














by autumn and spring maintenance programs. We
constantly hear of programs being altered because
XYZ groups are coming in to play, or that the 10th
mixed fourball of the year is scheduled. Because of
ever increasing traffic on our courses, it is neces-
sary to follow proper maintenance schedules. It
is essential that certain operations be performed
to prepare the golf course for its peak and heavy
play months. Some of the most important opera-
tions are the most basic and time-consuming ones:

1) Aeration — By either removing the cores or
a spiking procedure, aeration is basic to good turf-
grass management. The grass plant needs air in
the soil to provide for strong growth. Without
mechanically renovating the surface, it is abso-
lutely impossible to maintain a good soil-air
supply. Compaction from cart traffic, mowing
equipment, and foot traffic has a tremendous af-
fect on the soil. This applies not only to greens and
tees, but fairways as well.

2) Vertical Mowing — Vertical mowing has a
tremendous benefit for grasses and golf in remov-
ing the dead and decaying organic material that
accumulates as a thatch layer on the soil surface.
By a regularly scheduled vertical mowing opera-
tion, control of this thatch layer will be achieved
mechanically and will prevent the grasses from
becoming puffy or spongy. Whether in the fairways
or on the greens, grasses that become puffy are
most difficult to maintain as quality playing
surfaces.

3) A Regularly Scheduled Top-dressing Pro-
gram — This will encourage the grass to develop
a strong, upright growth. The top-dressing of
greens is of tremendous assistance in providing
a smooth surface so that the ball, when properly
struck, will roll with a good pace along its in-
tended line. Top-dressing operations on tees are
beneficial as well to smooth the surface and fill
the divot scars. With few exceptions, it is not
practical to top-dress fairway areas.

By following these three basic programs, turf
for golf will be tremendously benefitted.

The overuse of chemicals, such as fertilizers
and herbicides, soften grass growth and weaken
its performance in stress periods. The philosophy
that “it has to be green to be good” has caused
heavier applications of fertilizers to be made
earlier in the spring. By stimulating the grasses
at an early date and trying to get mid-summer
color by the end of April, serious problems could
develop during the summer. An application of
fertilizer in the early part of the spring causes the
grass blade to become wide and the growth soft.
This makes it more susceptible to traffic injury, it
will require more water and it becomes more sus-
ceptible to diseases. By controlling nitrogen in the
spring and waiting for normal initial greenup,
the ptant can maintain a thin upright posture and
be able to condition itself to the stresses of the
coming months.

Putting surfaces are the one place on the golf
course where absolute control over the growth

rate of the grass is necessary. Ideally, on a bent-
grass putting surface the grasses will only be grow-
ing fast enough to recover from the traffic injury
that is received from day-to-day play. It is not a
contest on the putting surface to see how fast you
can get the grass growing, but how fast you can
get the ball rolling. It is most difficult to maintain
a quality putting surface when the grasses have a
rapid and soft growth rate.

As a result of overstimulation of turfgrasses
in the spring, it becomes necessary to apply water
on a more frequent basis. The growth rate demands
it. Once we start applying too much water, soil
compaction is increased. Air spaces in the soil are
greatly reduced. This starts a vicious cycle of
having to apply more and more water to keep the
grasses growing in order to survive the stress they
are being placed under.

Once the soil is saturated, disease suscepti-
bility increases, especially to pythium. Because
the pythium fungus needs warm weather and
moisture to be active, we are artificially creating
a condition that provides excellent growing con-
ditions for it. Frequently, if the areas are kept
drier, grasses could survive and the natural clima-
tic conditions would not exist long enough for
pythium to have a detrimental effect on them.

Overwatering also provides an excellent cli-
mate for the growth and development of crabgrass.
Crabgrass moves into an area when overall turf-
grass conditions become weak. We then start using
a tremendous amount of herbicide to control crab-
grass. Of course, the use of these herbicides is not
compatible with the basic aeration procedures
mentioned earlier. Once the herbicide is used,
aeration should not take place because it will re-
duce the effectiveness of the pre-emergence ma-
terial. Therefore, the overall desirable turfgrass
population decreases and crabgrass or Poa annua
moves in.

1t is not hard to see how golf courses can find
themselves in a program of lowered standards.
The vicious cycle begins with the misuse of turf
management techniques. Mismanaged techniques
will cause more problems than are normally
caused naturally.

Not only have cool season grasses had prob-
lems because of overmanagement. Bermuda-
grasses have run into essentially the same prob-
lems when pre-emergence crabgrass controls have
been applied before the seedling bermudagrass
is fully established. Bermudagrasses have been
forced into overstimulation too late in the fall in
order to keep the fairways green. They go into
winter in a soft condition without hardening off
and are, therefore, more susceptible to winter
injury. Further, they are often mechanically in-
jured when fairway overseeding is accomplished
too late in the year.

As we look ahead, let us hope that golf course
maintenance programs will be directed more
toward quality playing surfaces than toward
aesthetics. This will call for a greater understand-
ing and appreciation of golf on the part of most
club members and the golf course superintendent.
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this half miilion gallons of water. Furthermore, we
throw away the train at the end of a singte trip. It
is in line with our heritage of waste, but it is with-
out paraitei in the history of transportation.”

It stands to reason that increased population
demands on this water lead to increased waste
problems. Each resident of a community usually
contributes 70 to 100 gallons of wastewater per
day, resulting in the production of one-quarter
pound of sludge per day. In the past, the nation’s
rivers, streams, lakes, and oceans have been used
to dilute these wastewaters, but now the steadily
increasing volume of waste is exceeding the dilu-
tion ability of our waters. Thus, increased nutrient
levels of the water result in excessive algae and
aquatic weed problems which upset the ecology of
the system, not to mention obvious health hazards.

At present, most sewage waste is disposed of
in landfills, lagoons, and the ocean, by incinera-
tion, and by application to the land. Because of
environmental and economic considerations, appli-
cation of sewage waste to the land appears to be
by far the most feasible method of disposal.
Benefits in using the land as a living filter are as
follows:

1. The nutrient concentration in wastewater
would be reduced by the biological, chemi-
cal, and physical processes in the soil.

2. The nutrients would be available for plant
utilization and growth.

3. Renovated water would
groundwater.

How then is this wastewater being applied to
the land? Several approaches are currently being
used:

1. Irrigation.

2. Overland flow.

3. Infiltration — Percolation.

4. Deep well injection.

IRRIGATION

Irrigation may be defined as a controlled discharge
of effluent by spraying onto the land to support
plant growth. Wastewater is thereby utilized by (1)
plant uptake, (2) evapotranspiration into the air,
and (3) percolation into the groundwater. The
benefits from wastewater irrigation are many:

1. Inexpensive source of water,

2. Economic savings of potable water which
could be used for purposes other than irriga-
tion,

3. The utilization of green belt areas for
recreation purposes in urban and suburban
areas,

4, Economic return on the sale of crops, and

5. It is a positive alternative to advanced waste
treatment and/or surface water discharge.

OVERLAND FLOW

Overland flow is a controlled discharge onto the
land with a large portion of the wastewater appear-
ing as runoff. It can then be recycled for other
uses. As of 1973 this approach has not been used
in the United States although it is used in Aus-
tralia.®

recharge the

INFILTRATION — PERCOLATION

Basically a flooding technique where heavy loading
rates infiltrate and percolate into the soil with
relatively small losses to evaporation. This process
has been developed primarily for groundwater
recharge.

DEEP WELL INJECTION

This approach is considered to be a disposal
method rather than a wastewater treatment. it is
one alternative along the coast to holding ponds
on the surface during periods of rainy weather.
This approach is currently being used in California,
New Jersey, and Florida.

CHARACTERISTICS OF WASTEWATER

Wastewater may be quite variable as its composi-
tion depends on the following:

1. The domestic water system itself, including

{a) water supply source,
(b) treatment, and
(c) conveyance system;

2. Inorganic and organic compounds in both

industrial and domestic wastewaters;

3. Inflow and infiltration into the wastewater

collection systems.

The greater the industrial base the wider the
variation in its wastewater effluent. Table 1
illustrates a comparison between a residential
vs. an industrial sewage sludge.

TABLE 1

Characteristics of
Two Municipal Sewage Sludges

Municipality

Characteristics Residential Industrial
solids % 23.2 20.5
pH 54 5.6
N% 25 23
P% 13 0.8
K% 0.07 0.12
Ca% 1.6 1.1
Mg% 0.1 0.1
Cd ppm 18 165
Cr ppm 358 1754
Cu ppm 352 636
Mn ppm 372 890
Pb ppm 447 2748

Zn ppm 7915 11,812

After Burns & Boswell. 1975.

Note that there are no appreciable differences
in the first seven characteristics, most of which
are essential plant nutrients, but that the primary
differences are in the heavy metal content. Note
further that these high concentrations of heavy
metals are found in sewage sludge — not sewage
effluent. There is a difference between the two.
Sewage sludge contains most of the organic solids

USGA GREEN SECTION RECORD



which are separated out during processing and
contain little water, whereas sewage effiuent is the
liquid outflow from the sewage treatment pro-
cesses and contains 99.9985% water.® Table 2
illustrates two effluent sources which likewise
vary due to industrial inputs, but note the
relatively low concentrations of metals in the
effluent fraction compared to the sludge.

Note that a number of metals in both states
but especially in Michigan exceed the recom-
mended drinking water standards, while con-
versely those in the low range are well below the
water quality limits. 1t should be apparent, there-
fore, that plant growth problems are more apt to
be associated with the sludge fraction rather than
the effluent fraction. There is concern, neverthe-
less, that continued use of effluent over a long
period of time may cause metal build-up to the
point of plant toxicity. Burns and Boswell? found
that the high metal content of the industrial
sludge seriously affected rooting in bermudagrass
and centipedegrass. Centipedegrass was more
seriously affected by the industrial metais than
was bermudagrass.

TABLE 3

Performance of Bermudagrass and
Centipedegrass Cuttings in Sewage
Sludge from Two Sources

Bermudagrass  Centipedegrsss
Characteristics Res. Ind. Res. Ind.
Total root length 55 12 40 35
mm/cutting
% cuttings with roots 100 93 100 25

After Burns & Boswell. 1975.

In addition to the heavy metals, the salt con-
tent and the biological composition affect the
quality of wastewater.

Recently we sampled one treatment plant
located close to the shore in Florida and were
surprised to find the effluent analyzed 2,000 parts
per million of total salts. Apparently the influent

lines were allowing saltwater to ieak into the
system, causing a problem with high soluble salts.

The biological agents associated with waste-
water are of great concern to the public health
officials as well as to the general public. in
general, three groups of organisms are involved:
(1) bacteria, (2) parasites, and (3) virus. It is
generally assumed that disinfection of secondary
treated effluent eliminates the potential hazards
associated with the bacteria as well as the para-
sites, but the control of viral organisms is a moot
question, primarily because of the difficulty asso-
ciated with studying virus. Recently, however,
with the completion of St. Petersburg’s Southwest
Plant, we now have a sewage treatment plant
which produces an effluent in which the virus is
non-detectable.

The Southwest wastewater treatment project,
in St. Petersburg, was selected by the National
Society of Professional Engineers as one of its
“Ten Outstanding Engineering Achievements of
1976." All the wastewater from this plant is re-
cycled for turf irrigation. Approximately 8,000
acres are expected to be irrigated by 1980. During
periods of heavy rainfall, the effluent is injected
into deep wells. Thus zero discharge to surface
waters ensures complete elimination of pollution
problems. This is the first major regional waste-
water treatment system in the nation to achieve
zero discharge.

In Table 4, Baldwin presents some interesting
economic considerations relative to effluent treat-
ment, disposal, and utilization. He presents a
number of probably acceptable disposal alterna-
tives if wastewater is treated to minimum levels.
Note that all treatment ievels are adequate for
utilization of this wastewater on turf facilities if
health considerations are followed. Treatment B
is the current treatment level of the new St
Petersburg plant. Relative costs for these different
levels of treatment are presented by Baldwin' in
Table 5. It can be seen that treatment costs may
more than double our current expenditures to meet
new Federal standards of zero discharge by 1985.
The St. Petersburg plant (treatment B) by using
turt for its disposal has been able to reduce the
costs involved.

TABLE 2
Range of Concentration of Metals in Wastewater

Conc. Range mg/L

Rem’d. Drinking

Water Std’s.
Metal Cal' Mich? mg/L
Cadmium < 0.005-0.22 < 0.008-0.142 0.01
Chromium — < 0.02-0.70 0.05
Copper < 0.006-0.053 < 0.02-3.36 1.00
Mercury 0.0002-0.001 < 0.0002-0.044 0.002
Nickel 0.003-0.60 < 0.002-880 no std.
Lead 0.003-0.35 < 0.050-1.27 0.05
Zinc 0.004-0.35 < (.03-8.31 5.0

'After Chang and Page. 1977.
?After Cohen. 1977.
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TABLE 5
Relative Sewage Treatment Costs

¢/1000 Gal

Level (5-10MGD Plant)

Raw Sewage
A. Secondary &

chlorination 20
B.  “A" + filtration +

flash chiorination 30
C. “A” + N removal to

< 10 ppmN 30
D. “A” + filtration +

P removal to <1 ppm 40
E. “D" + N removal to

Grizzle-Wilson Std. 47

After Baldwin. 1975.

Turf is a natural for sewage effluent disposal

for the following reasons:

1. Use of nutrient constituents, primarily
nitrogen and phosphorus, on an annual
per unit area basis is high and should mini-
mize groundwater contamination by these
elements. This is especially true in Florida
where we have a year-round growing
season — thus we have year-round utiliza-
tion;

2. Turf is perennial. Use continuity is year-
round and not interrupted by cultivation,
seeding, or harvesting operations that are
common to other forms of agriculture;

3. Turf has a high water requirement through-

out the growing season;

4. The use is in close proximity to the source

thereby minimizing transmission expenses.

The economic savings on the fertilizer value
alone from sewage effluent are presented in
Table 6.

Certainly sewage effluent is not going to solve
all of our nutrient and water requirements — in
fact it undoubtedly will cause other unknown
problems, but it is a resource which at this state of
the art bears serious consideration for utilization
on turf facilities.

Currently our turf research program is in-
volved in one aspect of sewage effluent utilization
for turf purposes. This work is supported in part
by the American Society of Golf Course Architects
Foundation through the United States Golf Asso-
ciation Green Section Research and Education
Fund, Inc. Our concern relates to the heavy metat
content of effluent and, although found in rela-
tively small amounts, what their ultimate effects
might be on bermudagrass and St. Augustinegrass.

Our first effort was to contact those people
who are currently using effluent for turf purposes
in Florida. Apparently because of the psychological
concerns of the public over the use of effluent,
and because of the present as well as future legal
restrictions, no one would admit he was using
effluent. After many phone calls, letters, and
personal visits, we were able to contact a few
people who were willing to cooperate. We are
currently working with them.

TABLE 4

Treated Sewage Effluent Disposal Alternatives
Yes — Probably Acceptable

Level of Treatment B2 $% B8 LT L3 25 58 TP 8 TY
eveto §3 2% 2¢ 3§ 3% &5 2°¢ 58 2§ §2
€8 9@ 33 B 2§ Qf T8 ,53 B85 s
=2 28 O& o~ a0 O 98 x2? =3
s @ @ e 50 B¢ To
W o @ o o= ®©8 ug
o o a 3 a8 >
6 &9
I
A Secondary Plus Chlorination No No No No Yes Yes No Yes' Yes No
B. Secondary Plus Filtration No No No No Yes Yes No VYesz Yes No?
Ptus Flash Chilorination
C. “A” Plus N Removal No No No Yes Yes Yes Yes Yes' Yes No
To <10 ppm
D. “A” Plus Filtration No No No No Yes Yes No Yes?® Yes No?
Plus P. Removal
To < 1ppm
E. “D” Plus N Removal Yes Yes Yes Yes Yes Yes Yes Yes® Yes Yes®
P < 1ppm
N < 3ppm
S8 <« 3 ppm

w o=

. Where access would be restricted following irrigation.
Assuming virus free effluent.
Presently unacceptable. Certain crops, such as citrus, may utilize virus

free effluent under a strict monitoring program.

After Baldwin. Personal Communication. 1975.
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Our field work involves gathering samples of
the effluent currently being used. in those cases
where it has been utilized for a long period, de-
tailed soil samples have been gathered, along with
plant tissue samples. The soil and plant analyses
are incomplete at this time, but the effluent
analyses are summarized in Table 7. In all cases,
the concentration of the five metals we are study-
ing was well below the recommended drinking
water standards. Note especially in Table 7 most
effluent samples were taken directly from the
sewage treatment plant. We do not anticipate
phytotoxicity problems from the continued utiliza-
tion of these sewage effluents.

Miss Cindi Donoho is responsibie for the con-
duct of this study. Cindi is currently attempting to
establish phytotoxic levels of cadmium, lead, zinc,
copper, and nickel on bermudagrass and St.
Augustinegrass. We anxiously await her results so
that sound judgments can be made on the future
use of sewage effluent of varying quality for turf
purposes. My current feelings are that sewage
effluent is a tremendously valuable resource and
should be utilized to its fullest.
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TABLE 6
Value of Nutrients Applied with Typical Secondary Sewage
Effluent at 1 Million Gallons/Day for 1 Year
Unit
Amount in* Amount in 1 Applied in Value Vaiue
Effluent Million Gallons 1 Year (Applied) Per Year
Nutrient ppm Pounds Pounds $/4
N 30 250 91,250 19¢ 17,338
P 10 83 30,295 7¢ 2,120
K ] 50 18,250 75¢ 1,369
Ca 32 267 97,455 2¢ 1,949
TOTAL 22,776
*These concentrations are variable from different treatment plants.
TABLE 7

Heavy Metal Content of Florida Effluent Direct from
Treatment Plants and Currently Utilized for Turf Irrigation

Parts Per Billion

Source Range Cd Cu Ni Pb Zn
Treat. Plants L .05 15 5 .5 10
(10) H 40.00 6.0 25.0 2.0 70
Golf course (6) L .05 1.5 ND ND 5
Not diluted H 15 18.5 1.0 6.0 350
Golf course (5) L .50 1.0 ND 1.5 3
Diluted H 3.00 150.0 5 8.0 61

ND = Not detectable
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to finances. “in this world,” he said, “You get
nothing for nothing — and very little for sixpence!”
The New Zealanders are investing in better turf
through their Turf Culture Institute.

GOLF — A WINTER SPORT?

It may be difficult for an American to understand,
but golf in New Zealand is considered a “winter
sport!” Someone said it is traditional. But winter
is also the time of rains and, until recently, the
brown, dry fairways of summer were of little con-
cern to most golfers. Times are changing. Irriga-
tion improvements are being made and there are
now perhaps six courses with fully automatic irri-
gation systems and ever increasing numbers of
quick-coupler installations especially for greens
and tees.

Improved golf course irrigation is essential; it
is the first step toward improving year-round turf-
grass quality. In fact, if one had to predict the
future for golf turf in New Zealand, it would have
to be an improved and extended irrigation system.
But the New Zealanders know how to manage
what irrigation they presently have. February is
summertime below the equator, and | never saw a
wet green or a wet golf course during the entire
trip!

MONEY, MANPOWER & EQUIPMENT

New Zealand was settled largely by Scots during
the mid 1880s, and thriftiness, even today, is not
unknown. Annual golf club membership dues are
generally under $100, with the most exclusive
clubs charging no more than $150 a year! Club-
houses are not ornate palaces, nor are they heavily
staffed with employees. There is always the Club
Secretary and one, perhaps two or three others
involved in the kitchen, bar or elsewhere in the
entire clubhouse. Not every golf club employs a
full-time golf professional. But the clubhouse
traditionally has a picture window view of the
final hole and is comfortable, functional and clean.
Most memberships willingly accept many of the
responsibilities we delegate to hired hands. For
example, if a country golf club is holding a week-
end tournament, the ladies will prepare and
furnish the food. Golfing memberships are com-
prised mostly of those who enjoy playing the game;
other social considerations seem less important.

Because of low dues structures, manpower
and equipment on the golf course is considerably
less than in the United States. Nevertheless, the
more experienced golf course superintendents
receive good salaries, which are far above the
national norm. The average number of golf course
workers is perhaps two or three for an 18-hole
course. The highest number was eight! Super
grooming and super mowing practices are not
always found. Indeed, if there is one turf manage-
ment requirement which would materially improve
playing qualities, it would be increased mowing
schedules. If overall maintenance and course con-
ditioning is to improve, the golfing membership
must be willing to accept higher dues for larger
staffs for golf course maintenance.

12

Because it is an island and is basically an
agricultural nation, New Zealand’s import duties
on golf course maintenance equipment are high.
For example, a triplex putting green mower manu-
factured in the United States will cost $12,000! As
a result, the New Zealand greenkeeper (the title he
prefers) has become a tremendously resourceful
and inventive fellow. Since his club cannot always
afford the equipment he needs, more than likely he
invents or builds his own; shades of our country 30
years ago! | saw some very good homemade
triplex putting green mowers, direct hydraulic
drive fairway mowers, scooters, sprayers, top-
dressers, etc. Necessity, it seems, is still the mother
of invention.

OTHER TURFGRASS INTERESTS

New Zealand goifers are not alone in their interest
in better sports playing grounds. Never have we
seen a more enthusiastic fraternity of sportsmen
than the lawn bowlers of New Zealand! All ages
are represented, and their spirit toward this game
is infectious. Women are active bowlers through
the summer days while the men, when work is over,
drop by their club for a few games usually before
but sometimes after dinner. Annual dues for bowl-
ing club membership ranges from $12 to $20 a
year and there are thousands of bowlers through-
out New Zealand.

The lawn bowler is interested, even to a greater
degree than golfers, in fast, hard-playing surfaces.
Turfgrasses do not always provide ideal bowling
conditions, and over 25 years ago, bowiers on the
South Island found a strange weed invading some
of their greens. It was a low-growing, broadleaf
native plant called Cotula and proved to be excel-
lent for bowling purposes. Several other Cotula
varieties have been found over the years and are
preferred by many bowlers today. Indeed, Cotula
is “a weed that has found its place!”

The cricket and rugby fields of New Zealand
are usually shared, and their seasons overlap (not
unlike baseball and football in the United States).
The two games have entirely different playing
requirements, and yet the turfgrass manager is
expected to affect the change almost overnight.
He strives mightily usually, | think, successfully,
but it is a difficult assignment. More research and
implementation of sound turf management proce-
dures in irrigation, fertilization, soil studies, etc.
will surely help.

A FINAL THOUGHT

Americans and New Zealanders have a natural
bond, not only in language and history, but also
in an attraction to all outdoor sports. The New
Zealanders are exceptional agriculturists and grow
very good turf for sports use. Furthermore, they
are interested in growing it better. These are
wonderfully friendiy people living in an incredible
land. And once you have traveled and seen their
remarkable country, their expression “Good as
Gold” will take on new meaning and forever re-
mind you of the wonders of New Zealand.
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