
Alternative Tine Entry Angles 
Make Subtle Impact on Soil 
By Christian M. Baldwin, Haibo Liu and Philip J. Brown 
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Soil compaction involves 
macropore reduction, where 
the soil surface is compressed 

by foot, maintenance equipment 
or vehicle traffic. Compacted soils 
are more dense, with less pore 
space leading to restricted water 
flow and root growth (Carrow and 
Petrovic, 1992). 

To remedy these problems, cul-
tivation has become a routine prac-
tice for turfgrass managers (athletic 
fields, golf courses and home lawns) 
because it relieves compaction, 
reduces localized dry spots and 
encourages thatch control by 
replacing a portion of compacted 
soil and thatch (McCarty, 2005). 

Factors affecting cultivation effi-
ciency include soil moisture, tine 
size, depth of aerification, soil tex-
ture, cultivation frequency and 
equipment type (Guertal and Han, 
2002). Different techniques to 
reduce compaction and thatch for 
turfgrass managers include linear 
aerification, which is designed to 
treat the upper level of the soil to 
preserve surface diffusion rates 
(Jones, 2002), vertical mowing (McCarty et al., 
2005), deep tine aerification (Guertal et al., 
2003) and high-pressure water injection (Mur-
phy and Rieke, 1994). However, effects of cul-
tivation with different tine entry angles on soil 
hydrophobicity (dry spots) and water infiltra-
tion rates have not been investigated. 

The authors hypothesize that aerifying with 
different tine entry angles (alternating each aer-
ification date) will impact a greater surface area 
and a greater portion of the soil profile, thereby 
enhancing water infiltration rates, reducing 
localized dry spots and enhancing turfgrass 
quality (TQ). Therefore, the objective of this 
research was to determine the effects of tine 
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Surface area impacts of core cultivation tine entry angles of 
50 degrees, 70 degrees and 90 degrees. The gray areas show 
the impacted turf surface area with various tine entry angles. 
Compared to 90-degree tine entry angle, the 50-degree and 
70-degree angled tines increased the core surface area by 
32.8 percent and 6.1 percent, respectively, regardless of tine 
diameters. Changing the aerification direction each month 
will impact a greater area of the soil profile. 

diameter (quarter-inch and half-inch) and entry 
angle (50 degrees and 70 degrees) on TQ, soil 
hydrophobicity and water infiltration rates on a 
creeping bentgrass putting green surface. 

Mater ia ls and methods 
A field study was conducted in 2003 and 
repeated in 2004 on a Crenshaw creeping 
bentgrass (Agrostis stoloniferous L. var. palustris 
(Huds.) research green constructed in 1997 
with an 85:15 sand:peat root zone mix 
according to United States Golf Association 
(USGA) recommendations (USGA, 1993) at 
Clemson University. 

Continued on page 60 
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An excellent 
transition aid, 
Revolver herbicide 
selectively removes 
cool-season 
grasses from 
warm-season 
grasses. Use it to 
control clumpy 
ryegrass, Poa 
annua, goosegrass 
and a number of 
other weeds in 
bermudagrass 
greens, tee boxes, 
collars and 
approaches 
surrounding 
bermudagrass 
greens, fairways 
and roughs. Results 
are generally 
apparent within 
one to two weeks. 
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Continued from page 59 
Cultivation treatments were implemented 

four times annually in March, May, September 
and October in both years. During the entire 
study, treatments included 50-, 70- and 

90-degree hollow tine manual aerators plus an 
untreated without cultivation (Fig. 1). 

Manual aerators, consisting of four quar-
ter-inch and half-inch diameter hollow tines 3 
inches in length and spaced 2 inches apart 
(Picture 1), were constructed at the Clemson 
University maintenance facility department. 

Following core removal, topdressing was 
applied by hand until all holes were complete-
ly filled, using USGA specified sand for putting 
greens. Cultivation direction (North-March, 
South-May, East-September and West-Octo-
ber) varied with each treatment application. 

Data col lect ion 
Data collected included TQ, soil hydrophobic-
ity (MED) and water infiltration rates. Turf 
quality was rated from 1 to 9, with 1 = brown, 
dead turf, 6 = minimal acceptable turf, and 9 = 
ideal green, healthy turf. 

Soil hydrophobicity was tested using the 
MED technique. Undisturbed soil core sam-
ples (5 inches in depth and one-half inch in 
diameter) were taken monthly from each plot 
prior to cultivation treatments and allowed to 
air dry for 14 days. Droplets containing ethanol 
(C2H5OH) and distilled water solution were 

Continued on page 62 
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Adjuvants can 
improve spray 
application 
effectiveness 
in several ways, 
according to 
university studies. 
Adjusting tank pH 
with FP-747 and 
improving leaf 
adhesion and 
uptake of systemic 
materials with 
Score or Raider 
make product 
efficacy and 
economic sense. 

TABLE 1 

Tur fgrass Q u a l i t y * 
M o n t h T r e a t m e n t 

May 6.33b* Untreated 6.11b 1/4" 6.27 

June 6.54ab 50° 6.22ab 1/2" 6.30 

July 6.25bc 70° 6.44a 

August 5.95c 90° 6.39ab 

September 6.70a 

October 5.95c 

LSD 0.36 LSD 0.29 LSD 0.21 

p-value 0.01 p-value 0.09 p-value 0.78 

t Turf grass quality based on a scale of 1 - 9, 1 = brown/dead turf, 6 = minimally acceptable turf, 9 = ideal green, healthy turf. 

tValues within a column followed by the same letter are not significantly different at P<0.10 by protected LSD. 

Turfgrass quality of Crenshaw creeping bentgrass influenced by month (May-October), cultivation treatments 
(50-, 70- and 90-degree core cultivation tine entry angles), plus an untreated plot (no cultivation) and tine 
size (two hollow tine diameters at a quarter-inch and half-inch) during Year II. 



FIGURE 2 
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Molarity of ethanol droplet test results of Crenshaw creeping bentgrass affected 
by quarter-inch- and half-inch-diameter tines, pooled across the 50-degree, 
70-degree and 90-degree core cultivation tine entry angles, plus an untreated 
plot (without cultivation). 
tMean data points followed by the same letter are not significantly different at P<0.01 by protected LSD. 

FIGURE 3 

80 

70 

60 

^ 50 
v. 

^ 40 
£ 

~ 30 

20 

10 

0 
Untreated* 50° 70° 90° 

Cultivation Angle 
Water infiltration rates of Crenshaw creeping bentgrass affected by 50-degree, 
70-degree and 90-degree core cultivation tine entry angles plus an untreated 
plot (without cultivation) pooled across the quarter-inch and half-inch tines. 
tMean data points followed by the same letter are not significantly different at P<0.01 by protected LSD. 

Continued from page 60 
placed on each soil sample using a pipette. 

A scale of 1 to 4, based on the molarity of the 
ethanol solution tested, was used with 4 being 
severely hydrophobic (repel water) and 1 being 
hydrophilic (water loving). If the entire droplet 
did not completely infiltrate the soil sample with-
in five seconds, the next highest molarity of 
ethanol/distilled water was applied adjacent to 
the initial drop until the entire droplet was fully 
absorbed by the soil sample. Soil hydrophobicity 
increases as the molarity ethanol/distilled water 
solution increases, until the droplet completely 
infiltrates the soil sample within five seconds. 

1,59a 1,59a 1,59a 1,59a 1,59a 1,59a 

1.49b 1.49b 1.49b 
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Water infiltration analysis was performed in 
November following yearly cultivation treat-
ments using a double-ring infiltrometer (model 
13a, Turf-Tec International). One sample was 
taken per plot. The outer ring had a diameter of 
4.5 inches and the inner ring 2.5 inches. The 
infiltrometer was inserted into the turf at a 2-
inch depth. Rings were then filled to the top of 
the infiltrometer (4 inches) with water. After 
water vacated the center ring, infiltration rates 
were recorded based on how long the water 
took to absorb fully into the soil. 

Treatments were arranged in a random-
ized complete block design. All main effects 
and interaction effects were evaluated using 
analysis of variance within the Statistical 
Analysis System (SAS Institute, 2003). 

Main effect means for TQ, MED and water 
infiltration rates are reported because month, 
treatment and tine size interactions were not 
significant. Means separation was analyzed 
using Fisher's LSD test with an alpha of 0.10. 

Turf qual i ty 
There were no cultivation treatment effects in 
year I for TQ. However, in year II, the 
70-degree tine entry angle provided minimal 
TQ enhancement (6.4) compared to the con-
trol (6.1) (Table 1). 

As expected, TQ declined in August (<6) 
because of summer stress. However, the bent-
grass green recovered in September (6.7), when 
temperatures were moderate. Turfgrass quality 
declined in October (5.9) because of an out-
break of dollar spot (Sclerotinia homeocarpa F.T. 
Bennett) initiated by high humidity, warm days 
and cool nights (Belanger et al., 2004), which are 
typical environmental conditions in the transi-
tion zone in late September/early October. 

Tine entry angle did not affect MED 
results; however, the smaller tine diameter 
(quarter-inch) increased MED 7 percent com-
pared to the half-inch diameter tine (Fig. 2). 

Localized dry spots can occur when water 
infiltration in certain areas is reduced. Use of 
larger tine diameters, which impact a greater 
amount of surface area than smaller tine diam-
eters, may possibly reduce LDS's and soil 
hydrophobicity. Therefore, it may be more 
beneficial for a superintendent to use a larger 
tine diameter on a sand-based putting green 
to minimize unwanted dry patches of turf 



W a t e r in f i l t ra t ion 
No water infiltration differences because of tine entry 
angle were measured for any core cultivated plots. 
However, without cultivation, water infiltration was 
reduced 129 percent, 163 percent and 211 percent 
compared to the 50-, 70- and 90-degree treatments, 
respectively (Fig. 3). 

The decrease in water infiltration is probably indica-
tive of excessive thatch accumulation. These data indi-
cate the importance of aerification to superintendents 
who manage sand-based creeping bentgrass putting 
green surfaces. Thatch accumulation is often accelerated 
in creeping bentgrass cultivars because of their aggres-
sive horizontal growth habits and limited vertical 
growth, which may quickly develop into thatch in the 
absence of cultivation. 

In another study, McCarty et al. (2005) noted a 188 
percent greater infiltration rate with cultivation treat-
ments compared to untreated plots on a sand-based 
creeping bentgrass putting green. 

Conclusions 
Based on results, different core cultivation tine entry angles 
had minimal statistically significant impacts on parameters 
measured. However, while not significant, differences were 
detected between the different angled tines, which may 
prove to be practical differences for turfgrass managers. 

An interesting follow-up study would be to investigate 
the impacts of different tine entry angles on fine-tex-
tured soils (high clay content), which are more prone to 
compaction. 

Finally, deeper tines with different diameters of similar 
tine entry angles into the soil profile may provide more 
beneficial results. 

Christian Baldwin is a Ph.D. candidate in turfgrass science. 
Dr. Haibo Liu is an associate professor of horticulture special-
izing in turfgrass science and management. Philip Brown is a 
Ph.D. candidate in plant and environmental science. All are 
at Clemson (S.C.) University. 

TURFGRASS TRENDS 

REFERENCES 

Belanger FC, Bonos S, Meyer WA. "Dollar spot resistant hybrids 
between creeping bentgrass and colonial bentgrass." Crop Sci. 
2004;44:581-586. 

Carrow RN, PetrovicAM. "Effects of traffic on turfgrasses." 9:285-
330. In (eds) D.V. Waddington, R.N. Carrow, and R.C. Shearman. 
Turfgrass. Agronomy Monograph No. 32. American Society of 
Agronomy, Madison, Wis. 1992. 

Guertal EA, Derrick CL, Shaw JN. "Deep-tine aerification in com-
pacted soils." Golf Course Management. 2003;71(12):87-90. 

Guertal B, Han D. "Does aerification help solve compaction 
problems?" Turfgrass Trends 2002;11(2):T4,T6-T7,T10. 

Jones M. "Linear aerification encourages good soil respiration." 
Turfgrass Trends 2002; 11 (4):T15-T16. 

McCarty LB. Best Golf Course Management Practices, 2nd ed. Upper 
Saddle River, N.J. Prentice-Hall Inc. 2005. 

McCarty LB, Gregg MF, Toler JE, Camberato JJ, Hill HS. "Minimizing 
thatch and mat development in a newly seeded creeping bentgrass 
golf green." Crop Sci. 2005;45:1529-1535. 

Murphy JA, Rieke PE. "High pressure water injection and core culti-
vation of a compacted putting green." Agron J. 1994;86:719-724. 

SAS Institute Inc. SAS Version 9.1. SAS Inst., Cary, N.C. 2003. 

United States Golf Association Green Section Staff. "USGA recom-
mendations for a method of putting green construction." The 1993 
Revision. USGA Green Section Record. 31(2): 1-3. 

S E C T I O N S T A F F 
Managing Editor 
Curt Harler 
440-238-4556; 440-238-4116 (fax) 
curt@curtharler.com 

Golfdoni Staff Contact 
Thomas Skernivitz 
216-706-3758; 216-706-3712 (fax) 
tskernivitz@questex.com 

Graphic Designer 
Tracie Martinez 
216-706-3776; 216-706-3712 (fax) 
tmartinez@questex. com 

F I E L D A D V I S O R S 
Rob Anthony 
Southern Methodist University 
I. Douglas Barberry 
Turf Producers International 
Agronomist 
Bill Byrnes 
Fioratine 
F. Dan Dinelli 
North Shore CC 
Merrill J. Frank 
Columbia CC 
Michael Heacock 
Pacific Golf Management K. K. 
Jeff Higgins 
PurselI Technologies 

Paul B. Latshaw 
Muirfield Village CC 
Kevin Morris 
National Turfgrass Evaluation 
Program 
Jerry Quinn 
John Deere 
Sean Remington 
Green Valley CC 
Ken Schwark, CGCS 
Northern Bay Golf Resort 
& Marina 
Matt Shaffer 
Merion GC 
Scott Welge 
Bayer Environmental Science 

E D I T O R I A L R E V I E W B O A R D 
Dr. Rick Brandenburg 
NC State University 
Dr. Vic Gibeault 
Uni vers ity of Ca liforn ia 
Dr. Garald Horst 
University of Nebraska 
Dr. Richard Hull 
University of Rhode Island 

Dr. Eric Nelson 
Cornell University 
Dr. A.J. Powell 
University of Kentucky 
Dr. Eliot C. Roberts 
Rosehall Associates 
Dr. Pat Vittum 
University of Massachusetts 

C O N T A C T US: 

Web site: www.turfgrasstrends.com 
Reprints: TurfgrassTrends@reprintbuyer.com 

www.turfgrasstrends.com March 2006 TURFGRASS TRENDS 

mailto:curt@curtharler.com
mailto:tskernivitz@questex.com
http://www.turfgrasstrends.com
mailto:TurfgrassTrends@reprintbuyer.com
http://www.turfgrasstrends.com



