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Figure 34. Willow (Salix species)

Florida. This aggressive nonnative species produces 
large quantities of seeds contained in a red fruit 
usually about 1/4-inch in diameter. Reproduction is 
by seed.

Control: Herbicides: glyphosate, 2,4-D, 
imazapyr,* triclopyr.

Figure 35. Brazilian pepper (Schinus terebinthifolius)

Water primrose

(Ludwigia species)

Description: Small shrub attaining height of up 
to 6 feet with multiple branching stems. Leaves are 
lance-shaped with small soft hairs on both sides. 
Flowers are yellow with four symmetrical petals. 
Reproduction is by seed and underground stems.

Control: Herbicides: 2,4-D, imazapyr.*

Figure 36. Water primrose (Ludwigia species)

Algae

Macrophytic algae

Description: Macro, meaning large, describes a 
type of algae that looks more like a submersed plant. 
Capable of attaining several feet in length, muskgrass 
(Chara species), is the most common of these algae 
found in Florida. The algae appear to have a whorl of 
spined leaves, grey-green in color, resembling the 
submersed plant coontail. However, algae have no 
true leaves. When crushed, Chara emits a musky odor.

Control: Biological: grass carp. Herbicides: 
copper, diquat, endothall (Hydrothrol) liquid and 
granular.

Figure 37. Macrophytic algae
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Filamentous algae

Description: Many species of filamentous algae 
are frequently a problem in Florida ponds. These 
threadlike filaments are often called “pond scum” 
or “pond moss” when they are seen floating on the 
pond surface. Although many species of filamentous 
algae can frequently become a problem to pond 
owners, most species can be controlled in a similar 
manner. A few species, especially some of the 
blue-green algae (e.g., Pithophora and Lyngbya), are 
difficult to control and would require special 
recommendations from a qualified biologist.

Control: Biological: partial control with grass 
carp. Herbicides: copper, endothall (Hydrothol).

Figure 38. Filamentous algae

Planktonic algae

Description: Microscopic (planktonic) algae are 
small plants that cannot be identified without 
magnification. They occur in all ponds and, after 
fertilization, give the pond its green color. Most of 
the microscopic algae are beneficial to ponds, 
converting nutrients into a source of food in the food 
chain. There is rarely a need to control microscopic 
algae; however, when large blooms occur, oxygen 
depletion, foul odors, off-flavor fish, and even fish 
kills may occur.

Control: Herbicides: copper.

Figure 39. Planktonic algae

Appendix 2. Herbicides

Copper Products

Copper sulfate (cupric sulfate pentahydrate)

Tradenames: Tennessee,  Chem One, Noranda, 
Old Bridge Copper Sulfate, and others.

Copper chelate (alkanolamine complex)

Tradenames: CUTRINE-PLUS, Captain

Copper chelate (triethanolamine complex)

Tradenames: K-TEA.

Copper chelate (ethylenediamine complex)

Tradenames: Komeen, Nautique, Clearigate

Water systems labeled for use:

Copper sulfate: impounded waters, lakes, 
ponds, reservoirs, and irrigation systems. 
Copper chelates: ornamental, fish, and fire 
ponds; potable water reservoirs; freshwater 
lakes and fish hatcheries.

Mode of action: Contact herbicide, often used 
in combination with other contact herbicides.

Duration of herbicidal activity: Copper sulfate 
may persist up to 7 days before the free copper 
is precipitated to insoluble forms and remains 
an inactive precipitate in bottom sediments. As 
the hardness of the water increases, the 
persistence of the free copper decreases. The 
chelated coppers can be used where hard water 
may precipitate uncomplexed forms of copper 
too rapidly.
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Precautions: Copper sulfate can be very 
corrosive to steel and galvanized pipe. 
Chelated coppers are virtually noncorrosive. 
Contact with skin and eyes may be irritating. 
As water hardness decreases, toxicity to fish 
increases. Copper sulfate may be toxic to fish 
species at recommended dosages. Generally, 
the chelated coppers are nontoxic to trout, 
tropical fish, ornamental fish, and other 
sensitive fish at recommended dosages.

2,4-D Products

2,4-D Granular

Tradenames: Aqua-Kleen, AQUACIDE, 
Navigate.

2,4-D Amine

Tradenames: 2,4-D Amine No. 4, Riverside 
2,4-D amine (Pro Source), WEEDAR 64, 
A-4D.

Diquat

Tradenames: Reward, Landscape and Aquatic 
Herbicide.

Water systems labeled for use: May be used in 
slowly moving bodies of water, ponds, lakes, 
rivers, drainage and flood control canals, 
ditches, and reservoirs.

Mode of action: Contact herbicide.

Duration of herbicidal activity: Diquat is 
rapidly and completely inactivated by soil.

Precautions: Do not apply to muddy water 
because the diquat will be inactivated. Never 
treat more than 1/3�1/2 of a densely 
vegetated pond at any one time because rapidly 
decaying vegetation will deplete oxygen, 
thereby suffocating fish. Skin contact may 
cause irritation. Avoid drift.

Diuron

Tradenames: Direx 4L, DIURON 80, 
KARMEX, Nautilus.

Water systems labeled for use: Irrigation and 
drainage ditches that have been drained of 
water for a period of 72 hours. After 72 hours 
diuron is fixed to the soil and the ditch may 
then be used.

Nautilus is registered for the control of 
macroalgae in commercially operated 
freshwater ponds, used only for ornamental 
fish production; discharge from ponds within 
30 days of application is not allowed. 

Mode of action: Diuron is readily absorbed 
through the root system, less so through 
foliage, and translocated upward toward plant 
foliage.

Duration of herbicidal activity: Control 
duration will vary with amount of chemical 
applied, soil type, rainfall and other conditions. 
Usually control will last for a period of 10-12 
months.

Precautions: May irritate eyes, nose, throat, 
and skin. Avoid breathing dust. Apply before 
expected seasonal rainfall. Do not treat any 
ditch with desirable tree roots extended into 
them or injury may result. Prevent drift of dry 
powder to desirable plants. Do not 
contaminate any body of water.

Endothall

Tradenames: Granular: AQUATHOL, Super 
K, HYDROTHOL 191. Liquid: AQUATHOL 
K, HYDROTHOL 191.

Water systems labeled for use: Irrigation and 
drainage canals, ponds and lakes.

Mode of action: Contact herbicide.

Duration of herbicidal activity: 
Microbiological break down is fairly rapid in 
water and soil with a short herbicidal duration.

Precautions: Hydrothol 191 liquid + granular 
should not be used where fish are an important 
resource. Fish may be killed by dosages 
necessary to kill weeds. Skin contact may 
cause irritation. May be corrosive to 
application equipment.
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Fluridone

Tradenames: Sonar AS, Sonar SRP, Avast!, 
Avast! SRP.

Water systems labeled for use: Lakes, ponds, 
ditches, canals, and reservoirs.

Mode of action: Fluridone is foliage absorbed 
and translocated into the actively growing 
shoots where destruction of the chlorophyll 
pigments occurs, resulting in white growing 
points.

Duration of herbicidal activity: Depending 
upon application and vegetation being 
controlled, control may last 1 year.

Precautions: Do not use treated water for 
irrigation of agronomic crops or turf for 7 to 
30 days following treatment. Trees or shrubs 
growing in treated water may be injured. 
Higher treatment rates will be required if there 
is a large turnover in water volume in treated 
water.

Glyphosate

Tradenames: Rodeo, Aquamaster, Aquaneat, 
Eagre, Aquapro, GlyPro.

Water systems labeled for use: Lakes, ponds, 
streams, rivers, ditches, canals, reservoirs, and 
any other freshwater bodies.

Mode of action: Glyphosate is foliage 
absorbed and translocated throughout the plant 
and root system, killing the entire plant.

Duration of herbicidal activity: Only effective 
at the time of treatment.

Precautions: Not to be used for submersed or 
pre- emergence vegetation. Floating mats of 
vegetation will require treatment. A rain-free 
period of 6 hours after application is required. 
May be corrosive to galvanized steel. Avoid 
drift to desirable vegetation as glyphosate is 
nonselective and will affect contacted 
vegetation.

Imazapyr

Tradename: ARSENAL.

Water systems labeled for use: Nonirrigation 
ditchbanks and similar areas. Environmental 
use permit for aquatics.

Mode of action: Both foliage and root 
absorbed and translocated throughout the 
entire plant.

Duration of herbicidal activity: Provides 
control of existing and germinating seedlings 
throughout the growing season.

Precautions: Do not contaminate any water 
supply. Do not apply on ditches used for 
irrigation. Do not treat in areas where 
desirable tree roots are visible. Prevent drift to 
desirable plants. Should not be mixed or stored 
in unlined steel containers or spray tanks.

Triclopyr

Tradenames: Renovate 3.

Water systems labeled for use: Aquatic sites 
such as ponds, lakes, reservoirs, non-irrigation 
canals and ditches which have little or no 
continuous outflow, marshes and wetlands, 
including broadleaf and woody vegetation on 
banks and shores within or adjacent to these 
and other aquatic sites. 

Mode of action: Triclopyr induces 
characteristic auxin-type responses in growing 
plants. It is absorbed by both leaves and roots, 
and it is readily translocated throughout the 
plant. Foliage applications have achieved 
maximum plant response to treatment when 
the treatment has been applied soon after full 
leaf development and soil moisture is adequate 
for normal plant growth.

Duration of herbicidal activity: Time required 
for 50 percent breakdown in soil is between 10 
and 46 days depending on environmental 
conditions and soil type. At label rates, 
phytotoxic residues in soils should cause no 
problems. Triclopyr has a 6- to 8-hour half-life 
in water.
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Precautions: Irrigation: Do not use treated 
water for irrigation for 120 days following 
application. As an alternative to waiting 120 
days, treated water may be used for irrigation 
once the triclopyr level in the intake water is 
determined to be non-detectable by laboratory 
analysis (immunoassay). There is no 
restriction on use of water from the treatment 
area to irrigate established grasses. 

Do not apply Renovate 3 directly to, or 
otherwise permit it to come into direct contact 
with grapes, tobacco, vegetable crops, flowers, 
or other desirable broadleaf plants, and do not 
permit spray mists containing it to drift into 
them.

• Do not apply to salt water bays or estuaries.

• Do not apply directly to un-impounded 
rivers and streams. 

• Do not apply on ditches or canals used to 
transport irrigation water. It is permissible to 
treat non-irrigation ditch banks. 

• Do not apply where runoff water may flow 
onto agricultural land, as injury to crops 
may result. 

• When making applications to control 
unwanted plants on banks or shorelines of 
moving water sites, minimize overspray to 
open water.

• The use of a mistblower is not 
recommended.

• See label setbacks for potable water 
intakes. 
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Appendix 3. Toxicity of Aquatic and Ditchbank Herbicides to Selected Aquatic Organisms

TREATMENT RATE 1 TOXICITY 2

96-HR LC
50

, ppm

ppm Bluegill Sunfish Rainbow Trout Invertebrates

Copper Sulfate 0.1-1.0 17.03

Soft Water 0.9 0.01

Hard Water 7.3 --

Copper Chelate 0.1-1.0 19.04

Soft Water 1.2 <0.2

Hard Water 7.5 4.0

2, 4-D Amine negligible5 524 377 1846

2,4-D BEE 1.25-2.57 0.61 2.0 7.23

Diquat 0.12-0.72 >115 21 >1008

Diuron negligible (0.25-1.0)10 8.2 16 0.164

Imazapyr negligible >100 >100 >1003

Endothall (Aquathol) 1.0-5.0 501 529 3209

Endothall (Hydrothol) 0.1-3.0 1.2 1.3 0.365

Fluridone 0.01-0.15 14.3 11.7 6.35

Glyphosate (Rodeo) negligible >1000 >1000 9305

Triclopyr 0.75-2.5 891 552 7759

1Estimated concentration in water after application according to label instructions.
2Toxicity varies according to experimental conditions.Values are typical from varous sources.
3Freshwater shrimp
4Blue shrimp
5Labeled only for foliar or ditchbank application, therefore concentrations in water are negligible.
6Daphnia
7Calculated for label rates of 26.7% G.
8Gammarus fasciatus
9Daphnia, 48 hr
10Nautilus
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Appendix 4. Formulas for Herbicide Calculations

Formulas for Active Ingredient

(1) Gallons of liquid formulation required = lb ai* required ÷ lb ai per gal of concentrate

(2) Pounds of dry formulation required = lb ai required ÷ % ai in formuation expressed as decimal

Formulas for Herbicide Application to Ponds or Lakes

(3) Volume of pond in cu ft = surface area in sq ft x average depth in ft

(4) Volume of pond in ac† ft = surface area in ac ft x average depth in ft 

(5) Volume of pond in ac ft = volume of pond in cu ft ÷ 43,560 ft2 per ac
(6) Total gal of chem required = ac ft x ppmv** x 0.33

(7) ppmw‡ = (lb ai of chem applied ÷ volume in ac ft) x 2.72
(8) Total lb ai required = ac ft x 2.72 x ppmw desired

(9) Total gal of liquid formulation required = ac ft x 2.72 x ppmw desired ÷ lb ai per gal of concentrate

Acre-feet Calculation

(10) Acre-feet = acres x average depth in feet

Acreage Calculations

(11a) Rectangular shape: Acres = width in ft x length in ft ÷ 43,560 ft2 per ac

(11b) Circular shape: Acres = 3.14 x (radius in ft)2 ÷ 43,560 ft2 per ac
Herbicide Application Coverage

(12) Acres/min = (swath width in ft x speed in mph) ÷ 495

Volume of Herbicide Concentrate Required

(13) Gallons of herbicide concentrate required = weight of active ingredient required in spray mixture ÷ weight of active 
ingredient required in spray mixture ÷ weight of active ingredient per gallon of herbicide.

*ai = active ingredient; †ac = acre; **ppmv = parts per million by volume; ‡ppmw = parts per million by weight

Appendix 5. Convenient Conversion Factors

Multiply By To get

Acres 0.405 Hectares
Acres 4,047 Square meters

Acres 4,840 Square yards

Acres 43,560 Square feet

Acre-feet 1,233 Cubic meters

Acre-feet 43,560 Cubic feet

Acre-feet 325,900 Gallons

Centimeters 0.394 Inches
Centimeters 0.01 Meters

Centimeters 10.0 Millimeters

Cubic feet 0.0283 Cubic meters

Cubic feet 0.0370 Cubic yards

Cubic feet 0.804 Bushels

Cubic feet 7.48 Gallons(fluid)

Cubic feet 25.7 Quarts (dry)
Cubic feet 28.3 Liters

Cubic feet 29.9 Quarts (fluid)

Cubic feet 51.4 Pints (dry)

Cubic feet 59.8 Pints (fluid)
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Appendix 5. Convenient Conversion Factors

Multiply By To get

Cubic feet 62.4 Pounds of water

Cubic feet 1,728 Cubic inches

Cubic feet 28,320 Cubic centimeters

Cubic inches 0.000016 Cubic meters

Cubic inches 0.0006 Cubic feet

Cubic inches 0.0037 Gallons (dry)
Cubic inches 0.0043 Gallons (fluid)

Cubic inches 0.0149 Quarts (dry)

Cubic inches 0.0164 Liters

Cubic inches 0.0173 Quarts (fluid)

Cubic inches 0.0298 Pints (dry)

Cubic inches 0.0346 Pints (fluid)

Cubic inches 0.0361 Pounds of water
Cubic inches 0.5540 Ounces (fluid)

Cubic inches 16.39 Cubic centimeters

Cubic yards 0.765 Cubic meters

Cubic yards 21.7 Bushels

Cubic yards 27.0 Cubic feet

Cubic yards 202.0 Gallons (fluid)

Cubic yards 807.9 Quarts (fluid)
Cubic yards 1,620 Pints (fluid)

Cubic yards 7,646 Liters

Cubic yards 46,656 Cubic inches

Cups 0.25 Quarts (fluid)

Cups 0.5 Pints (fluid)

Cups 8.0 Ounces (fluid)

Cups 16.0 Tablespoons

Cups 48.0 Teaspoons
Cups 236.5 Milliliters

Feet 0.3048 Meters

Feet 0.3333 Yards

Feet 12.0 Inches

Feet 30.48 Centimeters

Feet per minute 0.01136 Miles per hour

Feet per minute 0.01667 Feet per second
Feet per minute 0.01829 Kilometers per hour

Feet per minute 0.3048 Meters per minute

Feet per minute 0.3333 Yards per minute

Feet per minute 60.0 Feet per hour

Gallons (dry) 269.0 Cubic inches (dry)

Gallons (fluid) 0.00378 Cubic meters

Gallons (fluid) 0.1337 Cubic feet
Gallons (fluid) 3.785 Liters

Gallons (fluid) 4.0 Quarts (fluid)

Gallons (fluid) 8.0 Pints (fluid)

Gallons (fluid) 8.337 Pounds

Gallons (fluid) 128.0 Ounces (fluid)
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Appendix 5. Convenient Conversion Factors

Multiply By To get

Gallons (fluid) 3,785 Cubic centimeters

Gallons of water 3.785 Kilograms

Gallons of water 8.345 Pounds of water

Gallons of water 3,785 Grams

Grains 0.0648 Grams

Grams 0.001 Kilograms
Grams 0.0022 Pounds

Grams 0.0353 Ounces

Grams 15.53 Grains

Grams 1,000. Milligrams

Grams per liter 10.0 Percent

Grams per liter 1,000. Parts per million

Hectares 2.47 Acres
Hectares 10,000. Square meters

Hectares 11,950 Square yards

Hectares 107,600 Square feet

Inches 0.0254 Meters

Inches 0.0278 Yards

Inches 0.0833 Feet

Inches 2.54 Centimeters
Kilograms 0.0011 Tons

Kilograms 2.205 Pounds

Kilograms 35.28 Ounces

Kilograms 1,000. Grams

Kilometers 0.6214 Miles

Kilometers 1,000.0 Meters

Kilometers 1,093. Yards

Kilometers 3,281. Feet
Kilometers per hour 0.6214 Miles per hour

Kilometers per hour 16.67 Meters per minute

Kilometers per hour 18.23 Yards per minute

Kilometers per hour 54.68 Feet per minute

Liters 0.001 Cubic meters

Liters 0.0353 Cubic feet

Liters 0.2642 Gallons (fluid)
Liters 1.0 Kilograms of water

Liters 1.057 Quarts (fluid)

Liters 2.113 Pints (fluid)

Liters 33.81 Ounces (fluid)

Liters 61.02 Cubic inches

Liters 1,000. Cubic centimeters

Liters 1,000. Grams of water
Meters 0.001 Kilometers

Meters 1.094 Yards

Meters 3.281 Feet

Meters 39.37 Inches

Meters 100.0 Centimeters
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Appendix 5. Convenient Conversion Factors

Multiply By To get

Meters 1,000. Millimeters

Metric tons 1.1 Tons (U.S.)

Metric tons 1,000. Kilograms

Metric tons 2,205. Pounds

Metric tons 1,000,000. Grams

Miles 1.609 Kilometers
Miles 1,609. Meters

Miles 1,760. Yards

Miles 5,280. Feet

Miles per hour 1.467 Feet per second

Miles per hour 1.609 Kilometers per hour

Miles per hour 26.82 Meters per minute

Miles per hour 29.33 Yards per minute
Miles per hour 88.0 Feet per minute

Miles per minute 26.82 Meters per second

Miles per minute 29.33 Yards per second

Miles per minute 88.0 Feet per second

Milliliters 0.00105 Quarts (fluid)

Milliliters 0.0021 Pints (fluid)

Milliliters 0.0042 Cups (fluid)
Milliliters 0.0338 Ounces (fluid)

Milliliters 0.0676 Tablespoons

Mililiters 0.2029 Teaspoons

Milliliters 1.0 Cubic centimeters of water

Milliliters 1.0 Grams of water

Ounces (dry) 0.0625 Pounds

Ounces (dry) 28.35 Grams

Ounces (dry) 437.5 Grains
Ounces (fluid) 0.00781 Gallons (fluid)

Ounces (fluid) 0.03125 Quarts (fluid)

Ounces (fluid) 0.0625 Pints (fluid)

Ounces (fluid) 0.125 Cups (fluid)

Ounces (fluid) 1.805 Cubic inches

Ounces (fluid) 2.0 Tablespoons

Ounces (fluid) 6.0 Teaspoons
Ounces (fluid) 29.57 Milliliters

Parts per million (ppm) 0.0001 Percent

Parts per million 0.001 Liters per cubic meter

Parts per million 0.001 Grams per liter

Parts per million 0.001 Milliliters per liter

Parts per million 0.013 Ounces per 100 gallons of water

Parts per million 0.0584 Grains per US gallon
Parts per million 0.330 Gallons per acre-foot of water

Parts per million 1.0 Milligrams per liter

Parts per million 1.0 Milligrams per kilogram

Parts per million 1.0 Milliliters per cubic meter

Parts per million 2.72 Pounds per acre-foot of water
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Appendix 5. Convenient Conversion Factors

Multiply By To get

Parts per million 8.35 Pounds per million gallons

Percent (%) 1.33 Ounces (dry) per gallon of water

Percent 8.34 Pounds per 100 gallons of water

Percent 10.00 Grams per kilogram

Percent 10.00 Grams per liter

Percent 10,000. Parts per million
Pints (dry) 0.0156 Bushels

Pints (dry) 0.0625 Pecks

Pints (dry) 0.5 Quarts (dry)

Pints (dry) 33.6 Cubic inches

Pints (fluid) 0.125 Gallons (fluid)

Pints (fluid) 0.474 Liters

Pints (fluid) 0.5 Quarts (fluid)
Pints (fluid) 2.0 Cups

Pints (fluid) 16.0 Ounces (fluid)

Pints (fluid) 28.88 Cubic inches

Pounds 0.0005 Tons

Pounds 0.454 Kilograms

Pounds 16.0 Ounces

Pounds 453.6 Grams
Pounds 7,000. Grains

Quarts (dry) 0.03125 Bushels

Quarts (dry) 0.0389 Cubic feet 

Quarts (dry) 0.125 Pecks

Quarts (dry) 2.0 Pints (dry)

Quarts (dry) 67.20 Cubic inches

Quarts (fluid) 0.00094 Cubic meters

Quarts (fluid) 0.0012 Cubic yards
Quarts (fluid) 0.0334 Cubic feet (fluid)

Quarts (fluid) 0.25 Gallons (fluid)

Quarts (fluid) 0.946 Liters

Quarts (fluid) 2.0 Pints (fluid)

Quarts (fluid) 2.087 Pounds of water

Quarts (fluid) 4.0 Cups

Quarts (fluid) 32.0 Ounces (liquid)
Quarts (fluid) 57.75 Cubic inches

Square feet 0.000009 Hectares

Square feet 0.000023 Acres

Square feet 0.0929 Square meters

Square feet 0.111 Square yards

Square feet 144.0 Square inches

Square miles 2.590 Square kilometers
Square miles 259. Hectares

Square miles 640. Acres

Square miles 2,590,000 Square meters

Square miles 3,098,000 Square yards

Square miles 27,880,000 Square feet
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Appendix 5. Convenient Conversion Factors

Multiply By To get

Square yards 0.00008 Hectares

Square yards 0.00021 Acres

Square yards 0.8361 Square meters

Square yards 9.0 Square feet

Square yards 1,296. Square inches

Tablespoons 0.0625 Cups
Tablespoons 0.5 Ounces (fluid)

Tablespoons 3. Teaspoons

Tablespoons 15.0 Milliliters

Teaspoons 0.0208 Cups

Teaspoons 0.167 Ounces (fluid)

Teaspoons 0.333 Tablespoons (fluid)

Teaspoons 5.0 Milliliters
Tons 0.907 Metric ton

Tons 907. Kilograms

Tons 2,000. Pounds

Tons 32,000. Ounces (dry)

Yards 0.000568 Miles

Yards 0.914 Meters

Yards 3. Feet
Yards 36. Inches


