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Conlusions 
o The content of all  tested heavy metals, except Mn, in tailings was 

above the maximum allowed amounts. The concentration of Pb, Zn, 
Cu, Ni and Cd in tailings was lower on fertilized plots compared to 
non-fertilized ones, while the concentration of Mn was increased on 
fertilized plots. Heavy metals accumulated in plant organs were in 
quantities that are toxic to the most plant species.  

o The highest concentration of all six tested elements was in the plant 
roots. Red fescue can be classified as an excluder for all tested 
elements. This indicates on possibility of using of red fescue inn 
phytostabilization.  

o Fertilization with mineral and organic fertilizers can potentially have 
positive effects on reducing accumulation of heavy metals in roots 
and shoots of plants 

Background and objectives 
o Soils near mines have altered mechanical, physical and chemical 

characteristics, very poor nutritional values and increased heavy 
metal content and are often without any vegetation.  Due to the lack 
of vegetation, such soils are subject to fluvial and Aeolian erosion, 
which spread pollutants as dust over long distances. 

o Red fescue, thanks to low requirements in terms of substrate quality 
and its growth ability on soils with increased content of Pb, Zn and 
Cd is potentially good candidate for phytoremediation. 

o The aim of research was to investigate the possibility of growth of 
red fescue on the flotation tailings and its accumulation capacity on 
a substrate with increased content of heavy metals. 

Material and methods 
o The experimental field was set up at the slope of  flotation tailing of the Pb, 

Zn and Cu mine, on April 1st, 2021. Each individual plot was 10 m2. Red fescue 
K-14 from the Institute of Forage Plants in Kruševac was used. Half of the 
experimental plots were fertilized with 100 kg/ha of NPK (20:20:20) and 700 
kg/ha solid organic fertilizer based on chicken manure (4:4:4 NPK). The other 
half of plots were without fertilization. The sampling was performed on 
October 27th, 2021.  

o Actual and exchangeable pH, total N and organic C content, available P2O5 
and K2O, as well as total concentrations of Pb, Zn, Ni, Cu, Cd and Mn in 
substrate were determined via standard agrochemical methods. 

o Concentrations of Pb, Zn, Ni, Cu, Cd and Mn in plant material were 
determined via AAS after wet digestion.  

o The data were calculated as the arithmetical means of three replications of 
each treatment, with the standard deviation. 

Results and discussion: 
o The tailings pH is neutral, total N and easily accessible forms of P2O5 

and K2O contents were below optimal level for plant nutrition, which 
all indicates a deficiency of humic substances. The high content of 
organic C in tailings is the result of organic additive xanthate, that is 
used during flotation process. The content of all heavy metals in 
tailings, with the exception of Mn, was above the maximum 
permitted amounts for arable land.  

o Red fescue accumulates all the elements in a much higher 
concentration in the root compared to the shoot.  

o The concentration of Pb in plants is very high, which is in line with its 
concentration in tailings and is within the toxic values for most plant 
species).  

o Translocation coefficient (TF˂1) was established for all elements in 
control and fertilized plants which indicates a reduced transport of 
elements from the underground to the aboveground part of plants.  
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parameter control fertilized 

pH in H2O 6.85 7.02 

pH in KCl 6.59 6.85 

N (%) 0.005 ± 0,001 0.002 ± 0,0001 

P2O5 (mg/100 g soil) 1.08 ± 0,006 0.93 ± 0,0004 

K2O (mg/100 g soil) 8.49 ± 0,04 10.30 ± 0,86 

Organic C (%) 3.71 ± 0,25 2.73 ± 0,80 

Pb (mg/kg) 655.3 ± 0,86 665.4 ± 21,9 

Zn (mg/kg) 1217 ± 49,3 1112 ± 33,9 

Ni (mg/kg) 217.2 ± 8,47 203.6 ± 3,26 

Cu (mg/kg) 443.4 ± 2,30 308.5 ± 5,07 

Cd (mg/kg) 7.33 ± 0,63 6.40 ± 0,03 

Mn (mg/kg) 884.6 ± 50,9 953.9 ± 29,4 


