has been the banning of the 8mm metal golf spike on shoes at numerous golf courses. In 1995 there were less than 100
golf courses worldwide (1) that had banned the traditional 8mm metal spike. At this time Michigan State University
(MSU) began its involvement in alternative spike research (2). Our scientific commitment to concerns brought forth with
changes in golfers footwear has been cautious and calculated. Through literature reviews we uncovered a conflict in
opinions between turf-researchers and golf course managers and superintendents in 1959(3.4). There have been numer-
ous changes in turf management since that time including: standards for green root-zone construction, thinner bedknives
allowing tighter mowing heights, light frequent sand-topdressing, and the banning of insecticides that killed soil micro-
organisms that alleviated the development of thatch. Each of these probably had some bearing on the acceptance of
today’s alternative spike/sole. MSU was cognizant of the fact that rating wear caused by the 8mm spike (uplifting of the
turf plant) and alternative spike designs (indentations on the putting surface) was similar to comparing apples and
oranges. Not wanting to release results that might differ from public opinion led MSU to conduct a golf sole/spike tratfic
survey in 1997(5). Prior to this survey, MSU never attributed a qualitative rating to any of the alternative spike research it
conducted. Among the 1997 survey results was the fact that, regardless of the occupation of the surveyor, the uplifting
of turf caused by 8mm spikes was perceived more damaging to a research putting green than indentations made by any of
the alternative spikes. However, concerns and doubts persisted regarding the plethora of alternative soles and spikes
available in today’s market. These doubts led to MSU conducting the 1998 Traveling Golf Spike Study.

Materials and Methods

In winter and early spring 1998. various non-metal golf shoe spike manufacturers were asked to submit entries for
the study. The different contributions from each company and their respective codes used in this data reporting are
represented in Table 1.

The experiment was a randomized block design with 27 shoe/spike entries and 3 replications. It was conducted at 6
different locations (golf courses) thus providing an ability to evaluate and analyze a spike by location interaction. The
golf courses were chosen to represent the various types of putting greens that are managed on Midwestern golf courses.
Each course is currently under a ban of metal spikes or under pressure to do so soon. Details of each golf course and its
management characteristics are shown in Table 2. This study was conducted between 6 July and 30 July 1998. Each golf
course was visited one day during this period. The weather on each day that the golf courses were visited was very
similar. Temperatures averaged 80°F and rain was not a factor before or during data collection.
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Table 1. 1998 Traveling Golf Spike Studv Treatment List- Michigan Stare University.

Treatment Code Shoe Spike

1 DJ8mm Dryloys &mm

2 DJ6mm Dryloys fmm

3 Dlds Dryloys Duraspike
4 Dlgk Dryloys GreenKeepers
5 Dlgs Dryloys Greenspike
6 DIfs Dryloys Flatspikes
7 DIJfg DrylJoys FlexiGrip

8 DIgpr DryJoys Gripper

9 DJssxp Dryloys Softspike XP
10 FIJCssxp Foot-Joy Classics Softspike XP
11 FIC Foot-Joy Classics S —
12 DIGXssxp DryloysGX Softspike XP
13 DISSssxp DryJoys(studded sole) Softspike XP
14 DIS Dryloys _
15 TMssxp Turfmaster Softspike XP
16 SITssxp Sott-Joy Terrain Softspike XP
17 Glssxp Green-Joy Softspike XP
18 U2tg Ultimate 2000 TurfGrips
19 DTtg Difference Tour TurfGrips
20 Dtg Difference Turferips
21 AP All-Performance _
2 STGrg Stabilite TurfGrips TurfGrips
23 SS Stabilite Softspikes S —
24 NAtg Nike Air Zoom TurfGrips
25 NAZws Nike Air Zoom Wattle Spike
26 NAA Nike Air Access I1 _
27 Control

Table 2. Participating golf courses and specific putting green information for 1998 Traveling Golf Spike Study-

Michigan State University.

Golf Course Forest Akers CC Detroit Oakland Hills Red Run Pine View

Inverness

Location E. Lansing, M1 Grosse Pointe, MI Bloomfield Hills, MI Royal Oak, M1 Ypsilanti, Ml
Test Green Pract./Putt Pract./Chip Pract./Purt Pract./Putt 18"
Date of visit 6 July 13 July 15 July 16 July 27 July
Supt. Ron Foote Mark Jackson Steve Cook Gary Thommes Charles Gaige
Mowing Ht. (inch) 0.157 0.130 0.130 0.095 .145
Turf Species Penncross Penn A-4 PoalAgrostis Poa annua Penncross
Construction (Sand/Peat) 85/15 Y0/10 Push up Push up 80/20
Age of Green 2 years 2 years 70 years 90 years 9 years
Topdressing depth (inch) 0.25 0.19 3.0 4.9 0.5
Topdressing frequency 3 weeks 2-3 weeks 3 weeks 2 weeks 6 weeks
Topdressing material 100 % sand 100 % sand 100 % sand 100 % sand 100 % sand

Days since last
topdressing at time of visit 14 10 8 i 30

Thatch Characteristics minimal < ().25 inch minimal minimal (1.5 inch

Toledo, OH
Pract./Putt
30 July
Tom Walker
L1130
Pennlinks
Push up
11 vears
2.0
1-2 weeks
1(K} % sand

10
(.25 inch
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Traffic was applied to each treatment to represent 200 foot steps around the cupping area of a putting green. 6-10
people (all wore approximately sizel 1 shoe) were responsible for applying traffic at each course. Each person applying
traffic treatments wore every pair of shoes in the study and applied the same number of footsteps in the same pattern for
each plot.

At the end of the traffic period the plots were rated using the scale found in the Survey Data Analysis section of
this report. Ratings were done by MSU staff, golf course superintendents, and golfers at the golf course.

Survey Data Analysis

Plots were rated using a turf damage severity scale (1 = Severe, 2 = Significant, 3 = Moderate, 4 = Minimal, and 5 =
None) immediately following 200 simulated rounds of golf. For this study, a plot is one replication of a single spike/shoe
traffic treatment and an observation is a single rating for one plot. The product of the number of spike/shoe treatments.
spike/shoe replications, and raters is the number of observations taken from each golf course. Table 3 summarizes the
number of plots and rating observations taken at each golf course.

Table 3. Summary of rating observations at each golf course.

C. C. Detroit Forest Akers Inverness Oakland Hills Pine View  Red Run

Spikes/Soles 26 26 27 2Z7 27 27
Replications 3 3 3 3 3 3
Plots 8 A 81 8l 81 81
Raters 13 20 8 14 6 11
Observations 1014 1560 648 1134 486 891

The survey categories imply a ranking of turf damage severity. but not quantifiable differences among plots. These
data, called ordinal data, arise when a continuous characteristic (turf damage) is measured on a discrete scale with a finite,
countable number of categories (severe, significant, moderate, minimal, and none). The assigned scores, | = Severe, 2 =
Significant, 3 = Moderate, 4 = Minimal, and 5 = None 10 the categories for purpose of analysis is arbitrary. Assigning
other scores to the categories that preserve their ranking order are equally appropriate, e.g. | = Severe, 10 = Significant,
100 = Moderate. 1000 = Minimal, and 10000 = None or a= Severe, b= Significant, c = Moderate, d = Minimal, and e =
None. It is apparent that a proper analysis of ordered outcomes must not depend on the labeling system for categories.

Ordinal data are discrete multivariate and follow the multinomial distribution law. Appropriate hypotheses for
comparing treatments with an ordinal response are phrased in terms of equality of the category probabilities. Represent-
ing ordinal data should never include mean rating scores, but rather probabilities to observe a particular category.
Recently, statistical techniques have been developed for ordinal data that permit treatment comparisons, statistical tests,
and results similar to analysis of variance but take into account the distributional properties of ordinal data. These
analyses are independent of category labeling or numbering. adding an element of objectivity. Parameters of ordinal data
models are statistically estimated by maximum likelihood techniques. Reliability of estimates increases with increasing
sample size.

A proportional odds model with the logit transform was used to analyze the turf damage rating data and to test for
shoe/spike effects. golf course effects, and their interaction. Results are given in terms of probability distributions rather
than mean rating scores. Calculating a chi-square value for pairwise comparisons of parameter estimates separates
treatment probability distributions.

Results and Discussion

The results from our work and surveys reflect a strong spike x location interaction. The results can be viewed by
examining spikes among different locations (Figures 1-6) or spikes across different locations (Table 4). The six figures
allow easy examination of various spikes within a specific golf course putting surface. Table 4 provides a format to
evaluate individual spikes and their response across all putting surfaces. Both the figures and the tables provide the
same information, the presentation formats are diametrically oriented.
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Figure 1. Effects of Spike/Sole on Wear Rating,
Country Club of Detroit (July 1998)
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*Shoe soles shating a letter are not significantly different (P < 0.05).
fNumbers within the bars represent percentage of ratings for individual categoties.
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Figure 2. Effects of Spike/Sole on Wear Rating,
Forest Akers Golf Course (July 1998)
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*Shoe soles sharing a letter are not significantly different (P < 0.05).
TNumbers within the bars represent percentage of ratings for individual categories.
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Figure 3. Effects of Spike/Sole on Wear Rating,
Inverness Club (July 1998)
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*Shoe soles sharing a letter are not significantly different (P < 0.05).
TNumbers within the bats represent percentage of ratings for individual categories.
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Figure 4. Effects of Spike/Sole on Wear Rating,

Oakland Hills Country Club (July 1998)
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Figure 5. Effects of Spike/Sole on Wear Rating,
Pine View Golf Course (July 1998)
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*Shoe soles sharing a letter are not significantly different (F < 0.05).
THumbers within the bats represent percentage of ratings for individual categoties.
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Figure 6. Effects of Spike/Sole on Wear Rating,
Red Run Golf Club (July 1998)
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*Shoe soles sharing a letter are not significantly different (P <0.03).
fNumbers within the bars represent percentage of ratings for individual categories.



Table 4. Effects of Spike/Sole on Wear Ratings, Sliced by Spike/Sole. 1998 Traveling Golf Spike Study -

Michigan State University

MSU Research Update

Spike/Sole Rating Category OHCC MSU IC PV RRGC CCD
% of ratings at each golf course
All-Performance?  Unacceptable 0.1 na 02 02 03 na
spikeless Significant 0.7 na 1.3 19 23 na
Moderate 69 na 115 164 18.6 na
Minimial 384 na 475 515 522 na
None 54.0 na 395 299 26.6 na
Significance* a na ab ab b na
Rankj} 1 na 3 3 5 na
Control Unacceptable 0.1 0.0 0.0 0.2 0.0 00
Significant 0.8 02 0.1 1.6 0.1 03
Moderate 7.7 1.8 0.8 14.2 12 32
Minimial 406 153 77 502 11.0 242
None 50.7 82.7 914 338 87.6 722
Significance* b a a b a a
Ranki 4 1 1 2 1 1
DryJoys Unacceptable 17.7 23 829 21.6 63.6 79.4
6 mm metal spike  Significant 490 50.5 149 504 30.6 179
Moderate 28.6 237 19 244 52 24
Minimial 42 32 0.2 33 05 02
None 05 04 0.0 04 0.1 0.0
Significance* a a b a b b
Ranki 26 25 26 26 26 25
DryJoys Unacceptable 419 65.7 959 34.7 85.1 949
8 mm metal spike  Significant 45.1 290 37 485 13.0 45
Moderate 115 48 04 149 ) 05
Minimial 13 05 00 1.7 2 0.1
None 0.1 0.1 0.0 02 0.0 0.0
Significance® a b c a c c
Rank:i 27 26 27 27 27 26
DryJoy Unacceptable 04 20 24 47 42 8.3
duraspike Significant 33 14.0 162 269 250 374
Moderate 243 50.1 514 509 516 439
Minimial 520 29.2 26.0 154 169 9.3
None 200 48 40 20 2. 1.1
Significance* a b b be be c
Rank: 15 18 20 21 20 20
DryJoy Unacceptable 02 12 23 39 05 4.8
flexigrip Significant 1.6 92 159 234 40 27.1
Moderate 13.8 439 513 520 28.0 50.8
Minimial 499 38.1 264 18.2 50.7 153
None 346 76 4.1 25 16.8 20
Significance* a ¢ cd d b d
Ranki 7 14 19 20 6 17
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Table 4. (continued)

Spike/Sole Rating Category OHCC MSU IC PV RRGC CCD
B 90 of ratings at each golf course
DryJoy Unacceptable 0.1 0.2 12 1.3 02 09
flatspike Signiticant 0.8 1.9 8.8 9.8 1.5 6.9
Moderate 15 162 432 450 132 385
Minimial 40.1 514 389 36.8 493 436
None 516 30.2 79 7.1 358 102
Significance* a b & c ab c
Rank:* 3 3 11 10 3 4
DryJoy Unacceptable 03 2.1 23 25 038 10.8
greenkeepers Significant 25 14.5 15.7 169 65 422
Moderate 20.1 504 512 51.7 374 390
Minimial 524 284 26.7 251 445 7.2
None 247 4.6 42 38 10.7 0.8
Significance* a (4 ¢ ¢ b d
Rankj 11 19 18 17 8 21
DryJoy Unacceptable 03 13 14 30 1.7 4.6
gripper Significant 23 95 10.6 19.3 123 265
Moderate 18.8 44.5 46.3 523 485 51.1
Minimial 523 375 35.1 223 320 15.7
None 264 73 6.5 32 55 2.1
Significance* a b b be b c
Rank# 8 15 14 18 12 16
DryJoy Unacceptable 03 03 04 32 06 1.0
greenspike Significant 26 20 32 20.6 49 7.8
Moderate 20.7 17.1 238 523 319 409
Minimial 524 51.8 521 209 48.6 41.3
None 239 289 20,6 3.0 14.0 89
Significance* ab a ab d bc ¢
Ranki 12 4 5 19 7 5
DryJoyGX Unacceptable 05 33 13 12 1.7 3l
softspike xp Significant 37 21.0 96 9.1 122 19.8
Moderate 26.8 523 446 438 484 523
Minimial 512 204 373 38.2 321 21.7
None 17.8 29 73 76 56 3.1
Significance* a c b ab be be
Ranki 18 23 13 9 11 11
DryJoy Unacceptable 04 03 02 15 40 14
spikeless Significant 30 24 1.6 10.7 240 104
Moderate 27 19.2 137 464 519 459
Minimial 523 523 498 35.1 17.7 35.7
None 216 25.7 348 65 24 6.7
Significance* a a a be c b
Ranki 14 6 + 11 18 8
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Table 4. (continued)

Spike/Sole Rating Category OHCC MSU IC PV  RRGC CCD
- % of ratings at each golf course
DryJoy sudded sole Unacceptable 0.8 18 26 12 30 4.6
softspike xp Significant 6.3 129 17.3 9.1 194 264
Moderate 36.7 49.1 51.8 43.7 523 511
Minimial 45.1 310 246 383 222 15.8
None 11.1 52 37 76 32 2.1
Significance® a b be ab bc c
Ranki 22 17 21 8 16 15
DryJoy Unacceptable 09 40 1.1 113 6.1 212
softspike xp Significant 72 24.0 428 430 316 50.3
Moderate 394 519 384 38.1 484 24.7
Minimial 427 17.7 6.9 6.8 124 34
None 9.7 24 0.8 0.8 1.6 04
Significance® a b cd cd be d
Ranki: 23 24 25 24 21 24
Difference Unacceptable 02 09 12 L5 14 13
turfgrips Significant 1.4 711 89 10.7 10.0 9.8
Moderate 126 39.1 432 464 454 45.0
Minimial 487 430 389 350 364 36.8
None 37.1 9.8 79 64 69 7.1
Significance* a b b b b b
Ranki 6 8 12 12 9 7
Difference Tour Unacceptable 03 09 08 15 14 35
turfgrips Significant 24 72 6.1 10.7 10.6 21.6
Moderate 19.6 395 362 46.5 46.3 523
Minimial 524 427 455 349 35.1 19.9
None 253 9.7 11.4 6.4 6.5 28
Significance* a b b b b
Ranki 9 9 8 13 10 13
FootJoy Classic Unacceptable 0.1 0.1 0.1 0.1 0.1 0.1
spikeless Significant 1.0 1.0 1.0 09 06 09
Moderate 9.0 9.1 93 84 5 8.6
Minimial 434 436 440 42.1 346 42.7
None 46.5 46.3 455 485 59.0 47.6
Significance* a a a a a a
Rankf 5 2 2 1 2 2
Foot Joy Classic Unacceptable 04 26 19 78 38 18.1
softspike xp Significant 33 175 135 36.3 23.1 49.2
Moderate 245 519 497 449 52.1 282
Minimial 519 243 299 99 18.5 4.1
None 19.8 36 50 12 25 05
Significance* a b b cd bc d
Rankit 16 21 17 22 17 23
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Table 4. (continued)

Spike/Sole Rating Category OHCC MSU IC PV RRGC CCD
B —— % of ratings at each golf course
GreenJoy Unacceptable 05 12 05 0.7 1.8 1.7
softspike xp Significant 42 9.0 43 56 125 122
Moderate 29.1 43.6 292 344 48.7 48.3
Minimial 502 385 50.1 469 316 323
None 160 7.7 159 124 54 5.6
Significance* a be ab abe c c
Ranki 19 13 ¥4 5 13 9
Nike Air Access I  Unacceptable 05 12 36 1.1 72 1.0
spikeless Significant 43 8.7 2211 8.2 348 78
Moderate 294 430 522 41.8 46.1 409
Minimial 500 39.1 194 404 10.6 41.3
None 157 8.0 2.7 8.3 1.3 8.9
Significance* a b c ab c ab
Ranki 20 12 22 6 22 6
Nike Air Zoom Unacceptable 1.1 1.0 5.7 96 569 16.1
turferips Significant 8.1 73 304 40.1 356 480
Moderate 41.6 39.7 49.1 413 6.7 30.7
Minimial 406 425 13.1 8.1 0.7 47
None 8.6 9.6 17 1.0 0.1 0.5
Significance* a a b be d c
Ranki 25 10 23 23 25 22
Nike Air Zoom Unacceptable 1.0 1.0 105 13.1 435 78
wafflespike Significant 7.7 8.0 41.8 453 44.3 364
Moderate 40.5 41.3 39.5 350 109 44.8
Minimial 41.7 41.0 74 5.8 12 9.8
None 9.1 8.8 09 0.7 0.1 1.2
Significance* a a b b c b
Ranki 24 11 24 25 24 19
SoftJoy Terrain Unacceptable 04 28 0.8 1.7 23 50
softspike xp Significant 36 182 6.5 120 15.8 280
Moderate 260 521 374 48.1 512 504
Minimial 515 235 445 326 265 14.7
None 18.5 35 10.7 5.7 4.1 19
Significance* a cd ab bc cd d
Ranki 17 22 9 16 15 18
Stabilite Softspikes Unacceptable 0.1 03 05 0.7 02 05
spikeless Significant 0.8 2.1 39 55 19 42
Moderate 74 172 273 34.0 16.1 29.1
Minimial 399 51.8 510 472 514 502
None 518 286 174 127 30.3 16.0
Significance* a bc cd d b cd
Ranki 2 5 6 4 4 3
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Table 4. (continued)

Spike/Sole Rating Category OHCC MSU IC PV RRGC CCD
% of ratings at each golf course

Stabilite Turfgrips Unacceptable 03 15 15 1.7 42 20

turferips Significant 25 10.8 113 119 24.7 139
Moderate 19.8 46.5 472 48.0 51.7 499
Minimial 524 349 339 32.7 17.1 204
None 250 64 6.1 5.7 23 4.8
Significance* a b b be c be
Ranki 10 16 15 15 19 10
Turfmaster Unacceptable 03 22 17 1.2 20 34
softspike xp Significant 2 150 124 9.1 13.7 212
Moderate 21.1 50.8 485 43.7 498 523
Minimial 524 207 319 384 29.6 203
None 235 44 55 7.7 49 28
Significance* a b b b b b
Ranki 13 20 16 7 14 12
Ultimate 2000 Unacceptable 06 0.6 09 1.6 7.8 37
turferips Significant 49 50 6.8 11.5 36.3 229
Moderate 318 324 383 415 44.8 52.1
Minimial 48.6 482 438 334 9.8 18.7
None 14.1 13.7 10.3 59 12 26
Significance* a a a ab c b
Ranki 21 7 10 14 23 14

*Golf courses sharing a letter are not signif-icamly different. (P < 0.05).
+The All-Performance shoe was not included at MSU or CCD.
FRank among all 27 spikes/soles (26 at MSU and CCD).

Table 4 provides a numerical ranking of each spike for that respective golf course. This can be used to rapidly
compare the relative responses of the individual spikes across golf courses. This can be useful in noting large deviance
among the rankings to allow for further investigation of the source of the deviation. These rankings should not be used
to quantitatively assess the order of each spikes response. Each number ranking could potentially be significantly
different from several other spikes. Therefore, the only true method for comparison of this type is to evaluate and utilize
figures 1-6.

One distinct difference in this study was the different responses of spikes across the various putting surfaces.
While the characteristics of each green have been presented in Table 2, there was no attempt in this study to correlate the
importance of various management practices to these spike responses.

There did appear to be differences in spike response based on the age and maturity of the putting surface, as well
as the turfgrass species composition. Future studies should be designed to evaluate these factors in a controlled
environment.

It should be noted that across all locations the 8mm spike was rated below all alternative spikes. (The 6mm spike
was also ranked at the bottom with the 8mm on 4 of the 6 locations). This continues to indicate the golfers distinct
displeasure with the metal spike.
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One interesting method for comparing the differences among the spikes is to group them in similar categories. We
suggest the following for comparison (remember to also use the control in the comparison).

Grouping Comparison Spike to be compared (Treatment)
Dry Joy Shoe (smooth sole) 1-9
Soft Spike XP (various sole) 9,10,12,13, 15,16, 17
Turf Grips (various perforated soles) 18,19,20,22,24
Teaching sole 11,14.21,23,26
Conclusions

Some of the conclusions drawn from this study are bulleted below.
The 8mm steel spike received the lowest rating at all six locations.
The ratings varied among golf courses.

Not all alternative spikes caused the same amount of wear.

Results from the seven golf soles fitted with the Softspikes XP lead to the conclusion that the smooth golf shoe
sole causes more visible wear than the perforated golf sole designs included in the study. The Dry-Joys and the
Foot-Joy Classics fitted with the Softspike XP were golf shoes that had smooth soles with a heel.

Results from the five golf soles fitted with the Turf-Grips lead to the conclusion that some perforated soles cause
more wear than others.

There were five golf soles included in the studies that had perforated soles without an insert for alternative or
8mm spikes. These soles are commonly called teaching golf shoes. The teaching golf soles caused different
amounts of wear.

Future Studies

From listening to the concerns of all factions involved, through historical review, and through perfunctory steps in
building a viable research base, MSU has built a knowledge base regarding the alternative spike/sole debate that is
second to none. It is our contention to use this base to establish an alternative golf spike/sole research methodology that
is pertinent and accurate that yields results that will be accepted world-wide. We have also come to the realization that
through our publications and the speaking circuit many golf course superintendents anticipate annual reports on the
newest alternative golf spike/sole designs. For this reason. in the spring and summer of 1999 MSU has chosen one
individual that will give 100% of his time to this issue. He will not only study the alternative soles, but will also continue
identifying cultural practices utilized by the golf course superintendent that minimize the visual effect of traffic.
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