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Tank system used for evaluation of bensulfuron methyl on hydrilla at the
USDA Aquatic Plant Management Laboratory

Classical strategies to
manage aquatic vegetation

often result in the severe reduction
or elimination of plant biomass in
the area of treatment. When this
occurs, a valuable component of
the aquatic ecosystem is removed.
New technologies, such as plant

J growth regulators (PGRs), may pro-

vide an alternative management
option in the near future, that of
suppressing or inhibiting plant
growth rather than complete
removal of the plant. Plant growth
regulators are synthetic com-
pounds that, when applied to
plants, alter or interfere with
various growth processes, such as

reduced stem elongation through
inhibition of the plant hormone gib-
berellin. Several growth-regulating
compounds are commercially avail-
able and for years have been used
in many areas of plant science.
For example, in agriculture, PGRs
are used to reduce lodging (the
leaning or falling over of plants) of
many cereal and forage crops,
thus facilitating an easier and more
profitable harvest (Jung and
Rademacher 1983; Wiersma,
Oplinger, and Grey 1986; and
Wiltshire and others 1989). Ap-
plied to fruit crops, growth regula-
tors can promote fruit ripening, en-
hance fruit development and
quality..and delay or promote fruit
abscission (Wilson 1983 and
Marini, Byers, and Sowers 1989).
Plant growth regulators have also
been used in the turfgrass industry
to slow the growth rate of grasses,
reducing mowing frequency and
maintenance costs (Elkins 1983
and Nelson, Getsinger, and Luu, in
preparation) .

Recent studies have demonstrated
that many PGRs which are active
on terrestrial plants are also effec-
tive on aquatic plant species. Lembi
and Netherland (1990) showed that
paclobutrazol, uniconazol, and
flurprimidol were effective in reduc-
ing stem length and other growth
parameters in both hydrilla and mil-
foil. Furthermore, the physiological



competence (for example, photo-
synthesis and respiration) of these
plants did not appear to be af-
fected at the concentrations re-
quired to reduce stem length.
Paclobutrazol also exhibits growth-
retarding effects on waterhyacinth
(Van 1988). Kane and Gilman
(1991) found that shoot length of
three species of Myriophyl/um was
significantly reduced when ex-
posed to low concentrations of
CycocelR (chlormequat chloride), a
growth regulator used on ornamen-
tal shrubs and flowers. Effects
varied among spedes with M.
heterophyl/um exhibiting the
greatest sensitivity. Although
these and other studies indicate
that PGRs are effective on aquatic
plants, their use as a successful
management tool requires further
investigation.

There are several advantages in
evaluating the aquatic plant
management potential of PGRs.
First, using a growth regulator
means applying lower con-
centrations of chemical to the

-watefB0dy:-P+ant-gfewtfi---
regulators are generally applied at
very low concentrations, that is,
parts per billion. In fact, many her-
bicides, when used at low rates,
exhibit growth-regulating effects
rather than herbicide effects.
Second, reducing the growth of
submersed, aquatic vegetation
rather than removing it from the
waterbody allows a viable plant
population to remain. Growth-regu-
lated plants are short and there-
fore not a navigational or recre-
ational nuisance, but still function
as a part of the aquatic com-
munity; providing oxygen, sedi-
ment stabilization, and habitat for
aquatic organisms. Finally, the
concept of growth-regulating
vegetation, rather than removing it
from the system, is often viewed
as being more environmentally
compatible.

One promising PGR for use in
aquatic systems is the compound
bensulfuron methyl. This chemical
is a member of the sulfonylurea

herbicide group developed by E.I.
DuPont de Nemours & Company.
Sulfonylureas are active at ex-
tremely low rates (as low as 0.002
kilogram per hectare) and act to in-
hibit the plant enzyme acetolactate
synthase (Beyer and others 1988).
Inhibition of this enzyme, which is
necessary for the production of es-
sential amino acids, results in
rapid cessation of growth. The ab-
sence of this enzyme in man and
other animals helps to explain the
low toxicity of these compounds to
nontarget organisms. Bensulfuron
methyl is currently registered as a
herbicide (LondaxR) for use in rice
production and shows potential as
a herbicide and growth regulator
(when used at lower rates) for
management of submersed
aquatic plants (Lembi and Nether-
land 1990 and Anderson and
Dechoretz 1988). Of all the PGRs
evaluated for use on aquatic plant
species thus far, bensulfuron
methyl is nearest to receiving
aquatic registration. DuPont will
submit a petition to the US Environ-

.. mental Protegion Agency (EPA)
for full aquatic registration of this
product in the near future, and
upon acceptance, will market the
aquatic formulation under the trade
name MarinerR. Bensulfuron

methyl is currently under field in-
vestigation (through an EPA Ex-
perimental Use Permit) for its her-
bicide effectiveness against milfoil /\
and hydrilla. In addition, studies
are being conducted at the US
Army Engineer Waterways Exper-
iment Station (WES) and the
USDA Aquatic Plant Management
Laboratory, Ft. Lauderdale, to
evaluate the potential of bensul-
furon methyl as a PGR on
Eurasian watermilfoil and hydrilla.
This article is an update on the
WES and USDA bensulfuron
methyl research efforts.

Bensulfuron methyl
versus hydrilla
Materials and methods
Monoecious and dioecious hydrilla
[Hydril/a verticil/ata (U.) Royle 1
used in this study were obtained
from stock cultures grown over a
period of several months in out-
door aquaria at the USDA Aquatic
Plant Management Laboratory. <>.
Monceciotrs+rydrltlawasestab= -- ' \
lished from tubers collected from
the Potomac River, Virginia, while
dioecious hydrilla was established
from stem apices collected from
Rodeo Lake, Florida.

A controlled-environment aquaria system used at WES to evaluate
bensulfuron methyl effects on Eurasian watermilfoil .".......--
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50 ppb bensulfuron methyl at 21 days' exposure

/\ Bensulfuron methyl effects on Eurasian watermilfoil 5 weeks following treatment (conducted at WES)

Untreated tank

This investigation was conducted
in outdoor tanks 0.8 metre wide by
2.2 metres long (1.7 x 10-4 hec-
tare) filled with pond water to a
maximum depth of 0.6 metre.
Pond water was from the same
source as previously described by
Van and Steward (1986). Uniform
low water pressure was main-
tained by constant overflow in a
standpipe, and flow to individual.
tanks was regulated by small pet-
cock valves to provide. one water
volume change every 24 hours. A
system of 36 tanks arranged in
three rows of 12 tanks each was
used. Chemical treatments (con-
centration x exposure) were ar-
ranged as a 4 by 3 factorial with
three replicates and were assigned
to the tanks in a randomized block
design.

Hydrilla tubers were allowed to ger-
minate in pond water at 25
degrees Celsius under continuous

light for 5 weeks before planting.
Ten sprouted tubers 10 cen-
timetres long were planted in plas-
tic pots (25- centimeter diameter
and 20 centimeters deep). Pots
were filled with a rooting medium
consisting of approximately 12
kilograms of sandy loam (60 per-
cent sand, 26 percent silt, and
14 percent clay) enriched with 10
grams of a slow-release fertilizer,
SierraR. Four pots of each hydrilla
biotype were placed in each tank,
and plants were allowed to grow
for 2 weeks prior to chemical treat-
ment. On August 1, 1990, bensul-
furon methyl was applied to the
tanks at concentrations of 0, 50,
100, and 200 micrograms per liter
(/-lg/L). Plants were in contact with
each of the four treatment con-
centrations for 3, 7, and 14 days.
Water exchange was halted for the
length of the deSignated exposure
time, after which the tanks were

flushed three times and the water
exchange resumed. One pot of
each plant biotype from each tank
was harvested at 1, 2, 4, and 6
months after chemical treatment.
Biomass was harvested, numbers
of tubers counted, and dry weights
determined. Data were subjected
to analysis of variance using a
split-split plot design with herbicide
treatments as main plots, hydrilla
biotypes as subplots, and harvest
dates as sub-subplots. Only data
of the 1- and 2-month harvests are
reported in this article.

Results
Response of monoecious hydrilla 1
month after the bensulfuron methyl
treatments is illustrated in Figure 1.
(All values given in Figures 1-4 are
means and standard deviations for
three replicates.) An exposure for 3
days at 50 /-lg/L resulted in about
35 percent reduction of plant
biomass. Increasing bensulfuron
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methyl concentrations to 200 Ilg/L
still provided only marginal control
when chemical exposure was
limited to 3 days. When exposure
to the chemical was extended to 7
days, the 50 Ilg/L bensulfuron
methyl treatment provided approxi-
mately 70 percent reduction of
plant biomass. However, com-
plete inhibition of both plant growth
and tuber production in monoe-
cious hydrilla required an exposure
of 14 days to concentrations of 50
Ilg/L bensulfuron methyl or higher.

Regrowth began within 2 months
in monoecious hydrilla, as
evidenced by increases in plant
weight in the second harvest (Fig-
ure 2). Plants recovered almost
completely at all treatment con-
centrations when exposure to ben-
sulfuron methyl was limited to 3 or
7 days. Inhibition of tuber produc-
tion persisted after 2 months, even
in treatments where plants had
recovered from the initial herbicidal
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Figure 1. Effects of bensulfuron
methyl on growth and tuber
production in monoecious hydrilla 1
month after treatment

effects of bensulfuron methyl.
After 2 months, untreated control
plants produced an average of 281
tubers per pot, while no tubers
were found with plants treated with
100 Ilg/L bensulfuron methyl and
14 days' exposure.

Similar results were obtained with
dioecious hydrilla (Figures 3 and
4). The highest concentration of
bensulfuron methyl (200 Ilg/L) and
longest exposure time (14 days)
were required to maintain ade-
quate control of plant biomass
after 2 months. Previous studies
showed that dioecious hydrilla
grown from tubers begins to
produce new tubers after about 8
weeks (Van 1989). In this study,
untreated control plants produced
an average of 3 to 10 tubers per
pot by the second harvest after 2
months (Figure 4), while tubers
were still lacking in all plants that
had been exposed to bensulfuron
methyl for 14 days.

Bensulfuron methyl reduced plant
growth in both monoecious and
dioecious hydrilla at the lowest
concentration tested, confirming ~
an earlier report by Anderson and ' \
Dechoretz (1988). These authors
also reported that effective control
of monoecious hydrilla required 7
days of exposure to 25 to 50 Ilg/L
bensulfuron methyl. Results
reported herein indicate that a
longer exposure time (minimum of
14 days) and higher rates of ben-
sulfuron methyl (100 to 200 Ilg/L)
are needed to achieve hydrilla con-
trol under Florida conditions.
Heavy regrowth was observed
after 2 months in both hydrilla
biotypes when exposure to bensul-
furon methyl was limited to less
than 7 days.

Bensulfuron methyl also sup- -
pressed tuber formation in monoe-
cious hydrilla at all concentrations
tested. The suppression level of
tuber formation was often much
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Figure 3. Effects of bensulfuron
methyl on growth and tuber
production in dioecious hydrilla 1
month after treatment
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Figure 2. Effects of bensulfuron
methyl on growth and tuber
production in monoecious hydrilla 2
months after treatment
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Figure 4. Effects of bensulfuron
methyl on growth and tuber
production in dioecious hydrilla 2
months after treatment

~
greater than the corresponding
reduction of plant biomass ex-
hibited by the same bensulfuron
methyl treatment, suggesting that
the inhibition of tuber formation
was probably independent from a
general retardation of plant growth.
Furthermore, the growth-regulating
effect of tuber inhibition persisted
long after the plants had recovered
from the initial herbicidal effects.
Future harvests will be made after
4 and 6 months in an attempt to
determine the length of time hydril-
la tuber formation remains sup-
pressed by the various bensul-
furon methyl treatments.

Bensulfuron methyl
versus Eurasian
watermilfoil
Materials and methods
This experiment was conducted at
WES in a controlled-environment
aquaria system. The system con-
sisted of twenty-four 55-litre

aquaria (0.75 metre by 0.3 square
metre) each independently sup-
plied with a continuous flow of
reconstituted hard water (Smart
and Barko 1984). This allowed the
total water volume (50 litres) of
each aquarium to be exchanged
every 24 hours. Air was bubbled
through each aquarium as a
source of carbon dioxide and for
water circulation. Water tempera-
ture was maintained at 25 ± 2
degrees Celsius throughout the ex-
periment. Overhead, supplemen-
tal lighting provided a lightdark
cycle of 13:11 hours. The mean
photosynthetically active radiation
measured at the water surface
was 450 microeinsteins per square
metre per second.

Eurasian watermilfoil (Myriophyl-
lum spicatum L.) used in this study
was supplied by the Lewisville
Aquatic Ecosystem Research
Facility, Lewisville, Texas. Water-
milfoil was separated into 10-cen-
timetre apical segments and
planted 5 centimetres deep into
sediment-filled beakers. The sedi-
ment used was collected from
Brown's Lake, Mississippi, and
was amended with Ra-pid-groR to
avoid any possible nutrient limita-
tions. Nine beakers were placed
in each aquarium, and plant seg-
ments were allowed to grow to es-
tablish new shoot and root growth.
When adequate root growth was
established (approximately
2 weeks), plants were trimmed
back to a height of 20 centimetres;
one week thereafter, chemical
treatments were applied. One
beaker of plants was randomly
removed from each aquarium im-
mediately prior to treatment to pro-
vide an estimate of treated
biomass.

Established plants were exposed
to static (flow-through water sys-
tem turned off) treatments of vary-
ing bensulfuron methyl concentra-
tions for 14-, 21- and 28-day
periods (Table 1). FOllowing the
exposure period, aquaria were
drained and rinsed three times to
remove chemical-treated water,

after which the continuous, flow-
through water system was
resumed for the duration of the ex-
periment.

Table 1
Bensulfuron methyl treatment

rates and exposure times

Rate
/lg/L or

parts per billion

o (Control)
50
75

5
10
25
50

5

Exposure time
days

o
14
14
21
21
21
21
28

Treatments were arranged in a
completely randomized design
with three replicates. Visual
ratings of plant injury were
recorded weekly. At the con-
clusion of the experiment (5 weeks
posttreatment), root and shoot
biomass were measured for each
treatment. Data were analyzed
using analysis of variance, and
treatment effects were separated
using the Waller-Duncan Test.

Results
Five treatments significantly
reduced Eurasian watermilfoil
shoot biomass (Figure 5). Higher
concentrations at longer exposure
periods were most effective.
Biomass reductions ranged from
26 to 69 percent when compared
to the untreated controls, with the
most effective treatment being a
21-day exposure to 50 /lg/L bensul-
furon methyl. Although not statisti-
cally significant, plants treated with
a 21-day exposure to 5 /lg/L ben-
sulfuron methyl produced a slight
increase in shoot biomass.
Regrowth was observed on all
treatments by the end of the ex-
periment, and had "topped out" or
grown to the water surface on all
but two treatments (25 and 50
/lg/L at 21-day exposures).
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Regardless of significant reduc-
tions in biomass production,
topped out vegetation indicates a
strong regrowth potential and may
be considered an inadequate treat-
ment. Despite slight increases in
root biomass with several treat-
ments, no significant differences in
root growth were observed com-
pared to the untreated control (Fig-
ure 6).

Results from this experiment indi-
cate that bensulfuron methyl is ef-
fective at reducing the growth of
Eurasian watermilfoil and supports

earlier conclusions by Anderson
and Dechoretz (1988). As
evidenced by the occurrence of
regrowth, an exposure period of
21 days to concentrations of 25-50
I-lg/L was necessary to maintain ac-
ceptable growth suppression (not
topped out) under the described
experimental conditions. Higher
concentrations at lower exposure
periods were less effective, sug-
gesting contact time is perhaps a
critical factor in determining treat-
ment success.
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Figure 5. Effects of bensulfuron methyl on shoot biomass of Eurasian
watermilfoil 5 weeks after treatment
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Figure 6. Effects of bensulfuron methyl on root biomass of Eurasian
watermilfoil 5 weeks after treatment

Note: For Figures 5 and 6, data are means of three observations and letters
denote significant differences at P = 0.05, according to the Waller-Duncan
Test
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I n managing aquatic vegetation, new tech-
nologies, such as plant growth regulators (PGRs),
may provide an alternative in the near future,
that of suppressing or inhibiting plant growth
rather than killing the plant itself One promis-
ing PGR for use in aquatic systems is bensulfuron
methyl. This issue features a report on testing done
using bensulfuron methyl on monoecious and dioe-
cious hydrilla and Eurasian watermilfoil.

AQUATIC
PLANT CONTROL

RESEARCH PROGRAM

This bulletin is published in accordance with AR 25-30 as one of the
information dissemination functions of the Environmental Laboratory of
the Waterways Experiment Station. It is principally intended to be a
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ment Station, 3909 Halls Ferry Road, Vicksburg, MS 39180-6199, or
call AC 601/634-3494.
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