
Golf Course Drainage
First of a series of articles written exclusively for The National Greenkeeper

by An1erica's foremost golf course drainage engineer
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Aloisture Content and Turf Production:-
The amount of moisture necessary for
good turf production varies greatly with
the soil texture and structure, the turf and
the climate. Lyon and Fippin state in
their text, "The Principles of Soil Manage-
ment," that "-other things being 'equal,
more water wilI be required in an arid
region than in one of humid climate; more
in a warm region than in a cold region;
more in a clay soil than in a sandy soil;
more in a windy section than in a region
of still atmosphere; more with a high" soil-
moisture content; more on a poor soil; and
lastly, more water is used per pound of
dry matter produced in a small growth of
turf than in a large growth. Not only is
the total seasonal requirement to be con-
sidered, but the maximum demand of the
turf at any period of its growth must be
met."

TABLE I
llI0ISTURE CAPACITY OF SOILS

Forms of Soil NIois/ure :-Soil moisture is
of three different classes: (1) Gravitational
water, or that water which is free to move
in the soil under the influence of gravity;
(2) Capillary or film moisture, which is

held, by surface tension against the influence of gravity;
and (3) Hygroscopic moisture or that which condenses
from the atmosphere upon the surface of the soil par-
ticles.

Gra'vitatjOllal 111oisturc :-Land drainage has been aptly
defined as the removal of the surplus moisture from the
soil. ( UsHally this is only the means to an end} as the
benefits of drainage are due to those actions 1nad~ pos-
sible b}' the removal of the surplus moisture.) Under-
drainage is the removal of this water by artificial or
natural means under the surface. As it is only the gravi-
tational soil 'Water which is free to move under the in-

\Vater Capacity
Min. Max.
% %

Light Sandy Loam-Early
Truck Soil .. " 3

Silt Loam-Bluegrass Soil 15
Clay-Black Cretaceous

Prairie Soil 23 40* 17 274 7.6
(From "The Principles of Soil Management", Lyon &

Fippin).
*Assumed.

Editor's not~: Mr. Mil1~r was
formerly Extension specialist
in Agricultural Engineering at
Ohio State University, and his
background of training ino;ludes
sereral years of study in soil
physics and chemistry. Since
1920 his unusual abilities hav~
be~n devoted to solving th~
drainaKe and soil jmprov~m~nt

problems on Kolf courses.

THE need for under-drainage and aera-
tion 0 f golf cou rse soils is universal.

If the natural character of the soil does not
permit of rapid percolation of rain or ir-
rigation water and the retention of
sufficient moisture for luxuriant growth,
artificial means must be used to change the
soil conditions.

N early all the processes of plant food
liberation within the soil and the absorp-
tion of these foods by grass plants are de-
pendent upon the proper balance between
moisture and air in the soil.

In approaching a study of land drainage
one must have a clearly defined idea of the
functions of water in the soil. This first
article is therefore confined to this subject,
soiL moisture, for the reason that it ex-
plains the reason for tile drainage.

In later articles dealing with the me-
chanics of tile drainage numerous points
will be raised which are open to individual
opinion, but the statements made here
in regard to soil moisture admit of very
little dispute. However, you may have
at this time a very different idea of the
subject and its value in golf course management.

Source of SOi/111 oisture :-Of the water which falIs to
the earth's surface as rainfalI, or is applied in irrigating,
one portion runs away over the surface to the natural
surface drainage channels, another portion seep:, into
the ground, and the third portion evaporates from the
place where it falIs. It is this second portion, that
which is taken up by the soil, which is of particular in-
terest in this discussion.

1\10istltre Coutent of Soils:- The capacities of sails to
take up and hold moisture vary greatly with the di ffer-
ent soil types and formations. The soils with the larger
percentages of porosity hold the larger amounts of
moisture. The moisture content is usually expressed
as a percentage of either the dry weight or of the volume
expressing it as a percentage of the volume. Table I
shows how widely the moisture capacity of soils vary
with the fineness of the soil grains. The maximum and
minimum moisture content each increases as the size
of the soil grains decreases. Any treatment, such as
under-drainage, that will tend to increase the moisture
capacity of a soil without too great injury in some other
respect is desirable.
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(Continued on page 31)

TABLE II
lUOISTURE CONTENT OF SOILS

Dry
Porosity

Kind of Soil %
Dune Sand 52.2
Coarse Sand 51
Fine Sandy Loam SO
Silt Loam SO
Clay 59
Muck Soil ................• 80
*Assumed

fluence of gravity, and which is unavailable for and in-
jurious to plant growth, the need for drainage is pro-
portional to the amount of this form of moisture present
in the soil.

\i\Then the supply of soil moisture is replenishecl by
rainfall that part in excess of what can be held on the
soil grains by capillary attraction becomes gravitational
moisture. As the water percolates from the surface
downward the thickness of the films of capillary mois-
ture on the undivided soil grains near the plane of satur-
ation is gradually increased until after the full capillary
moisture capacity has been supplied. This of course
takes no account of the relatively large amount of water
which passes from the saturated surface through the
shrinkage cracks, small root cavities and worm bores
downward to the zone of permanent saturation.

Gravitational M oistlire Content of Soils:- The gravita-
tional water-content is directly proportional to size of
the spaces and is also the difference between the total
moisture content of a given soil and the capillary and
hygroscopic moisture contents. If the pore spaces be-
come too small they may be almost entirely filled by capil-
lary moisture as is the case in the fine grained clay soils.
In general it may be said that the gravitational water
capacity decreases as the total amount of pore space in-
creases, because the largest total percentage of pore
space is ordinarily found in the soil having the smallest
grains and the smallest individual pore spaces.

Only a very small part of the gravitational moisture in
the soil is available for plant use, and the major portion
of it is injurious to vegetable life. Below the pbne of
saturation it completely fills the pore spaces in the soil,
thus excluding the air. Most authorities on soils and
turf culture contend that aeration, or the passage of air
through the soil is one of the most important factors of
grass production. The function of air in the process of
plant food manufacture within the soil is a subject need-
ing a separate and full discussion.

IVater Table :-The surface of the gravitational water in
the soil, or the surface of the saturated layer, is com-
monly called the water table. It is also referred to as the
groundwater level, groundwater in this sense meaning
gravitational soil moisture, or surplus moisture.

It sometimes happens that the presence of air in the
soil causes two planes of saturation. After a rain there
is sometimes a saturated surface layer and a true ground-
water level at a greater depth. The pore spaces of the
intermediate layer of soil are filled with air which ex-
cludes the water till such a time as the air can pass out
through the upper saturated layer.

Between periods of rainfall the movement of capil-
lary soil moisture is from the water table upward. In this
one particular, that of furnishing a source of supply for
capillary moisture, the gravitational moisture is very
beneficial.

CaPillary 1110isture :-In so far as plant life is concerned,
capillary water is the most valuable form of soil moisture
and, in fact, the only form of water which is available
for the sustaining of plant growth. Capillary water is
held, against the force of gravity, in the small pore spaces
between the soil grains and as a thin film surrounding
each individual particle or group of soil particles. Every
one has noticed the rise of water in a small bore glass
tube when the lower end is immersed in water, the height
to which the water rises increasing as the size of the
opening in the tube decreases. It is the same force, sur-
face tension, which holds the capillary water in the soil.
Capilla r'J'-111oisture Conlen! :-1n the. field the grains of
soil are surrounded by connecting thin films of mois-
ture and the finer the soil particles the greater the sur-
face area which holds this film of moisture. This varia-
tion of the capillary moisture capacity of soils with differ-
ent sized grains is illustrated by the data in Table II.

Max. Gravita.
Weight ~Iaximum Maximum tional Cap.
Per Cu. Pore Water Capillary Depth

Ft. Space Cap. Cap. Inches in
Kind of Soil Pounds % % % % Top 4 ft.

Dune Sand 80 52 40.5 10.7 29.8 18.3
Coarse Sand 81 51 39.5 10.6 28.9 18.0
Fine Sandy Loam 83 SO 38.0 18.0 20.0 12.7
Silt Loam 83 SO 38.0 20.9 18.9 12.1
Clay 68 59 54.5 30.4 13.9 7.3
Muck Soil 15 80 333.0 250.0 83.0 9.6

(Note.-Percentages are figured by weights. (From
"Principles of Soil Management," Lyon & Fippin).

An idea of the amount of water held in soil by the
films of capillary water, and the thickness of the film,
may be obtained by considering the fine clay soil where
the effective diameter of soil grains is 0.005 m.m. or less.
Professor King has determined that for 1 cubic foot of
such soil the area of the surface of the soil grains is
173,700 sq. ft. or approximately four acres. \i\Tater
equivalent to four inches in depth over one squar<> foot
could be held in one cubic foot of this soil if the thick-
ness of the film was 4/173,000 inches, or about one-half
the thickness of a soap bubble just before it expands to
the bursting point.

Available Capillary 1110isture :-However, not all of even
the capillary moisture is available for plant use. A cer-

TABLE III
AVAILABLE J.10ISTURE IN SOILS

Available Moisture
Water Still

Held in
Approximate the Soil
Per Cent of When Grass Depth

Water Crops WiIl Wilt inches in
Will Wilt % top 4 ft.

3.0 7.7 4.6
3.0 7.6 5.2
5.0 13.0 8.5

10.0 10.9 6.9
17.0 13.4 7.0
80.0 170.0 20.5



Features of the New
19-Inch and 24-Inch Models

1. W,ill produce a finer cut than any "push
type" mower.

2. Positively will not pack your greens. All
major castings made of the same special
grade of aluminum as used in aeroplane con-
struction, combining great strength with ex-
treme lightness ..

3. Any boy can operate them without fatigue;
makes your help hapry and contented.

4. Will cut your cost 0 greens-mowing 50% to
75% resulting in surprising savings.

Jacobsen Creeping Bent
Power Putting of Green Mower s

DEMONSTRATIONS of these new mowers the
past year on prominent courses from Coast t.o

Coast and before the United States Greens Association
at Washington, D. C., have assured their reception as
a distinct triumph on the part of Jacobsen Engineers-
a tribute to Jacobsen experience and skill as builders
of quality power mowers.

Their ability to do beautiful work on any green has
been thoroughly proven, over any undulations that a
hand mower will handle, and of course, with a marked
saving in time and labor. They do the work of two

~ and three good men with hand m~wers. Every objec-
," tion to power mowers on the ultra modern green has

been removed by these new models.

Line up your new equipment now be-
~ .. fore the season is on. Let a Jacobsen

Representative bring a movie projec-
tor to your office and show you how
Jacobsen Mowers perform-convinc-
ing visible evidence. There is no ob-
ligation. Write for literature and
names of users.

Jacobsen Mfg. Co.
Golf Dept. A-2, Racine, Wisconsin
New York Office: 245 W. 55th St.

Golf Course Drainage
(Continued from page 21)

tain portion of it is held so intimately that the small
roots cannot draw it from the soil.

Capillary 111oisture a1ld Drainage :-Capillary moisture
has no direct relation to underdrainage though it has a
very definite and important bearing upon the results and
effects of drainage. \\Then the plane of saturation is
lowered by the use of underdrains the moisture necessary
for grass production must be supplied by capillarity.

Hygroscopic illoisture :-This is the least import:l1lt of

Test Your Grass Seed!
"Know Before You Sow"

Con1plete purity andgero1ination reports
Inade on all classes of seeds.

Ifl rile for stuial booklet aboul our ser~'ice.

International
Seed Testing Laboratories
11 Park Place NEW YORK CITY

Members
Association of Commercial Seed Analysts of North America

Say you saw tbe ad in The National Greenkeeper

the three forms of soil moisture and in amount it is rela-
ti,'ely very small. It is the moisture which condenses
f rom the air onto the soil grains, the condensation taking
place either at the surface or in the soil, if it be so open
as to allow of free circulation of air.

(Each of th.'? articles by klr. A/iller which 'Lvill appear
in following issues will speciali=c on a phase rJf soil
drai1lage, includillg a discllssion on the benefits of drain-
agc, determilli1lg where drainage is lleed{'d, the design of
tile drainage systcms, the mechanics of drainage i,utalla-
tion, alld the construction of drail1agc acr~ssories.)

FELLOW MEMBER

Have You Invited The
Chainnan Of Your Green Committee

To Attend Your
ANNUAL CONVENTION

FEBRUARY 21-25?

Read Pages 18-19 This Issue
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