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ABSTRACT: Reed canarygrass (Phalaris arundinacea L.) is an invasive species that forms dense, mono-
typic stands in wetlands, moist meadows, and riparian areas. We implemented a reed canarygrass removal 
study at five sites in eastern South Dakota using imazapyr, imazapic, and glyphosate individually and in 
combination. Eight treatments (five in fall, two in spring, and a control) were applied at each location 
in fall 2005–spring 2006. Herbicides were applied over clipped vegetation that had residual vegetation 
removed. Reed canarygrass cover was 93% in untreated plots, and ranged from 21%–66% in herbicide 
treated plots at the conclusion of the study. Herbicide treatments containing imazapyr provided control 
for two growing seasons.

Index terms: invasive plants, postemergence herbicides, perennial grass, integrated weed management

INTRODUCTION

Reed canarygrass (Phalaris arundinacea 
L.) is an invasive species that forms dense, 
monotypic stands in wetlands, moist mead-
ows, and riparian areas. Reed canarygrass 
can impact wet meadow restoration by out-
competing native vegetation (Galatowitsch 
et al. 1999; Budelsky and Galatowitsch 
2000; Green and Galatowitsch 2001). Its 
rapid growth and highly competitive nature 
make it a serious threat to these systems 
by displacing native plant species (Lyons 
1998; Barnes 1999). The replacement of na-
tive plant communities with a monoculture 
can cause a decrease in habitat quality and 
wildlife diversity (Pavegilo and Kilbride 
2000). Some uncertainty exists about the 
origin of reed canarygrass, with a domi-
nant view being that it is native to both 
North America and Europe (Merigliano 
and Lesica 1998). European cultivars have 
been planted in North America and it is 
possible that invasive populations have 
resulted from escape of these cultivated 
populations and/or hybridization with 
native populations (Apfelbaum and Sams 
1987; Hutchison 1992; Merigliano and 
Lesica 1998; Gifford et al. 2002).

Many methods of control, including 
hand-pulling (Henderson 1987; Hutchison 
1992), covering (Hoffman and Kearns 
1997; Tu 2004; Tu and Salzer 2005), cut-
ting (Wilkins and Hughes 1932; Tu and 
Salzer 2005), plowing (Antieau 1998; 
Lyons 1998), and burning (Apfelbaum 
and Sams 1987; Hutchison 1992; Solecki 
1997) have shown limited effectiveness for 
controlling reed canarygrass. Hand-pull-
ing and covering can be successful, but 
require a large time investment and are 
likely only useful for small infestations 
(Henderson 1987; Hoffman and Kearns 
1997; Tu 2004). Reed canarygrass can 

be reduced by multiple cuttings (Wilkins 
and Hughes 1932), but this is not always 
effective (Tu and Salzer 2005). Discing 
or plowing may provide control in areas 
where other plant species are available to 
outcompete reed canarygrass afterwards 
(Antieau 1998; Lyons 1998), but erosion 
issues can develop. Foster and Wetzel 
(2005) suggest that fire is better suited as 
a tool to reduce litter, which will improve 
herbicide treatments and increase light at 
the soil surface.

A variety of herbicides, including glypho-
sate, sethoxydim, diquat, and paraquat, 
have been used to control reed canarygrass. 
Glyphosate is commonly recommended 
for reed canarygrass control alone or in 
combination with other treatments (Solecki 
1997), however multiple treatments are 
required (Preuninger and Umbanhowar 
1994; Adams and Galatowitsch 2006). 
The grass-specific herbicide, sethoxydim, 
reduces inflorescence density and plant bio-
mass for a single year (Annen et al. 2005; 
Wilcox et al. 2007). Diquat and paraquat 
are not widely used due to poor control, 
long-term persistence, and potential nega-
tive ecosystem effects (Newbold 1975).

Repeating control measures can become 
very expensive and can also interfere with 
native plant community establishment 
(Perry et al. 2004). The imidazolinone 
herbicides can provide residual weed 
control not available with glyphosate. 
Imidazolinone herbicides are ALS (aceto-
lactate synthase) inhibitors that have been 
used for grassland restoration to control 
annual and perennial grasses (Shaner and 
Conner 1991; Monaco et al. 2005; Kyser et 
al. 2007; DiTomaso et al. 2008), but have 
not been extensively tested for control of 
reed canarygrass. The objective of this 
study was to determine the most effective 
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herbicide control for reed canarygrass by 
evaluating herbicide combinations, rates, 
and timing.

MATERIALS AND METHODS

We initiated a study in the fall of 2005 to 
evaluate the efficacy of various herbicide 
treatments to control reed canarygrass. 
Five sites were selected for dense reed 
canarygrass stands (>80% cover) across a 
broad range of soil types. Eight treatments 
(five fall herbicide treatments, two spring 
herbicide treatments, and an untreated 
check [control]) were randomly assigned to 
0.012-ha (3 m × 40 m) plots in a completely 
randomized design at each site. Sites were 
mowed to a height of 15–25 cm, all cut 
vegetation was removed, and sites were 
allowed to regrow for two weeks prior to 
herbicide application. Sites were planted 
with 14 native species also being used to 
restore upland sites in the region (Bahm 
et al. 2011). Noxious weeds, primarily 
Canada thistle (Cirsium arvense (L.) Scop), 
were mowed once or twice after treatment 
as necessary to limit seed production. 
Canada thistle was common at all sites, but 
other weed species varied by site.

Specific herbicide treatments were 0.64 kg 
ai/ha imazapyr (fall only), 0.64 kg ai/ha 

imazapyr + 1.84 kg ai/ha glyphosate (fall 
only), 0.64 kg ai/ha imazapyr + (0.09 kg 
ai/ha imazapic + 0.25 kg ai/ha glyphosate) 
(fall only), 0.18 kg ai/ha imazapic + 0.49 kg 
ai/ha glyphosate (spring/fall), and 1.84 kg 
ai/ha glyphosate (spring/fall) (Appendix). 
Herbicides were mixed with 2.34 L/ha 
methylated seed oil and applied using a 
3-m boom mounted on an ATV delivering 
224 L/ha spray volume at 241 kPa via Tee 
Jet 8003 flat fan nozzles.

We recorded percent cover of reed ca-
narygrass, all unplanted species (com-
bined), all planted species (combined), and 
species presence in nine randomly located 
0.5-m × 0.5-m quadrats (Bonham 1989) 
in each plot at the end of the 2006, 2007, 
and 2008 growing seasons. Vegetative 
response variables were collected within 
the central 2-meter-wide strip of area of 
each plot to provide a buffer between treat-
ment plots. We tested for treatment effects 
with ANOVA for a completely randomized 
design (Kuehl 2000). Cover values were 
arcsine-squareroot transformed to meet 
the assumptions of ANOVA, and treatment 
means were separated using Fisher’s LSD 
procedure (Fisher 1960). All statistical 
procedures were conducted at the 0.05 
significance level and were performed in 
SAS 9.1 (SAS 2005).

RESULTS

All herbicides reduced (P < 0.0001) reed 
canarygrass cover to ≤30% after the initial 
growing season, but only applications con-
taining 0.64 kg ai/ha imazapyr maintained 
cover to ≤10% by the end of the second 
growing season (Tables 1, 2). Fall appli-
cation of 0.64 kg ai/ha imazapyr, 0.64 kg 
ai/ha imazapyr + 1.84 kg ai/ha glyphosate, 
0.64 kg ai/ha imazapyr + (0.09 imazapic + 
0.25 kg ai/ha glyphosate), and spring and 
fall application of 0.18 kg ai/ha imazapic 
+ 0.49 kg ai/ha glyphosate reduced cover 
to ≤8% after the initial growing season 
(Table 1). All herbicide treatments had 
≥21% cover by the end of the third growing 
season (Table 3). Planted species response 
was minimal at all sites.

Unplanted species cover varied (P < 
0.0001) among treatments after each 
growing season (Tables 1, 2, 3). Treat-
ments that had the greatest reduction in 
reed canarygrass also had lower amounts 
of unplanted species (Table 1), with the 
exception of fall application of 1.84 kg ai/ha 
glyphosate, which had the highest cover of 
unplanted species after the initial growing 
season. Treatments with the lowest reed 
canarygrass cover after the third growing 
season had the highest cover of unplanted 
species (Table 3). Cover of planted species 

Table 1. Mean percent (±SE) cover of Phalaris arundinacea, planted species, unplanted species, and species richness on plots established in fall 2005 at 
the end of the first growing season following herbicide treatment in eastern South Dakota.
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showed overlap of treatment means after 
the initial growing season, and only spring 
application of 1.84 kg ai/ha glyphosate 
had cover ≥20% by the end of the initial 
growing season (Table 1). All treatments 
had ≤20% planted species cover after the 
third growing season (Table 3). Species 
richness was highest (P < 0.0001) in plots 
treated with a fall application of 1.84 kg 
ai/ha glyphosate after the initial growing 
season (Table 1), but there was overlap in 

treatment means by the end of the second 
and third growing seasons (Tables 2, 3).

DISCUSSION

Imazapyr treatments did reduce reed ca-
narygrass for two growing seasons, but 
the lack of establishment of competitive 
species allowed it to reestablish dominance 
of plots by the end of the third growing 
season. The native species mixture used 

in our study was not appropriate for the 
site conditions. The species were adapted 
to upland conditions rather than the wet-
meadow conditions in our study and did not 
allow establishment of species that could 
potentially compete with reed canarygrass. 
Competitive species can exclude and 
greatly reduce seed germination of reed 
canarygrass (Lindig-Cisneros and Zedler 
2002a, 2002b; Foster and Wetzel 2005). 
Perry et al. (2004) reported that a native 

Table 2. Mean percent (±SE) cover of Phalaris arundinacea, planted species, unplanted species, and species richness on plots established in fall 2005 at 
the end of the second growing season following herbicide treatment in eastern South Dakota.

Table 3. Mean percent (±SE) cover of Phalaris arundinacea, planted species, unplanted species, and species richness on plots established in fall 2005 at 
the end of the third growing season following herbicide treatment in eastern South Dakota.



462 Natural Areas Journal Volume 34 (4), 2014

wetland sedge, Carex hystericina Muhl. 
ex Willd., suppressed reed canarygrass in 
carbon-enriched soil. During our study, 
prairie cordgrass (Spartina pectinata 
Bosc ex Link) was present at Site 1 and 
increased in herbicide treated plots. Al-
though not directly measured, portions of 
treated plots containing prairie cordgrass 
appeared to suppress reed canarygrass 
compared to portions in which it was not 
present (pers. obs.). While reducing nutri-
ent inputs can be accomplished in certain 
situations, implementing carbon addition 
over a large area for restoration purposes 
would be logistically difficult.

Reed canarygrass established from seed 
increased and dominated herbicide treated 
plots by the end of third growing season. 
Reed canarygrass readily reinvades and 
replaces native species in areas where it 
is well-adapted (Apfelbaum and Sams 
1987; Budelsky and Galatowitsch 2000; 
Reinhardt and. Galatowitsch 2004). Abun-
dant rainfall in fall 2006 and spring and 
fall 2007 provided adequate moisture and 
could have accounted for rapid growth of 
reed canarygrass from seed (Bahm 2009). 
Reed canarygrass grows poorly in dense 
vegetation (Morrison and Molofsky 1998) 
and this could explain some of the site 
differences observed in our study. Canada 
thistle was present at all sites and readily 
established after herbicide treatment. While 
plots were mowed to limit seed production, 
Canada thistle is capable of vegetative 
spread and continued to dominate many 
sites. Sites 2 and 3 provide evidence for 
this explanation. During the first two 
growing seasons, Canada thistle was the 
dominant plant in herbicide treated plots. 
The sites were inadvertently sprayed with 
aminopyralid in early June 2008, which 
nearly eliminated thistle, and by the end 
of the growing season, reed canarygrass 
had the most dramatic increase in cover 
across clipped plots.

Repeated treatment is likely to damage 
native seedlings, and it would likely be 
beneficial to delay seeding until adequate 
control has been achieved (Antieau 1998). 
Imazapyr has also been shown to limit 
recruitment of native seedlings (Masters et 
al. 1996), although certain native species 
have shown some level of tolerance (Bahm 

and Barnes 2011). A single application of 
treatments containing imazapyr provided 
control for two growing seasons, providing 
managers with an opportunity to establish 
desirable species. This study confirms the 
ability of reed canarygrass to reestablish in 
areas where plants have been killed with 
herbicide, and the need for follow-up treat-
ments to prevent reinvasion if establish-
ment of desirable species is not achieved 
by the end of the second growing season. 
The imizadolinone herbicides used in this 
study could potentially be combined with 
burning to reduce the soil seedbank of 
reed canarygrass (Adams and Galatowitsch 
2006). Prairie cordgrass did show a positive 
response in herbicide treated plots during 
the study and could potentially be estab-
lished to compete with reed canarygrass. 
Our results support the assessment by 
Kercher et al. (2007) that restoration of reed 
canarygrass dominated areas will require 
removal of reed canarygrass plants and 
seeds (using herbicide and/or removal of 
sod), cessation of disturbances (Herr-Turoff 
2005), replanting native species, long-term 
surveillance, spot-treatment of reinvading 
clones, and a long-term commitment.
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Appendix. Sources of herbicide materials used in reed canarygrass control study in eastern South 
Dakota. Use of trade names below does not imply endorsement by the authors.


