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Recent work suggests that germination inhibition via allelopathy may be an important component of

some species’ invasion ecology. We conducted four germination assays to test the inhibitory potential

of Amur honeysuckle (Lonicera maackii), a problematic invasive shrub. The subject species in the first

assay, Festuca arundinacea, exhibited a significant delay in germination when treated with extract from

ground honeysuckle foliage. In the second assay, two concentrations of L. maackii extract were created

by soaking foliage. F. arundinacea germination was not significantly influenced by the treatments while

germination in Impatiens wallerana was substantially decreased. The third assay compared the impact

of foliar extract from honeysuckle, with the native shrubs Lindera benzoin and Asimina triloba using F.

arundinaceae, I. wallerana, Coreopsis lanceolata and Poa pratensis as subject species. In this assay, I.

wallerana was strongly inhibited by L. maackii foliage; however, none of the other species were

significantly influenced by the treatments. In the fourth assay, fruit extracts from L. maackii and L.

benzoin were applied to the same four subject species. L. maackii fruit extract had an inhibitory

influence on seed germination of all subject species, and inhibition from L. benzoin was also noted.

Across all assays, there was a mixed reaction to extract from L. maackii and co-occurring native species

that was species-specific and dependent upon the extract source. Our findings provide support for the

idea that L. maackii has allelopathic activity, but further work is needed to (i) understand how broad the

impact may be across the wide variety of species that are found in its invasion range and (ii)

substantiate that the allelopathic effect has relevance in field environments.

& 2009 Elsevier GmbH. All rights reserved.

1. Introduction

Non-native invasive species often have negative consequences
for native ecosystems and efforts to prevent their spread are
costly (Ehrenfeld, 2003; Evans et al., 2001; Lovett et al., 2006;
Pimental et al., 2000). Invasive species move aggressively into
natural areas, reducing the richness and diversity of plant
communities, and altering ecosystem function (Ehrenfeld, 2003;
Hartman and McCarthy, 2007; Mack et al., 2000; Miller and
Gorchov, 2004). Although much is known about how invasive
species impact native plant communities (Collier et al., 2002;
Gorchov and Trisel, 2003), less is known about the mechanism(s)
by which invasive species establish and maintain site dominance
(Meekins and McCarthy, 2001). Some promising recent work has
suggested that belowground processes are important during plant
invasion, and may be key to understanding how invaders

proliferate in native ecosystems (Hierro and Callaway, 2003).
Belowground effects of exotic species have included chemical
interference (allelopathy), wherein native species’ growth and
reproduction are inhibited by secondary chemicals exuded by the
exotic species (Hierro and Callaway, 2003; Roberts and Anderson,
2001; Skulman et al., 2004). Compelling evidence of allelopathic
effects of non-native invasive plants has come from a variety of
species and regions (Callaway and Ridenour, 2004; Hierro and
Callaway, 2003; Prati and Bossdorf, 2004; Skulman et al., 2004).

The deciduous shrub Amur honeysuckle (Lonicera maackii) is a
non-native, invasive plant that has proliferated rapidly in east-
central North America in the past 30 years (Hutchinson and
Vankat, 1997; Luken and Thieret, 1996; Miller and Gorchov,
2004). It was introduced to North America from its native Asia for
use as an ornamental, for wildlife cover, and to control soil erosion
(Luken and Thieret, 1996). Like other plant invaders, L. maackii is
encroaching into natural areas, usurping habitat space at the
expense of native species (Collier et al., 2002; Hutchinson and
Vankat, 1998; Miller and Gorchov, 2004). Once established,
L. maackii reduces the growth and fecundity of native species
(Gould and Gorchov, 2000; Gorchov and Trisel, 2003; Hartman
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and McCarthy, 2004, 2007). Although the negative influence of
this species on native plant communities is well established (e.g.,
Collier et al., 2002; Gorchov and Trisel, 2003; Luken et al., 1997),
the mechanism(s) of this influence are not well understood.

L. maackii negatively influences native plant communities in a
variety of ways. It has a dense growth form, sprouts prolifically
(Luken et al., 1995, 1997), and has a longer leaf phenology than
most deciduous shrubs in the habitats it invades (McEwan et al.
2009a). Therefore, light occlusion is almost certainly an im-
portant factor limiting native species in areas where L. maackii

occurs. Preliminary evidence also suggests that L. maackii site
dominance may be facilitated by allelopathy. Skulman et al.
(2004) provide compelling evidence of allelopathic activity in
Lonicera japonica Thunb, a congener of L. maackii that is also a
troublesome invasive species in North America. Dorning and
Cipollini (2006) demonstrated that L. maackii inhibits seed
germination in both native and non-native forbs, without
autotoxic effects. Cipollini et al. (2008b) also demonstrated that
L. maackii extract caused a reduction in Arabidopsis thaliana (L.)
Heynh reproductive output across a range of nutrient conditions.
McEwan et al. (2009b) found that L. maackii leaf material was
toxic to Lymantria dispar L., an insect herbivore with a broad host
range. These studies strongly suggest that allelopathic activity
could be a contributor to the suite of characteristics that enable
invasion by L. maackii.

We conducted a series of experiments to further our under-
standing of the allelopathic potential of L. maackii. We hypothe-
sized that (H1.1) L. maackii extract inhibits seed germination, and
tested this hypothesis in a series of assays using four different
subject species. One of the key aspects of allelopathy as a novel
weapon associated with invasion success (Callaway and Ridenour,
2004) is the absence of this capacity in native species. In order to
assess whether allelopathy represents a novel advantage for
L. maackii that is absent from native shrubs we included native
shrubs in our assays and tested the hypothesis (H1.2) that
exudates from native shrubs found in the same habitats as
L. maackii do not suppress seed germination.

2. Materials and Methods

2.1. Assay #1: influence of leaf extract from L. maackii and native

ericaceous shrubs on grass seed germination.

The influence of L. maackii foliage on germination of
F. arundinacea Schreb (Fayette Seed, Lexington, KY) was assessed.
Festuca arundinacea is a grass species that is a common dominant
of agricultural fields in areas where L. maackii is problematic, and
their ecological interactions have important implications for old-
field succession in the region. The influence of L. maackii on
F. arundinacea germination was compared to that of two native
ericaceous shrubs, Rhododendron maximum L. and Kalmia latifolia

L. In this assay we also included the exotic congener, L. japonica as
a treatment species. In November 2003, 20 g of leaf material was
collected from each species in forests of eastern Kentucky, USA. A
blender was used to macerate fresh leaf material in 200 ml of
distilled water creating a 10:1 concentration (200 ml of solution;
20 g of fresh leaves). This concentration is similar to that used in
other studies of allelopathy (e.g., Dorning and Cipollini, 2006;
Roberts and Anderson, 2001). The solution was filtered through
cheesecloth to remove leaf particles. Seeds of F. arundinacea

(n=25) were placed on two sheets of Whatman #1 filter paper, in
a 100�20 mm Petri dish (n=3, per treatment), treated with 10 ml
of either plant material solution or distilled water, and sealed
with Parafilm. Dishes were stored at 20 1C with a 12/12 h day–
night light cycle. Germination was recorded every 24 h until

germination had ceased for at least two consecutive days. At the
close of the experiment root and shoot length of the seedlings
were measured.

2.2. Assay #2: influence of L. maackii foliar extract concentration on

grass and forb germination.

In the second assay we tested the germination response of a
grass and a forb to two concentrations of L. maackii foliar extract. In
addition to F. arundinacea, an Impatiens wallerana hybrid (‘‘dwarf
white baby,’’ Ferry Morse Seeds, Fulton KY) was added to the
experiment. Adding I. wallerana was of ecological and experimental
interest because (i) it added a forb for contrast with the response of
the grass and (ii) Impatiens is a genus thought to be susceptible to
L. maackii allelopathy (Dorning and Cipollini, 2006). In order to
address the potential influence of distilled water, we used a
simulated precipitation solution in the rest of the assays. The
precipitation mimic was generated by adding chemical nutrients to
distilled water until pH, conductivity, alkalinity, and concentrations
of NO3� , NH4+, Ca2+, Mg2+, K+, Na+, total organic carbon (TOC),
Cl, and SO4� matched mean values from rain water collected in an
unrelated, long-term precipitation monitoring project at Robinson
Forest, in southeastern Kentucky. Leaves were collected in Novem-
ber of 2006 and soaked in the precipitation mimic for 24 h, at a 10:1
concentration (100 ml of solution, 10 g of fresh leaves). Seeds
(n=25) of F. arundinacea and I. wallerana were placed on two sheets
of Whatman #1 filter paper in a 100�20 mm Petri dish (n=3).
Dishes were treated with either full concentration (10:1), a 50%
concentration (200 ml of solution, 10 g of fresh leaves), or the
simulated precipitation (i.e., control). Dishes were sealed and stored
at 23 1C with a 15/9 h day/night light cycle. Germination was
recorded every 24 h until germination had ceased for at least two
consecutive days. At the close of the experiment root and shoot
length of the seedlings were measured.

2.3. Assay #3: comparison of L. maackii and native shrub foliar

extracts on grass and forb germination.

The third assay assessed the allelopathic influence of L. maackii

foliar extracts compared to that of Lindera benzoin (L.) Blume and
Asimina triloba (L.) Dunal, two native shrubs that have a similar
growth form, and are found in the same habitats, as L. maackii. In
addition to F. arundinacea and I. wallerana, we added Poa pratensis L;
(Fayette Seed, Lexington, KY) and Coreopsis lanceolata L. (Livingston
Seed Company, Columbus, OH). P. pratensis co-occurs with F.

arundinacea in old-fields where L. maackii is a problematic invader
and is also found in forest understories where it may be susceptible
to L. maackii influence. It also provided another grass species to
contrast with the response of F. arundinacea. C. lanceolata occurs in
the range of Lonicera invasion and provides contrast with I.

wallerana because Impatiens is a genus thought to be susceptible
to allelopathy, whereas the influence on Coreopsis is unknown.
Treatment solutions were created by soaking fresh leaves (collected
in November of 2006) of the three test species in the precipitation
mimic for 24 h, at a 10:1 ratio (100 ml of solution, 10 g of fresh
leaves). Seeds (n=20) of the subject species were placed on two
sheets of Whatman #1 filter paper in a 100�20 mm Petri dish (n=3
control; n=36 treatments), moistened with 8 ml of solution, sealed,
and grown at 25/15 1C, 15/9 h day/night. Germination was recorded
every 24 h until germination had ceased for at least two consecutive
days. At the close of the experiment root and shoot length of the
seedlings were measured.
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2.4. Assay #4: influence of L. maackii and L. benzoin fruit extracts on

grass and forb germination.

In the fourth assay we evaluated the allelopathic influence of
L. maackii and L. benzoin fruit on two grasses, F. arundinacea and
P. pratensis, and two forbs, I. wallerana and C. lanceolata, using the
methods and replication described in assay #3. Fruits were collected
in November of 2006 and treatment solutions were created by
macerating fruits in a blender containing a 10:1 concentration
(100 ml of solution, 10 g of berries). Seeds (n=20) of the subject
species were placed upon two sheets of Whatman #1 filter paper in
a 100�20 mm Petri dish (n=3 control; n=36 treatments), mois-
tened with 8 ml of solution, sealed, and grown at 25/15 1C, 15/9 h
day/night. Germination was recorded every 24 h until germination
had ceased for at least two consecutive days. At the close of the
experiment root and shoot length of the seedlings were measured.

2.5. Statistical analysis

Data were screened for normality using the D’Agostino omnibus
test (D’Agostino et al. 1990). The mean number of seeds germinated
through time was compared among treatments using repeated
measures analysis of variance (RMANOVA). For these analyses,
germination was the response variable, leaf extract treatment was
the between-subjects factor and time (day) was the within-subjects
factor. Final germination was compared among treatments using
analysis of variance (ANOVA) or the Kruskal–Wallis Rank ANOVA,
depending on normality. Where significant model differences were
identified by the ANOVA, post-hoc multiple comparisons were used
to determine differences among treatments; the Tukey–Kramer
multiple comparison test was used for normally distributed data and
the Kruskal–Wallis multiple comparison Z test was used otherwise.
All statistical procedures were conducted using NCSS (Hintze, 2001).

3. Results

3.1. Assay #1: influence of leaf extract from L. maackii and native

ericaceous shrubs on grass seed germination.

Foliar extracts from L. maackii significantly delayed germi-
nation (%) of F. arundinacea seeds compared to native

ericaceous shrubs and the control (Fig. 1). The treatments
had a highly significant (RMANOVA: F4,10 = 21.1, Po0.001)
influence on seed germination. Germination of the control was
nearly at its maximum by day 5; in contrast, fescue seeds
treated with L. maackii leaf extract began germination on day
five and did not reach their maximum until day nine (Fig. 1).
Germination of seeds treated with the native shrubs K. latifolia

and R. maximum was intermediate between invasive
treatments and the control for virtually the entire assay
(Fig. 1). At the end of the assay, the treatments were
statistically indistinguishable (ANOVA: F4,10 = 1.19, P= 0.37),
meaning that the (final) total germination was not reduced by
any of the treatments (relative to the control). Extract from the
treatment species created statistical differences in final F.

arundinacea shoot length (F4,10 = 6.7; P = 0.007). Seeds treated
with extract from L. japonica produced shorter shoots than the
control (Fig. 2). No other treatment differed from the control
in final shoot length (Fig. 2).

3.2. Assay #2: influence of L. maackii leaf extract concentration on

grass and forb germination.

Concentrated L. maackii extract substantially reduced total
germination in I. wallerana but there was only a slight and
insignificant delay in the germination of F. arundinacea (Fig. 3).
Over the course of the experiment the treatments created a
significant effect in I. wallerana germination (RMANOVA:
F2,6 = 12.6; P= 0.007), with germination in the control being
the highest, the 1/2 concentration intermediate, and the full
concentration the lowest (Fig. 3). Significant differences were
not detected among treatments in final germination (ANOVA:
F2,6 = 2.9; P= 0.13). I. wallerana roots were significantly shorter
in dishes treated with the fully concentrated L. maackii extract
(Table 1) although the final size of its shoots was
indistinguishable among treatments.

A delay in F. arundinacea germination was seemingly apparent
on day 4 (Fig. 3), although the seeds were not significantly
influenced by the treatments considering the entire time course
(RMANOVA: F2,6=0.54; P=0.6). Final germination of F. arundinacea

seeds was not different among the treatments (ANOVA: F2,6=0.27;
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Fig. 1. Germination of F. arundinacea seeds treated with extracts from leaves of four plant species and de-ionized water. Each point is the daily mean (7SE).
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P=0.77; Fig. 3). F. arundinacea seeds did exhibit differences in
growth due to L. maackii extract; those treated with the full
concentration produced longer roots and shoots than either the
1/2 concentration or the control (Table 1). Confusingly,
F. arundinacea seedlings treated with 1/2 concentration had
shoots that were shorter than either the control or full
concentration treatment (Table 1).

3.3. Assay #3: comparison of L. maackii and native shrub leaf

extracts on grass and forb germination.

Leaf extracts from L. maackii and native shrubs similarly
influenced seed germination (Fig. 4). Leaf extract from L. maackii

created an apparent delay in the germination of F. arundinacea on
day 4 that was also evident for extracts of A. triloba and L. benzoin

Table 1
Mean (7SE) final seedling root and shoot length (mm) of F. arundinacea and I. wallerana seeding treated with leaf extract from L. maackii at two concentrations and a rain

water mimic control.

Treatments I. wallerana F. arundinacea

Root Shoot Root Shoot

Full concentration 05.170.2a 5.770.3 47.370.3a 58.070.3a
½ concentration 11.571.8b 7.171.5 26.771.3b 49.371.0c
Control 21.977.8b 6.271.5 31.972.3b 54.170.5b

H2=6.49 F2,6=0.33 F2,6=47.0 F2,6=42.5

P=0.039 P=0.72 Po0.001 Po0.001

Statistical differences (Po0.05) among treatments (within columns) indicated by bold letters, and statistical values are posted in the bottom of columns. H values are

reported for Kruskal–Wallis rank ANOVA, F values for parametric ANOVA.
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(Fig. 4A); however, across the time course there were no
significant differences among treatments (RMANOVA: F3,17=0.71;
P=0.56). Likewise, P. pratensis germination was not significantly
influenced by the treatments (RMANOVA: F3,17=0.32; P=0.81;
Fig. 4B). Neither F. arundinacea nor P. pratensis exhibited significant
differences in final germination (Fig. 4A,B).

Germination of I. wallerana seeds was strongly influenced by
our treatments (Fig. 4C). Across the time course, there was a
significant effect of treatment (RMANOVA: F3,17=6.41; P=0.004),
and there was an apparent relationship wherein germination of I.

wallerana seeds treated with A. triloba and L. benzoin was
intermediate between the control solution and L. maackii solution
(Fig. 4C). Final germination was different among treatments
(ANOVA: F3,17=5.87; P=0.006), with germination of I. wallerana

seeds treated with L. maackii extract significantly lower than all
other treatments (Fig. 4C; Tukey–Kramer multiple comparison
test, Po0.05). In contrast, C. lanceolata seed germination was not
distinguishable among treatments (Fig. 4D).

Final seedling size was generally not influenced by leaf
extracts. The only significant effect was for P. pratensis roots
(Table 2). Unexpectedly, both the L. maackii and L. benzoin extract
treatments resulted in significantly longer P. pratensis roots than
the A. triloba extract and the control (Table 2). Shoot length did
not differ among treatments for any species.

3.4. Assay #4: influence of L. maackii and L. benzoin fruit extracts on

grass and forb germination.

Extract from the fruit of L. maackii influenced germination of
both grasses and forbs, while L. benzoin fruit extract affected only
forbs (Fig. 5). In F. arundinacea, there was a highly significant
effect of the treatments on germination (RMANOVA: F2,12=30.9;
Po0.001). Through most of the time course, germination of seeds
treated with L. maackii was clearly separated from the other two
treatments (Fig. 5A). There was a significant effect of the
treatments on final germination (ANOVA: F2,12=6.14; P=0.01)
where the seeds treated with L. maackii were indistinguishable
from the control, and germination for both were statistically
lower than seeds treated with L. benzoin fruit pulp (Tukey–Kramer
multiple comparison test, Po0.05). P. pratensis seeds were
markedly influenced by the treatments (RMANOVA: F2,12=25.2;
Po0.001) and exhibited substantially lower germination when
treated with L. maackii fruit extract than when treated with L.

benzoin or the control (Fig. 5B). Final germination reflected this
general pattern—there was a significant effect of the treatments
(ANOVA: F2,12=17.66; Po0.001), and the L. maackii treatment
was significantly separated from the other two treatments
(Tukey–Kramer multiple comparison test, Po0.05).

Germination of I. wallerana seeds was significantly influenced
by the fruit extracts (RMANOVA: F2,12=16.09; Po0.001). Through-
out the experiment, the control exhibited the (apparently) highest
germination (Fig. 5C, D). At the end of the experiment, final
germination was significantly influenced by the treatments
(ANOVA: F2,12=12.86; P=0.001) with the control statistically
separated from both treatments (Tukey–Kramer multiple compar-
ison test, Po0.05), which were indistinguishable from one
another C. lanceolata seed germination was significantly influ-
enced by the treatments over the time course of the experiment
(RMANOVA: F2,12=5.16; P=0.02), and seeds treated with fruit
solution from L. maackii and L. benzoin exhibited a similar delay in
germination (Fig. 5D). By the end of the experiment, though, there
were no treatment differences (ANOVA: F2,12=12.86; P=0.16).

Seedling response to fruit extracts differed (Table 3). The root
length of F. arundinacea treated with L. benzoin fruit extract was
significantly greater than either the L. maackii berry treatment or
the control, which were indistinguishable (Table 3). Shoot length
of F. arundinacea did not differ among treatments. P. pratensis root
length and shoot length were significantly shorter for seedlings
treated with L. maackii berry extract (Table 3). Final root length of
I. wallerana seedlings treated with L. maackii berry extract were
significantly shorter either the L. benzoin treatment or the control.
Shoot length of I. wallerana, and root and shoot length of C.

lanceolata, did not differ among treatments (Table 3).

4. Discussion

One puzzling aspect of plant invasion is that the species in
question are often infrequent and innocuous in native habitats,
but proliferate aggressively and form near-monoculture stands in
their invaded habitats. Numerous explanations for plant inva-
siveness have been proposed, but one key component of the
disparity in ecological activity may be that in their invaded
habitats these plants contain secondary compounds that facilitate
acquisition of habitat space (Callaway and Ridenour, 2004; Hierro
and Callaway, 2003; Prati and Bossdorf, 2004). An allelopathic
component in the invasion ecology of diffuse knapweed has been
demonstrated (Centaurea diffusa Lam.; Callaway and Aschehoug,
2000), and preliminary work suggests that allelopathy may play a
role in garlic mustard (Prati and Bossdorf, 2004) and Japanese
honeysuckle (Skulman et al., 2004) invasions. Overall, a growing
body of work supports the idea that allelopathy is a contributing
factor in some plant invasions.

Mounting evidence suggests that allelopathy plays a role in L.

maacki invasion ecology. L. maackii is a relatively minor component
of plant communities in its native habitat, but forms dense shrub
layers in deciduous forests of eastern North America (Luken et al.,
1995; Luken and Thieret, 1996), suggesting it has a strong

Table 2
Mean (7SE) final seedling root and shoot length (mm) from four subject species treated with leaf extract from three treatment species and a rain water mimic control.

Treatments F. arundinacea P. pratensis I. wallerana C. lanceolata

Root Shoot Root Shoot Root Shoot Root Shoot

L. maackii 81.579.4 57.175.2 35.673.9a 23.670.6 19.172.2 8.170.6 42.771.3 10.170.40

L. benzoin 76.973.4 57.672.6 40.572.8a 23.672.2 19.171.1 7.070.6 41.374.8 9.770.8

A. triloba 59.473.7 51.371.6 11.971.4b 19.171.8 20.772.7 11.773.70 37.471.0 9.370.6

Control 53.472.1 48.174.3 18.072.9b 20.671.6 41.9711.8 9.276.4 39.670.5 8.370.3

H3=15.13 H3=6.28 H3=15.13 H3=7.31 H3=3.16 H3=5.03 H3=6.00 H3=4.76

P=0.06 P=0.10 P=0.002 P=0.063 P=0.34 P=0.16 P=0.11 P=0.19

Statistical differences (Po0.05) among treatments (within columns) indicated by bold letters, and statistical values are posted in the bottom of columns. All tests reported

here were from Kruskal–Wallis rank ANOVAs, followed by multiple comparison Z tests.
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competitive advantage in the habitats it invades. The fecundity of
native herbaceous species is reduced by the presence of L. maackii

(Gould and Gorchov, 2000), and native tree seedling survival is
enhanced by its removal (Hartman and McCarthy, 2004). Gorchov
and Trisel (2003) provide evidence that belowground factors are
important in the invasion of L. maackii and demonstrate its capacity
to reduce the growth of native tree seedlings such as Acer

saccharum. Dorning and Cipollini (2006) suggest that L. maackii’s

competitive advantage, and capacity for suppression, could be
linked to allelopathy and demonstrate inhibitory effects of foliar
extract on seed germination of four herbaceous species. Cipollini
et al. (2008a) showed that L. maackii extract added to soil in a
growth chamber reduced both the number and size of A. thaliana

siliques across a range of soil nutrient conditions, and Cipollini et al.

Table 3
Mean (7SE) final seedling root and shoot length from four subject species treated with fruit extract from two treatment species and a rain water mimic control.

Treatments F. arundinacea P. pratensis I. wallerana C. lanceolata

Roots Shoots Roots Shoots Roots Shoots Roots Shoots

L. maackii 32.7703.0a 56.2702.0 05.570.8a 12.870.8a 07.570.9a 06.970.3 28.571.8 8.670.3

L. benzoin 65.3704.2b 57.9701.8 38.375.7b 21.371.7b 27.275.3b 13.572.0 33.072.1 9.370.2

Control 40.3713.0a 41.5711.6 12.770.82a 22.572.0b 34.672.6b 06.670.3 24.275.8 7.971.4

F2,12=11.2 H2=4.9 F2,12=20.8 F2,12=13.4 F2,12=8.9 H2=4.7 F2,12=2.3 F2,12=1.6

P=0.002 P=0.09 Po0.001 Po0.001 P=0.004 P=0.09 P=0.23 P=0.23

Statistical differences (Po0.05) among treatments (within columns) are indicated by bold letters. H values are reported for Kruskal–Wallis rank ANOVA, F values for

parametric ANOVA.
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(2008b) identified the phenolic compounds apigenin and chloro-
genic acid as potentially responsible for this allelopathic activity.

Here we provide further evidence that allelopathy may be a
factor in L. maackii invasion. We document clear instances of seed
germination delay and overall inhibition by extracts from L.

maackii. For example, L. maackii consistently influenced I.

wallerana germination and increasing the concentration of L.

maackii leaf extract increased its inhibitory effect. Our strongest
evidence of allelopathic activity came from assays that used fruit
extracts. L. maackii fruits prolifically, and though these fruit are
eaten and dispersed by frugivorous birds (Bartuszevige and
Gorchov, 2006; Ingold and Craycraft, 1983), there is often an
abundance of berries remaining which fall to the ground resulting
in a potentially substantial input to the soil. Berry extract from L.

maackii significantly reduced total germination in three of the four
species we tested. The fruits of many frugivore-dispersed species
contain secondary chemicals that defend the fruit against pests,
pathogens, inappropriate dispersers, etc. (Herrera, 1982), and it
may be that one or more of these compounds in L. maackii fruit
suppresses seed germination in some species. In any case, our data
suggest that L. maackii has germination-inhibiting constituents in
fruit pulp and in leaves, and further supports the idea that
allelopathy may play a role in the invasion ecology of this species.

Although our data provide evidence of allelopathic activity in L.

maackii, they also emphasize the difficulties inherent in establishing
the ecological relevance of this activity. For instance, the putative
allelopathic effect of macerated leaves on F. arundinacea germination
was not present in assays where seeds were treated with extract
obtained from soaking leaves. There was a relatively strong apparent
allelopathic effect of L. maackii leaf extract (obtained by soaking) on I.

wallerana, but this effect was not apparent for the other species. The
influence of L. maackii berry extract was consistent and obvious;
however, a similar reduction in forb seed germination was produced
by L. benzoin extract and the ecological meaningfulness of inhibitory
properties in fruit pulp is uncertain. Seedling size data muddled the
pattern further as final root length of some subject species was
greater when exposed to L. maackii extract, while other subject
species exhibited shorter roots and shoots. Overall, the responses to L.

maackii extracts were complex, species-specific, tissue-specific, and
sometimes indistinguishable from effects created by co-occurring
native species.

Our study adds to a growing body of research that suggests
invasive species, and specifically L. maackii, may have allelopathic
activity (e.g., Dorning and Cipollini, 2006; Prati and Bossdorf, 2004;
Skulman et al., 2004), and also emphasizes the complexities inherent
in understanding this phenomenon. Further work is needed to more
fully understand the role of allelopathy as a mechanism of species
invasion, and to clarify its ecological relevance. First, the complex
and species-specific nature of the responses in our study suggest
that additional multi-species screenings are needed to identify
susceptible species groups. Second, the relevance of the potential
allelopathic activity must be explored under more realistic condi-
tions. Cipollini et al. (2008) used activated carbon in a field setting in
an attempt to separate the influence of allelopathy from that of
competition, and found that carbon (and the associated removal of
allelochemicals) had no positive effect, perhaps because the carbon
also neutralized beneficial compounds in the soil. Gorchov and
Gould (2000) found that the fecundity of three annual herbs was
actually higher in plots where L. maackii had been removed than in
areas where it had never occurred, leading to their contention that
the major mechanism for the negative effects of L. maackii is not due
to the accumulation of allelopathic compounds. More work of this
sort is needed. If allelopathy is to be considered a significant
component of the invasion ecology of L. maackii, it must be
demonstrated under field conditions. Future work should also
recognize that allelopathic activity is most likely only one feature

in a suite of attributes that enable invasive species to dominate
habitat space in communities they invade. Identifying these
attributes, and clarifying the relative importance of each, will
further our ecological understanding of these problematic species
and facilitate the management of plant invasions.
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