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Abstract

Amorpha fruticosa L. (Fabaceae) shows two reproductive modes, generative via seeds and vegetative via root-shoots. We
studied the reproductive ability on a mixed sample collected from 6 localities in the city of Bratislava: compound fruiting
per bush (12.55 +8.55), fruiting per bush (70.33 +48.04) and fruits per bush (16127.33 +24212.25). No significant differ-
ence was found between germination values from unpeeled fruits (achenes) and peeled fruits (seeds). Both seeds and fruits
germinated very well both immediately after harvest and after storage under different temperature conditions. Peeled achenes
germinated earlier. We stored seeds and fruits under different conditions, and found that the highest seed germination values
were achieved by seeds stored in the dark at 22°C (60.00%) and by non-stored seeds (57.50%). The longest seedlings grew
from seeds (8.48 mm) and from fruits (9.08 mm) stored at 22°C.

Keywords Aliens - False indigobush - Early growth - Fruit - Germination - Invasive - Non-native species - Roadside - Seed -

Sexual reproduction - Slovakia

Introduction

According to the currently accepted taxonomic concept, the
genus Amorpha L. (Fabaceae) includes 16 species native
to North America occurring in various habitats, especially
along rivers, savannas and prairies (Wilbur 1975; Straub
et al. 2009; Straub and Doyle 2014). Some Amorpha taxa
have a relatively limited distribution and are rare or endemic,
and in contrast, some species occur in large sympatric geo-
graphic areas (cf. Straub and Doyle 2014).

From a taxonomy point of view, the genus is regarded
as notoriously difficult. It is interesting that because
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of the very complicated taxonomy, problems with dis-
tinguishing of taxa and enormous morphological and
ecological variation (e.g., Rydberg 1919; Palmer 1931,
Wilbur 1975; Isely 1998), a comprehensive phylogenetic
study focusing on Amorpha was not provided until Straub
and Doyle (2014). Based on molecular markers (plas-
tid and nuclear data), the authors described a compli-
cated picture of evolution and suggested phylogenetic
hypotheses justifying the range of variability in the genus
Amorpha.

In the genus Amorpha, only one taxon, A. fruticosa L.,
has become naturalised worldwide and invaded the territo-
ries of Africa, South America, Asia and Europe (Straub et al.
2009; POWO 2023). From the point of view of taxonomy,
A. fruticosa is one of the most complex taxa of the genus. In
both native and adventive ranges, it is known as a taxon with
enormous morphological and environmental plasticity. This
also reflects the fact that the species name has from 16 to at
least 39 synonyms depending on the taxonomic treatment
(Palmer 1931; Wilbur 1975; Straub and Doyle 2014; POWO
2023). Wilbur (1975) pointed out the taxonomic complexity
of A. fruticosa and considered this species to be a complex
of taxa with problematic delimitation and interrelationships.
Similar conclusions were reached by Straub and Doyle
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(2014), who, based on a study of a North American popula-
tion, revealed that A. fruticosa shares the same or similar
plastid haplotypes of different sympatric Amorpha species
due to processes such as hybridisation and introgression.
This gene flow combined with phenotypic plasticity may be
one of the reasons for its great morphological diversity and
ability to invade different types of habitats. Nevertheless, as
these authors stated, the issue requires further study. Simi-
larly, the taxonomy of European Amorpha populations has
not been resolved, and currently, all populations are assigned
to the species A. fruticosa (Straub and Doyle 2014; POWO
2023).

Amorpha fruticosa is a deciduous shrub from the fam-
ily Fabaceae, usually with purple inflorescence, and with
flowers created only by single (wrapped around) petal
(banner petal). The fruit is a pod with 1-2 well-germi-
nating seeds. It was introduced to Slovakia in 1850 (Med-
vecka et al. 2012), it has been planted in parks since the
second half of the 19th century (Chrtkova 1988). Until
now, its occurrence is known from the warmest parts
of Slovakia: Borska niZina lowland, Podunajska niZina
lowland and Vychodoslovenska niZina lowland (Mereda
et al. 2021). In Slovakia, A. fruticosa is registered by
the “Invasive Organisms Act” as an alien invasive plant
with European significance (Government Regulation No.
449/2019 Coll. n.d.). It has high reproductive capacity,
creates monocultures in habitats, thereby displacing the
original flora, changing successional patterns and reduc-
ing biodiversity (Mereda et al. 2021, Iamonico 2022).
The species can be observed when driving on the motor-
way or around main roads in the warm parts of Slovakia,
as well as in the warmest areas of Europe. Because it
clearly tolerates soil salinity and summer droughts, it
is an almost unbeatable species for the middle dividing
strip of motorways (Bulif 1988). The focus of this work
was to draw attention to this shrub, which is registered as
invasive in almost all European countries (Seebens et al.
2017; Roy et al. 2020; EPPO 2021), but it is not consid-
ered a dangerous invasive species of Europe (European
Commission 2019, 2022). A. fruticosa is covered by Slo-
vak legislation; it is registered as a non-native invasive
species of Slovak importance (Government Regulation
No. 449/2019 Coll. n.d.). Land owners are obliged to dis-
pose of this species on their land and cultivating/spread-
ing the species is a criminal offense (Act No. 150/2019
n.d.). Fortunately, A. fruticosa is not very widespread in
the natural communities of Slovakia, so there is a high
probability for its successful elimination from the open
landscape.

In order to implement management measures, it is nec-
essary to know the reproductive cycle of the species and
the amount of offspring (seeds) that the plant is able to
produce annually. With seeds, it is essential to know their
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germination immediately after ripening, or the ability to
germinate after some time of storage. For this reason, we
focused on the number of flowers, fruits and seeds produced
from one bush. Furthermore, germination at the time of
maturity and germination of seeds stored in different con-
ditions. This study should contribute to the knowledge of
the reproductive abilities of A. fruticosa and serve to sup-
port preventive environmental measures. The objectives of
the study are 1.) to determine the reproductive capacity and
generative potential of A. fruticosa and 2.) to contribute to
the knowledge of seed germination from fruits stored under
different conditions.

Materials and methods
Material collection

The study was conducted in the Bratislava city region (Slo-
vak Republic) in 2022. The city lies on the border of the
Podunajska niZina Lowland and the Malé Karpaty Mts
(Mazir and Lukni§ 1986). Its geological bases are fluvial
sediments, granites and granodiorites in the territory of the
Malé Karpaty Mts (Polék et al. 2011; Maglay et al. 2018).
Fluvisols predominate, and with the transition to the Malé
Karpaty Mts, they are replaced by Cambisols (gély and
Surina 2002). The territory belongs to a warm climate region
(Lapin et al. 2002) with an annual rainfall of 500-700 mm
(Fasko and Stastny 2002). Potential vegetation in the area is
associated with willow-poplar floodplain woods (Salicion
albae (Oberd. 1953) Th. Miiller et Gors1958) and elm flood-
plain woods (Ulmenion Onberd. 1953), while Carpathian
oak-hornbeam woods (Carici pilosae-Carpinenion betuli J.
et M. Michalko ined.) is common on the slopes of the Malé
Karpaty Mts (Michalko and Berta 1985).

A. fruticosa is a deciduous shrub flowering from May
to June, with usually purple flowers (and yellow anthers)
arranged into spike inflorescences (and infrutescence).
Although the flowers in Fabaceae typically have five pet-
als, in Amorpha species, only one petal (banner petal) is
typical, and the other four are missing (Wilbur 1975). The
populations of A. fruticosa from which we obtained samples
correspond to this general characteristic.

For the detection of reproductive capacity and seed ger-
mination, fruits from populations growing in six various
localities were collected (Table 1). The basic methodological
approach was taken from the work of Pérez-Harguindeguy
et al. (2013). One shrub was selected in each locality, that
was not broken, did not suffer from any disease, showed
good fitness and was fertile (mature fructification stage,
all fruits brown). Than, in this shrub, three branches were
selected from the middle of the plant and measured (base
circumference, length), than all compound infrutescences
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Table 1 Ecological characteristics of habitats with A. fruticosa

Coordinates Habitat description Dominant environmental factors Purpose-
fully
cultivated

48°09'02.0" 17°03'12.3" street vegetation, in front of the panel house dry, shade no

48°08'57.7" 17°04'22.3" raised concrete container with planned planting dry, shade no

48°08'54.3" 17°04'17.0" vegetation slope by the road in the city center, A. extreme dry, extreme light yes/no

fruticosa propagation

48°08'51.9" 17°03'54.9" street vegetation, planted shrubs damp, shade yes

48°07'28.4" 17°04'30.9" periphery of the city, road vegetation damp, light no

48°08'31.09" 17°09'53.83" centre of the city, road vegetation extreme dry, extreme light yes

Table2 Design of an experiment with seeds and fruits under three
storage regimes. The design abbreviations used are a combination of
generative organ type and storage type

Nonstored (N) Dark and tempera- Dark and
ture of 22°C temperature of
(R) 8°C
F)
Seed (S) SN SR SF
Fruit (F) FN FR FF

were harvested. Compound infrutescences were immediately
analysed for the number of individual infrutescences and the
number of fruits. These functional traits were established as
follows: 1.) morphological: shrub height, crown projection,
number of branches per shrub, branch circumference, branch
length, 2.) regenerative: number of compound infrutescences
per shrub, infrutescences per shrub, and fruits per shrub.

After the end of the experiment, all plant material (mainly
fruits and seeds) was discarded to prevent the unwanted
spread of this invasive alien species.

Seed and fruit preparation

Fruits from all six populations were mixed into one com-
plete set. Then, six random fruit sets were selected from the
complete set (the weight of one set was ca. 150 g) and stored
according to three regimes: non-stored, stored in the dark at
22°C, and stored in the dark at 8°C. The non-stored set was
used for germination tests immediately after collection. Both
stored sets were tested for germination after 20 days of stor-
age. Fruits from fruit sets were peeled by hand; those sets
changed to seed sets. Each fruit contained one seed.

The seeds and fruits stored at 22°C were weighed on a
laboratory scale (Sartorius, balance sensitivity 0.001 g).

The seed germination test was conducted according to the
design shown in Table 2, where seeds (S) and fruits (F) were
stored under different conditions: non-stored (N), in the dark
at 22°C (R), and in the dark at 8°C (F).

Water absorbency

Twenty seeds and twenty fruits stored in the dark at 22°C
for 20 days were used to determine the water absorbency
(WA). Each individual seed/fruit was weighed (w,), soaked
in distilled water for 24 hours, and then weighed again (w).
All measurements were repeated five times. The following
equation for water absorbency was used: WA = (w - wy)/w,.

Seed germination

Fifty seeds/fruits were taken from each of the three fruit sets
and three seed sets and were divided into five plastic Petri
dishes (90 mm in diameter) containing four layers of filter
paper (KA 0/80) and 6 ml of deionised water. All seeds/
fruits were cultivated in a cell box (in the dark at 22°C) for
15 days. The five Petri dishes (20 seeds/fruits per dish) rep-
resented five replicates. A radicle protrusion of 2 mm was
the criterion for seed germination.

The number of germinated seeds and seedling length were
measured on the 1st, 2nd, 4th, 6th, 8th, and 10th day after
emergence of the first radicle. Seed germination (%) was
obtained as the ratio of germinated seeds to the total number
of seeds/fruits.

Data analysis

The obtained data were analysed with a statistical package
STATISTICA software (StatSoft Inc. 2013). The observed
characteristics were presented as mathematical means and
standard deviations (SD) calculated from the measured
values.

One-way analysis of variance (ANOVA) was used to
evaluate the difference among tested sets in relation to the
early growth. The dependent variables were seed germina-
tion and seedling length; independent categorical variables
were groups including combinations of generative organ,
storage type (see Table 2) and day of reading (2nd, 4th, 6th
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day for seeds; 6th, 8th, 10th day for fruits). Data were pre-
sented from the Tukey HSD test.

Difference between water absorbencies of seeds and fruits
was estimated by t-test. All statistical tests were performed
at the significance level of 0.05.

Results

Five basic morphometric parameters and three reproduc-
tive parameters are presented in Table 3. During the peeling
of the seeds from the fruits, it was found that each fruit
contained exactly one seed. For that reason, the number of
fruits obtained corresponds to the average number of seeds
produced by one shrub. Large variability was found for the
number of fruits per shrub. Water absorbency values for
seeds and fruits are presented in Table 4. Fruits had big-
ger water absorbancy (0.014 g) than seeds (0.008 g), but no
significant differences were found (P <0.05).

Table 3 Morphometric and reproductive parameters for A. fruticosa

All dehulled seeds began to germinate on the second day
after establishment of the experiment. On the sixth day of
cultivation, seed germination for individual sets of seeds
reached its maximum, and further monitoring is therefore
not shown (Fig. 1). The highest seed germination values
were achieved by seeds stored in the dark at 22°C (60.00%)
and non-stored seeds (57.50%). Seeds stored in the dark at
8°C germinated much less (27.50%).

Sprouts began to appear in all fruits on the sixth day after
the establishment of the experiment. On the tenth day of
cultivation, seed germination for individual fruit sets reached
its maximum, and further monitoring was therefore not nec-
essary (Fig. 1). The highest seed germination values were
achieved by fruits stored at 22°C (40.00%), followed by non-
stored fruits (32.50%), and the lowest values were achieved
by fruits stored at 8°C (22.50%). A complete comparison of
the differences between individual treatments (see Table 2)
is presented in Table 5. It was found that the compared seed/
fruit (respective germination days and storage type) did not
differ significantly in germination (Table 5). The dynamics

Shrub height  Crown Number of Circumfer- Length of branche ~ Compound Infrutes- Fruits per shrub
projec- branches per ence of infrutescences per  cences per
tion shrub branche shrub shrub
Unit m m 1 cm 1 1 1
Mean 2.75 3.23 10.17 6.50 201.28 12.56 70.33 16127.33
SD 0.73 1.07 3.18 1.26 36.35 8.55 48.04 24212.25
The mean and standard deviation (SD) are given
TabIG: 4 Wate.r absorbency in Dry seed Soaked seed Seed water Dry fruit Soaked fruit Fruit water
seeds a.nd fruits of A. fruticosa absorbency absorbency
stored in the dark at 22°C
Unit g g g g g g
Mean 0.008 0.015 0.007 0.012 0.026 0.014
SD 0.002 0.005 0.005 0.003 0.004 0.003
Fig. 1 Seed germination (%) of 70
A. fruticosa after different type
of storage (see Table 2) 60 2
50
40
S
30
20
10
0 ¢ ® <
Ist day 2nd day 4th day 6th day 8th day 10th day
=@ SN SR SF FN «®=FR <@=FF
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Table 5 Results of statistical analysis (Tukey HSD test) of germination within all comparisons between individual tested sets. Statistically sig-
nificant differences are marked with a bold; comparisons between seeds and fruits within the respective categories are marked with italic

SN SR SF FN FR FF
Treatment / Day
ond  4th  6th  2nd  4th 6th  2nd  4th 6th  6th  8h  10th 6th  8th 10th  6th  8th 10th
2nd  1.0000
SN 4th  0.9764
6th  0.6028 1.0000
2nd 10000 0.7826 0.2548
SR 4th  1.0000 0.9998 09118 0.9998
6th 04140 0.9998 1.0000 0.1422 0.7826
2nd 09764 0.1422 0.0154 0.9998 0.7826 0.0066
SE 4th 09965 0.2548 0.0345 1.0000 0.9118 0.0154 1.0000
6th  1.0000 0.6028 0.1422 1.0000 0.9965 0.0727 1.0000 1.0000
6th  0.2548 0.0027 0.0003 0.6028 0.0727 0.0002 0.9965 0.9764 0.7826
FN 8th 09965 02548 0.0345 1.0000 09118 0.0154 1.0000 1.0000 1.0000 0.9764
10th 1.0000 0.9118 0.4740 1.0000 1.0000 0.2548 0.9965 0.9998 1.0000 0.4140 0.9998
6th  0.1422 0.0011 0.0002 0.4140 0.0345 0.0002 0.9764 0.9118 0.6028 1.0000 0.9118 0.2548
FR 8th 1.0000 09118 04140 1.0000 7.0000 02548 0.9965 0.9998 1.0000 0.4140 0.9998 1.0000 0.2548
10th  1.0000 0.9998 0.9118 0.9998 1.0000 0.7826 0.7826 0.9118 0.9965 0.0727 0.9118 1.0000 0.0345 1.0000
6th  0.0727 0.0005 0.0002 0.2548 0.0154 0.0002 0.9778 0.7826 0.4140 1.0000 0.7826 0.1422 1.0000 0.1422 0.0154
FF  8th 07826 0.0345 0.0027 09764 0.4140 0.0011 1.0000 7.0000 0.9965 1.0000 1.0000 09118 0.9998 0.9118 0.4140 0.9965
10th  0.9965 0.2548 0.0345 1.0000 0.9118 0.0154 1.0000 1.0000 1.0000 0.9764 1.0000 0.9998 0.9118 0.9998 0.9118 0.7826 1.0000 1.0000
of changes over time for all seed/fruit sets are shown in Discussion

Fig. 1.

Seedling growths over time and type of storage is shown
in Table 6 and Fig. 2. Significant differences between seeds
and fruits (respective germination days and storage type)
were not observed. In contrast, significant differences were
recorded within some different stored fruits (P < 0.05)
(Table 6). The longest seedlings grew from seeds (8.48
mm) and from fruits (9.08 mm) stored at 22°C. The lowest
seedling length value was found from fruits stored at 8§°C
(3.43 mm).

Fig.2 Seedling length (mm) of

A biopotential and bioproductivity study of A. fruticosa
(Krpan et al. 2011, 2015) was conducted in Forestry Sunja
(FA Sisak, Croatia) to determine the possibility of its use
in forestry. The study found that biomass production of A.
fruticosa was directly correlated with the number of sprouts
per unit area. Additionally, there was a reduction in height
gain (compared to the first year), an increase in mean stem
diameter from 2 to 3 mm, stem branching, and flowering
and fruiting in the second year. So, the older the bush, the

A. fruticosa after different types 10
of storage (see Table 2) Z
7
__ 6
E s
T4
3
2

1 "

0 o —

Ist day 2nd day
=0—SN

4th day 6th day 8th day 10th day

SR SF FN «®=FR =@=FF
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Table 6 Results of statistical analysis (Tukey HSD test) of germination within all comparisons between individual tested sets. Statistically sig-
nificant differences are marked with a bold; comparisons between seeds and fruits within the respective categories are marked with italic

SN SR SR FN FR FF
Treatment / Day
2nd 4th 6th 2nd 4th 6th 2nd 4th 6th 6th 8th 10th 6th 8th 10th 6th 8th 10th
2nd  1.0000
SN 4th  0.9996
6th  0.1638 0.8412
2nd  1.0000 1.0000 0.2405
SR 4th  0.9642 1.0000 0.9902 0.9877
6th  0.0009 0.0329 0.9541 0.0016 0.1465
2nd  1.0000 0.9997 0.1699 1.0000 0.9672 0.0010
SF 4th  0.9773 1.0000 0.9831 0.9931 1.0000 0.1208 0.9794
6th  0.0989 0.7164 1.0000 0.1521 0.9642 0.9863 0.1030 0.9462
6th  1.0000 0.9750 0.0454 1.0000 0.7582 0.0003 1.0000 0.8064 0.0247
FN 8th  1.0000 7.0000 0.3097 1.0000 0.9953 0.0025 1.0000 0.9977 0.2030 1.0000
10th  0.2102 0.8931 1.0000 0.3004 0.9959 0.9227 0.2175 0.9922 1.0000 0.0622 0.3787
6th  1.0000 0.9726 0.0434 1.0000 0.7480 0.0003 1.0000 0.7971 0.0235 1.0000 1.0000 0.0595
FR 8th  1.0000 1.0000 0.7271 1.0000 1.0000 0.0184 1.0000 1.0000 0.5808 0.9931 1.0000 0.7971 0.9922
10th  0.0003 0.0100 0.7971 0.0005 0.0544 1.0000 0.0004 0.0434 0.8995 0.0002 0.0007 0.7271 0.0002 0.0053
6th  1.0000 0.9700 0.0415 1.0000 0.7376 0.0003 [.0000 0.7877 0.0224 1.0000 1.0000 0.0569 1.0000 0.9913 0.0002
FF 8th  1.0000 1.0000 0.2567 1.0000 0.9902 0.0018 1.0000 0.9946 0.1638 1.0000 1.0000 0.3191 1.0000 1.0000 0.0006 1.0000
10th  0.9750 1.0000 0.9848 0.9922 1.0000 0.1256 0.9773 1.0000 0.9503 0.7971 0.9973 0.9931 0.7877 1.0000 0.0454 0.7780 0.9939 1.0000

more wood it brings, but also more seeds. This finding is
expected. Although we measured the size of the branches in
our study, we did not work with a sufficient amount of data
to determine these dependencies in populations growing in
Bratislava. During locality visits, we noticed that some of
the shrubs (not young shrubs) did not bloom and therefore
did not participate in the generative potential of the popu-
lation. We have no explanation for this state, but we will
address this phenomenon in the future.

In a study of five populations of A. fruticosa from dif-
ferent sites in Bulgaria, Kozuharova et al. (2020) reported
fruit/infrutescence and infrutescence/shrub numbers of
152+ 15 and 436 + 157, respectively. This corresponds to
66272 fruits/shrub. Our result obtained from Bratislava
(central Europe, Slovakia) was an average of 16127 fruits/
shrub (with high variability, Table 3), which is significantly
less. Shrubs in these climates are also shorter (Krpan et al.
2011). It can be assumed that A. fruticosa is a relatively
thermophilic species, and thus, the area of Bulgaria may be
more suitable for its vitality and reproductive capacity. In
agreement, Krpan et al. (2011) reported numerous stands
of A. fruticosa in warm lowland forests (Genisto elatae-
Quercetum roboris Ht. 1938) in Croatia (southern Europe).

The fruits of A. fruticosa are achenes that are difficult
to peel. In nature, therefore, generative propagation will
be realized by fruits rather than seeds. The experiment
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conducted investigated both germination from seeds and
germination from unpeeled fruits (Fig. 1). The values of
germination and initial growth from fruits were found to be
comparable to those from seeds (Figs. 1, 2).

During our fieldwork, we observed a small population of
adult bruchids Acanthoscelides pallidipennis (Motschulsky,
1874) on the A. fruticosa shrubs. This beetle originates from
North America and is the main pest of A. fruticosa (Szentesi
1999). The first collection of this species in Europe dates
from 1972 (Hungary and Bulgaria) and 1975 (former Yugo-
slavia) (Borowiec 1980, 1983; Szentesi 1999). It was first
found in Slovakia in 1988 (Strejcek 1991). Adult bruchids
feed on pollen and nectar of flowering plants and do not
consume host tissue. They lay their eggs on immature fruits
containing only developing seeds (Szentesi et al. 2017). A.
pallidipennis in the larval stage destroys the inside of the
pod of A. fruticosa by feeding (Szentesi 1999). The high-
est recorded percentage of seed infestation in Hungary is
61% (Szentesi 1999), while in the United States (California),
where A. fruticosa and A. pallidipennis are native, infesta-
tion reaches 87% (Rogers and Garrison 1975). Thus, the
presence of this beetle can affect annual fruit production
of A. fruticosa. A. pallidipennis represents a very impor-
tant bio-agent for the control of generative reproduction in
the invasive species A. fruticosa in Europe. Study of the
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population dynamics between A. fruticosa and A. pallidipen-
nis should be aim of the future research.

Yiicedag and Giiltekin (2011) found that seed germina-
tion of A. fruticosa without storage was 64.73%. Our results
also show that untreated seeds germinate very well imme-
diately after collection and without pre-treatment (Fig. 1).
These results agree with that of an older study (Dirr and
Heuser 1987). The fruits began to germinate 3 days later
than the seeds. The pericarp delayed the onset of germina-
tion but did not limit it (Fig. 1). The water absorbency of the
fruits was twice that of the seeds (Table 4).

If the seeds were kept in open jars under room conditions
(at approximately 20°C), then increasing the sowing times
after collection resulted in a significant decrease in seed ger-
mination (Yiicedag and Giiltekin 2011). The delayed start
of the germination test (storage length, delayed planting)
had an effect on seed/fruit germination in our experiments
(Fig. 2). This likely means that A. fruticosa seeds are ger-
minating after ripening but gradually lose this ability and
become dormant. The presence of dormant seeds in A. fru-
ticosa was confirmed by Cox and Klett (1984), who reported
that stratification at 3 to 4°C for 2 and 8 weeks increased
the germination rate; 30 min of scarification in sulfuric acid
reduced germination by 50%. The application of different
pre-treatments would be better to obtain good germination.
In our experimental plots, we noted vegetative growth but
not growth from seeds. Therefore, it is likely that many of
the fruits will become part of the soil seed bank.

The results of our experiments confirmed the spreading
potential of A. fruticosa. Pre-requisites for the spread of the
species include high production of fruits and seeds and their
high germination (Fig. 1). In addition, A. fruticosa is also
capable of wide dispersal via vegetative reproduction (Mol-
lerova 2005; Kolyada and Kolyada 2018). Under our local
conditions, A. fruticosa spreads mainly in lowland areas of
southern Slovakia (Mereda et al. 2021). Diaspores sources
include original plantings near motorways and parks and
ornamental plantings, from which diaspores can penetrate
into native habitats (Ferus et al. 2020). "The plant is espe-
cially easily dispersed within the watersheds of large rivers,
where seasonal flooding is regular. Seeds and other prop-
agules are buoyant, and when the water recedes, new plants
emerge, forming dense thickets where only a few other spe-
cies can coexist" (Grabi¢ et al. 2022). The high fruit produc-
tion of A. fruticosa (Table 3) provides the possibility for
active dispersal along riverbeds naturally under fluctuations
in the surface water level during spring floods (Shevchyk
et al. 2021).

The invasive spread of A. fruticosa is aided by its nitro-
gen-fixing and allelopathic abilities. Soil enrichment with
nitrogen may influence the main ecosystem properties and
decrease plant diversity (Boscutti et al. 2020; Pellegrini et al.

2021; Vujanovi¢ et al. 2022). Numerous studies have con-
firmed the high allelopathic potential of A. fruticosa (Csiszar
2009; Novak et al. 2018; Krstin et al. 2020). We know lit-
tle about the possibilities of spreading this invasive species
through seeds; moreover, this species can propagate veg-
etatively. Therefore, attention should be given to generative
reproduction and the possibilities and methods of population
spread, including seed dormancy, soil seed banks, and allelo-
pathic abilities in the ecosystem.

Conclusion

Amorpha fruticosa L. (Fabaceae) is a non-native species
in Central Europe and is listed as invasive in many coun-
tries. It is likely that the invasive strategy of this shrub
consists in the large number of achenes produced and the
good germination of the seeds. We studied reproductive
ability on a mixed sample collected from 6 localities in the
city of Bratislava. We found that one bush of A. fruticosa
is capable of producing more than 16 thousand achenes
in one year and that the germination rate can be up to
60%. Seed/fruit storage under different conditions (storage
length and storage temperature) had no significant effect
on germination and initial growth. Thus, storage did not
reduce seed/fruit germination. The difference between
seeds and fruits was noted in the onset of germination,
with seeds germinating several days earlier than fruits.
The fruits germinated later and their sprout lengths were
comparable to those from seeds.
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