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Sonar delivers confidence. Because it's
very effective against aquatic weeds. And
when used according to label directions,
Sonar has no restrictions that prevent swim-
ming, fishing or drinking—unlike other
aquatic herbicides. That means after treat-
ment, swimmers can still swim, fishermen
can hang onto prize catches, and Sonar can
even be used in drinking water reservoirs.

The Sonar label will not restrict your
water use but Sonar will restrict your aquatic
weeds. Sonar targets specific plants like
hydrilla, pondweed, water milfoil and many

Sonar'won't restrict you...
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other nuisances. Then it controls themn all
season long, whether you apply before
they come up or after.

So get your weeds out of the flow of things.

Try Sonar. And weed out your water, with-
out the worry.

Gently restores nature’s balance.
See your Elanco distributor or write:

Elanco Products Company

A Division of Eli Lilly and Company
Dept. E-455, Indianapolis, IN 46285, U.S.A.
Sonar®—(fluridone, Elanca Products Company)
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Fquatics

EDITORIAL

Although hard to believe, there are
some who live by the credo “best to
leave some seed hyacinths, so we can
keep our jobs!” Fact is, proper
maintenance control of waterhyacinths
should find applicators on “‘search and
destroy’” missions in all of our
waterways. The cost per acre of control
would be high as you spend all day
spraying small populations of plants
totalling an acre. In fact, DNR
reimburses for patrol time as you seek
out the Wily Waterhyacinth as they
hide behind bonnets and bullrush. In
the past it was thought that when you
had to call out the airplane or helicopter
you had let the waterhyacinth get away
from you. Now more and more good
control programs in the state believe
that when one or two airboats spend all
day spraying hyacinths in an area,
you've let them “get out of hand.” It
should make you bite your tongue when
you hear someone say “‘good day today,
we sprayed 40 acres of hyacinth on
Lake So and So.”” The “'good day”
should have been three (3) months ago
when you would have only had to spray
four (4) acres. With the advances made
in biocontrol and herbicide technology,
waterhyacinth maintenance control is a
reality — so practice it. Maintenance
control uses less herbicide, results in
less environmental impact and less
public concern. Those who leave *'seed
hyacinths” for job security aren’t
getting the job done!

Bill Haller

ABOUT
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Little Jones spring
creek run into Lake
Panasoffkee, Sumter
Co., FL
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Hquatics

P apyrus (Cyperus papyrus L.),
Egyptian paper plant, is the
largest of the sedges and one of the
largest entirely herbaceous plants.
The stems or ‘culms’ grow to 9 - 15
feet, but it can grow to 30 feet at
high elevation sites (7). The culms
are topped with a large
inflorescence (umbel) up to 1-1/2
feet in diameter (Figure 1). The
primary role of the umbel is
photosynthesis in mature plants (4).

Papyrus is a native to
Madagascar, Israel, and the African
continent (7). It is the primary
vegetation found in the Sudan flood
region generally known as the Sudd
region of the upper Nile. This
swamp is considered the largest
swamp in the world and comprises
an area of approximately 36,700
square miles. (2). Papyrus may have
disappeared from the lower Nile
due to extensive harvesting for
centuries. Records indicate it was
used for paper (papyri), boat-
making, cordage, matting, food, and
medicine. (1).

Two habitats that papyrus usually
occupies are slow flowing water in
river valleys where it has the
potential to spread in the flood
plains during high water, and at
the edge of freshwater lakes where
it can form a large, dense, floating
mats up to 4-5 feet thick, (Figure 2)
which are independent of the water
depth (4) (7). During low water
these mats may settle on the
bottom of shallow water bodies and
refloat and break free during the
flood season. (7). Researchers
reported that the water layer below
the floating mat was free of oxygen
except near the outer lake edge and
these anaerobic conditions are very
unfavorable to animals living in the
water. These conditions are very
similar to those found in mats of
water hyacinth (Eichhornia
crassipes) (6).

Papyrus is a fast growing plant
and is extremely adaptable, and is
able to spread by both seeds and

Continued on page 6
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Figure 1. The flower cluster of papyrus can obtain diameters of up to 1 1-2 feet.
Photo by Bill Haller

Figure 2. A floating island of papyrus in Lake Naivasha, Kenya, Aﬁiéﬁ. Photo by
Bill Haller




Sonar delivers great results. Almost any-
where. Large recreational lakes. Golf course
ponds. Drainage canals. Even drinking
water reservoirs.

Sonar targets specific plants like hydrilla,
coontail, duckweed, water milfoil and many
others. And controls them all season long,

whether you apply before they come up or after.

But as effective as Sonar is against aquatic
weeds, the label doesn't restrict swimming,
fishing or drinking like other aquatic herbi-
cides. And when used according to label direc-
tions, it won't adversely affect your aquatic

environment’ water chemistry or quality,
or deplete water oxygen.

So restrict your aquatic weeds, not aquatic
use. Try Sonar. And weed out your water,
without the worry.

Gently restores nature’s balance.
See your Elanco distributor or write:

Elanco Products Company

A Division of Eli Lilly and Company
Dept. E-455, Indianapotis, IN 46285, U.S.A.
Sonar®—({fluridone, Elanco Products Company)

*Trees and shrubs growing in water treated with Sonar may be
injured.
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ANquatics

rhizomes. The seeds have the ability
to germinate on bare mud and
compete with wetland annuals (3).
Once it becomes established the
thizomes push out into the water
and the standeing leafless culms
bearing umbels arise. The rhizomes
also afford the papyrus the ability
to reestablish itself after a fire. New
stems arise from the rhizomes and
the plants attain their maximum
size in ten weeks (1). However,
papyrus is restricted in its
distribution in that it will not fully
develop when seasonal flooding
exceeds 9-12 feet (7).

Several studies have noted that
papyrus has several physiological
parameters that make it unique. It
is one of a small group of emergent
aquatic plants that grow in
freshwater swamps and wetlands
which possess the C4 pathway of
photosynthesis. Most C4 species are
adapted to some extent to growth
under conditions where soil
moisture deficits are likely to
develop (5). Jones and Muthuri (5)
noted that midday closure of the
stomata occurs and transpiration is
reduced even though water is
available to the plant. They felt the
reduction of water movement into

assist in the reduction of toxic 3.
ferrous iron uptake.

Papyrus has become established
in central and southern Florida as
an aquatics ornamental (8). Similar
to the areas in Africa where 4.
papyrus is considered a problem
weed, Florida has large shallow lake
systems and wetlands that do not
endure seasonal ﬂdoding, so the
potential to become an aquatic weed 5.
problem in Florida is present (7). At
the present time papyrus is being
distributed through some Florida
aquatic nursery dealers and
although it is not presently on the
Department of Natural Resources
prohibited aquatic plants list
(16C-52.011) it has the potential to 6
join the list if in fact the plant '
spreads and becomes established in
natural wetland habitats.

7.
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Sonar clearly tells its own story. With season-
long aquatic weed control that other aquatic
herbicides cannot deliver. Sonar targets specific
plants like water lily, hydrilla, duckweed and
many other weed problems. And controls them
all season long whether you apply before they
come up or after.

Unlike other aquatic herbicides, the Sonar
label doesn't restrict swimming, fishing, or
drinking. When used according to label direc-
tions, it won't adversely affect the aquatic
environment* water chemistry or deplete

Sonar’'weed control...

water oxygen. And Sonar works very well in

lakes, ponds, and drainage canals.

So restrict your aquatic weeds, not your
aquatic use. Try Sonar. And weed out your
water, without the worry.

Gently restores nature’s balance.
See your Elanco distributor or write:
Elanco Products Company

A Division of Eli Lilty and Company

Dept. E-455, Indianapotis, IN 46285, U.S.A,

Sonar®—(fluridone. Elanco Products Company)

*Trees and shrubs growing in water treated with Sonar may be
injured.
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Aquatics

Introduction

F ree-floating plant species,such
as duckweed, waterlettuce,

and common salvinia, are often
considered noxious weeds at
relatively small populations by
virtue of their unique growth
characteristics. With the aide of
prevailing winds or moving water,
floating plants have the ability to
readily invade virgin habitats.
Additionally, many free-floating
plants innately have excessive
growth potentials, and coupled with
the difficulty in controlling many of
the smaller leaved floating plants
with surface applied herbicides,
makes these plants an especially
troublesome group.

A herbicide widely used in
Florida for control of these three
plants is diquat, which is also the
only herbicide that list all three
plant species on the same label.
Developed in the late 1950’s, diquat
is a fast acting contact herbicide
used on a wide range of
submersed, emersed, and free-
floating aquatic weeds. With the
cost of research and development of
new herbicides escalating, the
prospects for many new materials in
aquatic plant management are bleak.
We were, therefore, interested in
evaluating currently registered
products to determine their
effectiveness for control of these
species.

Results and Discussion

Average control ratings at 15 DAT
(days after treatment) for all three
plant species are listed in Tables 1,
2, and 3. Results for duckweed
indicate that all rates of diquat
essentially controlled 100% of the
treated plants. The other herbicides
tested had minimal impact on
duckweed at 15 DAT and by 4
weeks post-treatment (data not
shown) plants showed no herbicidal
symptoms.

Waterlettuce often occurs in
mixed populations with

by

Gainesville, Florida

waterhyacinth. Because 2,4-D is
often used for waterhyacinth
management, it would be desirable
to find some additive that may
make waterlettuce susceptible to this
systemic herbicide at field
application rates. The most
efficacious of all the 2,4-D plus
adjuvant treatments was that of 2,4-
D plus the industrical strength
detergent, LIQUA-NOX. At five
DAT it appeared as though 50% of
the treated plants would be
controlled as indicated by browning
and typical 2,4-D type symptoms;
however, by 15 DAT regrowth
decreased efficacy ratings to 20% of
the control.

Plots treated with diquat had
100% control at the 1 gt./acre rate.
Waterlettuce treated with endothall
were rated at about 80% control
with all three treatment rates 15
DAT, however regrowth occurred
rapidly as new leaves sprouted from
the central bud. Glyphosate
treatments at 1.0 and 1.5 gal/acre
were rated at greater than 90%
control at 25 DAT and increased to
100% control by 30 DAT. The 2
gal/acre treatment rate with
glyphosate resulted in no more than
70% control at 15 DAT and by 60
DAT, waterlettuce had re-
established and 100% of the frames
through formation of multiple
daughter plants from the decaying
parent plants.

With the exception of 2,4-D, all
herbicides and herbicide rates tested
for salvinia control were rated at
about 80% control 15 DAT. Later
ratings (30 DAT) of salvinia again
indicated little difference between
herbicidal treatments.

In summary, it appears that of
the herbicides and rates tested,
diquat provided the most effective
long term control of duckweed and
diquat and glyphosate were
efficacious against waterlettuce.
None of the herbicides provided
over 80-90% control of salvinia as
diquat, endothall, and glyphosate
appeared to be equally effective at
the rates tested.

Effect of Herbicides on Floating Aquatic Plants

Daniel D. Thayer and William T. Haller
Biological Scientist, Florida Department of Natural Resources
and Professor, Center for Aquatic Weeds
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Table 1. Effectiveness of several her-
bicides for control of duckweed.

Treatment Rate Percent
(gal/acre) killab
2,4-De 1/4 2%
2,4-D 172 2
2,4-D 1 10
diquat 12 99
diquat 1 100
diquat 112 100
endothalld 1/2 6
endothall 1 7
endothall 11/2 10
glyphosate 172 12
glyphosate 1 14
glyphosate 112 17
a Efficacy ratings were based on a scale of 0

to 100 with 0 having no effect and 100
having complete kill.
b Values for percent kill are the average of
three replications per treatment and three
evaluators rating control.
As dimethylamine salt.
d As dipotassium salt.

Continued on page 11
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The Role and Management of Cattails

By
Katherine M. Gilbert

in a Lake Ecosystem

Bureau of Aquatic Plant Management

‘ :attails are native plants found
growing in protected shallow

water areas from the shoreline
reportedly out into water nine feet
deep. Their habitat includes soils
ranging from sand and clay to high
organic peat and water pH from
4.2-8.1. Optimum habitat is high
organic soil, nutrient enriched
waters, pH 6-8 and water depth
6-18 inches. There are three pure
species and one hybrid given
species status in the U.S. . All
occur in Florida and hybridization
regularly occurs. Generally, the
hybrids produced have a greater
tolerance of environmental .
fluctuations than their parents.
Cattails rapidly establish in
disturbed or fluctuating areas and
areas of low density vegetation.
Due to the lowering of the water
table and increased nutrient loading,
conditions which are favorable to
cattail growth, cattail distribution
has become extensive in some areas
of Florida.

The 1984 DNR Aquatic Plant
Survey reflects the increase in
cattails during the years 1982-1984.
There was a jump from almost
16,000 acres in 1982 to over 49,000
acres in 1983.

In terms of g/m? (dry weight),
cattail is approximately twice as
productive as hydrilla and up to a
third again as productive as
hyacinth. Approximately half of the
biomass of a cattail is belowground
in the rhizome. Vegetative
reproduction occurs from branching
of the rhizome with new shoot
formation.

Figure 1 traces the route of
rhizome growth and shoot
production. “A” is the oldest
growth, “E” the youngest. “A” is
the first growth. It may have
started from a seed. “B” is the
second shoot produced during the
first year. “C”” and “D’ are second
year growths. “D”" is producing
new rhizomes and shoots that may
be part of the main population of
the third year or may come up at
the end of the second year. “C” is

producing a ramet, a clump of
shoots. Ramets live up to three
years and do not produce flowers
during the first year. When flower
spikes are produced each can yield
one half a million flowers.
Rhizomes build up a store of
carbohydrate reserves in the fall just
prior to leaf senescence and can live
up to 2 years. In the early spring,
cattail leaves are able to attain their
maximum height utilizing the stored
reserves.

Initial colonization of an area by
cattail can occur with one seed
which can reportedly produce 98
aerial shoots in a 9 feet diameter
area within one season. Continued
extensive vegetative reproduction
produces clones, groups of
genetically similar individuals.

Seedling establishment is chemically

Combee Airboats Inc.

Department of Natural Resources

inhibited within the clone area.
Cattail stands usually consist of one
to a few clones produced by one
species or a combination of species
and/or hybrids.

Cattail is a valuable plant of the
freshwater lake ecosystem. It is able
to assimilate nutrients, a process
which can be utilized for
wastewater (now referred to as
“recovered water”’) treatment.
Cattail has the ability to accumulate
heavy metals, including copper.
Leaching from the leaves occurs for
all nutrients except nitrogen and
calcium. A Jarge amount of nitrogen
and a fair amount of phosphorus is
stored in the rhizomes over winter.

Additionally, the rhizomes take
up some nitrogen and phosphorus
from the soil during the winter. As
for habitat, the tall leaves provide
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fiberglass Airboats and

. Service
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boats to meet your needs.

Combee Airboat
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Aircraft power plants
Automotive power plants
High performance automotive
belt drive power plants
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Complete metal work
Modification and repair

to existing metal work
Stainless steel tank fabrication
Authorized Sensenich
propeller dealer

Combee Airboats would like

to make available to you

our 20 years of experience

in the manufacturing and

service of airboats

Call or write today

for additional information:

COMBEE AIRBOATS, INC.

1108 U.S. 27 NORTH

P.O. BOX 570

LAKE HAMILTON, FL 33851

PHONE (813) 439-5258 or
439-5457
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Aquatics

an apical relief for birds, surface
area for invertebrates and shelter for
juvenile fish. When the leaves die,
they provide nesting habitat and
overall shelter for birds and small
mammals. All parts of the plants
are edible, for human and wildlife
consumption. Cattail roots and
shoots help hold soil and are useful
for bank stabilization.

However, dense growth of cattail
can be detrimental. The tall leaves
can reduce visual and physical
access to a waterbody. The number
of plants may increase
sedimentation and produce great
amounts of organic ooze in areas
where those processes are
undesirable.

Dense growths of cattail are less
useful for wildlife utilization than
thin, patchy growth intersperced | Figure 1. Groweth and expansion of cattails.
with other vegetation types. Several
studies report that the greatest
diversity of birds, fish and
invertebrates occurs when there is a
30-60% mixed vegetation cover to < ¢ \
openwater (Figure 2). If cattails are
the only emergent plant available,
they should be allowed to
contribute to the lake community.

We realize that cattail is
expanding in areas where it has not
been previously observed. In a
balanced or depauperate system, it
is a beneficial wetland plant. There
are areas in south-central Florida
where extensive stands occur and
must be regulated. There are many
more areas where small, localized
stands blend well with the aquatic
community and present a positive
contribution to the community. I Figure 2. Affect of cattails on fish and wildlife.

ALL COPPER PRODUCTS
ARE NOT CHELATED EQUAL

ONLY CUTRINE-PLUS Algaecide/Herbicide IS PATENTED !

e Broad range algae & hydrilla control 1 e Patent No. 3,830,834
e Two formulations - liquid & granular / g: o e 9% active copper
e No water-use restrictions ‘ e Contains no sulfates!
o NoO equipment corrosion ™ e Formulated with mixed
ethanolamines for complete
e Tank-mix compatibility ‘ ; chelation, stability, and
' - S water solubility
CUTRINE®-PLUS — THE CHOIGE OF PROFESSIONAL APPLICATORS !
Applied Biochemists, Inc. For Additional Information
5300 W. County Line Rd. CALL TOLL-FREE: 800-558-5106

Meguon, WI 53092 IN FLORIDA: 813-584-5230
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When you consider the amount of
wetlands lost in Florida every year,
it seems wise to conserve and
manage what we have regardless of
age or origin. To attain a balance
between the lakeowner's desire for
view and access to the lake and
maintain the usefulness of cattail as
a valuable wetland resource, the
DNR has come up with
management guidelines that
hopefully will provide as many
benefits as are practical.

In some areas, removal of up to
75% of the cattail is allowed.
Currently, the method is to cut a
V" shaped pattern which provides
visual and physical access to the
lake. This may also facilitate
circulation. It is possible that the
wildlife value of an area like this
can be enhanced by cutting into the
edge, forming pools or jagged
indentations. For good control of
the cattail stand it would be best to
controf the plants during periods
when the carbohydrate reserves in
the rhizomes are lowest. The best
times are:

1. early spring to cut down

new growth from
overwintered shoots.

2. just prior to flower
release when
carbohydrate reserves are
drained from flower
production.

3. late summer, early
auturmnn just prior to leaf
senescence when the
rhizomes are building up
their overwinter
carbohydrate store.

4. or during early winter
when the rhizomes are
depending upon
emerged dead stalks for
their oxygen supply.

In summary, cattails are native,
aquatic plants. When intermixed
with other wetland and aquatic
plants, they contribute to the health
and wealth of the Jake ecosystem.
In disturbed or enriched areas their
growth can expand to proportions
which decrease the usefulness of
those areas. Man’s ability to impact
and maintain this plant and all
other plants of the Jake ecosystem
should be handled with wise
management practices for the
mutual benefit of all life.

PO. Box 251

904/787-1360

SOUTHERN FISH

Leesburg, Florida 32749-0251

SOUTHERN FISH CULTURISTS, INC.

-

CULTURISTS, INC.

Florida Headquarters for

Triploid Grass Carp

cost effective, environmentally sound

Native Sportfish

Bass, Bream, Channel Catfish available for lake stocking

FISHING LAKE MANAGEMENT
Fish population analysis and control, stocking recommendations, feeding
and fertilization schedules, turbidity control, plant management.

AQUATIC SCIENCE SERVICES
Biological surveys, environmental impact studies, DRI natural histories,
fish kill & pollution investigations, water quality analyses.

PROFESSIONAL CONSULTATION
Aquatic weed control, fish and bait culture, fishery management. Expert
testimony in litigation and public hearings.

John F. “Jack” Deqguine,
Fishery Biofogist
President

Consultation and services In lake management and aquatic biology since 1953

Continued from page 8

Table 2. Effectiveness of several her-
bicides for control of waterlettuce.

Treatment Rate Percent

(gal/acre) kill=>
2,4-De 1 : 6
2,4-D + kover Il I+ 1% viv 17
2,4-D + CIDE-KICK 11 + 1% viv 14
2,4-D + Liqua-nox 1 + 1% viv 20
2,4-D + Dermagene 1 + 1% viv 13
diquat 172 100
endothal) ¢ 172 76
endothall 1 79
endothall 112 81
glyphosate 172 7
glyphosate 1 96
glyphosate 1172 99

» Efficiency ratings were based on a scale of 0
to LDO with 0 having no effect and 100

- having complete kill.

b Values for percent kill are the average of
three replications per treatment and three
evaluators rating control.

< As dimethylamine salt.

d As dipotassium salt.

Table 3. Effectiveness of several her-
bicides for control of common salvinia.

Treatment Rate Percent
(gaVacre) killa®
2,4-D¢ 1 8
diquat 12 87
enthothalld 12 75
endothall 1 80
endothall 1172 80
glyphosate 12 87
glyphosate 1 86
glyphosate 1172 85
- Efficacy ratings were based on a scale of 0

to 100 with 0 having no effect and 100
having complete kill.

b Values for percent kill are the average of
three replications per treatment and three
evaluators rating control.

< As dimethylamine salt.

d As dipotassium salt.

YOU KNOW IT’'S GOING
TO

BE A BAD DAY WHEN
by
Citrus County Environmental
Division

® When you hear the famous
words, “Trust Me!”

® When you get your partner on
the bow wet and you receive a
sinister smile back.

® The airboat trail you've been
using all year was chosen as a
disposal site by a mechanical
harvester. Banzai!

® You use another crew’s boat and
didn’t know the toggle switch
was for the charging system.

& When you're wet from head to
toe and your partner heads
straight for a ripe cattail patch.

e When the road department
dumps limerock instead of rock
to fix your boat ramp.
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Clearing thebAir on 2,4-D

Extension Aquatic Weed Specialist, IFAS, Gainesville, Florida
Biologist, DNR, Gainesville, Florida

Extension Specialist, IFAS, Gainesville, Florida

l l se of 2,4-D has come under

close scrutiny on several
fronts recently. The Florida
Department of Agriculture and
Consumer Services “Organo-Auxin
Herbicide Rule” placed new
restrictions on the use of 2,4-D in
the State. Studies that suggest the
detrimental effects of 2,4-D on non-
target aquatic plants such as
bulrush, during waterhyacinth
control operations has caused
concern among spray crews and
supervisors. And, an article
published in the Journal of the
American Medical Association
(JAMA 1986;256:1141-1147) suggested
a link between the occurrence of
non-Hodgkins lymphoma (NHL) and
the use of 2,4-D by Kansas farmers.
In a letter to the editor in the
December 1986 Aquatics, it was
stated that several speakers at the
1986 Annual FAPMS meeting
pelittled”” the JAMA report by S.K.
Hoar et al. This report should not
be “belittled”, but should be put
into perspective. We will discuss
these issues as they relate to use of
2,4-D for aquatic weed management
in this article.

Organo-Auxin
Herbicide Rule

A question that [ have been
asked several times in regard to this
rule is whether all ester
formulations of 2,4-D are illegal
under the new rule. The answer to
this question is no; and a quick
review of the basic chemistry of 2,4-
D will help to explain this more
fully.

Figure 1 is the structure of 2,4-D
acid. It is composed of a phenol
ring that has chlorine substitutions
at the 2 and 4 positions and an
acetic acid molecule attached to the-
oxygen at the 1 position. Different
2,4-D formulations that vary in their
volatility, solubility and toxicity
properties are made by replacing

Ken Langeland
Dan Thayer
Danny Colvin

Structure 1

2,4-D acid

the Hydrogen on the acetic acid
with various side chains.

Amine formulations of 2,4-D are
synthesized by attaching a nitrogen
(N) containing compound to the
oxygen (0) of the acetic acid. An
example is the dimethyl amine
(structure 2) that is commonly used

Structure 2

H O B CcH
7 3
—(—=0-N= ey,
H H
Cl
H H

Ct

dimethylamine (DMA) salt of 2,4-D

for aquatic weed control. 2,4-D
amines are nonvolatile. Since they
do not change from liquid, to
gasses at ambient temperature they
do not present a hazard to nearby
crop plants if particulate drift is
controlled, and treated water is not
used for irrigation or mixing sprays
for use on sensitive crop plants.’
2,4-D amines are soluble in water
and have very low toxicity to fish.
For example, the average 96 hour
LC50 for bluegill is 168 ppm
dimethyl-amine salt of 2,4-D; or 716
gallons of a typical 3.8 Ib ae
formulation per acre in 6 foot
depth.

Esters of 2,4-D are synthesized by
attaching the carbon (C) chain of an
alcohol (OH) to the -0- of the acetic
acid portion of the molecule. Esters
with short carbon chains (structures
3-6) are inexpensive to produce but
are highly volatile. Because of

potential damage to crop plants by
vapor drift the “Organo-auxin
herbicide rule” prohibits the sale or
use of these compounds, specifically
methyl (Structure 3), ethyl
(Structure 4), propyl (Structure 5),
isopropyl, and butyl esters
(Structure 6), in Florida. Prohibition
of these compounds should not
affect the aquatic weed control
industry because there are no high
volatility, short chain 2,4-D ester
formulations labeled for aquatic
weed control.

Structure 3

H /O H {
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N 101 ;
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ci

methyl ester of 2,4-D

Structue 4

ethyl ester of 2,4-D

Structure 5

propyl ester of 2,4-D
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butyl ester of 2,4-D

Low-volatile esters of 2,4-D are

| synthesized by attaching long chain
| alcohols with an ether linkage (C-0-
C). Formulations of 2,4-D
butoxyethyl ester (Structure 7) and

Structure 7
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butoxyethyl ester of 24-D

isooctyl ester (2, ethylhexyl ester)
are labeled for aquatic and
ditchbank use and are not
prohibited by this rule.

Esters of 2,4-D are not readily
water soluable and are applied as
oil in water emulsions or as inverts.
They are generally considered more
phytotoxic than amines, especially
on woody plants, because they are
more readily absorbed. Esters are
therefore important tools for use on
ditchbanks to manage woody and
difficult to control weeds.

It should be remembered that
some volatilization of low-volatile
esters can occur on hot humid
days, so for large area applications
to waterhyacinths where vapor drift
to susceptible crops such as squash,
melons and beans is a concern, 2,4-
D amine is a better choice.

It should also be remembered that
in comparison to amines, esters are
much more toxic to fish. For
example the average 96 hr. LC50 for
bluegill is 1.2 ppm butoxyethyl ester
of 2,4-D. However, if foliar
application is done properly, so that
a minimum of sprayed material
enters the water, problems will not
occur. Likewise, when granular
formulations of 2,4-D ester are used
most 2,4-D is tied up in the
hydrosoil and plant material so that
toxic concentrations do not occur in
water.

Decisions that must be made by
applicators with respect to
application of amines and esters of
2,4-D must be based on common

sense and knowledge of the
characteristics of the formulations
and the target species. These
decisions should not change under
the “Organo-auxin rule”.

The major complaint with the
"Organo-auxin rule” is with the
record keeping that is required in
part -6. The interpretation of the
record-keeping requirement is that
records must be kept for any
particular 24 hour period that an
excess of 5 acres is treated. Records
do not have to be kept for other
days when less than 5 acres ts
treated. Good record-keeping can be
beneficial in many ways, and can
be especially important for the
applicators protection to
demonstrate that.applications were
made according to regulations, if a
law suit over crop damage arises.

Effects on Non-Target
Aquatic Plants

Some concern has recently been
expressed about using 2,4-D when
native, non-target vegetation may be
incidentally sprayed. It is inevitable,
when you manage a free-floating
plant like waterhyacinth, that you
will eventually find yourself
spraying in and around a desirable
plant like bulrush.

This concern was partly generated

| from the results of a study

evaluating the potential impact of
herbicides used for waterhyacinth
control on the bulrush communities
of East Lake Tohopekaliga, Osceola
County, Florida. The
recommendations of the evaluation
suggested using diquat when
targeting waterhyacinths mixed with
bulrush. This was based on the
long-term impacts to bulrush using
multiple treatments of 2,4-D. For
the purposes of the study, the
entire emergent portion of the
bulrush was sprayed. Each of the
treatment plots were separated by
buffer (non-sprayed bulrush) zones.
Throughout the 2-year study, there
never appeared to be any impact to
adjacent vegetation, indicating that
drift or absorption from submersed
portions of the bulrush plant did
not adversely affect growth.

The cost advantage and well
documented efficacy of 2,4-D to
waterhyacinth makes it a desirable
method for its control. When spray
crews are targeting waterhyacinth
around desirable vegetation such as
bulrush, they should do everything
possible to avoid direct contact to

bulrush stems. Only when
waterhyacinths are growing deep
within a bulrush community should
a spray crew be concerned about
the use of 2,4-D, and in this
situation, switching to a herbicide
like diquat would be prudent.

It should be noted that the only
plant studied on East Lake
Tohopekaliga was bulrush. It is
quite possible that desirable
vegetation such as maidencane,
knotgrass, spatterdock, and so on,
may be less impacted by 2,4-D than
bulrush.

Studies measuring the impacts of
waterhyacinth control operations on
these and other desirable plants
should also be conducted. But one
thing is certain, the uncontrolled
growth of waterhyacinth will most
assuredly have more of an impact
on desirable vegetation and water
quality than any maintenance
control program.

Health Effects

2,4-D was first sold as a herbicide
in 1944. Tt quickly became a widely
used herbicide in both crop and '
non-crop situations; and probably
remains as the most widely used
herbicide in the world. This
extensive history of use without
incidence of human health effects
attests to the safety of the
compound, along with an excess of
40,000 scientific articles and
technical reports related to the
herbicide.

In spite of the safety record and
scientific data to support its safety,
public concern over the use of 2,4-D
began to to grow when a link was
suggested between birth defects and
the exposure of Vietnam veterans to
TCDD, a contaminant in the
defoliant “agent orange”, that was
used during the war. Agent orange
was a 1:1 mixture of 2,4-D and
2,4,5-T. The source of the TCDD
contamination was the 2,4,5-T
component. Although TCDD does
not occur in any 2,4-D formulations,
concern grew because of
misconceptions and press coverage.

Use of 2,4-D has once again
become a matter of public concern
after the publication and media
coverage of the JAMA paper by J.K.
Hoar et al. that related NHL and
2,4-D use by Kansas farmers. This
was a good study with proper
controls and proper statistics
applied to the data. Results of this
study show a correlation with the

15
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occurence of NHL in farm workers
who applied 2,4-D on a regular
basis. This data shows a six-fold
increase in the chance of contracting
NHL when 2,4-D was applied by
the worker for over 20-plus days
per year and no protective clothing
was worn. The strongest association
of increased NHL reported in the
study was based on a total of only
seven farmers who were in the
20-plus days per year exposure
group. Misclassification of only a
few farmers could substantially
change the conclusions of the
study. In addition, no correlation
was found that would relate 2,4-D
usage to the occurrence of
Hodgkins disease or Soft-tissue
sarcoma.

The National Cancer [nstitute
(NCI) is conducting somewhat
similar epidemiological studies in
several states, including fowa,
Minnesota, and Wisconsin. In these
studies there were preliminary
findings that did not show an
increased risk of NHL associated
with farming in lowa or Minnesota,
although there appeared to be a
slight increase in Wisconsin. These
early studies did not ask as detailed
questions about the use of
herbicides as was done in the

Kansas study. Other NCI efforts
underway, presumably, will more
specifically address questions
regarding the use of herbicides and
help clarify these results.

Regardless of the differences and
inconsistencies observed the various
cpidemiological studies, the Kansas
study is of scientific interest
and warrants careful review and
follow-up. Such review must
consider the results of the Kansas
study in context with other existing
and on-going toxicological and
epidemiological research.

As a further note, the Industry
Task Force on 2,4-D has reviewed
preliminary unaudited results of a
two-year mouse oncogenicity study
which indicates that 2,4-D acid was
not oncogenic (did not cause tumors

| of any kind) after a lifetime of daily

feeding to male and female mice.
These results support the Industry
Task Force position that 2,4-D acid
is not a public carcinogen risk.
Further information can be obtained
from the task force by calling: U.S.
(800) 345-5109, Canada (800)
654-5650, other areas (503) 370-8297.
Direct all calls to Mr. David Dietz.
Shortly after the publication of
the JAMA article, a large lawn care
service was referenced in a St.

l

|

Petersburg newspaper as saying that
they would never use 2,4-D in their
business again. This type of over
reaction is unnecessary; and
publication of the JAMA article
should not affect the use of 2,4-D
in aquatic weed control operations.
We have always emphasized the
importance of safety and use of
protective clothing when handling
aquatic herbicides and 2,4-D is no
exception. There is no scientific data
in the literature, nor does this
recent publication suggest a health
hazard to the general public from
using 2,4-D as an aquatic herbicide.

Summary

Increased regulation of 2,4-D use
in Florida and recent scientific data
concerning toxicity and effects on
non-target aquatic plants should be
taken as reminders to respect the
chemical tools of our trade. We
continue to stress the importance of
safe handling and judicious use of
aquatic herbicides that are brought
about by knowledgeable personnel
in the aquatic plant management
profession; and we will continue to
provide up-to-date information and
training to the best of our ability to
make this possible.

TRIPLOID GRASS CARP

COST EFFECTIVE AQUATIC WEED CONTROL

PRODUCED IN FLORIDA — NOT LONG HAULED

IMMEDIATE DELIVERY AVAILABLE
COMPETITIVE PRICES — CALL FOR A QUOTE

CONTACT:

Other Species Produced

v~ Florida Largemouth Bass
v Striped Bass / White Bass Hybrids
v Bluegill and Redear Sunfish

v Channel Calfish

RON SLAY
FLORIDA FISH FARMS, INC.
2727 N.E. 14th Avenue
Ocala, Florida 32670

Days: (904) 489-6875
Eves.: (904) 732-0337
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The Major Aquatic Plants
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School of Biological Science, The Science University
of Malaysia (USM), Minden, Penang, Malaysia
Visiting Fulbright Scholar, Center for Aquatic Weeds

Geography

P eninsular Malaysia lies between

latitudes 10 and 70 north, and
longitudes 1000 and 1050 east. The
area covers approximately 50,905
square miles and measures 460
miles at its greatest length, while its
greatest width is only 200 miles.

There are 1,200 miles of coastline,
with muddy mangrove swamps
predominating the west and sandy
beaches fringed with green
casuarinas in the east. A central
mountain spine runs through the
peninsula from northwest to
southeast of which Gunung Tahan
(7,183 ft.) is the highest peak.

The topographical relief of
Pensinsular Malaysia is characterized
by a central mountain range and
featuring rolling plains and tidal
flats. Sedentary soils are found in
36,284 square miles of mountains to
undulating plains, while alluvial
soils are found in riverine and
coastal plains covering
approximately 13,896 square miles.
There are hundreds of river systems
in Pensinsular Malaysia. Most of the
rivers originate in steeply sloped
mountainous catchments
meandering through the flat plain
alluvial areas and subsequently end
up at estuaries which are generally
in the tidal flat regions (Fatt-1985).
The lowland areas particularly in
the northern region, are mainly
utilized for rice cultivation.

The climate is typically tropical
and is strongly influenced by the
sea. From October to March, the
northeast monsoon brings heavy
rain and strong winds to the east

" coast and to all the areas east of
the central mountain range. On the
other hand, from June to
September, the southwest monsoon
brings heavy rain to the west coast
areas. Generally, the air temperature
ranges from 700F to 900F and in
most cases the water temperature is
almost constant throughout the year

(770F to 900F). The total annual
rainfall averages between 50 and 80
inches (Papineau’s guide to
Malaysia — 1980).

Politically, Peninsular Malaysia is
divided into 12 provincial states
including the Federal Capital, Kuala
Lumpur (KL). Apart from Kuala
Lumpur, there are eight states in
the west coast of the peninsula
namely; Perlis, Kedah (rice bowl of
Malaysia), Penang, Perak (tin-
mining state), Selangor, Negri
Sembilan, Malacca and Johore.
Although the eastern part of Johore
is on the east coast, normally only
three are basically considered as the
east coast states. The states are
Kelantan, Terengganu and Pahang.

Aquatic ecosystem

According to Lim and Fong
(1985), freshwater ecosystems in
Peninsular Malaysia can be classed
into riverine and lacustrine systems.

The riverline system includes;
mountain (> 3,280 ft), upland (> 500

ft), lowland floodplain, blackwater
and brackish water rivers. Also
categorized under the riverine
systems are the networks of man-
made irrigation and drainage canals
(Figure 1), particularly in the rice
field areas, and the monsoon drains
and ditches which are
predominantly in the urban areas.
Almost all the running waters,
either natural or man-made in this
case, are being considered under a
riverine system.

All non-moving water bodies or
lacustrine systems include; upland
and lowland lakes (normally
impoundments), reed, mangrove
and blackwater swamps, reservoirs,
unused mining pools, fish ponds
and rice fields.

The unique ecosystem created by
rice field culture harbours various
species of exotic aquatic plants that
are normally considered under a
specific rice field system. In a man-
made rice field system, besides vast
areas that are heavily utilized for
rice cultivation, run miles and miles

Figure 1. Waterhyacinth enroaching into an irrigation canal.

17



18

Aquatics

of dug up canals which are
principally used to irrigate the rice
fields.

To date, there are several major
irrigation schemed areas in the
peninsula. The MADA irrigation
scheme which irrigates
approximately 236,868 acres of rice
field and made up of more than
1,378 miles of canals, is the largest
rice development scheme ever
implemented by the Malaysian
Government. The first major
irrigation scheme in the peninsula
was undertaken in the Krian
District, north of Perak. Most of the
construction took place between the
years 1899 and 1906 during the
colonial time (Malaysia obtained her
independence in the year 1957 from
the British.) As a matter of fact, the
MADA area and the Krian district
have the most diversified species of
aquatic plants.

Aquatic Plants

Approximately 55 species of
aquatic plants are commonly found
in the Malaysian freshwater
ecosystem. Among these plants, 13
species are considered as noxious
weeds including waterhyacinth
(Eichhornja crassipes) and hydrilla
(Hydrilla verticillata). Economically,
eight species of aquatic plants are
considered important. Rice (Oryza
sativa) is widely cultivated,
particularly in the northern
peninsula and for decades has been
a staple food for the people of
Malaysia.

There are 44 dominant species
found in the rice field areas and
they constitute more than 50% of
the major aquatic plants in the
peninsula. There are about 21
species of aquatic plants found
abundantly in the river systems. It
is known that several species such
as common reed (Phragmites
communis) and wild saccharum

. {(Saccharum spontaneum) have

played a major role in preventing
river banks from erosion.
Spike-rush (Eleocharis dulcis) is
dominant in blackwater swamps
which are widely distributed in the
east coast states of Peninsular
Malaysia. In addition, hanguana
(Hanguana malayana) is dominant
in several swamps in the State of
Perak. Lepironia (Lepironia
articulata) thrives well in the
Malaysian largest swamp, Tasik
Bera in Pahang. The old unused
mining pools are generally rich in

Figure 2. Sacred lotus growing in an old mining pool.

aquatic plants, namely sacred lotus
(Nelumbo nucifera), Figure 2,
hydrilla and water-hyacinth.,
Approximately 17 species of aquatic
plants are commonly found in the
stagnant water habitats.

»>~This Beauty is a Beast ~;

The BEAST has been Improved

Its BEAUTY has been Enhanced

The D-30/50 aquatic spray unit from Applied Aquatic
Management, Inc. has been redesigned. The new units still
feature the infallible Wisconsin Robin engine coupled with
Hypro’s D30GI twin deiaphram pump. The newly designed 50
gallon tank features lighter weight construction, easy fill and
total mix utilization. A fully enclosed, easy access, belt guard is

now standard on the D-30/50.

Other Standard D-30/50
Features include:

®  Forced siphon tank filler

e 2 paddle mechanical agitation of
marine grade brass and stainless
steel

®  Site tube level gauge

®  FEpoxy coated steel skid

A e e e e e e e e e e e e e

i

Floating plants

To date, it is known that
only five species of floating
plants are widely distributed in
Peninsular Malaysia. Most of
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For additional information contact:

APPLIED AQUATIC MANAGEMENT, INC.
P.O. Box 1437 e Eagle Lake, Florida 33839 e (813) 294-1115
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them are considered as weeds.
Giant salvinia (Salvinia
molesta) is rated the worst
weed in the Krian rice field
district. Common duck weed
(Lemna perpusilla), giant
duckweed (Spirodella
polyirhiza), azolla (Azolla
pinnata) and waterlettuce
(Pistia stratiotes) are known to
cover the whole surface of
waterways.

Of all the free floating plants
Eichhornia crassipes is by far
the most noxious weed.
Evidently, waterhyacinth is also
widely distributed in Southeast
Asian Countries. It is also one
of the most problematic plants
in the Asian Region.

Submerged plants

There are about 11 species of
submerged plants which are
abundantly found in freshwater
ecosystems. Two of the species,
hydrilla (Hydrilla verticillata)
and coontail (Ceratophyllum
demersum) are considered as
serious weeds. Although these
two species are considered as
weeds, however, they are also
utilized as aquarium plants.

Apart from these two
species, there are several
species such as fanwort
(Cabomba caroliniana),
tapegrass (Vallisneria gigantea),
limnophila (Limnophila
heterophylla) and cryptocorne
{Cryptocorne griffithi) that are
also commercialized as
aquarium plants.

Emergent plants

There are about 16 major
species in this type of life
form. Among them, several
species such as pepperwort
(Marsilea crenata), smart weed
(Polygonum barbatum), water
snowflake (Nymphoides indica)
and monochoria (Monochoria
vaginalis) are considered as
weeds. The seeds and fruits of
sacred lotus (Nelumbo
nucifera) and water chestnut
(Trapa maximowiczii) are
consumed by the local people.
The tubers of arrowhead
(Sagittaria sagittifolia) and
water mimosa (Neptunia
natans) are edible and generally
sold in the local markets.
Water morning glory (Ipomoea
aquatica) and yellow bur-head

(Limnocharis flava) are also
largely consumed by the local
inhabitants.

Marginal plants

These amphibious macrophytes
can survive on land or in water.
There are about 23 species
dominantly found in Peninsular
Malaysia. Bulrush (Scirpus grossus)
is one of the conspicuous species
which is known to heavily colonize
the abandoned rice fields.

Several species from the family
Poaceae have posed severe
problems to the rice farmers. These
species, including barnyard grass
(Echinochloa crusgalli), offer a keen
competition to the rice plant (Oryza
sativa) particularly in a direct
seeding area. As a result, rice
productivity will be greatly reduced.

Conclusion

This text briefly described the
commonly distributed aquatic plants
in Peninsular Malaysia. It should be
noted that apart from the 55 species
observed, there may be several
other species yet to be discovered.

From various studies made, it is
fairly difficult to conclude whether a
species of plant is a native or an
exotic species. However, based on
several works, it may be safe to
conclude that most noxious weeds
found in the peninsula were
introduced species. Thus, human
activities have rendered a valuable
service in the wide distribution of
these plants in Peninsular Malaysia.
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SIMPLE & NON-TOXIC & PROVEN to
SUPPRESS HYDRILLA, weeds & algae

ECONOMICAL, as it is long lasting

USE in contained ponds to maintain the
NATURAL BLUE COLOR

APPLY when growth is on bottom or
AFTER herbicide
for CONTINUING CONTROL

EPA registered

AQUASHADE INC., P.O. BOX 198,

ELDRED, NEW YORK 12732

(914) 557-8077




Pennwalt’s aquatic herbicides:
The responsible choice
for aquatic weed control.

AGCHEM

D= MENNWALT

CHEMICALS @ EQUIPMENT
HEALTH PRODUCTS
Pennwait Corporation
Three Parkway, Philadelphia, PA 19102 e (215) 587-7219

For 25 years, Pennwalt’s aquatic
herbicides have been effectively
controlling aquatic weeds without

harming the aguatic environment.
Based on endothall, these products
disappear rapidly from the water and
soil through microbial degradation.




They do not bioaccumulate in the food
chain, nor do they bind or leave resi-
dues in the hydrosoil. And Pennwalt’s
aquatic herbicides provide an ample
safety margin to fish, shellfish, birds,
and other wildlife.

For a complete aguatic weed and
algae control program,
Pennwalt offers four choices:

. Aguatic Herbicide

Granular Aquatic Herbicide

\quatic Algicide and Herbicide

Granular Aquatic Algicide
and Herbicide
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Available at all 14 Asgrow Distribution Centers

Marianna Plymouth Ellenton Boynton Beach

Alachua Plant City Wauchula Belle Glade

Hastings Vero Beach Ft. Myers Immokalee
Naples Homestead

Asgrow Florida Company
subsidiary of The Upjohn Company

Plant City, Fla. Phone 813-752-1177 or 813-752-6351

NEED AERATION EQUIPMENT?

DON'T INSTALL A FOUNTAIN,
DON'T BUY AN AIR BUBBLER,
& DON'T INVENT YOUR OWN.

Save a lot of time, trouble and electric power cost with pre-engineered aeration equip-
ment that works.

State-of-the-art aeration equipment is now available (at dealer prices) from the leader in
lake aeration/destratification systems.

No other company can guarantee a 5 mg/| minimum bottom dissolved oxygen level (EPA
requirement) with so little horsepower.

We will assist you in sizing and selecting the equipment for each application. We offer
low maintenance systems complete with cabinet—from $400.00. Call or write for infor-
mation and literature.

ELIMINATE FISH KILLS . MEET STATE & FEDERAL STANDARDS

e~
/A\@-N U A\ C PO. BOX 1446  APOPKA, FL 32704
SYSTEMS, INC. 305 886-3839
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AQUAVINE

CHEMICAL EMERGENCY?
CALL CHEMTREC

CHEMTREC, The Chemical
Transportation Emergency Center,
provides information and/or assistance to
those involved in or responding to
chemical or hazardous material
emergencies. Established in 1971, it is a
public service of the Chemical
Manufacturers Association in
Washington, D.C.

CHEMTREC operates in two stages:
First, on receipt of a call provideing the
name of a chemical, it provides
immediate advice on the nature of the
product and steps to be taken in
handling the early stages of a problem.
Second, CHEMTREC promptly contacts
the shipper of the material involved for
more detailed information and
appropriate follow-up, including on-
scene assistance when feasible.

CHEMTREC operates 24 hours a day,
seven days a week to receive calls on
phone numbers shown below. The
number is widely circulated in
professional literature and is distributed

to emergency service personnel, carriers,
the chemical industry, bulletins of
government agencies, trade associations
and others who may have need. It is not
circulated in the public press. The public
need is best served through the
emergency services. It is vital that callers
understand CHEMTREC is neither
intended nor equipped to function as a
general information source.

While the Center’s primary mission is
to help in transportation incidents, it
also provides support in chemical and
hazardous materials emergencies in non-
transportation situations.

The 24-hour Emergency Number is
(800) 424-9300, and the CHEMTREC
Information number is (202) 887-1255.
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CHEMICAL INFORMATION?
CALL NPTN

The National Pesticide
Telecommunications Network is a toll
free telephone service available to
provide a variety of impartial
information about pesticides to anyone
in the contiguous United States, Puerto
Rico, and the Virgin Islands.

NPTN operates 24 hours a day, 365
days a year. The program is designed to
provide accurate and prompt responses
to requests for information. Answers are
given on the telephone or in the next
day’s mail. Requested information that is
outside NPTN's expertise or authority is
referred to a more appropriate source.

The NPTN Information Number is
(800) 858-7378.
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WOULD YoU MIND SENDING

OVER THosE MAINTENANCE CONTROL
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inverters.

TO WHOM IT MAY CONCERN

Gilmore, Inc., Memphis, Tennessee, wishes to inform those who purchase
chemical inverts and mechanical inverters that Gilmore, Inc. holds valid patents
relating to such mechanical inverters and the use of such chemical inverts. Patent
Nos. 3,640,461; 3,592,385; and 3,499,606 specifically cover the use of Visko-Rhap®
Inverts and inverts of our licensees, as well as Minnesota Wanner’s mechanical

Infringers, either direct or indirect, will be held accountable to the fullest extent
of the law. Unlicensed users of chemical inverts may be in direct violation of
Gilmore, Inc.’s patents and subject to legal liability.

Unlicensed suppliers of chemical inverts may be contributing to or inducing the
violation of Gilmore, Inc.’s patents and similarly subject to legal liability.
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RODEO KEEPS AQUATIC WEEDS & BRUSH
UNDER CONTROL, LEAVES NATURE

IN BALANCE.

Rodeo® is the aquatic herbicide of choice not only because its
effective—but also because it's compatible with the environment.
Rodeo is practically non-toxic to people, animals and fish.
Rodeo breaks down into natural products and does not
bioaccumuilate in the food chain. What’s more, Rodeo will not
leach into non-target areas because it has no residual activity.

RODEQ WILL CONTROL YOUR TOUGHEST GRASS,
BROADLEAF WEEDS AND BRUSH, ROOTS AND ALL, INCLUDING:

ALLIGATORWEED* MAIDENCANE TALLOWTREE
CATTAIL PARAGRASS TORPEDOGRASS*
GIANT CUTGRASS* PHRAGMITES™ WILLOW
GQUINEAGRASS REED CANARYGRASS

JOHMSOMNGRASS SPATTERDOCK *Partial Control

You can use Rodeo in flowing or standing water in most aquatic
sites, including ditches, canals, lakes, rivers, streams and ponds.

Qet to the root of your toughest aquatic weed problems—
without disturbing the environment—with Rodeo.

Rodeo cannot be applied within a half mile upstream of domestic
water points, in estuaries, or rice levees when floodwater is present.
ALWAYS READ AND FOLLOW THE LABEL FOR RODEO HERBICIOE.
Rodeo® is a registered trademark of Monsanto Company.

© Monsanto Company 1986.
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RODEO. EMERGED AQUATIC '
WEED AND BRUSH CONTROL.




