ing catch in baseball or football or a
diving header in soccer—depend
upon the skill of the player and the turf un-

= - -
der his feet. Amateur and professional ath-
O letes soon learn to judge the hardness of
fields they play on. One unforgiving colli-

sion with poor turf and promising careers

The best plays in sports—like a leap-

can abruptly come to an end.

]
The athlete who is likely to come in con-
tact with the ground should be able to ex-
pect a good dense turf to serve as a shock

absorber. It's important for everyone who

manages sports turf to understand what

makes turf and soil absorb shock well.
Sports turf soils need to be firm to pro-
vide stable footing. Soft and spongy soils

may be great to fall on, but they are dan-
gerous when an athlete is required to change
directions quickly.

Let's not forget that the turf takes a beating
too. Turfgrasses used for sports surfaces
are subjected to the harshest of growing
conditions. The physical wear of the sport
on the turf is damaging and limits the per-
sistence of the turfgrass plant. Seldom is

Sports tU'j; more than any other lype Of tU'f, there adequate time between practices and

games to allow for recovery of the turf.

By Eliot C. Roberts and Fred V. Grau

needs to be managed with consideration Furthermore, athletic activity compacts
S A soils even under the most favorable con-

Ofthe COrldIthf] Of the soil and the roots ditions. With field use, the soil structure be-
gins to collapse and the healthy relation-

i { : ship amo il, air and moisture is disrupt-

growing in that soil. ed. Poorer soil resricts root growth and

plants are weakened as a result.

We make matters worse at times by close
clipping. Such mowing practices may give
fields a well-groomed appearance, but they
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Soil organisms help particles in the soil combine with other particles to improve drainage and relieve compaction.
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restrict root penetration into the soil and
place the turf in a highly vulnerable posi-
tion where recovery from injury is most
difficult.

Sports turf, more than any other type of
turf, needs to be managed with constant
consideration to the condition of the soil and
the roots growing in that soil. Any practice
that amends the soil for optimum root growth
should be employed. Failure to manage the
turf below the surface is frequently the cause
for turf failure above the surface.

A variety of mechanical and chemical
techniques are commonly-used to improve
the condition of sports turf root zones. But
there is one major factor in soil manage-
ment that is frequently overlooked by sports
turf managers—those organisms living in
the soil. These micro- (very small) and
macro- (small) organisms contribute to the
shock absorbing characteristics of sports
turf. Since they are so small and hidden wi-
thin the soil, we seldom remember they are
there. In fact, they are so important, we
should make a major effort to promote their
general welfare.

These organisms were here on earth long
before man. Billions of years ago, three and
a half billion according to experts, micro-
organisms like these played a major role
in the development of our oceans, the at-
mosphere around the earth and the even-
tual formation of our soil. Working in con-
junction with physical, chemical and other

Root

Soluble
Mineral

Clay and humus particles are a vital part of
nutrient exchange and help buffer chemical
reactions between the roots and nutrients.

biological processes, micro-organisms
helped break down native rock into soil.
Since they were working with different types
of rock and in different climates, not all soils
are alike. Some soils are much older than
others. One observation on soil formation
is very clear: those soils that are most
productive agriculturally were formed un-
der grassland conditions and are high in
organic matter and very active biologically.

These native soils can support sports
fields under restricted use. Since restrict-

ing field use is frequently not practical, there
is a trend in athletic field construction to in-
crease the sand content of soils to a point
that resists compaction and increases in-
ternal drainage. This, in turn, improves root
penetration.

These amended, or artificial root zones,
are especially favorable for sports turf.
However, changing the soil disrupts many
natural soil functions and processes. For
example, replacing a portion of the soil with
sand also changes the content of colloidal
clay and humus of the root zone. These very
small, surface-active particles are important
sites for chemical and biological reactions.
They also store water and chemicals needed
for plant growth. By reducing their number,
you effectively reduce the exchange capacity
(cation and anion) of the sail.

Up-To-Date Root Zones. Realistically,
we don't even need soil to grow turfgrass-
es. They can be cultured in solution or sand
so that all essential nutrients along with oxy-
gen can be supplied in dissolved form
through the roots. Some sports fields have
such a high sand content that they come
close to qualifying as a hydroponics system.

However, these root zones also change
over time. As roots develop and enter con-
tinuous cycles of growth and decomposi-
tion, organic matter accumulates within the
root zone encouraging the establishment
of populations of micro-organisms and

continued on page 28
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continued from page 27

macro-organisms. These populations may
be quite different from those found in natural
soils with much lower sand content.

The value of these organisms as shock
absorbers may well be much less in this in-
stance since the hydroponic systems are
dominated by chemical reactions. In addi-
tion, they are not well buffered and may
change rapidly over time.

Striking evidence of this lies in the fact
that turf fertilization in hydroponic systems
requires direct application of nutrients in
amounts required to meet plant needs. In
natural soils, we indirectly fertilize the turf
by fertilizing the soil. The colloidal clay and
humus particles in the soil act as exchange
sites between the nutrients and the turf.
These particles also act as buffers between
the fertilizer and the turf.

Sports turf grown on natural soil is root-
ed into a medium that is usually highly
buffered. Plant nutrients and all sorts of com-
pounds within the soil system (both beneficial
and harmful) are made more or less avail-
able to grass roots by the soil colloids. The
colloids and the micro-organisms act as
chemical shock absorbers to the turfgrass
plant.

It's sometimes difficult to think of soil as
a combination of small particles. We can
easily see and understand soil components
such as stone, gravel, and coarse sand. It's

The colloidal clay and
humus particles in the
soil act as exchange
sites between the
nutrients and the turf.

more difficult to picture the much smaller
particles of clay, silt, and sand contained
in soil. Clays are so small that they are meas-
ured in minute units called microns. Sands
and silt are slightly larger and measured
in tiny units called millimeters (one millimeter
is one thousanth of a meter). Coarse sands
are nearly 40 times larger than fine sands.
Silts range in size between fine sands and
clay particles.

Since we seldom deal with particles this
small, it is necessary to compare sand, silt,
and clay sizes with some things we are
familiar with in order to picture their size.
If we could enlarge a particle of medium
sand to the size of the White House in
Washington, DC, then a silt particle would
be about the size of the President's limou-
sine and a clay particle would be about the
size of an orange the President is eating

while riding to the Capital.

With particles this small, there are very
many of them in the soil. For example, a
pound of medium sand contains about 2.5
million particles, while a pound of silt will
contain more than 2.5 billion particles and
a pound of clay will contain over 40 trillion
particles. Despite their small size, the sur-
face area of the particles is large. A pound
of sand has a total surface area of 20 square
feet. A pound of silt has 220 square feet
of surface area and a pound of clay would
have 5,500 square feet.

Now, if you think a clay particle is small
compared to a particle of sand, consider
how small a molecule of water is compared
to a clay particle. If you emptied the con-
tents from a two liter bottle and filled it with
sea water, and if you could tag each
molecule of water in the bottle and then pour
the water back into the ocean, once that
water was equally distributed the world over,
two liters of water from any sea would con-
tain about 30,000 tagged water molecules.

Despite the small size of many soil par-
ticles and water molecules, there are huge
numbers of them in the soil and they have
a very large surface area. The greater the
surface area, the more activity can take
place on these surfaces. It is this high sur-
face activity combined with living organisms
in the soil that make soil a living, dynamic
system than can serve as a shock absorb-
er for sports turf.
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100% CLAY (<2 microns)

PERCENT SAND

Soils are classified by the amount of sand, silt and clay they contain.

The shaded area represents soil preferred for sports turf.

Large numbers are not limited to soil particles, micro-organisms
and molecules. There are some 35 million grass plants per acre.
One single grass plant can produce 375 miles of roots that have
a surface area of roughly 2,500 square feet.

Putting it all together, sports turf culture involves large num-
bers of plants with the potential for extensive root contact with
soil particles, nutrients and organisms that are all part of the
most amazing system ever created or devised.

Soil Organism Benefits. Natural processes in the soil con-
vert organic matter (dead leaves, roots, insects, manure, etc.)
into humus. Humus is colloidal in nature, meaning it tends to
form and stabilize clumps or aggregates of soil. These aggregates
are essential to holding and exchanging nutrients for plant growth.

As organic matter decomposes, a variety of products and by-
products result, including cellulose, starches, sugars, oils and
fats. In addition to undecomposed residues, there may also be
proteins, amino acids and lignin. These are attacked by the micro-
organisms living in the soil. The micro-organisms utilize what
they can and release carbon dioxide, water, some alcohols and
organic acids. They may also release unutilized ammonia for
conversion to nitrate, a source of nitrogen used by turfgrasses.

Nitrogen is required for decomposition of organic matter to
occur. For this reason, some forms of organic matter decom-
pose more rapidly than others. If sufficient nitrogen is lacking,
a supplemental application of nitrogen must be made for decom-
position to continue. This is the reason fertilizer is added to compost
piles. Without enough nitrogen, organic matter may remain un-
decomposed or it may rob nitrogen from soil reserves needed
for turfgrass growth.

Populations of micro-organisms vary considerably in the soil.
High populations are favored by adequate moisture, warm tem-
peratures and the presence of organic matter. Localized dry spots,
cool temperatures and low organic matter levels discourage these
organisms. Population changes can take place quickly as con-
ditions become more or less favorable.

A good sports field soil should contain billions of micro-organisms
per pound. Even high sand fields contain beneficial micro-
organisms, although not as many as organic soils. Beside their
value to soil health while living, they also release nutrients back
to the soil as they die. These nutrients include significant quan-
tities of nitrogen, phosphorus, and potassium, in addition to small
quantities of calcium, magnesium and sulfur.

Macro-Organisms. Many small animals occupy the root zones
of sports turf and contribute to the living nature of the soil. Each
acre of turf contains millions of insects, spiders, mites, nema-
todes and other creatures. Earthworms are perhaps the best known
of all soil macro-organisms. Depending upon how favorable soil
conditions are, there may be as many as 70,000 earthworms
per 1,000 square feet.

continued on page 30
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Soil Type Sand Sitt Clay Available Moisture
% by weight % by volume
Sand 925 54 21 40
Loamy sand 805 154 41 75
Sandy loam 61.1 280 109 131
Loam 400 412 188 134
Silt loam 196 613 19.1 179
Silt 34 893 73 211
Sandy clay loam 57.1 196 233 104
Clay loam %68 419 313 115
Silty clay loamn 1.3 565 322 145
Silty clay 65 473 462 121
Clay 102 310 588 110
The Living Soil
continued from page 29
In a year's time, earthworms may deposit Sol C"“‘p"“"mﬂ . Wy&:’w
as much as 40 pounds of soil in their casts ) ;
on the surface for each 1,000 square feet Soil Separate  Particle Number of
of root zone. These casts are greatly en- Diametermm _ Particles/Gm
riched in comparison with the surrounding
soil. For example, the nitrate content of casts cv;gzr::z':ﬁ dsa"d %ﬂg 752%
can be three times greater than the sur- Ksilliim sand 0500.25 5777
rounding soil. The phosphorus content is  Fjne sand 025010 46213
frequently six times greater and the potas- Very fine sand 0.100.05 722074
sium content ten times greater. These in- Silt 0.05-0.002 5,776,674
creases in plant nutrients are a result of the Clay under0.002  90.260,853,860

digestion processes of the worm.

Shock Absorption. Sports turfgrasses
are living plants subjected to harsh grow-
ing conditions most of the time. Without the
assistance of the organisms living in the soil,
the physical and chemical processes tak-
ing place there can change little to accomo-
date the stress of unfavorable conditions
imposed on the grass, particularly its roots.
It is the living organisms in the soil that share
the good times with the bad with turfgrass
roots. They work together to make things
better for each other.

Basically, the turf generates roots. These
live a short time and die off only to form more
roots. The dead roots serve as a source of
food for soil organisms which, in turn, release
nutrients and improve the physical condi-
tion of the soil by producing humus and relat-
ed products.

Since both roots and soil organisms are
alive, they compete with one another for
space, moisture and nutrients. This strug-
gle can be harmful when population im-
balances occur. But most of the time, they
cooexist extremely well. The net result is
a buffering of soil reactions so that there
is less damage from the extremes of too
much or too little anything.

Excessive fertilizer in the root zone can
be utilized by soil organisms protecting the
roots from fertilizer shock. Soil organisms
also break down pesticide residues to cancel
out their pesticidal properties when they are
no longer needed.

By their activity, soil organisms help in
the formation of granules and improve soil
structure. They cannot substitute for
mechanical soil cultivation, aeration and cor-
ing. But they do help stabilize improved soil
structure following these mechanical oper-
ations.

Soil moisture relationships can also be
improved by soil organisms. By decompos-
ing organic matter they create substances
that increase the moisture holding capaci-
ty of the soil as well as improve aeration.
They are not likely, however, to improve
moisture conditions in hydrophobic (hard
to wet) soils since this problem is caused
by fungi rather than the physical condition
of the soil.

These benefits to sports turf come about
as positive means for lessening the stress
of the game on the grasses involved. The
shock of physical injury to the grass is
reduced. The shock of soil compaction on
air and moisture requirements of roots is
lessened. And the shock of misapplication
of chemicals (either too much or too little)
is cut.

Taking Care of Organisms. Sports turf
management has come a long way in the
past 20 years— perhaps out of necessity.
The tremendous use on athletic fields and
golf courses has forced the turf manager
to apply all available technology to help turf
withstand wear-related injuries. In our rush
to find solutions to field problems we must
make certain that we meet the needs not
only of the turfgrass, but also the needs of
soil organisms associated with grass roots.

We suggest that sports turf managers con-
sider a number of adjustments to their cur-
rent maintenance program to improve the
health of the organisms living in the root
zone of their turf. Incorporating these
changes will provide the shock absorption
needed by today's sports turf.

Soil Mixtures. Root zones for sport turf
should be constructed to contain sufficient
clay and organic matter to create a favorable
cation and anion exchange capacity for



grass growth. No set specifications can be
made that will satisfy all conditions. Physi-
cal testing of soils and soil amendments is
necessary to prescribe the right soil mix.
Such a mix will not only promote grass
growth, it will also favor the activity of soil
organisms.

Topdressing. Material used for topdress-
ing must be of the same texture as that of
the root zone. Any variation from this in terms
of higher silt and clay content could be dis-
astrous. Sand topdressing is used under
some conditions with satisfactory results.
However, for best microbial activity select
material exactly the same as the root zone.

Biological Activators. Some topdress-
ing materials are formulated with biologi-
cal activators. These contain organic sub-
stances that are conducive to the popula-
tion growth of soil microbes. Some contain
cultures of specific organisms.

A good healthy sports turf soil will not re-
quire biological activators and little benefit
should be expected from their use. A poor
sports turf may benefit from treatment with
these activators, however. The critical factor
is the amount of root growth. Where roots
are inactive and organic matter content of
the soil is low, activators seldom do much
good. When applications of the activator are
timed so that roots are still active and or-
ganic matter is still readily available for
decomposition, benefits are more frequently
noted.

Slow-release natural
and synthetic organic
fertilizers best meet
the needs of both
turfgrasses and soil
organisms.

Pest Control. Insecticides, fungicides and
herbicides are essential in the culture of
heavily used sports turf. “Organic” methods
of turf management will not make turf suffi-
ciently resistant to insects, diseases and
weeds to eliminate the use of pesticides.
Do not exceed the rates and frequency of
application that are recommended by the
manufacturer. Also apply pesticides at the
proper time to achieve the best results.
When this is done, injury to turfgrasses and
soil organisms will be minimal.

Fertilization. Slow-release natural and
synthetic organic fertilizers best meet the
needs of both turfgrasses and soil organ-
isms. These are subject to decomposition
by soil microbes. Other fertilizers used in

sports turf fertilization should be applied in
such ways that they duplicate the the slow
nutrient release properties of natural and
synthetic organics. This may involve use
of sulfur-coated urea or IBDU. It may me-
an frequent applications of urea or methy-
lene ureas or inorganic materials in rela-
tively small amounts. Most importantly, it
means reducing nitrogen applications during
stress periods and ocassionally utilizing iron,
either as chelates or other turf formulations,
instead of nitrogen to maintain turf color and
vigor.

Wetting Agents and Irrigation. Soils that
do not wet uniformly cannot support either
a healthy, vigorous turf or an active popu-
lation of soil organisms. Regular use of non-
ionic surfactants is advised.

Rainfall is seldom adequate for meeting
the water requirements of sports turf.
Although some fields are overwatered, many
others dry down too far because of inade-
quate irrigation systems. Irrigation sched-
ules should be programmed to prevent ex-
cessive dry down while avoiding constantly-
wet conditions. Soils probes or moisture
meters can be utilized to determine the
necessary frequency and depth or irriga-
tion for each field. Take factors such as
shade, wind and weather into considera-
tion and check and adjust system opera-
tion frequently. You want to apply water in
such a way as to encourage deep root

penetration.
continued on page 32
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Amazing Machines That Remove Water
From ANY Playing Surface

The remarkable SUPER SOPPER line of water This patented design, the only one of its kind in
removing machines, which have been used  the world, removes up to an inch of water with
throughout Europe, Asia and Australia for the each pass without damaging or compactin
past 8 years, are now manufactures and
available in the USA. The SUPER SOPPERS come in four models, ranging from the WHALE
have proven their reliability and effectiveness which is used on large areas like football fields,
on baseball and cricket fields, golf courses, baseballfields and horse racing tracks, through
tennis courts- anywhere water collects. They the SHARK and DOLPHIN which are the mid-
are much more effective than any other
devices in that they don't just push the water for tennis courts and smaller jobs.
around, they actually pick it up and carry it away.

“The SUPER SOPPER isgreat! We useit “Compared to what we've used in the
every time it rains.”

David Frey, Field Maintenance Dir.
Cleveland Indians and Browns

even the softest surface. SUPER SOPPER

range sizes, to the MACKEREL which is ideal

past, the SUPER SOPPER is fantastic!"

Butch Stemp, Parks & Rec. Dept.
South Holland, lllinois

Foravideo tape of these amazing machines, or for more information, contact:

KURAND)
Wl

(301)269-5504
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The Ultimate Protection For Lakes And Ponds

SEEDWITH
SEED AY__LBS PER 1000 SO F1

IMAX | [MING

FLEXALON EROLINER™
MEMBRANE

THENCH WITH SAND
ANDIOR SOIL BACKFILL
FOR MEMBRANE ANCHOR

MIN

NOTE HIGH POINT OF MEMBRANE
TO BE AT LEAST 18 INCHES ABOVE
HIGH WATER LINE

PREPARE SUBGRADE
PER LAKE SPECIFICATIONS

H.D.P.E. LAKE SEAL"II:ISG & EROSION DETAIL

H.D.P.E -
WATERPROOF
MEMBRANE

v" Provides a permanent impervious membrane liner with an erosion control mat.
v The most U.V. and chemical resistant material available for water conservation
and erosion control.

v" Eliminate costly and unsitely concrete, shotcrete or riprap.

v" Cost savings of 40% over conventional lake sealing and erosion methods.

The successful use of this synthetic membrane liner in a variety of water conservation control
applications lor more than 20 years has gained Flexalon's Membranes an enviable repultation
for stability and durability.

FLEXALON EROLINER™
Flexalon Inc.
P.O. Box 12810 @ San Luis Obispo, CA 934086
(805) 541-22086
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The Living Soil

continued from page 31

Aerification. Sports fields are always
prone to compaction regardless of the soil
mixture used. This means that regular aer-
ification or coring is necessary. Spiking may
also be needed on a frequent basis to loosen
up surface compaction. Both grass roots
and soil organisms require oxygen and
release carbon dioxide. Neither can survive
in compacted soil.

Mowing. In sporis turf, the grass roots
are the source of organic matter that con-
ditions the soil and makes it a living, dy-
namic system. Close mowing restricts root
growth and reduces the amount of soil or-
ganic matter that is available for soil micro-
organisms. Mow sports turf as high as the
play of the game will allow. Even a small
increase in leaf length will help make a stur-
dier grass plant by increasing carbohydrate
production for use in root growth.

Seeding. As grass plants wear out, they
must be replaced by new plants. The fre-
quent seeding of sports fields is necessary
in order to introduce new plant life. Use seed
that germinates quickly and produces see-
dlings of high vigor such as the new turf-
type perennial ryegrasses. Fine fescues,
Kentucky bluegrasses and turf-type tall fes-
cues are also used for sports fields. New
improved grasses that have increased dis-
ease and insect resistance, enough vigor
to heal injuries fast and crowd out seedling
weeds are highly recommended.

Conclusion. Scientific information on soil
micro- and macro-biology is much more ex-
tensive than many people realize. In 1955,
Dr. William Albrecht of the University of Mis-
souri published a paper entitled “The Liv-
ing Soil" in The Golf Course Reporter. Thirty-
three years later the subject is still very much
alive. A one-day seminar entitled “The Bi-
ology of Turfgrass Soils"” will be presented
at the Golf Course Superintendents Associ-
ation of America Convention in Houston,
TX, in February 1988.

There is no doubt that soil microbiology
and biochemistry are complicated subjects.
Despite the wealth of information on the sub-
ject, only limited discussion of soil microbi-
olgy is found in the trade journals or in the
programs of leading turf conferences across
the country. Clearly it is a difficult subject
to learn. Nevertheless, it is very important
for sports turf managers to have a grasp
of the fundamentals to protect the benefi-
cial organisms and the roots below the sur-
face of our valuable sports turf.

We must keep in mind that sports turf-
grasses are living plants subjected to harsh
growing conditions most of the time. Without
the assistance of the organisms living in the
soil, the physical and chemical processes
taking place there can change little to ac-
comodate the stress of unfavorable condi-
tions imposed on the grass, particularly its
roots. It is the living organisms in the soil
that share the good times with the bad with
turfgrass roots. They work together to make
things better for each other. &



