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Multiple authorities have offered
soil organic matter (SOM)
thresholds for the surface layer of
a sand-based putting green.
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The Goal of this Model:

1) Calculate for a geographic location, monthly SOM values in the sand-based,
surface 5-inch layer of a putting green that occur in response to:

e Organic matter accumulation & decay each month.

* Monthly operations that either dilute or remove soil organic matter.

2) Conform to conventional sampling and analysis of SOM in putting greens:
* Only the surface layer is to be considered (i.e. top 5-inches).

The soil sample is subdivided into 1-inch increments.

Samples are sufficiently large or numerous to average across relict sand

injection & core aeration holes.

3) Be accessible to interested users & equation based for transparency.




The model is based on a soil organic matter (SOM) mass balance equation that is
calculated monthly for each of 5 depth intervals spanning 0 to 12.5 cm (0 to 5 in):

SOM, = SOM, + SOM, — SOM,, — ny - SOM,— n, - SOM,

* SOM., is the soil organic matter at month’s end (g kg1)

* SOM;is the month’s beginning soil organic matter (g kg1)

* SOM, is the monthly accumulation of soil organic matter (g kg1)
 SOM,, is the monthly natural decay of soil organic matter (g kg1)
* ngyisthe number of SOM dilution applications
 SOM,is the SOM reduction effect via dilution (g kg1)
* n,is the number of SOM removal applications

SOM., is the SOM reduction effect via removal (g kg1)




Calibration Results: Using data from Ervin and Nichols (2011), comparing seasonal
topdressing only (control) or seasonal topdressing plus twice yearly core aeration; model
SOM accumulation and decay parameters were adjusted to best fit the observed data.
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Calibration Results: using the data from Glasgow et al. (2005), where mean SOM
was measured within 4 depth increments (3 shown here) for 7 putting greens built
in successive years. For all times and all depths there was a good agreement
between the observed and predicted values.
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Baseline values of SOM accumulation and decay parameters for cool season
turfgrass from the model calibration results (5 studies total).

3.0

AC, g kgt

AC,., 0.03 g kgt

Monthly Max. SOM Accumulationatz=0

Organic Matter Bulk Density



Monthly Max. SOM Accumulation at z = 0.

» The baseline value of 3.0 g/kg is for average growing conditions.

= Consider larger values e.g. 4.0 g/kg for conditions of (Carrow, 2003):
v’ Frequent irrigation.
v" High levels of N use.
v" Acidic, soil pH < 5.5.
v Aggressive creeping bentgrass or bermudagrass cultivars.

= Consider smaller values e.g. 2.0 g/kg for management to limit growth.

The Monthly Decay Rate Coefficient is important for self-regulation
of SOM accumulation.



I-O Page 1, Overall View

Soil Organic Matter (SOM) in Putting Greens Monthly and with Depth to 125 mm (5 in). Depth Function of Monthly OM Accumulation:
E.L. McCoy, Ohio State University; J. Broadbelt, DryJect Inc, 2019. Sand Bulk Density 1560 kg/m3
SOM Accemulation & Decay Inputs in Red See goal & instructions below. Overall Maximum SOM Accumulation at z=0: 3 g/kg SOM Bulk Density 220 kg/m3
Overall Maximum SOM Accumulation at z = zmax: 0.03 g/kg
Monthly SOM Accumulation & Decay Temperature Function scaled [0 to 1]: Depth of 1/2 Maximum Accumulation: 20 mm SOM Initial Conditions
Location: State College, PA Shape Factor: larger steeper & vice versa 10 Increment Depth SOM SOM
Recommended Accumulation Temperatures, F: 68 for cool season, 88 for warn season. (mm) g/kg %
Cool Season = 68 Warm Season = 88 Monthly Decay Rate Coefficient: 0.025
Recommended Standard Deviation: 10 for cool season, 12 for warm season. 1 0-25 60.00 6.00
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Monthly SOM Accumulation & Decay Temperature Function scaled [0 to 1]:

Location: State College, PA
Recommended Accumulation Temperatures, F: 68 for cool season, 88 for warm.

The model is designed to be
location specific.

Growth Potential Reference (GCSAA, 2010)
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Depth Function of Monthly OM Accumulation:

Overall Maximum SOM Accumulation atz=0: 3 g/kg
Overall Maximum SOM Accumulation at z =zmax: 0.03 g/kg
Depth of 1/2 Maximum Accumulation: 20 mm
Shape Factor: larger steeper & vice versa 10
Monthly Decay Rate Coefficient: 0.025 Yearly SOM Accumulation, % wt.
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Soil Organic Matter (SOM) in Putting Greens Monthly and with Depth to 125 mm (5 in). .
Management Plan & Operation Details Inputs in Red See goal & instructions below. I_O Page 2; Ove ra ” VIeW
Management Options:

Number of Respective Operations per Month Yearly

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec  Operations

Month (numeric) 1 2 3 4 5 6 7 8 9 10 11 12

Topdressings 0 0 0 0 2 2 1 1 2 0 0 0 8

Sand Injections 0 0 0 0 0 0 0 0 0 0 0 0 0

Hollow-Tyne Aeration (HT) 0 0 0 1 0 0 0 0 0 1 0 0 2

Solid-Tyne Aeration (ST) 0 0 0 0 0 0 0 0 0 0 0 0 0

Deep Verticutting (DV) 0 0 0 0 0 0 0 0 0 0 0 0 0

HT, ST & DV Topdressing 0 0 0 1 0 0 0 0 0 1 0 0 2

Operational Details:

Yearly Topdress Vol. 0.0024 m3 per m2 area
Topdress Depth 0.03 cm Yearly Injection Vol. 0 m3 per m2 area
Sand Injection Hole Diam. 1.05 cm Yearly HT Vol. 0.0050671 m3 per m2 area
Sand Injection Spacing 7.5 by 5.0 cm Yearly ST Vol. 0 m3  perma2area
Sand Injection Depth 7.5 cm in 2.5 cm increments Yearly DV Vol. 0 m3 per m2 area
Hollow-Tyne Diameter 1.27 cm Yearly HT, St & DV Topdress Vo  0.0012 m3 per m2 area
Hollow-Tyne Aeration Spacing 7.5 by 5.0 cm
Hollow-Tyne Aeration Depth 7.5 cm in 2.5 cm increments Yearly Total Sand Vol. 0.01 m3 per m2 area
Solid-Tyne Diameter 1.27 cm
Solid-Tyne Aeration Spacing 7.5 by 5.0 cm
Solid-Tyne Aeration Depth 7.5 cm in 2.5 cm increments Yearly Topdress Vol. 7.87 ft3 per 1000 ft2
DV Blade Thickness 2.0 mm  in 2.5 cm spacing Yearly Injection Vol. 0.00 ft3 per 1000 ft2
DV Depth 2.0 cm  does notexceed 2.5cm Yearly HT Vol. 16.62 ft3 per 1000 ft2
HT, ST & DV Topdressing Depth 0.06 cm Yearly ST Vol. 0.00 ft3 per 1000 ft2
Yearly DV Vol. 0.00 ft3 per 1000 ft2

Topdress Vol. 0.0003 m3 per m2 area Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Sand Injection Vol. 0.001732 m3  perm2area 0.023091 fractional area affected
Hollow-Tyne Vol. 0.002534 m3 per m2 area 0.03378 fractional area affected Yearly Total Sand Vol. 28.44 ft3 per 1000 ft2
Solid-Tyne Vol. 0.002534 m3 per m2 area 0.03378 fractional area affected
Deep Verticut Vol. 0.001575 m3 per m2 area 0.07874 fractional area affected
Core Aeration Topdress Vol.  0.0006 m3 per m2 area




Management Plan & Details: Twice Yearly ¥:-inch Hollow Tyne Aerations

e
Number of Respective Operations per Month

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month (numeric) 1 2 3 4 5 6 7 8 9 10 11 12
Topdressings 0 0 0 0 0 0 0 0 0 0 0 0
Sand Injections 0 0 0 0 0 0 0 0 0 0 0 0
Hollow-Tyne Aeration (HT) 0 0 0 1 0 0 0 0 0 1 0 0
Solid-Tyne Aeration (ST) 0 0 0 0 0 0 0 0 0 0 0 0
Deep Verticutting (DV) 0 0 0 0 0 0 0 0 0 0 0 0
HT, ST & DV Topdressing 0 0 0 1 0 0 0 0 0 1 0 0
Topdress Depth 0.03 cm

Sand Injection Hole Diam. 1.05 cm

Sand Injection Spacing 7.5 by 5.0 cm Yearly Topdress Vol. 0.00 ft3 per 1000 ft2
Sand Injection Depth 7.5 cm Yearly Injection Vol. 0.00 ft3 per 1000 ft2
Hollow-Tyne Diameter 1.27 cm Yearly HT Vol. 16.62 ft3  per1000 ft2
Hollow-Tyne Aeration Spacing 7.5 by 5.0 cm Yearly ST Vol. 0.00 ft3  per1000 ft2
Hollow-Tyne Aeration Depth 7.5 cm Yearly DV Vol. 0.00 ft3 per 1000 ft2
Solid-Tyne Diameter 1.27 cm Yearly HT, St & DV Topdress Vo  3.94 ft3 per 1000 ft2
Solid-Tyne Aeration Spacing 7.5 by 5.0 cm

Solid-Tyne Aeration Depth 7.5 cm Yearly Total Sand Vol. 20.56 ft3 per 1000 ft2
DV Blade Thickness 2.0 mm

DV Depth
HT, ST & DV Topdressing Depth




60 Month Results: Twice Yearly %-inch Hollow Tyne Aerations

Spatial Mean Monthly SOM in Green by Depth End of Year 5
7.0 Depth  Organic
. Increment Matter
60 (oeo—god *® o - cm % wt.
L2 000 2 \ 4 ¢
P 4 “’.. .““0”0. 900000 ..0. 000000 ”Q. POP
L 4
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£ 40 0005 2550 245
o 5.0-7.5 1.27
X m2.55
s 7.5-10.0 0.76
30 A5-7.5
(@] -l 10.0-12.5 0.62

X7.5-10
A10-12.5

End of Month

Seasonal SOM accumulation in the top 1-inch nearly negates the Hollow Tyne aeration.



15 Year Results: Twice Yearly %-inch Hollow Tine Aeration
Spatial Mean Yearly SOM in Green by Depth End of Year 15
7.0 Depth  Organic
Increment Matter
6.0 cm % wt.
5.0 0-2.5 5.26
2.5-5.0 1.57
"; 4.0 0-2.5 5.0-7.5 0.65
x — s 7.5-10.0  0.57
g 10.0-12.5 0.48

End of Year




Management Plan & Details: Twice Yearly Hollow Tine + 8 Monthly Topdressings

Number of Respective Operations per Month

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month (numeric) 1 2 3 4 5 6 7 8 9 10 11 12
Topdressings 0 0 0 0 2 2 1 1 2 0 0 0
Sand Injections 0 0 0 0 0 0 0 0 0 0 0 0
Hollow-Tyne Aeration (HT) 0 0 0 1 0 0 0 0 0 1 0 0
Solid-Tyne Aeration (ST) 0 0 0 0 0 0 0 0 0 0 0 0
Deep Verticutting (DV) 0 0 0 0 0 0 0 0 0 0 0 0
HT, ST & DV Topdressing 0 0 0 1 0 0 0 0 0 1 0 0

Topdress Depth 0.03 cm

Sand Injection Hole Diam. 1.05 cm

Sand Injection Spacing 7.5 by 5.0 cm

sand Injection Depth 7.5 cm Yearly Topdress Vol. 7.87 ft3 per 1000 ft2

Hollow-Tyne Diameter 1.27 cm Yearly Injection Vol. 0.00 ft3 per 1000 ft2

Hollow-Tyne Aeration Spacing 7.5 by 5.0 cm Yearly HT Vol. 16.62 ft3  per1000 ft2

Hollow-Tyne Aeration Depth 7.5 cm Yearly ST Vol. 0.00 ft3  per1000 ft2

Solid-Tyne Diameter 1.27 cm Yearly DV Vol. 0.00 ft3  per1000 ft2

Solid-Tyne Aeration Spacing 7.5 by 5.0 cm Yearly HT, St & DV Topdress Vo  3.94 ft3 per 1000 ft2

Solid-Tyne Aeration Depth 7.5 cm

DV Blade Thickness 2.0 — Yearly Total Sand Vol. 28.44 ft3 per 1000 ft2

DV Depth
HT, ST & DV Topdressing Depth




60 Month Results: Twice Yearly Hollow Tine + 8 Monthly Topdressings
Spatial Mean Monthly SOM in Green by Depth
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End of Month

Seasonal Topdressing needed to slow SOM accumulation.

End of Year 5
Depth  Organic
Increment Matter
cm % wt.
0-2.5 3.90
2.5-5.0 2.68
5.0-7.5 1.68
7.5-10.0 1.11

10.0-12.5




15 Year Results: Twice Yearly Hollow Tyne + 8 Monthly Topdressings
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End of Year

e—3.5-5

End of Year 15
Depth  Organic
Increment Matter

cm % wt.
0-2.5 3.55
2.5-5.0 1.93
5.0-7.5 1.11
7.5-10.0 0.95

10.0-12.5 0.78




Comparing 1/2-inch Hollow Tine to 1/2-inch Solid Tine Each with 8 Monthly Topdressings

Hollow Tine Solid Tine

Yearly Topdress Vol. 7.87 ft3 per 1000 ft2 Yearly Topdress Vol. 7.87 ft3 per 1000 ft2
Yearly Injection Vol. 0.00 ft3 per 1000 ft2 Yearly Injection Vol. 0.00 ft3 per 1000 ft2
Yearly HT Vol. 16.62 ft3 per 1000 ft2 Yearly HT Vol. 0.00 ft3 per 1000 ft2
Yearly ST Vol. 0.00 ft3 per 1000 ft2 Yearly ST Vol. 16.62 ft3 per 1000 ft2
Yearly DV Vol. 0.00 ft3 per 1000 ft2 Yearly DV Vol. 0.00 ft3 per 1000 ft2
Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2 Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Yearly Total Sand Vol. 28.44 ft3 per 1000 ft2 Yearly Total Sand Vol. 28.44 ft3 per 1000 ft2

End of Year 5 End of Year 15 End of Year 5 End of Year 15
Depth  Organic Depth  Organic Depth  Organic Depth  Organic
Increment Matter Increment Matter Increment Matter Increment Matter
cm % wit. cm % wt. cm % wt. cm % wt.

0-2.5 3.90 0-2.5 3.55 0-2.5 3.93 0-2.5 3.57
2.5-5.0 2.68 2.5-5.0 1.93 2.5-5.0 2.91 2.5-5.0 2.25
5.0-7.5 1.68 5.0-7.5 1.11 5.0-7.5 1.96 5.0-7.5 1.44
7.5-10.0 1.11 7.5-10.0 0.95 7.5-10.0 1.37 7.5-10.0 1.24

10.0-12.5 0.76 10.0-12.5 0.78 10.0-12.5 0.84 10.0-12.5 0.96

SOM removal has only a small effect.




3, 0.42-inch diam. Sand Injections + 12 Yearly Topdress Vol. 1181 M3 perlo00ft2
. Yearly Injection Vol. 17.05 ft3 per 1000 ft2
Topdressings Apr. to Oct. Yearly HT Vol. 0.00 ft3  per1000 ft2
Yearly ST Vol. 0.00 ft3 per 1000 ft2
Yearly DV Vol. 0.00 ft3 per 1000 ft2
. . Yearly HT, St & DV Topd Vv 0.00 ft3 1000 ft2
Spatial Mean Monthly SOM in Green by Depth cary opares= ¥ per
70 Yearly Total Sand Vol. 28.86 ft3 per 1000 ft2
60 (oo
400000
50 T T o
¢ 900000 End of Year 15
; 0000900000
E 40 OMOM“WQ-W €0-2.5 Depth  Organic
= -ﬁh\ e e wt.
= 3. 9
= 3.0 575 cm % wt.
20 |[-AAAAAAAAAAAAAAAAAAAAAAAAAAAAAMALAL AMMAMMAALLAMAAAMMAAALLALAS X7.5-10 0-2.5 3.55
10 A OOSOSBOOIOIOIIORIOOOOROOOOGOOOOOOOON K 10-12.5 2550 222
T OOREEEERRERERERIIHARIKKIKHHIAKIIIKIRIKIKIKORIICKIKOKIRATIORIIHIRIRK 50-7.5 142
0.0 7.5-10.0  1.23
0 10 20 30 40 50 60 10.0-12.5  0.35

End of Month

Very Similar Results as with Previous Hollow & Solid Tine Treatments.




. . . i Yearly Topdress Vol. 11.81 ft3 per 1000 ft2
1 Solid Tine (Apr.) + 1 Sand Injection Yearly Injection Vol. 568 ft3  per1000ft2
. Yearly H l. .
(Jul.) + 1 Deep Verticut (Oct, 5/64”) + early HT Vo 000 M3 perl000ft2
. Yearly ST Vol. 8.31 ft3 per 1000 ft2
12 Topdressings (Apr. to Oct.) Yearly DV Vol. 517  ft3  per1000ft2
Yearly HT, St & DV Topdress Vo  3.94 ft3 per 1000 ft2
Spatial Mean Monthly SOM in Green by Depth Yearly Total Sand Vol. 3491  ft3  per1000 ft2
7.0
60 o0e
o ML Sad End of Year 15
400000 Depth  Organic
H L 14
% 40 ¥ - S Increment Matter
N :
2 30 Cad
() 5-7.5
20 lasadAAa. AMAAMAAA  X7.5-10 0-2.5 2.61
%10-12.5 2.5-50  1.89
5.0-7.5 1.34
7.5-10.0 1.20

10.0-12.5 1.04

End of Month




1 SOIld Tine (Apr) + 1 Sand InjeCtion Yearly Topdress Vol. 11.81 ft3 per 1000 ft2

. " Yearly Injection Vol. 5.68 ft3 per 1000 ft2
(Jul.) + 1 Deep Verticut (Oct, 9/64”) + Yearly HT Vol. 000  f13  per1000ft2
. Yearly ST Vol. 8.31 ft3 per 1000 ft2
12 TOpdeSSlngS (Apr to OCt) Yearly DV Vol. 9.30 ft3 per 1000 ft2
Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Spatial Mean Monthly SOM in Green by Depth Yearly Total Sand Vol. 39.04 ft3  per1000ft2
70
6.0
50 End of Year 15
£ 40 LS Depth  Organic
E ’ Increment Matter
X M2.55 -
S 30 cm % wt.
(@) 5-7.5
20 X7.5-10 0-2.5 2.23
10-12.5 2.5-5.0 1.68
10 5075  1.20
0.0 7.5-10.0 1.11
0 10 20 30 40 50 60 10.0-125  0.38

End of Month

About 40 cu ft of Sand to Achieve 2.5% Surface SOM in 5-Years.




Yearly Topdress Vol. 11.81 ft3 per 1000 ft2

Same as Before EXCGpt Max SOM Yearly Injection Vol. 5.68 ft3 per 1000 ft2
. Yearly HT Vol. 0.00 ft3 per 1000 ft2
Accumulation = 2.0 g/kg. Yearly ST Vol. 8.31 ft3  per1000 ft2
Yearly DV Vol. 9.30 ft3 per 1000 ft2
Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Spatial Mean Monthly SOM in Green by Depth
Yearly Total Sand Vol. 39.04 ft3 per 1000 ft2
70
60 [o00
e
4
50 e End of Year 15
n €025 Depth  Organic
-ﬁﬁﬂ-‘h- Increment Matter
m2.5-5

OM % wt.

3.0 “...h‘_- cm % wt.
' *e0e 5-7.5
000000 M,F -ﬁ!
20 |lasaddhAAd. AAAASSS0004 4 = X7.5-10 0-2.5 1.54

SO X 10-12.5 2550  1.20

1.0 5.0-7.5 0.91
7.5-10.0  0.91
00 10.0-12.5  0.87

End of Month




. . Yearly Topdress Vol. 11.81 ft3 er 1000 ft2
New Green: 1 Solid Tine (Apr.) + 1 Sand Yearlz Ianction vol. 5.68 ft3 zer 1000 ft2
Injection (Jul.) + 1 Deep Verticut (Oct, 5/64”) + Yearly HT Vol. 000  ft3  per1000ft2
. Yearly ST Vol. 8.31 ft3 per 1000 ft2
12 Topdressings (Apr. to Oct.) Yearly DV Vol. 517 f3  per1000ft2
Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Spatial Mean Monthly SOM in Green by Depth | ..\ 1ota1 sand vol. 34.91 3 per 1000 ft2
3.0
L 2
25
End of Year 15
. 20 Depth  Organic
S LS Increment Matter
X 15 255 cm % wt.
=
(@) 5-7.5
10 o Gl 0-25 261
2.5-5.0 1.84
K 10-12.5

05 5.0-7.5 1.20

7.5-10.0 0.92

00 10.0-12.5 0.67

End of Month




New Green: Same as Before Except Max SOM
Accumulation = 2.0 g/kg & Deep Verticut (9/64”)

20
18
16
14
12
1.0
0.8
0.6
04
0.2
00

OM % wt.

Spatial Mean Monthly SOM in Green by Depth

Yearly Topdress Vol. 11.81 ft3 per 1000 ft2
Yearly Injection Vol. 5.68 ft3 per 1000 ft2
Yearly HT Vol. 0.00 ft3 per 1000 ft2
Yearly ST Vol. 8.31 ft3 per 1000 ft2
Yearly DV Vol. 9.30 ft3 per 1000 ft2
Yearly HT, St & DV Topdress Vo 3.94 ft3 per 1000 ft2
Yearly Total Sand Vol. 39.04 ft3 per 1000 ft2
End of Year 15
Depth = Organic
€0-2.5 P &
Increment Matter
259 cm % wt.
5-7.5
X 7.5-10 0-2.5 1.54
¥ 10-12.5 2.5-5.0 1.16
5.0-7.5 0.79
7.5-10.0 0.64
10.0-12.5  0.53
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