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the case of sprinklers located in fair-
ways only, and not in the adjacent
roughs, that the line of sprinklers
must be located very close to the
edge of the fairway to provide ade-
quate coverage of the full fairway
width, with very little effective water-
ing in the roughs.

SPRINKLER UNIFORMITY

Should one consider spacing of
sprinklers based only upon a per-
centage of diameter, and should he
design accordingly, he could get into
trouble. The assumption is that the
result will be a uniform distribution
of water.

Sprinklers with similar diameters
may not necessarily produce similar
precipitation patterns. Therefore, one
may use two sprinklers with the same
performance rating but find that the
degree of uniformity in a given spac-
ing arrangement is quite different.
One may Dbe acceptable while the
other is completely unsatisfactory.

PRECIPITATION RATE

Another very important aspect of
design is the precipitation rate that
results from the spacing used for
the specific sprinkler installed. The
agronomists and soils specialists can
tell us a lot about what this maximum
rate should be. There are too many
factors affecting this determination
to be examined in detail in the scope
of this discussion.

However, it has been found that
with well-maintained turf, on reason-
ably permeable soil, an average rate
of 1/3 of an inch per hour is accept-
able. Rates that exceed this amount
can result in run-off and ponding.
Please note that the unit of defini-
tion we use is based on the amount
applied if the sprinklers run the en-
tire 60 minutes of the hour. The total
amount of water applied during a
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given period may be considerably less
even at a higher precipitation rate
if the sprinklers are operated only
for a very short duration of time.

For example, one designer asserted
that he was applying water at a rate
of 6/100 of an inch an hour and that
the sprinklers discharge 36 GPM
spaced 90 feet apart. In this case the
rate was actually 14 of an inch per
hour, but the sprinklers were oper-
ated for only 714 minutes each hour.
Inasmuch as this period approximates
.12 hours, the ¥, inch per hour rate
will yield 6/100 inches of actual pre-
cipitation per hour. Obviously we
must define our terms to describe
properly and evaluate any circum-
stance.

SPRINKLER SIZING

Rotary pop-up sprinklers of vari-
able output and effective diameter
are available. With a given spacing,
increased size of sprinklers increases
the precipitation rate. Individual
sprinkler coverage exceeding 80 to
85 feet in diameter demands a sprink-
ler with too high a precipitation rate
for the satisfactory irrigation of golf
course turf. Recent studies indicate
that the smaller the droplet size the
better penetration through the turf
and thatch to reach the soil and
therefore more efficient turf irriga-
tion.

The principles of physics indicate
that large droplets can be thrown
much farther from a sprinkler than
can small droplets. Necessarily then,
large diameter patterns depend upon
the maintaining of large droplet size.
It is strongly recommended that only
short to medium range sprinklers be
used and that spacings be limited to
a maximum of approximately 80 feet
for golf course turf irrigation.

If one studies a sketch of a single-
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11. Estimate the installed cost of
the project.

12. Prepare specifications for the
project including types of equipment
and material to be used and construc-

tion methods the contractor is to
fcllow. Wherever possible we use
non-corrosive materials which in-

cludes plastic pipe.

It is my opinion that the person or
firm who designs the golf course irri-
gation system should also supervise
the installation, test the completed
system, and supply to the owner as-
built drawings and operating instruc-
tions. Who this person or firm should
be is most ably expressed by Dr. John
H. Madison, Jr., of the University of
California at Davis. After an exten-
sive study of irrigation systems in-
cluding a substantial study of golf
course irrigation he wrote:

“We cannot be tolerant of inade-
quate design. It is my belief that the
trouble we find ourselves in is due
to a misuse of the bid system. In ask-
ing for a bid we seldom present a
sound set of specifications based on

good engineering principles. Instead,
most systems are designed by the
same companies who are later going
to bid on them. They know their
designs will be competing in price
with those of their rivals.

“To compound the problem, the
supplier is often told to design to
the sum which has been budgeted or
which will be acceptable, when, in
fact, the bid should determine the cost
and enginzering the design—not cost,
the design.

“To me it seems the best answer
to our present problems is to have
the system designed by a private en-
gineering firm which is paid directly
(by the owner) and whose success
depends on continually doing a good
job of designing fully functional
systems.”

As a concluding thought, it appears
advisable to point out that the perm-
anent irrigation system with auto-
matic control for golf courses is
rapidly becoming a necessity for the
economical and satisfactory main-
tenance of good golf turf.
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other supply must be found if you
expect to maintain healthy turf at
all times.

Q. Is there a relationship between the
amount of nutrients in the soil or soil
fertility levels and water use by the
plant?
A. Yes, it has been repeatedly demon-
strated by plant scientists that if a
soil is low in fertility, larger quanti-
ties of water are used in relation to
the amount of growth.

Q. What is the water requirement of

turfgrasses and does this vary ac-

cording to species?
A. Panel members commented that it
has been their experience that prac-
tically all types of grasses used on
golf courses in the United States re-
quire approximately the same total
amount of water in order to sub-
sist and reproduce. However, larger
amounts of water are needed in areas
where evapotranspiration rates are
high. This is true because excess
water is evaporated from soil and
transpiration rates are high in areas
of high solar energy. As a general
rule of thumb, somewhere between
1 and 1% inches of water per week
is considered adequate in the Mid-
west and the Northeast. In the desert
Southwest, 3 inches per week is more
nearly the requirement. It might be
noted that experience indicates that
bentgrass and Poa annua require more
frequency of water than other types of
grasses used. However, the total de-
mand does not seem to be any greater.

Q. Is a fairway watering system neces-
sary and desirable for the production
of fine turf in the Northeast?
A. From floor and panel discussion,
it was determined that in any given
year there is a period when fairway
turf regresses to a dormant or semi-
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dormant state. At this time the soil
is dry and compacted. Playing con-
ditions are not considered desirable
by the majority of golfers. There is
a definite tendency by present-day
golfers to insist upon lush, well-
turfed and “soft” fairway conditions.
Also, the golfing season in the North-
east is relatively short. As a result
of all this, demand for fairway water-
ing systems by the membership is
becoming ever more insistent. It
would follow that a fairway watering
system is necessary and desirable for
the production of fine golf course turf
in the Northeast. However, golfers
should be made aware that not all
turf problems are magically elimin-
ated as a result of the installation of
a fairway watering system. Rather,
a number of problems will arise
which have not been a consideration
in the past. Examples are: increased
weedy growth which is more difficult
and expensive to control; the en-
croachment of Poa annua which is
considered by most to be a “fair-
weather” friend or a grass plant
which tends to die-out during periods
of stress; disease activity will be
greatly increased (a number of golf
courses with watered fairways are
already following a fairway fungi-
cide spray program); water holding
areas will develop and efforts must be
made to improve drainage. Often
such efforts are quite expensive.

Q. What is meant by water holding

capacify of a soil?
A. The water holding capacity of a
soil is that amount of water held by
the soil when moisture relationships
are between field capacity and perm-
anent wilting point. This amount of
water will vary considerably depend-
ing upon the type of soil. The range
is between 30 and 300 tons per acre
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foot. The amount of available water
is lesser in a sandy soil and higher
in a heavier or clay type soil.

Q. What are the three classes of water

in the soil?
A. The three classes of water in the
soil are hygroscopic — capillary —
gravitational. Hygroscopic water is
tightly or chemically bound to soil
particles and not usable by the grass
plant. Capillary moisture is that
moisture which is available to the
grass plant and most used in growth,
Gravitational water is excess water
which drains through the soil.

Q. What are the most desirable in-

filtration and percolation rates in a

soil to support grass?
A. A considerable amount of research
is being done in this area at the
present time. Data indicate that a
soil which when compacted contains
approximately 40% by volume of the
total as air space, or voids, is the
most suitable for supporting turf
plants. Ideally, of the the total pore
spaces in the soil, 50% should be of
a capillary nature, 509 should be of
a non-capillary nature. Or, when
water is added, 509 will drain from
the soil and 509 will remain. Thus,
1, the total void space of the soil
contains air and the other half con-

tains water, most of which is avail-
able to the grass plant. In order for
this phenomenon to work properly,
infiltration and percolation rates are
quite high. The surface of the soil
should be such that water will pene-
trate readily. If the percolation rate
or movement of water through the
soil is between 1% and 2 inches per
hour, it should be possible to maintain
adequate air - water relationships in
the soil at all times.

Q. Does the proximity of other plants
such as trees affect water—turf relation-
ships?
A. Certainly, plants such as trees and
bushes transpire large quantities of
water, thus tend to dry an area. The
presence and location of such plants
definitely compounds and confuses
watering programs. In order to de-
velop fine turf in these locations, the
golf course superintendent must plan
his watering program accordingly.
In summation, it is apparent that
for production of fine golf course
turf, availability of adequate water
is primary. However, this is an ex-
tremely complex subject and one
which cannot be taken lightly. After
a fairway watering system has been
installed, maintenance practices be-
come more demanding and difficult.

Fungi as Agents of Disease
NOEL JACKSON and FRANK L. HOWARD, Rhode Island Agricultural Experiment Station.

An introductory paper outlining the
relation of fungi to disease in turf-
grasses. The number of fungal species
involved, their economic importance
and distribution is discussed. The cellu-
lar and physiologic characteristics fit-
ting these fungi to act as pathogens is
considerd. Interactions between host,
parasite and environment are described.

The unique cultural practices em-
ployed and their affect on the growth
habit of grasses as factors favoring
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attack by specific fungus are pointed
out. The role and nature of propagules
as inoculum is surveyed.

A discussion of sympton expression
resulting from fungal invasion both
to individual plant parts and turf is
given and the possibility of wrong
diagnosis using symptoms only is
noted. The subject of organic residues
and additives as substrates for po-
tential fungal parasites is discussed.
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He has written numerous technical
works for trade journals and articles
for popular magazines, and is the
author of “Turf Management,” a pub-
lication of the USGA.

Perhaps the greatest contribution
Professor Musser has made to the
field of turfgrass management lies in
his role as an educator of men who
have entered this field. More than
half a dozen men now active in turf-
grass management can claim Profes-
sor Musser as their major advisor
during the times when they pursued
their doctoral training.

Professor Musser was graduated
from Bucknell in 1914, decided he
wanted something other than a liberal
arts degree and then attended Penn
State, graduating in 1917.

After college he joined the United
States Department of Agriculture in
1917, left to serve in the Navy during
World War I, returned following the
Armistice and then joined the faculty
of Penn State in 1922.

From 1930 until his retirement he
was in charge of turfgrass research.

He served as a Lt. Colonel in the
Army Air Corps during World War
II, responsible for dust and erosion
control at air fields within continental
United States.

Professor Musser was a Fellow of the
American Society of Agronomy, is a
holder of the service plaque of the
Golf Course Superintendents Asso-
ciation of America and since his re-
tirement has been the Executive Di-
rector of the Pennsylvania Turfgrass
Council. During the last five years
this organization has raised $100,000
which it has contributed to Penn
State for research.

Professor Musser is the sixth recipi-
ent of the Green Section Award. Pre-
vious winners were Dr. John Monteith,
Jr., of Colorado Springs, Colo.; Prof.
Lawrence S. Dickinson, Ambherst,
Mass.; O. J. Noer, Milwaukee, Wis.;
Joseph Valentine, Ardmore, Pa. and
Dr. Glenn W. Burton, Tifton, Ga.

The winner receives a replica of
the Green Section Award, the original
of which hangs in “Golf House,” USGA
headquarters in New York.

Effects of Soil Amendments and Irrigation
WAYNE C. MORGAN, J. LETEY, S, J. RICHARDS, and N. VALORAS. University of California, Riverside.

The effects of three physical soil
amendments, two irrigation programs,
and two surface compaction treatments
were determined on the growth of
Bermuda grass in a greenhouse experi-
ment. Peat moss, calcined clay, and
lignified redwood were used as the
amendments and were mixed with a
Ramona clay soil on a 30% volume
basis.

The top growth was better where ir-
rigation was guided by tensiometer
records as compared to a set program
of adding one-half inch of water three
times a week except for the lignified
redwood in which irrigation technique
had very little effect. Top growth was
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better when the soil surface received
no compaction.

In general, the treatments affected
root growth similar to the top growth.
Calcined clay and lignified redwood re-
duced the compactability of soil as
compared to peat amended and un-
amended soil. Differences in compacta-
bility of the various soil mixes were
most pronounced under a set irriga-
tion program.

Water infiltration rates were high-
est under lignified redwood and cal-
cined clay. Soil compaction had great-
est effect upon the infiltration rate of
peat amended and unamended soil.
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Influence of Nitrogen on Bermudagrass
C. Y. WARD and W. R. THOMPSON, IR., Mississippi Agricultural Experiment Station.

Six nitrogen sources were evaluated
at four frequencies of application on
Tifgreen  bermudagrass (Cynodon
spp.) sod managed as a golf putting
green. Each source was applied so as
to supply a total of 16 pounds of nitro-
gen per 1000 square feet per season.
The frequencies of application were:
three, four, eight, and 16 times per
growing season (March 15 to Novem-
ber 1). Plots were scored for turf
quality at frequent intervals by visual
observation during 1964 and 1965.
Clippings were taken for dry matter
production and total nitrogen analysis

during 1965.

Nitrogen sources and intervals of ap-
plication produced significant differ-
ences in turf quality. Ammonium ni-
trate and urea treated plots produced
high quality turf throughout the entire
season. Milorganite plots produced
higher quality turf than those fertilized
with other organic sources. Soluble ni-
trogen sources produced highest turf
quality when applied eight and 16
times per season; whereas, insoluble
nitrogen sources produced more uni-
form growth with less frequent appli-
cations.

Poa Annua Control
FELIX V. JUSKA and A. A. HANSON, USDA, Agricultural Research Service, Beltsville, Maryland

The interrelationship of herbicides
and levels of phosphorus in controlling
Poa annua was investigated in the
greenhouse. Five herbicides were eval-
uated at seven phosphorus levels and
at two planting dates — immediately
following herbicide application and 48
days later. Surviving seedlings were
counted and seedlings harvested at 21
and 35 days, respectively.

Trifluralin gave complete control at
both planting dates while Zytron was

second among the herbicides tested. At
both planting dates high levels of
phosphorus reduced the effectiveness of
calcium arsenate. At the second plant-
ing date the addition of phosphorus
gave a slight increase in number of
surviving seedlings in the Betasan,
Zytron, and Dachthal treatments. Sur-
viving plants in the Zytron and Dac-
thal treatments were more vigorous at
higher levels of phosphorus.

Effect of Different Nitrogen Sources
A. J. POWELL and W. H. McKEE, JR., Virginia Agricultural Experiment Station.

Experiments were conducted on a
golf green and highway slopes to study
the effect of fall and winter nitrogen
fertilization. Slow release and soluble
sources of N were applied periodically
in fall and winter to bentgrass. Best
color was maintained during the winter
with biweekly applications of soluble N
and ureaformaldehyde and with a urea-
hydrocarbon wax product applied only
in October.

The green color was related to avail-
ability of N. The high rates of N (10
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pounds/1,000 square feet) gave better
green cclor than the low rate (5
pounds/1,000 square feet). Analysis of
the plant material indicates reduced
hot water soluble carbohydrates with
N.

Results with Kentucky 31 fescue on
highway slopes showed better stand
density and color with slow release
forms of N; however, high rates of
ureaformaldehyde were required be-
cause of slow N release.

13






