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ABSTRACT

In order to assess the tolerance of the highly invasive weed Fallopia japonica to heavy metals, a greenhouse exper-
iment was conducted in which this plant was cultivated in control soil and in the soils polluted by different levels of
Cd, Cr, Cu, Pb and Zn. The content of heavy metals in soil did not eliminate the F. japonica rhizome’s capacity to
regenerate. However, at the beginning of the experiment, the presence of some metal doses: Cd (100, 200 mg-kg™),
Pb (200 mg-kg') and Zn (300 mg-kg') delayed the rhizome regeneration compared to the control plants. In the
soils contaminated with any level of Cr or Pb, shoots grew with similar vigour to the control plants. Only the high
doses of Cd (100, 200 mg-kg'), Cu (300 mg-kg') and Zn (300 mg-kg") significantly delayed the plants’ growth.
The morphological features of F. japonica from the soils polluted with Cr and Pb were not significantly different
from the control plants. Among the tested heavy metals that had the greatest impact on the morphology of F. ja-
ponica were Cd (100, 200 mg-kg'), Cu (300 mg-kg™') and Zn (300 mg-kg™"). A chemical analysis indicated that this
weed accumulated large quantities of metals when cultivated in the contaminated soil. Particular attention was paid
to its relatively high Cd uptake. In the variant where a dose of 100 mg Cd-kg™! was applied, the plants (aboveground
part) accumulated more than 630 times the amount of cadmium found in the control. The abilities of F. japonica to
regenerate from rhizome fragments, to grow and develop under the stress conditions created by heavy metals, and

to take up metals are evidence that this plant is characterised by metal tolerance.
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INTRODUCTION

Biological invasions represent one of the
main problems of contemporary ecology and are
considered a significant component of the global
change connected with human activity (Vila et al.
2007). On the basis of the knowledge about the
invasive plant species accrued from many studies,
it can be concluded that the phenomenon of their
invasiveness is determined by several character-
istics that give the invader an advantage. These
characteristics can be summarised as vigorous
and rapid growth, high fecundity (Bradley et al.
2010), strong competing abilities (Sharma et al.
2005) and sexual reproduction by hybridisation,
which may serve as a stimulus for the evolution of
invasiveness (Ellstrand and Schierenbeck 2000).
It has also been noted that in order to become a

successful invader, a plant must possess wide
environmental tolerances and be well-suited to
various conditions (Bradley et al. 2010). A typical
example of a plant that possesses such character-
istics is the invasive weed Fallopia japonica from
the Fallopia genus (Polygonaceae). It is native to
East Asia, with a natural range that mainly en-
compasses China, Japan, North and South Korea,
and Taiwan (Bailey 2003, CABI 2020). Fallopia
Jjaponica was deliberately introduced to Europe
in the 19" century as an ornamental plant. Today,
F japonica is viewed as Europe’s worst invasive
alien plant species (Nentwig et al. 2018) because
it is spreading in almost all European coun-
tries. Globally, it is also now common in North
America Australia, and New Zealand (Anderson
and Hayley 2012). Apart from the natural areas,
F japonica occurs frequently in the man-made
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habitats such as roads, highways and railways
(Tokarska-Guzik et al. 2017). The species is of-
ten observed in the places with extremely high
levels of anthropogenic pollution; for instance, it
can inhabit heavy-metal-polluted soils. In Poland,
F japonica was noted on a zinc smelter (Chmura
et al. 2013), coal mining spoil heaps (Rahmonov
et al. 2014) and urban parks with different levels
of disturbance (Rahmonov et al. 2019). Prelimi-
nary field studies in the city of Wroctaw, Poland
proved that an increased content of heavy met-
als in soil does not deter F. japonica invasion—on
the contrary, it can even enhance the invader’s
competitiveness in relation to other plant species
(Sottysiak et al. 2014). Taking into account the
field observations in the literature, it was hypoth-
esised that F. japonica has some tolerance to toxic
metals. For this reason, a greenhouse experiment
was conducted and the reaction of F. japonica to
the stress conditions created by the presence of
different levels of heavy metals in the soil was
investigated. The aim of this research was to
determine:

1) The ability of the highly invasive weed F. ja-
ponica to regenerate from rhizome segments in
the soils polluted by various doses of Cd, Cr,
Cu, Pb, and Zn;

2) The toxic effects of these metals on the growth
and development of the tested plant;

3) The possibility of £ japonica to accumulate
heavy metals in its tissues.

Cd, Cr, Cu, Pb, and Zn were chosen as the
stressors because they are widespread pollutants
of soils in Central Europe, where the Fallopia ja-
ponica scrubs were noted (Soltysiak et al. 2011,
Sottysiak and Brej 2014, Rahmonov et al. 2014,
Rahmonov et al. 2019).

MATERIAL AND METHODS

Plant material

Fallopia japonica (Houtt.) Ronse Decraene
var. japonica [syn.: Polygonum cuspidatum Sieb.
Et Zucc., Reynoutria japonica Houtt. var. japoni-
ca] belongs to the Fallopia genus (Polygonaceae),
the members of which are known as successful
invaders and are widespread across Europe, for
instance, in Great Britain (Bailey 2003), Czech
Republic (Mandak et al. 2005), Poland (Tokar-
ska-Guzik et al. 2012), Slovakia (Paukova 2019),
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Croatia (Vukovi¢ et al. 2019) as well as in North
America, Australia and New Zealand (Bailey et
al. 2008). Fallopia japonica is characterised by a
facility for regenerating through subterranean rhi-
zomes (underground stems) (Fennell et al. 2018).
The extent of generative propagation in Europe
is not known because of a lack of male clones of
this species. The European F. japonica plants are
represented by a genetically uniform clone with
88 chromosomes and male-sterile flowers (Man-
dak et al. 2005, Bailey et al. 2008). The Fallo-
pia japonica studied in the greenhouse experi-
ment reported here was collected from the city
of Wroctaw (SW Poland). It was a female clone
with 88 chromosomes. The species identification
was based on the morphological features of the
leaves (shape, size, hairiness of leaf blade) and a
cytological examination in order to determine the
number of chromosomes. Fresh rhizomes were
collected from one cluster of a natural population
of Fallopia japonica that grows along a bank of
the Oder River (51°07.404’N and 17°04.146’E).
In the laboratory, the rhizomes of F. japonica
were cleaned with distilled water and cut into
fragments of a similar weight (12.5 g).

Greenhouse experiment procedure

The greenhouse experiment procedure was
conducted according to a study by Soltysiak and
Brej (2019), where the effect of different doses
of Pb on invasive Fallopia x bohemica (a hybrid
of F. japonica and F. sachalinensis) was exam-
ined. The prepared plant materials (rhizome frag-
ments of F. japonica) were introduced into plastic
pots (one rhizome in each pot) with a capacity
of 5 kg of soil. The soil with pH of 5.3 (deter-
mined in KCl) and 1.2% organic matter was used
in the experiments. The macronutrient contents
were as follows: KO — 26.7 mg-100g™, P,O, -
11.6 mg-100g" and Mg — 4.0 mg-100g™"', while
the baseline heavy metal concentrations were Cd
—0.1 mg'kg!, Cr— 6.7 mg-kg!, Cu— 8.4 mg-kg?,
Pb — 10.2 mg-kg' and Zn — 27.1 mg-kg'. The
experiment was a completely randomized two-
factorial design with five heavy metals (Cd, Cr,
Cu, Pb and Zn) and three different levels of each
metal: Cd — 20, 100, 200 mg-kg!, Cr — 10, 20,
100 mg-kg!, Cu— 100, 200, 300 mg-kg!, Pb — 50,
100, 200 mg-kg" and Zn — 100, 200, 300 mg-kg™.
The individual metal solutions were applied di-
rectly into the pots. The pots with no addition
of a heavy metal were treated as controls. Four
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replicates were created for each metal treatment
and the control group. The greenhouse experiment
was conducted during one growing season, from
early June to September. The plants were grown
under natural light and temperature conditions
(varied from 20 to 30°C) and watered every day.

Plant observations, measurements, and
heavy metal concentration analysis

During the experiment, the regeneration,
growth and development of F. japonica were ob-
served every day. At the beginning, the ability of
F japonica rhizomes to regenerate in the soils
polluted by various doses of Cd, Cr, Cu, Pb and
Zn was monitored for 3 weeks. Next, after the
rhizome regeneration, the dynamic of £ japonica
growth was noted. The height of the highest ar-
eal shoots of plants for each treatment group was
measured on a centimetre scale once a week for
14 weeks. Afterwards, the morphological traits of
plants, such as the length and width of the leaf
blade (cm), fresh and dry weights of aboveground
shoots (g), were measured in a laboratory. Addi-
tionally, the concentrations of heavy metals in the
aboveground organs (leaves) and underground or-
gans (rhizomes) of F. japonica were analysed. For
this purpose, the plant material was washed with
distilled water. Next, it was dried at 80°C for 48 h,
milled with a stainless-steel grinder and digested
in a mixture of HCl and HNO, (at a ratio of 3:1).
The contents of metals in the leaves and rhizomes
were analysed (each sample in four replications)
with the ICP-OES (Inductively Coupled Plasma
Optical Emission Spectroscopy) technique using
a Varian Liberty Series 220 spectrometer. The
analyses were performed in a laboratory of the
Centre of Analysis of Environmental Quality at
the Wroctaw University of Life Sciences.

Statistical analyses

The statistical analyses were carried out using
STATISTICA v. 13.3 (StatSoft Inc., 2017). The
normality of the data distribution was checked

using the Shapiro-Wilk test. The homogeneity of
variance was checked using Levene’s test. The
morphological characteristics of the plants grown
under different conditions (i.e., in the pots with
soil contaminated by various doses of Cd, Cr, Cu,
Zn, or Pb or in the control soils) were compared
using one-way ANOVA. Homogeneous subsets
were designated using the post-hoc testing of sig-
nificance of differences with Tukey’s HSD test. In
order to determine the relationship between vari-
ous heavy metal doses and their contents in the
aboveground and underground parts of the plants,
the correlation coefficients were determined:
Pearson’s correlation coefficient (p) in the case
of the data for which a normal distribution was
found and Spearman’s rank correlation coefficient
(Rs) for the data with a non-normal distribution.

RESULTS

The influence of heavy metals on
regeneration ability and growth of Fallopia
japonica

The results confirmed the ability of Fallopia
Japonica thizomes to regenerate in the soils pol-
luted by heavy metals (Table 1). However, at the
beginning of the experiment, the presence of Cd
(100, 200 mg-kg'), Pb (200 mg-kg"') and (Zn
(300 mg-kg') delayed rhizome regeneration com-
pared to the control plants. After the three weeks
of cultivation, the highest regeneration (100%)
rates were exhibited by the plants from the con-
trol pots and the pots polluted by Cd (20, 100,
200 mg-kg"), Cr (10, 20, 100 mg-kg™!), Cu (100,
200 mg-kg') and Zn (100, 200 mg-kg"'). The
fewest rhizomes (75%) showed active regenera-
tion in the pots with addition of Cu and Zn in a
doses of 300 mg-kg! and all Pb doses (50, 100,
200 mg-kg™).

The study showed that Cr (10,20, 100 mg-kg™")
and Pb (50, 100, 200 mg-kg™') did not inhibit the
growth of the aerial shoots of Fallopia japonica.
The plant heights obtained in soils where Cr or Pb

Table 1. Regeneration of F. japonica rhizomes (%) in individual variants of the experiment

Metals Cd Cr Cu Pb Zn
[n'?;igs_q Control | 20 | 100|200 | 10 | 20 | 100 | 100 | 200 | 300 | 50 | 100 | 200 | 100 | 200 | 300
Time after | | 50 25 | 0] 0| 50 |50 | 50 |50 | 25| 25 50| 25| 0 | 25|50 0
plantation | Il | 100 50 | 50 | 50 | 100 | 100 | 100 | 100 | 50 | 75 |50 | 50 | 50 | 75 | 100 | 75
[weeks] m 100 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 75 | 75| 75 | 75 | 100 | 100 | 75
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was added corresponded with those of the con-
trol plants. The metals such as Cd, Cu, or Zn had
an inhibitory effect on the plant growth. After 14
weeks of observations, the final height of F. ja-
ponica growing in the pots with Cd (20, 100 and
200 mg-kg™), Cu (100, 200 and 300 mg-kg') and
Zn (100, 200, 300 mg-kg!) was lesser than that
of the control plants. The addition of Cd at a dose
of 200 mg-kg' resulted in the plant growth arrest
in the eighth week of the experiment (Figure 1a).

The influence of heavy metals on
morphological features of F. japonica

Figure 2 (a-d) presents the observed morpho-
logical features of Fallopia japonica in the soil
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cultures with the addition of various metals and in
the control variant. Among the tested heavy met-
als that had the greatest impact on the morpholo-
gy of F. japonica were Cd (100 and 200 mg-kg!),
Cu(300mg-kg"')and Zn (300 mg-kg"). The plants
from the soils that were polluted by the high-
est dose of Cd (200 mg-kg') differed signifi-
cantly from those in the control pots. The length
and width of the leaf blade were significantly
smaller (F=36.5572, P=0.00003 and F=12.4793,
P=0.000534, respectively). The fresh weight
of the aboveground shoots was almost twenty
times lower compared to control (F=30.4288,
P<0.0001), while the dry weight of aboveg-
round shoots was forty times lower (F=53.1501,
P<0.0001). The smallest dose of Cd did not have
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Figure 1. Growth of aboveground shoots of Fallopia japonica in control variant — C. and in soil cultures
with the addition of various metal doses: a) Cd — 20, 100, 200 mg-kg™'; b) Cr — 10, 20, 100 mg -kg™';
¢) Cu— 100, 200, 300 mg-kg'; d) Pb — 50, 100, 200 mg-kg'; €) Zn — 100, 200, 300 mg-kg!
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Figure 2. The morphological features of Fallopia japonica in soil cultures with the addition of various metals
and in the control variant. The figures show means, standard errors (boxes) and 95% confidence intervals
(whiskers). Different letters in each row show significant differences obtained after Tukey’s HSD (P < 0.05)

such negative impact on the F. japonica morphol-
ogy; plants from this variant were similar to the
control. Cu and Zn also significantly influenced
the analysed morphological features of F. japon-
ica. For example, the fresh weight of the aerial
part of plants from pots with Cu (300 mg-kg™")
was eight and a half times smaller than the con-
trol (F=20.3511, P<0.000140). The dry weight of
the aboveground shoots was less than one ninth of
that of the control (F=17.7455, P<0.000249). In
the case of Zn, soil contamination by 300 mg-kg"!
of this metal resulted in a nearly seven-fold de-
crease in the fresh mass of the aboveground
shoots (F=30.5542, P<0.000012) and an eleven-
fold decrease in their dry matter (F=23.2255,
P<0.000046). The analysis of variance indicated
that the morphology of Fallopia japonica from
the soils artificially contaminated by Cr and Pb
did not differ from that of the control plants. Even
the highest doses of these metals did not affect the
morphological characteristics of the species.

Heavy metal contents in the above-
and underground parts of plants

The analysis of metal concentrations in
Fallopia japonica confirmed a high poten-
tial of this plant for heavy metal accumula-
tion (Table 2). An increased concentration
of metals in soil stimulated their increase in
Fallopia japonica. The positive Pearson and
Spearman’s correlation coefficients (Table 3)
indicate a strong relationship between the in-
creasing doses of metals in the soil and their
contents in the underground and aboveground
part of plants. Among the studied metals, Cd
was found in the largest amounts. For example,
in the variant where a dose of 100 mg Cd-kg!
was applied, the plants (aboveground part) ac-
cumulated more than 630 times the amount
of cadmium found in the control. In the plant
leaves from the soils contaminated with Zn in
doses of 200 mg-kg!, the average content of
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Table 2. Mean concentrations of heavy metals [mg-kg™'] in organs of Fallopia japonica. Standard errors are given
in parentheses. n.d — not determined because the dose was lethal to plants

Metals Doses [mg-kg'] Under-ground parts Above-ground parts
Control 1.3 a(£1.20) 1.1 a(x0.43)
cd 20 6.9 a (¥1.73) 17.0 a (+4.40)
100 301.8 b (x126.12) 700.3 b (+339.06)
200 n.d n.d
Control 4.4a (£6.68) 2.1a (£3.49)
Cr 10 5.5 a (+1.26) 3.3 a (x1.06)
20 15.05 b (+4.01) 3.8a(+1.13)
100 18.25 b (¥3.34) 9.3 b (+4.17)
Control 7.9 a (+3.03) 7.2a(+2.22)
cu 100 19.0 a (+9.76) 12.0 a (¢5.79)
200 37.9 b (£5.99) 36.3 b (+5.06)
300 112.8 ¢ (+7.52) 48.5b (x12.10)
Control 2.5a(x1.71) 1.0 a (¢0.03)
Pb 50 3.1a (x1.75) 2.1 a(+1.46)
100 7.8 a (x11.99) 4.0 a (£3.79)
200 28.5b (+x10.61) 8.6 b (+2.06)
Control 25.5 a (+1.69) 52.4 a (£8.15)
7n 100 115.4 b (+28.88) 360.5 ab (+220.18)
200 194.5 ¢ (+37.99) 563.5 ¢ (+169.68)
300 n.d n.d

Table 3. Pearson’s (p) and Spearman’s correlation (Rs) between doses of heavy metals and their contents in

underground and aboveground parts of plants

Metals Cd Cr Cu Pb Zn
r=0.898 Rs = 0.540 Rs =0.742 r=0.884 Rs =0.827
Under-ground parts
p = 0.000 p =0.030 p = 0.001 p = 0.000 p = 0.000
r=0.874 r=0.760 r=0.903 r=0.810 Rs =0.905
Above-ground parts
p =0.000 p =0.002 p = 0.000 p =0.000 p = 0.000
this element was more than 10 times higher DISCUSSION

than in the control. Cu and Pb were mostly ac-
cumulated in the underground parts of Fallo-
pia japonica, while the leaves contained small-
er amounts of those metals. The plants from
the soil polluted with lead (200 mg-kg™') con-
tained 11 times more of this element than the
control plants. In the underground parts of the
plants from the pots with the addition of Cu at
300 mg-kg', 14 times more Cu was found in
comparison with the control. Chromium accu-
mulated in both the underground and aboveg-
round parts of Fallopia japonica. The addition
of Cr to the soil at 100 mg-kg"' resulted in a
more than fourfold increase in the concentra-
tion of chromium in the underground and
aboveground parts of the plants from the con-
taminated pots compared to the control.
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Successful invasive species management de-
pends on a thorough understanding of the biology
of the particular organisms (Yasin et al. 2019).
The literature on invasive species suggests that
the speed of alien weeds in the colonization of
new areas is often based on their broad environ-
mental tolerance and ability to adapt to various
conditions (Bradley et al. 2010). Moreover, higher
tolerance to stressful environments may result in
the alien plants being more competitive than na-
tives, thus promoting the process of their invasion
(Zhang et al. 2008). Heavy metals are one of the
most important environmental pollutants and the
toxicity of heavy metals is a problem of ecologi-
cal and environmental significance (Nagajyoti et
al. 2010). Even though some positive changes are
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observed now, the emission of pollutants contin-
ues, especially in the heavily industrialised areas
(Kicinska 2020). The metal-bearing areas are
characterised by low plant biodiversity (Brej and
Fabiszewski 2006). It is known that the plants in-
habiting extremely stressful environments, such
as mining sites, exhibit lower performance under
competition compared to nonspecialized plants,
because they invest resources in stress resistance
at the expense of the performance traits such as
biomass. However, the study created by Wani et
al. (2019) suggests that, under some circumstanc-
es, multiple species may colonize the high-stress
habitats from the low-stress habitats without re-
duced competitive ability. Among the plants that
can inhabit the heavy-metal-polluted areas are
invasive weed species, e.g., Solidago canadensis
(Yang et al. 2007, Zhang et al. 2008), Spartina
densiflora (Mateos-Naranjo et al. 2011), Conium
maculatum (Gulezian et al. 2012), and taxa of the
Fallopia genus (Chmura et al. 2013, Rahmonov
et al. 2014, Sottysiak and Brej 2014). All of these
possess strong competitive abilities, but it is less
known whether they are resistant to heavy metals
or whether the soil contamination by heavy met-
als impacts the invasion of these exotic weeds.
The plants from polluted soils have physiological
strategies that allow them to exist under extreme
conditions. One such strategy is the resistance to
the toxic levels of heavy metals in soils. In order
to achieve this, plants can rely on either avoidance
or tolerance of heavy metals (Punz and Sieghardt
1993). The first of these concerns the cellular level
as well as the level of the whole plant. Avoidance
of the stress can refer to the sequestration of toxic
metals from the protoplasm and the elimination of
heavy metals or avoidance of the uptake of heavy
metals from the soil solution. Such a strategy is
represented by the invasive Solidago canadensis,
which spreads on the soils contaminated by lead
(Yang et al. 2007). The metal tolerance strategy of
a plant species is a result of genetic, physiological,
and ecological evolution. This process unfolded
on natural metalliferous areas over a long time.
In anthropogenic habitats, the evolution of metal
tolerance takes much less time; it depends on the
metal levels and on the selection pressure in the
environment. The results of this greenhouse ex-
periment provided the evidence that F. japonica
might have a tolerance to toxic metals. This evi-
dence is summarised below:

1. First, this experiment proved that even high
contents of toxic metals (Cd, Cr, Cu, Zn and

Pb) in the soil did not completely eliminate
the rhizome’s ability to regenerate. However,
the presence of some metals (Cd, Pb and Zn)
delayed the rhizome regeneration at the begin-
ning of the experiment. A similar result was
observed by Michalet et al. (2017). They in-
vestigated the impact of heavy metals on the
rhizome regeneration and growth of the Fal-
lopia genus occurring in the early stages of
vegetative propagation, as well as its impact on
belowground secondary metabolism. Accord-
ing to Michalet et al. (2017), the delay in the
rhizome regeneration of knotweeds induced by
the heavy metals is due to plant investment in
the production of secondary metabolites than
in primary metabolites needed for cell and tis-
sue multiplications. The intensive regeneration
of Fallopia species by rhizome fragments has
played a very importance role during the vege-
tative spread all taxa. For example, Vukovi¢ et
al. (2019) observed that knotweeds were able
to establish a stand by rooting from the plant
remains cut during maintenance and left by the
road. The ability of Fallopia japonica for rapid
rhizomes regeneration under different levels of
soils contamination makes it a formidable in-
vader, especially on anthropogenic places with
higher amount of heavy metals.

. Second, some metals such as Cr or Pb did not

have a negative effect on the Fallopia japon-
ica growth. In the soils to which three levels
of Cr and Pb were added, the shoots of Fual-
lopia japonica grew with similar vigour to the
control plants. Only the higher doses of Cd
(100, 200 mg-kg™"), Cu (300 mg-kg') and Zn
(300 mg-kg™") significantly delayed the plants’
growth. The highest doses of Cd, Cr, Cu, Pb
and Zn used in this experiment are acutely
toxic to the majority of plant species. The vis-
ible symptoms of metal stress in plants include
the morphological and structural changes of
the aboveground shoots, such as deformation
and chlorosis of leaves, leaf necrosis, red and
purple leaf discoloration, brown leaf edges,
decreases in the leaf number and leaf size, re-
duced biomass, growth inhibition, and finally
death (Benyo et al. 2016). During the green-
house experiments, no visible symptoms of the
toxic metal effects were found in F japonica
from the pots contaminated with any dose of
Cr or Pb. Some toxic symptoms were observed
among the plants grown in the soils where Cd
(at 100 or 200 mg-kg") Cu (300 mg-kg") or Zn
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Figure 3. The growth of Fallopia japonica in control variant soil and in soil cultures with the addition of
various metals: a) Cd 20 (I), 100 (II), 200 (IIT) mg-kg™'; b) Cr 10 (1), 20 (II), 100 (IIT) mg-kg™"; ¢) Cu 100 (I),
200 (II), 300 (IIT) mg-kg*; d) Pb 50 (1), 100 (II), 200 (III) mg-kg™'; e) Zn 100 (I), 200 (II), 300 (III) mg-kg™

(300 mg-kg ') was added (Fig. 3). The morpho-
logical changes were especially visible among
the plants growing in the soil with the high-
est amount of Cd (200 mg-kg'). Cadmium is
a non-essential element that has no metabolic
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use and is believed to cause damage even at
low concentrations. According to Radojevic
and Bashkin (2006), 3-8 mg-kg' of Cd are
critical soil concentrations for plants. In the
case of F japonica, a higher amount of this
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metal in soils (20 mg-kg™") did not have a toxic
effect for plants (Fig. 3).

3. Third, the analysis of the metal concentrations
in plant tissues showed a high potential of
F. japonica for heavy metal uptake and their
intensive accumulation in the aboveground
(in the case of Cd and Zn) and underground
parts (Cr, Cu, and Pb). The capacities of Fal-
lopia japonica to accumulate heavy metals
(such as Cd, Pb, Zn) under field conditions
were proven by Bohmova & Soltes (2017) or
Rahmonov et al. (2019). Metal accumulation
has been recognized as an extreme type of
physiological response to heavy metal toler-
ance (Shaw 1989). Comparing the results of
this experiment with the data from the lit-
erature, cadmium was removed particularly
efficiently in this experiment. In the leaves
of plants from the soils polluted by 100 mg
Cd-kg!, the concentration of this metal ex-
ceeded 700 mg-kg! (dry weight). This value
is much higher than the range of critical con-
centrations in plant tissues of 5.0 to 30.0 mg
Cd-kg! dry weight that has toxic effects in
most vascular plants (Radojevic and Bash-
kin 2006). Especially high levels of cadmium
were found in the aerial parts of Brassica
juncea and Brassica napus. When exposed to
10 mg-kg' Cd, the shoot Cd concentrations
were 238 and 239 mg-kg! for Brassica juncea
and Brassica napus, respectively, which was
approximately 23 times higher than that of
plants grown in the control substrate (Alvarez
et al. 2009).

The results of the presented greenhouse
experiment arouse many questions connected
with Fallopia japonica tolerance to heavy met-
als. At present, the most interesting of them is:
how does this characteristic support intensive
Fallopia japonica expansion on the metal-con-
taminated areas? It is suspected that it facilitates
the ability of Fallopia japonica to compete with
native species and promotes its invasion of such
places. These issues must be supported by an-
other years of field research, which are planned
to be carried out in the future.

CONCLUSIONS

On the basis of the results of the presented re-
search, the following conclusions can be drawn:

1. Heavy metals in soil do not eliminate the
Fallopia japonica rhizome’s ability to re-
generate. This conclusion has been especial-
ly reached for Cd (20, 100, 200 mg-kg') Cr
(10, 20, 100 mg-kg™') Cu (100, 200 mg-kg™)
and Zn (100, 200 mg-kg'). In the study re-
ported here, the plants from the pots polluted
by these metals had the highest regeneration
rates (100%).

2. Metals such as Cr or Pb do not have a toxic
influence on plants’ development, which
was observed in this experiment. In the soils
contaminated with any level of Cr or Pb, the
shoots of this plant grew with similar vigour
to the control plants and had the same morpho-
logical features as control. High doses of Cd
(100, 200 mg-kg™"), Cu (300 mg-kg"') and Zn
(300 mg-kg') can delay the rapid growth of
Fallopia japonica. In the greenhouse experi-
ment, the Cd, Cu and Zn toxicity had also a
significant impact on the morphology of Fal-
lopia japonica.

3. An increased concentration of all metals in
soil stimulated their increase in plants. This
fact proves that Fallopia japonica accumulates
heavy metals effectively when grown in con-
taminated soil. It was particularly observed in
the case of Cd. In the aboveground parts of the
plants from the pots with the addition of Cd at
100 mg-kg!, 630 times more Cd was found in
comparison with the control.

4. The capacities of this invasive weed to regen-
erate from rhizome fragments, to grow and
develop under the stress conditions created by
toxic doses of some metals, and to take up met-
als, all of which were shown in this study, are
the evidence that Fallopia japonica has metal
tolerance.
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