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INTRODUCTION 

 

Activities such as mining, industrial production, agricultural practices, and military 

operations contribute significantly to the concentrated presence of toxic metals in 
the environment (Nedelkoska and Doran, 2000; Castro et al., 2011). Metals such 

as cadmium (Cd) are significant environmental pollutants and have no known role 

in organisms. On the contrary, they have negative effects on crop health and 
productivity because they are non-biodegradable. Cadmium exposure interferes 

with all stages of plant development, inhibiting seed germination, vegetative 

growth and reproductive growth. It can disrupt the normal structure and function 
of cellular components and interferes with a variety of metabolic and 

developmental processes (Benavides et al., 2021; Hou et al., 2023).  

Phytoremediation is a method of cleaning up polluted areas using plants that 

remove heavy metals from contaminated soil and accumulate them in roots, stems 

and leaves (Hamzah et al., 2016). Repeated cycles of planting and harvesting 

plants with accumulated heavy metals gradually reduce the concentration of these 
toxic substances in the soil to levels acceptable for further use (Thomas et al., 

2022). This method offers several advantages, primarily environmental 

friendliness and relatively low cost. However, it relies on plant species that have 
low biomass and is therefore time consuming before the toxic elements in the soil 

are reduced below threshold levels, requires seasonal treatments as well as 

procedures and costs for disposal of contaminated biomass (Koptsik, 2014; 

Laghlimi et al., 2015; Farraji et al., 2016; Awa and Hadibarata, 2020). 

Therefore, modern phytomanagement focuses on growing industrial crops with 

high biomass and value on contaminated soils, which not only remediates the soil 
but also generates useful feedstock for bioproducts and bioenergy (Mench et al., 

2018; Zine et al., 2020). 

The efficiency of phytoremediation varies among plant species because each 
species has different mechanisms of ion uptake that depend on its morphological, 

physiological and anatomical characteristics (Rahman and Hasegawa, 2011). The 

use of fibrous crops (e.g. flax, hemp) has been considered in connection with their 

ability to tolerate and take up also heavy metals from the soil (Baraniecki and 

Mankowski, 1995; Griga et al., 2000). Several authors have described the high 

tolerance of some flax varieties to cadmium ions as well as their ability to 
accumulate cadmium from the soil (Angelova et al., 2004; Shi and Cai, 2009; 

Bjelková et al., 2011; Douchiche et al., 2012; Praczyk et al., 2015; Hosman et 

al., 2017). Although flax does not accumulate cadmium in as high quantities as 
some species that hyperaccumulate it (such as Thlaspi spp.) (Ueno et al., 2011), it 

still tolerates significantly higher cadmium concentrations than most plants and is 
therefore evaluated as a potentially effective tool for phytoremediation (Bjelková 

et al., 2011). 

Metal uptake by flax depends mainly on the concentration of heavy metals in the 
soil. Also, the level of heavy metal toxicity to crops depends on several factors: 

crop species, growth conditions, developmental stage, toxicity characteristics of 

individual elements, soil physical and chemical properties, presence and 
bioavailability of heavy metal ions in the soil solution, and soil rhizosphere 

chemistry (Ali et al., 2019; Wan et al., 2024). Due to the complexity of the 

processes of metal uptake and tolerance by plants, results obtained in the laboratory 
often fail to reproduce the same outcomes under field conditions. However, 

tolerance screenings in simple experiments remain the essential starting point for 

evaluating the tolerance and metal uptake of genotypes (Sánchez-Castro et al., 

2023). The complexity of these factors underlines the importance of considering 

multiple parameters when assessing the tolerance of flax varieties to cadmium 

stress. Therefore, instead of evaluating a single parameter, here we examined 
several indicators of cadmium tolerance and using a biplot (Yasar, 2023) we 

reflect to multiple interactions between genotype and external factors to screen a 

set of flax cultivars for potential use in remediation programs. 
 

MATERIAL AND METHODS 

 

Plant material 

 

A set of 31 fibre flax (Linum usitatissimum L.) varieties, Belinka, Escalina, Laura, 
Jitka, Ilona, Flanders, Marina, Szeged 30, Azur, Modran, Texa, Rekord, Wiera, 

Verum, Liral Sussex, Krasnoder, Jugoslavik viner, Ilgermila II, Hohenheim, Gisa, 

Lilas, Dearo, Rastatter Weiss, Mume, Solido, Diana, Pastel, Stamkanovits, 
Shakhimskaja, Rembrandt and Purple, were provided by the Gene Bank SK 

(Research Institute of Plant Production in Piešt'any, NPPC Lužianky). To 

preliminarily assess the sensitivity of flaxseed and to determine the working Cd 

concentration for further experiments, seeds of flax purchased at the grocery store 

(dmBio; product number 1447530, EAN: 4058172389566) were used. The seeds 

were surface sterilized before germination using a 5% (v/v) sodium hypochlorite 
solution for 10 min and rinsed three times with sterile deionised water.  

 

 
 

Toxic metal pollutants such as cadmium disrupt all stages of plant development. Flax (Linum usitatissimum L.) has demonstrated the 

ability to tolerate and accumulate high amounts of cadmium, making it suitable for phytoremediation. Within-species variability of 
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spectrometry. The results showed that the cultivars Belinka, Diana, Laura, Marina, Flanders, and Jitka have comparable metal uptake and 

transfer to shoots. Among these, the cultivar Jitka proved to be the best candidate for phytoremediation, consistent with previous reports. 
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Germination assays 

 

Flax seeds were sown on Petri dishes with CdCl2 solution at concentrations of 0, 

10, 20, 30, 40 and 50 mg.L-1. We evaluated germination of 50 seeds after 6 days of 

cultivation in the dark at room temperature. As the lowest Cd concentration that 

markedly inhibited to some extent germination all varieties was 30 mg.L-1, for 
further tolerance tests of selected flax varieties (including germination assays with 

25 seeds) the concentration of 20 mg.L-1 CdCl2 was used. Germination rate was 

expressed in %. 
 

Testing for flax tolerance to Cd2+ 

 

Screening of flax varieties for tolerance was performed in Petri dishes with 

Hoagland nutrient solution (400 mg.L-1 KNO3, 350 mg.L-1 MgSO4. 7H2O, 300 
mg.L-1, NaH2PO4.2H2O, 400 mg.L-1 CaCl2, 350 mg.L-1 NaNO3) with/without the 

addition of a 20 mg.L-1 CdCl2. Flax (6 seeds for each variety) was cultivated in a 

cultivation room at a photoperiod of 16 hours light/8 hours dark with maximum 
intensity 11 450 lx; temperature max. 28°C (light)/min. 18°C (dark) for 8 days. 

Fresh weight and shoot lengths were measured for experimental plants and 

tolerance indexes were expressed as ratio of values for metal-exposed plants to 
corresponding controls (in %). 

 

Determination of photosynthetic pigments 

 

Determination of photosynthetic pigment concentrations was carried out according 

to Lichtenthaler (1987) in 50 mg (fresh weight) of plant tissue. Tolerance indexes 
(ratio of values obtained for Cd-treated plant/ values for control) were calculated 

for parameters expressing the Cd impact on photosynthetic apparatus (Douchiche 

et al., 2012), including sum of chlorophylls A and B (Chl(A+B)), ratio of 
chlorophylls (ChlA/B), content of total carotenoids (Car) and the weight ratio of 

chlorophylls to total carotenoids ((A+B)/Car). 

 
Radioanalytical analyses 

 

For radioanalytical studies, the metal solution for plant cultivation was spiked with 
exact amount of the radioisotope 109Cd (Czech Metrological Institute, Czech 

Republic) in 5 mL vial tubes.  Metal exposure was for 10 days. Root tissues were 

separated with a scalpel and immersed in 20 mM Na2-EDTA for 15 min and rinsed 

with deionised water to remove Cd2+ from the surface. The shoots and roots of 

seedlings were frozen with liquid nitrogen. The samples were analysed using a 

scintillation gammaspectrometer type 76BP76/3 (Scionix, The Netherland) with 

well type NaI(Tl)  crystal. For energy and efficiency calibration, a library of 

radionuclides was created by selecting the characteristic γ-ray peaks for 109Cd (Eγ 

= 88.04 keV), 137Cs (Eγ = 661.66 keV), and 60Co (Eγ = 1,173.24 keV). The 
calibration was performed using standard solutions of 109CdCl2 with known 

radioactivity and half-life of the radionuclide (T1/2 = 462.6 d). The peak areas of 

the samples and references were determined at the same geometry. The amount of 
109Cd accumulated in tissue (Bq.g-1 DW) was used to estimate the total Cd allocated 

in tissues. 
Metal transfer factor (TF) was calculated by dividing the concentration of a heavy 

metal in a plant's aerial parts (shoots) by its concentration in the root (Douchiche 

et al., 2012).  
Bioconcentration factor (BCF) was calculated by dividing the concentration of a 

heavy metal in organ biomass by concentration in the cultivation medium at the 

end of the experiment (Douchiche et al., 2012). 
 

Data processing 

 

Data processing, visualisation and correlation analysis were done using Microsoft 

Office Excel 2016 program. Principal component analysis was done using 

Statistica program. 
 

RESULTS AND DISCUSSION 

 
Data on growth parameters showed natural variability among the 31 flax varieties. 

Fiber-type plants are usually taller with fewer branches compared to linseed types 

grown for seeds (Diederichsen and Ulrich, 2009). The significant genetic 
diversity of flax has been attributed to genetic background, environmental 

conditions, and breeding practices. Previously, considerable differences have been 

reported in traits such as seed yield, straw weight, and growth rates among different 
flax varieties (You et al., 2017).  Fresh weight values observed for some of the 

tested varieties exhibited double the fresh weight of others (Figure 1). To account 

for the significant variability and make the data comparable across different 
varieties, we expressed tolerance indexes for individual parameters by calculating 

the ratio of values measured for metal-exposed plants to those of control plants for 

each variety.  

 

 
Figure 1 Variability in fresh weight of experimental flax varieties in control conditions. The data represent average values ± SD (n=6). 

 

A prerequisite for the successful use of flax for soil remediation is its ability to 
germinate in contaminated soil. We tested the ability of flax varieties to germinate 

in presence of cadmium (20 mg.L-1) in the growth medium. The results indicated 

that nine varieties had 100% germination, while germination in four varieties 
decreased by half due to the presence of the toxic metal (Figure 2A). Genotypic 

variations of seed coat permeability have been suggested as key determinant for 

metal impact on seed germination (Cheng et al., 2008). Additional factors like 
variable sensitivity of seed´s key hydrolytic enzymes or variable efficiency of 

antioxidant defences/metal transport and sequestration likely play role (Carvalho 

et al., 2023). Previously, Cd strongly inhibited germination of Trigonella foenum-
graecum seeds at 10 mg.L−1 (Alaraidh et al., 2018), while 1 mM of 

CdCl2 completely inhibited germination of the rice seed cultivar Hwayeong 

(Ahsan et al., 2007). In contrast positive effects of low Cd concentrations (up to 
0.5 mM CdCl2) on germination has also been reported for some rice cultivars 

(Cheng et al., 2008). In the screening of six fibre flax and two linseed varieties, 

Brutch et al., (2022) found that cadmium (Cd) did not influence germination. Cd 
tolerance of germination varies between- and also within plant species (Ahmad et 

al., 2012). 

Tolerance indexes based on different growth parameters are good indicators of 
sensitivity/tolerance to stresses, including metal toxicity. Rich literature reports on 

mostly negative effects of cadmium on plant biomass production, expressed by 

weight or height of organs (plants), yield, seed production, etc. (Singh et al., 2016; 

Konotop et al., 2017; Yotsova et al., 2020; Halim et al., 2021; Mészáros et al., 

2021). The mechanisms of metal effects are rather well described; however, they 

are hardly uniformly applicable as the complexity of plant defence strategies, 
including those at cellular, tissue, and plant levels, result in different tolerance rate 

values when individual parameters are compared (Maglovski et al., 2019; 

Maglovski et al., 2021). Such variable pattern we also observed when TI was 
determined based on shoot weight (Figure 2B) and shoot length (Figure 2C), while 

the orders of examined flax varieties differed also from that generated by 

germination efficiency in presence of Cd (Figure 2A). Belinka, Flanders, Verum 
and Marina repeatedly occur among the most tolerant flax varieties in these tests 

(Figure 2). In contrast, the Ilona variety germinates poorly in presence of Cd, 

though the plants later can rather efficiently cope to metal toxicity (Figure 2).  
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Figure 2 Impact of cadmium toxicity on the tested flax varieties. Examined were the germination rate in presence of cadmium (panel A) and tolerance indexes based 

on shoot weight (B) and shoot length (C). The data represent average values ± SD (n=2-6 plants). 
 

 
Figure 3 Effect of cadmium on photosynthetic parameters in flax varieties. Indicated are parameter ratios of Cd-stressed to control plants for carotenoid (Car) and total 

chlorophyll (ChlA+ChlB) content, content ratio of ChlA to ChlB (A/B) and the weight ratio of ChlA and ChlB to total carotenoids ((A+B)/Car). For clarity, only 

average values are indicated. 
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Photosynthetic pigments in flax varieties exposed to Cd 

 

Photosynthetic pigment contents were affected in flax as impact of cadmium 

toxicity (Figure 3). There are many cases in the literature that describe a decrease 

in chlorophyll content under metal toxicity but also its increase. Photosynthesis is 

essential for plants to generate biomass and energy for adaptive responses, at the 
same time it is a process significantly sensitive to metal toxicity impairing 

chloroplast structure in leaves and enzymatic activity (Yotsova et al., 2020). We 

assessed the functionality of the photosynthetic apparatus in the plant as a sensitive 
stress indicator (Kalaji et al., 2016; Kalisz et al., 2023). Total chlorophyll content 

(ChlA+ChlB) varied in flax plants between 2.5-6.2 mg.g-1 FW; ratio between Cd-
exposed and control plants ranged between 0.7 to 1.5 indicating diverse tolerance 

(Figure 3) as has been observed previously in flax (Brutch et al., 2022) as well as 

other species (Yotsova et al., 2020). The ChlA/B ratio as an indicator of the 
functional pigment equipment and light adaptation/acclimation of the 

photosynthetic apparatus decreases in shaded (stressed) leaves (Lichtenthaler et 

al., 2013). In the control flax plants, the values ranged between 1.6 and 3.3 
compared to Cd-stressed plants (1.88 – 3.17), while the corresponding tolerance 

indexes varied between 0.83 and 1.33 (Figure 3). Previously overall lower ChlA/B 

values were measured for flax varieties Jitka, Escalina, Belinka, Krasnoder and 
Marina (both for control and Cd-stressed condition) (Pavlovičová et al., 2020), 

suggesting different growth conditions.  

Considering their unique structure with a system of conjugated double bonds 
responsible for antioxidative properties, carotenoid (Car) content has been 

suggested to correlate with defence against stress (Chen et al., 2016). While Car 

content varies among but also within species (Ninčević Grassino et al., 2023), in 
flax it ranged 0.5-1.0 mg.g-1 FW in controls and 0.4 to 1.0 mg.g-1 FW in metal-

exposed variants. The tolerance indexes derived from these values were 0.7-1.6 

(Figure 3) suggesting variable adaptability to metal toxicity. Greenness of plants 
as expressed by chlorophylls to total carotenoids was also calculated for flax 

varieties. Normally the values lay between 4.2 and 5 in sun-exposed leaves 

(Lichtenthaler, 1987). In flax varieties values 3.9-6.2 were measured in both 
control and Cd-exposed plants. Previously, higher values (<8.3) were detected in 

Escalina and Marina varieties (Pavlovičová et al., 2020). As lower values (as low 

as 2.5 to 3.0) indicate senescence and/or damage to the plant structures 
(Lichtenthaler, 1987), derived tolerance indexes in flax between 0.7-1.2 (Figure 

3) indicate to relatively most sensitive parameter reflecting to presence and toxicity 

of Cd. 

Several varieties had TI values for assayed individual parameters above 100%, 

which is a result of the so-called hormesis effect, i.e. the positive influence of the 

element at low concentrations as a manifestation of biological plasticity or 
temporary adaptive response to stress (Calabrese and Mattson, 2011). Varieties 

Purple, Liral Sussex and Texa appear to benefit most from the applied 

concentration of Cd (ratios of all pigment parameters increased in stressed plants 
compared to controls), in contrast to varieties Ilgemilla II, Ilona, Modran, Pastell, 

Rastatter Weiss, Rembrandt, Verum and Wiera  that suffer most (Figure 3) (TIs 

based on all pigment parameters were below 100%).  General increase in 
photosynthetic system efficiency, for example, determines the final hormetic 

stimulating effect (e.g., biomass increase), and is considered as one of the main 

action mechanisms of plant hormetic responses triggered by metal ions (Salinitro 

et al., 2021). The selected concentration of cadmium used in analyses apparently 

reaches the threshold of toxicity. Beneficial concentrations widely vary among 

tested metals and interspecific diversities result in different reactions in plants 
subjected to the same metal treatment (Salinitro et al., 2021).  

 

Selecting flax varieties with good potential for phytoremediation 

 

The flax defence strategies include involvement of mechanisms at cellular, tissue, 

and plant levels, which can vary in effectiveness across different varieties (Yaşar 

et al., 2023). In addition, different growth parameters, such as shoot weight and 

length, can respond differently to cadmium stress. Therefore, not surprising, that 

various flax parameters exhibit different sensitivities to the presence of Cd ions, 
resulting variations in the sensitivity rankings for the tested varieties (Figures 1-3), 

as has been observed also previously (Shaari et al., 2022). These rankings may be 
hardly directly comparable, especially if in addition to genetic background and 

tolerance mechanisms also environmental factors enter the interactions (e.g., 

affecting metal bioavailability in soil). TI values and germination data were 
analysed together to identify the weight of the main components. This analysis 

sorted the varieties according to component PC 1, which explains 54.8% of the 

observed variability, and component PC 2, which accounts for 19.2% of the total 
variability (a combined 73%). 

Tolerance to Cd ions, as expressed by the germination rate and fresh weight of 

seedlings, increases in the direction of PC 2, explaining a relatively high proportion 
(20%) of the information and variability in the data. Component PC 1 reflects the 

"condition" of the photosynthetic apparatus in the presence of Cd, or the ability to 

maintain function; it accounts for almost 55% of the total variability. This analysis 
enabled the selection of varieties with a positive combination of all tested 

parameter values, indicating good tolerance during germination and growth in the 

presence of sublethal concentrations of cadmium ions (quarter with varieties in the 

red cluster in the Figure 4). These varieties include Belinka, Diana, Laura, Marina, 

Flanders, and Jitka. 

 

 
 

Figure 4 Principal Component Analysis (PCA). The analysis classifies the tested 

flax varieties based on changes in TI values calculated from different parameters. 

Arrows refer to graphical representations of the influencing factors for components 
1 and 2. The highlighted set (red circle) includes varieties with good properties for 

soil phytoremediation contaminated with cadmium. 

 

Testing the selected flax varieties for metal uptake 

 

The selected varieties Belinka, Diana, Laura, Marina, Flanders, and Jitka were 
assayed for metal uptake and accumulation capacity using gammaspectrometry. 

All these varieties accumulated comparable amounts of >2200 mg.kg-1 Cd in roots, 

the most the variety Flanders (Tab 1). Shoots accumulated ≤ 203 mg.kg-1 (cv. Jitka) 
but not less than 136 mg.kg-1 Cd (cv. Flanders) (Tab 1). These values are 

comparable in order of magnitude to the results of an earlier study with the Hermes 

variety (Douchiche et al., 2012) (Tab 1). In contrast, they are rather high compared 
to previously studied cvs. Kaliakra (Angelova et al., 2004) and Longya (Shi and 

Cai, 2009) (Tab 1). Accumulation rates were here much higher also than 

previously reported data on the same varieties in similar growth stage cultivated in 
hydropony (Pavlovičová et al., 2020) but also in mature plants grown in soil 

conditions (Bjelková et al., 2011). Variable accumulation rates were reported 

within (flax) species depending on several factors including type (fibre 
flax/linseed), cultivation conditions, growth stage, culture type (laboratory vs. 

field), plant part, stressing factor etc. (Bjelková et al., 2011 and within; House et 

al., 2020; Pavlovičová et al., 2020; Yaşar et al., 2023). The metal transfer rate 
from roots to shoots, however, were very low compared to other studies (Tab 1). 

At the same time, bioconcentration factor in roots was comparable with the cv. 

Hermes in both roots (Douchiche et al., 2010, 2012) and shoots (Douchiche et al., 

2010). The methodology of metal exposure, duration, and concentration used in 

different studies can lead to different patterns of metal accumulation and 

translocation within the plant. For example, composition of the growth media/soil 
and corresponding metal mobility/bioavailability is likely rate determining factor. 

Bjelková et al. (2011) noted that artificial increase of soil Cd resulted in dramatic 
decrease of translocation from root to shoot. House et al. (2020) revealed that two 

of four canadian flax cultivars (including the cv. Flanders used in this study) 

exhibited stable Cd concentrations through the first three stages of development, 
but accumulaton declined significantly at maturity.    

For all flax varieties assayed for cadmium uptake and transfer to aboveground 

tissue, we obtained comparable values. In this aspect, our selection from the set of 
31 genotypes was successful. However, some varieties tested in soil experiments 

could clearly be distinguished in this respect (Bjelková et al., 2011). Bjelková et 

al. (2011) found that while the cultivars Merkur and Escalina accumulated most 
Cd in their roots, the cultivar Jitka was the highest Cd accumulator in aboveground 

tissue among the studied cultivars. In agreement with this, the in vitro screening 

system identified the cultivar Jitka as the most Cd-tolerant, accumulating high 
amounts of metal in explants, in contrast to the cultivar Merkur (Smykalova et al., 

2010). Incorporating different, seemingly independent parameters that reflect plant 

adaptability to both internal and external factors is likely useful in identifying novel 

flax genotypes with good tolerance and high metal accumulation and transfer to 

shoots (Socha et al., 2015). Bjelková et al. (2011) considered it unlikely to identify 

high Cd-accumulators within recently grown commercial flax/linseed cultivars. 
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Table 1 Cadmium uptake by different flax cultivars (according to Douchiche et al. 2012). 

Flax cultivar 

Cd in 

medium/soil 

(mg.kg-1) 

Treatment 

duration 
Organ 

Cd content 

(mg.kg-1) 
BCF TF* Reference 

Hermes 11 4 months Roots 753 67 0.48 1 

Hermes 56 18 days Roots 3147 56 
0.21 2    Shoot 670 12 

Kaliakra 12 Seed maturity Roots 8.7 0.7 0.84 3 

Flax, linseed 100 28 days Roots 203 4 0.17* 4 

Longya7 50  Shoots 109 2 0.54 5 

Belinka 50 10 days Roots 31 0.62* - 6 

 30 10 days Roots 2386.6±161.6 79.52 
0.07 this study    Shoots 173.1±49.0 5.77 

Diana 30 10 days Roots 2415.5±273.0 80.52 
0.06 this study    Shoots 148.2±35.5 4.94 

Flanders 30 10 days Roots 2717.8±276.1 90.59 
0.05 this study    Shoots 135.9±23.4 4.53 

 100 Seed maturity Roots 9.1 0.09* 
0.30* 4 

  Seed maturity Shoots 2.7 0.03* 

Jitka 50 10 days Roots 62 1.24* - 6 

 30 10 days Roots 2344.6±102.6 78.15 
0.09 this study    Shoots 202.6±45.9 6.75 

 100 Seed maturity Roots 17.5 0.17* 
0.29* 4 

  Seed maturity Shoots 4.9 0.05* 

 40 3 weeks Explants 789.9 19.75 - 7 

Laura 30 10 days Roots 2286.6±96.3 76.22 
0.07 this study    Shoots 161.9±24.7 5.40 

 100 Seed maturity Roots 18.0 0.18* 
0.23* 4 

  Seed maturity Shoots 4.2 0.04* 

Marína 50 10 days Roots 42 0.84* - 6 

 30 10 days Roots 2212.3±185.1 73.74 
0.08 this study 

    Shoots 184.2±97.9 6.14 
Legends: BCF - bioconcentration factor = [Cd]plant tissue/[Cd]medium. TF - translocation factor = [Cd]shoot tissue/[Cd]roots. TF = Cd accumulation in 

shoot tissue/Cd accumulation in roots. References: 1 – Douchiche et al., (2012); 2 – Douchiche et al., (2010); 3 – Angelova et al., (2004); 4 – Bjelková et 

al., (2011); 5 – Shi and Cai, 2009; 6 – Pavlovičová et al., (2020); 7 – Smykalova et al., (2010). Data in this study present average ± SE (n=3). *Values 

calculated from data reported in the given work. 

 

CONCLUSION 

 

Fast, cheap but reliable screening systems should comprise several parameters as 

individually they are likely insufficient to estimate the tolerance/metal uptake and 
transfer rate. Flax plants of early developmental stages were screened in a 

laboratory for cadmium tolerance. Photosynthesis-related parameters, germination 

ability in presence of cadmium and growth parameters allowed to identify 6 of 31 
flax cultivars, which revealed comparable metal uptake/transfer properties. The 

results supported previous findings that the cv. Jitka is most tolerant, at the same 

time accumulates most cadmium in shoots. Such screenings are necessary to 
identify novel genotypes for remediation purposes.  
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