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Table S1. Properties and effects of cadmium, chromium, copper, lead, mercury, nickel and zinc on 
plants. 

Metal Essential 
in plants 

Mobility 
in plants 

Accumulates 
in Effects in excess References 

Cadmium No Mobile All in their 
organs Growth inhibition. S1-S3 

Chromium No Low More in roots Growth inhibition, oxidative 
stress. S4-S8 

Copper Yes Mobile All in their 
organs 

Growth inhibition, chlorosis and 
necrosis. 

S9-S11 

Lead No Low Roots 
Imbalance in the microelement 

homeostasis, inhibition of growth 
and photosynthesis. 

S12-S16 

Mercury No Low Roots 

Growth inhibition, negative effect 
on metabolism, photosynthesis, 

nutrient uptake, antioxidant 
enzyme capacity. 

S17-S20 

Nickel Yes Mobile More in the 
aerial parts 

Inhibition of photosynthesis, 
nitrogen assimilation. DNA 

damage. 
S21-S26 

Zinc Yes Mobile 
All in their 

organs Phytotoxicity S27-S30 

Cadmium is a mayor contaminant in the environment. According to our knowledge, it is the 
only HM which can be accumulated in such a concentration which is not toxic to plants but poses 
health risks both to animals and humans upon entering the food chain by bioaccumulation [S1, S2]. 
Cd is a mobile element in soil, plants can take up, transport and distribute it to all of their organs 
effectively [S3].  

Chromium is a naturally occurring metal in volcanic dust and rocky soils [S4], easily 
contaminating groundwater due to its high solubility. Although, in appropriate quantities, Cr is an 
essential nutrient for the human body, it has no biological role in plant physiology [S5]. Plants do not 
have any specific uptake mechanism for Cr [S6], but conversion of Cr into organic complexes in the 
presence of acidic root exudates increase its accumulation [S7]. In comparison with other HMs Cr 
shows higher accumulation in roots due to its low mobility and its sequestration into root cell 
vacuoles [S8].  

As an essential micronutrient, copper is necessary for the optimal growth and development of 
plants, but in excess, it becomes toxic. Cu is easily accessible for plants directly from the soil solution 
as free cations or by chelation [S9], however, it has a low diffusion capability in soil solution, hence 
its availability might be limited [S10]. Plants exposed to moderate amount of excess Cu show stress-
induced morphogenic response (SIMR) [S11], while in high quantity, toxicity symptoms such as 
growth inhibition, chlorosis and necrosis occur [S9].  

Lead, after being adsorbed by soil particles, may occur in numerous chemical forms with a 
various level of mobility, availability and toxicity, but in general, only a fraction of Pb is available for 
plants in a soluble form due to its high affinity to bind to organic and colloidal materials [S12]. 
Moreover, Cd, Cr, Cu, Ni and Zn negatively affect the availability of Pb for plants, further restricting 
its accessibility [S13]. If taken up, similarly to Cr, Pb is primarily accumulated in roots with a 
restricted translocation to the shoot [S14, S15]. Accumulation of Pb in plants, in one hand, disturbs 
their nutrient uptake, growth and photosynthetic processes [S12], on the other hand, it also poses a 
health risk to humans by entering the food chain [S16]. 
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Although mercury is highly soluble in water, its uptake from soil can be decelerated by high soil 
pH or high amount of salts and lime [S17]. Hg, often bound with sulphur and nitrogen ligands, enters 
animal cells via ionic channels competing with Cu, Fe or Zn [S18]. Nevertheless, the exact mechanism 
in plants is still yet to be discovered. Adsorbed Hg remains primarily in the roots [S19]; in excess, it 
inhibits plant growth by its negative effects on metabolism, photosynthesis, nutrient uptake and 
antioxidant enzyme capacity [S17, S20]. 

Nickel was classified as an essential element for plant growth only in 1987 [S21] and is solely 
known to have a biochemical function in the active site of urease enzyme [S22]. Due to its limited 
necessity, plants require and contain only a low amount of Ni [S23]. In excess, it inhibits 
photosynthesis, nitrogen assimilation and various enzyme activities, while damaging DNA [S24]. 
Availability on Ni for plants depends on soil structure, free iron (Fe) and manganese (Mn) oxides, 
soil organic matter and pH [S25]. Since the proof of existence for Ni-specific transporters is lacking in 
plants, non-selective transporters are responsible for Ni uptake by roots [S26]. 

Zinc is the second most common metal in organisms [S27], with diverse functions in life 
processes [S28]. A typical agricultural soil contains 10-300 µg/g Zn, however, anthropogenic activities 
such as mining, excessive use of fertilisers or application of sewage can increase its amount [S29, S30]. 
In excess, Zn causes phytotoxicity, but the exact effect depends on the dose and plant species 
examined.  

 
Figure S1. Schematic design of the rhizotron system applied (A) and growing B. napus seedlings in 
the rhizotrons filled with soil (B) (adapted from [4]). 
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Figure S2. Callose (A) and pectin (C) content in the root tip of 10 days-old H. annuus and 6 days-old 
B. napus (B and D) grown in control soil or in soil differently treated with combined heavy metals. 
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Figure S3. Visualisation of the changes in the angle of the lateral roots with the primary root. In case 
of sunflower, from the 62°measured under control circumstances, angles increased to 67% in setup #1 
and 69° in the more severe setup #2 (A), while orientation of the rapeseed lateral roots also changed 
to be more horizontal (from the control 74° to 76° and 80° in setup #1 and 2, respectively), however it 
was less pronounced than in sunflower and only significant in setup #2. 

 
Figure S4. Representative images of Schiff staining in order to detect lipid peroxidation in sunflower 
(A) and rapeseed (B) root tips under control circumstances and submitted to different combined 
heavy metal treatment. Pink coloration indicates peroxidation of membrane lipids. 
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