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ABSTRACT

 

Fluridone {1-methyl-3-phenyl-5-[3-(trifluoromethyl)phe-
nyl]-4(1H)-pyridinone} was evaluated against Eurasian water-
milfoil (

 

Myriophyllum spicatum 

 

L.) and hydrilla (

 

Hydrilla
verticillata

 

 (L.f.) Royle) under laboratory conditions at initial
treatment rates of 0.0, 0.25, 0.5, 0.75, 1.0, 2.0, 3.0, 4.0, and
25.0 

 

µ

 

g/L for 90 days of exposure. Treatment concentrations
< 1 

 

µ

 

g/L had no effect on either hydrilla or Eurasian water-
milfoil biomass and resulted in only a small reduction (13 to
33%) in hydrilla net photosynthesis (PTS) and chlorophyll
at 0.75 

 

µ

 

g/L. Both hydrilla and Eurasian watermilfoil growth
were inhibited by fluridone concentrations between 1.0 to
3.0 

 

µ

 

g/L. Rates of 1.0 and 2.0 

 

µ

 

g/L did not reduce hydrilla
biomass below pretreatment levels, but did inhibit growth.
Biomass remained static from 30 through 90 days after treat-
ment, while chlorophyll and PTS continued to decrease. Eur-
asian watermilfoil biomass and physiological variables were
inhibited as fluridone rates reached 3.0 

 

µ

 

g/L. With fluri-
done concentrations of 4.0, and 25.0 

 

µ

 

g/L, hydrilla and Eur-
asian watermilfoil biomass and physiological variables were
reduced (42 to 88%) below pretreatment levels by 30 days
after treatment. If PTS readings at shoot apices remained
positive following fluridone treatment, shoot biomass
increased; whereas negative PTS readings were associated
with biomass decreases below pretreatment levels. In gen-
eral, the appearance of treatment symptoms was delayed as
treatment concentrations decreased.
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INTRODUCTION

 

The ability of the herbicide fluridone to control hydrilla
and Eurasian watermilfoil (hereafter called milfoil) at low
initial treatment concentrations (8 to 20 

 

µ

 

g/L) has been
documented in both the laboratory and field (Farone and
McNabb 1993, Getsinger 1993, Netherland et al. 1993, Fox et
al. 1994, Netherland and Shearer 1995). In addition, results
from a laboratory dissipation study showed that following ini-
tial exposure to fluridone at rates 

 

≥

 

 25 

 

µ

 

g/L, growth and
physiological variables of hydrilla and milfoil remained com-
pletely inhibited as fluridone concentrations dissipated to 1

to 3 

 

µ

 

g/L (Netherland and Getsinger 1995). Although suc-
cessful control using fluridone has been linked to extended
exposure periods, the minimum initial treatment rate and
concentration of fluridone that must be maintained to effec-
tively and/or selectively control these submersed exotic spe-
cies is not currently known.

Fluridone treatment generally causes a bleached appear-
ance of new growth due to inhibition of the carotenoid syn-
thesis pathway. Insufficient levels of carotenoids result in the
photodestruction of chlorophyll molecules in new growth
(Bartels and Watson 1978). Although recent evidence from
outdoor microcosm studies (Doong et al. 1993, MacDonald
et al. 1993) suggested that fluridone at rates as low as 0.5 

 

µ

 

g/
L inhibits carotenoid and chlorophyll production in both
young and mature hydrilla tissue, this inhibition did not
translate to a reduction in biomass by 12 weeks after treat-
ment. In these studies biomass reduction did occur at fluri-
done rates of 5.0 

 

µ

 

g/L. However, efficacy information at
fluridone treatment rates between 0.5 and 5.0 

 

µ

 

g/L cur-
rently is lacking for both hydrilla and milfoil.

Previous studies have shown that the onset of fluridone
injury symptoms are delayed as treatment concentrations are
decreased; however, over time (60 - 90 days) these treatments
often provide efficacy comparable to that of higher initial
rates (MacDonald et al. 1993, Netherland and Getsinger
1995). The objectives of this laboratory study were to deter-
mine the minimum fluridone concentrations that inhibit
physiological parameters and growth of newly established
hydrilla and milfoil during a 90-day static exposure period.

 

MATERIALS AND METHODS

 

Studies were conducted in a controlled-environment
growth chamber with a photosynthetic photon flux density
of 520 

 

±

 

 70 

 

µ

 

moles/m

 

2

 

/sec, a 14L:10D photoperiod, and
water temperature of 24 

 

±

 

 1 C. The chamber contained 60
independently plumbed 55-L glass aquaria and is described
in detail in Netherland et al. (1991). Hydrilla and milfoil
planting stock were obtained from the Lewisville Aquatic
Ecosystem Research Facility, Lewisville, TX. Sediment collec-
tion and planting procedures are described in Netherland
and Getsinger (1995).

Three replicate aquaria (six total) containing either hyd-
rilla or milfoil were harvested following 14 days of growth to
provide pretreatment biomass for each species. Fluridone
(Sonar

 

R

 

 AS) was then applied to remaining aquaria to
achieve target concentrations of 0.0, 0.25, 0.5, 0.75, 1.0, 2.0,
3.0, 4.0, and 25.0 

 

µ

 

g/L. Treatments were replicated three
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times using a completely randomized design. Analyses of
selected water samples (>1.0 

 

µ

 

g/L) showed that fluridone
concentrations were maintained within 

 

±

 

 20% of target rates
over the course of the 90-day treatment. Previous studies in
the environmental chambers have shown fluridone degrada-
tion to be negligible over a 98-day exposure (Netherland et
al. 1993; Netherland and Getsinger 1995). Water samples
were analyzed for fluridone using HPLC with a detection
limit of 1.0 

 

µ

 

g/L by the Tennessee Valley Authority Analyti-
cal Branch, Chattanooga, TN.

Physiological variables and biomass were measured at 30,
60, and 90 days after treatment (DAT). Net photosynthesis
(PTS) was monitored on four shoot apices per aquarium
using a method described by Netherland and Getsinger
(1995). Following an incubation period of 60 minutes, final
dissolved oxygen readings were taken and fresh weights (fw)
recorded. Chlorophyll content (chlorophyll a and b)
expressed as mg chlorophyll/g fw. was measured using a
DMSO extraction technique (Hiscox and Israelstam 1979).
Biomass samples were collected by removing 3 beakers from
each aquarium at 30, 60, and 90 DAT. Shoots and roots were
separated and dried to a constant weight for biomass deter-
mination.

Data were subjected to analysis of variance (ANOVA) and
values within each sampling time were subjected to Dunnet’s
test (

 

α

 

=.05) to compare each fluridone treatment rate to the
untreated controls. ANOVA and regression analysis were
used to test for a linear response to each treatment over
time.

 

RESULTS AND DISCUSSION

 

Fluridone at concentrations of 0.25, and 0.5 

 

µ

 

g/L did not
affect hydrilla growth compared to untreated references,
and biomass increased over the 90-day static exposure period
(Table 1). A decrease in chlorophyll and PTS rates was noted
in all of these treatments (including the untreated refer-

ence) between 60 and 90 DAT (Tables 2 and 3). The reduc-
tion in plant vigor was attributed to slow growth rates due to
space and/or nutrient limitations. The 0.75 

 

µ

 

g/L treatment
slightly reduced chlorophyll and PTS rates at 60 and 90 DAT
(Tables 2 and 3), and resulted in a small decrease in biomass
at the time of the 90-day harvest (Table 1).

With exposure to 1.0 and 2.0 

 

µ

 

g/L fluridone, hydrilla bio-
mass increased from pretreatment levels by 30 DAT, but was
already reduced compared to untreated references (Table
1). Biomass remained fairly constant from 30 to 90 DAT,
whereas, chlorophyll content and PTS rates were reduced at
almost all sample periods (Tables 2 and 3). The lack of biom-
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 1. M
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BIOMASS

 

 

 

OF

 

 

 

HYDRILLA

 

 

 

SHOOT

 

 

 

TISSUE

 

 

 

SAMPLED

 

 

 

AT

 

 30, 60, 

 

AND

 

 
90 

 

D

 

 

 

AFTER

 

 

 

FLURIDONE

 

 

 

APPLICATION

 

.

Hydrilla biomass (q DW/harvest)

Days after treatment

 

µ

 

g/L 0 30 60 90
Linear 

response

 

2

 

Untreated 3.4 9.3 14.1 20.6 .05
0.25 3.4 8.4 16.2 22.3 .05
0.50 3.4 8.5 14.8 19.9 .05
0.75 3.4 9.0 12.3 16.7* .05

1.0 3.4 7.4* 6.7* 6.9* NS
2.0 3.4 5.5* 5.2* 5.0* NS

3.0 3.4 4.7* 2.5* 1.4* NS
4.0 3.4 4.3* 3.1* 1.0* NS
25.0 3.4 2.6* 1.2* 0.5* .05

 

1

 

Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level.)

 

2

 

Test for linear response of biomass over exposure time (0, 30, 60, and 90 d)
within each treatment rate. NS = not significant at the 0.05 level of confi-
dence.

T

 

ABLE

 

 2. C

 

HLOROPHYLL

 

 

 

CONTENT

 

 

 

OF

 

 

 

HYDRILLA

 

 

 

SHOOT

 

 

 

APICES

 

 

 

SAMPLED

 

 

 

AT

 

 30, 
60, 

 

AND

 

 90 

 

D

 

 

 

AFTER

 

 

 

INITIAL

 

 

 

FLURIDONE

 

 

 

APPLICATION

 

.

Hydrilla chlorophyll content (mg/g fresh weight)

Days after treatment

 

µ

 

g/L 30 60 90
Linear 

response

 

2

 

Untreated 1.15 1.18 0.91 NS
0.25 1.21 1.29* 0.84 NS
0.50 1.31* 1.15 0.84 NS
0.75 1.21 1.03* 0.72* .05

1.0 1.10 0.71* 0.65* NS
2.0 0.86* 0.59* 0.41* .05

3.0 0.80* 0.24* 0.06* .05
4.0 0.48* 0.18* 0.10* .05
25.0 0.16* 0.07* 0.08* NS

 

1

 

Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level).

 

2

 

Test for linear response of chlorophyll content over exposure (30, 60, and
90 d) time within each treatment rate. NS = not significant at the 0.05 level
of confidence.

T

 

ABLE

 

 3. N

 

ET

 

 P

 

HOTOSYNTHETIC

 

 

 

RATES

 

 

 

OF

 

 

 

HYDRILLA

 

 

 

SHOOT

 

 

 

APICES

 

 

 

SAMPLED

 

 

 

AT

 

 30, 60, 

 

AND

 

 90 

 

D

 

 

 

AFTER

 

 

 

FLURIDONE

 

 

 

APPLICATION

 

.

Hydrilla net PTS (mg O

 

2

 

/g fresh weight/min)

Days after treatment

 

µ

 

g/L 30 60 90
Linear 

response

 

2

 

Untreated 0.041 0.038 0.025 NS
0.25 0.035 0.044 0.029* NS
0.50 0.033 0.033 0.022 NS
0.75 0.038 0.029* 0.016* .05

1.0 0.026* 0.028* 0.018* NS
2.0 0.020* 0.015* 0.008* .05

3.0 0.015* -0.001* -0.011* .05
4.0 0.019* -0.005* -0.005* NS
25.0 0.005* -0.013* -0.011* NS

 

1

 

Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level).

 

2

 

Test for linear response of PTS rates over exposure time (30, 60, and 90 d)
within each treatment rate. NS = not significant at the 0.05 level of confi-
dence.
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ass reduction below pretreatment levels may be due to the
fact that hydrilla apices maintained the capacity for carbon
fixation, as indicated by positive PTS values. Nonetheless,
these treatments were clearly growth inhibiting.

Following the 3.0 and 4.0 

 

µ

 

g/L treatments, hydrilla biom-
ass initially increased over pretreatment levels at 30 DAT, yet
by 60 and 90 DAT biomass had decreased below pretreat-
ment levels (Table 1). The 25.0 

 

µ

 

g/L treatment resulted in a
linear decrease in biomass (all harvests resulted in biomass
below pretreatment levels) (Table 1). Following the 3.0, 4.0,
and 25.0 

 

µ

 

g/L treatments, both chlorophyll and PTS were

reduced at 30 DAT, and PTS readings were negative by 60
DAT (Tables 2 and 3). The decreased ability to fix carbon
coupled with respiratory demands of the apical tips most
likely combined to cause a decline in biomass over time.

Results from this study compare reasonably well with treat-
ment rates of 0.5 and 5.0 

 

µ

 

g/L from outdoor microcosm
studies conducted by MacDonald et al. (1993). However,
direct comparison of treatment rates between these studies
may not be appropriate due to the unknown rate of pho-
tolytic degradation that occurred in the outdoor studies.

Fluridone concentrations of 0.25, 0.5, and 0.75, and 1.0

 

µ

 

g/L resulted in a linear increase in milfoil biomass over the
90-day exposure. (Table 4). No significant differences
between these treatment rates and untreated references
were found at 30, 60, or 90 DAT. Slight reductions in chloro-
phyll and PTS following the 1.0 

 

µ

 

g/L treatment were noted
at 30 and 90 days (Tables 5 and 6).

The 2.0 

 

µ

 

g/L treatment rate was not subjected to statisti-
cal analysis due to the early loss of replicates; however, this
treatment produced a growth inhibitory effect over time
(Table 4). Chlorophyll content and PTS also were reduced
approximately 50% by 60 DAT.

The 3.0, and 4.0 

 

µ

 

g/L treatments initially resulted in
increased biomass at 30 DAT, but declined to pretreatment
levels by 60 DAT (Table 4). Chlorophyll decreased in a linear
manner over time following the 3.0 and 4.0 

 

µ

 

g/L treatments
and negative PTS readings were first recorded at 60 DAT
(Tables 5 and 6). As noted for hydrilla, negative PTS read-
ings at the apical tips were associated with biomass reduction
below pretreatment levels. The 25 

 

µ

 

g/L treatment resulted
in a linear decrease in biomass, with significant reductions in
chlorophyll and PTS at 30, 60, and 90 DAT (Tables 4, 5, and
6).

Laboratory results have shown that both hydrilla and mil-
foil growth are inhibited by fluridone concentrations of 1 to
3 

 

µ

 

g/L and that appearance of fluridone-induced injury

 

T

 

ABLE

 

 4. M

 

EAN

 

 

 

BIOMASS

 

 

 

OF

 

 E

 

URASIAN

 

 

 

WATERMILFOIL

 

 

 

SHOOT

 

 

 

TISSUE

 

 

 

SAMPLED

 

 

 

AT

 

 30, 60, 

 

AND

 

 90 

 

D

 

 

 

AFTER

 

 

 

FLURIDONE

 

 

 

APPLICATION

 

.

Milfoil biomass (g DW/harvest)

Days after treatment

 

µ

 

g/L 0 30 60 90
Linear 

response

 

2

 

Untreated 3.6 6.5 10.3 16.1 .05
0.25 3.6 7.2 11.4 17.4 .05
0.50 3.6 6.4 10.8 16.2 .05
0.75 3.6 7.1 9.8 16.3 .05
1.0 3.6 6.2 9.4 14.9 .05

2.0

 

3

 

3.6 5.4 5.0 4.1 NA

3.0 3.6 3.9* 3.4* 2.0* NS
4.0 3.6 3.8* 3.1* 1.5* NS
25.0 3.6 2.6* 1.1* 0.1* .05

 

1

 

Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level).

 

2

 

Test for linear response of biomass over exposure time (0, 30, 60, and 90 d)
within each treatment rate. NS = not significant at the 0.05 level of confi-
dence.

 

3

 

Not analyzed due to loss of replicate and high variability.

T

 

ABLE

 

 5. C

 

HLOROPHYLL

 

 

 

CONTENT

 

 

 

OF

 

 E

 

URASIAN

 

 

 

WATERMILFOIL

 

 

 

SHOOT

 

 

 

APICES

 

 

 

SAMPLED

 

 

 

AT

 

 30, 60, 

 

AND

 

 90 

 

D

 

 

 

AFTER

 

 

 

FLURIDONE

 

 

 

APPLICATION.

Milfoil chlorophyll content (mg/g fresh weight)

Days after treatment

µg/L 30 60 90
Linear 

response2

Untreated 1.25 1.27 1.03 NS
0.25 1.35* 1.19 1.17* NS
0.50 1.33* 1.25 1.08 NS
0.75 1.18 1.21 1.00 NS
1.0 1.10* 1.18 0.79* NS

2.03 0.68 0.33 0.21 NA

3.0 0.61* 0.15* 0.06* .05
4.0 0.39* 0.21* 0.11* .05
25.0 0.10* 0.05* 0.08* NS

1Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level).
2Test for linear response of chlorophyll content over exposure time (30, 60,
and 90 d) within each treatment rate. NS = not significant at the 0.05 level of
confidence.
3Not analyzed due to loss of replicate and high variability.

TABLE 6. NET PHOTOSYNTHETIC RATES OF EURASIAN WATERMILFOIL SHOOT 
APICES SAMPLED AT 30, 60, AND 90 D AFTER FLURIDONE APPLICATION.

Milfoil net photosynthesis
(mg O2/g fresh weight/min)

Days after treatment

µg/L 30 60 90
Linear 

response2

Untreated 0.029 0.034 0.023 NS
0.25 0.037* 0.029 0.021 .05
0.50 0.030 0.034 0.028 NS
0.75 0.027 0.029 0.021 NS
1.0 0.025 0.028 0.019 NS

2.03 0.025 0.013 0.014 NA

3.0 0.020* -0.002* -0.004* NS
4.0 0.018* -0.007* -0.004* NS
25.0 0.008* -0.013* -0.009* NS

1Values followed by a * are significantly different from the untreated control
within each sampling interval (Dunnet’s “t” test at the 0.05 level).
2Test for linear response of PTS rates over exposure time (30, 60, and 90 d)
within each treatment rate. NS = not significant at the 0.05 level of confi-
dence.
3Not analyzed due to loss of replicate and high variability.
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symptoms is greatly influenced by initial treatment concen-
trations (MacDonald et al. 1993, Netherland and Getsinger
1995). Results from this study indicate that hydrilla may be
more sensitive to low initial treatment concentrations of flu-
ridone than milfoil. Data from this study also suggest that low
initial treatment rates are likely to be very slow-acting with
respect to measurable plant response and when maintained
may only produce growth inhibitory effects, rather than
plant death.

From an operational perspective, the degradation and dis-
sipation of fluridone in the field must be carefully consid-
ered prior to choosing low treatment rates (< 10 µg/L). In
natural systems, adsorption of fluridone by particulates and
organic matter, photolytic degradation, and water exchange
could rapidly reduce aqueous target concentrations below
threshold injury values. Based on information from this and
other studies, a sound treatment strategy may be to apply an
initial fluridone rate (> 10 µg/L) that produces more rapid
initial injury followed by long-term maintenance (> 60 days)
of threshold concentrations.
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Potential Control of Hydrilla and Eurasian 
Watermilfoil Under Various Fluridone

Half-life Scenarios
MICHAEL D. NETHERLAND1 AND K. D. GETSINGER1

ABSTRACT

Fluridone {1-methyl-3-phenyl-5-[3-(trifluoromethyl)phe-
nyl]-4(1H)-pyridinone} efficacy against Eurasian watermilfoil
(Myriophyllum spicatum L.) and hydrilla (Hydrilla verticillata
(L.f.) Royle) was evaluated by simulating herbicide degrada-
tion/dissipation half-lives (t1/2) under controlled-environ-
ment conditions. Fluridone treatment rates of 100 µg/L for
7, 10, and 14 d t1/2, 50 µg/L for 14 and 21 d t1/2, 25 µg/L for a
28 d t1/2, and static treatments of 5 and 15 µg/L for 105 d
were tested. Chlorophyll content and net photosynthesis

were measured at 7, 28, 56, 77, and 105 d posttreatment, and
biomass was collected at 28, 56, 77 or 84, and 105 or 108 d
posttreatment to assess efficacy. The 7 and 10 d t1/2 treat-
ments dissipated to 0 µg/L at 42 and 62 d respectively, result-
ing in rapid recovery of both hydrilla and Eurasian
watermilfoil. The 14 d t1/2 resulted in exposures of 82 to 84 d,
and although hydrilla biomass remained significantly
reduced, physiological recovery indicated the potential for
biomass recovery. Eurasian watermilfoil was completely con-
trolled at 84 d posttreatment following both 14 d t1/2 treat-
ment. The 21 and 28 d t1/2 and static treatments maintained
low fluridone exposures throughout the 105 d study period.
These treatments reduced hydrilla biomass significantly (>
90%), and physiological variables showed no evidence of
recovery at completion of the study. These treatments also
resulted in near 100% control of milfoil biomass by the 84 d

1US Army Engineer Waterways Experiment Station, 3909 Halls Ferry
Road, Vicksburg, MS 39180-6199. Received for publication March 27, 1995
and in revised form May 12, 1995.
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