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Abstract: The phytoremediation potential of two plants Linum usitatissimum (flax) and Callistephus Chinensis 
(China aster) was evaluated for their ability to accumulate copper in contaminated soil substrate under 
laboratory conditions. The results showed that the total amount of copper was accumulated significantly more 
in L. usitatissimum than C. Chinensis. The maximum highest accumulation of copper in L. usitatissimum was 
found of 280 mg kg-1 at copper concentration 2520 mg kg-1 in soil substrate.  In both plants, the roots 
accumulated primarily higher amounts of copper compared to the amount translocated in the shoots. 
Phytoremediation research also includes the assessment of copper toxicity and stress caused in plants. The 
physiological parameters can be used to assess copper-induced stress such as germination and biomass 
production. Low toxicity symptoms in L. usitatissimum are indicated as an increase in biomass production in 
relation to increasing copper concentration along with low sensitivity in seed germination. The toxic effects of 
copper in C. Chinensis include the inhibition of germination as well as the reduction of biomass production at 
increasing copper concentrations in soil substrate. Our results indicate that the mixed culture of L. 
usitatissimum and C. Chinensis can be considered effective for the phytostabilization of copper from 
contaminated soil with low copper concentration. 
 
Key-Words: phytoremediation, Linum usitatissimum, Callistephus Chinensis, copper, germination, 
biomass production 

 

1 Introduction 
Nowadays, contamination of soil with heavy and 
trace metals from the industrial activities is one of 
the most serious environmental problems [1, 2, 3]. 
Because of the potential toxicity and high 
persistence of the metals, the cleaning of 
contaminated soils is one of the most difficult tasks 
for environmental engineers [2, 4]. Among heavy 
metals, copper is an important engineering material, 
but it is considered to be one of the first known 
potentially toxic elements [5]. Higher copper 
concentration in the environment is not only the 
result of its increased use in industrial activities such 
as mining and smelting, but also of its use as a 

pesticide and its presence in sewage sludge 
treatment [2, 6]. Copper contamination is regarded a 
harmful to human health and the environment due to 
its nonbiodegradability, biomagnification potential 
and persistence in the environment [5,7]. Various 
physico-chemical methods have been used to reduce 
the concentration of available copper  in soil, such 
as chemical precipitation, electrokinetic 
remediation, oxidation/reduction and 
immobilization [8]. One of perspective methods in 
copper contaminated soil treatment includes in situ 
remediation technology phytoremediation. 
Phytoremediation could be a great alternative to 
chemical or mechanical methods for cleaning of 
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copper contamination. Phytoremediation has been 
defined as the use of green plants and their 
associated rhizospheric microorganisms, soil 
amendments, and agronomic techniques to remove, 
degrade, or detoxify harmful environmental 
pollutants [2, 8, 10]. Selection of appropriate plant 
species is an important in phytoremediation of metal 
contaminated soils. Phytoextraction technologies 
require plants that combine high metal uptake and 
high roots to shoot transport of these metals with 
high biomass [11]. Some plants have a natural 
ability to hyperaccumulate specific heavy metals. 
These plants are known as natural 
hyperaccumulators. van der Ent et al. [12]  proposed 
that the criteria for hyperaccumulation of these 
metals were reduced. They recommend the 
following concentration criterion for copper in a 
dried leaf with plants growing in their natural 
environment: 300 mg kg-1 for copper. In general, the 
hyperaccumulators achieve a 100-fold higher 
concentration of the shoot metal (without reducing 
the yield) compared to a conventional non-
accumulator plants [13]. Copper is essential mineral 
nutrient for plant growth and development at low 
concentrations, which plays key roles in 
photosynthetic and respiratory electron transport 
chains, even in ethylene sensing, cell wall 
metabolism and oxidative stress protection. 
However, excessive quantities of copper can lead to 
phytotoxicity such as leaf chlorosis and growth 
inhibition [14, 15]. Two plants, Linum usitatissimum 
(flax) and Callistephus chinensis (China aster) were 
chosen for experimental work. The possibility of 
using Linum usitatissimum [16, 17] and garden 
ornamental and flowering plants, like Callistephus 
chinensis [18] in phytoremediation has been 
reported by several authors.  

The purpose of our study was to apply 
phytoremediation under the laboratory conditions 
for the removal of copper from contaminated 
substrate by using selected plants; to examine the 
effect of different concentrations of copper on the 
sensitivity of the seed germination and biomass 
production and to evaluate copper phytoremediation 
potential of L. usitatissimum and C. chinensis in 
copper contaminated soils. 

 
 

2 Materials and Methods 
2.1  Experimental set-up 
The pot experiment in the laboratory was carried out 
from half of May until the beginning of September 
 and lasted for 120 days. Linum usitatissimum 
(variety Merkur) and Callistephus chinensis seeds 

were germinated and grown under the laboratory 
conditions in plastic pots (four seeds of L. 
usitatissimum and four seeds of C. chinensis per 
each pot) filled with organic soil substrate. Organic 
soil substrate used for plants was produced in 
Slovakia with the trade name Florcom, garden soil 
substrate. The main constituents were white 
sphagnum peat and black sphagnum peat blended 
with the nutrients. Substrate pH (H2O) was 5.5-7.0, 
electrical conductivity 0.8 mS cm-1, humidity max. 
65%. The content of background elements in 
substrate (e.g. Cd, Pb, Hg, As, Cr, Cu, Ni, Zn) was 
bellow limits for agricultural soil. Each pot was 
filled with the same amount of soil substrate. After 
seed germination only two plants of L. 
usitatissimum and two plants of C. chinensis were 
kept in each pot for the experiments (other plants 
were removed). Plants were watered two times per 
week with tap water (or more if it was necessary). 
Approximately 200 ml of water was added into each 
pot carefully not to overflow from the pots.  

At the beginning of the experimental phase 
plants were divided into six groups; 2 pots per each 
group. The first group was a control group with 
uncontaminated soil substrate, the soil substrate in 
the second group was contaminated with the same 
amount of copper as was determined by the study of 
the Regional Office of the Public Health in 
agricultural soil in village Geča, near Košice in 
Eastern Slovakia. The monitoring and 
biomonitoring research was oriented on the study of 
the influence of the Incineration plant in Košice on 
the environment and the health of people living in 
neighbour villages [19]. In the third group soil 
substrate was contaminated with 2.5 times higher 
concentration than content of copper in the second 
group. Treatment of the second and third group is 
named Lab-low. The fourth, fifth and sixth groups 
were contaminated with 5, 10 and 21 times higher 
concentrations of copper, respectively, than was 
found in agricultural soil in village Geča  and named 
Lab-high. Aqueous solutions of CuSO4.5H2O were 
separately added into each pot in concentrations of 
Cu2+ listed in Table 1 calculated per dry weight of 
the soil in one dose on the first day of the 
experiment. At the end of the experiment (after 120 
days) plants were harvested, washed with distilled 
water, oven dried, weighted and analysed for metal 
content.  
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Table 1. The concentration of Cu2+ added into the 
experimental soil substrates 

Concentration 
of Cu2+ 

(mg kg-1) 

Sample 

Linum 
usitatissimum 

Callistephus 
chinensis 

L
ab

-
lo

w
 0 L1 C1 

120 L2 C2 
300 L3 C3 

L
ab

-
hi

gh
 600 L4 C4 

1200 L5 C5 
2520 L6 C6 

Limit: The law NR SR n. 220/2004 Statutes at Large: 
About preservation and using of agricultural land [20] 

  
 

2.2  Metal content analyses in plant tissues 
Plant material for the metal content measurements 
by AAS spectroscopy  was prepared according tothe 
modified method of Soon [21]. 0.5 g of powdered 
plant tissue was ashed in the muffle furnace for 4.5 
hours at 600°C. Ash was dissolved in 10 ml of 2M 
HNO3 solution, consequently was filtered and 
diluted with distilled water to 50 ml. Samples were 
stored in the refrigerator until measurements. The 
copper concentrations were carried out by AAS 
flame technique using the Perkin- Elmer Model 
3100. 
 
 
2.3 Measurements of physiological parameters  
2.3.1 Determination of seed germination  
Standard seed germination test according to the 
protocol of Slovak standard method [22] was carried 
out. The seeds were placed on two layers of the 
filter paper in glass Petri dishes. 100 seeds of L. 
usitatissimum and 30 seeds of C. chinensis were 
placed in Petri dishes containing CuSO4.5H2O 
solution. The concentration of copper was the same 
as used at the Lab-low and Lab-high treatments. The 
control set of Petri dishes filled only with distilled 
water was used. Petri dishes with the seeds of L. 
usitatissimum and C. chinensis were maintained for 
7 days at temperature 23-25°C and humidity 60-
70%. Only daylight was used for illuminating. 
Seeds were considered as germinated when the 
shoots were longer than 2 mm. 
 
 
2.3.2 Biomass production measurement 
Plants were grown at room temperature (23-25 °C), 
with a14/10day/night photoperiod. At the end of the 
experiment all plants were excavated from all the 
sets of treatments, partitioned into shoots and roots, 
carefully washed with distilled water and fresh weight 

was determined. The plant material was oven dried 
at 80°C until no weight change was observed any 
more (for 24 h), in order to determine biomass dry 
weight (g plant−1) of each plant part.  
 
 

3 Results and discussion 
3.1 Copper accumulation in plant tissues 
The copper concentration accumulated in plants was 
determined after 120 days of copper treatments. The 
accumulation of copper in plants of L. usitatissimum 
and C. chinensis was increased by increasing the 
copper concentration in the soil substrate (Fig. 1 ). 
Metal absorption in plants is correlated with 
increasing content of copper in soil substrate [23]. 
 

 

 
Fig. 1 Cu concentration in plants (shoots and 

roots) of a) L. usitatissimum and b) C. chinensis at 
copper treatment and accumulated from soil at 

different copper concentration 
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The copper concentration in L. usitatissimum was 
higher in all plants under treatments in comparison 
with controls. Cu accumulation reached values 
markedly higher in the roots than in the shoots (Fig. 
1a). The maximum uptake in the roots exposed to 
the highest Cu concentration in the soil substrate 
(2520 mg kg-1) was recorded with the value of 280 
mg kg-1 dry weight. If copper is primarily 
accumulated mainly in the roots of L. usitatissimum 
and also the translocation to shoots is limited, L. 
usitatissimum can be regarded for phytostabilization 
of copper contaminated soil with a low 
concentration in soil. Results of our study were 
corresponded with other authors [24], where L. 
usitatissimum over-accumulated cadmium in its 
roots and can therefore be considered as Cd 
excluder by phytostabilization mechanism. On the 
contrary, the amount of copper in the shoots and the 
roots in C. chinensis varied considerably depending 
on the applied concentration as outlined in Fig. 1b. 
The significant decreases of the copper amount were 
observed in the shoots of C. chinensis growing at Cu 
concentration named Lab-high (C4-C6), which may 
be related to the fact that high copper concentrations 
in the soil had strong toxic effects on plant 
physiology. This supports the assumption that 
copper was within detoxifying mechanisms 
transported into the lower leaves and after leaf 
drying was removed from plants by the leaf-fall 
[25]. Remarkably, in both Cu treated plants; the 
difference in copper accumulation was significantly 
different when the same copper concentrations in 
soil substrate were applied.  
 
 
3.2 Determination of seed germination by 
standard germination test  
The germination test is an essential procedure to 
determine the toxic effects of heavy metals on plants 
[26]. Seed germination is more sensitive to metal 
stress because some of the defence mechanisms 
have not developed and it is also strongly related to 
the permeability of seed coatings to metal ions [27]. 
Germination test provides a picture of the toxicity to 
metals but it is also important for the practical use of 
plants in phytoremediation in the field conditions.  
The seeds of L. usitatissimum and C. chinensis were 
exposed to different concentrations of copper to 
determine their effects on germination. After 7 d, 
total germination capacity of L. usitatissimum and 
C. chinensis at Cu treatment was evaluated. The 
seeds of L. usitatissimum and C. chinensis started to 
germinate on the first day of the experiment on filter 
paper under laboratory conditions. Compared to 
control, the germination capacity of L. usitatissimum 

was decreased by 42% and 61% at 600 and 1200 mg 
kg-1 of Cu2+ (L4 and L5) on filter paper, 
respectively. On the contrary, the germination 
capacity of C. chinensis seeds ranged from 33% to 
17% at 120 to 1200 mg kg-1 of Cu2+ (C2-C5) 
compared to control. The highest concentration of 
Cu2+ was the main contributor to the decrease in 
germination by 83% and 96% in the case of L. 
usitatissimum and C. chinensis, respectively. 
According to results, toxic concentration of Cu2+ 
was from 120 and 1200 mg kg-1 of Cu2+ for C. 
chinensis and L. usitatissimum, respectively (Fig. 2). 
In our experiments, the greater sensitivity of seed 
germination test of C. chinensis than L. 
usitatissimum was evaluated.  

 

 
Fig. 2 Effects of copper on germination capacity 
and the subsequent growth of L. usitatissimum  
and C. chinensis seedlings subjected to 7 d of 

copper treatment 
 

Figure 2 shows that copper is highly toxic to 
germination of C. chinensis. The negative impact of 
copper on germination capacity of C. chinensis is 
likely to be strongly related to the significantly 
higher permeability of the seed coating to copper 
compared to L. usitatissimum.  
 
 
3.3 Dry biomass production 
Negative effects of metals are usually readily 
observable by the changes in plant growth, which 
can be expressed, for example, by a reduction in 
biomass production [28]. There are several reasons 
can be for this behaviour – the specific toxicity of 
metal to plant, antagonism with other nutrients in 
plant, or inhibition of the root penetration in soil 
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[29]. In our study using two plants, a slight 
stimulation of biomass production for one and         
a decrease of biomass production for the other, were 
observed. Figure 3 shows the pot experiment in 
laboratory where plants of L. usitatissimum and  
C. chinensis are treated with Cu after ten weeks 
of the sowing.  
 

 
 

Fig. 3  The pot experiment in laboratory. Plants of 
L. usitatissimum and C. chinensis at Cu treatment 

after ten weeks 
 
Plants of L. usitatissimum produced more biomass 
in the presence of copper than without it. Very little 
differences in the amount of biomass were observed 
between copper treatments (Fig. 4a). The slight 
increase in biomass production ranged from 22% to 
55% relative to control. The exception was the 
copper concentration in soil (L5), where a 
significant increase in biomass (146%) was 
determined. Copper is essential micronutrient 
required for normal growth, so that the low copper 
concentrations in soil can be stimulating for plants 
of L. usitatissimum. Similarly, an increase of 
biomass in the presence of metals has also been 
observed in other plants; however this effect also 
depends on concentration of metal. Chakravarty and 
Srivastava [30] revealed that low concentrations 
(0.1mM) of metals e.g. Cu, Ni stimulated the growth 
of Helianthus annuus. On the other hand, the growth 
of C. chinensis plants was negatively affected by the 
presence of copper (Fig. 4b). The amount of 
biomass with increasing copper concentration 
decreased markedly. The significant reduction in 
biomass production for copper concentration of 600 
mg kg-1 (C4) and 1200 mg kg-1 (C5) was by 75% 
and 92% compared to control, respectively. It shows 
that plants of C. chinensis are much more sensitive 
to the metal toxicity than plants of L. usitatissimum. 
For both plants, increasing copper concentrations 

had a more negative effect on the biomass of their 
roots than on the biomass their shoots (Fig. 4). 
 

 

 
Fig. 4 Biomass dry weight (shoots and roots) at the 
end of the experiment for a) L. usitatissimum and b) 

C. chinensis  
 
 

4 Conclusions 
The assessing plant stress in the presence of heavy 
metals is a very important part of the research with 
the direct implication to phytoremediation. The 
studied parameters, such as seed germination and 
dry biomass production have been used to evaluate 
copper toxicity in L. usitatissimum and C. chinensis. 
The tolerance of L. usitatissimum to copper stress is 
expressed as the increase of biomass production 
along with low sensitivity in seed germination. 
L.usitatissimum used for phytoremediation study 
showed very little presence of toxicity symptoms. 
This might be caused by the higher metal tolerance 
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of plants of L.usitatissimum. The symptoms of 
toxicity of C. chinensis to copper stress are reflected 
in the inhibition of germination and the reduction of 
biomass production. Due to the high accumulation 
of copper in the roots of L.usitatissimum, this plant 
is usable for the phytostabilization of contaminated 
soils with low copper concentration in soil. Based 
on the results, it may be concluded that mixed 
culture of L. usitatissimum and C. chinensis is 
suitable for cleaning up the soils with low copper 
contamination.    
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