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A BSTRACT : In this study highly invasive plant species from the Fallopia genus
(Fallopia japonica and Fallopia ×bohemica) were investigated for their ability to
accumulate heavy metals. Samples were collected from two large cities: Wroclaw and
Prague. The content of Cr, Cd, Fe, Pb and Zn in soils covered by Knotweed taxa
was determined. Afterwards, plant samples were collected from the places where
the largest amounts of toxic metals were found. Rhizomes, roots and leaves of
chosen samples of both Fallopia taxa have been treated separately, as different parts
of the plant accumulate metals. The investigation has shown that in urban conditions
Knotweed taxa spread on soils with higher than natural concentration of toxic
metals. Only the chromium amount was similar to the normal range. In both species
heavy metals were accumulated mainly in roots and rhizomes, but their concentration
was significantly higher in Fallopia japonica underground parts than in the hybrid.
There were no differences between species with metals content in the aboveground
parts of the plant body. The results suggest that special attention should be paid
to Cr. In all analyzed plants, high chromium content was found, while the Cr amount
in soils samples was close to natural.
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Introduction
Increased heavy metals pollution is a consequence of human activity that
affects all parts of the ecosystem. Flower plants have developed mechanisms
resulting in avoidance or tolerance of heavy metals. The potential avoidance
applies to the cellular and whole plant level. In general, the avoidance can be
related to limited uptake of heavy metals from soil, sequestration of toxic metals
from protoplasm or their elimination (Punz, Sieghardt 1993). Heavy metals
tolerance builds up during genetic, physiological and ecological evolution on
natural metalliferous areas (Ernst 2006). Evolution of metal tolerance is also
possible in anthropogenic habitats. It follows within a shorter time depending
on the metal levels and the selection pressure in the environment (Hall 2002).
Urban soils are often characterized by high concentrations of heavy metals that create difficult conditions for most plants growing there. Therefore,
an adaptation to stress caused by heavy metals can facilitate plants invasion
in anthropogenic areas. Solidago canadensis  an invasive plant species which
spreads in soils contaminated by lead  presumably has this feature. Yang et
al. (2007) compared the response of Solidago canadensis and two non-invasive species (Festuca arundinacea and Kummerowia striata) to soil polluted by lead. In Solidago canadensis roots Pb content was lower than in
the roots of non-invasive species under corresponding Pb treatments. Furthermore, the above and belowground biomass as well as N and P uptake of invasive plants increased in comparison with those of non-invasive plants under
elevated Pb soils. The authors concluded that the rapid growth of Solidago
canadensis in Pb soils might be due to its ability to exclude or a reduce Pb
uptake.
The Fallopia genus (Fallopia japonica, Fallopia sachalinensis and
Fallopia × bohemica) are among the most invasive aliens in both Europea
and North America. The phenomenon of Japanese Knotweed invasion is associated with various aspects. Firstly, species from the Fallopia genus have
intensive rhizomatous growth and massive vegetative regeneration abilities (Brock
et al. 1995; Bímová et al. 2003). Brock and Wade (1992) found that a new
plant can be created from a rhizome segment about 0.7 g in weight (Brock et
al. 1995). They are also able to regenerate from stems. Secondly, they show
sexual reproduction by hybridization, which can bring new hybrids that are better
suited to non-native regions (Bailey 2003; Bailey et al. 2007). Finally, the success of the Fallopia genus is connected with their easy development in various environmental conditions. They are able to grow in diverse soil types with
various pH ranges and nutrient content (Beerling et al. 1994). Richards et al.
(2008) reported Knotweed taxa from saline habitats, while Adachi (1996)
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described Fallopia japonica (var. compacta) as a perennial pioneer species
in the volcanic wasteland on Mt. Fuji. Furthermore, seedlings from Fuji had
a high vitality and a great ability to survive under extreme climate (Mariko et al.
1993). In Europe, Knotweed taxa show preferences for manmade habitats
(Mandák et al. 2004). Members of the Fallopia genus are frequent components of urban ecosystems, where their range increases quickly. In particular,
Fallopia japonica and its hybrid spread in soils with potential large concentrations of heavy metals. They are common along roads or motorways, dumps,
deposits and alongside railway tracks. However, it has yet to be examined whether
soils pollution by toxic metals interacts with their invasive abilities. The aim of
this preliminary study was to find the differences in heavy metals uptake between different parts of plants and between two taxa from the genus (F. japonica
var. japonica and F. ×bohemica). The results were used in the following studies
(So³tysiak, Berchová-Bímová, Brej  Response of Fallopia genus to heavy
metal treatments, in prep.). Fallopia taxa metal uptake is frequently discussed
in terms of using the species as soil cleaners.
The present paper shows the accumulation ability of heavy metals into different parts of the plant body and answers the question of the suitability of
these plants for such purposes.

1. Methods
1.1. Species characteristics and sampling
In this investigation we focus on two highly invasive taxa from the Fallopia
genus: Fallopia japonica (Houtt.) Ronse Decraene var. japonica, [syn.:
Polygonum cuspidatum Sieb. et Zucc., Reynoutria japonica Houtt.] and
Fallopia ×bohemica (Chartek et Chrtková) J. P. Bailey [syn.: Polygonum
× bohemicum (Chartek et Chrtková) P. F. Zika et A. L. Jacobson, Reynoutria
×bohemica Chartek et Chrtková]  a hybrid between Fallopia japonica var.
japonica and Fallopia sachalinensis (Bailey 2003). The first part of the
investigation was to determine heavy metals content in soils which they cover.
Thirty-six soil samples were collected from 16 locations (6 with Fallopia
japonica and 10 with Fallopia ×bohemica) from Wroclaw and Prague. All
samples were taken near the root zone from a depth of about 015 cm. The
Fallopia genus contains several ploidy levels and different genetic variability
within the taxa. Fallopia japonica is genetically uniform and can reproduce
solely in a vegetative way. In Europe there is only one female clone of Fallopia
japonica (Mandák et al. 2005). For this reason, soil samples were collected
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from under one Fallopia japonica clone of each locality. The hybrid samples
were taken from under three different clumps. Fallopia ×bohemica is represented by different genotypes of both functional genders. It can reproduce
in a vegetative way, but sexually reproduction is also occasionally present (Mandák
et al. 2005).

1.2. Heavy metal content analysis
Samples were air-dried, dried until constant weight at 105°C, and digested
in HNO 3. An atomic absorption spectroscopy (AAS) was used to determine
Cd, Cr, Fe, Pb and Zn concentrations. Plants were then collected from two
places in both cities where the largest amounts of toxic metals were found.
Rhizomes with roots and leaves of Fallopia japonica and Fallopia ×bohemica
were treated separately, as different parts of the plants accumulate metals
(stems were not analyzed). Air-dried samples were dried to a constant weight
(105°C), mineralized in HNO3, and analyzed using the AAS method.

1.3. Data analysis
The differences between the taxa and under- and aboveground plant parts
in heavy metal uptake were estimated using GLIM. The data was approximated by gamma distribution, because of the wide range of response variable
values. The 1/x link function was used. The species (Japonica, Bohemica) and
the plant parts (Above, Underground) were used as categorical predictors.
The data was computed using Statistica® software.

2. Results
2.1. Soils
In soil samples collected from Wroclaw and Prague, higher than natural
content of Cd, Fe, Pb and Zn was found. These results are illustrated in Table 1.
Only chromium concentration was similar to normal. According to Allen (1989),
the natural ranges of investigated metals are: 0.030.3 µg·g-1 (mg·kg-1) for Cd,
10200 µg·g-1 for Cr, 220 µg·g-1 for Pb, 20300 µg·g -1 for Zn and 501,000
µg·g-1 for Fe.
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Table1. Content of heavy metals in soils [mg·kg-1] collected from urban sites in
Wroclaw and Prague
No.of
sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

Sampling area
Roadside (Wroc³aw, Dzia³kowa street)
Riverbank (Wroc³aw, Odra river)
Undeveloped area (Wroc³aw, Tramwajowa street)
Roadside (Prague, Dejvická street)
Lawn area (Prague, Kamýcká street )
Roadside (Prague, Podbabská street)
Roadside (Wroc³aw, Komandorska street)
Roadside (Wroc³aw, Komandorska street)
Roadside (Wroc³aw, Komandorska street)
Undeveloped area (Wroc³aw, Orzechowa street)
Undeveloped area (Wroc³aw, Orzechowa street)
Undeveloped area (Wroc³aw, Orzechowa street)
Car park (Wroc³aw, Robotnicza street)
Car park (Wroc³aw, Robotnicza street)
Car park (Wroc³aw, Robotnicza street)
Riverbank (Wroc³aw, Odra river)
Riverbank (Wroc³aw, Odra river)
Riverbank (Wroc³aw, Odra river)
Car park (Wroc³aw, Paczkowska street)
Car park (Wroc³aw, Paczkowska street)
Car park (Wroc³aw, Paczkowska street)
Park (Prague, near Konopitì Castle)

Cd
0.05
0.27
0.28
0.69
0.27
0.16
1.39
0.92
0.80
0.38
0.30
0.28
0.19
0.21
0.72
3.29
1.25
1.76
2.08
1.36
1.08
0.45

23
Park (Prague, near Konopitì Castle)
0.31
24
Park (Prague, near Konopitì Castle)
0.23
25
Roadside (Prague, V Holeovièkách street) 2.34
26
Roadside (Prague, V Holeovièkách street) 0.84
27
Roadside (Prague, V Holeovièkách street) 0.70
28
Roadside (Prague, V Holeovièkách street) 0.67
29
Roadside (Prague, V Holeovièkách street) 0.13
30
Roadside (Prague, V Holešovièkách street) 0.49
31
Roadside (Èeskoslovenské armády, Hostivice) 0.67
32
Roadside (Èeskoslovenské armády, Hostivice) 0.13
33
Roadside (Èeskoslovenské armády, Hostivice) 0.49
34
Roadside (Prague, Rozvadovská spojka street) 0.12
35
Roadside (Prague, Rozvadovská spojka street) 0.07
36
Roadside (Prague, Rozvadovská spojka street) 0.07
Explanations: No. 16  soils covered by Fallopia japonica,
Fallopia ×bohemica

Cr
2.5
2.8
8.6
32.7
30.8
31.7
16.8
10.1
2.0
3.8
5.1
7.2
9.1
8.1
15.5
29.6
14.2
18.7
59.8
32.7
22.2
36.0

Fe
740
920
2945
41075
38875
35140
9065
4655
1735
2105
1910
3625
4140
3220
6985
10625
9145
9529
47745
22080
21530
42640

33.7 43298
30.9 43895
42.4 41154
36.1 38521
32.0 35718
32.2 42331
31.0 36654
32.6 39738
32.2 42331
31.0 36654
32.6 39738
35.4 33763
30.2 34007
34.5 27197
No. 736 

Pb
12.8
7.0
15.1
54.6
43.6
41.9
54.2
29.0
5.8
7.9
9.6
16.6
26.6
104.7
203.0
29.2
43.6
64.4
110.8
54.3
50.2
39.7

Zn
10.5
38.2
54.5
372.9
328.0
109.2
1006.0
1875.0
36.2
47.9
60.5
79.4
87.3
90.9
145.3
733.0
343.0
431.0
2623.0
1354.0
1640.0
76.2

46.8
69.1
46.2
59.8
68.4 339.1
65.1 320.3
60.7 251.6
62.0 278.2
42.1
80.0
48.7 220.9
62.0 278.2
42.1
80.0
48.7 220.9
32.9
59.9
23.8
73.5
26.2
54.7
soils covered by
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2.2. Plants
Table 2. shows the content of Cd, Cr, Fe, Pb and Zn in different parts of
Fallopia japonica and Fallopia x bohemica. In the majority of plant samples
higher than natural metals content was found. Normal values for plants were
accepted: 0, 010, 30 µg·g-1 (mg· kg-1) for Cd, 405000 µg·g -1 for Fe, 0,053,0
µg·g-1 for Pb and 15100 µg·g -1 for Zn (Allen 1985). Statistically significant
differences were found between above and underground parts of plants
(Wst=11.30, d.f.=1, N=40, p=0.00078). In both species Cr, Cd, Fe Pb and Zn
were accumulated mainly in roots and rhizomes, but the concentration of metals
was significantly higher in underground parts of Fallopia japonica than in
the hybrid. There were no differences between species with metals content
in aboveground parts of the plant (Fig. 1).

Fig.1 Differences between the taxa with heavy metals concentration in under and
aboveground plant parts
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Table 2. Content of heavy metals in plants from Fallopia genus [mg·kg-1] collected
from Wroclaw and Prague
Species

Sampling area
Wroc³aw,
Tramwajowa street
(No. 3)

Metal
Cd
Fallopia japonica
Cr
Fe
Pb
Zn
Prague,
Cd
Dejvice street
Fallopia japonica
Cr
(No. 4)
Fe
Pb
Zn
Wroc³aw,
Cd
Fallopia x bohemica Paczkowska street
Cr
(No.19)
Fe
Pb
Zn
Prague,
Cd
Fallopia x bohemica Holeovièkách street
Cr
(No.25)
Fe
Pb
Zn

Aboveground
part of plants
6.69
1.20
224.50
5.00
60.00
0.04
0.62
227.00
0.70
44.30
2.22
1.40
235.50
3.84
53.90
0.10
1.00
404.00
0.60
48.80

Underground
part of plants
11.51
40.90
3814.00
27.35
143.10
0.70
10.00
1421.40
11.30
357.00
19.67
5.95
913.50
14.00
279.80
0.70
21.60
1896.80
16.30
246.30

3. Discussion
Japanese Knotweed was noted on metalliferous habitats in its native range
of distribution. Nishizono et al. (1989) reported Polygonum cuspidatum (Fallopia
japonica) from heavy metals (Cu, Zn and Cd) in polluted areas of Japan. The
investigation has shown that in the urban conditions of Wroclaw and Prague
Knotweed taxa spread on soils with higher than natural content of Cd, Fe, Pb
and Zn. Therefore, even soils rich in heavy metals can be susceptible to invasion by the Fallopia genus.
Higher plants are characterized by various abilities to distribute and accumulate heavy metals. They can concentrate toxic metals in roots and restrict
metal transfer into the aboveground parts (metal excluders), or they can gather
heavy metals in aboveground parts, particularly in leaves (metal accumulators). Some species are heavy metal indicators and accumulate metals in shoots
with the amount reflecting their content in soil (Punz, Sieghardt 1993; Memon
at al. 2001). Heavy metals accumulation (Cu, Cd and Zn) by Japanese Knotweed in its native area was studied by Nishizono et al. (1989). Plants from
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metalliferous and non-metalliferous habitats were compared. In both cases about
90% of metals were accumulated in roots. Furthermore, Kubota et al. (1988)
reported some Cu-binding proteins from the roots and rhizomes of Polygonum
cuspidatum (Fallopia japonica), which are probably involved in metal tolerance. The amount of these compounds increased with increasing metal content
in cytoplasm. In the presented study all metals were accumulated mainly in
roots and rhizomes, which limited their transport into aboveground (more sensitive) parts of the plant.
An increased concentration of Cd, Fe, Pb and Zn in soil stimulated their
increase in Knotweed taxa. Attention is paid to the relatively large amount of
chromium in all plant samples, while the content of Cr in soils was similar to
natural. The highest Cr level (40, 90 mg·kg-1 in the underground part and 1.20
mg· kg -1 in leaves) was measured in Fallopia japonica from Tramwajowa
Street (No. 3). The chromium uptake and plant translocation is usually low.
Allen (1989) reported the usual Cr concentration in plant material as 0.05
0.50 µg·g -1 (mg·kg -1). KabataPendias and Pendias (1993) noted that chromium from 5.020.0 ppm (mg·kg-1) is harmful for most plants. Comparing other
dates from the literature, the total chromium level may contain from 0.200.30
mg·kg-1 in Citrus sinensis to 10.2014.80 mg·kg-1 in Triticum spp. (Samantaray
at al. 1998). Qiu et al. 1999 reported that Polygonum hydropiperoides is a
good Cr accumulator (Mei et al. 2002). Only a few species were classified as
chromium hyperaccumulators, which accumulate high chromium quantity in
their aboveground parts.
Toxic metals from contaminated soils can be removed by means of
phytoextraction or phytoaccumulation without soil structure degradation (Ashraf
et al. 2010). During this process heavy metals are absorbed and accumulated
into the plant biomass. A plant useful as a soil cleaner should grow fast, accumulate metals and produce high biomass. Knotweed taxa metal uptake is discussed frequently in terms of using the species in a phytoremediation. For instance,
Sukopp and Starfinger (1995) reported that Reynoutria sachalinensis (Fallopia
sachalinensis) can accumulate heavy metals in leaves and stems and it has
been proposed for the decontamination of soils polluted with heavy metals.
The presented study shows the ability of heavy metals accumulation in Fallopia
japonica and its hybrid. Nevertheless, there are two strong arguments against
using Knotweed taxa as a soil cleaner. 1). Heavy metals should be accumulated into the aboveground parts of the plant that can be easily removed from
the soil, while the investigated plants collected them in the roots and rhizomes.
2). Members of the Fallopia genus are highly invasive and even a small piece
of rhizome can be a source of their invasion to new areas.

217

Heavy-metals-content-in-the-Fallopia-genus-in-Central-European-Cities

217

References
A DACHI N., T ERASHIMA I., T AKAHASHI M. 1996. Central die-back of monoclonal
stands of Reynoutria japonica in an early stage of primary succession on
Mount Fuji.  Ann. Bot. 77: 477486.
A SHRAF M., O ZTURK M., A HMAD M. S. A. 2010. Toxins and their phytoremediation.
 In: A SHRAF M., O ZTURK M., A HMAD M. S. A. (eds.), Plant Adaptation and
Phytoremediation.  Springer, Germany, p. 132.
A LLEN S. E. (eds.) 1989. Chemical analysis of ecological materials.  Blackwell
Scientific Publications, 368 pp.
B AILEY J. P. 2003. Japanese Knotweed s.l. at home and abroad.  In: C HILD L.,
B ROCK J. H., P RACH K., P YEK P., W ADE P. M., W ILLIAMSON M. (eds.), Plant
invasions - ecological threats and management solutions.  Backhuys, Leiden,
p. 183196.
B AILEY J. P., B ÍMOVÁ K., M ANDÁK B. 2007. The potential role of polyploidy and
hybridisation in the further evolution of the highly invasive Fallopia taxa
in Europe.  Ecol. Res. 22: 920928.
B EERLING D. J., B AILEY J. P., C ONOLLY A. P. 1994. Fallopia japonica (Houtt.)
Ronse Decraene (Reynoutria japonica Houtt.; Polygonum cuspidatum Sieb.
and Zucc.).  J. Ecol. 82: 959979.
BÍMOVÁ K., MANDÁK B., PYEK P. 2003. Experimental study of vegetative regeneration
in four invasive Reynoutria taxa (Polygonaceae).  Plant Ecol. 166: 111.
B ROCK J. H., C HILD L. E., W AAL L. C., W ADE M. 1995. The invasive nature of
Fallopia japonica is enhanced by vegetative regeneration from stem tissues.
 In: P YEK P., P RACH K., R EYMÁNEK M., W ADE M. (eds.), Plant invasion:
general aspects and special problems.  SPB Academic, Publishing, Amsterdam,
The Netherlands, p. 131139.
E RNST W. H. O. 2006. Evolution of metal tolerance in higher plants.  For. Snow
Landsc. Res. 80(3): 251274.
HALL J. L. 2002. Cellular mechanisms for heavy metal detoxification and tolerance.
 J. Exp. Bot. 53: 111.
K ABATA -P ENDIAS A., P ENDIAS H. 1993. Biochemia pierwiastków ladowych.  Wyd.
Nauk. PWN, Warszawa, 363 pp.
K UBOTA K., N ISHIZONO H., S HIYUO S., I SHII F. 1988. Cooper-Binding proteins in
root cytoplasm of Polygonum cuspidatum growing in a metalliferous habitat.
 Plant Cell Physiol. 29(6): 10291033.
M ANDÁK B., P YEK P., B ÍMOVÁ K. 2004. History of the invasion and distribution
of Reynoutria taxa in the Czech Republic: a hybrid spreading faster than its
parents.  Preslia 76: 1564.
M ANDÁK B., B ÍMOVÁ K., P YEK P., M ANDÁK B., B IMOVÁ K., P YEK P.,  TÌPÁNEK J.,
P LAÈKOVÁ I. 2005. Isoenzyme diversity in Reynoutria (Polygonaceae) taxa:
escape from sterility by hybridization.  Plant Syst. Evol. 253: 219230.

218

Justyna-So³tysiak-et-al.

218

M ARIKO S., K OIZUMI H., S UYUKI J., F URUKAWA A. 1993. Altitudinal variation in
germination and growth responses of Reynoutria japonica populations on
Mt. Fuji to a controlled thermal environment.  Ecol. Res. 8: 2734.
M EI B., P URYEAR J. D., N EWTON R. J. 2002. Assessment of Cr tolerance and
accumulation in selected plant species.  Plant Soil 247: 223231.
M EMON A. R., A KTOPRAKLGIL D., Ö YDEMIR A.,V ERTII A. 2001. Heavy metal
Accumulation and Detoxification Mechanisms in Plants.  Turk. J. Bot. 25:
111121.
N ISHIZONO H., K UBOTA K., S UZUKI S., I SHII F. 1989. Accumulation of heavy metals
in cell walls of Polygonum cuspidatum roots from metalliferous habitats. 
Plant Cell Physiol. 30 (4): 595598.
P UNZ W. F., S IEGHARD H. 1993. The response of roots of herbaceous plant
species to heavy metals.  Environ. Exp. Bot. 33 (1): 8598.
RICHARDS C H. L., W ALLS R. L., B AILEY J. P., P ARAMESWARAN R., G EORGE T., PIGLIUCCI
M. 2008. Plasticity in salt tolerance traits allows for invasion of novel habitat
by Japanese knotweed s. l. (Fallopia japonica and F. x bohemica, Polygonaceae).
 Am. J. Bot. 95: 931942.
S AMANTARAY S., R OUT G. R., D AS P. 1998. Role of chromium on plant growth and
metabolism.  Acta Physiol. Plant. 20 (2): 201212.
S KOPP H., S TARFINGER U. 1995. Reynoutria sachalinensis in Europe and in the Far
East: A comparison of the species ecology in its native and adventives
distribution range.  In: P YEK P., P RACH K., R EYMÁNEK M., W ADE M. (eds),
Plant invasion: general aspects and special problems.  SPB Academic,
Publishing, Amsterdam, The Netherlands, p. 151159.
Y ANG R U -Y I , T ANG J IAN -J UN , Y ANG Y I -S ONG , C HEN X IN . 2007. Invasive and noninvasive plants differ in response to soil heavy metal lead contamination. 
Bot. Stud. 48: 453458.

Streszczenie
Celem powy¿szych badañ by³a ocena akumulacji metali ciê¿kich: Cd, Cr, Fe, Pb
i Zn przez inwazyjne gatunki z rodzaju Fallopia (Fallopia japonica i Fallopia
×bohemica). Materia³ badawczy pobrano ze stanowisk rdestowców zlokalizowanych
na terenie dwóch aglomeracji: Wroc³awia i Pragi. Zawartoæ metali ciê¿kich okrelono
w próbach glebowych, a nastêpnie w nadziemnych i podziemnych czêciach wybranych
rolin. W analizowanych glebach wykazano wy¿sz¹ w porównaniu z naturaln¹ zawartoæ
kadmu, ¿elaza, o³owiu i cynku oraz zbli¿on¹ do naturalnej koncentracjê chromu.
G³ównymi organami akumuluj¹cymi toksyczne pierwiastki by³y korzenie i k³¹cza
rdestowców. Stê¿enie metali ciê¿kich w podziemnych organach Fallopia japonica
by³o znacznie wy¿sze ni¿ w Fallopia ×bohemica. Sporód badanych metali na
szczególn¹ uwagê zas³uguje chrom. Pomimo i¿, poziom Cr w materiale glebowym nie
przekracza³ zawartoci naturalnej, roliny zgromadzi³y znaczne jego iloci.

