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Abstract In this pot experiment, cucumbers (Cucumis
sativus L.) were grown in a model soil contaminated by
three different concentrations of cadmium (40, 160, and
320 mgkg™") with different accompanied anions (CI~,
SO42_). In all variants, the most Cd (90 %) was accumu-
lated in the roots, but higher content in the case of C1™. The
distribution of Cd in various cucumber organs was as fol-
lows: root > stem > leaf > fruits. However, in variants
with higher doses of Cd with SO,~, the ratio was changed
as follows: root > leaf > stem > fruits. In all variants,
least of Cd (max. 1 %) was found in fruits. Variants with
the highest Cd doses were significantly different by com-
parison with all other variants, but higher content was in
the case of CI™ anion. Stimulation effect on the biomass
production and growth of aerial parts and roots of plants in
all variants with Cd was observed. Toxicity symptoms,
mainly in the presence of leaf chlorosis and yellowing,
were more visible in the variants with CI™, in comparison
with SO,*~. The amounts of phenol compounds in leaves
rose almost in all variants. Only the variants with higher Cd
content with SO4>~ showed slight reduction. One possible
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explanation of reduced content may be their bounding on
Cd. The content of salicylic acid was reduced in all variants
with Cd treatment. However, it is difficult to conclude their
role in plant defence responses to heavy metal, because
their actual defence mechanism is still unclear. However,
from these results, we can suggest that the accompanying
anion and the form in which Cd exists may have an impact
on the involvement of various antioxidant systems.
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Introduction

Developing and expanding human activities and industrial
processes have now resulted in a rapid rise of pollution in
groundwater and soil, especially by heavy metals (HM),
such as lead (Pb) or cadmium (Cd). Their subsequent
removal from the environment is always a difficult task,
which complicates their high mobility and persistence in
the environment (Tao et al. 2013). High toxicity and
widespread of these metals in the environment are a high
risk to all living organisms, including humans (Pal et al.
2006).

Toxic effect of Cd on plants is usually accompanied by
various symptoms of toxicity, usually in the form of growth
inhibition and a decline in biomass production or pigment
content (Bavi and Kholdebarin 2011). Plants used very
often in defence again stress conditions their own antiox-
idant enzyme systems. Start of these cascades reactions is
associated with the production of some stress signal
molecules (Yadav and Singh 2013). In the case of HM,
there have been described, e.g., salicylic acid (SA) (Szalai
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et al. 2013), jasmonic acid, and ethylene (Maksymiec et al.
2007). The synthesis of other antioxidants, e.g., glu-
tathione, ascorbate, and phenolic metabolites, is also
stimulated (Wang et al. 2008). The production of the
above-mentioned compounds then represents a cellular
response of plants against the toxicity of Cd (Popova et al.
2008). Cucumis sativus, cucumber, is an economically
important vegetable planted almost worldwide (Boualem
et al. 2014). Lin et al. (2012) have described it as fairly
sensitive plants to stress conditions. Toxic effect of Cd
could then inhibit not only its growth but also the overall
agricultural yield.

One of the known and important signaling molecules is
SA. It is a simple phenolic compound produced by plants
under many different stress factors and also features in the
multiple antioxidant defence mechanisms (Saruhan et al.
2011; Kovacs et al. 2014). It is also published that this
molecule could be a new plant regulator (Hayat et al.
2007). SA also has the ability to alleviate the inhibition of
growth, which is the primary manifestation of Cd toxicity.
This conclusion was confirmed in the past for various plant
species, such as barley (Metwally et al. 2003), soybean
(Drazic and Mihailovic 2005), maize (Krantev et al. 2008),
rice (Chao et al. 2009), hemp (Shi et al. 2009), pea (Popova
et al. 2009), wheat (Moussa and El-Gamal 2010), flax
(Belkhadi et al. 2010), mustard (Ahmad et al. 2011), or
cucumber seedlings (Canakci and Karaboga 2013). How-
ever, the real reason of SA-induced resistance, despite all
the findings are still not fully understood (Li et al. 2013).

Other substances that can interact with metals are phe-
nolic compounds (PC). Their defence action resides in the
ability to bind these metals, due to their intra- and inter-
specific competition capacity, and thereby inactivating
them (Gill and Tuteja 2010; Llugany et al. 2013). It was
also described their increased accumulation under various
stress conditions, where they can also represent as the so-
called biomarkers of metal exposure (Biatoriska et al. 2006;
Sivaci and Elmas 2012; Dutta and Maharia 2012).

The effect of accompanying anions on the HM content
was observed in our previous studies (Tuma et al. 2008;
2010; 2014), and the biggest differences between all vari-
ants were shown by SO4*~ and CI~ anions. From this
reason, we investigate in the present study the effect of
SO,*~ and CI™ anions on the uptake and the subsequent
translocation of Cd from roots to shoots by cucumber
(Cucumis sativus L.), and the ability of plants to accumu-
late Cd in different plant organs. We examined the influ-
ence of different accompanying anions and Cd stress on SA
and certain protective compounds, such as PC, during Cd
stress. Problems of this combination are relatively poor
studied and described, especially in connection with the
mechanisms of absorption and tolerance of plants. Our aim
was to reveal the possible connection between SA content
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and Cd tolerance and between SA and PC during Cd stress.
We focused on the dependence between these character-
istics and the content of Cd.

Materials and methods

The research was carried out like a pot experiment in
greenhouse of Botanical garden of medicinal plants in
Hradec Kralove (Eastern Czech region, Czech Republic, at
an altitude of 278 m.a.s.l.). The photoperiod was propor-
tional to the climatic conditions of this place (50°10'34"N;
15°50'19"E); relative humidity was set on 60 % and
average temperature 26 °C (day)/17 °C (night).

Cucumber plants (Cucumis sativus L. var. Charlotte)
were grown in plastic pots (7.5 L), four plants in each
container, which was filled with 7.5 kg of alluvial soil, clay
loamy in a texture. The agrochemical characteristics of the
soil medium were as follows: pH/KCl—7.20; content of
available P 300 pgL™', Cu 1880.0 pgL™', Al
20100.0 pg.L~", Ca 1985.0 mg.L~', Mg 42.3 mg.L™"', Fe
71.5 mg.L™', Mn 20.3 mg.L~', and K 76.0 mg.L™" (in the
Mebhlich III. leach). The total HM content in aqua regia was
Cd 0.5; Zn 143.0, Pb 34.0, As 6.0, Hg 0.1, and Cr
43.00 mg.kg~'. Seven variants were chosen, each in four
replications. The first was a control, with no added Cd. The
others were with artificially added Cd of 40, 160, and
320 mg.kg™"; always with the same anion (C1~, SO,*7). In
the text and tables, variants are labelled as control, Cd40S,
Cd40Cl, Cd160S, Cd160Cl, Cd320S, and Cd320CI. The
specific amount of chemicals and labels of all variants is
shown in Table 1. The weighed amount of chemicals was
dissolved in 300 mL of distilled water, and the solutions
were evenly applied to the soil in the experimental pots to
the equally developed plants 35 days after seeding.

The growth of cucumber plants was determined using
fresh weight per plant. Chlorophyll fluorescence was
measured using chlorophyll fluorometer OS1p (Opti-Sci-
ences, USA), 42 days after Cd contamination. The whole
fully developed plants including fruits were harvested in
1 day, 49 days after Cd contamination. Roots were washed
three times with distilled water and dried on filter paper.
They were also macroscopically observed and documented
for the symptoms of toxicity. Each plant was divided into
the root, stem, leaves, and fruits part. Parts were homog-
enized into smaller pieces, dried to constant weight (ca
48 h) at 65 °C (Venticell 707; Ilabo, Borsovska, Kyjov,
CZ), and processed using a blender to a fine powder.
Mineralization of the dried and ground samples was carried
out by means of what is referred to as the “dry combustion
method” in the combustion muffle furnace (CALOR SN
305; MIWY, Lipnik n. Becvou, CZ). Samples by weight
1-50 g were in a quartz (platinum) crucible placed in the
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Table 1 Variants of

. Variants Labelled Cd concentration Chemicals (g.pot_l)
experiment 1,
mg.kg™ /anion

CdCl, CdSO,
1 Control - - -
2 Cd40C1 Cd 40/C1™ 0.60945 -
3 Cd160C1 Cd 160/C1™ 2.43780 -
4 Cd320C1 Cd 320/C1™ 4.87560 -
5 Cd40S Cd 40/S0,*~ - 0.6846
6 Cd160S Cd 160/S0,4>~ - 2.7385
7 Cd320S Cd 320/S04>~ - 5.4770

furnace. There is set in the burning temperature program
according to the character of the samples. The samples
were slowly burn (maximum temperature 450 °C) to the
white ash. The samples were then dissolved in 10 %
HNO;. Concentrations of Cd and K were determined using
device AAS SOLAAR M5 (Thermo Electron Spectroscopy
Ltd., Solaar House, Cambridge, UK). The sample is then
fogging the flame acetylene air, and the absorbance is
measured at a wavelength belonging to specified analyte.
Cd is 228.8 nm. The appropriate concentration is read from
the calibration curve of the device software. Estimates of
measurement uncertainty based on the calculation of the
experimental measurement data are reference material for
Cd 20 %.

The software Statistica 10.0 (StatSoft Inc., Tulsa, OK)
was used to analyse the data. All measurements were
replicated four times. Data from each part of the plants
were analysed separately. The analysis of variance
(P < 0.05) and Tukey’s test was used to determine sig-
nificant differences between variants and for the yield
graphs.

Phenolic compounds (PC) assay

0.5 g of dry fine powder was mixed with 10 mL of 75 %
HPLC grade methanol solution (Sigma-Aldrich, St. Louis,
MO, USA). Extraction of samples was performed by Multi
Reax shaker (Heidolph, Schwabach, Germany) for 24 h.
Samples were centrifuged for 10 min in the frequency of
1024 rpm by MPW 223a centrifuge (MPW, Warsaw,
Poland). Supernatant was removed by Hypodermic syringe
CHIRANA Luer (CHIRANA T. Injecta, Stara Turd, Slovak
Republic) and filtrated by Nalgene 25 mm Syringe Filters
0.45 pm (Thermo Fisher Scientific, Waltham, MA, USA).
I mL of each filtrated was diluted in 10 mL of distilled
water. 1 mL of 2 N Folin-Ciocalteu’s phenol reagent
(Sigma-Aldrich, St. Louis, MO, USA) was added to sam-
ples, after 5 min followed by 10 mL of 7 % sodium car-
bonate (Sigma-Aldrich, St. Louis, MO, USA). Volumetric
flasks were filled up by distilled water, mixed and left for
90 min.

The absorbance was read at the wavelength of 765 nm
using UV/VIS Spectrophotometer Lambda 25 (Perkin
Elmer, Waltham, MA, USA). The concentration of samples
was calculated from a calibration line, where gallic acid in
various concentrations was used.

Salicylic acid (SA) assay by HPLC

0.5 g of dry fine powder was mixed with 5 mL of 75 %
HPLC grade methanol solution (Sigma-Aldrich, St. Louis,
MO, USA). Extraction of samples was performed by Multi
Reax shaker (Heidolph, Schwabach, Germany) for 24 h.
Samples were centrifuged for 15 min in the frequency of
3000 rpm by MPW 223a centrifuge (MPW, Warsaw,
Poland). 1.5 mL of supernatants were evaporated under
nitrogen purity 4.0 (SIAD) on evaporator NDK 200-2
(Hangzhou Miu Instruments Co., Ltd.), ca 4 h at 30 °C.
Prior analysis, the solid rests were dissolved in methanol
using Lab Dancer minishaker (IKA) and centrifuged.

The chromatographic analysis was performed by
HPLC-DAD system Infinity 1260 (Agilent Technologies,
Santa Clara, CA, USA). Separation was performed on
chromatographic ~ column  Kinetex CI18, 5 pum
(150 x 4.6 mm ID) and isocratic elution was used. Mobile
phase composed of a mixture of acetonitrile/3.35 %
phosphoric acid (40/60, v/v) at flow rate 1.5 mL min~'. SA
was detected in UV region at 235 nm. Each sample was
analysed in two repetitions. The content of SA was cal-
culated using calibration curve method.

Results and discussion

A stimulation effect on the biomass production and growth
of aerial parts and roots of plants in all variants with Cd
was observed (Fig. 1). Positive effect of low levels of Cd
on plant growth previously described Shamsi et al. (2007).
All Cd treatments increased plants average fresh weights
(FW), compared to control variant on average 30 %. There
is no difference between variants with C1™ anion. However,
in variants with SO42_, FW decreased with higher doses of
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Fig. 1 Effect of cadmium supplementation on the fresh biomass
(FW) production in grams of 1 complete cucumber plant. Error bars
represent mean + SE (n = 16). Values within columns, followed by
the same letter(s), are not significantly different according to Tukey’s
test (P < 0.05)

Cd. The significantly highest values from these variants
had the variant Cd40S, in which plants average FW
increased, on average 50 % compared to the control
variant.

Obvious symptoms of Cd toxicity were monitored in all
variants with Cd treatment. These were reflected mainly in
the form of leaf chlorosis and yellowing. Leaf chlorosis of
and loss of pigments by Cd treatment is documented in
different plant species (Gao et al. 2011), even in cucumber
(Yu et al. 2013). Much more numerous it was in variants
with C1~ accompanying anion if we compare it with SO4*~
anion. Representative leaves of all variants with visible
differences between accompanying anions are shown in
Supplement 1. The most visible symptoms and serious
damage had the variant Cd320Cl. Data are consistent with
Lépez-Chuken et al. (2010) who demonstrated that chlo-
ride (C17) has been related to an increased phytoavail-
ability of Cd in the soil.

Most of Cd was translocated by the roots in all variants
(Fig. 2), namely, there was more than 90 % of the total
metal content. Similar translocation was observed, for
example, by Lin et al. (2012). With the increasing Cd
concentration, the Cd content in plants rose, and the toxic
effects were also intensified. It was obvious for both
accompanying anion. The influence of metal content in
the soil on the metal concentration in plants observed Lin
et al. (2012). On the other hand, the increased concen-
tration of Cd can result in the reduction of absorption rate
of the roots and conversely increase the persistence of this
element on the root surface (Jia et al. 2008). In our
experiment, ClI™ anion resulted in a higher Cd content in
roots in comparison with SO4*~ anion. It was obvious in
all Cd concentrations, but at the highest concentration, the
difference was more evident and noticeable. Makovnikova
et al. (2006) demonstrated that C1~ probably tends Cd to
move from the solid soil, thus increases its bioavailability.
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According to Lin et al. (2012), the law of Cd distribution
in cucumber seedlings is: root > leaf > stem. However,
this statement was in our experiment confirmed only in
variants with higher doses of Cd accompanied by SO4*~
anion (Fig. 2). Especially variants Cd160S and Cd320S
had in leaves on average by 4 % more of the total amount
of Cd compared with other variants. In other variants,
including the control, the law of Cd distribution was in
the order of roots > stems > leaves > fruits. At least Cd
was translocated into the fruits, around max 1 % of the
total content of this HM in the plant. Both variants with
the highest doses of Cd were significantly different in
comparison with all other variants. The highest content
was found in variant Cd320Cl, namely, 26.93 mg.kg_l,
which is on average by 110 % more of the total amount
of Cd compared with the same variant with anion SO4>~
(Cd320S).

The content of SA (Fig. 3a) was reduced in all variants
with Cd treatment. By contrast, Pal et al. (2006) demon-
strated that exposure to HM increased plant endogenous
SA content. Kovacs et al. (2014) described an induced SA
synthesis after exposure to Cd in wheat, but no direct
connection between the initial SA level and tolerance
against Cd. Li et al. (2013) also observed increased toler-
ance to oxidative damage caused by Cd, mainly due to an
increased number of antioxidant enzymes due to SA. In our
experiment, variants Cd40S and Cd160S had lower amount
of SA comparing with the same variants with CI™ anion.
Different behave was in the variant Cd320S, which had
much more SA than the variant Cd320Cl and significantly
higher content of SA than all other variants with Cd
treatment. Despite the fact that during stress reactions, SA
was described as a signal molecule which is involved in
defence reactions. Although from our and other contra-
dictory results (Li et al. 2013), it is difficult to conclude the
role of SA in defence responses to HM and the actual
defence mechanism of SA in different environmental
stresses is still unclear.

An increased content of Cd in these variants compared
to stem led to a significant reduction of PC amounts in
leaves (Fig. 3b). Other variant with Cd treatment showed a
higher content of PC compared with the control variant.
Sivaci and Elmas (2012) showed that plants may accu-
mulate PC under the various stress conditions. By Gill and
Tuteja (2010), PC is part of secondary metabolites that,
together with others, are part of the plant defence
machinery. Their antioxidant activity and metal-binding
capacity are also documented (Llugany et al. 2013). This
can be a reason, why the content was reduced in these
variants of our experiment. There is not too much free PC,
because they are bounded on Cd. In this case, it can be one
of the defence systems which this plants use against the
HM stress. They can play a role as antioxidants and we can
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Fig. 2 Content of cadmium (mg.kg™") in cucumber plants grown in
three different concentrations of Cd accompanied with C1™ or SO427
anions. 1 roots, 2 stems, 3 leaves, 4 fruits. Error bars represent
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Fig. 3 Effect of cadmium supplementation on the content of salicylic
acid (ug.g_l) (A) and phenolic compounds (mg 100 g_l) (B) in
cucumber leaves. Error bars represent mean £ SE (n = 4). Values

use them like biomarkers of metal exposure. With this
agree Michalak (2006) and Biatonska et al. (2006). Con-
trarily, even higher Cd content in leaves of Cd320Cl
variant did not lead to the same massive reduction of PC
content. From this, we can suggest that the accompanying
anion and the form in which Cd exists may have an impact
on the involvement of various antioxidant systems.
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within columns, followed by the same letter(s), are not significantly
different according to Tukey’s test (P < 0.05)

A similar effect of increasing participation of defensive
mechanisms is obvious from the fluorescence values
(Fig. 4). All variants with Cd treatment showed higher
values of minimal and maximal fluorescence against the
control variant. Similar effect of low Cd treatment
(5-15 pmol L") on increasing chlorophyll fluorescence
parameters was observed (Li et al. 2015). According to
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Fig. 4 Effect of cadmium supplementation on basal (F,) and
maximal fluorescence (F,,) in cucumber leaves. Error bars represent
mean £ SE (n = 20). Values within columns, followed by the same
letter(s), are not significantly different according to Tukey’s test
(P < 0.05)

Sofo et al. (2010), in photosystem, it is formed a very high
amount of energy due to Cd toxicity and plants usually
prevent against it by increasing maximal chlorophyll flu-
orescence. The variants Cd160S and Cd320S had in the
leaves on average by 23 % higher intensity of F, and F,
compared to the same Cd doses with different anions (C17).
Higher Cd content in the leaves in these variants,
decreasing effect on PC and higher intensity of chlorophyll
fluorescence, can mean an involving of different defensive
mechanisms in plant depending on the form of Cd.

Most of K™ was translocated in the fruits by all variants
(Fig. 5). There are no big differences between control and
treatment variants. The variants with SO42_ anion accu-
mulated in stems more K™ than the same variants with C1~
anion. CI variants did not differ from the control variant.
According to Wyszkowski and Wyszkowska (2009), the
contamination effect of soil with Cd on the macroelement
content depends on plant species and the organ. In our case,
the form in which Cd is available may have an effect on K™
content in cucumber stems. Big difference in K content
showed all treatment variants in leaves compared to the
control. All of them had bigger values. This same increase
in the K™ content under the Cd stress found several
authors, for example, in in vitro plantlets (Gongalves et al.
2009b), in above-ground parts of spring barley (Wysz-
kowski and Wyszkowska 2006), or in carrot plants (Auda
and Ali 2010). On the contrary, a significant fall in the
concentration of K under the Cd stress for different plant
species is well documented—beans and peas (Obata and
Umebayashi 1997), wheat (Veselov et al. 2003), oat
(Cie¢ko et al. 2005), maize (Kurtyka et al. 2008), mung-
beans (Wahid et al. 2008), and potatoes (Gongalves et al.
2009a). The diverse effect of Cd on various plants may
originate from the fact that Cd can damage cellular plasma
membrane in the roots of sensitive plants, which may result
in a reduced water and elements uptake (Wyszkowski and
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Wyszkowska 2009). Here, it can be a connection with Cd.
In general, the above-ground parts, hence leaves, are more
susceptible to the toxicity of Cd. Conspicuous leaf
chlorosis then suggest that Cd metabolism takes place
mainly in these parts. Yet, we must not forget the fact that
different plants can have developed different tolerance
mechanisms and their response to the HM can vary sig-
nificantly (Benabid and Ghorab 2013). The increase of K*
content in treated leaves can mean an involvement of this
element in defence mechanism against Cd stress. It has
been observed its involvement especially in photosynthetic
rate, plant growth, and yield (Umar and Moinuddin 2002).
Uptake of Cd*" can also be alleviated by appropriate
concentration of K* (Zhao et al. 2004). On the other hand,
even low concentrations of Cd can positively affect the
increment in uptake opportunities of some cations. Gon-
calves et al. (2009b) see the main reason in hyperpolar-
ization of the plasma membranes, which results in
increasing in the transmembrane potential.

Different influences on Cd translocation by anions CI™
and SO4>~ can be caused by the different chemical struc-
tures and effects inside the plants. The presence of C1™ ions
in plant tissues is relatively important. This element not
only stabilizes the membrane potential, but also regulates
the activity of many important enzymes (White and
Broadley 2001). In relation to HM binding, CI on Cd is an
interesting effect. This combination dramatically increases
the penetration of metal through the leaf membranes, pri-
marily due to increases diffusivity of Cd (Ozkutlu et al.
2007). Similarly, the metabolic pathways associated with
the element sulphur have been described in association
with defence mechanisms against the toxicity of Cd
(Kiipper and Kochian 2010). Phytochelatines have a vital
role in defensive mechanisms against HM, where thiol
groups are described as the place of Cd binding. This fact
was observed, especially in young leaves (Kiipper et al.
2004), roots and seeds (Vogel-Mikus$ et al. 2010). The
difference between these described Cd salts is also evident
from the detailed translocation. Koren et al. (2013)
observed a difference in the accumulation of Cd in meso-
phyll. It was preferably stored in vacuoles (in the case of
CdCl,), respectively, in apoplast (in the case of CdSQO,).
While in symplast increasing concentrations of Cd had
stimulatory effect on the number of O-ligands, in apoplast
ligands based on sulphur prevailed. Authors also showed
that in veins of plants treated with CdSO, and CdCl,, there
are no distinct differences in chemical state of Cd, so the
mechanisms of uptake, transport, and translocation at the
root level probably govern the level of Cd accumulation in
shoots. In our study, we observed similar differences of
plant behaviour depending on Cd salt, especially in PC
content and chlorophyll fluorescence. From this, we can
suggest that the accompanying anion and the form in which
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Fig. 5 Content of potassium (mg.kg™") in cucumber plants grown in
three different concentrations of Cd accompanied with C1~ or S04~
anions. 1 roots, 2 stems, 3 leaves, 4 fruits. Error bars represent

Cd exists may have an impact on the involvement of var-
ious antioxidant systems. The observation that chemical
form of added Cd to the nutrient solution influences the
level of Cd accumulation is novel, so another study of
localization and chemical state of Cd is needed.

Conclusions

Stimulation effect on the biomass production and growth of
aerial parts and roots of plants in all variants with Cd was
observed. The highest values from these variants had the
variant Cd40S, in which plants average FW increased,
compared to the control variant on average 50 %. Cd
toxicity symptoms were reflected mainly in the leaf
chlorosis and yellowing. More visible symptoms were in
the variants with accompanying CI™ anion, in comparison
with SO,*~ anion. The most visible symptoms and serious
damage had the variant Cd320Cl. CI™ has been related to
an increased phytoavailability of Cd in the soil. Most Cd
was translocated in the roots by all variants, namely, there
were more than 90 % of the total metal content. With the
increasing Cd concentration, the Cd content in plants rose
and the toxic effects were also intensified. In our
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mean £ SE (n = 4). Values within columns, followed by the same
letter(s), are not significantly different according to Tukey’s test
(P < 0.05)

experiment, ClI~ anion resulted to a higher Cd content in
roots in comparison with SO4>~ anion. It was obvious in all
Cd concentrations, but at the highest concentration, the
difference was the most evident and noticeable. Distribu-
tion of Cd in various cucumber organs was as follow:
root > stem > leaf > fruits. However, in variants with
higher doses of Cd with SO,*>~, the ratio was changed as
follows: root > leaf > stem > fruits. This increased con-
tent of Cd in these variants compared to the stem lead to a
significant reduction of PC content in leaves but increased
chlorophyll fluorescence. Other variant with Cd treatment
showed higher content of PC compared to the control
variant. This can be a reason, why in these variants their
content was reduced. There is not too much free PC,
because they are bounded on Cd. In this case, it can be one
of the defence systems which plant use against the HM
stress. Contrarily, even higher Cd content in leaves of
Cd320Cl variant did not lead to the same massive reduction
of PC content. In all variants, at least of Cd (max 1 %) was
found in fruits. Variants with the highest Cd doses were
significantly different in comparison with all other variants,
but higher content was in the case of ClI~ anion. The
content of SA was reduced in all variants with Cd treat-
ment. However, it is difficult to conclude their role in plant
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defence responses to heavy metal, because their actual
defence mechanism is still unclear. However, from these
results, we can suggest that the accompanying anion and
the form in which Cd exists may have an impact on the
involvement of various antioxidant systems.
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