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been established for subsurface water
(through tile lines), the green should
be “ringed” with the soil which is to
be used for aprons and collars. This
soil should be placed around the green
and any contours established in such
a way that they will blend into the
putting surface.

The next step is to fill the depres-
sion, which represents the putting
surface, with the prepared topsoil
mixture described in the following
paragraphs.

5. SoiL MIXTURE

A covering of topsoil mixture at
least 12 inches in thickness should
be placed over the sand and gravel
layers.

The soil mixture should meet cer-
tain physical requirements.

Permeability—After compaction at
a moisture content approximately
field capacity as described by Fer-
guson, Howard and Bloodworth, a
core of the soil mixture should per-
mit the passage of not less than 1%
inch of water per hour nor more than
1% inches per hour when subjected to
a hydraulic head of .25 inches.

Porosity—After compaction, a sam-
ple of the soil mixture should have a
minimum total pore space of 33%.
Of this pore space, the large (non-
capillary) pores should comprise
from 12 to 189% and capillary pore
space from 15 to 21%.

Information with respect to bulk
density, moisture retention capacity,
mechanical analysis, and degree of
aggregation in the hands of a soil
physicist may be helpful in further
evaluating the potential behavior of
a putting green soil.

Few natural soils meet the require-
ments stated above. It will be neces-
sary to use mixtures of sand, soil, and
organic matter. Because of differences
in behavior induced by such factors
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as sand particle size and gradation,
the mineral derivation and degree of
aggregation of the clay component,
the degree of decomposition of the
organic matter, and the silt content
of the soil, it is impossible to make
satisfactory recommendations for
soil mixtures without appropriate
laboratory analyses.

The success of the method of con-
struction herein described is depen-
dent upon the proper physical char-
acteristics of the soil and the relation-
ship of that soil to the drainage bed
underlying the green. Therefore a
physical analysis of soil should be
made before the soil components are
procured. When the proper propor-
tions of the soil components have been
determined, it becomes extremely im-
portant that they be mixed in the
proportions indicated. A small error
in percentages in the case of a plastic
clay soil can lead to serious conse-
quences. To insure thorough mixing
and the accurate measurement of the
soil components, “off site” mixing is
advocated.

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 the
edge of the green. Padding the edge
of the green with boards may be
necessary to prevent disturbance by
wheeled vehicles of the soil previously
placed around the outside of the putt-
ing surface. A small crawler-type
tractor suitably equipped with a blade
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 hauled onto the site, the base
will not be disturbed.

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

When the soil has been spread uni-
formly over the surface of the putting
green it should be compacted or firmed
uniformly. A roller usually is not
satisfactory because it “bridges” the
soft spots.

“Footing” or trampling the surface
will tend to eliminate the soft spots.
Raking the surface and repeating the
footing operation will result in having
the seed or stolon bed uniformly firm.
It should be emphasized that the
raking and footing should be repeated
until uniform firmness is obtained.

Whenever possible after construc-
tion, saturation of the soil by exten-
sive irrigation is suggested. Water is
useful in settling and firming the
surface. This practice will also re-
veal any water-holding depressions
which might interfere with surface
drainage.

7. STERILIZATION OF SOIL AND ESTAB-
LISHMENT OF TURF

These steps may be accomplished by
following well-known conventional
procedures.

With the restatement of these pro-
cedures, let us reexamine the recom-
mendations step by step and point out
some of the opportunities for error.

THE SUBGRADE

When a new green is built and the
subgrade is contoured, it frequently
happens that there is a rather large
amount of fill. It is very difficult to
compact filled areas sufficiently to
preciude further settling. However,
the builder must strive to prevent
further settling if at all possible. If
uniform layers of gravel, sand, and
soil overlay the subgrade, it is obvious
that any settling of the subgrade will
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result in a corresponding settling of
the top. Therefore the thorough com-
paction of filled areas is necessary if
the green is to maintain the 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 good reason for this belief
in many 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 the
removal of excess water. It is also
true that despite the best efforts to
compact the subgrade, it sometimes
settles after construction and “pock-
ets” appear. Tile lines help to remove
such trapped water. A putting green
is expensive to build and the relatively
small additional cost of adding tile
drainage appears to be a small price
for the insurance it provides.

GRAVEL AND SAND BASE

In a few cases builders have used
tile and have then assumed that there
is no need for a gravel base. This as-
sumption is the result of a failure to
understand how water moves in the
soil. Lateral movement of water is
relatively small unless there is a bar-
rier which impedes its downward
movement. See Figure 2. Therefore
when tile is placed near the surface it
must be very closely spaced if it is
to remove much of the excess water.
Conversely, if it is spaced at intervals
of more than 4 or 5 feet it must be
placed very deeply.

When the gravel layer is used be-
neath the putting green, it provides a
medium whereby water can move
laterally very easily. Thus tile can be
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mixing soil materials in place on the
green site.

ESTABLISHMENT OF TURF

Because of the fact that soil mix-
tures prescribed are quite porous,
there have been a number of cases
where greens have been rather slow
to become established. Frequent, light
fertilization of newly seeded or vege-
tatively planted greens appears to be
one method of speeding establishment.

In several cases these greens have
been sodded. This is a satisfactory pro-
cedure provided the sod is grown on
the same soil mixture as is used in the
green. Growing sod on a heavier soil
and then moving it to a porous putting
green soil is an almost certain invita-
tion to failure.

USE THE “WHOLE PACKAGE”

The steps outlined for constructing
putting greens will provide excellent
results if they are followed exactly
and completely. This fact has been am-
ply demonstrated.

Equally demonstrable is the faect
that going just part of the way with
these procedures is an invitation to
failure. A great many years of re-
search have gone into the study of
each phase of this method of construe-
tion. If one uses a heavy soil, he must
either use a much deeper seedbed or
he must leave out the gravel layer. If
one mixes a soil that is too sandy and
too deep, it will be droughty.

These are negative ways of saying
that if you undertake to construct a
putting green by this method, follow
the instructions completely.

HOW EXPENSIVE?

Some clubs have been deterred
from building putting greens by this
method because they have thought
that the construction costs will be
excessive. It is obviously impossible
to predict the cost in any given area
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because of variations in the cost of
soil materials, gravel, and labor. Some
ideas of quantities of materials may
help in cost estimations. The follow-
ing quantities of materials are re-
quired per 1,000 square feet of putt-
ing surface:
Gravel 4  inch depth—12.3 cubic yards
Sand 1% inch depth— 4.6 cubic yards
Soil Mixt. 12 inch depth—37.0 cubic yards
Tile approximately 100 lineal feet
Finally, the reader again is referred
to the original article published in the
USGA JoUrNAL of September 1960.
The same procedures are still recom-
mended, and the same criteria for
determining soil mixtures are still
being used. The original publication
contains a list of references which
will provide informative background
reading. In the same issue, there is
an article describing laboratory
methods used in soil mixture evalu-
ation. Five years of field experience
in widely separated geographical
areas provide abundant evidence of
the merits of this method.

COMING EVENTS

. 17-18 ... Minnesota Turfgrass Conference
Normandy Hote}
Minneapolis, Minn.

Dec. 1-3 ......... Oklahoma Turfgrass Conference
Oklahoma State University
Stillwater, Oklahoma

Dec. 2-3 ... Ilinois Turfgrass Conference
University of Illinois
Urbana, Illinois

Dec. 6-8 ... Texas Turfgrass Conference
Texas A&M University
College Station, Texas

Dec. 8-9 .......... Louisiana Turfgrass Conference
Univ. of Southwestern Louisiana
Lafayette, La.

Jan. 4-
March 11 ... Winter Turf Course
Rutgers University

New Brunswick, N. J.

Jan. 12-14 ... Nebraska Turfgrass Conference
Lincoln, Nebraska

Jan. 20-21 ... Golf & Fine Turf Short Course
Rutgers University
New Brunswick, N. J.

Jan. 25-26 ... Virginia Turfgrass Conference
John Marshall Hotel
Richmond, Va.

.......... USGA Green Section Conference
New York, N. Y.
















at least 60 feet away from putting
surfaces. There are a few older trees
on the course which are closer to the
greens and these have been the source
of some problems. In the case of
bermudagrass or zoysiagrass tees, it
is well to keep trees some distance
away. Neither of these grasses does
well in shade.

Many Elms

Types of trees used are chosen after
considering a great many factors. Ap-
proximately 60 percent of the trees
at Mission Hills are elms. The Ameri-
can elm is one of America’s most ex-
cellent shade trees and it is the most
widely used single species. The spread
of the Dutch elm disease in recent
years poses a serious threat to this
magnificent tree. It is to be hoped that
the apathy of Midwestern citizens can
be dispelled soon enough to bring
about protective measures. Inasmuch
as the disease is spread by the elm
bark beetle, intensive communitywide
insect control programs have been
effective in checking the spread of
the disease. However, a single
diseased tree allowed to stand too long
can be the source of infection for a
tremendous area.

Chet has also made use of a number
of Chinese or Siberian elms. These
are very rapid-growing trees which
produce quick effects. Consequently
they are pruned rather heavily and are
removed when they get “out-of-hand.”

For variation in color and texture
of foliage a great many oaks and
maples have been used. These two
species are among the most colorful
in autumn. Further variation has
been introduced by the use of syca-
more, ash, linden, gum, and willow.

Evergreens have been used for such
purposes as background, screening
and color contrast. Among the ever-
greens are varieties of pine, spruce,
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fir and arbor vitae. These trees are
always planted well away from play
areas so that low hanging branches
will not affect play.

In the spring there is a display of
color from flowering crab apples, red-
buds, purple leaf plums, flowering
peach and similar spring flowering
trees. Among the trees that are not
commonly grown in the Kansas City
area are the ginkgo, the horse chest-
nut, golden rain, and Chinaberry.

For winter color and contrast the
white bark of birch and sycamore
against a background of evergreens
is a beautiful sight. Judging from
comments of club members, Chet
feels that the most popular trees he
has planted are the golden rain trees
and the flowering crab apples.

Plan Ahead

Trees are such relatively slow-
growing plants that one must be able
to foresee the effects of his planting
some 20 yvears hence. Mendenhall con-
tends that one must look ahead 20 to
30 years in planning a tree program.
Unfortunately there are relatively
few men endowed with the foresight
and the concern necessary to plan so
far into the future.

The members of Mission Hills
Country Club and their children will
for many years benefit from the plans
and the plantings that have been
taking shape for the last 31 years at
their club. Their legacy derives from
the services of a man who has been
devoted to his club, who recognizes
beauty in Nature, and who has the
foresight and the skill to combine his
devotion and his artistry into an out-
standingly beautiful landscape.

Anyone who walks the fairways of
Mission Hills must have his enjoy-
ment increased because of the years
that Chet Mendenhall managed this
golf course.
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