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ABSTRACT: North America’s remaining natural grassland communities provide habitat for native 
flora and fauna. We conducted a study to compare the efficacy of herbicides in control of the invasive 
Japanese honeysuckle (Lonicera japonica Thunb.) applied at times when most native plant species are 
dormant. Six herbicide mixtures (glyphosate, glyphosate + imazapyr, glyphosate + imazapic, imazapyr, 
triclopyr + diflufenzopyr, and metsulfuron methyl + diflufenzopyr) were applied once each in three 
seasons to assess the effect of application timing of each mixture on honeysuckle control. Herbicides 
were applied with a CO2 pressurized sprayer at three sites in a randomized complete block design. 
Pretreatment sampling indicated that Japanese honeysuckle constituted over 70% of plant cover at the 
study sites. Post-treatment sampling was conducted 60 days, 180 days, 420 days, and 540 days after 
the final application. All mixtures in all application seasons decreased percent cover of honeysuckle 
with varying effectiveness. Results indicate that the glyphosate, imazapyr, and metsulfuron methyl + 
diflufenzopyr mixtures are particularly effective at controlling Japanese honeysuckle when applied at 
any time between October and April with suitable temperatures. Many native grasses and broadleaf forbs 
not found during pretreatment sampling also emerged post-treatment, benefiting from either application 
timing or indicating herbicide tolerance. 

Index terms: grasslands, habitat restoration, herbicides, invasive species, Lonicera japonica

INTRODUCTION

Japanese honeysuckle (Lonicera japonica 
Thunb.) is recognized as one of the most 
aggressive nonnative invaders in the eastern 
United States due to its ability to crowd out 
or smother other species and monopolize 
resources (National Invasive Species Coun-
cil 2004). It is a native of Southeast Asia, 
where it naturally occurs along roadsides 
and in sparsely vegetated forests below 
1500 m in elevation (Zheng et al. 2004). 
Japanese honeysuckle’s invasiveness is in 
part due to its ability to vigorously resprout 
after aboveground tissue (leaves and stems) 
has been removed following herbivory or 
cutting (Scheirenbeck 1994). It grows ag-
gressively; each individual vine is capable 
of growing 10 m per year (Pelczar 1995). 
Japanese honeysuckle thrives in open areas, 
including natural grasslands. Although it 
is somewhat shade tolerant and does well 
at forest edges, it will often lurk in sunny 
openings or edges for years and exploit new 
openings in the canopy created by storms 
or other disturbances to colonize the forest 
interior (Yates et al. 2004).

Small natural grasslands such as glades 
and barrens are prone to disturbance and, 
therefore, invasion by Japanese honeysuck-
le, and are already in serious decline due 
to habitat loss and fragmentation caused 
by human activity (Noss et al. 1995). Less 
than 0.1% of the natural grasslands in the 
United States are intact, and most of these 
occur in small patches of just a few acres 
(Sampson and Knopf 1994). In Kentucky, 

natural grasslands provide habitat for 
over 60% of the rare plant communities 
monitored by the Kentucky State Nature 
Preserves Commission, Kentucky’s natural 
heritage program (Taylor 1995). Japanese 
honeysuckle outcompetes most native 
species and also produces allelopathic 
compounds that alter soil chemistry and 
inhibit native plant growth (Skulman et 
al. 2004).

Although the Kentucky Exotic Pest Plant 
Council (KY-EPPC) recognizes nearly 200 
invasive species as problems, ecological 
impacts vary in severity by species. KY-EP-
PC designates Japanese honeysuckle as a 
“severe threat,” the category reserved for 
the species most ubiquitous and damaging 
to natural areas in the Commonwealth 
and defined as an “exotic plant species 
which possess characteristics of invasive 
species and spread easily into native 
plant communities and displaces native 
vegetation; includes species which are or 
could become widespread in Kentucky” 
(Kentucky EPPC 2013). The Southeast 
Exotic Pest Plant Council (SE-EPPC) has 
verified Japanese honeysuckle in 43 states 
and in 119 of Kentucky’s 120 counties, 
although it is likely present in every county 
(EDDMapS 2014).

Reductions in invasive plant species popu-
lations have been shown to increase native 
biodiversity and productivity, a priority of 
natural areas managers (Price and Weltzin 
2003). Previous research has investigated 
nonchemical control methods and found 
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them to be ineffective or impractical due 
to the dense mats formed by the rhi-
zomes of Japanese honeysuckle. Studies 
have found that only those methods that 
killed the belowground parts of the plant 
were effective in Japanese honeysuckle 
control (Stransky 1984). Removing the 
aboveground growth without subsequent 
chemical control does not kill the plant, 
and in many cases, stimulates even denser 
regrowth the following year. For instance, 
mowing alone is an ineffective control 
method, stimulating growth and encour-
aging formation of dense, albeit shorter, 
mats (Stransky 1984). While prescribed 
burns have proven effective in controlling 
many invasive species, fire only removes 
aboveground biomass while stimulating 
Japanese honeysuckle in much the same 
way as mowing (Barden and Matthews 
1980; Munger 2002).

Herbicide use is one of the most practical 
strategies for controlling many invasive 
plants (Miller 2003). Herbicides are the 
predominant and most effective method 
for controlling Japanese honeysuckle 
invasions because they effectively target 
the persistent stolons and rhizomes in the 
soil organic layer (Prine and Starr 1971; 
Tu et al. 2001). In the southeastern Unit-
ed States, Japanese honeysuckle actively 
grows in the winter until temperatures 
drop below −1 °C, when most native 
species are dormant. Therefore, it may be 
possible to control Japanese honeysuckle 
during this dormant season and avoid 
damage to native broadleaf species while 
simultaneously releasing native species to 
germinate from the seedbank (Carter and 
Teramura 1988a). If this strategy proves 
successful, land managers could control 
Japanese honeysuckle populations while 
minimally affecting native species.

Chemical control of Japanese honey-
suckle invasions has focused on foliar 
herbicide applications. However, foliar 
applications may only reduce the density 
of aboveground leaves and stolons tem-
porarily without completely killing the 
plant’s rhizome. In this case, new growth 
the following season can even exceed the 
original coverage prior to herbicide ap-
plication (Prine and Starr 1971). Several 
studies found that two seasons of low-dose 

herbicide treatment are most effective for 
managing Japanese honeysuckle but still 
do not achieve adequate control over the 
long term (McLemore 1981; Miller 2003).

Among various herbicides tested for Japa-
nese honeysuckle control, glyphosate has 
shown the most promise (Regehr and Frey 
1988). Glyphosate phototoxicity differs 
seasonally as winter applications are gen-
erally less effective than those applied in 
other seasons due to lower photosynthetic 
activity by target species (Neal and Skroch 
1985). However, honeysuckle leaves are 
physiologically active during all seasons 
in the Southeast (Carter and Teramura 
1988b; Nyboer 1992). The imidazolinone 
herbicides, such as imazapyr and imazapic, 
have been used effectively to reduce com-
petition from exotic species and promote 
establishment of native species, although 
imazapyr has been shown to limit recruit-
ment of native seedlings (Masters et al. 
1996; Ayeni et al. 1998; Beran et al. 2000; 
Washburn and Barnes 2000; Masters et 
al. 2001; Washburn et al. 2002). Studies 
indicate that imazapyr and metsulfuron 
methyl have potential for honeysuckle 
control (Edwards and Gonzalez 1986; Cain 
1992; Yeiser 1999). While some research 
indicates that triclopyr is ineffective on 
Japanese honeysuckle, some agencies still 
recommend its use in honeysuckle control, 
suggesting further study is needed (Dreyer 
1988; Miller 2003).

Due to the physiology of Japanese honey-
suckle and the effectiveness of herbicides in 
its control, we hypothesized that herbicide 
mixtures applied to Japanese honeysuckle 
while the plant is actively growing, but 
while most native plants are dormant, 
can control honeysuckle while minimally 
affecting other species. In addition to ap-
plication timing effects, we evaluated the 
efficacy of several different mixtures in the 
control of Japanese honeysuckle. Based on 
the physiology of Japanese honeysuckle, 
we expect the uptake and efficacy of herbi-
cide application will not differ substantially 
regardless of application timing.

METHODS

We initiated a study to assess applica-
tion-timing impacts on the efficacy of var-

ious herbicides on Japanese honeysuckle 
control. Each of six herbicide mixtures 
was applied once in three different sea-
sons throughout the year to determine the 
effects of application timing on efficacy. 
The herbicide treatments in this study were 
2.43 kg a.e./ha glyphosate, 1.21 kg a.e./ha 
glyphosate + 0.152 kg a.e./ha imazapyr, 
0.152 kg a.e./ha glyphosate + 0.076 kg 
a.e./ha imazapic, 0.304 kg a.e./ha imaza-
pyr, 0.202 kg a.e./ha triclopyr + 0.020 kg 
a.e./ha diflufenzopyr, and 0.243 kg a.i./
ha metsulfuron methyl + 0.020 kg a.e./ha 
diflufenzopyr. These mixtures were chosen 
based on results of previous studies in the 
literature as well as recommendations from 
herbicide manufacturers. Herbicides were 
mixed with 0.383 L/ha methylated seed oil 
as an adjuvant.

Due to the relatively large contiguous areas 
of dense Japanese honeysuckle required for 
this number of herbicide treatments, three 
sites were used: Hall’s Prairie, a roadside 
natural area in Logan County, Kentucky, 
owned by the University of Kentucky; and 
two highway right-of-ways managed by the 
Kentucky Department of Transportation, 
one in Shelby County and the other in 
Powell County. The Logan and Shelby sites 
are in the Interior Plateau physiographic 
region, while the Powell County site is in 
the Western Allegheny Plateau (Woods et 
al. 2002). All three sites were open fields 
bordering major highways and were dom-
inated by Japanese honeysuckle.

After deciduous tree leaf fall in October 
2004, each site underwent visual vegeta-
tive sampling to estimate the percentage 
of live Japanese honeysuckle cover and 
the percent cover of all species combined 
other than Japanese honeysuckle. Initial 
Japanese honeysuckle coverage varied 
from 70% to 96% in all plots. Pretreatment 
data were used to determine how effective 
each herbicide was in reducing Japanese 
honeysuckle coverage by completion of the 
study and to determine the percent cover 
by other species (including both natives 
and nonnatives) because of herbicide 
applications.

All three study sites were situated on a 
<5o slope with no overstory cover. Pre-
treatment vegetation sampling showed 
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that the Hall’s Prairie site averaged 81.7% 
Japanese honeysuckle cover (SE = 9.1, n = 
12). While the overall site was dominated 
by Japanese honeysuckle, the native tall 
goldenrod, Solidago altissima L., did dom-
inate two plots. Pretreatment vegetation 
sampling showed that the Shelby County 
site averaged 95.8% Japanese honeysuckle 
cover (SE = 1.8, n = 12). While the site 
was dominated by Japanese honeysuckle, 
some plots contained scattered tall gold-
enrod, native purple milkweed (Asclepias 
purpurascens L.), and nonnative invasive 
crown vetch (Securigera varia L.). Pre-
treatment vegetation sampling showed that 
the Powell County site averaged 70.0% 
Japanese honeysuckle cover (SE = 8.94, 
n = 12). This site had several plots with 
20%–25% cover of crown vetch scattered 
throughout the plots, as well as several 
blackberry bushes (Rubus spp.).

After pretreatment sampling, we located 19 
plots at each site. Plots had no minimum 
distance between them; they were laid 
out immediately adjacent to one another 
in a grid pattern with shared boundaries. 
At each site, separate plots received one 
of the six herbicide treatments applied 
during one of three seasons (fall, winter, 
and spring) and one plot served as a control 
for all treatment periods (19 plots total). 
For example, glyphosate was applied to 
one treatment plot in fall, another plot in 
winter, and a third plot in spring. Each study 
plot was 3 m by 9 m, dictated by the width 
of the 3-m boom on the pressurized CO2 
sprayer and the distance it takes for the 
sprayer to empty a 2-L bottle of mixture 
at 241.3 kPa at a normal walking speed of 
approximately 4.5 km/hr. Each application 
was replicated three times, once at each 
site, per herbicide, per season.

On either 20 or 25 October 2004, after 
the first frost but before the first “killing 
frost” (temperature below −4 °C), each 
mixture was applied in three replications 
(once per each of the three sites). The 
order of mixture application was chosen 
randomly in a randomized complete block 
design. The same procedure was repeated 
on either 6 January or 6 February 2005, 
to assess winter applications. Winter 
application days were chosen based on 
climatological factors; herbicides begin to 

lose effectiveness at temperatures below 15 
°C, and wind speeds exceeding 8 km/hr (5 
mph), and most are not rainfast for at least 
2 hr (Gover 2000). The final applications 
were conducted on either 10 or 11 April 
2005, to assess spring herbicide application 
before many native species are actively 
growing or blooming and, therefore, less 
likely to experience non-target herbicide 
damage. Herbicides were applied on days 
near or exceeding 15 °C, with ground wind 
speeds at or under 8 km/hr, partly cloudy 
to sunny skies, and at least three days since 
measurable rain.

Following the spring 2005 applications, 
we visually estimated percent cover of 
plant species at each site in summer and 
fall of both 2005 and 2006. We sampled 
both Hall’s Prairie and the Shelby County 
site on 2 June 2005, 1 September 2005, 
16 June 2006, and 11 September 2006, 
while we sampled the Powell County 
site on 3 June 2005, 1 September 2005, 
15 June 2006, and 12 September 2006. 
A 0.3-m2 sampling frame quadrat was 
randomly placed along the center of the 
9-m axis of each treatment plot five times 
to visually estimate the changes in honey-
suckle coverage and coverage of species 
other than honeysuckle (Bonham 1989). 
Because plots were immediately adjacent, 
subsequent sampling was restricted to the 
center of each plot to account for potential 
drift—no sampling was conducted within 
0.3 m of a plot border. Sampling was con-
ducted at ground level with no minimum 
or maximum distance between quadrats. 
Cover was analyzed in two classes: live 
Japanese honeysuckle and total of all 
other species. Sampling was conducted 
by the same person to reduce bias and 
subjectivity. Total summed cover could 
not exceed 100%. Sampling was limited to 
the center one-third of each plot to reduce 
potential of interaction with the herbicide 
treatments on immediately adjacent plots 
that shared a border.

The effectiveness of each mixture for 
controlling Japanese honeysuckle was 
compared to the effectiveness of the oth-
er mixtures, as well as across the other 
fall, winter, and spring applications of 
the same mixture. A two-way repeated 
measures analysis of variance (with her-

bicide mixture and application timing as 
the factors) using PROC MIXED in SAS 
software version 9.1 for Windows (Little et 
al. 1996) and post-hoc least squares means 
comparison tests were used to determine 
any differences in herbicide treatments and 
application timing. The repeated measure 
was post-treatment sampling periods 
with site as a random effect. Data were 
arcsine square root transformed to meet 
the assumptions of an ANOVA (Zar 2010).

RESULTS

Across all herbicide treatments, the various 
application timings had no effect on Japa-
nese honeysuckle control (F = 1.91, df = 2, 
p = 0.15). However, differences occurred 
in control of Japanese honeysuckle among 
different herbicide treatments (F = 502.71, 
df = 6, p < 0.0001).

At the final sample period, after the second 
full growing season following herbicide 
treatment application, the fall applications 
of all mixtures had <10% live Japanese 
honeysuckle cover (Figure 1). The met-
sulfuron methyl + diflufenzopyr treatments 
exhibited the lowest post-treatment cover 
of honeysuckle, but post-hoc analysis 
indicated that observed differences were 
only significant compared to triclopyr + 
diflufenzopyr. Winter applications of gly-
phosate, imazapyr, glyphosate + imazapyr, 
and metsulfuron methyl + diflufenzopyr 
treatment plots were all similar with <5% 
live Japanese honeysuckle, while the 
triclopyr + diflufenzopyr and glyphosate 
+ imazapic plots exhibited significantly 
greater post-treatment cover of honey-
suckle. Finally, spring applications yielded 
similar results to the winter applications, 
with no differences between the glyphosate, 
imazapyr, and metsulfuron methyl + di-
flufenzopyr plots once again, all with <5% 
live Japanese honeysuckle. Honeysuckle 
coverage in the glyphosate + imazapyr plot 
was no different from either of these high-
est-performing treatments nor the poorer 
performing glyphosate + imazapic. The 
triclopyr + diflufenzopyr and glyphosate 
+ imazapic plots exhibited significantly 
greater honeysuckle cover than the glypho-
sate, imazapyr, and metsulfuron methyl + 
diflufenzopyr plots. Glyphosate + imazapyr 
did not differ significantly from glyphosate 
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+ imazapic, but did have less honeysuckle 
cover than the triclopyr + diflufenzopyr. It is 
worth noting both glyphosate and imazapyr 
performed better individually in fall and 
spring applications than when combined. 
It is unclear whether this outcome was due 

to interactions between the chemicals or 
simply because the label rate for both was 
lower in the combined mixture.

The triclopyr + diflufenzopyr treatments 
were consistently among the worst per-

forming at each sampling period regard-
less of application timing, although the 
observed difference in the fall application 
was slight. Although the fall application 
of glyphosate + imazapic was similar to 
some of the better performing mixtures, 

Figure 1. Percent cover of Japanese honeysuckle two growing seasons after herbicide applications. Means within the same treatment block with the same letter 
are not different (P = 0.05) and graphs are nontransformed data. Rates: 2.43 kg a.e./ha glyphosate, 0.152 kg a.e./ha glyphosate + 0.076 kg a.e./ha imazapic, 
1.21 kg a.e./ha glyphosate + 0.152 kg a.e./ha imazapyr, 0.304 kg a.e./ha imazapyr, 0.243 kg a.i./ha metsulfuron methyl + 0.020 kg a.e./ha diflufenzopyr, 0.202 
kg a.e./ha triclopyr + 0.020 kg a.e./ha diflufenzopyr.
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the winter and spring applications were no 
different from the least effective triclopyr 
+ diflufenzopyr. The metsulfuron methyl 
+ diflufenzopyr treatments consistently 
exhibited no differences with the best 
performing treatments regardless of ap-
plication timing along with glyphosate, 
imazapyr, and glyphosate + imazapyr.

Across all herbicide treatments, percent 
cover of plant species other than Japanese 
honeysuckle differed among herbicide 
treatments during each sampling period 
(F = 6.39, df = 2, p = 0.002). There was 
also a difference in percent cover of other 
species in each plot among the different 
herbicide treatments (F = 79.51, df = 6, 
p < 0.0001).

During the first growing season sampling 
period in summer 2005, the observed cov-
erage by other species in the fall herbicide 
treatment plots varied from <6% with the 
glyphosate + imazapyr application to be-
tween 21%–22% with the glyphosate and 
the imazapyr treatments and >40% with 
the glyphosate + imazapic and triclopyr 
+ diflufenzopyr applications. The winter 
and spring applications were more similar, 
with the highest percentage of coverage by 
other species in the triclopyr + diflufenzo-
pyr plots at <22% with spring treatments 
and <16% winter treatments at the high 
end and <5% coverage with imazapyr, 
glyphosate + imazapic, or metsulfuron 
methyl + diflufenzopyr at the low end with 
both applications.

By the end of the second growing season 
in fall 2006 all treatment plots were >74% 
covered with species other than Japanese 
honeysuckle regardless of herbicide treat-
ment or application timing, with glypho-
sate + imazapic, imazapyr, and triclopyr 
+ diflufenzopyr treatments consistently 
showing the lowest cover by other species 
and glyphosate, metsulfuron methyl + 
diflufenzopyr, and glyphosate + imazapyr 
consistently the highest (Figure 2). In the 
fall treatments plots, glyphosate + imazapic 
plots exhibited the lowest coverage of 
other species, but did not differ in cover 
from the glyphosate + imazapyr, imazapyr, 
or triclopyr + diflufenzopyr treatments. 
Metsulfuron methyl + diflufenzopyr plots 
had the greatest coverage by other species 

and displayed significantly greater cover 
than glyphosate + imazapic and imazapyr. 
Cover on glyphosate plots was significantly 
greater than that on glyphosate + imazapic 
plots. Cover on glyphosate, glyphosate 
+ imazapyr, imazapyr, and triclopyr + 
diflufenzopyr plots did not differ signifi-
cantly. There was greater separation in 
the winter treatment plots, with glypho-
sate + imazapic, imazapyr, and triclopyr 
+ diflufenzopyr treatment plots showing 
significantly lower cover of other species 
than metsulfuron methyl + diflufenzopyr, 
glyphosate, and glyphosate + imazapyr. 
In the spring treatment plots, metsulfuron 
methyl + diflufenzopyr exhibited greater 
cover of other species than glyphosate + 
imazapic, imazapyr, and triclopyr + di-
flufenzopyr. No other differences between 
treatments were observed.

DISCUSSION

This study demonstrated that applying 
one of several herbicide mixtures during 
the dormant season can control Japanese 
honeysuckle for two growing seasons while 
allowing revegetation by other species. 
The glyphosate, imazapyr, glyphosate 
+ imazapyr, and metsulfuron methyl + 
diflufenzopyr consistently controlled Jap-
anese honeysuckle in all of the application 
seasons, with <10% of each plot covered 
by live Japanese honeysuckle in the final 
sampling period regardless of application 
timing. While this study indicates that 
application of glyphosate, imazapyr, or 
metusulfuron + diflufenzopyr performed 
better than the other mixtures when applied 
in the dormant season, all of the herbicide 
treatments reduced Japanese honeysuckle 
cover two years after treatment relative 
to control levels. Post-hoc analysis in-
dicated the triclopyr + diflufenzopyr 
treatments were consistently among the 
worst performing regardless of application 
timing, while the glyphosate + imazapic 
fall application was the only application 
timing of that mixture that held Japanese 
honeysuckle cover under 10% and was not 
one of the poorest performing treatments.

These results are somewhat consistent with 
previous studies on herbicide efficacy on 
Japanese honeysuckle control, but there 
are some differences. Regehr and Frey 

(1988) indicated that October applica-
tions of glyphosate at concentrations of 
0.75% and 1.5% were equally effective 
in killing honeysuckle with a 99% re-
duction in coverage by April and with 
very little resprouting at the completion 
of their 30-month study. However, while 
their December applications of glyphosate 
were less effective (68% mortality at the 
0.75% rate and 86% mortality at 1.5%), 
our winter glyphosate application was 
actually the most effective. Cain (1992) 
reduced Japanese honeysuckle coverage 
from 45% to 31% in one season with a 
0.585 mL/ha application of imazapyr, much 
poorer results than in our study. Previous 
growing season studies have shown that 
metsulfuron methyl controls Japanese 
honeysuckle effectively, which is supported 
by our findings, but no dormant season 
studies were found in the literature. For 
example, Edwards and Gonzalez (1986) 
found that a May application of 0.28 kg/
ha resulted in 99% mortality of Japanese 
honeysuckle while Yeiser (1999) stated a 
June application of 0.105 kg/ha appeared 
promising in reducing honeysuckle while 
releasing oak seedlings in a logged hard-
wood bottom. Our revegetation results 
support those of Yeiser (1999), who also 
found that metsulfuron methyl did not 
inhibit revegetation. Our findings also sup-
port previous research that has questioned 
the effectiveness of triclopyr on Japanese 
honeysuckle control (Dreyer 1988; Miller 
2003). There are no published studies of the 
effectiveness of diflufenzopyr on Japanese 
honeysuckle control.

In addition to the relative efficacy on 
Japanese honeysuckle control, our results 
suggest that revegetation by species other 
than Japanese honeysuckle is possible 
following a dormant season herbicide 
treatment. Percent cover of species other 
than Japanese honeysuckle increased dra-
matically in all treatment plots; species 
other than Japanese honeysuckle were well 
established with all herbicide mixtures. 
Establishment of other species quickly 
after herbicide treatment is important, as 
bare ground tends to encourage the estab-
lishment of other invasive species (Adkins 
and Barnes 2013). Previous research also 
shows that eradication of undesirable 
vegetation is necessary for establishment 
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of native plant communities (Wilson and 
Gerry 1995; Masters et al. 1996; Barnes 
2004). Species present in this study other 
than Japanese honeysuckle varied by site 
and treatment and included both nonnative 

invasive species and native grassland and 
woody species, suggesting that restoration 
of native species is highly site specific and 
dependent on species availability in the 
seedbank and adjacent or nearby areas.

Retreatment of sites after periodic assess-
ments or monitoring is recommended to 
maintain acceptable control levels. Given 
the growth characteristics of Japanese 
honeysuckle, it may be assumed that if left 

Figure 2. Percent cover of other species two growing seasons after herbicide applications. Means within the same treatment block with the same letter are 
not different (P = 0.05) and graphs are nontransformed data. Rates: 2.43 kg a.e./ha glyphosate, 0.152 kg a.e./ha glyphosate + 0.076 kg a.e./ha imazapic, 1.21 
kg a.e./ha glyphosate + 0.152 kg a.e./ha imazapyr, 0.304 kg a.e./ha imazapyr, 0.243 kg a.i./ha metsulfuron methyl + 0.020 kg a.e./ha diflufenzopyr, 0.202 kg 
a.e./ha triclopyr + 0.020 kg a.e./ha diflufenzopyr.
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unchecked a 5% cover of Japanese honey-
suckle in any plot will eventually return to 
pretreatment levels. It is important to note 
that the highest-performing herbicides in 
this study—glyphosate, imazapyr, and met-
sulfuron methyl—are all systemic enzyme 
inhibitors. If herbicide resistance becomes 
a concern, then occasional rotation between 
an herbicide with a different mode of action 
should be considered even if it offers less 
control, such as triclopyr. Overall, these 
findings suggest dormant season herbicide 
applications are an effective means for 
reducing Japanese honeysuckle cover in 
natural areas while promoting revegetation 
by other species. Managers of natural areas 
with significant grassland attributes should 
consider chemically treating Japanese 
honeysuckle infestations between October 
and April on days with appropriate weather 
conditions.

ACKNOWLEDGMENTS

The authors would like to thank J. Adkins, 
M. Bahm, C. Barton, J. Cox, L. Dodd, 
M. Lacki, M. Ruffner, and R. Van Dyke 
for technical assistance and comments on 
earlier drafts of this manuscript. This re-
search was made possible by funding from 
the University of Kentucky Department of 
Forestry Extension Program.

Zeb Weese is the Executive Director of the 
Kentucky State Nature Preserves Com-
mission (KSNPC), the Commonwealth’s 
natural heritage agency. Previously he was 
the conservation biologist and program 
coordinator for the Kentucky Heritage 
Land Conservation Fund. He has a BS in 
Zoology and MS in Forestry (Conservation 
Biology concentration) from the University 
of Kentucky, as well as a BA and MA in 
American History (Environmental Policy 
concentration).

The late Thomas G. Barnes, Ph.D., was 
extension professor and wildlife specialist 
at the University of Kentucky. His research 
focused on the restoration, rehabilitation, 
and recreation of native grasslands using 
herbicides. He was the author of seven 
books on the natural history of Kentucky, 
including Kentucky, Naturally: The Ken-
tucky Heritage Land Conservation Fund 

at Work. He passed away during the 
completion of this project.

LITERATURE CITED

Adkins, J., and T. Barnes. 2013. Herbicide treat-
ment and timing for controlling Kentucky 
bluegrass (Poa pratensis) and tall fescue 
(Fescue arundinacea) in cool season grass-
lands of central Kentucky, USA. Natural 
Areas Journal 33:31-38.

Ayeni, A.O., B.A. Majek, and J. Hammerstedt. 
1998. Rainfall influence on imazethapyr 
bioactivity in New Jersey soils. Weed Sci-
ence 46:581-586.

Barden, L.S., and J.F. Matthews. 1980. Change 
in abundance of honeysuckle Lonicera 
japonica and other ground flora after pre-
scribed burning of a piedmont pine forest. 
Castanea 45:257-260.

Barnes, T.G. 2004. Strategies to convert exotic 
grass pastures to tall grass prairie commu-
nities. Weed Technology 18:1364-1370.

Beran, D.D., R.A. Masters, R.E. Gaussoin, and 
F. Rivas-Pantoja. 2000. Establishment of big 
bluestem and Illinois bundleflower mixtures 
with imazapic and imazethapyr. Agronomy 
Journal 92:460-465.

Bonham, C.D. 1989. Measurements for Ter-
restrial Vegetation. John Wiley and Sons, 
New York.

Cain, M.D. 1992. Japanese honeysuckle in 
uneven-aged pine stands: Problems with 
natural pine regeneration. Southern Weed 
Science Society Annual Meeting Proceed-
ings 45:264-269.

Carter, G.A., and A.H. Teramura. 1988a. Non-
summer stomatal conductance for the inva-
sive herbs kudzu and Japanese honeysuckle. 
Canadian Journal of Botany 66:2392-2395.

Carter, G.A., and A.H. Teramura. 1988b. Vine 
photosynthesis and relationships to climbing 
mechanics in a forest understory. American 
Journal of Botany 75:1011-1018.

Dreyer, G.D. 1988. Efficacy of triclopyr in 
rootkilling oriental bittersweet (Celastrus 
orbiculatus Thunb.) and certain other woody 
weeds. Proceedings of the Northeastern 
Weed Science Society 42:120-121.

EDDMapS. 2014. Early detection and distri-
bution mapping system. The University of 
Georgia - Center for Invasive Species and 
Ecosystem Health. <http://www.eddmaps.
org/>.

Edwards, M.B., and F.E. Gonzales. 1986. 
Forestry herbicide control of kudzu and 
Japanese honeysuckle in loblolly pine sites 
in central Georgia. Southern Weed Science 
Society Annual Meeting Proceedings 
39:272-275.

Gover, A. 2000. Uses and characteristics of 
herbicides for non-crop weed control. 
Department of Horticulture, Pennsylvania 
State University, University Park, PA. 
<http://www.njisst.org/%5C/documents/
Gover_Herbicide_Guidance_Report.pdf>.

Kentucky EPPC. 2013. Invasive exotic plant list. 
Available at <http://www.se-eppc.org/ky/>.

Little, R.C., G.A. Milliken, W.W. Stroup, and 
R.D. Wolfinger. 1996. SAS systems for 
mixed models. SAS Institute Inc., Cary, NC.

Masters, R.A., S.J. Nissen, R.E. Gaussoin, D.D. 
Beran, and R.N. Stougaard. 1996. Imidaz-
olinone herbicides improve restoration of 
Great Plains grasslands. Weed Technology 
10:392-403.

Masters, R.A., D.D. Beran, and R.E. Gaussoin. 
2001. Restoring tallgrass prairie species 
mixtures on leafy spurge-infested rangeland. 
Journal of Range Management 54:362-369.

McLemore, B.F. 1981. Evaluation of chemicals 
for controlling Japanese honeysuckle. South-
ern Weed Science Society Annual Meeting 
Proceedings 34:208-210.

Miller, J.H. 2003. Nonnative invasive plants of 
southern forests: A field guide for identifica-
tion and control. General Technical Report 
SRS-62, US Department of Agriculture, 
Forest Service, Southern Research Station, 
Asheville, NC.

Munger, G.T. 2002. Lonicera japonica. In: Fire 
Effects Information System. US Depart-
ment of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fire Sciences 
Laboratory. <http://www.fs.fed.us/database/
feis/plants/vine/lonjap/all.html>.

National Invasive Species Council. 2004. 
Species profile – Japanese honeysuckle. 
<http://www.invasivespeciesinfo.gov/plants/
honeysuckle.shtml>.

Neal, J.C., and W.A. Skroch. 1985. Effects of 
timing and rate of glyphosate application 
on toxicity to selected woody ornamentals. 
Journal of American Society of Horticultural 
Science 110:860-864.

Noss, R.F., E.T. LaRoe III, and J.M. Scott. 
1995. Endangered ecosystems of the United 
States: A preliminary assessment of loss and 
degradation. Biological Report 28. US De-
partment of Agriculture, National Biological 
Service, Washington, DC.

Nyboer, R. 1992. Vegetation management 
guideline: Japanese honeysuckle (Lonicera 
japonica Thunb.). Natural Areas Journal 
12:217-218.

Pelczar, R. 1995. When vigor is not a virtue: 
Beware the beautiful but invasive Japanese 
honeysuckle. Horticulture 73:64-66.

Price, C.A., and J.F. Weltzin. 2003. Managing 
non-native plant populations through inten-
sive community restoration in Cades Cove, 

Downloaded From: https://complete.bioone.org/journals/Natural-Areas-Journal on 05 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Volume 37 (3), 2017 Natural Areas Journal 293

Great Smoky Mountains National Park, 
USA. Restoration Ecology 11:351-358.

Prine, E.L., and J.W. Starr. 1971. Herbicide 
control of Japanese honeysuckle in forest 
stands. Southern Weed Science Society 
Annual Meeting Proceedings 24:298-300.

Regehr, D.L., and D.R. Frey. 1988. Selective 
control of Japanese honeysuckle (Lonicera 
japonica). Weed Technology 2:139-143.

Sampson F.B., and F.L. Knopf. 1994. Prairie 
conservation in North America. Bioscience 
44: 418-421.

Schierenbeck, K.A., R.N. Mack, and R.R. 
Sharitz. 1994. Effects of herbivory on 
growth and biomass allocation in native and 
introduced species of Lonicera. Ecology 
75:1661-1672.

Skulman, B.W., J.D. Mattice, M.D. Cain, and 
E.E. Gbur. 2004. Evidence for allelopathic 
interference of Japanese honeysuckle (Lon-
icera japonica) to loblolly and shortleaf pine 
regeneration. Weed Science 52:433-439.

Stransky, J.J. 1984. Forage yield of Japanese 
honeysuckle after repeated burning or 

mowing. Journal of Range Management 
37:237-238.

Taylor, D.J., editor. 1995. Kentucky Alive: 
Report of the Kentucky Biodiversity 
Task Force. Commonwealth of Kentucky, 
Frankfort.

Tu, M., C. Hurd, and J.M. Randall, 2001. Weed 
Control Methods Handbook. The Nature 
Conservancy. <http://www.invasive.org/gist/
handbook.html>.

Washburn, B.E., and T.G. Barnes. 2000. Native 
warm season grass and forb establishment 
using imazapic and 2,4-D. Native Plants 
Journal 1:61-68.

Washburn, B.E., T.G. Barnes, C.C. Rhoades, and 
R. Remington. 2002. Using imazapic and 
prescribed fire to enhance native warm-sea-
son grasslands in Kentucky, USA. Natural 
Areas Journal 22:20-27.

Wilson, S.D., and A.K. Gerry. 1995. Strategies 
for mixed-grass prairie restoration: Her-
bicide, tilling, and nitrogen manipulation. 
Restoration Ecology 3:290-298.

Woods, A.J., J.M. Omernik, W.H. Martin, G.J. 
Pond, W.M. Andrews, S.M. Call, J.A. Com-
stock, and D.D. Taylor. 2002. Ecoregions of 
Kentucky (color poster with map, descriptive 
text, summary tables, and photographs) (map 
scale 1:1,000,000). US Geological Survey, 
Reston, VA.

Yates, E.D., D.F. Levia Jr., and C.L. Williams. 
2004. Recruitment of three non-native 
invasive plants into a fragmented forest 
in southern Illinois. Forest Ecology and 
Management 190:119-130.

Yeiser, J.L. 1999. Japanese honeysuckle control 
in a minor hardwood bottom of southwest 
Arkansas. Southern Weed Science Society 
Annual Meeting Proceedings 52:108-111.

Zheng, H., Y. Wu, J. Ding, D. Binion, W. Fu, and 
R. Reardon. 2004. Invasive Plants of Asian 
Origin Established in the United States and 
Their Natural Enemies, Volume 1. USDA 
Forest Service Forest Health Technology 
Enterprise Team, FHTET 2004-2005.

Zar, J.H., 2010. Biostatistical Analysis, 5th 
ed. Prentice Hall, Upper Saddle River, NJ.

Downloaded From: https://complete.bioone.org/journals/Natural-Areas-Journal on 05 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use


