
Water 
Quality 
Management 
BY JOHN FOY, DIRECTOR 
USGA GREEN SECTION 

On our planet, water makes up over two-thirds of the entire 
surface area. It is also a basic requirement for survival of all life 
forms. Water bodies and wetlands are found on virtually every 
golf course in Florida. 

Protecting surface and ground-
water quality should be a goal and 
an integral part of course manage-
ment. To insure that your golf course 
is maintaining good water quality, it 
is important to have a strategy in 
place to monitor water quality, im-
prove conditions if warranted and 
deal with any problems that may 
arise. 

Water quality management will 
be the focus of this sixth and final 
article in this ACSP series. To achieve 
certification in this category, you 

need to consider the following things: 
(1) Baseline Data and Water Quality Monitoring: What 

baseline information has been established for water quality, 
including clarity, dissolved oxygen, and pH? What water sources 
are tested? Who conducts the tests and how often are they 
carried out? 

(2) Streams: If a stream or creek is on the property, what 
stream protection measures are in place to reduce erosion, 
maintain adequate shading, and reduce pollution inputs? Has 
anyone sampled for "macroinvertebrates" (insect larva and 
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ACSP: Part VI 
In this final Part 6 of this series on the 
Audubon Cooperative Sanctuary Program 
for Golf Courses, methods of Water Qual-
ity Management are presented. 
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other organisms that lack a backbone)? Since many of these 
organisms are sensitive to pollution, they are a highly reliable 
indicator of pollution. 

(3) Wetlands: If wetlands are present, what condition are 
they in (degraded? viable 8c productive? invaded by phragmites 
or purple loosestrife? protected?) What measures are taken to 
protect or improve wetland habitat? 

(4) Buffers and "No Spray" Zones: Vegetative buffers around 
water features help to filter runoff and reduce erosion. Have you 
established buffers and "no spray" zones near water sources to 
minimize potential drift and runoff? 

(5) Drainage: What areas drain to lakes, ponds or wetlands? 
What filtering mechanisms are present? If fertilizers are getting 
into lakes, that can be a major cause of algae problems. 

(6) Chemical Additives: What (if any) chemicals have been 
added to water features? Have you made any changes in chemi-
cal management of water features? Have you tried alternatives 
such as biological remediation or aquatic planting? Is wildlife 
abundant or scarce? 

(7) Maintenance Buildings: The maintenance area can be a 
potential source of contaminated runoff. Are all buildings safe 
and up to code? Are there repairs that need to be made? If 
someone came to inspect your facility, would they come away 
confident or wary about your management practices? 

As an additional note on water quality management, re-
search conducted by the USGA on the environmental impacts of 
golf courses revealed that when fertilizers and pesticides are used 
properly, the potential for leaching of these materials into 
ground water is minimal. However, this research revealed that 
minimizing runoff into surface water is an area that needs 
greater attention. 

The creation of buffer strips and no spray zones should be 
pursued at all facilities. Although a vegetation buffer surround-
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Water quality affects virtually every golf course 
ing all sides of a water body would pro-
vide the best nutrient filter, this is usually 
not an acceptable situation when an area 
comes into play. Maintaining a higher 
height of cut turf buffer strip or grassed 
swale for those areas in play is a reason-
able compromise that can also help mini-
mize maintenance requirements. For the 
out-of-play areas of lakes or ponds, bor-
der shrubs and emergent plants should 
be established and maintained. 

Ideally, "no-spray" zones approxi-
mately 50-feet wide should be enforced 

around all surface water bodies. How-
ever, adhering to this ideal is not always 
feasible on a golf course. When fertilizer 
applications must be made immediately 
adjacent to a water body, the use of drop 
spreaders is recommended. 

Also, only slow release nitrogen 
sources and no more than 0.5 lbs. of 
actual nitrogen per 1,000 square feet 
should be applied at a time in sensitive 
areas. If an unacceptable level of pest 
activity develops in a "no spray" zone, 
naturally the first route to pursue would 

be the use of biological control agents. If 
a pesticide must be used in these areas, it 
should only be applied as a spot treat-
ment. 

Also, the chemical characteristics of 
the pesticide options should be carefully 
considered in selection of the material to 
use in these locations. 

The Jan/Feb, 1995 issue of the Green 
Section Record contains a listing of com-
monly used pesticides and their charac-
teristics. 

Water 
management 
by design 
BY STEVE EHRBAR, CGCS 
OLD M A R S H GOLF CLUB 

Old Marsh Golf Club was built on a unique 460 
acres of land. Architect Pete Dye routed many of 
the holes around protected wetlands and his design 
for the irrigation and drainage systems were very 
well thought out. 

The irrigation system was installed with many 
different sized heads and half circles to ensure no 
irrigation water would be thrown into the wetlands 
or created marshes. 

The drainage system on the course has approxi-
mately 30 catch basins per hole. All the excessive 
runoff water from rain or irrigation is collected by 
these basins and run through a series of pipes to 
containment lakes. From these containment lakes, 
the water is pumped to the main irrigation lake for 
reuse. 

One design feature that each hole has is that all 
the perimeters of the fairways and roughs are built 
higher than the middle of the fairways to ensure no 
fertilizer or pesticides contaminate the wetlands. 
We are very selective on our use of products, and try 
to be environmentally conscious. 

Pete Dye manages water at 
Old Marsh with unique design features. 

Photo courtesy USGA Green Section. 



Grassing 
for Water 
Quality 

Canal at the Hole in the Wall Club before restoration project. 

BY FRED YARRINGTON 
Note: Fred Yarrington is an ACSP Resource Committee Mem-

ber for the Hole In The Wall Golf Club, Naples 
At Hole in the Wall Golf Club, we have approximately 10 

acres of land in 4 or 5 areas which are out of play. Most of these 
areas are adjacent to native vegetation areas or bodies of water. 

Our long-range goal is to environmentally restore all of these 
areas, which are currently mowed on a regular basis, and even-
tually have a low maintenance area of natural vegetation. 

The project started in 1987, when we decided something had 
to be done about the algae in the canals (see photo above). We 
were told we needed to deepen the canal in order to control the 

On Course, 
With The Proper Balance 

AmerAàuatic IM Your lake's best friends 



algae problem (See photo, above). In December, 1994, we se-
lected a one-acre area, approximately 1,000 feet long, adjacent 
to a drainage canal. This "trial" area was planted with cord grass 
on 3-foot centers, and we also added aquatic plantings in the 
canal. 

The plantings are six months old and are slowly growing in. 
We would have prefereed a more dense planting, but selected 
the 3-foot centers for cost reasons. The trade off is that more 
weeding is required in the interim until the grass grows dense 
enough to inhibit weed growth. 

GRASSING FOR 
WATER QUALITY 

First Phase: 
Deepening the 
canal 
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Lake Worth, Butch Singo 
407-399-2242 
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May, 1995: 
After the cordgrass 

and aquatic 
plantings. 

We no longer have a problem keeping the canal clean in this 
planted area. During construction to deepen the canals, we 
inserted a weir near the 17th green which enables us to control 
water levels and flow through the canal. Therefore, we are able 
to keep the water level in the canal much higher than we were 
before this project. 

Our membership has been very supportive of this project. 
We got the idea and source of the cord grass from Collier's 
Reserve Country Club. I believe a key to success in the Audubon 
Cooperative Sanctuary Program is the sharing of ideas and 
information. 

COMPUTER-EXACT CUSTOM MIXES. 
EVERY ORDER. EVERY TIME. 

Every order received by 
Golf Agronomics is 
prepared in our fully 

computerized machine. 
Double screening capabilities 
ensure that your first mix portion 
is the same as your last. 

Golf Agronomics meets all 
your top dressing needs with its 
ability to customize your mix with 
a variety of soil 

amendments including: 
Dolomite, Hi-Cal, Wetting 
Agents, Charcoal, Humic 
Acid, Minor Elements, Rock 
Phosphate, Gypsum. 

Golf Agronomics donates a % 
of every ton of top dressing sold 
to the FGCSA. Since its opening, 
Golf Agronomics has donated in 
excess of $11,000. Our sincere 
thanks to all of our customers. 

Supply & 
Handling 

(800) 626-1359 
(813) 955-4690 Fax 
P.O. Box 3455 
Boynton Beach, FL 33424 



One of three 
removable 
sumps on the 
wash pad 

Water quality management 
for the equipment wash area 

BY DARREN DAVIS 
GOLF C O U R S E S U P E R I N T E N D E N T 

OLDE FLORIDA GOLF CLUB 

The equipment wash area has become 
a hot topic in recent years. Most superin-
tendents' management styles are slightly 
different, but I believe we all want the 
same outcome, an environmentally con-
scious equipment wash area that func-
tions up to our standards. 

A couple of years ago, it seemed every-
one was jumping on the band wagon and 
buying water recycling units. The recy-
cling units were supposed to filter all 
contaminants from the water and recycle 
the water for reuse. The feeling was that 
the units were going to be the wave of the 
future, and someday they might be. 

However, it seems that people are cur-
rently shying away from these units be-
cause of the horror stories that are being 
told by some of the original purchasers, 
not to mention the cost. I was told by one 
equipment technician that he spends one-
third of this time working on their recy-
cling unit. I also know of a golf course 
that bought a unit three years ago, and it 
has still never worked to this day. 

I contemplated the purchase of one 

when I was designing our maintenance 
facility. I did not buy one, and with a few 
minor exceptions, I am very happy with 
the system we are using at Olde Florida. I 
am sure that this system would not work 
for everyone, but it is an option. 

Goals 
My goals of the equipment wash area 

are simple: 
To be located in a convenient area that 

coincides with the desired flow of 
traffic. 

The area to be large enough so at least 
three pieces of equipment can be 
cleaned at once. 

The quality of water used to clean equip-
ment be free of any damaging com-
pounds that might cause prema-
ture corrosion or deterioration of 
the equipment. 

The availability of compressed air for 
use on electrical components or 
other needed parts of the equip-
ment. 

Complete capture of any clippings/sol-
ids. 

Complete capture of any petroleum 
products (by using an oil/water 

separator or a similar baffle sys-
tem). 

A pleasant area to clean the equipment, 
with little or no unpleasant odor. 

The Pad 
The concrete pad at Olde Florida mea-

sures 20-feet by 40-feet The sides and 
back also have a 5-inch poured concrete 
curb to prevent water and/or debris from 
leaving the area. Along with the wash 
pad, a concrete ramp should be poured 
leading on to the wash area so that water 
and debris are not channeled on to the 
pad from the surrounding area. 

The concrete pad is sealed with a sili-
cone, acrylic concrete stain. It is very 
important to use this or a similar con-
crete stain, and follow the directions com-
pletely. If you do not, you will most likely 
be dissatisfied with the longevity of the 
coating. 

Before applying the stain, the con-
crete should be at least 45 days old, clean, 
dry and free of paint and grease. 

For best results, the concrete should 
be etched with one part muriatic acid and 
two parts water. The solution can be 
mixed in a plastic sprinkler can. The area 



should be thoroughly and evenly wet with 
the solution. Then rinse the area with 
clean water after 20 minutes. The con-
crete should then be allowed to dry for at 
least 24 hours before applying the stain. 

For the first two coats, one gallon of 
concrete stain should be mixed with one 
to two quarts of solvent. The third coat 
(and fourth if needed) should be straight 
concrete stain. The final step is simple, 
stay off the area for at least 72 hours. 

Why seal the concrete? I can think of 
several reasons. One, the area is aestheti-
cally more pleasing (it looks cleaner). 
Don't laugh until you think about this. If 
an inspector (DER, EPA, etc.) came to 
your facility, I think you would agree that 
the cleanliness of this area will most likely 
have an impact on his decision whether 
to investigate the area further. 

I also strongly believe that a clean 
maintenance facility results in better work 
habits among the staff. In addition, a 
clean, organized maintenance facility will 
provide a more positive feeling by the 
membership towards the money they are 
spending for the maintenance of the golf 
course. 

Another reason to seal the concrete is 
since concrete is semi-permeable, the con-
crete stain/sealer will not allow petro-
leum products to penetrate. The grease 
spots can then be wiped off with a reus-
able shop rag and a cleaner. 

The pad is formed so that the entire 
area slopes to one of three concrete sumps. 
The sumps are 1 -foot by 1 -foot by 2-foot 
deep. The sumps have a recessed lip so 
the aluminum grate that covers the sump 
rests flush with the concrete pad. Inside 
the sumps are removable stainless steel 
baskets that catch the solids that enter the 
sump. 

One side of the basket has a stainless 
steel grate so clippings are contained, and 
the water flows unobstructed through 
the baskets. These baskets are removed 
daily, excess water is allowed to drain out 
of them, and the clippings are emptied 
into a utility vehicle to be disposed of on 
property. 

Separation Tank 
Once the water leaves the three sumps, 

it travels through a 4-inch pipe into a 
1,200-gallon concrete tank. The tank is a 

septic tank that was modified for Olde 
Florida. It is divided into three chambers 
by using two concrete divider walls. 

The first wall extends from the very 
bottom of the tank upward to a height 
slightly below the intake pipe. The object 
of the first chamber is to contain all solids 
that might escape the catch baskets in the 
sumps. 

The first chamber periodically must 
be cleaned. To dispose of this material, 
our loader/backhoe is used to carefully 
scoop out this material. This material is 
then transported by a utility vehicle to a 
site on property and either spread out, or 
used to fill in a hole. Experience has shown 
the need to clean this chamber approxi-
mately every 9 months. 

AQUATROLS INVENTED 
SOIL WETTING AGENTS 40 YEARS AGO! 

We felt it was time 
to offer the turf industry something new... 

DICE! 
Call 1-800-257-7797 
for information on Aquatrols' three 
unique chemistries that provide 
solutions for your soil-water 
management problems. 

AQUATROLS 
Making Water Work Efficiently 

5 North Olney Avenue 
Cherry Hill, NJ 08003 USA 
1-609-751-0309 • 1-800-257-7797 
FAX: 1-609-751-3859 



Left, a 40x20ft. 
wash area with 
multiple air and 
water stations. In 
photo below, the 
sumps are emptied 
daily and the 
collected solids are 
spread on the course. 

The second chamber that is formed 
between the two walls functions as an oil/ 
water separator. The second wall extends 
from the top of the tank and does not 
extend the full distance to the bottom. 
Therefore, it creates a chamber that would 
contain oil, since oil will always float on 
water. The water then flows under the 
second wall into the third chamber. 

The third chamber should have clean 
water in it always. However, to be extra 
cautious, we extended the exit pipe down 
from the top so that the water is forced up 
from the bottom of the tank. Therefore, 
in theory, it would be impossible for any 
soil to escape the tank. 

Since the tank is installed level, it re-
mains full of water. Because the exit pipe 
is lower than the entrance pipe, hydrau-
lics force the water through the system 
(not gravitational flow). This is impor-
tant since the second chamber is used as 
an oil/water separator. If the water level 
would fluctuate, the oil that might be in 
this area, could in theory escape under 
the second wall. 

The lid of the tank must be removable 
so that at least solids contained in the first 
chamber can be removed. At the same 
time, the lid must be secure enough so it 
makes a seal to the second wall. This will 
ensure the second chamber retains all 
potential oil that might enter the system. 

The water that leaves this tank then 
filters through a long retention swale that 
contains a healthy stand of wetland plants 
(duck potato). The water is then retained 
on-site in the irrigation pond. 

Other features 
When designing the maintenance fa-

cility, we provided numerous blank con-
duits under the surrounding pavement 
for future use. In particular, two were 
provided to the equipment wash area so 
that compressed air hoses could be run 
through the conduits for use at the equip-
ment wash area. 

Using air to assist in the cleaning of 
the equipment has been extremely ben-
eficial. The air allows us to clean sensitive 
areas of the equipment, such as electrical 
components, without the fear of causing 

damage. 
Using compressed air to clean the en-

gine also will help extend the life of the 
machine. Severe damage could occur if 
cold water was constantly used to wash a 
hot engine. Also, if large deposits of clip-
pings have accumulated on a machine, 
air can speed up the cleaning process by 
dispersing the clippings before using 
water. (If compressed air is supplied for 
operator use at the equipment wash area, 
be sure that signs are posted requiring 
that eye protection be worn.) 

The wash pit is equipped with three 



High-pressure 
water can invade 

seals and 
bearings causing 

damage and 
extra work for 
the mechanic 

staff 
separate water outlets. The three outlets 
are equipped with a 1-inch hose. Using a 
1- -inch hose provides us with a high 
volume, low pressure water supply. 

There are several advantages of using 
a high-volume, low-pressure water sup-
ply. First, the time it takes to clean the 
equipment is reduced. Second, the po-
tential damage to an operation, or the 
painted surface of the equipment, is less 
than if a high pressure system was used. 
Finally, high-pressure water can invade 
seals and bearings causing damage and 
extra work for the mechanic staff. 

One feature that I would definitely 
like to have, and would advise anyone 
considering a system like this to include, 
is a roof over the pad where the equip-
ment is washed. 

The roof would serve two purposes. 
First, it would create a more pleasant area 
for the operators to clean the equipment. 
The operators would most likely play 
closer attention to the quality of job that 
they are performing, rather than rushing 
to get out of the sun. 

Second, the roof would keep the op-
erators dry so that they can clean the 
equipment in the rain. (The roof should 
have lightning protection on it for em-
ployee safety.) The roof would also keep 
heavy rains from forcing unnecessary 
water through the separation tank. 

The final point I would like to make is 
that this system is not for use as a mix/ 
load site or sprayer cleaning area. That 
should be a separate area, also with a 
method of containment. The water that 

is emitted in mix/load operations should 
not be discharged, rather it is preferred 
that this water be recycled as a tank rinse 
or some other means of disposal on a turf 
area. 

Conclusion 
I am not inferring that the system we 

designed at Olde Florida is the only way 
to design an equipment wash area. What 

works well for us might not work for you. 
Many people are trying to predict what 
the future local, state, and federal regula-
tions are going to be. However, I feel that 
as professional turf managers, we should 
not simply ignore the problem. Rather, it 
is our duty to make the most environ-
mentally, financial, and functional deci-
sion for our individual situation. 

If You're Looking 
for Improved Pest 
Control - . . 
Du Cor has an 
Easier Solution! 

New Du Cor LEMWET can help improve your 
pesticide spray application! LEMWET is a lemon 
extract attractant and surfactant for use with most 
pesticides. LEMWET attracts nearby pests to your 
spray. In addition, it's non-ionic surfactants 
improve spray penetration and bring your 
pesticide into close contact with pests! 

For over 35 years, Du Cor has been coming up 
with products to fit our customers needs. From 
liquid micronutrients, humates and fertilizers, to 
specialty dyes, surfactants, odor counteractants 
and more, we take pride in finding special 
solutions that help our clients. 

So if your looking for something special to 
attract a nuisance, or maybe just a different 
solution to help you grow, give Du Cor a call. We 
may already have just the solution you need! 

Du Cor International 
Corporation 

RO. Box 593298, Orlando. Florida 32859 
407-859-4390 or Toll Free 1 -800-382-6735 



Water Management at Golf Courses -

Algae and Macrophytes 
DR. MILES M. (BUD) SMART 
P R I N C I P A L E N V I R O N M E N T A L SCIENTIST 
T H E T U R F SCIENCE G R O U P , INC. 
CARY, N C 

DR. CHARLES H. PEACOCK 
PROFESSOR CROP SCIENCE 
N O R T H C A R O L I N A STATE U N I V E R S I T Y 
RALEIGH, N C 

Water management on a golf course is 
one of the significant keys to the success 
of course management. Properly man-
aged water resources provide good qual-
ity irrigation water, aesthetically pleasing 
ponds and streams, appropr ia te 
stormwater treatment, and no offsite sur-
face or ground water pollution prob-
lems. 

Improperly or poorly managed water 
resources can cause great problems for 
the golf course; for example, poor quality 
irrigation water may injure or even kill 
greens, while pond algal blooms can cause 
aesthetic and odor problems. Under-
standing the ecology of aquatic plants, 
algae and macrophytes, as an important 
component of the golf course water re-
sources is paramount to making certain 
they only positively impact the golf course 
environment. 

Incorporation of aquatic management 

Algae are 
particularly well 
adapted to take 

advantage of high 
nutrient 

concentrations 
(particularly 

phosphorus), warm 
water, and sunshine 
as they reproduce in 

exponential 
fashion. 

strategies should be part of the courses 
overall environmental management pro-
gram (Peacock and Smart 1995). 

1.0 Algae and Aquatic Macrophytes. 
Aquatic algae are plants generally classi-
fied as either attached (periphyton) or 
free-floating (phytoplankton). Attached 
aquatic macrophytes are generally classi-
fied by their growth form - floating, emer-
gent, and submergent. Each water body 
has algae and aquatic macrophytes that 
occur naturally. 

Aquatic plants are an important com-
ponent of the ecosystem. Like other plants 
they produce food through photosyn-
thesis and are thus the base of the aquatic 
food chain, and they provide cover for 
animals. The algal community is com-
prised of many different types of algae 
that may change throughout the growing 
season. Some of the common groups in-
clude blue-green algae, green algae, dia-

Table 1. Mean and range of nutrient and chlorophyll concentrations associated with various water quality conditions 
(Modified from R.G. Wetzel, 1983). 

Pristine Moderately Enriched Highly 
Nutrient Water Enriched (Eutrophic) Enriched 

(Oligotrophic) (Mesotrophic) (Hyper-eutrophic) 

Total Phosphorus 8.0 26.7 84.4 
( h g/Lorppb) 3.0-17.7 10.9-95.6 16-386 750-1200 

Total Nitrogen 661 753 1875 a 

( ygll or ppb) 301-1630 361-1387 393-6100 

Chlorophyll a 1.7 4.7 14.3 
( ygli or ppb) 0.3-4.5 3-11 3-78 100-150 

a No Data 



toms, dinoflagellates, and euglena. The 
body shapes of algae are highly varied 
and include unicellular, multicellular, 
colonial, and filamentous. 

The distribution and abundance of 
algae and macrophytes in a water body is 
subject to considerable spatial and tem-
poral variation. Among the many factors 
that determine their presence, distribu-
tion and density are light, temperature, 
water turbidity, water currents, hydrau-
lic residence time, nutrient concentra-
tions, nutrient loading from watersheds, 
water chemistry, water depth, sediment 
quality, herbivore grazing, and human 
activities. Aquatic sites are thus dynamic 
and responsive and as the availability and 
nature of the resources change, so will the 
species diversity and/or amounts of 
aquatic vegetation. However, at some 
point a healthy algal or macrophyte popu-
lation may actually become an "algal 

The result is an algal 
bloom, often 

distinguished by the 
"pea-soup" 

appearance of water 
that results from large 

quantities of algae. 

bloom" or "weed infestation" that may 
impair the usefulness of a water body for 
its intended uses. 

2.0 Aquatic Algae and Algal Blooms. 
Although many factors influence the 
abundance of algae, algal blooms are most 
often associated with an increase in nu-
trients (primarily phosphorus and nitro-
gen) in the water. Through much re-
search, phosphorus was identified as the 
critical element in causing algal blooms 
in water bodies (Vollenweider, 1971; 
Jones and Bachmann, 1976; Wetzel, 
1983). Phosphorus is therefore generally 
considered the limiting nutrient in fresh-
water ecosystems; that is, phosphorus is a 
required nutrient for plant growth that is 
most often in short supply. 

Algae are particularly well adapted to 

THE 
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Table 2. 
Effectiveness of herbicides for aquatic plant control in irrigation watersupplies (Langeland, 1994). 

Effectiveness of control is as follows: * = Not recommended; F = Fair; G = Good; E=Excellent 

Aquatic Plant Diquat 2,4-D Copper Fluridone Glyphosate 

Floating Plants 
Duckweed G F E * 

Watermeal * • * G • 

Alligatorweed * F * F G 

Submersed Plants 
Bladderwort G F * G • 

Brazilian elodea E * F G • 

Coontail E F * E • 

Hydrilla E * F E * 

Parrotsfeather G • * F * 

Pondweed G * F * 

Slender naiad E * • E * 

Southern naiad E * * G * 

Spikerush * • • G * 

Variable leaf milfoil G E * G * 

Emersed Plants 
American lotus • G • G G 
Cattail G F * F E 
Fragrant waterlily • G * G E 
Rush * F G 
Spadderdock * F • G E 
Waterpennywort F G • • E 

Filamentous Algae G * G * * 

take advantage of high nutrient concen-
trations (particularly phosphorus), warm 
water, and sunshine as they reproduce in 
exponential fashion. The result is an algal 
bloom, often distinguished by the "pea-
soup" appearance of water that results 
from large quantities of algae. Concen-
trations of nutrients and chlorophyll a 
associated with different levels of water 

quality are given in Table 1 (Page 74). 
Chlorophyll a is used as a measure of the 
algal biomass in water. 

Algal blooms cause many different 
problems. Two of the primary concerns 
on golf courses are aesthetics (looks bad 
and smells when they die) and die-off 
(die-off is when most of the algae die at 
nearly the same time). Die-off occurs for 

many different environmental reasons 
(overcast skies reducing light intensities 
and a cold snap are among the two most 
common) and may also occur when 
chemicals are applied for algal control. A 
die-off is easily observed - one day the 
water is green, and the next day the water 
is brown. The intense green of the algal 
bloom is from the chlorophyll in the 



Table 3. 
Waiting period in days before using water after application of herbicides for aquatic plant control. 

Common name Irrigation Fish 
Consumption 

Swimming 

Copper Compounds NR* NR NR 
2,4-D + + + 

Diquat 14 NR NR 
Fluridone ** 7-30 NR NR 
Glyphosate NR NR NR 

NR = No Restrictions 
** See label for specific information. 
-I- Water use retrictions vary by formulation and manufacturer. In general, if water is used for irrigating sensitive plants, 

2, 4-D should not be used. 

algae. The mass die-off of algae places a 
large oxygen demand on the water; that 
is, large amounts of dissolved oxygen are 
required to decompose the dead algae. 

If oxygen demand is large enough, 
dissolved oxygen concentrations can fall 
to levels that cause changes in the bio-
logical and chemical characteristics of 
the water body. 

Four mg/1 of dissolved oxygen is gen-
erally the minimal amount of oxygen 
that is desirable for maintanence of 
aquatic life. Thus, if dissolved oxygen 
levels fall below this level aquatic biota 
may die (e.g., a fish kill may occur). In 
many states, 4.0 mg/1 is the water quality 
criteria for warm water fisheries and 5.0 
mg/1 is the criteria for cold water fisher-
ies. It is important to maintain these lev-
els of oxygen in the water column. The 
lack of dissolved oxygen also sets in mo-
tion a series of chemical reactions that 
reduces water quality. 

2.1 Prevention of Algal Blooms. The 
factors that control the abundance of 
algae, form the basis for managing them. 
Frequently, prevention of algal blooms 
requires controlling nutrient loadings to 
the water body. This means that sources 
of nutrients in the watershed or basin 
that have the potential of reaching the 
water must be controlled, or at least, 
reduced to the lowest quantities possible. 
The alternative to controlling nutrients 

before they enter the water, is to under-
take restoration of the water body after 
nutrients have reached levels great enough 
to cause blooms and water quality has 
deteriorated. Restoration is expensive and 
time consuming and includes not only 
controlling external nutrient loadings, 
but also internal nutrient cycling. The 
larger the water body, the greater the 
costs. Restoration generally requires years 
to successfully complete. 

Prevention of algal blooms is the best 
approach to maintaining water quality, 
and prevention of algal blooms require 
reductions in nutrient supplies to the 
water. 

Implementing Best Management 
Practices (BMPs) to control nutrient 
movement from the golf course and into 
surface waters is the most cost effective 
solution. 

2.2 Controlling Algal Blooms. The 
best approach to maintaining water qual-
ity against algal blooms is prevention. 
Prevention is best because causes of algal 
blooms are addressed. However, in water 
bodies at golf courses algae must often be 
controlled. Controlling algae at a golf 
course is an ongoing effort. The presence 
of algae should be 'scouted' as part of the 
Integrated Pest Management (IPM) pro-
gram at the golf course. Scouting should 
begin in early spring, as water is warm-
ing, and thorough records kept of the 

time, location, and amount of algae ob-
served. Obtaining and graphing water 
temperatures in each water body and 
noting when algae first appear is a simple 
but effective management tool. These 
records are a management tool and re-
view of the records can indicate locations 
of problem areas on the golf course and 
suspected time of outbreak. Once known, 
BMPs can be implemented at the prob-
lem areas. 

Chemical applications of copper sul-
fate materials are effective algicides (Table 
2). Chemical treatment should begin as 
soon as algae are seen in the ponds. Ap-
plications are best for overall aquatic pro-
tection when they treat only approxi-
mately one-third (V3) of a water body at a 
time. This is because chemical treatment 
resulting in algal die-off can cause oxy-
gen to fall to very low levels and cause fish 
kills if treatment causes a die-off of an 
entire bloom. For small pond treatment, 
applications near the edge of the pond 
(approximately shore to 3 ft) are very 
effective control mechanisms. 

3.0 Aquatic Macrophytes. Overabun-
dant rooted or free-floating macrophytes 
can bea major nuisance to golf course 
water bodies. Macrophytes can interfere 
with irrigationintakes and detract from 
aesthetic values. They can also introduce 
significantquantities of nutrients and or-
ganic matter to the water, perhaps stimu-



lating algalblooms and increasing con-
sumption of dissolved oxygen. Light and 
nutrients tend tobe the dominant factors 
controlling distribution and abundance 
of macrophytes. 

3.1 Aquatic Macrophyte Control. 
Growth habit, proper identification of 
the plantspecies, the relative abundance, 
location within the lake, and age of infes-
tation areimportant considerations when 
dealing with macrophyte control. These 
are importantconsiderations because they 
may provide insight into the extent of the 
problem andhow and when to proceed 
with control measures. Use of the site 
and fate of the waterwill determine if 
many of the chemical control alterna-
tives can be considered. Time ofyear will 
determine how effective different treat-
ment approaches will be. 

There are a number of distinct strate-
gies for aquatic weed control. These in-
clude the following: 

(1) prevention - this could be a very 

important consideration in the design 
and construction of new water bodies; 

(2) mechanical - harvesting and re-
moving, especially at critical developmen-
tal or reproductive stages could be con-
sidered; 

(3) water management - such as sea-
sonal drawdown, although this may have 
limited potential; 

(4) chemical control - a variety of 
aquatic herbicides and algicides are avail-
able. However, various characteristics of 
these usually limit their use to specialized 
sites. Additionally, effects on nontarget 
species must be considered. Most of the 
limitations on chemical control are asso-
ciated with the use or potential use of 
herbicide-exposed water; 

(5) biological control - two biocontrols 
that directly attack or infest plants have 
found some success. The use of the South 
American alligator weed flea beetle and 
moths for control of alligator weed and 
the white amur ("grass carp"), a herbivo-

rous fish, which is very effective for sub-
mersed weeds such as hydrilla. 

4.0 Chemical Control. Chemical con-
trol of aquatic algae and macrophytes 
can beconsidered for certain plant spe-
cies under specific conditions. Informa-
tion on the effectiveness of herbicides for 
aquatic weed control is included in Table 
2 (Page 76). While eachof the materials 
listed is legally labeled as an aquatic her-
bicide, specific restrictionsmay be im-
posed on each chemical or even by manu-
facturers on specific brand names. At all 
times, the label must be rigidly followed 
when using these materials. Addition-
ally,even under specifically allowed and 
controlled conditions for application, re-
strictions onuse of the water subsequent 
to application may apply. Examples of 
these restrictionsare given in Table 3 (Page 
78). However, additional or more spe-
cific information may be given onthe 
product label. 

Use of aquatic herbicides presents spe-
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Use of aquatic 
herbicides 
presents 
specific 
questions 

about their 
impact on 

water quality 
cific questions about their impact on 
water quality. These materials have been 
shown not to accumulate in living organ-
ism norconcentrate in the food chain 
(SJRWMD, 1989). Dissipation of these 
materials fromphotochemical reaction, 
microbial breakdown, and dilution is 
rapid. 

The application rate of each of the 
herbicides used for aquatic weed control 
will vary depending on the amount of 
active ingredient required to effectively 
control the targeted weeds and the for-
mulation. Lake volume is also another 
consideration. Applications are best when 
they treat only approximately one-third 
(V3) of a water body at a time. For small 
pond treatment, applications near the 
edge of the pond (approximately shore to 
3 ft.) are very effective control mecha-
nisms. 

With each herbicide information is 
available about use precautions and toxi-
cological properties. Of primary concern 
is the effect of these materials on nontar-
get plants which may have been inten-
tionally planted as wildlife habitat and 
the effect on nontarget wildlife. Effects 
on nontarget plants must be evaluated by 
a specialist in lake management who can 
accurately identify the vegetation and 
mechanism of action of the specific her-
bicide in question. 

Each material listed in Table 2 will be 
discussed individually for effects on wild-
life which inhabits or contact the aquatic 
environment. Data has been taken from 
the Herbicide Handbook of the Weed 

Science Society of America (1989), Weed 
Control Manual (1992), Farm Chemi-
cals Handbook (1995), and "Acute and 
Chronic Toxicity of 75 Pesticides to Vari-
ous Animal Species" (Kenaga, 1979). 
Values are either for LD50 - the dose 
(quantity) of a substance that will be 
lethal to 50% of the organisms in a spe-
cific test situation expressed in weight of 
the chemical (mg) per unit ofbody weight 
(kg); or for LC50 - the concentration of a 
substance in water that will kill 50% of 
the organisms in a specific test situation. 

Fluridone. At recommended appli-
cation rates concentrations in the water 
would range from 0.08 to 0.5 ppm. This 
material has been shown to be nonhaz-
ardous to birds (bobwhite oral LD50> 
2000 mg/kg; bobwhite and mallard duck 
acute LC50 values are both >5000 mg/kg 
of diet). Fish have excellent tolerance at 
these concentration with an LC50 of 11.7 
ppm for rainbow trout, 14.3 ppm for 
bluegill, and 10 ppm for channel catfish. 
Aquatic invertebrates also exhibit toler-
ances above these levels with values for 
daphnids at 6.3 ppm and midges at 1.3 
ppm. No observed effect concentrations 
are 0.5 ppm for catfish and 0.48 ppm for 
fathead minnows. Communities of phy-
toplankton, zooplankton, benthic inver-
tebrate organisms, and fish are unaffected 
at sites treated with these formulations. 

Glyphosate. At recommended appli-
cation rates the concentrations in the 
lake water would range from 0.36 to 1.8 
ppm. This material has been shown to be 
extremely safe to wildlife. The LD50 for 
bobwhite quail is > 3850 mg/kg. The 
tolerance levels as LC50s for aquatic spe-
cies are as follows: trout, 86 ppm; blue-
gill, 120 ppm; Daphnia magna, 780 ppm; 
harlequin fish, 168 ppm. None of these 
organisms would be especially sensitive 
to this material at proper application rates. 

2,4-D. At recommended application 
rates the concentrations in the lake water 
would range from 0.36 to 1.5 ppm. Gen-
eral toxicity to wildlife and fish indicates 
that at 100 ppm there would be some 
slight mortality for fingerling bream and 
largemouth bass. Toxicity to rabbits is in 
the range of 300 to 1000 mg/kg. Some 
formulations are more toxic to aquatic 
animals and should not be introduced 
into aquatic environments unless spe-

cifically recommended on the label. The 
concentrations which would be found in 
lakes treated with the proper formula-
tion of this material would not present a 
toxicity concern. 

Copper sulfate. Calculated concen-
trations of copper in the water range 
from 0.155 to 0.4 ppm depending on the 
formulation. Environmental guidelines 
list the hazard to fish at > 1 ppm for 
rainbow trout and 0.884 ppm for blue-
gills and > 1000 ppm for pheasant. At the 
recommended rates this material should 
not pose a problem to wildlife. 

Diquat. At recommended applica-
tion rates concentrations in the water 
would range from 0.36 to 1.5 ppm. It is 
known to be generally safe to wildlife and 
fish with the LD50 for mallards at 564 
mg/kg and the LC50 for bobwhite quail 
at 2932 ppm, rainbow trout at > 10 ppm 

The goal of the 
golf course 

should be 
prevention of 

unwanted algal 
blooms and 

infestations 
and Daphnia at 7.1 ppm. Lake water con-
centrations at recommended rates would 
pose no environmental threat based on 
these tolerances. 

Although algae and aquatic macro-
phytes can be controlled in an effective 
manner, the goal of the golf course should 
be prevention of unwanted algal blooms 
and infestations. Prevention is the most 
cost effective and environmentally com-
patible management practice. This re-
quires the implementation of well-de-
signed environmental management pro-
gram that includes Best Management 
Practices and Integrated Pest Manage-
ment strategies for protection of natural 
resources at the course. 



References 
Farm Chemicals Handbook- Electronic Pesticide 

Dictionary. 1995. Meister Publishing Co., 
Willoughby, OH. 

Herbicide Handbook of the Weed, Science Soci-
ety of America. 1989. Champaign, IL. 

Jones, J.R. and R.W. Bachmann. 1976. Prediction 
of phosphorus and chlorophyll levels in 
Lakes. J Water Pollution Control Federa-
tion 48:21767-2182. 

Kenaga, E.E. 1979. "Acute and chronic toxicity of 
75 pesticides to various animal species." 
Down to Earth, Vol. 35, No. 2:25-31. 

Langeland, K.A. 1994. "Weed control in irrigation 
water supplies." In University of Florida's 
Pest Control Recommendations for 
Turfgrass Managers, Publication SS-ORH-
004. p. 44-46. L.B. McCarty (ed.). Coop-
erative Extension Service, IFAS, Univer-
sity of Florida, Gainesville, FL 

Peacock, C.H. and M M. Smart. 1995. "IPM, Moni-
toring, and Management Plans - A Man-
date for the Future." USGA Green Section 
Record 33:10-14. 

SJRWMD. 1989. "Aquatic plant management" St. 
Johns River Water Management District, 
Palatka, Fla. 

Vollenweider, R.A. 1971. "Fundamentals of the 
eutrophication of lakes and flowing waters, 
with particular reference to nitrogen and 
phosphorus as factors in eutrophication." 
Organisation for Economic Co-Operation 
and Development, Paris. 159 pages, 34 
figures and appendix. 

Wetzel, R.G. 1983. Limnology. Second edition. 
Saunders and Co. 763 p. 

Environmental Waterway Management... 

Preserving Your 
Liquid Assets" 
Golf Courses have Lakes, Ponds, Canals a n d Water 
Everywhere! M a n y of these water bodies are used 
for irrigation, fishing s w i m m i n g , dra inage or s imply 
as hazards to the navigat ing Golfer o n your course. 
If y o u a l low A l g a e , Grasses and other nox ious w e e d s 
to g r o w unchecked, they wil l rapidly take over your 
precious waterways. Don't a l low your waterway 
problems to g e t y o u in over your head. Just call the 
experts at Environmental Waterway Mangerment . 

For a FREE site 
analysis, contact 
Environmental 
Waterway 
Management 

Sub-Branch < 
Office 
Fort Myers 

1 - 8 0 0 - 8 3 2 - L A K E 
© 1 9 9 1 Environmental Waterway Management 

Sub-Branch 
Office 
Palm Beach 

Corporate 
Headquarters 
East Coast 
Branch Office 
Fort Lauderdale 

HE MASTER BLEND 
H A N D - I N - H A N D , L I Q U I D A G A N D I T ' S V A L U E D C U S T O M E R S 

C R E A T E P O W E R F U L A L L I A N C E S 

B Y ESTABLISHING PERSONAL PARTNERSHIPS, LIQUID A G SYSTEMS, INC. STRIVES TO DEVELOP 

UNIQUE, ENVIRONMENTALLY-RESPONSIBLE METHODS FOR DELIVERING PLANT NUTRITION. 

STAY ON THE LEADING EDGE OF ENVIRO-AGRICULTURAL TECHNOLOGY. 

O U R N E W 
E N V I R O - P R O D U C T S : 

• E N V I R O - S E 

• ENVIRO-ZEST 

• E N V I R O - P H O S 

• ENVIRO-START 

• ENVIRO-RESTORE 

• E N V I R O - G R E E N 
PREMIUM FERTILIZER 

E N V I R O - P R O D U C T S T 

l i qu id n 

1010 N. W. 15th Avenue 
Pompano Beach, Florida 33069 

(305) 971-0022 • (800) 432-2249 • Fax: (305) 977-0031 

s tems, inc. 

O T H E R VALUABLE S E R V I C E S 
• Collaboration for 

nutritional programs 

• Soil, water and tissue 
sampling/analysis 

• Plant nutrition products 
through your irrigation systems 

• Irrigation water treatment 

• Environmentally sensitive 
alternatives for reducing 
harsh chemical use 

3281 Metro Parkway 
Fort Myers, Florida 33916 

(813) 332-5565 • Fax (813) 332-1319 


