








search projects designed fo help answer thess
questions, As a result of this research, areas of
the original Specifications. have now been re-
fined, These refinements include:

{1} Increased waler infilfration capacity
from the range of 1/2- to De-inches to between
4-and & inches per hour ideally.

{2} Increased amounts of sand and ths use
of sand of 2 finer texture. Sand of the trickor
mason class is preferred. Silica sands are recom-
mended, other sands zcceptable only in rare
cases where silica sand is unavailable, 1deal sand
particle size would be as follows:

130% below 16 mesh (1.0 mm)
35% betow - 32 mesh (0.50 mm)
15% betow 60 mesh (.25 mm)

5% below 160 mesh (0.06 mm)

{31 The elimination of the 1% inch sand
iayer {D--Figure 1} 15 still to be resolved
through additional research. For the present we
recommend it be retained,

{4} The collar arvea preferably shouid be
included as part of the putling green and should
be constructed exactly as'the green,

To better portray the particle size and
number of soil separates involved, we offer this
table for your ¢ritical examination,

Table 1—Characterisiics of Soil Separates
No. of Particies

Name Diameter per Gram
Yery course sand 2.00-1.00 mm 20
Coarse sand 1.00-0.50 mm 722
Medium sand 0.50-0.25 mm 5,777
, Fine sand 0.25-0.10 mm 46,213
Very fine sand  0.10-0.05 mim 722074
it 3.05-0.002 mm 5,776,674
Ciay betow 0,002 mm 90,260,853,860

*As established by the US. DA,

Seven steps in construction procedurse from
the 1960 original specifications with updated
refingments are presented herewith,

1. SUBGRADE

The contours of the subgrade should con-
form to those of the proposed finished grade,
with ‘a tolgrance of plus or minus 1. The
subgrade should be constructed at an elevation
14 inches below the proposed finished grade.
The subgrade should be compacted sufficientty
to prevent Tuture setiling which might create

- water-nolding depressions in the subgrade sur-
face and corresponding depressions in the pult.
ing surface,

Where terrain permits, it & possible to
budld the subgrade into the existing grade or 1o
cut it into the subsoil 1T is not necessary 1o
etevate of “build up” the green unless design

consideratians dictate the desirability of doing
s,

3

Figure 20 1. Sand considered ideal for use in
the top mixture flayer € in Figure 1), This is
classified as a coarse to medium sand. ‘
2 Very coarse sand suited to layer [ in Figure 1.
3. Washed pea gravel used in layer C in Figure 1.
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It will be noted that layers of materials
above the subgrade consist of 4 inches of gravel,
12 to 2 inches of coarse sand, and 12 inches of
topsoil mixture. Thus the total depth will be
17, to 18 inches. However, this fill material
will settle appreciably, and experience indicates
that 14 inches will be the approximate depth of
these combined materials after settling.
2. DRAINAGE

Tile lines of at least 4 inch diameter should
be so spaced that water will not have to travel
more than 10 feet to reach a tile drain. Any
suitable pattern or tile line arrangement may be
used, but the herringbone or the gridiron
arrangements will fit most situations.

Cut ditches or trenches into the subgrade
so tile lines slope uniformly. Do not place tile
deeper than is necessary to obtain the desired
amount of slope. Tile lines should have a
minimum fall of 0.5%. Steeper grades can be
used but there will seldom be a need for tile
line grades steeper than 3% to 4% on a putting
green.

Tile may be agricultural clay tile, concrete,
plastic, or perforated asphalt-paper composi-
tion. Agricultural tile joints should be butted
together with no more than 1/4-inch of space
between joints. The tops of tile joints should be
covered with asphalt paper, fiberglass composi-
tion, or with plastic spacers or covers designed
for this purpose. The covering prevents gravel
from falling into the tile.

Tile should be laid on a firm bed of 1/2
inch to 1 inch of gravel to reduce possible wash
of subgrade soil up into tile lines by fast water
flow. If the subgrade consists of undisturbed
soil, so that washing is unlikely, it is permissible
to fay tile directly on the bottom of the trench.

After the tile is laid, the trenches should be
backfilled with gravel, and care should be taken
not to displace the covering over the joints.
3. GRAVEL AND SAND BASE

The entire subgrade should be covered with
a layer of clean washed gravel or crushed stone
to a minimum thickness of 4 inches. The
preferred material for this purpose is washed
pea gravel of 1/4 inch to 3/8 inch diameter
particle size. If particles of any other size
are included, they should be screened out. THIS
IS IMPORTANT TO THE PROPER FUNC-
TIONING OF THE “PERCHED WATER
TABLE.”

A 112" layer of coarse sand is then spread
over the entire gravel base. This sand should be
within a range of five to seven diameters of the
gravel. In other words, if 1/4 inch pea gravel
(about 6 mm) is used, then the particles of the
overlying layer of sand should not be less than
1 mm in diameter. In order to prevent move-
ment of the sand into the gravel, the maximum
allowable discrepancy appears to be five to
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seven diameters.
4. “RINGING” THE GREEN

The earlier Specifications recommended
that the collar and apron soils should be put in
place prior to placing the prepared top mixture
on the green site. We are now refining this
recommendation to state that the collar should
be constructed to the exact same specifications
as the green.

5. SOIL MIXTURE

The success of the Green Section’s Method
of Putting Green Construction is dependent on
the proper physical characteristics of the soil
and the relationship of that soil to the drainage
bed underlying the green.

Native topsoils that meet these physical
characteristics are almost non-existent in na-
ture. Therefore, the putting green topsoil mix-
ture must be compounded from locally avail-
able sand, soil and organic amendments. How-
ever, because of extreme local variations in
these materials, a high degree of expertise is
required in compounding topsoil blends with
the desired properties. Different lots of sand
vary considerably in particle size and shape.
Native soils also vary greatly in particle size and
shape, as well as in degree of aggregation,
acidity, fertility, soluble salt content, and or-
ganic matter content. Perhaps the most variable
of these materials are the organic amendments.
They may differ in plant material origin, degree
of decomposition, mineral impurities such as
silt and clay, as well as in acidity and fertility.
Manufactured, or processed organics also differ
widely from natural organics.

1t is very uniikely that goif course archi-
tects, builders, or superintendents can cope
with the variability in construction materials
when formulating topsoils and topdresses for
greens. Therefore, since successful construction
is dependent on the proper combination of
physical and hydraulic properties in the topsoil,
a physical soil analysis must be made of
available construction materials before they are
procured. The abundance of each material to
complete the job should also be investigated,
and representative samples of each material
tested by a competent taboratory.

The laboratory tests are concerned with
the following data:

Infiltration and Percolation Capacity.
When the topsoil mixture is compacted at a
moisture content equal to field capacity on the
green, and maintained under a constant head
flowoof water for 24 hours at a temperature of
20.2 C., as described by Ferguson, Howard and
Bloodworth, it should have a minimum labora-
tory infiltration and transmission rate for water
of two inches per hour for greens planted to
bermudagrass, and three inches per hour for
greens planted to bentgrass. The maximum in-



filtration and transmission rate in the laboratory
should not exceed 10 inches per hour with
normal materials. Rates of four to six inches per
hour are ideal.

Porosity. Compacted topsoil mixtures that
have been allowed to percolate water for 24
hours, and then drained at a tension of 40 cm
of water, should have a total pore space volume
between 40 and 55 per cent. The volume of
non-capillary pores at a tension of 40 cm of
water should not be less than 15 per cent.

Bulk Density. Topsoil mixtures com-
pounded with sand as the chief component,
ideally should have a bulk density between 1.25
and 1.45 grams per cubic centimeter. The
minimum acceptable bulk density for such
mixtures should be 1.20g/cm3 and the maxi-
mum shoutd be 1.60 g/cm~.

Water Retention Capacity. The water heid
by a soil against drainage is the water that
supports growth of the turf. In putting greens
the drainage potential from the putting surface
to the tile is approximately 40 centimeters (16
inches) without a 2-inch sand layer over the
gravel, and 45 centimeters with the 2-inch sand
layer.

The available water in the topsoil is esti-
mated to be the water which is held at tensions
between 40 cm of water and 15 atmospheres.
The topsoil should have a laboratory 40 cm
water retention capacity between 12 and 25 per
cent by weight on a 105—111° C. oven dry soil
basis.

Particle Size. The topsoil mixture ideally
should contain no particle larger than 2 mm (9
mesh) in diameter. However, 3 per cent parti-
cles larger than 2 mm is permissible if most of
these are smaller than 3 mm. The total soil
mixture should not contain more than 10 per
cent particles larger than 1 mm (16 mesh) and
no more than 25 per cent particles smalier than
0.25 mm (60 mesh). In addition, the mixture

Table 2. Variability in sands selected for putting

should contain less than 5 per cent siit (0.002
to 0.05 mm) and 3 per cent clay (smaller than
0.002 mm).

Because of the narrow acceptable limits in
the physical properties of the topsoil mixture,
it is extremely important that recommenda-
tions based on laboratory analysis be followed
carefully when mixing the components for the
topsoil mixture. When it becomes necessary to
substitute a new material for one of the original
materials in the mixture, the mixture should be
retested before proceeding with mixing.

When the proper proportions of the soil
components have been determined, it becomes
extremely important that they be mixed in the
proportions indicated. A small error in percent-
ages in the case of high silt or plastic clay soils
can lead to serious consequences. To insure
thorough mixing and the accurate measurement
of the soil components, off site mixing is
advocated. During construction, quality control
checks should be made periodically on all soil
components as well as the final mix. At this
time it is wise also to prepare and stockpile
several hundred extra cubic yards of the topsoil
mix for subsequent topdressing of greens.

6. SOIL COVERING, PLACEMENT,
SMOOTHING AND FIRMING

When soil has been thoroughly mixed off
site it should be transported to the green site
and dumped at various points around the
perimeter. The soil can then be moved more
easily from the edges to the center. Many
techniques are acceptable for spreading the soil,
including shovels, boards and small equipment.
A small crawler-type tractor suitably equipped
with a blade, for example, is useful for pushing
the soil mixture out onto the prepared base. If
the tractor is always operated with its weight
on the soil mixture that has been moved onto
the site, the base of the green will not be

green construction from different locations.

Particles

Particles Particles Infiltration
Sand Source 0.05 mm and larger  0.002-0.05mm  less than 0.002 mm in./hr.
Whispering Pines, N.C. 99.0 1.0 0.0 31.2
Birmingham, Ala. #1 97.6 2.4 0.0 16.6
Birmingham, Ala. #2 85.0* 13.2 1.8 0.1
Norcross, Ga. 99.4 0.6 0'0 26.6
Tuscon, Ariz. 88.4 8.8 2.8 7.2
San Diego, Calif. 98.0 2.0 0.0 17.7
San Diego, Calif. 99 5 0.5 0.0 123.2
Concord, Mass. 98.7 0.0 1'3 9.0
Highland Park, I11. 97.5 05 2.0 12.4
Buffalo, N.V. 98.4 1.6 0.0 11.4
College Station, Tex. 98.9 1.1 o.o 9.9

*Sand mostly below 0.25 mm

**85% from 0.5 to 1 mm

USGA GREEN SECTION RECORD



Table 3. Variability encountered in organic
amendments for topsoil mixtures.

Table 4. The inftuence of native soil on infiltra-
tion rate of a sand-soil mixture.

Titratable
Acidity to
pH 6.5
Organic Material and meq./100 %
Source pH grams Ash
Sewage Waste (Calif.) 7.3 0.0 67.3
Muck—Peat (Ind.) 5.8 5.0 25.8
Muck—Peat (N.C.) 3.8 5.6 73.2
Moss Peat (Ore.) 4.0 30.7 3.9
Sedge Peat (Wis.) 6.0 1.4 12.8
Moss Peat (Ga.) 6.2 2.8 194
Lignified Wood (Calif.) 5.6 1.5 1.0
Rice Hulls (Tex.) 6.4 0.0 243
Cotton Gin Trash (Tex.) 8.3 0.0 43.3
disturbed.

Grade stakes spaced at frequent intervals
on the green site will be helpful in indicating
the finished depth of the soil mixture, Finishing
the grade will likely require the use of a level or
transit.

When the soil has been spread uniformly
over the surface of the putting green it should
be compacted or firmed uniformly. A roller is
not satisfactory because it *‘bridges’” the soft
spots. *“Footing” or trampling the surface will
best eliminate the soft spots. Raking the surface
and repeating the footing operation will resultin
having the seedbed uniformly firm. It is impos-
sible to overemphasize the point that the raking
and footing must be repeated until uniform
firmness is obtained.

7. STERILIZATION OF SOIL AND ESTAB-
LISHMENT OF TURF

These steps may be accomplished by fol-

lowing well-known conventional procedures.

Opportunities for Error

With the restatement of these procedures,
let us re-examine the recommendations step by
step and point out some of the opportunities
for error.
THE SUBGRADE

When a new green is buiit there is a lot of
fill to be moved away or onto the site as design
and terrain dictate. In either case the builder
must strive to compact the subgrade as thor-
oughly as possible. Only in this way will settling
be prevented. If uniform layers of gravel, sand,
and soil overlay the subgrade, it is obvious that
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Ratio of Bulk Pore infiltra-
Components Density Space tion Rate
(inches/
hour)

Non-

Capil- Capil-

Sandl/ Soil 2/ g/cc lary lary
10 0 1.36 13 36 10.4
9 1 1.30 14 37 8.8
8 2 1.39 17 30 4.0
7 3 1.41 25 22 2.2
5 5 1.47 39 6 0.1

1/ Sand contained 22.7, 36.3, 30.0, 7.3, 1.6,
0.0, and 2.1 percent of very coarse, coarse,
medium, fine, very fine, silt and clay, re-
spectively.

2/ The soil contained 88.8% sand, 6.3% silt and
4.9% clay.

any settling below will result in a corresponding
settling of the top. Therefore, a thorough
compaction of fill areas in the subgrade is of
paramount importance if the green is to main-
tain the character of contours built into it.
TILE DRAINAGE

It is commonly believed that the use of a
gravel layer provides adequate drainage and that
the installation of tile is a needless expense. No
doubt there is a good reason for this belief in
some cases. However, when large amounts of
water are moving through soil under conditions
of heavy rain or rapid irrigation, and where the
water must move a considerable distance to
reach an outlet, tile lines aid in speedy removal
of excess water. Excess water is efficiently and
effectively removed from the approach area by
tile whereas with only a gravel layer little
control of directional removal of water is
obtained. Tile lines, in addition, assist in remov-
ing water trapped in pockets if settling should
occur. Putting greens are the most expensive
golf turf commodity and require the most
exacting standards for excellence. The small
additional cost of adding tile is very much
worth the insurance it provides.
GRAVEL AND SAND BASE

In a few cases builders have used tile and
then assumed that there is no need for a gravel
layer above the subsoil base (Figure 1—Layer
C). This assumption is erroneous. The gravel
layer provides a medium whereby water can
rapidly move laterally and very easily find its
way into the tile lines. The gravel also provides
a barrier between the top mixture and the soil



The two most commonly used
drainage patterns for putting greens.
Four inch diameter tile is spaced at
15 to 20 foot intervals, depending
on slope. Approximately 100 linear
feet of tile is required for every
1,000 square feet of putting sur-
face to be drained. The collar nor-
mally is three to five feet in width.
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below to prevent the dry subsoil from drawing
water out of the top mixture. The tile and
gravel function as a team to provide insurance
against water logging of any kind within the
putting green profile. Tile is normally placed at
the bottom of the gravel layer and is spaced at
intervals of 15 to 20 feet, depending on the
degree and direction of slope.

The layer of coarse sand (Figure 1—Layer
D) used over the gravel base is for the sole
purpose of preventing the soil particles from
migrating downward into the gravel. There is
evidence that with certain conditions the sand
layer is not required. This is a parameter under
study at present. Until additional areas are
researched, we feel it essential to continue with
the sand layer as before.

THE COLLAR (APRON) AREA

Establishing a collar or so-called apron to
the same specifications as the putting green
itself is important to the performance of the
total greens area. The same kind of turf
normally is grown on the collar as is grown on
the putting surface except that it is maintained
at a higher cut. The collar is subject to heavy
traffic and the same management as the green
area, therefore to realize the best from it,
construction should meet the same specifica-
tions as prescribed for the putting green proper.

The soil at the outer edge of the collar will
abut against the native soil which without
question will be heavier than the prepared top
mixture and may be far less permeable to
water. For this reason there could be a decided
difference in plant and soil performance in this
area. Therefore it is advocated that a strip of
polyethylene plastic sheeting be placed vertical-
ly between the two soils to reduce chances for
problems developing along this line of division
between the natural and synthetic soil.
THE INTERFACE

Apparently one of the most puzzling of the

Herringbone Pattern

Gridiron Pattern
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principles involved in the Green Section specifi-
cations is the function the textural barrier, the
boundary between the top mixture and the
gravel. Figure 2 is a photograph showing that
water does not move from a layer of fine soil
into a lower layer of a coarser textured soil
until the fine textured soil becomes saturated.
The reason for this failure of water to readily
cross the ‘‘textural barrier” is a matter of
surface tension. When sufficient gravitational
force (weight) accumulates, the tension force is
overcome and water then drains out through
the sand and gravel.

The “textural barrier” then can be used to
increase the water-holding capacity of a coarse
textured soil. If irrigation is stopped just before
the soil reaches the saturation point, no drainage
occurs. On the other hand, in the case of an
excessive rainfall, the soil will not hold too
much water. It is paradoxical that the soit
overlying such a textural barrier can be made to
hold more water than it would without the
gravel layer, but it cannot be made to hold
enough water to be harmful to plants.

THE TOPSOIL MIXTURE

The proper blend of soil components to use
in the top mixture (Figure 1—Layer E) is ac-
curately determined after extensive laboratory
tests. Only in thisway is it possible for soil scien-
tists to advise what proportions of sand, soil and
organic matter are to be mixed to meet the
infiltration and physical requirements specified.
This is critically essential to the success of
construction, and it allows the builder to make

-the best possible use of materials available

within reasonable distance of the construction
site. This has favorable bearing on total costs of
materials used for construction.

A chemical analysis of the recommended
top mixture should then be made for lime and
nutrient requirements in turfgrass establish-
ment.
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