
Cadmium (Cd) is one of the most toxic heavy metals 
present in the environment. Soil Cd pollution results from 
both anthropogenic and geogenic sources (Liu et al. 2013). 
As not biodegradable, Cd persists in the soil, and because 
of its high mobility, its impact on all living organisms is 
not negligible. Besides Asia, soil contamination is also 
an important issue across Europe, where approximately 
3.5 million growing field sites were estimated to be 
potentially contaminated (Mahar et al. 2016).

In plants, high Cd concentrations can lead to se-
verely reduced plant growth, a decrease in the chlo-
rophyll content resulted in leaf chlorosis, changes 
in amino acid, salicylic acid (SA) and proline (Pro) 
content, reduction of mineral uptake and transport 
as well as induction of the reactive oxygen species 
(ROS) production (Nazar et al. 2012, Muradoglu et 
al. 2015, Šimek et al. 2016). In order to minimise ROS 

formation, plants have developed several defence 
strategies, including vacuolar compartmentalisation 
(Sharma et al. 2016), chelation by organic molecules 
and activation of antioxidants (Jozefczak et al. 2014). 
Several studies showed Pro as an effective antioxidant 
based on its ROS scavenging properties (Szabados 
and Savouré 2010). Salicylic acid is a ubiquitous 
plant phenolic compound functioning as a natural 
signalling molecule, the regulator of plant growth 
(Metwally et al. 2003), scavenger of ROS (Mateo et 
al. 2006) and enhancer of the antioxidant system 
(Guo et al. 2013). In many plant species, exogenously 
applied SA alleviates the negative impact of Cd on 
photosynthesis (Ahmad et al. 2018) or modulates 
Cd uptake and distribution (Belkhadi et al. 2010). 
Although the protective role of exogenous SA is well 
known, the role of endogenous SA under heavy metal 
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stress has not been fully explained. Zawoznik et al. 
(2007) suggest that endogenous SA may also serve 
as an important signalling molecule in the genera-
tion of Cd-induced oxidative stress. Recently, the 
endogenous SA was identified as the link with the 
biosynthesis of glutathione, a key cellular compound 
for Cd chelation (Guo et al. 2016).

Rapeseed (Brassica napus L.) is an economically 
important crop plant expected to be a Cd-tolerant and 
Cd-accumulating plant. Thanks to its fast growth and 
high biomass production, it should be a promising 
plant for phytoremediation. Screening of tolerant cul-
tivars might be highly beneficial for the development 
of phytoremediation technology. For example, Cao et 
al. (2020) showed significant genotypic differences 
between 28 cultivars in the ability to accumulate and 
translocate Cd. Thus, our aim was to investigate the 
differences in Cd uptake and translocation of four 
cultivars of B. napus with different characteristics 
and eco-physiological parameters. To show various 
possible responses to the Cd exhibition of selected 
cultivars, the changes in the content of chlorophyll, 
mineral nutrient, SA and amino acid were monitored. 
Based on these data, the possible tolerance range of 
used cultivars was indicated.

MATERIAL AND METHODS

Plant cultivation. Seeds of four Brassica napus 
cultivars (Benefit, Iwas, CZL, ZhongZhuang9) were 
obtained from the Crop Research Institute in Prague, 
the Czech Republic; basic characteristics are shown in 
Table 1. Pot experiments were performed in a green-
house with standard lightning conditions and optimum 
water intake. Plants were grown in 9.5 L plastic pots 
(3 pcs/pot) with 9.0 kg of alluvial soil, clay loamy in 
texture. Three different doses of Cd were applied 
once: 50 (50Cd), 100 (100Cd) and 150 (150Cd) mg/kg 
of CdCl2 dissolved in distilled water. The soil chemi-
cal properties in Mehlich III leach were as follows: 
pHKCl – 5.80; content of available P 91.4, K 203, Mg 202, 
Ca 1 840 mg/kg soil; the total heavy metal content: Cd 

< 0.1; As 1.0; Cr 12.0; Pb 7.0; Zn 38.0; Cu 0.7 mg/kg. 
After 30 days, plants were harvested and divided into 
root and shoot and dried separately at 65 °C for 48 h. 
For further analysis, 3 plants from each pot were 
pooled together to create one biological replicate.

Estimation of physiological characteristics. The 
relative chlorophyll content was measured using 
chlorophyll meter CCM 200 (OptiScience, Hudson, 
USA). Chlorophyll fluorescence was measured in 
dark-adapted plants (15 min) using chlorophyll fluo-
rometer OS1p (Opti-Sciences, Hudson, USA). Results 
were expressed as Fv/Fm, determined as the maximal 
fluorescence (Fm) less the minimal fluorescence (F0), 
divided by Fm, i.e. Fv/Fm = (Fm − F0)/Fm. The data was 
recorded on fully expanded leaves of 5 individuals 
of each replicate, treatment and genotype (n = 15).

Quantification of Cd, K and Ca. Powdered dried 
samples were digested in 3 mL HNO3 and 1 mL 30% 
H2O2 using a microwave oven (Speed wave Berghof 
MWS3, Eningen, Germany). Concentrations of Cd, K 
and Ca were determined using the Atomic Absorption 
Spectrometer (AAS SOLAAR M5, Waltham, USA). 
The translocation factor (TF) was calculated as the 
ratio of Cd concentrations in the shoots to the root. 
Bioconcentration factor (BCF) was calculated as the 
ratio of Cd concentration in harvested tissue to soil 
Cd concentration (Ali et al. 2013).

Estimation of salicylic acid. Salicylic acid was 
detected by HPLC Agilent 1260 on a column Kinetex 
C18 (150 × 4.6 mm ID) column heated at 25 °C. Dried 
powdered samples were mixed with 5 mL 80% metha-
nol using the Multi Reax shaker (Heidolph, Schwabach, 
Germany) overnight, then centrifuged at 3 000 g for 
15 min (MPW 223, Warsaw, Poland). Extracts were 
evaporated at 30 °C under nitrogen purity 4.0 (SIAD). 
The mobile phase composed of a mixture of acetoni-
trile/3.35% phosphoric acid (40/60) was in isocratic 
elution at a flowrate of 1.5 mL/min. Salicylic acid 
was detected in the UV region at 235 nm.

Estimation of free amino acids. Dried powdered 
samples were mixed with 70% ethanol and shaken 
for 15 min (Multi Reax shaker Heidolph, Schwabach, 

Table 1. The basic characteristics of used Brassica napus cultivars

Genotype Geographic origin Cultivar type Characteristics of the cultivar
Benefit Czech Republic winter-crop different range of dehydrins
Iwas Japan spring-crop different habitus, nontolerant to frost
CZL China/Czech Republic winter-crop early cultivar, low frost tolerance

ZhongZhuang9 China autumn/winter-crop early cultivar, yellowish seeds, 
very low frost tolerance

432

Original Paper	 Plant, Soil and Environment, 68, 2022 (9): 431–440

https://doi.org/10.17221/148/2022-PSE



Germany) and heated for 10 min at 120 °C. After cool-
ing and centrifugation for 15 min at 5 000 rpm, the su-
pernatant was transferred into a clean tube. The pellet 
was resuspended with 70% ethanol, shaken for 15 min 
and again centrifuged. This process was repeated 
twice. The collected supernatant was evaporated 
at 60 °C under an oxygen atmosphere (NDK 200-2, 
Hangzhou MIU Instruments Co., Zhejiang, China). 
Selected amino acids were detected on the HPLC 
Agilent 1260 equipped with the Zorbax Eclipse Plus 
RRHT C18 column (4.6 × 50 mm, 1.8 μm). The Agilent 
HPLC method (5990-4547EN) was adapted for the 
selected system. Derivatisation reagents (Borate 
Buffer 5061-3339, OPA Reagent 5061-3337) and 
Amino Acid standards 1 nmol/μL (5061-3330) were 
purchased from Agilent.

Statistical analysis. The differences among treat-
ments were analysed using a one-way analysis of 
variance (ANOVA) followed by Tukey’s test at the 
significance level of P < 0.05 (GraphPad Prism 9 
Software, San Diego, USA).

RESULTS AND DISCUSSION

Effect of Cd on physiological parameters. The 
negative effect of Cd on plants is usually reflected in 
growth inhibition or imbalances in photosynthesis. 
The leaf chlorosis observed in several studies with 
rapeseed exposed to high Cd concentration were 
probably caused by Cd inhibitory effects on enzymes 
involved in the pigment biosynthesis (Sun et al. 2017) 
or due to Mg substitution in chlorophyll (Parmar et 
al. 2013). So, chlorosis occurrence can be used as 
an index to evaluate possible heavy metal tolerance. 
Here, Cd-treated plants exhibited leaf chlorosis com-
pared to control plants (Figure 1). However, these 
yellowish spots were not as much noticeable as it 
might be expected after the application of high Cd 
doses. These variously large yellowish areas around 
the leaf veins were more frequent in young leaves. 
The relative chlorophyll content slightly decreased in 
the presence of Cd, but only in cultivars Benefit and 
Iwas (Figure 2). In the remaining two cultivars, CZL 
and ZhongZhuang9, the relative chlorophyll content 
was lower compared to the other two cultivars, and 
during the treatment, it stayed relatively unchanged. 
Opposite to our results, the decrement in chlorophyll 
content was monitored after higher Cd concentration 
(500 µmol) or after a prolonged period of Cd stress 
(Alit et al. 2014, Yan et al. 2016). Due to no significant 
changes in the relative chlorophyll content in the 

presence of Cd, we can suggest that the used cultivars 
do not react so sensitively to our chosen Cd dosage.

The ratio Fv/Fm describes the potential yield of the 
photochemical reaction and is often used as a stress 
indicator. Here, the values of Fv/Fm in control plants 
were slightly lower than the optimum (0.83) set by 
Jones et al. (1999) and varied between 0.7–0.73. The 
ratio did not change in any of the tested cultivars, 
whereas the minimum fluorescence and maximum 
fluorescence significantly decreased in CZL and 
Benefit (Figure 3). Obviously, the Cd impact on 
both chlorophyll fluorescence characteristics was 
much more severe in the highest Cd dose in Benefit. 
Similarly, according to Benyas et al. (2013), Cd had 
no significant effect on chlorophyll fluorescence and 
pigment content in oilseed rape.

Content of Cd, K, and Ca. Rapeseed tolerates 
relatively high concentrations of heavy metals in 
the soil, those it is a promising candidate for phy-
toextraction (Wang et al. 2009). In our experiment, 
increasing soil Cd concentrations led to the accu-

 
Figure 1. Leaf chlorosis of Brassica napus cv. Benefit 
grown 30 days in soil with different concentrations 
of CdCl2, (A) 0 mg/kg of Cd, (B) 50 mg/kg of Cd, 
(C) 100 mg/kg of Cd, and (D) 150 mg/kg of Cd 

(A) (B)

(C) (D)
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mulation of Cd in the roots and leaves (Figure 4). 
An exception is the cv. Iwas, where the highest Cd 
content occurred in variant 100Cd. High mobility 
of Cd from soil to roots was indicated in cvs. Iwas 

and especially in ZhongZhuang9, where the root 
and shoot Cd concentrations were much greater 
than those of the other two cultivars, on average 
1.5 to 3.3-times. Surprisingly, in all tested cultivars, 

 

D– F 

AB A 

F– H 
EF 

AB AB 

H 

EF 
A–  C AB 

GH 
E–  G 

B– D 
AB 

GH 

0

5

10

15

20

25

CZL Benefit Iwas ZhongZhuang9

Re
la

tiv
e 

ch
lo

ro
ph

yl
l c

on
te

nt
 (%

) 

Control 50 Cd 100 Cd 150 Cd Figure 2. Relative chlorophyll con-
tent in leaves of Brassica napus 
c vs .  CZ L ,  B enef i t ,  Iwas  and 
ZhongZhuang9 grown for 30 days 
in soil with different concen-
trations of CdCl2 (50, 100 and 
150 mg/kg of Cd). Data are mean ± 
standard deviation (n = 15). Values 
within the column, followed by the 
same letter(s), are not significantly 
different according to Tukey’s test 
(P < 0.05)

Figure 3. Chlorophyll fluorescence 
parameters determined in leaves 
of Brassica napus grown 30 days in 
soil with different concentrations 
of CdCl2 (50, 100 and 150 mg/kg 
of Cd). Data are mean ± standard 
deviation (n = 15). Values within 
the column, followed by the same 
letter(s), are not significantly dif-
ferent according to Tukey’s test 
(P < 0.05)
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the Cd content was higher in root than those in the 
shoot. Similar results were recorded by Herrero et al. 
(2003) and Farid et al. (2015), where, independently 
of used Cd concentration in the pot or hydroponic 
experiments, respectively, the accumulation of Cd 
was higher in roots than in the aboveground parts. 
On the contrary, Ghnaya et al. (2009) showed that 
Cd accumulation in selected organs varied accord-
ing to the used cultivar. However, a field experiment 
with 28 rapeseed cultivars brought opposite results, 
and the Cd content decreased in the order stem > 
root > seed in all cultivars (Cao et al. 2020). This 
could be ascribed to genotypic variation, the used 
experimental system, and last but not least to soil 
properties which considerably influenced Cd uptake 
and translocation in plants. Several studies showed 
that the formation of complexes with Cl– leads to 
increased soil Cd availability for plants and sub-
sequently increased uptake, compared to SO4

2– or 
NO3

– ions. However, the subsequent translocation to 
the aboveground parts may already be slowed down 
(Šimek et al. 2016, Piršelová and Ondrušková 2021).

The overall evaluation and selection of plants for 
phytoremediation purposes entirely depend on the 

efficiency of a plant in accumulating a metal (BCF) 
and its consequent distribution in the plant (TF). The 
highest BCF was measured for the roots of cvs. Iwas 
and ZhnogZhuang9 (Table 2). However, for shoots, 
the values fell by more than half, which subsequently 
resulted in a relatively low TF, between 0.2–0.5. Low 
BCF values, both in the roots and shoots, were in 
cvs. CZL and Benefit. On the other hand, the great-
est TF was found here, 0.827 for cv. CZL and 0.581 
for cv. Benefit, but only in variants 50Cd. Higher Cd 
doses markedly reduced the TF values. According 
to Yoon et al. (2006), only plant species with both 
BCF and TF greater than 1 have the potential to be 
used for phytoextraction. These conditions are not 
met by any of the used cultivars. Even in the case of 
easy extraction of the root system from the soil, this 
fact could be a potential obstacle in selecting a suit-
able cultivar for phytoextraction. On the contrary, 
the application of various chelating agents to soil 
can optimise the metals absorption by roots, metal 
translocation to shoots and also the metal mobilisa-
tion. Farid et al. (2015) showed that the application 
of EDTA enhanced Cd accumulation in rapeseed 
roots, stems and leaves.

Figure 4. Content of cadmium (Cd) in roots and shoots (µg/g DW (dry weight)) in Brassica napus grown for 
30 days in soil with different concentrations of CdCl2 (50, 100 and 150 mg/kg of Cd). Data are mean ± standard 
deviation (n = 15). Values within the column, followed by the same letter(s), are not significantly different 
according to Tukey’s test (P < 0.05)

Table 2. Bioconcentration factor (BCF) and translocation factor (TF) in Brassica napus grown for 30 days 
in soil with different concentrations of CdCl2 (50, 100 and 150 mg/kg of Cd)

Cd 
(mg/kg)

cv. CZL cv. Benefit cv. Iwas cv. ZhongZhuang9
BCF

TF
BCF

TF
BCF

TF
BCF

TF
root shoot root shoot root shoot root shoot

50Cd 0.837 0.684 0.827 1.200 0.684 0.581 2.962 1.078 0.376 2.535 0.980 0.551
100Cd 0.739 0.255 0.344 0.858 0.345 0.430 2.878 0.624 0.222 2.668 0.708 0.270
150Cd 0.770 0.238 0.310 0.767 0.359 0.484 1.208 0.394 0.329 2.541 0.612 0.243
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In the presence of Cd, the K content in roots showed 
different behaviour (Figure 5). Significantly higher K 
level was found in roots of cv. CZL, exposed to the 
highest Cd concentration. Contrary, in the cv. Iwas, 
higher Cd dosages led to a significant reduction in the 
K content. Surprisingly, a sharp drop was observed in 
cv. Benefit root in the 50Cd variant, whereas higher 
Cd dosages led to a significant increase. In shoots, 
the K content was slightly higher than in roots, and 
a slight but not significant increment was observed 
only in cvs. ZhongZhuang9 50Cd and CZL 150Cd 
variants. These findings are partly inconsistent with 
some previous studies, where Cd was reported to 
reduce the uptake of K in plants (Liu et al. 2012, 
Hédiji et al. 2015). It has been shown that K plays an 
important role in the interaction with Cd in plants, 
and improving the K nutrition of plants under stress 
can minimise oxidative cell damage by improving 
the activity of the antioxidant system (Siddiqui et al. 
2012). For this reason, it can be suggested that higher 
amounts of K in the roots of the Cd-treated plants 
might serve as protection from heavy metal stress.

Generally, a huge variability in Ca content was 
observed in the roots of all tested cultivars after 
the Cd treatment; however, the differences were not 
significant (Figure 5). Considerably higher Ca levels 
were found in shoots than in roots. In shoots of the 
cvs. CZL and ZhongZhuang9, slightly lower con-
tents of Ca were found in controls and in Cd-treated 
plants compared to cvs. Benefit and Iwas. Ca and Cd 
ions are known to have a highly analogous structure 
and Ca can regulate Cd-induced physiological and 
metabolic changes in plants together with allevia-
tion of growth inhibition or oxidative stress caused 
by the Cd stress (Dayod et al. 2010, Huang et al. 
2017). Similar Ca contents in our plants may point 
to a higher ability to tolerate Cd stress via enhanced 
Ca-dependent protective mechanisms.

Salicylic acid content. Salicylic acid plays an im-
portant role in eliciting specific responses to abiotic 
as well as biotic stresses. It can alleviate Cd toxicity 
by reducing Cd uptake and accumulation in plant or-
gans (Horváth et al. 2007). Much higher SA contents 
were found in roots, where the greater part of Cd is 
accumulated (Figure 6). In roots of cv. Benefit, and 
especially in cv. ZhongZhuang9, the SA content was 
lower, but not significantly, compared to cvs. CZL and 
Iwas. However, no pronounced effect of different Cd 
treatments was observed in any tested cultivar. The 
shoot’s highest SA level was in cv. Iwas, but same as 
in roots, Cd dosage almost did not alter its amount. 

The SA is known to bind Cd ions to inactivate it and 
so to prevent another important biomolecule against 
its toxic effects. Kovács et al. (2014) showed opposite 
results where a higher SA level was in the leaves and 
suggested that it may be due to the formation of its 
precursors in the roots and subsequent transport to the 
leaves. Exogenously added SA significantly improved 
photosynthesis, reduced oxidative stress or alleviated 
the Cd-induced ROS overproduction (Zhang and Chen 
2011, Ahmad et al. 2018). Interestingly, there are no re-
ports on whether exogenous and endogenous SA plays 
different or similar roles in response to oxidative stress. 
Zawoznik et al. (2007) suggest that endogenous SA may 
function rather as a signalling molecule essential for 
generating, maintaining or amplifying the Cd-induced 
oxidative stress. In the current study, the highest SA 
content in roots and shoots was observed, especially in 
cv. Iwas and partly in cv. CZL. Our data suggest that 
SA may protect the plant against Cd-induced dam-
age by inactivation of Cd in the roots, which protect 
important photosynthetic aboveground parts, which 
are generally more susceptible to the toxic effects of 
heavy metals. It suggests that cv. Iwas might have 
a higher ability to produce and accumulate endog-
enous SA, which possibly allows a quicker response 
to Cd stress. This suggestion might be supported by 
a very low TF of this cultivar (on average 0.3), pointing 
to effective defence mechanisms in roots and shoots 
against the Cd stress. Moreover, cv. Iwas belongs to 
the spring sown crops, which are more often infected 
by viruses than winter sown crops. Considering this 
fact, higher SA content could be essential not only 
for effective resistance to viral pathogens but also for 
good tolerance to heavy metal stress.

Amino acid content. Proline has been reported to 
accumulate under heavy metal stress and thus acts 
as an indicator of environmental stresses (Ali and 
Hadi 2015). Plants accumulate proline by increasing 
its synthesis together with reduced catabolism un-
der abiotic stress (Verbruggen and Hermans 2008). 
Different Cd treatments showed varying effects on 
proline contents, as shown in Figure 7. After Cd ad-
dition, the free proline content slightly increased in 
roots of cvs. CZL, Benefit and ZhongZhuang9. In 
cv. Iwas it significantly decreased in variants 100Cd 
and 150Cd; contrarily in shoots, Cd exposure induced 
its significant accumulation. Similar results were also 
found in shoots of cv. Benefit, where higher Cd doses 
led to proline increment. Higher proline contents 
here may be explained by an enhanced tolerance to 
metal stress or by a more efficient stress response.

436

Original Paper	 Plant, Soil and Environment, 68, 2022 (9): 431–440

https://doi.org/10.17221/148/2022-PSE



 

FG G 

B-E B-E D-G 

H 

BCD 
B-E D-G C-F D-G 

AB 
A 

D-G EFG 

ABC 

0

10

20

30

40

50

60

CZL Benefit Iwas ZhongZhuang9

Ro
ot

 K
 c

on
te

nt
  

Control 50Cd 100Cd 150Cd

F 

ABC BCD BC 
EF 

AB AB A 

DEF 

ABC ABC ABC CDE 
ABC BC ABC 

0

10

20

30

40

50

CZL Benefit Iwas ZhongZhuang9

Sh
oo

t K
 c

om
te

nt
 

AB 

AB 

AB 

AB 
AB 

AB 
AB 

AB B 

AB AB AB 

AB 

A 

AB AB 

0

1

2

3

4

5

6

7

8

CZL Benefit Iwas ZhongZhuang9

Ro
ot

 C
a 

co
nt

en
t 

E-G 

ABC A-D 

FG 

FG 

A 
A-D 

B-F 
D-G 

AB 
A-E 

FG 

C-G 

AB ABC 

G 

0

5

10

15

20

25

CZL Benefit Iwas ZhongZhuang9

Sh
oo

t C
a 

co
nt

en
t 

Figure 5. Content of K and Ca (mg/g 
DW (dry weight)) in Brassica na-
pus grown for 30 days in soil with 
different concentrations of CdCl2 
(50, 100 and 150 mg/kg of Cd). 
Data are mean ± standard deviation 
(n = 15). Values within the column, 
followed by the same letter(s), are 
not significantly different accord-
ing to Tukey’s test (P < 0.05)
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Figure 6. Content of salicylic acid 
(SA) in roots (A) and leaves (B) 
(µg/g DW (dry weight)) in Bras-
sica napus grown for 30 days in 
soil with different concentrations 
of CdCl2 (50, 100 and 150 mg/kg 
of Cd). Data are mean ± standard 
deviation (n = 15). Values within 
the column, followed by the same 
letter(s), are not significantly dif-
ferent according to Tukey’s test 
(P < 0.05)

Figure 7. Content of proline in 
roots (A) and leaves (B) (µmol/g 
DW (dry weight)) in Brassica napus 
rown 30 days in soil with differ-
ent concentrations of CdCl2 (50, 
100 and 150 mg/kg of Cd). Data 
are mean ± standard deviation 
(n = 15). Values within the column, 
followed by the same letter(s), are 
not significantly different accord-
ing to Tukey’s test (P < 0.05)
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Under heavy metal stress, enhanced accumulation 
of amino acids is due to the degradation of certain 
proteins or by de novo synthesis (Sharma and Dietz 
2006). They serve as important intermediates in 
the metabolism of osmolytes or antioxidants; how-
ever, in the present study, their composition showed 
a lack of parallelism in Cd responses (data not shown). 
According to linear regression analysis between Cd 
dosage and the amino acid contents in roots and 
shoots separately, only five amino acids were found 
to have a significant correlation (Table 3). Arginine, 
alanine, methionine and lysine were strongly influ-
enced by treatment in shoots of cvs. CZL and Iwas.

In conclusion, oilseed rape was found to be highly 
tolerant to Cd stress, according to chlorophyll content 
and fluorescence. Considering the low TF in almost 
all tested cultivars, it is an obstacle to select a suitable 
cultivar for phytoextraction. Cadmium also showed 
a huge variable effect on mineral and SA uptake in all 
tested B. napus cultivars. However, higher constant 
levels of SA and an increase in proline content in 
cv. Iwas were observed. Iwas was the only cultivar 
which belongs to spring sown crops. It is known 
that a large number of viruses cause more damage 
to spring-sown crops than to winter-sown crops 
(Zheng et al. 2019). Thus, spring sown crops with 
potentially higher constant levels of different stress 
signalling metabolites, including SA or proline, could 
also be successfully grown on Cd-contaminated soils.
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