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Golf Ball-Mark Recovery 
Affected by Surface 
Firmness and Repair Tool 
By Jared R. Nemitz, Adam C. Moeller, and Cale A. Bigelow 

Unrepaired golf ball marks can leave localized necrotic scars, raised turf prone 
to mower scalping, loss of surface smoothness and the potential for weed 
{Poa annua) encroachment (Beard, 2002) . 

T h e traditional repair method suggested by the Golf Course Superintendents 
Association of America and encouraged by golf professionals involves inserting a 
traditional metal tool with equal-length tongs (3 centimeters) and employing a 
knit-and-twist me thod intended to pull healthy turf f rom the per imeter (GCSAA, 
2009) . This me thod and tool choice has been scrutinized because it may damage 
roots, especially if used improperly. Novel repair tools, including those with shorter 
tongs (1 centimeter) and utilizing a perimeter pushing method have been commer-
cialized. These tools are designed to push healthy turf forward into t he ball mark 
scar areas resulting in less damage to roots than tools designed to lift soil and twist 
canopy surfaces. However, rootzone moisture status as well as surface firmness on 
ball mark recovery t ime is unclear. 

Effects of Surface Firmness on Recovery 
A field study was conducted at the W . H . Daniel Turfgrass Research and Diagnostic 
Center at Purdue University in West Lafayette, Ind., on a creeping bentgrass sand-
based research putt ing green built to United States Golf Association specifications. 
T h e study area was maintained to emula te modera te golf course pu t t ing green 
conditions, including mowing a t . 140 inches with a triplex mower six times weekly; 
fertilizing with 3 pounds of nitrogen per 1,000 square feet per year; and irrigation 
via an overhead system to supplement rainfall every one to two days, providing 
approximately 1 inch per week. 

Prior to initiating the exper iment , the study area was divided into two areas 
to create "iirm" and "soft" locations. T h e f i rm area was repeatedly rolled with a 
sidewinder roller until an average surface hardness value of 145 gmax (peak decel-
eration) was achieved as measured by a Clegg Impact Soil Tester. T h e Clegg is a 
commonly used me thod of measuring surface hardness (Lush, 1985; Linde, 2005). 
Units were recorded in Clegg Impact Values (CIV's) which were converted to gmax 
using the equation gmax =10 (CIV) (Bregar and Moyer, 1990). 

T h e surface hardness value for t he soft area was 100 gmax. T h e soft area was 
not rolled, bu t heavily hand-watered the day of study initiation until surface pond-
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ing occurrcd . Vo lume t r i c w a t e r con ten t of 
each area was measured using a por tab le soil 
mois tu re probe. T h e average surface mois-
tu re con ten t s at the 0 t o 2 inches dep th we re 
2 0 pe rcen t and 28 percent for t h e f i rm and 
soft areas, respectively. 

Ball marks w e r e c rea ted in J u n e 2 0 0 7 
by h i t t i ng golf bal ls f r o m a d i s t ance of 
100 yards into b o t h research areas using a 
p i tch ing wedge . Four bal l -mark repair tools 
plus an unrepa i red ball mark were r andom-
ly assigned to t h e marks wi th in each loca-
t ion and repa i red according to repa i r tool 
m a n u f a c t u r e r ' s d i r ec t ions . T h e G C S A A 
m e t h o d for t h e t rad i t iona l tool (TT) was 
emp loyed because of its widespread use on 
golf courses. 

Briefly, t h e tongs w e r e inser ted at t h e 
backside of the mark, and a twis t ing action 
was used four to five t imes around the perim-
eter until t h e turf canopy enclosed the ball 
mark . T h e angled t rad i t iona l tool ( A T T ) 
was inserted at the back of the mark and by 
pressing down on the head of the tool a lifting 
action was used to lift t he center of the mark 
th ree t o four t imes around the per imeter and 
lightly t a m p e d flat. 

T h e wooden golf t ee (YVGT) was chosen 
for this s tudy because golfers o f ten have this 
tool in their pocke t for launching golf balls 
f r o m teeing grounds and can also b e used to 
repair ball marks . T h e W G T was inser ted 
a round the mark four t o five t imes until t he 
tur f canopy comple t e ly enc losed t h e ball 
mark . T h e G r e e n Fix W i z a r d ( G F W ) was 

pushed into t h e ball mark su r round four t o 
five t imes at a 45-degree angle, starting at the 
back of t h e mark, pushing the tur f back into 
the d is turbed area. 

Scar areas we re calculated by measur ing 
each mark wi th a ruler in t w o pe rpend icu -
lar d i rect ions t o the nearest mi l l imeter and 
calculating an average d iameter , which was 
used t o calculate t h e area of a circle. Initial 
bal l -mark cavity vo lumes were de t e rmined 
for eight ball marks in each location by plac-
ing a th in shee t of plastic food w r a p over 
the ball mark and pour ing dry sand into t h e 
depressed area until t he sand was level with 
the green surface and then weighed. 

Repair Tool Affects Scar 
Area and Recovery 
Initial ball mark volumes for the soft and firm 
surface areas resulted in mean sand masses of 
9 .08 and 5.01 grams, respectively. Not sur-
prisingly, increased mois tu re in the soft area 
resulted in larger bal l-mark volumes, po ten-
tially prolonging bal l-mark recovery t ime. 

All repair tools resulted in a smooth sur-
face immedia te ly following repair wi th little 
or no disrupt ion visible but resulted in small 
necrotic spots whe re the ball mark had previ-
ously been repaired, which is consistent wi th 
o ther research (Fry et al., 2005; M u n s h a w et 
al., 2007) . 

As expec ted , scar areas we re largest on 
t h e first rat ing da te . Bal l-mark scars le f t 
un repa i r ed in t h e sof t area we re subs tan-
tially larger, 6 4 0 vs. 4 5 9 square mil l imeters 
( m m 2 ) , than those in t h e f i rm area. Scar area 
decreased over t ime and by 28 days af te r 
repair ( D A R ) all tools resulted in equivalent 
scar areas in b o t h areas. Signif icant d i f fe r -
ences were observed early in t h e study. For 
example , scar areas ranged 156 to 509 m m 2 
in the soft area and 2 1 0 to 3 5 6 m m 2 in the 
f i rm area at five DAR, which was expec ted 
wi th the larger scar cavities p roduced in the 
soft areas. 

For bo th areas the lowest numerical scar 
area was measu red for the G F W , a l though 
n o t statistically d i f ferent f rom the T T on any 
m e a s u r e m e n t date . 

By 21 D A R the G F W was equal t o bo th 
long-tong tools. This is consistent wi th a pre-
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(Left photo) Traditional tools employed 
when using the GCSAA ball mark repair 
method are angled traditional tools, stan-
dard wooden golf tee and the GreenFix 
Wizard. A circle shows an unrepaired ball 
mark. (Right photo) A front view of tools 
shows the angular nature of the angled tool 
and the push lever of the GreenFix Wizard. 

vious s tudy (Munshaw et al., 2007) report -
ing tha t using tools wi th the push technique , 
such as the G F W , resulted in no significant 
d i f fe rence in bal l -mark d iamete r compared 
to using a s t andard long- tong tool and t h e 
traditional m e t h o d . 

Surprisingly, o n e of t h e wors t -per forming 
tools in this s tudy was the W G T , which was 
similar to an unrepaired mark on all measure-
m e n t dates in the f i rm area and six of seven 
dates in the soft area. Additionally, the A T T 
was not substantially d i f ferent f r o m the unre-
paired marks on four of seven m e a s u r e m e n t 
dates for the soft area and all dates in the f i rm 
area. Aside f rom improving surface smooth -
ness by reducing t h e scar cavity, it appears 
t he r e is no m a j o r benef i t t o using the A T T 
and W G T to repair ball marks. 

Summary and Recommendat ions 
In this study, the T T and the G I : W resulted 
in the fastest bal l-mark recovery t ime . T h e 
A T T was not significantly different f r o m the 
unrepaired marks on four of seven measure-
ment dates for the soft area and all dates in the 
f i rm area. T h e longest recovery was associ-
ated wi th the W G T , which was similar to an 
unrepaired mark on most rating dates making 

it an undesirable choice for bal l-mark repair. 
Fu r the rmore , it is clear f r o m this s tudy 

that many factors affect bal l-mark recovery. 
Surface f i rmness and repair tool bo th play an 
impor tan t role in recovery t ime. Maintaining 
drier and f i rmer surfaces by rolling, irrigating 
deep and inf requent ly , and using manage -
m e n t practices that decrease organic ma t t e r 
such as core cultivation and sand topdressing 
could provide be t te r resistance to ball marks 
and decrease the recovery period by ensuring 
smaller initial ball mark scar cavities. 

Jared Nemitz is an assistant superintendent at the 
Ford Plantation Golf Course in Richmond Hill, Ga. 
He can be contacted at jnemitz@purdue.edu. 
Adam Moeller is a United States Golf Association 
agronomist in the Northeast Region. He can be 
contacted at amoeller@usga.org. Cale Bigelow is 
an associate professor of agronomylturfgrass sci-
ence at Purdue University in West Lafayette, Ind. 
He can be reached at cbigelov^purdue.edu. 
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