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I
f you are in a situation 
where you need to reduce 
your organic matter per-
centage on sand-based 
greens, what is a good 
program to implement? 

Conventional wisdom tells 
you to core aerate, remove the 
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plugs, topdress heavily with 
sand and brush it in to fill the 
holes. Intuitively, extraction 
and replacement is more effec-
tive then sand injection alone 
using either high pressure 
water injection or solid tine and 
backfilling with sand. But how 

significant is the difference? In 
fact, there are people out there 
that say you cannot effectively 
manage organic matter with-
out extracting a portion of the 
root zone (Moeller, A., Lowe, 
T. 2016). The purpose of the 
article is to examine the math 
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behind both extraction and 
replacement or sand injection 
alone. Understanding the effect 
each method has from a direct 
mathematical standpoint will 
help you create a suitable plan 
of action that has the least cost 
and disruption to play.

Suppose you have greens 
that are testing out to be 4.57% 
organic matter (OM) within 
the top 3 inches of your greens. 
Your goal may be to reduce it 
close to 3.25% as quickly as 
possible and maintain it some-
where at or below that thresh-
old in the future. You set the 
time period that you would like 
to achieve this at 1.5 growing 
seasons. During that time pe-
riod you estimate that you may 
gain another .43% OM so you 
set the start point for reduction 
at 5.00%. How many times do 
you need to core aerate and 
with what size tines? Of course, 
the larger the tines diameter 
and the tighter the spacing, 
the fewer the number of ap-
plications will be needed. In 
the case of injection, the same 
logic applies where the tighter 
the spacing, the fewer applica-
tions you will need to perform 
the task. This logic is related 
to the “area of disruption” 
often spoke about and where 
the USGA and others have 
recommended (Hartwiger, C., 
O’Brien, P. 2001, et al.) that 
the total of any given growing 
season fall under the guidelines 
of 10-20% surface disruption 
for organic matter control.

For this exercise we will 
assume that all core holes can 
be successfully filled with top-
dressing. Excess sand topdress-
ing left in the turf canopy is 
assumed zero and subsequently 
not factored in. Although this 
does not occur in practice, we 
adopted this simplification to 
directly compare core extrac-

tion and filling with sand to 
injection. 

An additional component of 
these calculations is determin-
ing the bulk density of the soil 
mix. The equation used for 
this calculation comes from 
the Estimated Bulk Density 
Calculation from USDA-NRCS 
(undated) which employs data 
of the component sand (1.56 g 
cm-3) and organic matter (0.22 
g cm-3) bulk density values. 
This equation, BD = 100/(% 
OM/OM BD)+((100-%OM)/
SAND BD)) computes to an 
existing BD of 1.196 g cm-3  
after the assumed growth is 
factored in. 

Following core extraction 
and refilling with sand, the 
average organic matter content 
across the green is calculated 
by using a soil mixing equation 
adapted from Taylor and Blake 
(1984). In this equation for 
core extraction and refilling the 
mass of organic matter remain-
ing after extraction is divided 
by the mass of added sand plus 
the mass of the remaining 
root zone. Thus, extraction of 
organic matter and presuming 
that the added sand contains 
essentially zero organic mat-
ter serves to reduce the aver-

age organic matter within the 
green itself. 

For sand injection, the mix-
ing equation is a bit different 
because no organic matter is 
removed by coring, so here the 
mass of the existing organic 
matter prior to application 
is divided by the mass of the 
added sand plus the mass of the 
existing root zone. Presuming 
the added sand also contains 
essentially zero organic mat-
ter, injection by itself serves 
to reduce the average organic 
matter within the green, in 
this case by dilution. To reset 
the total soil weight back to the 
0-3-inch zone we then use the 
new bulk density multiplied 
by the total volume of the 0-3-
inch zone.

The present situation tracks 
the organic matter changes 
within the surface 3 inches of 
a green and 2 by 2 inch spacing 
on both the coring tines or the 
sand injector. The calculations 
are also for 0.5 in diameter 
tines or equivalently 0.5-inch 
diameter injection holes. The 
calculation procedure is, how-
ever, adaptable for different 
depths, spacing and hole di-
ameters. 

The results for these calcula-

tions following eight consecu-
tive applications of either core 
extraction and refilling with 
sand or sand injection demon-
strate an essentially equivalent 
degree of organic matter reduc-
tion within the green where 
core reduced the OM to 3.04% 
and injection to 3.11% (Fig. 1). 

Using conditional probabil-
ity when coring and refilling 
allows for a “shortcut” to arrive 
at the net change in soil weight 
and percent OM when a total 
number of applications are en-
tered. Conditional probability 
factors in the amount of new 
amendment extracted from the 
previously filled core holes. In 
other words, the percent of hit-
ting virgin green space dimin-
ishes each time. The equation 
is 1-((1-area of disruption)X(1- 
area of disruption) to the power 
of (# of applications -1) or 1-((1-
4.91)X(1-4.91)^(8-1)=33.15%. 
The product of 33.15% is then 
multiplied by the original OM 
weight of the soil profile to ar-
rive at the weight extracted. It 
will be replaced with sand that 
is 7.091 times heavier then OM 
(SAND BD 1.56/OM BD.22). 
This new sand weight is added 
to the original sand weight and 
the new OM weight to arrive at 

Figure 1. Bar chart showing 8 consecutive applications:
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total soil weight. The new OM 
weight is then divided by total 
soil weight to arrive at the new 
percent OM (Table 1)

Sand injection will,  of 
course, result in elevating the 
green over time. Coring and 
then filling the holes will add 
to elevation also but not near 
as much. It does this because 
it would be impossible to get 
100% of the sand brushed into 
the aeration holes. About 20-
30% more sand topdressing 
needs to be applied in addition 
to what the math works out 
for the aeration holes alone. 
In general, the greater the area 
of disruption, the higher the 
percentage will make it to the 
holes. Careful consideration has 
to be given to not oversaturate 
the surface area between the 

core holes when attempting to 
fill them as this may contribute 
to sand layering.

Of course, using coring and 
injection together is a viable 
option. A scenario that may be 
sensible when on a short time-
line to reduce organic matter 
percentage dramatically is to 
start off with a very aggressive 
core aeration and backfilling. 
This way you get the benefits 
of extraction without the har-
vesting of newly amended sec-
tions of the green. Coring after 
multiple injections is just like 
coring after coring and backfill-
ing. Its effectiveness diminishes 
because of the extraction of 
new material already in place. 
Using .50-inch tines at 1.5 x 
1.5 inch spacing is a lot of work 
but gets you down to 4.45% 

organic quickly, which is close 
enough to pick away at it with 
less disruptive to play injection 
methods. It will take quite a bit 
of sand to backfill these holes, 
but if you can endure the pain, 
it is a great jump start. The 
total tons needed to fill JUST 
the holes for 100,000 square 
feet will be 106. You will need 
to order approximately 20-30% 
more to account for sand left 
in the turf canopy and waste 
in general. Following up with 
multiple injections at 1.5 x 1.5 
inch spacing with an average 
hole size of .328 will slowly get 
you to your target zone. After 
eight injections, the OM has 
dropped to 3.10%. Each injec-
tion will use 45.72 tons of sand 
based on 100,000 square feet 
(Fig. 2).

Once you have gotten the 
percent organic matter down 
to where you want it, the next 
goal is to maintain that percent-
age uniformly in the upcoming 
years. You have already done 
the hard part. It should not be 
too difficult to manage going 
forward. Percent organic mat-
ter build up over a given amount 
of time could span a broad 
range. It is dependent on the 
type of turf you are maintain-
ing, fertility inputs, climate, 
etc. Regular testing will help to 
determine if you are on target 
with your maintenance regime.

There has been quite a lot 
of discussion on the amount 
of sand required to be applied 
during any growing season to 
prevent organic matter build 
up. Again, there are many 
variables that could influence 
this. Research and surveys 
have put the range as low as 18 
or as high as 50 cubic feet per 
1,000 square feet (O’Brien, P., 
Hartwiger, C. 2003., Gaussoin, 
R.). For the most part, it does 
not matter how you get it there, 
but common sense would have 
you using the several known 
methods in combination while 
making sure it stays in the 
target zone. At this point the 
target zone could be 0 to 2.5” in 
depth. In reality, once organic 
matter is under control, the 
best thing you can do is make 
sure you have a reasonable 
topdressing program that uses 
light infrequent applications 
to thoroughly cover 100% of 

Figure 2. Depicts a very aggressive core aeration followed by 8 injection applications:

Table 1 CONDITIONAL PROBABILITY:

% OF GREEN HIT 33.15%

APPLICATION # 8

SAND OM TOTAL BD SAND OM

START 17730 933.2 18663 1.1958 95% 5%

WEIGHT CHANGE 2193 (309.31)

NEW WEIGHTS 19,923 624 20547 1.3165 96.96% 3.04%
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the surface area. This method 
covers the surface area or-
ganic build up. To make sure 
organic build up stays diluted 
underneath the canopy and in 
the most active root zone area, 
some form of aeration and 
incorporation method should 
be used. It could be a combina-
tion of several methods such as 
coring and replacing, injection, 
deep verticutting and replacing, 
or solid tine and backfilling. 
Each has its own attributes. 
The positive thing is that since 
you are starting at a good point, 
the total area of disruption does 
not have to be as dramatic as 

when your goal was to drop 
organic percentage. Consider 
leaning toward methods that 
have tighter spacing but with 
smaller holes or verticut lines 
to ensure a more homogeneous 
coverage. Keep in mind that 
core holes smaller then 3⁄8" are 
very difficult to backfill with 
sand. Our soil mixing tools can 
be useful in making decisions 
on maintenance.

Table 2. Demonstrates a 
maintenance regime after the 
organic matter percentage has 
been dropped to a healthy level. 
It is based on the assumption 
that there is an average of a 

.30% increase in organic matter 
percent per year for the entire 
2.5-inch zone. It is acknowl-
edged that the OM growth is 
greatest near the surface and 
progressively less with depth. 
This assumption can and will 
fluctuate in different climatic 
regions and will change with 
differing maintenance inputs 
and turf varieties. 

If you are able to replace all 
extracted material properly, 
coring and replacement will 
slightly exceed straight in-
jection from a mathematical 
standpoint in reducing organic 
matter percentage by weight. 

Table 2

MAINTAIN ORGAINIC % OM% START 3.10%

1 YR GROWTH 0.30%

CORE & REPLACE TOTAL TARGET 3.40%

WIDTH LENGTH

SPACING 3 2 TINE SIZE: 0.500

TARGET DEPTH 2.5

INJECTION:

WIDTH LENGTH

SPACING 1.5 2 HOLE SIZE: 0.328

TARGET DEPTH 2.5

AREA OF DISRUPTION SAND CUBIC FT/1,000

CORE 3.27% CORE 6.82 *

INJECTION 2.82% INJECTION 5.87

6.09% TOPDRESS 12.00

24.69

ORGANIC % REDUCTION TOPDRESS
^APPS CUPIC'/M TOTAL

CORE -0.13% 16 0.75 12

INJECTION -0.12% ^3 APP EQUIVELENT WHEN FILLING CORE HOLES WHEN LEFT IN 
CANOPY. 13 STAND ALONE APPS.

TOPDRESSING
-0.15%

-40.00% TOTAL TONS SAND BASED ON:

100,000 SQ.FEET 120.2

NEW OM% 3.00% *AMOUNT NEEDED TO FILL ONLY HOLES

Relying on straight coring alone 
would be very labor intensive 
and disrupt play quite a bit 
during your short corrective 
time period. Because of the 
injection method’s low impact 
on playability, you may want 
to seriously consider incorpo-
rating this method into your 
program. Could you even try to 
use injection all by itself? The 
math should help you decide.

Table 3. Shows the impact 
of tine size and spacing or 
comparable sizing for injec-
tion on sand material needed 
and impact at certain levels on 
OM reduction. 
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Table 3

AERATION SURFACE AREA, VOLUME AND ORGANIC MATTER IMPACT
TOTAL SQ FEET: 100,000

SPACING
HOLES 
PER SQ. 

FT. 

SINGLE 
TINE SQ. 
INCHES

% 
SURFACE 

AREA 
IMPACT

DEPTH

VOLUME 
EXTRACTED 

OR 
DISRUPTED 

CU. 
INCHES/F T

POUNDS 
DRY SAND 

PER 1,000 TO 
FILL HOLES 

ONLY OR 
INJECTED

% 
OMREDUCTION 
IN HOLE DEPTH 

PROFILE*

TONS OF DRY 
SAND TO 

PERFECTLY 
FILL EACH 
HOLE FOR 

ABOVE SQ T

OM 
REDUCTION 

AFTER 4 XS IN 
SHORT TIME 

PERIOD*

CORE AERATION 1/4” TINES

1 X 1 1.44 0.0491 4.91% 3 21.21 1,195 6.31% 59.8 22.54%

1 X 2 72 0.0491 2.45% 3 10.6 598 3.18% 29.9 12.00%

2 X 2 36 0.0491 1.23% 3 5.3 299 1.59% 14.9 6.20%

3 X 2 24 0.0491 0.82% 3 3.53 199 1.06% 10.0

3 X 3 16 0.0491 0.55% 3 2.36 133 0.71% 6.6

3/8" TINES

1 X 1 144 0.1104 11.04% 3 47.71 2689 13.94% 134.5

1 X 2 72 0.1104 5.52% 3 23.86 1345 7.08% 67.2

2 X 2 36 0.1104 2.76% 3 11.93 672 3.57% 33.6 13.39%

3 X 2 24 0.1104 1.84% 3 7.95 448 2.39% 22.4 9.14%

3 X 3 16 0.1104 1.23% 3 5.30 299 1.59% 14.9 6.20%

1/2" TINES

2 X 2 36 0.1963 4.91% 3 21.21 1195 6.31% 59.8 22.54%

3 X 2 24 0.1963 3.27% 3 14.14 797 4.23% 39.8 15.66%

3 X 3 16 0.1963 2.18% 3 9.42 531 2.83% 26.6 10.74%

3 X 4 12 0.1963 1.64% 3 7.07 398 2.12% 19.9

5/8" TINES

2 X 2 36 0.3068 7.67% 3 33.13 1867 9.78% 93.4 24.23%

3 X 2 24 0.3068 5.11% 3 22.09 1245 6.57% 62.2 17.17%

3 X 3 16 0.3068 3.41% 3 14.73 830 4.40% 41.5 15.38%

3 X 4 12 0.3068 2.56% 3 11.04 622 3.31% 31.1 13.29%

DRYJECT INJECTION
TOPCHANGER HD MANIFOLD

0.328” AVERAGE HOLE DIAMERTER

1.5 X 1 96 0.0845 5.63% 3 24.33 1371 7.22% 68.6 10.13%

1.5 X 1.5 64 0.0845 3.76% 3 16.22 914 4.84% 45.7 6.92%

1.5 X 1.7 56 0.0845 3.31% 3 14.31 807 4.28% 40.3

1.5 X 2 48 0.0845 2.82% 3 12.17 686 3.64% 34.3

ORIGINAL MANIFOLD 
0.40" AVERAGE HOLE DIAMETER

3 X 2 24 0.1257 2.09% 3 9.05 510 2.71% 25.5

3 X 3 16 0.1257 1.40% 3 6.03 340 1.81% 17.0

3 X 4 12 0.1257 1.05% 3 4.52 255 1.36% 12.7

MAXIMUS MANIFOLD
0.70" AVERAGE HOLE DIAMETER

6 X 5 4.8 0.3848 1.28% 9.5 17.55 989 N/A 49.5

6 X 6 4 0.3848 1.07% 9.5 14.62 824 N/A 41.2

DRILL & FILL 3/4” TINES

7.5 X 7.5 2.56 0.4418 0.79 10 11.31 637 N/A 31.9

1.0" TINES

7.5 X 7.5 2.56 0.7854 1.4 10 20.11 1133 N/A 56.7

GRADEN 5/64” BLADES

1 INCH N/A N/A 7.81% 1 11.25 634 3.37% 31.7

9/64" BLADES

1 INCH N/A N/A 14.06% 1 20.25 1,141 6.03% 57.1
*GRADEN % ORGANIC MATTER REDUCTION BASED ON DEPTH PROFILE OF: 3 INCHES


