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ABSTRACT
Anthoxanthum odoratum is a small tussock grass,
which grows abundantly on a wide scale in numerous
habitats, from mesotrophic and eutrophic fens and wet
grasslands, forests, to dry grasslands and swards. In contrast, A. aristatum is characterised by a narrow ecological
scale, and occurs mostly in oligotrophic, segetal habitats,
rarely on sandy road sides. This specificity caused that in
some regions in Central Europe, the species is observed to
disappear from certain sites. The effect of habitat parameters on Anthoxanthum odoratum and A. aristatum occurrence and distribution was analysed in west-central and
northern Poland. Additionally, variability of morphological traits of the examined grasses in different types of
habitats was studied. Habitat conditions and morphological traits of Anthoxanthum odoratum and A. aristatum were
analysed in different types of habitats. The study on A.
odoratum included three types of habitats, i.e. forest, grasslands and fallow lands, while A. aristatum was analysed in
segetal habitats (arable land), forest and fallow lands. In
total, 22 populations of Anthoxanthum odoratum and A.
aristatum were studied. In our experiments, A. odoratum
and A. aristatum were generally associated with a high
range of N concentrations in soil. Anthoxanthum aristatum
usually grows in sites with low nitrogen concentrations,
except for coniferous forest habitat where N concentrations were high and comparable to the concentrations
found in forest sites with A. odoratum. Our study suggests
that phosphorus plays the most important role in plant
distribution and growth of Anthoxanthum species. This
factor seems to play a more important role in the spread
of Anthoxanthum species and their competitiveness than
nitrogen concentrations in the soil. Stoichiometric indices,
N:P and N:K ratios, strongly correlated with plant species
traits and well characterised habitats.

* Corresponding author

1. INTRODUCTION
In the Polish flora the genus Anthoxanthum L. is represented by three species: A. odoratum L. s.s., A. alpinum
Á. Löve & D. Löve and A. aristatum Boiss. Anthoxanthum
odoratum (Sweet Vernal Grass) is a eurybiont, broadly distributed Eurasian species, a common perennial, deciduous,
tussock-forming grass [1, 2]. In North America and Australia, it is classified as an invasive species [3, 4], whereas in
Europe it is considered to be a native species, widely distributed. Anthoxanthum odoratum grows abundantly on a
wide scale in numerous habitats, from mesotrophic and
eutrophic fens and wet grasslands, forest, to dry grasslands and sward. Apart from natural habitats, this species
has adapted to habitats destroyed by human activities (road
sides, waist land, etc.). It is an euapophythic species – native, fully adapted to conditions in habitats created and
sustained as a result of human activities. The wide ecological range of Anthoxanthum odoratum is confirmed by
the fact that this species is characterised by good growth
in various trophic conditions, observed in controlled conditions [5].
Anthoxanthum aristatum (Annual Vernal Grass) is
characterised by a narrow ecological scale, and occurs
mostly in oligotrophic, segetal habitats, rarely on sandy road
sides. This specificity caused that in some regions in Central Europe (especially Germany), the species is observed
to disappear from certain sites [6]. In Poland, A. aristatum
entered at the end of the 19th century from the west, almost simultaneously via Silesia and Pomerania [7, 8].
In the following decades, it spread across central Poland towards the eastern border of the country, reaching it
in the last decade (Fig. 1) [9, 10]. Currently, Anthoxanthum
aristatum is in a chorological phase of expansion [11] and
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Zielonka Primeval Forest, and Poznań, Ostrów Wlkp,
Szczecinek surroundings) (Fig. 2). A more detailed description of the studied sites can be found in Table 1.
2.2. Habitat study

Soil samples were collected in sites with dominance
of Anthoxanthum species. Five soil samples were taken
randomly from soil depths of 0–10 cm on each plot. Soil
samples were obtained by using a 100 cm3 (5-cm diameter) core sampler. Each sample was divided into two
subsamples. One of the subsamples was frozen immediately for further analyses, and the second one was dried.
Dried material was saved for chemical analysis.

FIGURE 1 - Distribution of Anthoxanthum aristatum in Poland [10].

has achieved the status of an epecophyte, i.e. a species of
foreign origin which occupies only sites created by man
and which remains under constant and strong human pressure [12].

Total soil nitrogen, phosphorus and potassium concentrations were determined with a Kjeldahl procedure [17].
The N and P concentrations of the diluted digested material were determined colorimetrically on a Srecord 40, and
the K concentration with flame emission spectroscopy, on a
Sherwood Model 425. The pH in soil pore water was
measured with a standard KCl pH-electrode. In the frozen
samples, nitrate and ammonium contents were determined
using Bremner methods [17]. N:P and N:K ratios were
determined based on total N and P concentrations in soil.

These species are characterised by a changing ecological scale, although in the literature [13] and in nature
(Drapikowska et al., field observation) hybrids between A.
odoratum and A. aristatum have been observed. However,
site conditions accompanying the spread of such hybrids,
even these species, have not been well recognized. The
distribution and environmental conditions of Anthoxanthum grasses have been analysed in Europe [14, 15], although these conditions are not known in Poland.
The aim of the study was to analyse the effect of habitat parameters on Anthoxanthum odoratum and A. aristatum
occurrence, and to test variability of morphological traits of
the examined grasses in different types of habitats.

2. MATERIAL AND METHODS
2.1. Site selection

The study was carried out in Wielkopolska and Pomerania regions, in the west-central and northern parts of
Poland, during flowering of grasses, from June to August
2009. Habitat conditions and morphological traits of Anthoxanthum odoratum and A. aristatum were analysed in
different types of natural habitats. The study on A. odoratum included three types of habitats, forest, grasslands and
wasteland, while A. aristatum was analysed in arable land
(segetal habitats), forest and wasteland. In total, 22 populations of Anthoxanthum odoratum (14 populations) and
A. odoratum (8 populations) were studied in north-west
Poland (the Notecka Primeval Forest, Nowy Tomyśl Sandr,

FIGURE 2 - Distribution of sampling sites with A. odoratum and
A. aristatum.
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TABLE 1 - Sampled populations of Anthoxanthum odoratum (A.o.) and A. aristatum (A.a.).
Site

Geographic position

Jasionna 1

N 52º46`42.6`` E
16º27`05.5``
N 52º47`17.6`` E
16º26`27.7``
N 52º10`58.9`` E
16º05`05.1``
N 52º12`29.2`` E
16º04`31.9``
N 52º28`08.1`` E
16º55`33.5``
N 52º28`12.7`` E
17º01`55.2``
N 53º46`09.2`` E
16º29`23.3``
N 52º12`26.1`` E
16º04`36.1``
N 52º00`22.8`` E
16º06`28.1``
N 52º12`24.2`` E
16º04`38.3``
N 52º09`27.5`` E
16º07`29.6``
N 51º33`19.7`` E
17º42`15.5``
N 52º27`58.5`` E
16º55`19.8``
N 52º52`08.6`` E
16º14`41.3``
N 52º52`35.4`` E
16º14`19.7``
N 52º46`39.6`` E
16º26`35.8``

Jasionna 5
Ruchocki Młyn 1
Nowa Tuchorza 3
Poznań 2
Kicin
Storkowo
Nowa Tuchorza 2
Ruchocki Młyn 2

Map
number
4

Date of
sampling
21.05.2009

Habitat

Dominant species

pine forest

8

21.05.2009

pine forest

15

14.05.2009

pine forest

12

14.05.2009

pine plantation

18

07.07.2009

pine plantation

19

07.07.2009

fallow-land

1

25.08.2009

fallow-land

14

14.05.2009

16

29.05.2009

the edge of a
pine plantation
wet meadow

11

14.05.2009

13

07.07.2009

22

04.07.2009

20

07.07.2009

2

21.05.2009

3

22.05.2009

6

21.05.2009

A.o., Deschampsia flexuosa, Juniperus communis,
Pinus sylvestris
A.o., Deschampsia flexuosa, Pinus sylvestris,
Vacinium myrtillus
A.o., Deschampsia flexuosa, Pinus sylvestris,
Vaccinium myrtillus
A.o., Deschampsia flexuosa, Festuca ovina, Pinus
sylvestris
A.o., Calamagrostis epigejos, Padus serotina,
Pinus sylvestris
Anthemis arvensis, A.a., Apera spica-venti, Stellaria media
Achillea millefolium, A.o., Gnaphalium sylvaticum, Holcus mollis,
A.a., Corynephorus canescens, Erophila verna,
Spergula morisonii
Agrostis stolonifera, A.o., Hydrocotyle vulgaris,
Ranunculus flammula
A.a., Erophila verna, Spergula morisonii, Teesdalea nudicaulis
Anthemis arvensis, A.a., Centaurea cyanus, Viola
arvensis
A.a., Centaurea cyanus, Scleranthus annuus,
Viola arvensis
A.a., Apera spica-venti, Vicia villosa, Viola arvensis
A.a., Scleranthus annuus, Spergula morisonii,
Teesdalea nudicaulis
A.a., Spergula morisonii, Teesdalea nudicaulis,
Viola arvensis
A.o., Entodon schreberi, Teesdalea nudicaulis,
Veronica officinalis

Jasionna 4

N 52º46`39.8`` E
16º26`35.3``

7

21.05.2009

Debrznica

N 52º15`52.7`` E
15º03`36.7``

10

29.05.2009

Poznań 1

N 52º28`04.1`` E
16º55`36.5``
N 52º46`51.6`` E
16º.27`59.3``
N 52º45`35.3`` E
16º27`47.5``
N 52º27`54.2`` E
16º55`23.4``

17

07.07.2009

arable land; in
rye crops
arable land; in
rye crops
arable land; in
rye crops
arable land; in
rye crops
arable land; in
rye crops
arable land; in
rye crops
roadside
in coniferous
forest
roadside
in coniferous
forest
roadside
in coniferous
forest
forest roadside

5

21.05.2009

dry meadow

9

21.05.2009

dry meadow

21

07.07.2009

dry meadow

Nowa Tuchorza 1
Barłożnia
Świeca
Poznań
Wrzeszczyna 1
Wrzeszczyna 2
Jasionna 3

Jasionna 2
Jasionna 6
Poznań 3

2.3. Morphometric traits

The plant material of A. odoratum and A. aristatum was
collected from each study site. Out of each population, 3035 tufts were collected for morphometric studies. From
the 24 analysed traits of generative organs [18], the five
traits best differentiating populations of A. odoratum and
A. aristatum were selected for the present study (Table 2).
2.4. Statistical analyses

Analyses of environmental databases were initiated by
testing the distribution of environmental variables, using
the W-value according to Shapiro-Wilk criteria [19]. To
assess the normal distribution, most of the variables were

Achillea millefolium, A.o., Deschampsia flexuosa,
Entodon schreberi
A.o., Deschampsia flexuosa, Festuca ovina,
Veronica officinalis
Achillea millefolium, A.o., Hieracium pilosella,
Medicago lupulina
A.o., Deschampsia caespitosa, Holcus lanatus,
Poa pratensis
A.o., Holcus lanatus, Poa pratensis, Potentilla
anserina
A.o., Deschampsia caespitosa, Potentilla anserina, Poa pratensis

transformed, mainly through square root or logarithmic
conversion (Table 3). To test differentiation of environmental
TABLE 2. List of morphometric traits of Anthoxanthum odoratum
and A. aristatum used in the present study.
Trait number
panicle
1
2
3
spikelet
4
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Traits’ description
panicle length
number of nodes in a panicle
length of the fifth internode
length of a spikelet on the second branching from a
panicle top
number of spikelets on the second branching from a
panicle top
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TABLE 3 - Variables recorded in the soil database.
Parameter

Units
Habitat parameters
mg N·g-1soil
mg P·g-1soil
mg K·g-1soil
-

1.
2.
3.
4.
5.

Nitrogen
Phosphorus
Potassium
N:P
N:K

6.

Ammonium

mg N-NH4+ ·100g-1soil

7.

Nitrate

-

mg N-NO3 ·100g soil

8.

pH

-

factors between species and habitat types, an analysis of
variance (ANOVA) was performed. Additionally, a factor
analysis (principal component analysis – PCA) was used to
uncover the structure of environmental matrices and reveal
directions of ecological variability. Principal components, revealed within the PCA analysis, were used with
canonical correspondence analysis (CCA) as selected
environmental variables against the selected morphometric traits of Anthoxanthum species [20]. All statistical analyses were performed using Statistica [19] and CANOCO [21]
software.

3. RESULTS
Principal component analysis (PCA) yielded a simplified habitat description of the analysed matrix. Primary
components PCA1 and PCA2 explained altogether 75.83%
of total variation, of which the former factor described
41.72% and the second one 34.11% of variation (Fig. 3).
Table 4 presents the principal components and their corresponding eigenvalues after varimax rotation.

FIGURE 3 - Graphic picture of the principal component analysis
based on soil parameters for A. odoratum s.s. and A. aristatum populations from different habitats.
Abbreviations: A. odoratum, 1 – forest, 2 – grassland, 3 – wasteland; A.
aristatum, 4 – arable land, 5 – forest, 6 – wasteland. Full names of
environmental variables are given in Table 2.

-1

Transformation

Shortcode

ln (x+1)
ln (x+1)
ln (x+1)
ln (x+1)
ln (x+1)

N
P
K
NP
NK

x

N-NH4

x

N-NO3

ln (x+1)

pH

TABLE 4 - Correlation coefficients between six parameters and first
two principal components (PCA1 and PCA2). Values given in boldface are statistically significant at the level p<0.01.
Parameter
mg N·g-1soil
mg P·g-1soil
mg K·g-1soil
N:P
N:K
pH
Variance explained
% of total variance explained

Values of principal components
1
2
0.82
-0.26
-0.75
0.03
0.67
0.62
0.87
-0.25
0.11
-0.90
-0.17
-0.84
2.50
2.05
41.72
34.11

The first principal component was strongly associated
with nitrogen (positively, r=0.82) and phosphorus (negatively, r=0.75) concentrations in the soil; therefore it can
be defined as the gradient indicating nutrient availability
to plants. It is most strongly, positively associated with
the stoichiometric index N:P (r=0.97). The second principal component extracted was strongly related to pH (r=
0.84) and the N and K concentration ratio (r=0.90).
Significant differences between habitat components for
A. odoratum and A. aristatum were found with respect to
nutrient concentrations, particularly phosphorus and nitrogen (Table 5). Anthoxanthum odoratum occurred at the
site with low phosphorus content in the soil (2.26 mg P·g-1±
1.70) compared to the site characteristic for A. aristatum
(6.21 mg P·g-1±3.72) (Fig. 4, 5). Nitrogen concentrations
varied from 2.10 to 66.61 mg N·g-1 in sites with A. odoratum (average 19.24 mg N·g-1) and from 6.13 to 13.30 mg
N·g-1 in sites with A. aristatum (8.74 mg N·g-1). The highest variation and biggest values were noted in sites with
A. odoratum (Fig. 4).
Stoichiometric indices of nitrogen and phosphorus concentration ratios in the soil showed significant species preferences for different nutrient availability. These differences were statistically significant between analysed species and between tested habitats (Table 5). N:P ratio effects
were much stronger than the main effects (higher F-ratios
in Table 5), i.e. variations of N:P ratios were lower than N
and P concentrations. N:P ratios ranged from 0.4 to 47.7 for
A. odoratum and from 0.6 to 25.7 in sites characteristic for
A. aristatum (Fig. 6). No significant differences in potassium
concentrations were found between the studied species
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TABLE 5 - Analysis of variance of environmental factors between species and habitat types.
Full names of environmental variables and type of transformations are given in Table 3.
Species
Variable
df
F
p
1
6.11
0.016
N
1
20.14
0.000
P
1
0.00
0.993
K
1
18.16
0.000
N:P
1
2.59
0.112
N:K
1
7.07
0.010
N-NH4
1
21.36
0.000
N-NO3
1
1.26
0.267
pH
Level of significance * p<0.05; ** p<0.01; *** p<0.001

Sig.
*
***
***
*
***

df
2
2
2
2
2
2
2
2

A. odoratum
F
p
7.35
0.002
2.58
0.089
2.60
0.086
7.54
0.002
11.57
0.000
12.83
0.000
2.75
0.078
10.55
0.000

Sig.
**

**
***
***
***

df
2
2
2
2
2
1
1
1

A. aristatum
F
p
13.12
0.001
9.42
0.003
3.73
0.050
17.44
0.000
1.70
0.219
2.25
0.178
1.15
0.319
6.18
0.042

Sig.
**
**
***

*

FIGURE 4 - Variability of environmental parameters among different habitat types with Anthoxanthum odoratum. Types of habitats: 1 –
forest, 2 – grassland, 3 – wasteland. The plot indicates mean value ±standard error and ±1.96 standard error. Full names of variables and
their description are in Table 3.

2469

© by PSP Volume 20 – No 9a. 2011

Fresenius Environmental Bulletin

FIGURE 5 - Variability of environmental parameters among different habitat types with Anthoxanthum aristatum. Types of habitats: 4 –
arable land, 5 – forest, 6 – sward. The plot indicates mean value ±standard error and ±1.96 standard error. Full names of variables and their
description are in Table 3.

species (3.34±2.82 A. odoratum, 2.89±2.40 A. aristatum).
Also, N:K did not show significant differences of the
analysed sites between the two grasses; however, significant variability was observed between the analysed habitats with A. odoratum (Table 5, Fig. 7). Nitrate concentrations at the highest standing stock were higher in the
habitat where A. odoratum was growing (0.31±0.15) than
at the site where A. aristatum was growing (0.14±0.03).
Further analyses of nutrient concentrations indicate significant differences between the studied habitats of tested
species (Table 5). In grasslands covered by A. odoratum,

nitrogen concentrations were significantly higher compared
to other habitats (forest and wasteland) (Table 5, Fig. 4). A
similar pattern was observed at the site with A. aristatum
(Table 5, Fig. 5). In forest, nitrogen concentrations were
significantly higher in relation to wasteland and arable
land.
The P concentrations at the site with A. aristatum were
highest in the wasteland in comparison with arable fields
and forest (Table 5, Fig. 5). However, significant changes
of P concentrations in soil with A. odoratum between the
analysed habitats were not detected. Also, potassium did
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FIGURE 6 - Relationships between N concentrations and P concentrations in the soil among different habitat types with Anthoxanthum
odoratum (Aa) and A. aristatum (Ao).

FIGURE 7 - Relationships between N concentrations and K concentrations in the soil among different habitat types with Anthoxanthum
odoratum (Aa) and A. aristatum (Ao).

not show significant differences between analysed habitats. However, N:K concentration ratio indicated an influence of K on N concentrations in soil with A. odoratum
(Fig. 4, 7).
The most significant variations among tested habitats
were observed in the N:P ratio (Table 5, Fig. 6). A. aristatum
preferred sites with high N:P ratio in comparison with the
wide range of occurrence of A. odoratum. The smallest
N:P and N:K ratios were found in wasteland (N:P – 5.76

A. odoratum, 0.67 A. aristatum) and forest (N:K – 6.03 A.
odoratum and 2.69 A. aristatum), respectively (Fig. 6, 7).
Forms of nitrogen: ammonium and nitrate, as well as
pH varied significantly between sites covered by A. odoratum. Particularly, at sites with high human pressure, low
ammonium and high nitrate concentrations were observed
(Fig. 4, 5). A correlation between pH and NH4+ was detected (r= -0.67, p<0.05).
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To investigate the relationship between habitat factors
and grass traits, canonical correspondence analysis (CCA)
was performed (Fig. 8). PCA principal components were
used as environmental variables. It was found that there
were two dominant environmental variables explaining
species traits variability. The results were analysed with
the Monte Carlo permutation test. Their value amounted
to CA= 0.02. The level of significance was at 0.05.
On the basis of canonical analysis (Fig. 8), it was
found that there was a positive relationship between N:K
ratio and panicle length (trait no. 1), as well as between N
and trait no. 1, P and length of the fifth internode of the
panicle (trait no. 3). On the other hand, a much weaker relationship was observed between the length of the spikelet
on the second branching from the panicle top (trait no. 4),
the number of spikelets on the second branching from the
panicle top (trait no. 5) and the level of P and K concentrations.

FIGURE 8 - Canonical correspondence analysis (CCA) plot for
plant response parameters of Anthoxanthum odoratum and A. aristatum and environmental parameters.

4. DISCUSSION
Anthoxanthum odoratum occurred at sites with a very
wide range of nitrogen concentrations in the soil. This broad
amplitude of A. odoratum with respect to nutrient availability and ecological flexibility to grow in different types of
habitats has been recognised in many studies [11, 23, 24].
However, most of the studies analysed the occurrence of
plant species with respect to nitrogen concentrations.
According to Ellenberg et al. [25], A. odoratum has a broad
amplitude with respect to nitrogen (no nutrient indicator
value, on a scale from 1 to 9), whereas Anthoxanthum
aristatum is characteristic for sites of lower fertility (Ellenberg – nutrient indicator value of 3). In our study, A.
odoratum and A. aristatum were generally associated with
a high range of N concentrations in soil. Anthoxanthum
aristatum usually grows in sites with low nitrogen con-

centrations, except for coniferous forest habitat where N
concentrations were high and comparable to the concentrations found in forest sites with A. odoratum. In the literature, A. odoratum is also observed among pine trees where
it is typically sparsely distributed, whereas in open areas it
is present in greater abundance [26]. Moreover, A. aristatum
was restricted mostly to ruderal sites and was not observed
widely in coniferous forest [9, 11, 12]. It seems that A.
aristatum increased its preferences and adapted to higher
N concentrations.
Significant differences of N concentrations between
sites with A. odoratum and A. aristatum were observed, but
these differences were not as pronounced as in the case of
P concentrations in the soil. Our study suggests that phosphorus plays the most important role in plant distribution
and growth of Anthoxanthum species. This factor seems
to play a more important role in the spread of Anthoxanthum species and their competitiveness than nitrogen
concentrations in the soil. The observed strong effects of
P on plant species composition was in agreement with the
results published by van der Hoek et al. [27], Bohner [28]
or by Wassen et al. [29].
Studies by Koerselman and Meuleman [30] and Güsewell and Koerselman [31] demonstrated that stoichiometric
indices (N:P and N:K ratios) provided better indicators of
nutrients limiting plant growth than nutrient concentrations separately. Our study showed that N:P and N:K ratios
strongly correlated with plant species traits and well characterised habitats. Variations of N:P ratios in the soil were
lower than N and P concentrations independently. Although
K concentrations did not show significant differences between species habitats, they could have influenced the N
uptake. N:K ratios strongly and significantly correlated with
plant traits, which suggested a combined influence of N and
K concentrations on plant species performances. The results obtained in controlled conditions support the importance of the combined effect of N and K on grass species
growth [5].
In natural habitats, K shortages are rare, and are usually
combined with poor availability of N or P [32, 33]. This
may explain the significant differences between habitats
with A. odoratum in relation to N:K ratios and correlations
between N:K ratios and plant traits.
In our study, soil pH poorly correlated with morphological traits of the examined Anthoxanthum species, and
although this parameter is not a key factor affecting the
spread and growth of these grasses, it can affect the nutrient cycle. Mainly, soil pH determines root growth [34], mineralisation rates in soil and mineral nutrient availability
[35]. This impact of pH was confirmed in our study by
negative correlations between pH and NH4+.
Correlations between inorganic nitrogen forms and
traits of studied grasses at the studied sites were not observed, although available inorganic nitrogen forms are the
most important for plant growth [36]. In many natural,
seminatural and agricultural ecosystems, NH4+ is the pre-
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dominant N source [37, 38], but in high concentrations has
a toxic effect on plant growth [39]. However, lack of a
correlation between nitrogen forms and plant traits could
have been due to single measurements which reflect only
concentrations of inorganic nitrogen forms at the time of
sampling. Concentrations of NH4+ and NO3– in soil are
controlled by a number of factors, such as pH, temperature,
organic matter, etc. [40, 41] and vary considerably during
the vegetation season. The studies of Güsewell and Koerselman [31], and Verhoeven and Aerts [42] suggested that
measurements of inorganic nutrients in soil do not really
reflect nutrients available for plant growth. Some species
have the ability to solubilise “unavailable” phosphorus
[43] or organic nitrogen [44]. This suggests that nutrient
concentration in plants may better reflect the amount of
nutrients available for plant growth than nutrients measured
in soil.
Changes in nutrient availabilities caused by human impact affect species composition and disturbances of plant
communities [44, 45]. These differences between studied
species also result from their diverse life-cycle strategies.
A. odoratum is adapted to habitats where the distribution of
plant species is controlled by moderate intensities of stress
and disturbance (C-S-R strategies) [1, 2]. In contrast,
A. aristatum appears to prefer sites degraded by man frequently characterised by a shift in nutrient availability. In
the case of arable land where A. aristatum occurred, phosphorus availability was high, and the N:P ratio was relatively low. In forest sites, a slight shift of N:P ratio was
observed, which explains the increased capability of A.
aristatum to occupy new sites or the ability to create hybrids with A. odoratum in order to increase its range.
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