Some Water Relations of Turf Plants

By DOCTOR HOWARD B. SPRAGUE, Agronomist

New Jersey Agricultural Experiment Station, New Brunswick
Read at the 5th Annual Educational Conference of the National Association of Greenkeepers of America held
at Columbus, Ohio, February 3-6

ATER is one of the most important sub-

\;‘/ stances connected with life in this world

of ours. The plant uses water in some

form at every stage in its life period. Germination

cannot proceed without moisture, and the first or-

gans produced by the growing plant are roots for
the absorption of water.

Water makes up 50 to 90 per cent of the grow-
ing grass plant on fairways, tees, and greens. Even
such structural parts of the plant as cell walls, ves-
sels for translocation of food materials, fibers, and
tissues for mechanical support,
etc., are produced in the plant
by combining water with other
substances. Approximately 35
to 55 pounds of water is re-
quired for every 100 pounds of
such tissues formed.

The material which plants
use as food, principally the
starches and sugars, require 55
to 60 pounds of water for ev-
ery 100 pounds of food manu-
factured. The plant’s food is
actually made in the leaves of
the plant, but this process can
only take place when the cells
and cell walls are kept moist
with water. The nitrogen and minerals which the
plant must obtain from the soil, and which is fre-
quently added in the form of fertilizer, only en-
ters the roots when dissolved in water. These
minerals are transported to the various parts of
the plant in a stream of water which extends from
the roots, through the stems, to the very surface of
the leaves.

The food manufactured in the leaves is carried
throughout the plant wherever needed, but only
as it is dissolved in water. The combination of
sugars, starches and other substances with the
nitrogen and minerals to form protoplasm and
cell walls for new cells, in roots, leaves and stem:s,
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takes *place only with an abundant supply of
water.

When the plant finally dies, it is decomposed by
bacteria and molds which also require moisture for
their activities. In nature, the decaying plant is
broken down to its elemental components, which
are water, carbon dioxide gas, and minerals. At
an intermediate stage in this process of decay,
humus is produced. When added to the soil, this
decayed organic matter greatly modifies its water
holding capacity, and other physical properties.

=y SEASONAL SUPPLY OF WATER

.

INCE water plays such a
S vital part in the life of
plants, it is extremely
necessary that we consider the
problem of providing sufficient
moisture for normal growth.
We have two principal sources
of water on golf courses; one is
natural rainfall, and the second
isirrigation by some one of sev-
eral systems. The goal that
greenkeepers and others inter-
ested in turf management
should bear in mind is that nat-
ural rainfall must be supple-
mented by irrigation, only to the extent necessary
for moderate growth, and never in excess. The
critical season of moisture deficiency in the north-
eastern states usually comes in June, July, and
August, because of the relatively low efficiency of
the moisture which is applied in this period.

The rate at which water is lost to the air by
evaporation largely determines the efficiency of
rainfall. The comparative figures for rainfall and
evaporation for the 5-year period from 1924-1928,
inclusive, are given in Table 1 for 5 locations in the
eastern United States. Whenever evaporation is
greater than rainfall, artificial watering is required
on greens. If evaporation is 1% to 3 times as great
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Table 1. — Comparison of Rainfall and Evaporation from a Free-Water Surface at 5 Stations
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Averages for the Years 1924-1928, Inclusive

March, 1931

April May June July Aug. Sept. Oct.

Station (in.) (in.) (in) (in.) (in.) (in.) (in.)

: Rainfall_______ 3.07 3.52 427 474 249 299 233

Columbus, Ohio Evaporation ___3.23 4.37 5.14 5.53 470 3.42 195
Tehaca) New Yask Rainfall ______3.09 2.82 3.46 3.86 292 3.51 3.18
gy <y Evaporation____3.24 3.41 4.66 4.92 3.80 253 1.46
N B e Rainfall ______ 3.53 335 3.58 5.47 6.55 447 4.6
ew Ecaiisirick, New Jersey Evaporation __ 3.84 4.89 539 548 4.2 3.64 2.72

: y Rainfall 3.99 270 5.10 5.44 6.22 738 25§

Chapel Hill, North Carolina Evaporation____4.12 5.05 5.56 $5.83 5.16 4.19 279
N Rainfall ______ 429 2,66 535 3.01 284 322 297
SERECHs SRS Evaporation.___6.22 7.56 9.26 9.42 8.85 6.67 4.25

as rainfall, watering of closely-cut fairways also
will be necessary, particularly if the soil has a low
water holding capacity.

THE GERMINATION PERIOD

HE most critical phases in the life of a grass
I plant are the period of germination, and the
stage of growth immediately following,
when the young plant is becoming established.
Water must be provided before the process of
germination can begin. A continuous supply must
be maintained after the young shoot emerges or
death will result. Grass seed is planted very shal-
low because of its small size, and the difficulty of
maintaining a suitable moisture content is there-
fore great. A few hours of drying weather may
remove enough water from the surface soil to de-
stroy a stand of seedlings which has taken weeks
to establish.
Certain grasses require a longer period for ger-
mination than others, and the moisture content of

the surface layers of soil must be maintained until ; Optimum  Majority  All
the plant has developed a good-sized root system. Kind of Grass Temperature  Seed Seed
=5 : . Degrees F.  Days Days
The germination period for 10 of our turf grasses
is given in Table 2. It is evident that the grasses gcntSCkEI blue grass___ 70-85 14 28
which are most useful for turf on golf courses re- [ gegon 5 g < -
quire 2 to 4 weeks for germination, with tempera- Bent grass ___________  70-85 10 21
- Red fescue 70-85 10 21
tures o.f 70 degrees F. or above. When th_e temper Fine-leafed fescue 70:45 < =
ature is lower than 70 degrees more time is re- Meadow fescue_.______  70-8§ 5 10
quired. The period of establishment follows ger- | Rye grass_......__ 70-85 6 10
T i * Bermuda grass._______  70-95 10 21
mination, and moisture is even more necessary for Carpet grass.__.______  70.95 10 21

this phase than for germination. Sprouting seeds
may undergo drying for short periods without
great harm, whereas after the first leaf emerges
even a severe wilting may prove fatal.

The common practice among successful green-
keepers is seeding at the season of the year when
the least difficulty is experienced in keeping the
surface soil moist. It is apparent from Table 1,
that late summer and early fall are the most favor-
able periods in many regions. The chief concern
with such seeding dates is to allow at least two
months of growing weather before the temperature
of the soil approaches the freezing point.

One month of this period is required for ger-
mination, and the other for establishment of the
young plants. If grass seed is planted through ne-
cessity at other seasons of the year, constant care
is required to insure the maintenance of a satis-

Table 2. — Conditions for Germination of
Grass Seeds

Germination Period at
Optimum Tem perature

The germination period is considerably extended when temperatu
below those indicated.

(From U.S. D. A. Department Circular 406, Rules for Seed Testing
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WATER PRESENT IN THE SOIL AND THEI,
RELATION TO TURF PLAN

CRPILLARY VITAT)
WATER WATER
UNAVAILABLE FAVAILRBLE SUPERFLUOUS

factory moisture content. Water must be ap-
plied daily and perhaps more frequently during
dry periods, and in such a manner as to avoid the
formation of a crust at the surface. New seedings
may be made at any time during the growing sea-
son, if attention is given to the watering. However,
the most satisfactory period is one in which evapor-
ation is no greater than rainfall.

SOIL MOISTURE

URING the germination stage, water is ab-
D sorbed through the walls or coverings of
theseed. Assoon as growth begins, a root
system is developed, and practically all of the mois-
ture required by the plant is taken in by the root
system from that time on. Since the plant draws
its water from the soil, it becomes necessary to con-
sider the forms in which water is present and the
use which the plant makes of each.

For convenience we divide the moisture which
may be present in the soil into three parts, in the
manner shown by figure 1. One part is so closely
held by the soil particles that the plant can make
no use of it; this is termed unavailable water. The
second form of water is that retained in the soil
by capillary attraction, and most of this is avail-
able to plants. The third form, known as gravi-
tational water, is that present immediately after a
heavy rain or watering. Gravitational water drains
off in a short time, and the plant utilizes little of
it. Such superfluous water is undesirable since it
occupies pore spaces in the soil which should be
filled with air. The maximum water holding ca-
pacity is the amount of water which a soil con-
tains after the superfluous water has drained off.

We may compare the water relations of various
soils by calculating their capacity for holding
moisture in an available form. For example, a cer-
tain sandy soil may have a maximum water capa-
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city of 17 pounds per 100 pounds of soil. How-
ever, in this soil about 4.5 pounds of water will be
unavailable, leaving a potential supply of 12.5
pounds for use by the plant. For a loamy soil, the
supply of available water will probably average 25
to 30 pounds for each 100 pounds of soil, more
than double that of a light sandy soil.

Fortunately the water content of soil may vary
considerably and still permit plants to grow nor-
mally. As shown in figure 1, the optimum moisture
content lies between the point of maximum capac-
ity and the point at which no more moisture is
available. We term this the optimum moisture
content because the plant is able to absorb suffi-
cient moisture to prevent wilting, and there is
enough air left in the pore spaces of the soil for
healthy root growth and activity. At the opti-
mum moisture content, the desirable bacteria and
molds are also most active and nutrients are re-
leased from the soil particles and organic matter
for use by the plant as a result of their activity.
Only a portion of the minerals needed for plant
growth are supplied in the form of chemical fer-
tilizers; the rest of the plant nutrients are derived
from the mineral portion of the soil and the or-
ganic matter, as a result of bacterial action.

SOURCE AND SUPPLY OF MOISTURE

ow shall the optimum moisture content be
H maintained? Before considering this

question we must examine the fate of
water added as rain or by irrigation. Figure 2
shows that the moisture added to the soil may

(1) Run off the surface without entering the
soil.

(2) Percolate through and be lost as drainage
water.

TRANSPIRATION

TRl A o

(!

VARICUS WRYS BY WHICH WATER MAY BE LOST
FROM_THE S0IL
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STILL THEY COME!

Hardly a week passes now without another
golf club adopting McWANE (rust-proof) cast
iron pipe for the irrigating system in greens and
fairways.

Eminent golf architects prefer McWane Pipe
because it is the only cast iron pipe made small
enough to afford a complete layout in cast iron
pipe. 1% through 12 inches. Lowest cost per
year. Investigate.

McWane Cast Iron Pipe Co., Birmingham

Philadelphia, Dallas, Chicago, Denver, Los Angeles,
San Francisco, Prove, Utah

(3) Beabsorbed by the soil and lost by evapora-
tion from the surface of the soil or through cracks
which develop.

(4) Be absorbed by the soil and used by the
plant.

Obviously, if the moisture supply is deficient,
we wish to avoid the first three types of losses and
retain as much as possible for the plant.  Steep
slopes and hard surfaces increase runoff, whereas
gentle topography and porous soils reduce it. Per-
colation may be reduced by increasing the water-
holding capacity of the soil, but on many courses
there are greens, portions of fairways, and tees,

"The National Greenkee per
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where there is too little percolation for healthy
growth.

Evaporation may be partially controlled by im-
proving soil structure to avoid cracks in the soil,
and by top dressing with soils having a desirable
texture and organic matter content. From 2 to 3
times as much water is evaporated from sandy soils
as from loams, whereas clayey soils which bake and
crack also lose moisture more rapidly than loams.
However, evaporation is largely controlled by
weather conditions and we have not yet found
suitable methods of reducing evaporation losses in
hot, dry periods.

The quantity of water retained by the soil for
use by the plant depends on soil texture, struc-
ture, and organic matter content. Table 3 shows
the available moisture capacities of three soil types.
The rich silt loam is able to hold more than twice
as much water in an available form, as the sandy
soil. An important point in this connection how-
ever, is the amount which the plant may draw on.
Obviously if the root system is restricted to the
upper inch of soil because of unfavorable soil con-
ditions, or wrong methods of treatment, the plant
may use only the moisture present in that inch
layer. If the root system penetrates 2 inches, the
potential supply is doubled, and for 4 inches it is
four times as great. It is evident that much can
be done in the way of increasing the moisture sup-
ply for all types of turf, merely by making con-
ditions suitable for vigorous development of the
root system.

Golf courses are frequently built on soils that
require much treatment to make them suitable for
growing turf. One of the most frequent soil de-
fects which is encountered is the lack of sufficient
organic matter. In clayey soils, this causes a com-
pact structure with excessive runoff, baking and
cracking in hot dry weather, accompanied by great

Table 3. — Available Water Held by Soils for Plant Use — Gallons per 1000 Square Feet*

Depth of Soil in Inches
3 -+

Kind of Soil 1 2 5
Sandy soil e <~ 99gal. 198 gal. 297 gal. 396 gal. 495 gal.
Averagesilt loam s 140 gal. 280 gal. 420 gal. 560 gal. 700 gal.
Rich silt loam " 208 gal. 416 gal. 624 gal. 832 gal. 1040 gal.

*Ome inch water on 1000 square feet=1623 gallons.

(For field conditions. Calculated from dats given by Lyon & Buckman, "The Nature and Properties of Soils™)
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losses of moisture by evaporation, and poor struc-
ture which reduces the water-holding capacity as
well as aeration. With sandy soils, the lack of suf-
ficient organic matter permits rapid percolation of
moisture through the soil thus carrying off the solu-
ble nutrients which the plant needs, and insufficient
moisture is retained for plant absorption. Loam
soils are not so urgently in need of organic mat-
ter as clayey and sandy soils, but they are greatly
improved by its presence in liberal quantities.
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We have conducted experiments at New Jersey
on the value of different types of organic matter
for improving the physical condition of soil. Cer-
tain of the results obtained are given in Table 4.
The detailed discussion of these experiments wil
soon be published elsewhere, but the data given
here shows clearly that the available water-hold-
ing capacity may be changed considerably by the
incorporation of the right type of organic matter.

The real value of the various types of organic
matter must not be judged by these data alone,
since such factors as the texture of the materials,
the ease with which they take up moisture, their
persistence in the soil, the effect on evaporation
losses, etc., must be considered. The important in-
formation contained in these figures is that grass
growth was increased over 50 per cent on the sand,
and at least 15 per cent on the clay by the in-
corporation of organic matter in quantities equiv-
alent to about 30 tons of manure per acre.

ABSORPTION OF MOISTURE
HATEVER the structure and moisture-
holding capacity of the soil, the plant will
not use such water unless the soil is occu-
pied by the root system. Roots of turf grasses are
stimulated by some conditions and inhibited in

WHY GREENKEEPERS »
the WORLD OVER prefer
the LARK SPRINKLER

Greenkeepers in the British Isles, Australia, Canada,
and in every State in the Union use and recommend
the Lark because—
1. It covers an area up to 150 feet in diameter.
picture above).
2, Spreads the water evenly at all pressures.
3. Gives the grass a thorough drenching.
rain.”
4. Made entirely of long-lasting bronze mounted on iron
roller. (See close-up view of sprinkler.)
5. A scientifically designed sprinkler at low cost.
Price, $15 in the U. S. (Slightly higher in
Canada and abroad.) Send at once for a

trial sprinkler.  You, too, will be delighted
with the Lark!

(See large

"Better than

L.R.NELSON MFG.CO.!Nc. Peoria.lllinois

growth by others. Poor soil drainage always means
scanty root development. This is largely due to
the exclusion of oxygen from the pore spaces by
the presence of too much water. Figure No. 3
shows the relation between drainage of a wet soil
and root development. In some soﬂs(ﬁdor drain-
age is caused by the presence ofa compact layer
of clay or shale which pre‘mof‘:moval of super-
fluous water by percolation. In others, the soil
itself is naturally so compact that excess moisture

Table 4. — The Effect of Adding Organic Matter to Soil, on Water Holding
Capacity and Growth of Grass

Sandy Soil Clay Loam Soil

Available Available
. ) . i Water Yield Water Yield
Type of Organic Matter Mixed with the Soil Holding of Holding of
Capacity Grass  Capacity Grass
% gms. %% gms.
Cultivated New Jersey Peat AT I 19.6 9.8 29.0 11.0
Raw Michigan Peac _____________ ______ _ 20.2 8.9 31.8 111
Imported Peat Moss e e e 27.6 10.0 341 10.8
Spent Mushroom Soil - oo o 17.8 9.5 27.6 11.6
Well-Rotted Manure . __ 18.3 10.4 31.3 11.6
Untreated Sodl . __ 16.1 6.2 26.0 9.6
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“Koppers Sulphate is so fine and

dry that it can be broadcast by hand

evenly at the rate of 1000 square feet
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is not eliminated normally. However, in many
cases, poor drainage is the result of continuous
over-watering which compacts the soil. The roots
of turf plants find difficulty in occupying such
soil and therefore may penetrate only the upper
layers. This unhealthy condition often passes un-
noticed until a period of hot dry weather occurs,
when the turf suddenly fails because of inability
to satisfy its moisture requirements by absorption
from the thin surface layer of soil.

Paradoxical as it may seem, over-watering may
easily result in injury from moisture deficiency.
On the other hand, the soil must contain a certain
supply of water or roots will not grow and func-
tion. A system of watering which provides for
wetting of only the upper inch or two of soil, will
force the plants to confine their root systems to
this moist layer. A sudden heavy watering to a

T — =
. CROUND WATER LEVEL IN SPRING

— _’__,u—’-' - f
CROUND WRTER LEVEL IN LATE SUMTER

, per pound.” And that’s going some!

John Quaill, as usual, is right!
By the way, if you haven’t re-

| ceived your card carrying John
l' Quaill’s picture by “Cy” Hunger-
| ford, famous cartoonist, just drop us
| a line and we’ll see that your name
i is put on the list to receive every one
' in the series.

| Koppers Sulphate will save you
time, labor and money . . . it’s the
finest, driest sulphate you've ever

seen!

—e

KOPPERS PRODUCTS CO.

Korrers BuiLping PrrrsBurcH, Pa.

GROUND WRTER LEVEL AND EXTENT OF THE ROOT ZONE.

greater depth will have little benefit, since the

plant can draw only on the soil zones occupied by
the root system.

Another factor which greatly influences water
absorption is the acidity of the soil. Certain grasses
such as the bents, are more tolerant of acidity than
others, such as Kentucky blue grass. Neverthe-
less, it is a well known fact that strong acidity will
prevent the formation of root hairs and thus re-
duce the absorption of moisture. Moreover, even
with contact of roots and water, it has been shown
that absorption is much slower with strong soil
acidity than with mild acidity or neutrality. We
have found striking support of this fact in our
tests with creeping bent turf in New Jersey. Where
the soil has become acid through continued use of
sulphate of ammonia, Ammo-Phos, and similar fer-
tilizers, the turf suffered a great more from lack
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APPLY

«» then WATCH !

Eye-evidence given us by unbiased greenkeepers during 1930 again proves
our claims true: that Hyper-Humus i the ideal organic for putting greeas
cither as a base for compost or as top dressing when mixed with top soil and

sand.

Being fine in texture, free from weed seeds and very slightly acid it is

superior to leafmold, manure or crude peat.

The Ideal Soil Conditioner
75 “Cultivated”

By “cultivated” we mean that it is mot shipped "matwral"—but is scien-
tifically prepared by growing and turning under cover crops like Hairy Vetch,
Rye, Soys Beans, etc., to produce an acfive humus.
No other commercial humus is given the same ex-

pert attention as ours.

We have special advice and suggestions of much

value to greenkeepers. Write today telling us your

problems. Literature free.

Hyper Humus Co.

48 PARK PLACE
NEWTON - = NEW JERSEY
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of moisture during the dry season of 1930, than
on other plots receiving the same care but hav-
ing lower degrees of acidity.

The system of fertilization that is followed
greatly influences root development and the ab-
sorption of water from the soil. Phosphate fer-
tilizers have in general been found to increase the
extent of the root system if this element is defi-
cient in the soil. A very large percentage of soils
in the eastern half of the United States are known
to be lacking in phosphorous, which means that at-
tention must be given to correcting this deficiency
by proper fertilization.

Quite contrary to the effect produced by phos-
phates, nitrogen in abundant quantities is known
to reduce root development. This is particularly
true when the element is supplied in the form of
soluble fertilizers such as sulphate of ammonia,
nitrate of soda, and Urea. Physiologists have dis-
covered that when the supply of nitrogen absorbed
is great in proportion to the food made in the
leaves, the development of roots is retarded. On the
other hand, if the supply of nitrogen is relatively
small as compared with food reserves, root develop-

Complete
With Model A

Ford
Chassis

655

F. O. B.
ST. PAUL

The fact that the STAUDE is giving complete satisfaction
in its every-day work on nearly 2,000 golf courses is positive
proof that it will perform satisfactory work on ANY golf

The STAUDE does ALL Golf Course Work

e « « « Quickly . . . . Satisfactorily . « . - Economically

Manufactured Continuously Since 1916

STAUDE c.i'cour.e TRACTOR is a BIG Success

The STAUDE delivers the goods in power...speed...

Complete
With Model T

Ford
Chassis

‘475

F. O. B.
ST. PAUL

simplicity of operation . . . and economy. It is always thor-
oughly dependable ... operation costs are low ... mainte-

course. . . . It is remarkably efficient

. and is built especially to fill the
exacting requirements of the most mod-
ern golf course.

SOLD ON A
MONEY - BACK GUARANTEE
Write for Complete Details

nance and repair costs are almost nothing.
To fail to investigate the STAUDE be-
fore making a decision to buy any power
equipment is to miss a real opportunity

Buy through your local Ford dealer, golf supply bouse, or direct from us,

E. G. Staude Mak-A-Tractor Co., 2630 University Ave., St. Paul, Minn.
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C/he & N.

ALI:' STEEL ,
uintet
Falrway Equllarnent 2

Smooth, clean cutting! Quiet, easy
running! Trouble-free operation! These
and more advantages are yours for more
than the ordinary number of years with
F. & N. Mowing Equipment. Remem-
ber these important points when you
make your selection:

The F. & N. All-Steel TITAN Mowers used are
ruggedly built for this parhcuh:r purpose The 1931
Models are even stronger . . . lighter . . . more flex-
ible . . . easier handle |onger lasting.

Think of having mowers that won't break at an
important time . . . All-Steel TITANS are guaran-
teed positively unbreakable!

Patented interlocking frame and cutter bar con-
struction keeps mowers always in perfect alignment.

Drop-forged, heat-treated steel gears with CUT
teeth revolve on genuine Timken Roller Bearings in
a constant bath o?

FIVE blades of speclol analysis chrome vanadium
steel are the toughest, hardest made.

All parts are precision machined and accurutely
fited togefher by automatic machines possible onl
in the world's largest lawn mower factory—F. &

MOST IMPORTANT, smooth operation is per-

manently assured by the genuvine, patented F. & N,
Self-Adjusting Device in the revolving reels.

Smooth operation is per-
manently assured with
F. & M. Unbreakable Steel
TITAN Fairway Mowers
—they are equipped with
the genuine. patented F.
8 M. Self-Adjusting De-
vice in the revolving reels.
No moredifficult hand ad-
justing or poor mowing.

Even the new, all-steel gang frame is more serviceable.
More flexible. Lighter. Stronger. Handles 3 or 5 mowers
—and fits any tractor. Get full particulars before you buy.

The F. & N. Putting Green Mower

For obtaining velvety, smooth greens so necessary today,

greenkeepers everywhere say this mower is easily the

/ finest they ever used. Self-

¥ adjusting reel bearings—

Alemite oiling—etc. Rub-

ber-tired carriage for trans-

porting is furnished. Write
for catalog today.

LAWN MOWER CO.
« RICHMOND, IND. U.S.A.

LAWN MOWER MANUFACTURERS

LARGEST
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ment is stimulated. It is clear therefore, that nitro-
gen must be supplied in small quantities but in a
regular manner, if normal development of the plant
is to take place.

Nitrogen is less likely to be applied in excess if it
is in the organic form, such as tankage, cottonseed
meal, castor pomace, and similar materials. These
substances must decompose before the nitrogen is
released for plant use, and the quantity available at
any one time is usually not great enough to destroy
the physiological balance within the plant. It is
very important that soluble nitrogenous fertilizers
be applied in small quantities. Even though burn-
ing may be avoided, large amounts will stimulate a
rank growth of juicy tender stems and leaves with-
out a corresponding root development.

In addition, it may be well to remember that
poisonous materials such as copper, will kill roots
even though the copper be combined with other
substances, as in Bordeaux spray. A thin layer of

~ ABUNDANT NHTER

LEAF STRUCTURE AND WATER SUPPLY

poisoned soil prevents roots from developing in
this zone, and also eliminates the possibility of util-
izing the moisture or nutrients in soil below this
layer. Some poisons such as copper are stationary
in the soil, but other such as chlorates may be
washed out.

QUANTITIES OF WATER REQUIRED

THI-: water requirements of turf grass are not
greatin themselves. In moisture loss by runoff,
percolation, and evaporation could be avoided, and
the rainfall stored for use by the plant as required,
there would be little need for artificial watering.
There are no accurate figures available on water re-
quirements of turf grasses, but the approximate
quantities of water used by grasses cut at fairway
length have been calculated and are given in table
5. The amount of water required day by day varies
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Table 5. — Calculated Daily Water Requirement for
Grass per 1000 Square Feet

For Season For July
April-October Only
Massachusetts
Fertilized grass 11.0 gal. 22.0 gal.
Unfertilized grass _ 8.4 gal. 16.8 gal.
New York and Vermont
Average grass________ 16.0 gal. 32.0 gal.

Based on water requirements of Shantz & Piemeisel, Jour. Agr. Res.
V. 34. 1927,

Grass yields from pasture experiments, Cornell Bul. 424, Vermont
Bul. 295, and Jour. Amer. Soc. Agrom. V. 21, 686-699.
1929 (for Mass.)

with the weather. It is likely that the quantity re-
quired on certain days in extremely hot, dry
weather might even be double the average for July.
However, if an average of 45 gallons of water were
required daily to prevent wilting of the plants, a
sandy soil should contain enough moisture in the
surface inch to meet this need for two days.

Actually, the loss by evaporation on a sandy soil
is probably as great as that of transpiration. Unless
the roots have occupied layers of soil to a depth of
3 or 4 inches, daily artificial watering is a necessity
on such soils, no matter whether the turf is on
greens, tees or fairways. The moisture situation is
not so critical on loamy soils because of their greater
water-holding capacities, but considerable water is
lost by runoff, percolation, and evaporation, and
if root systems do not occupy more than the upper
inch or two, severe injury may be expected in
droughty periods.

The height of cut greatly influences the develop-
ment of the root system. All of the plant’s food is
made from water, minerals, and carbon dioxide
gasin the leaves of the plant. Close cutting removes
a part of the leaves, and the closer the mowing the
smaller is the leaf area remaining for the manufac-
ture of food. New roots may be made only with
food manufactured in the leaves, and the net result
of close mowing is therefore shallow root develop-
ment,

If close mowing is accompanied by heavy nitro-
gen fertilization, root development is still further
reduced, making the grass very susceptible to
drought injury as well as other ailments. Close
mowing on greens is unavoidable, but there is little
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Concealed or Pop-Up Tee Sprinkler

Special Engineering
Service

For Turfed Areas
TOPOGRAPHICAL MAPPING

Golf courses require accurate topographical
maps to record every detail of the course facilities.
The dilineation peculiarly required for golf topog-
raphy is best portrayed by Miller engineers who
are used to ground and aerial-ground mapping
for drainage, irrigation, and layout. If you lack
complete maps, write Miller for prices.

DRAINAGE

Seoil technology—the field and laboratory
examination of soils—and the interpretation and
practical application of these to turfing. If you
doubt the wisdom of vour expenditures for soil
conditioning and fertilization, or if you have a
soils problem to solve, send for a Miller engineer.

SOIL EXAMINATIONS
FERTILIZATION PROBLEMS

Drainage of difficult soils demands the highest
degree of engineering =kill, experience, and soils
technology. The reputation of Miller engineering
was first established in the successful solution of
intricate drainage problems. When your drainage
system fails, or if you are planning substantial
drainage construction, you can give finality to
this facility by having Miller engineers design
yvour work.

WATER SUPPLY

The water supply requires careful engineering
to secure low cost water. Long experience in
developing water supplies under widely diverse
conditions has peculiarly fitted the Miller organ-
ization to cope with the hydraulics and eco-
nomics of your water supply.

LOW COST IRRIGATION

The Miller one-man hoseless, tee, green and
fairway water systems cost little more to con-
struet (if any) than good hose systems. If you
are contemplating fairway irrigation, we suggest
that you consult with Miller engineers in order
to secure the most and best for your money, and
avoid the mistakes common to locally engineered
projects.

“TROUBLE SHOOTING”

For over ten vears the Miller organization has
carried on an advisory maintenance and consulta-
tion service, meeting and overcoming trouble-
some turf situations. When you have on hand
trouble which is likely to prove embarrassing,
write, phone or wire for

Wendell P. Miller & Associates

CONSULTING ENGINEERS
— 50l Technologists —

105 West Monroe St. Chicago, I11,
85 East Gay St., Columbus, Ohio
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need for mowing fairways closer than three-quar-
ters of an inch. The drought injury suffered in
1930 by many golf courses was probably greatly
increased by the practice of mowing closely, a cus-
tom which has become prevalent in recent years.

MOISTURE SUPPLY AND QUALITY OF TURF

THE greenkeeper is not so concerned with the
quantity of grass produced as the quality. The
supply of water has much effect on quality. When
a watering system has been established making it
easy to supplement natural rainfall by irrigation,
the tendency is to use more water than is desirable.
The ill effects of continued overwatering on soil
conditions has been discussed, but the direct effect
on the grass itself is perhaps still more important.
The grass leaves are modified in both size, and abil-
ity to endure harsh treatment, by the quantity of
water supplied during the development, as shown
in Figure 4.

In general we may say that the smaller the sup-
ply of water during leaf growth, the smaller will be
the individual leaves, but the greater will be the
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thickness of the cell walls, the greater the develop-
ment of strengthening tissue and the lower will be
the content of moisture. Grass developed with a
relatively small supply of water will therefore be
much better able to withstand the wear given turf
on golf courses than that given an abundant sup-
ply. It is true that growth is slower with less mois-
ture, but on the other hand the grass produced
under such conditions will suffer far less when
droughty periods occur, and will also be less sus-
ceptible to disease.

In watering one should always moisten the soil to
a depth as great as that desired for the root system.
Periodic moistening to a depth of 4 or § inches is
far more desirable than daily sprinkling which
penetrates only 1 or 2 inches. [Editor’s Note: Jno.
Morley has said this for years. ]

The ideal system of watering for the golf course
should be one in which only enough moisture is
provided for rather slow but hardy growth. Wilt-
ing should be avoided when possible, but it is better
to run the risk of occasional wilting than to supply
excessive moisture and produce soft, tender turf
susceptible to injuries of many kinds.

THE ROYER
COMPOST MIXER

It Saves Time—It Saves Money
For Construction Work the ROYER

is indispensable. In this field the savings are as-

tounding. Competing contractors have estab- '
lished savings up to $10,000 in constructing a |
course by using the Royer Compost Mixer, '
since top-dressing yardage, once a high cost item,

is now a minor factor. Practically every con- |
tractor for golf courses and estates now uses a |
Royer. '

In Maintaining Greens the ROYER ‘

shows a great saving in labor. Greenskeepers figure the Royer saves the payroll from two to four
men, or roughly, from $48 to $100 per week.

For Top-Dressing Fairways the ROYER

— by so cheaply preparing the material, permits quick and economic execution of this important
maintenance work.

The ROYER will pay for itself in a few months’ time, and will continue to save money for years
afterward. Every golf course should own one.

Write us for full particulars — Sold thru leading golf equipment dealers

Royer Foundry & Machine Co., 158 Pringle St. Kingston Station ~ Wilkes-Barre, Pa.






