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It’s about tine(s) 
(or a closer look at aeration and sand incorporation)

Roch Gaussoin, Emeritus Professor,  University of Nebraska
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Historical Perspective: USGA Green Section 
Record and Precursors 1921-2024 

• Topdressing 473 hits
• Aeration 187 hits
• Organic Matter 146 hits
• Aerification 117 hits
• Aerify 115 hits
• Compaction 112 hits
• Core 79 hits
• Cultivation 74 hits
• Coring 47 hits
• Tine(s) 42 hits

• 1921; 1951
• 1921; 1945
• 1921; 1952
• 1927; 1952
• 1927; 1952
• 1921; 1921
• 1927; 1956
• 1923; 1945
• 1963; same
• 1930; 1945

Key Word search                                    First mention; First “modern” mention

Reasons golf boomed post-WW2:
• Prosperous economic times allowed recreational spending.
• Returning veterans looked for leisure activities.
• Golf on TV showcased the sport to wider audiences.
• Golf became part of corporate culture for networking and deals.
• New technologies and equipment made golf easier for the average 

player.
• Retirees had time to take up the game.
• Golf became part of suburban lifestyles and country club status.

……..increase in traffic, participants and play led to the 1960 release 
of the USGA recommendations for green construction
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Practices to change thatch into 
mat include topdressing and …

… cultivation.

Organic Matter Management Study

Objectives

1. Determine if conventional hollow tine is more effective 
than solid tine aerification at managing organic matter 
accumulation

2. Determine if venting methods are effective at managing OM 
accumulation

Treatments

Tine Treatment

None

2X Hollow tine

2x Solid tine

Venting Treatment

None

PlanetAir

Hydroject

Bayonet tine

Needle tine

Treatments

Tine Treatment

None

2X Hollow tine

2x Solid tine

Venting Treatment

None

PlanetAir

Hydroject

Bayonet tine

Needle tine

15 Trts per Rep

6 Reps per year

2 different years

= A whole lot of fun for one graduate 
student or 180 trts

All treatments received the 
same topdressing quantity (22 
ft3/M*) but different frequency

Equilibrated to identify differences
of the practices in question

*1 ft3 = 100 lbs of dry sand; yd3 = 2700 lbs
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Materials and Methods
• Green Age:

– 12 years

– 9 years

• Data collected:
– OM% (pre-cultivation/monthly)

– Single wall infiltration (monthly)

OM Data Analysis Year 1

• No differences between green age except for higher 
% in older green

• No differences among venting methods

• No interactions with solid/hollow/none

Effect of Tines on OM after 1 yr

2

2.1

2.2

2.3

2.4

2.5

None Core Solid

A

B
B

NOTE:  All treatments received the same topdressing quantity (22 ft3/M)
and different frequency

OM Data Analysis Year 2

• No differences between green age except for higher 
% in older green

• No differences among venting methods

• No interactions with solid/hollow/none

• No differences among solid/hollow/none

Effect of Tines on OM after 2 yrs

2

2.1

2.2

2.3

2.4

2.5

None Core Solid

NOTE:  All treatments received the same topdressing quantity (22 ft3/M)
and different frequency

Let’s take a quick look at 
that…
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Concrete/PVC placeholders Template with 0.5” diameter 
cores at 2.5” spacing

Cores 
removed to 
5” depth; 
cores filled 
with sand 
topdressing

Modified soil probe simulates 
0.5” diameter hollow-tine core 
aeration

Stabilizer block to ensure 
vertical probe
entry

Bolts insert into placeholders 
to ensure exact location for 
resampling

• Study initiated 22 June 2005; concluded 11 
Nov. 2005

• 2 USGA Putting Greens
– Constructed in 1997 and 2000

• Sample every 2 weeks for 20 weeks

• 2 depths of interest
– 3 & 6”

Time after core creation (weeks)

161412108642

Organic Matter Reduction (%)
DepthPutting

Green

66676669717073793”9 yr 

56575659636064716”

59616262626166733”5 yr 

49515252515156666”

3611

What these data do/don’t suggest

• Cultivation, when topdressing quantity was equal, was 
insignificant as a means to control OM

• However, a superintendent must use whatever tools they 
have at their disposal to ensure sand is making it into the 
profile and not the mower buckets 
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Topdressing interval relative to Tine/Venting 
combinations (22 cu ft/M)*

• NONE/NONE
– 5-10 days

• Solid & Hollow/NONE
– 7-14 days

• Solid & Hollow/Venting
– 14-18 days

*Observed and calculated based on displacement and surface area opened

Infiltration (in/hr)

0

5

10

15
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25

CORE NONE SOLID

NONE

PLANET-AIR

HYDROJECT

BAYONET

NEEDLE

A

A

B
B

B

B
B

B

B
B

B

A

A

A

A

Project Objective

National Survey

Determine cause and effect relationship 
among maintenance practices and their 
interactions relative to surface OM 
accumulation

2006/07/08 Samples

• Sixteen states
– Nebraska, South Dakota, Iowa, Wyoming, Colorado, Washington, Wisconsin, 

Illinois, New Jersey, Minnesota, New Mexico, Montana, Hawaii, California, 
Connecticut, Arkansas.

• 117 golf courses sampled
– More than 1600 samples 

WY

CO

SD

NE IL

WI
MT

NM

WA ID

IA
NJ

MN

AR

CA

NY, CT
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Green Age

Age
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 %
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Is the age effect misleading?

• Sampling issue:

– Mat depth 
increases as 
green ages 
resulting in more 
OM in the same 
volume soil.
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Organic Matter in USGA 
Specification Rootzones

Green Age (years)

a   a   a   a

b    b   b   b

c    d    e   f

g   g   g   g

LSD=0.05

8            7           6           5
Green Age (years)

Mat Development with Age

NS

**

NS
NS

A Standard Method for 
Measuring
Putting Green Surface 
Organic Matter

Topdressing
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Survey Summary

• None of the variables collected, by themselves, or in 
combination with others, predicted OM

• Courses using >18 cubic ft*/M of topdressing with or 
without “venting” had lower OM

• Of the known cultivars, no differences in OM were 
evident

*1 ft3 = 100 lbs of dry sand; yd3 = 2700 lbs

Topdressing
Old Tom Morris (1821–1908) is 

thought to have discovered 
the benefits of topdressing 
accidentally when he spilled 
a wheelbarrow of sand on a 
putting green and noted 
how the turf thrived shortly 
afterward (Hurdzan, 2004). 

J.B. Beard is his classic textbook
“Turfgrass Science & Culture, 1973
writes:
“The most important management
practice for OM management
is topdressing”

https://www.usga.org/content/usga/home-page/course-care/regional-
updates/central-region/2018/solid-tine-aeration-order-of-operations.html

“Advocates of solid-tine aeration report that they get the 
same benefits of thatch and organic matter reduction with 
less labor for the collection and removal of aeration cores. 
Whether you pull a core or use solid tines, it’s all about 
sand volume and the ability to dilute organic matter in the 
rootzone. Regardless of the method, the most important 
factor is filling the hole with sand. It’s all about dilution, and 
if you can do that with less of a mess and less labor, then 
solid-tine aeration is a viable alternative.”

From: https://www.usga.org/content/usga/home-page/course-care/regional-updates/central-region/2018/solid-tine-
aeration-order-of-operations.html
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Research Need (2004)

• Comprehensive evaluation of sand quantity, particle size, sampling 
protocol and cultivation methods

Tine Trial Fall 2021

• Check
• Hollow ½” ID
• Solid ½”OD
• DryJect (3x3)
• ¼” Solid (Needle)
• DryJect (3x2)
• Needle + Solid
• Needle + Hollow

Procore 648 - 3" target depth on all tines
Dryject = 5“

Sampled for OM the day after
Treatment in 1’ depth increments to 4 “ 

a4.5Check

b3.7Hollow

c3.1Needle

d2.7DryJect (3x3)

d2.3
Needle + 
Hollow

d2.3DryJect (3x2)

d2.3Needle + Solid

d2.2Solid

Treatment        % OM 0-4”

• No differences among 
depths

• Dilution only
• Dryject and needle tine were 

least surface disruptive
• Data is preliminary

Spring 2023 Tine Trial
• 9 tine types/configurations including Viper tines
• 2 devices (ProCore 648 and DryJect)
• Timing (spring/fall)
• Topdressing before or after
• Data

– OM
– Surface parameters using the USGA GS3 
– Other data

Equipment and Tine Support Provided by

X
28

Heartland Golf & Turf Services LLC

Treatments (Spring, FB Oct 3 except DryJect on Oct 16)

• Main Plots (42’ X 60’ with a 6’ 
border between)
– 1. Topdress before tines with 

0.25”(0.125” on October 2023) on 
surface (equates to 1 (1/2 fall) 
ton/1000 ft2 or 20 ft3/1000ft2) 

– 2. Topdress after tines

• Sub-plots (tine treatments) set at 
3” depth
– 1. 5/8’ Viper Nose
– 2. 1/2" Viper Nose
– 3. 3/8” solid

– 4. ½” solid cross
– 5. Untined control
– 6. ¼ “ solid
– 7. .50" solid
– 8. 3/8" hollow, side eject
– 9.  1/2“ solid cross
– 10. .75" solid slicing 
– 11. 1/2" hollow, tapered
– 12. 1/2" hollow side eject
– 13. DryJect 3X3
– 14. Untined Control
– 15. DryJect 2X3

44 45

46 47

48 49
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Plot after dragging and several mowings
and irrigation

Data Collection
• Organic matter, 3-5 days 

after treatment directly 
over aeration hole

• Infiltration approx. weekly
• NDVI (cover measured 

digitally) every few days
• Firmness
• Surface Moisture TDR 0-

3’; 3-6”

• GS3
–Ball roll
–Smoothness
–Trueness

50 51
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25-Oct16-Oct9-Oct26-Oct21-Oct18-Oct10-OctANOVA

Infil-3Infil-2Infil-1%OMNDVI-4NDVI-3NDVI-2NDVI-1
Effect

0.10610.1880.34440.04660.27850.69870.55830.1161Topdressing  (TD)

<.0001<.0001<.0001<.00010.1140.03530.0049<.0001Tine TRT

0.46730.00760.10.01070.11750.27960.9250.0761TD*TRT

Fall 2023 Data Results (<.05 = statistical difference)

0.00
0.50
1.00
1.50
2.00
2.50
3.00

TD B4 TD AFTER

Topdressing effect

O
M

 %

Untined

0.00
0.50
1.00
1.50
2.00
2.50
3.00

TD B4 TD AFTER

Topdressing effect
Untined

%
 O

M

0.00
0.50
1.00
1.50
2.00
2.50
3.00

TD B4 TD AFTER

Topdressing effect
O

M
 %

Untined

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8

½”hollow tapered5/8”Viper

Tine treatment effects on NDVI (cover)

By 10/21 no treatment effect
was evident

All treatments-October 21
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Tine/TD effects on Infiltration (inches per hr)
2.5 weeks post aeration 

Positive effect on infiltration was greater for ½” or larger hollow tine & TD before aeration

0
1
2
3
4
5
6
7
8
9

10

5/8’ 
Viper 

Nose

1/2" 
Viper 

Nose

3/8” 
hollow

1/4"
hollow

Untined
control

125“ 
solid

.50"
solid

 .25"
hollow,

side
eject

.50“ 
solid 
cross 
tine

.75"
solid

slicing

 .5"
hollow,

side
eject

.66" OD
hollow

tapered

TD B4 TD After

0
0.5

1
1.5

2
2.5

3

3X3 DJ Control 2X3 DJ

DryJect OM %*

A                          B                          A

*No topdressing effect; numerically equivalent to most
other tine treatments

Fall 2023 GS3 Data Results (<.05 = statistical difference)

Ball Roll 1 WAT

Pr > FF ValueEffect
0.14375.5TD

<.00014.44TRT

0.00272.85TRT*TD

TD before aerification increased ball roll more for ½” or 
greater hollow tines than same diameter solid tines. Solid 
tines had higher ball roll than equivalent hollow tines. Effects 
were less evident 2 WAT. 

Fall 2023 GS3 Data Results (<.05 = statistical difference)

Trueness 1 WAT
Pr > FF ValueEffect

0.73160.16TD
0.46891TRT
0.80370.66TRT*TD

Smoothness 1 WAT
Pr > FF ValueEffect

0.62450.33TD
0.82340.64TRT

0.6360.83TRT*TD

Results were similar 
and NS 2 & 3 WAT

Treatments would appear to be visually different and when data were captured
ball deviations appeared evident. Visual STRI Smoothness data were not collected. 

62 63
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Deeper Dive Into Data

Different statistical approach to isolate specific factors of interest

Orthogonal comparisons 

Confounding data due to excessive enthusiasm of researcher

This approach successfully separated out differences not evident from
traditional ANOVA analysis for other data. GS3 data still needs to be
investigated. 

0
1
2
3
4
5
6
7
8

Viper Tines/Infiltration (inches/hr)

Control Viper Tines

1/2 Hollow1/2 Solid
% OM

2.41.8

Oct-25 Infiltration
1/2 Hollow1/2 Solid

Inch/hr
6.62.8

**

0
2
4
6
8

10
12
14
16
18

4/6/2023 5/6/2023 6/6/2023 7/6/2023 8/6/2023 9/6/2023 10/6/2023

2023 infiltration/tine effect over time

1/2 Solid 1/2 Hollow Control

Prior to study, area was aerated with ½” solid tines 2X/yr and 
topdressed with medium-fine sand for 5 years. Initial infiltration 
in 2018 was 12”/hr. 

In
fil

tr
at

io
n 

in
ch

/h
r

Early Results
• Lots of stuff going on
• Topdressing before aeration, even with some hollow tines will 

incorporate more sand
• Higher and prolonged infiltration greater for hollow tines ½” or 

larger than any solid tines
• Viper tines had greatest increase in infiltration over time than 

any other tine
• Uninterrupted use of solid tines needs to be rethought

Spring 2024 Results

• Cumulative effect of 3 cultivation events
• Similar outcomes to Fall 2023
• “Better” GS3 data

68 69

70 71
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WAT
All remaining  treatments were not different than the control
within 2 weeks

WAT

Research data from others

Core Cultivation of a Putting Green with Hollow and Solid Tines (1993, MSU)
J. A. Murphy, P. E. Rieke, A. E. Erickson 
https://doi.org/10.2134/agronj1993.00021962008500010001x

• ‘Penneagle’ creeping bentgrass loamy sand putting green 
• hollow (HTC) or solid (STC) tines for 3 years 
• treatments were applied at 2 soil moistures (moist or wet)
• Infiltration and air porosity were 49 and 21% greater, with HTC vs STC. 
• wet soil cultivation reduced infiltration 31% compared to moist soil 

cultivation. 
• HTC lowered the organic matter fraction of the thatch/mat layer, but

increased total organic matter vs STC. 
• STC exhibited the potential for development of a cultivation pan.

Effects of Core Cultivation Tine Entry Angle on Golf Putting Greens
Christian M. Baldwin, Haibo Liu, Philip Brown (Clemson University, 2006)
DOI: https://doi.org/10.21273/HORTTECH.16.2.0265

74 75
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USGA Ultradwarf Bermudagrass Putting Green Properties as Affected by Cultural 
Practices, J. H. Rowland, J. L. Cisar, G. H. Snyder, J. B. Sartain, A. L. Wright (2009, UF)
https://doi.org/10.2134/agronj2009.0154

Applied Turfgrass Science Effects of Venting Aeration on Neglected Bermudagrass Putting Greens
(2011, Texas A&M)
Charles H. Fontanier, Kurt Steinke, James C. Thomas, Richard H. White
https://doi.org/10.1094/ATS-2011-1201-01-RS (fee for full print-out)

• hollow-tine aeration is disruptive
• thatchy, mature ‘Tifeagle,’ ‘Tifdwarf,’ and ‘Mini-Verde’ USGA putting 

green
• compared effects of small diameter tine core aeration to venting 

aeration at three frequencies, plots did not receive topdressing sand 
during the study

• venting aeration alone may not be an effective practice for thatch 
management or improving water infiltration if substantial undiluted 
organic matter layers exist.

Planet Air 
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Impact of Dry-injection Cultivation to  Maintain Soil Physical Properties  for an 
Ultradwarf Bermudagrass Putting Green (2016, MSU) JM. Craft, C M Baldwin, WH. 
Philley, JD McCurdy, BR Stewart, M Tomaso-Peterson, EK Blythe
doi: 10.21273/HORTSCI11018-16

“It can be concluded that DI would  be best used in combination 
with HT 1.3 or 0.6 cm diameter tine sizes to improve soil  physical 
properties; however, the DI + HT 0.6 cm diameter tine size 
treatment resulted in  minimum surface disruption while stilli
improving soil physical properties compared with the 
noncultivated control”

Consider the Potential of Less-Aggressive Aeration, 2023
Elliott L. Dowling, regional director, East Region, USGA
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PROCORE 648 VS 648S: Is there a difference in tine 
displacement and sand reception?

Fall 2023

• Is there a difference in solid tine displacement and sand 
reception?

Champions Run, Omaha, NE
Aerated on separate areas of the sand-based 
nursery putting green at 0.125” HOC, with ½” solid 
tines set at 3” with a 648S and 648. Each area was 
60 ft2.

Sampled for OM with a 1” probe above aeration 
hole; 0-3” and 3-6” with 10 random locations per 
aerator. By extension, lower OM soon after 
aerification = greater sand incorporation.

Results

648S648

1.6b2.2aOM %
0-3"

1.4a1.6aOM %
3-6"

Different letters within a row indicate statistically significant differences
at P < .01 based on a paired t-test with 18df

ProCore 648 vs 648S Spring 2024
• Single pass (48” wide E to W)
• UNL Campus Turfgrass Research Area

north648 3/8 hollow

648S 3/8 hollow

648S ½ hollow

648 1/2 hollow

648 1/2 solid

648S 3/8 solid 

648S ½ solid

648 3/8 solid

30 ft

32 ft

Aerators (set to identical configurations)

• 648S
• Champions Club, Omaha, NE
• 72.5 hours
• 3” depth
• Thanks to Superintendent Greg 

Jones for loan

• 648
• Happy Hollow Club, Omaha, NE
• 17.7 hours
• 3” depth
• Thanks to Superintendent Peter 

Schmidt for loan

Thanks to Dan Parr, Midwest Turf & Irrigation for aerator transport and assistance. 
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Sampling Locations

*                     *                       *                       *                       *                       *      *

*                     *                       *                       *                       *                       *      *

*                      *                       *                       *                       *                       *     *

Sampled for OM with a 1” probe above aeration hole; 0-3” with 21 
locations per plot.
By extension, lower OM soon after aerification = greater sand 
incorporation.

30’

4’

648                                         648S

0 0.5 1 1.5 2 2.5

3/8" Hollow

3/8"Solid

1/2" Hollow

1/2"Solid

% OM in aeration hole 48 hrs post aeration 
648S
648

NS

NS

P< 0.05

P< 0.01

UTC=2.31

0
1
2
3

648 1/2" Hollow;     

0-1 1-2 2-3

1.14% OM (n=21)

0
1
2
3

648S 1/2" Hollow; 

0-1 1-2 2-3
% Organic matter in aerification hole post treatment

0.92% OM (n=21)

0
1
2
3

648 1/2" Solid

0-1 1-2 2-3

1.48% OM (n=21)
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648S 1/2” Solid 1.49% OM (n=21)

0
1
2
3

648 3/8" Hollow

0-1 1-2 2-3

1.08% OM (n=21)

0
1
2
3

648S 3/8" Hollow

0-1 1-2 2-3

1.07% OM (n=21)

0
1
2
3

648 3/8“ Solid

0-1 1-2 2-3

2.03% OM (n=21)

0
1
2

3

648S 3/8" Solid

0-1 1-2 2-3

1.49% OM (n=21)

Random Thoughts
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Bentgrass/
Annual Bluegrass      Bermudagrass

• OM lower
• Less Physically Complex

• Lower lignin; no rhizomes

• Faster Degradation
• More receptive to sand

• OM higher
• More Physically Complex

• Higher lignin; rhizomes

• Slower Degradation
• Less receptive to sand

Layering
• Water retention is non-uniform
• Thatch/mat layers can store twice as much water 

than the root zone

NOT a function
of drainage

Rather it is the
difference in pore

size distribution
among layers

Discontinuous Pore Space

“the squeeze test”
(courtesy of Dave Oatis,
emeritus USGA Director NE-US)

110 111
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Soil Moisture Content Prior to Aeration on clay
and silt soils

moist dryer

solid tine,
slicing,
spiking

hollow tine,
very compacted

use soil moisture content to
optimize desired effect

Contact Information

•Roch Gaussoin
•rgaussoin1@unl.edu

Thank you!
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