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Abstract

The effect of shoot cutting was tested on cadmium, lead and zinc concentration in leaves and capitula of Erigeron annuus, an
invasive species, which is considered as a potential phytoremediator. Plant material and soil were collected in the city center
of Krakéw, southern Poland, considered as one of the most contaminated cities in Europe. We proved that the concentration
of zinc in leaves and capitula was higher after regrowth, concentration of cadmium was lower in capitula than in leaves, and
the average value of bio-concentration factor for zinc and cadmium was less than 1, whereas for lead it was greater than 1
in both plant organs. Our results suggested that E. annuus can be potentially used for phytoremediation of lead and cutting
the shoots can promote effectiveness of zinc removal from the contaminated soil.
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Negative effects of plant invasion such as reduction of native
biodiversity, hybridization with native congeners and high
costs of controlling of invader populations have been well
documented woorldwide (Powell et al. 2011; Vila et al.
2011). However, there are numerous findings that some
invasive alien plants can facilitate native species (Rodriguez
2006). Alien plants can be useful in ecosystem restoration,
especially when native species are locally absent or extinct,
or because the alien plants are more effective (Ewel and
Putz 2004; Trueman and Erber 2013; Pandey et al. 2015a,
b). Revegetation of degraded areas is crucial for maintain-
ing ecological services and sustaining ecosystem functions
(Pandey 2012).

Invasive plants can also be used in phytoremediation of
heavy metals in polluted and environmentally devastated
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areas (Dissanayake et al. 2002; Pandey 2012, 2016; Fu et al.
2017). Erigeron annuus (L.) Desf. (Asteraceae), an annual,
biennial or short-lived perennial plant, is native to eastern
North America (Stratton 1991). It has been widely natural-
ized in Central America, Europe, Asia and Oceania (Randall
2017; Pliszko et al. 2017) and classified as invasive in many
European countries (Randall 2017; Sennikov and Kurtto
2019). It is usually found in anthropogenic habitats such
as abandoned fields, roadsides, railway embankments and
waste ruderal ground (Stratton 1991), showing a high toler-
ance to disturbance and soil pollution (Liu et al. 2008; Li
et al. 2011). According to Mucina (1997), it is a diagnostic
species of ruderal communities of temperate and Mediter-
ranean regions of the class Artemisietea vulgaris.

Erigeron annuus can be potentially used in phytoremedia-
tion (Yang et al. 2014; Fu et al. 2016). Phytoremediators are
demanded to be characterized by plenteous biomass (Pandey
et al. 2015a, b), which is not a case of E. annuus. How-
ever, after shoot cutting the organs can regenerate within
few weeks, which can increase whole-year biomass produc-
tion and therefore amount of heavy metal retrieved from the
soil. Interestingly, Qi et al. (2019) observed that moderate
mowing height (stubble height of 15 cm) greatly influenced
the plant growth and achieved a significant biomass harvest,
thereby resulting in higher uranium uptake in Lolium mul-
tiflorum Lam. and L. perenne L. This phenomenon can be
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essential for metal-contaminated urban areas, where lawn
and grasses are mowed few times per year.

In our study we aimed to check effect of shoot cutting
on metal concentration in E. annuus and therefore, effec-
tiveness of that species for phytoremediation. We expected
that metal concentration in regenerated organs will be at
least on similar level as before shoot cutting or even higher.
We were also intrigued how metals are distributed between
plant vegetative and generative organs. Mohsenzadeh et al.
(2011) showed that the excessive amounts of heavy metals
negatively affect plant growth and development, including
the development of the ovules and embryos. Musieliriska
et al. (2016) showed the lower concentration of zinc in flow-
ers than in leaves of the closely related E. ramosus (Walters)
Britton, Sterns & Poggenb., as well as in many other spe-
cies from the family of Asteraceae. Also Wei et al. (2009)
showed lower concentration of cadmium in the inflores-
cences than in the leaves in E. canadensis L. Given this, we
tested the hypothesis that the concentration of metals in the
capitula of E. annuus is lower than that in its leaves, regard-
less of the regrowth of the shoots after the cutting.

Material and Methods

The study was conducted in 2016, in Krakéw, the second
largest city in Poland, where the average annual air tempera-
ture is 9.3°C and the average annual precipitation is 730 mm
in the city center (Matuszko and Piotrowicz 2015). Krakéw
is considered to be one of the most contaminated cities in
Europe (Btoniska et al. 2016). The study was based on data
from one population of Erigeron annuus s. str. dispersed
on an area of about 500 m2. The population occurred on
a waste ruderal ground, among railway embankments and
busy streets, in the city center (GPS coordinates: 50° 04,053’
N and 19° 58,561’ E; altitude 202 m a.s.1.). Taxonomic treat-
ment of the species followed Sennikov and Kurtto (2019).
On June 19, 10 flowering individuals of E. annuus were
randomly selected and marked with plastic labels from 1 to
10. Next, all the shoots of each individual were cut off at a
height of 5 cm from the ground level and collected for fur-
ther investigation. After the regrowth (58 days later), at the
stage of flowering, the shoots of each individual were col-
lected once again In the laboratory, the collected shoots of
E. annuus were washed using distilled water to remove the
dust from their surfaces. Next, living and undamaged leaves
and capitula were separated from each plant separately and
prefatory air-dried at room temperature.

During second plant sampling, the soil samples were col-
lected from the plant’s rhizosphere, under each individual
separately (about 300 g). The soil dry weight (DW) was
determined after drying the soil samples at 105°C for 24 h.
The soil pH was measured potentiometrically in water and

in 1 M KCl solution (1:10 w/v). The C and N contents were
analysed using a CHNS analyser (Vario EL III, Elementar
Analysensysteme GmbH). The total element (Ca, K, Mg,
Na, and P) in each soil sample were determined after wet
digestion of 0.5 g of DW in 10 ml of SupraPure-concentrated
HNO; and HCIO, (7:1 v/v) (Sigma-Aldrich). Also plant
organs, leaves and capitula were subjected to wet diges-
tion and heavy metals (Zn, Cd and Pb) concentrations were
measured both in soil and plant organs. The concentrations
of the metals in the digests were measured using atomic
absorption spectrometry (AAS) with a flame or graphite
furnace nebuliser (Perkin-Elmer), and the P concentration
was measured on a flow-injection analyser (FIA compact,
MLE). The accuracy of the mineralisation process was
assessed using blank samples and samples of standard cer-
tified materials (CRM048-050, Sandy Loam 8, RT Corp. and
SRM 157a Pine Needles).

Bio-concentration factor (BF) for plant organs for Zn, Cd
or Pb was calculated as follows: BF=Cp/Cs, where Cp is
the metal concentration in plant organ (capitula or leaves),
and Cs is the heavy metal concentration in the corresponding
rhizosphere soil (Yang et al. 2014). Plants reaching the value
of the bio-concentration factor less than 1 are considered to
be unsuitable for use in phytoremediation application (Fitz
and Wenzel 2002). BF was calculated for plant organs col-
lected after shoot regrowth.

Normal distribution in data was tested using the Shap-
iro—Wilk test, while homogeneity of variance was tested
using the Levene test at the significance level of p <0.05.
As the values in majority of groups were not consistent with
normal distribution and the variance was not homogenous,
the analysis was based on the non-parametric tests. The Wil-
coxon matched-pairs test was used to check for the differ-
ences Zn, Cd and Pb concentrations as well as for BF in the
capitula and leaves of individual plants, separately for plant
organs collected before cutting and after shoot regrowth.
Analyses were conducted using PAST 2.17c software (Natu-
ral History Museum, University of Oslo, Norway).

Results and Discussion

The soil samples showed an alkaline pH and low content of
the biogenic elements, except for Ca (Table 1). A relatively
high content of Ca and Mg might resulted from the bedrock
rich in alkaline minerals, as Krakéw city is located on the
Polish Jurassic Highland, geological structure composed
of jurassic limestones and dolomites. However, industrial
areas substrate may contain elements deposited from dif-
ferent sources, e.g. construction materials. Soils collected
in our study were characterized by a high concentration of
zinc (on average 1448 mg kg~! DW). This value exceed sev-
eral times soil Zn concentration accepted for urbanized areas
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Table 1 Mean values, standard deviations and minimal and maximal
values for physical and chemical properties of studied soils (n=10)

Soil property Unit Data set values

Mean SD Min Max

pH in water 8.37 009 821 848
pH in KCI 8.17 0.13 794 834
C % DW 3.77 211 179  7.87
N % DW 0.18 008 009 032
P % DW 0.56 0.10 036  0.67
S % DW 0.05 0.03 001  0.09
Ca % DW 2.96 099 124 452
K % DW 0.30 008 022 047
Mg % DW 0.60 026 023 120
Na % DW 0.03 001 002 004
Zn mgkg ! DW 1448 842 226 3161
cd mgkg ! DW 224 1.16  0.64  3.87
Pb mgkg”' DW  0.12 006 001 025

in Poland, that is 300 mg Zn kg~! soil DW and slightly a
value accepted for transportation zones, that is 1000 mg Zn
kg~! soil DW (Regulation of the Ministry of Environment,
Dz.U. 2002 nr 165 poz. 1359). The soil Zn concentration
were much higher than values measured by Ciarkowska
et al (2019) in urban area of Krakéw, which do not exceed
200 mg Zn kg~! DW. Moreover, that author give several
examples of cities with comparable soil Zn content (see
Ciarkowska et al. 2019). Therefore, high concentration of
soil Zn observed in our study suggest that traffic was a local
source of contamination.

Soils of areas strongly transformed by human activity
are critical environment for many plant species (JaZwa et al.
2016). Heavy metals are long-term pollutants, as once incor-
porated into the soil they remain for very long periods, up
to thousands of years (Kabata-Pendias and Pendias 2001).

Metal toxicity for organisms depends not only on its total
concentration in soil, but also on its biological availability.
High soil pH prevent for metal mobility because of reduced
solubility of metal salts (Caporale and Violante 2016). In our
study we found high soil pH, therefore metal availability for
plants was possibly low.

Toxic substance (metal) distribution in plant organs
may reflect the hazard for reproduction. Metal content was
expected to be lower in capitula than in leaves. In a cur-
rent study, we showed no difference in zinc concentration
between capitula and leaves of E. annuus, but cadmium con-
centration was lower in capitula than in leaves (Table 2). In
case of lead, its concentration was lower in capitula than
in leaves only after shoot cutting and regrowth (Table 2).
Therefore, our hypothesis cannot be fully accepted. Zinc
belongs to essential elements, which means that some
amounts of this element are necessary for a proper func-
tioning of organisms. Simultaneously, zinc toxicity is mod-
erate, and its increased concentrations are relatively well
tolerated by living organisms. In a current study we did not
measure metal concentration in seeds, which may provide
additional evidence for zinc tolerance by E. annuus. Cad-
mium is known to be more toxic for organisms than zinc
(Welp 1999). The lower cadmium concentration in the inflo-
rescences than in the leaves was found also in E. rigeron
canadensis (Wei et al. 2009).

Metal concentration in plants was higher after regrowth
of the shoots comparing to before cutting or was observed
to be on a similar level (Table 2). Only zinc concentration
was higher for both capitula and leaves after shoot regrowth
comparing initial Zn concentration (Table 2). Higher metal
concentration in regrowth plants can be explained by the
fact that cutting promotes plant compensatory growth and
thereby it strengthens the ability of metal removal (Qi et al.
2019). In our experiment, the plants were cut off at the
height of 5 cm from the ground level. Presumably, using

Table 2 The mean content and standard deviations (in parenthesis) for the Zn, Cd and Pb content (mg kg™! soil DW) in the capitula and leaves

of Erigeron annuus, collected before and after the regrowth of the shoots

Plant organs (these same plant individual)

Capitula Leaves Difference between capit-
ula and leaves (p value)
Zn Cd Pb Zn Cd Pb Zn Cd Pb
mg kg™! soil DW
Shoot cutting
Before 78 (7) 0.06 (0.04) 0.20 (0.11) 78 (18) 0.16 (0.08) 0.34 (0.17) 0.878 0.005 0.093
After 120 (30) 0.09 (0.04) 0.21 (0.12) 166 (102) 0.26 (0.13) 0.56 (0.31) 0.114 0.005 0.022
Difference between ~ 0.011 0.042 0.374 0.007 0.093 0.017

cutting (p value)

Results of Wilcoxon-matched test were presented; p values for comparisons between selected data sets. Significant differences between groups

(p<0.05) were given with bolded font
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Table 3 The mean and standard
deviations (in parenthesis)

Plant organs (these same plant individual)

for the BF for Zn, Cd and Pb Capitula Leaves Difference between
content in the capitula and capitula and leaves (p
leaves of Erigeron annuus, value)
collected before and after the

BF Zn BF Cd BF Pb BF Zn BF Cd BF Pb BFZn BFCd BFPb

regrowth of the shoots

0.13(0.11) 0.06 (0.07) 3.01 (3.89)

0.21(0.24) 0.16(0.12) 8.57(10.34) 0.173  0.005 0.017

Results of Wilcoxon-matched test were presented; p values for comparisons between selected data sets.
Significant differences between groups (p <0.05) were given with bolded font

other cutting height (e.g. stubble height of 15 cm) we could
get a higher concentration of heavy metals in leaves and
capitula of E. annuus after regrowth as it was revealed by Qi
et al. (2019) in Lolium multiflorum and L. perenne.

Metal concentration in plants is showed to be related to
metal concentration in soil/substrate. For example, Xiong
et al. (2013) found positive correlation between the con-
centration of cadmium in substrate and in the aboveground
plant organs in E. breviscapus (Vaniot) Hanz—Mazz. Bio-
concentration factor (BF) reflects not only metal concentra-
tion in soil, but also plant tendency to accumulate of metal.
In our study, the average value of BF for zinc and cadmium
was less than 1, whereas for lead it was greater than 1 in both
plant organs (Table 3). This might suggest that E. annuus
is a phytoremediatior for lead, but not for zinc or cadmium.

Interestingly, Yang et al. (2014) and Fu et al. (2016) con-
sidered E. annuus as a potential phytoremediator for metal
and metalloid contaminated soils due to its ability of lead
and antimony accumulation. Menzies et al. (2007) argued
that lead is a hardly mobile element and it accumulates
mainly in the plant roots, whereas the mobility of zinc and
especially cadmium is higher and both metals are easily
transferred from the roots to the aboveground parts of the
plants. Moreover, it is worth mentioning that E. canadensis
presented the substantial value of BF factor for cadmium
(Murariu et al. 2007) and zinc (Vukojevic et al. 2016) com-
paring to other metals. Considering the results presented in
this study, we can draw a conclusion that further investiga-
tions are needed to establish the potential of E. annuus for
phytoremediation.

Acknowledgements The research leading to these results has received
funding from the Faculty of Biology of the Jagiellonian University
(DSC Funds for Young Scientists DS/MND/WBiNoZ/IB/2/2016 and
the subsidy WBiNoZ/INoS/DS758).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Btonska E, Lasota J, Szuszkiewicz M, Lukasik A, Klamerus-Iwan
A (2016) Assessment of forest soil contamination in Krakow
surroundings in relation to the type of stand. Environ Earth Sci
75:1205-1220

Caporale AG, Violante A (2016) Chemical processes affecting the
mobility of heavy metals and metalloids in soil environments.
Curr Pollut Rep 2:15-27

Ciarkowska K, Gambus F, Antonkiewicz J, Koliopoulos T (2019)
Polycyclic aromatic hydrocarbon and heavy metal contents in the
urban soils in southern Poland. Chemosphere 229:214-226

Dissanayake US, Tennakoon KU, Priyantha N (2002) Potential of
two invasive plant species, Lantana camara L. and Wedelia tri-
lobata L., for selective heavy metal uptake. Ceylon J Sci (Bio
Sci) 29:1-11

Ewel JJ, Putz FE (2004) A place for alien species in ecosystem restora-
tion. Front Ecol Environ 2:354-360

Fitz WJ, Wenzel WW (2002) Arsenic transformations in the soil-rhizo-
sphere-plant system: fundamentals and potential application to
phytoremediation. J Biotech 99:259-278

Fu S, Wei CY, Li LH (2016) Characterizing the accumulation of vari-
ous heavy metals in native plants growing around an old antimony
mine. Hum Ecol Risk Asses 22:882-898

Fu W, Huang K, Cai H-H, Li J, Zhai D-L, Dai Z-C, Du D-L (2017)
Exploring the potential of naturalized plants for phytoremediation
of heavy metal contamination. Int J Env Res 11:515-521

Jazwa M, Heise W, Klimek B (2016) Substrate factors determine road-
side vegetation structure and species richness: a case study along
a meridional gradient in Fennoscandia. Bull Environ Contam
Toxicol 7:554-560

Kabata-Pendias A, Pendias H (2001) Trace elements in soils and plants.
CRC Press, Boca Raton

Li JM, Jin ZX, Gu QP (2011) Effect of plant species on the func-
tion and structure of the bacterial community in the rhizosphere
of lead-zinc mine tailings in Zhejiang, China. Can J Microbiol
57:569-577

Liu JX, Peng SJ, Faivre-vuillin B, Xu ZH, Zhang DQ, Zhou GY (2008)
Erigeron annuus (L.) Pers., as a green manure for ameliorating
soil exposed to acid rain in Southern China. J Soils Sed 8:452-460

Matuszko D, Piotrowicz K (2015) Cechy klimatu miasta a klimat Kra-
kowa. In: Trzepacz P, Wigctaw-Michniewska J, Brzosko-Sermak
A, Koto$ A (eds) Miasto w badaniach geograféw, vol 1. IGIGP
UJ, Krakow, pp 221-241

@ Springer


http://creativecommons.org/licenses/by/4.0/

672

Bulletin of Environmental Contamination and Toxicology (2020) 104:668-672

Menzies NW, Donn MJ, Kopittke PM (2007) Evaluation of extractants
for estimation of the phytoavailable trace metals in soils. Environ
Pollut 145:121-130

Mohsenzadeh F, Chehregani A, Yousefi N (2011) Effects of the heavy
metals on the developmental stages of ovule, pollen, and root
proteins in Reseda lutea L. (Resedaceae). Biol Trace Elem Res
143:1777-1788

Mucina L (1997) Conspectus of classes of European vegetation. Folia
Geobot Phytotax 32:117-172

Murariu A, Stratu A, Costicd N, Secu CM, Réscanu D (2007)
Researches concerning the impact pollution with heavy metals of
the soil and vegetation on the area of domestic wastes deposit at
Tomesti — Iasi. Analele stiintifice ale Universitatii “Al. I. Cuza”
Tasi. Biologie vegetald 53:85-92

Musieliniska R, Kowol J, Kwapuliriski J, Rochel R (2016) Antagonism
between lead and zinc ions in plants. Arch Env Prot 42:78-91

Pandey VC (2012) Invasive species based efficient green technology for
phytoremediation of fly ash deposits. J Geochem Expl 123:13-18

Pandey VC, Pandey DN, Singh N (2015a) Sustainable phytoreme-
diation based on naturally colonizing and economically valuable
plants. J Cleaner Prod 86:37-39

Pandey VC, Bajpai O, Pandey DN, Singh N (2015b) Saccharum spon-
taneum: an underutilized tall grass for revegetation and restoration
programs. Genet Resour Crop Evol 62:443-450

Pandey VC (2016) Phytoremediation efficiency of Eichhornia crassipes
in fly ash pond. Int J Phytoremed 18:450-452

Pliszko A, Nobis M, Nowak A (2017) Erigeron annuus (L.) Desf.
(Asteraceae). pp. 25-26. In: Nobis M et al. Contribution to the
flora of Asian and European countries: new national and regional
vascular plant records, 6. Bot Lett 164:23—45

Powell KI, Chase JM, Knight TM (2011) A synthesis of plant invasion
effects on biodiversity across spatial scales. Am J Bot 98:539-548

Qi X, Hao X, Chen X, Xiao S, Chen S, Luo X, Wang S, Tian WD,
Tang Y (2019) Integrated phytoremediation system for uranium-
contaminated soils by adding a plant growth promoting bacterial
mixture and mowing grass. J Soil Sediment 19:1799-1808

Randall RP (2017) A global compendium of weeds. 3rd edition. Perth,
Western Australia, R. P. Randall, 3654 pp

Regulation of the Minister of Environment of 9 September 2002 on
soil quality standards and earth quality standards. Dz.U. 2002 nr
165 poz. 1359 (in Polish)

@ Springer

Rodriguez LF (2006) Can invasive species facilitate native species?
Evidence of how, when, and why these impacts occur. Biol Inva-
sion 8:927-939

Sennikov AN, Kurtto A (2019) The taxonomy and invasion status
assessment of Erigeron annuus s.l. (Asteraceae) in East Fennos-
candia. Mem Soc Fauna Flora Fenn 95:40-59

Stratton DA (1991) Life history variation within populations of an asex-
ual plant, Erigeron annuus (Asteraceae). Am J Bot 78:723-728

Trueman RJ, Erber L (2013) Invasive species may offer advanced
phytoremediation of endocrine disrupting chemicals in aquatic
ecosystems. Emir J Food Agric 25:648-656

Vila M, Espinar JL, Hejda M, Hulme PE, Jaro$ik V, Maron JL, Pergl J,
Schaffner U, Sun Y, PySek P (2011) Ecological impacts of inva-
sive alien plants: a meta-analysis of their effects on species, com-
munities and ecosystems. Ecol Lett 14:702-708

Vukojevi¢ V, Trifkovi¢ J, Krgovi¢ R, Milojkovi¢-Opsenica D, Markovi¢
M, Amaizah NRR, Muti¢ J (2016) Uptake of metals and metal-
loids by Conyza canadensis L. from Athermoelectric power plant
landfill. Arch Boil Sci 68:829-835

Wei SH, Zhou QX, Saha UK, Xiao H, Hu YH, Ren LP, Ping G (2009)
Identification of a Cd accumulator Conyza canadensis. J Hazard
Mat 163:32-35

Welp G (1999) Inhibitory effects of the total and water-soluble concen-
trations of nine different metals on the dehydrogenase activity of
a loess soil. Biol Fertil Soils 30:132-139

Xiong HB, Chen MCh, Xiang X, Chen MSC, Chen YCh, Li Y (2013)
Absorption and distribution of heavy metal in Erigeron brevis-
capus (Vant) Hand-Mazz. Appl Mech Mater 295-298:2364-2370

Yang WH, Li H, Zhang TX, Sen L, Ni WH (2014) Classification and
identification of metal-accumulating plant species by cluster
analysis. Environ Sci Pollut Res 21:10626—-10637

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Effect of Shoot Cutting on Trace Metal Concentration in Leaves and Capitula of Potential Phytoaccumulator, Invasive Erigeron annuus (Asteraceae)
	Abstract
	Material and Methods
	Results and Discussion
	Acknowledgements 
	References




