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Abstract: Pressures exerted on the soil ecosystem due to its exposure to Zn evoke a real and aggravating effect on the quality of life. 

Greenhouse pot experiments were conducted to study the effects of mineral amendments (zeolite and bentonite) on selected physico-chemical 

properties of soil, L. perenne growth, Zn accumulation in plant and soil. The contents of Zn in the plants and soil were determined using the 

method of spectrophotometry. Zn contents in the tested parts of L. perenne differed significantly in the case of applying amendments to the 

soil, as well as increasing concentrations of Zn. The greatest average above-ground biomass was observed when zeolite were amended into 

the soil. Bentonite also caused significant increases in Zn concentrations in the roots. Bentonite and zeolite were shown to be the most 

effective and decreased the average Zn contents in soil. 
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1. Introduction 

As a result of ongoing urbanization, excessive exploitation of 

the environment and the constantly increasing human populations, 

the level of contamination of individual components of the natural 

environment has also been increasing. A particularly important 

problem is contamination with heavy metals, which may derive 

from a very wide spectrum of anthropogenic activity (González-

Acevedo et al. 2018). 

The process of phytoremediation may proceed via: 

phytoextraction, phytostabilization, phytodegradation, or 

phytovolatalization (Odoh et al. 2019). Phytoextraction process 

makes use of the potential of plants (hyperaccumulators) to absorb 

high quantities of heavy metals (HMs) (Salam et al. 2019). After the 

completed growing period, plants are extracted and removed, and 

the remediation process may be multiply repeated until expected 

results are achieved. This method, however, bears the risk of HMs 

transfer to other matrices of the natural environment (air, water) and 

of their inclusion into the food chain (Wang, et al. 2019). In turn, 

the main principle of the phytostabilization technique is to enhance 

the development of the plant cover to reduce the availability of 

heavy metals, to minimize the erosion and leaching of metals, and 

also to improve soil quality (Zhan et al. 2018). The process of 

phytostabilization results in the precipitation or immobilization of 

inorganic contaminants in the soil, on the surface of roots or in root 

tissues (Radziemska, et al. 2016). The third mentioned process – 

phytodegradation – is based on the capability of selected plant 

species for the uptake of contaminants from the polluted sites and 

then on their conversion by enzymatic complexes of the metabolic 

cycle (Park et al. 2011). Owing to degrading enzymes, this process 

may also proceed in the rhizosphere of plants. Finally, the 

phytovolatalization makes use of plants capability for the uptake of 

contaminants from the soil, their accumulation, and finally their 

release in the modified form to the atmosphere (Gong et al. 2018). 

 In connection with the above, studies were assumed 

whose aim was to determine the influence of zeolite ans bentonite 

applied to soil contaminated with Zn on the effectiveness of the 

process of aided phytostabilization by determining mobility and 

redistribution of Zn on L. perenne and the concentration of Zn in 

soil. 

2. Materials and Methods 

2.1. Plant Growth Experiment 

The greenhouse experiment was carried out in 5.0 kg 

polyethylene pots containing soil contaminated with Zn, amended 

with zeolite and bentonite, and vegetated with L. perenne plants. 

Simulated soil contamination with Zn was introduced in the 

following doses (mg/kg of soil): 0 (control), 200, 400, and 600, with 

the soil also fertilized with a macro- and micronutrient fertilizer 

mixture containing N-26%, P2O5-12%, K2O-26%, B-0.013%, Cu-

0.025%, Fe-0.05%, Mn-0.25%, and Mo-0.20%. The soil, obtained 

from the surface layer of a non-contaminated site in an agricultural 

area, was air-dried and sieved through a 2 mm mesh screen. 

Physico-chemical properties of the soils included: pH 5.03; 

hydrolytic acidity (mmol/kg) 33.24; sum of exchangeable bases 

Ca2+, Mg2+, K+, Na+ (mmol/kg) 62.10; cation exchange capacity 

(mmol/kg) 93.20, base saturation (%) 64.20, total N (g/kg) 1.13, 

organic carbon (g/kg) 7.12, N-NH4
+(mg/kg) 22.11, N-NO3

- (mg/kg) 

11.12, extractable P (mg/kg) 33.20, extractable K (mg/kg) 7.62, 

extractable Mg (mg/kg) 33.12, and Zn (mg/kg) 24.12. Amendments 

(zeolite, bentonite) was mixed in with the soil in the amount of 

3.0% (each). Soils without Zn and amendments (0.0%) were 

designated as the control. The soil samples were thoroughly mixed 

and were allowed to stabilize under natural conditions for two 

weeks before using as a growth experiment. The plants were 

watered every other day to 60% of the maximum water holding 

capacity of the soil by adding deionized water. At the end of the 

experiment (approx. 45 days after seed sowing), plants were 

harvested, weighed and separated into above-ground parts and 

roots. 

2.2. Plant and soil analysis 

Plant material was carefully washed with deionized and further 

ultrapure water to remove soil particles, and then air-dried at room 

temperature. Before analysis, the plants were powdered using an 

analytical mill (Retsch type ZM300, Hann, Germany) and kept at 

ambient temperature prior to the chemical analyses. A 

representative subsample was mineralized in nitric acid (HNO3 p.a.) 

with a concentration of 1.40 g/cm and 30% H2O2 using a 

microwave oven (Milestone Start D, Italy). After filtration, the 

digestion products were adjusted to 100 mL volume with deionized 

water. Extracts were analyzed for total copper concentrations were 

determined by Atomic Absorption Spectrometry method using an 

iCE-3000 spectrophotometer (Thermo Scientific, USA). Copper in 

soil was analyzed using U.S. EPA method 3051. 

2.3. Statistical analysis 

Experiments were performed in triplicates and the values 

presented as the means ± standard deviation. The data were 

analysed using Statistica software (version 10.0, San Diego, CA, 

USA). Significant differences (p<0.05) between the mean values of 

different treatments were compared and evaluated using Duncan's 

multiple range test. 
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3. Results and Discussion 

Areas contaminated with heavy metals generally represent a 

low level of plant cover growth, and deprived of vegetation. The 

effects of zeolite and bentonite on the biomass production of L. 

perenne grown in a Zn contaminated soils are shown in Fig. 1. In 

our study, the biomass of plants in the control series (without the 

addition of amendments to Zn-contaminated soil) decreased by 68% 

in the treatment with the highest Zn dose (600 mg/kg soil). 

Vijayarengan and Mahalakshmi (2013), in turn, showed that Zn 

toxicity decreased the length of the roots and shoot, as well as the 

area of the leaves in S. lycopersicum. In the carried out study, L. 

perenne did not show any visible symptoms of Zn toxicity or 

nutrient deficiency when grown on the contaminated soil with 

amendments. The greatest average aboveground biomass was 

observed in cases of amending soil with zeolite (33%) as compared 

to not applying any of these substances to the soil. Bentonite also 

had a positive, though lesser, influence. The application of 

inorganic amendments to soil alleviates the toxic effect of heavy 

metals on soils and, at same time, influences crop yield (Friesl et al. 

2003). In another experiment conducted by Radziemska et al. 

(2016), mineral-amendments added to soil contaminated with heavy 

metals caused an increase in L. perenne. Moreover, Wyszkowski 

and Radziemska (2010, 2013) confirm that zeolite increased the 

average yield of plants (oat, spring barley, and maize) grown on soil 

polluted with Cr(VI). There are some reports indicating that rice 

seed biomass increases in bentonite-treated soil (Sun et al. 2014).  

 

Fig 1. Effect of zinc and various mineral amendments on the aboveground 

biomass of L. perenne, in grams fresh mass per pot. Error bars are ± 
standard error (n=3). Bars indicated by the different letter are significantly 

different (P<0.05) according to Dunkan test. 

 

Plants used in the phytostabilization technique should store 

trace elements in root tissues and be characterized by a limited 

ability of translocating them to the above-ground parts (Rai, et al. 

2019). As shown in Fig. 2, the accumulation of Zn content was 

much higher in roots than in shoots, and this major advantage 

indicates the potential of L. perenne as a phytostabilizer. Data found 

in literature confirm the existence of a correlation between total Zn 

content in soil and its concentration in plants (Campillo-Cora et al. 

2019). The present research reveals that the application of zeolite 

and dolomite had an influence on the average Zn content in L. 

perenne. The highest reduction of Zn contents (25%) was observed 

in the aboveground parts of the tested plant species grown in soil 

containing bentonite, as compared to the uncontaminated soil. 

Compared with the control treatment, the bentonite and zeolite 

treatments significantly increased copper concentration in plant 

roots as compared to pots to which additives had not been added. 

These results were similar to another experiment conducted by 

Radziemska et al. (2017) where the heavy metal contents in the 

above-ground parts of maize, Indian mustard, and ryegrass were 

affected by the application of mineral sorbents (i.e. zeolite, 

halloysite, limestone, chalcedonite and dolomite). The roots of the 

test plant contained 16% more Zn as compared to the control group 

when bentonite was applied to the soil. 

 

Fig. 2. Zinc concentration (mg/kg, dry weight basis) in the above-ground 

part (a) and roots (b) of L. perenne at the end of the trial. Error bars are ± 
standard error (n=3). Bars marked with different letters differ significantly 

for the same Cu exposure (P<0.05) according to the Duncan test. 

Soil Zn concentrations have been presented in Fig. 3. In this 

study, the application of zeolite and bentonite led to a significant 

decrease in total Zn concentrations in soil as compared to the 

control pots. This suggests that soils treated with the application of 

mineral-based amendments exhibit a greater ability to desorb Zn 

from the soil in comparison to soil without amendments. In the 

control series (without amendments), the differences in the Zn 

contents of soil were positively correlated with increasing doses of 

this heavy metal. The application of bentonite and zeolite led to a 

significant decrease in Zn concentrations in soil as compared to the 

control pots. These results were similar to another experiment 

conducted by Radziemska and Mazur (2016), the addition of zeolite 

to soil contaminated with heavy metals caused a significant 

decrease of Zn in the soil. The remediation of Pb-polluted garden 

soil by zeolite limited the availability of Pb in the soil as well as 

enhancing the validity of phytoremediation (Shi et al. 2009).  

 

Fig. 3. Zinc concentrations in soil with the different soil treatments 
(mean±SD, n=3). Values in columns marked with the same letter do not 

differ significantly (Duncan test, P>0.05). 
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4. Conclusion 

In the conducted experiment, the use of mineral-based 

amendments such as zeolite and bentonite gave promising results in 

the process of aiding the phytostabilization of soils contaminated 

with Zn. The biomass of tested plants depended on the dose of a Zn 

contaminant and amendments incorporated into the soil. The 

greatest average above-ground biomass of L. perenne was observed 

in cases of amending soil with zeolite. In this experiment, Zn 

accumulated predominantly in the roots of the tested plant. Zn 

accumulated in the roots, thereby reducing its toxicity to the aerial 

parts of the plant. Bentonite caused significant increases of Zn 

concentrations in the roots and turned out to be the most effective 

when it came to reducing total Zn content in the soil. 

 

„Project financially supported by Minister of Science and Higher 
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Excellence" for the years 2019-2022, Project No. 010/RID/2018/19, amount 

of funding 12.000.000 PLN.” 
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