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Abstract  

This study aims to evaluate the heavy metals concentration in perennial grass species 

(Festuca rubra L.) grown on artificially contaminated soil with various doses of cadmium (Cd), lead 

(Pb), zinc (Zn), and copper (Cu). The experiment was set up in pots and included a control variant 

and five experimental variants. The concentrations used ranged from 3 to 15 mg•kg-1 for Cd, 50 to 

250 mg•kg-1 for Pb, 300 to 1500 mg•kg-1 for Zn, and 100 to 500 mg•kg-1 for Cu. The soil used in the 

experiment had a loamy texture, moderate fertility with medium levels contents of nitrogen and 

organic matter and the pH was slightly alkaline (7.94). The concentrations of heavy metals were 

within normal limits for alert and intervention thresholds for sensitive land use according to 

Ministerial Order No. 756/1997.  The results obtained from the analysis of the regression equations 

showed a very significant correlation between the total content and DTPA—extractable form of 

heavy metals in the soil, and their accumulation in Festuca rubra L. plants, which shows the 

potential of this species to extract and accumulate heavy metals from the soil depending on the 

type of metal, level of contamination, and the physico-chemical characteristics of the soil. 

Key words: bioaccumulation, Festuca rubra L., heavy metals, pollution,  

 

INTRODUCTION  
Soil contamination is a major global 

problem for ecosystems health and food 

safety. According to Panagos et al. (2013), 

it is estimated that over 2.5 million sites are 

polluted globally, with Europe contributing 

significantly to this statistic. 

The main cause of soil pollution globally is 

high anthropogenic activity, along with 

industrialization, agriculture, and poor 

waste management (FAO 2021). 

The industrial and commercial sectors, 

along with municipal waste, contribute 

significantly to environmental 

contamination at the European level 

(Panagos et al., 2013). 

Globally, significant pollutants include 

heavy metals (such as Cd, Pb, Zn, and 

Cu), polycyclic aromatic hydrocarbons 

(PAHs), solvents, and petroleum residues 

(FAO, 2021).  

Heavy metals have a negative effect on 

plant metabolism and health by causing 

oxidative stress, affecting photosynthesis, 

respiration, or cell division (Morkunas et 

al., 2018; Ghori et al., 2019; Riyazuddin et 

al., 2022). 
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Metals such as Cu and Zn are essential for 

plant development in small amounts, but in 

high amounts they become toxic. Metals 

such as Cd and Pb are toxic even in low 

concentrations (Nagajyoti et al., 2010; 

Alengebawy et al., 2021). 

According to Dubey et al. (2018), high 

concentrations of heavy metals in plants 

cause oxidative stress and damage cells. 

Rashid et al. (2018) reported that heavy 

metal pollution of agricultural soils leads to 

decreased crop productivity and has a 

negative effect on the soil microbiome. 

Phytoremediation is an environmentally 

friendly and low-cost method used to 

decontaminate soil affected by heavy metal 

pollution by using plants to extract or 

stabilize pollutants.  

The phytostabilization process consists of 

immobilizing pollutants and preventing their 

migration into the environment (Laghlimi et 

al., 2015; Sarwar et al., 2017; Lavanya et 

al., 2024; Zhakypbek et al., 2024). 

Pusz et al. (2021) reported that Festuca 

rubra can accumulate Zn and, in some 

cases, Cd and Cu. Festuca rubra tolerates 

and has a high potential for accumulating 

heavy metals (Sladkovska et al., 2022). 

This study aims to evaluate the heavy 

metals concentration in perennial grass 

species (Festuca rubra L.) grown on 

artificially contaminated soil with different 

doses of Cd, Pb, Zn, Cu. 

 

MATERIALS AND METHODS   

This study was conducted in 2024. The 

experiment was set up in pots, each 

containing 10 kg of soil, and included a 

control variant (unpolluted) and five 

experimental variants with different 

concentrations for each heavy metal 

studied (Cd, Pb, Zn, and Cu) derived from 

their soluble salts (acetate). 

The concentrations used were as follows: 

for Cd (v1 = 3 mg•kg-1, v2 = 6 mg•kg-1, v3 = 

9 mg•kg-1, v4 = 12 mg•kg-1, and v5 = 15 

mg•kg-1); for Pb (v1 = 50 mg•kg-1, v2 = 100 

mg•kg-1, v3 = 150 mg•kg-1, v4 = 200 mg•kg-

1, and v5 = 250 mg•kg-1); for Zn (v1 = 300 

mg•kg-1, v2 = 600 mg•kg-1, v3 = 950 mg•kg-

1, v4= 1200 mg•kg-1, and v5= 1500 mg•kg-1) 

and Cu (v1 = 100 mg•kg-1, v2 = 200 mg•kg-

1, v3 = 300 mg•kg-1, v4 = 400 mg•kg-1, and 

v5 = 500 mg•kg-1).  

The concentrations were established 

considering the alert and intervention 

threshold values for sensitive land use, as 

specified in Ministerial Order No. 756/1997. 

The soil used in experiment was collected 

from the first layer (0-20 cm) from 

Agârbiciu, Sibiu County. 

To obtain an average sample four 

subsamples were taken from the collected 

soil, which was air-dried, ground, sieved to 

remove plant debris and homogenize the 

material. The soil sample was analyzed to 

determine its chemical and physical 

characteristics (pH, organic matter, 

available phosphorus (PAL), available 

potassium (KAL), coarse sand, fine sand, 

silt, clay, and texture) and heavy metals 

content. 

Soil pH was determined potentiometrically 

in a 1:2.5 (g/v) soil-water suspension. 

PAL and KAL were extracted with 

ammonium acetate lactate at pH 3.75, 

according to Romanian standard STAS 

7184/19-82, based on the Egner-Riehm-

Domingo procedure (1960).  

The K content was measured by flame 

photometry, while the P content was 

determined by UV-Vis spectrophotometry.  

Organic matter content was measured on 

0.2 mm ground soil samples using the 

dichromate oxidation method, followed by 

titration with ferrous ammonium sulfate, 

according to Walkley and Black (1934). 

The Kjeldahl method was used to 

determine total nitrogen (Nt). 

379



AAnnaalleellee  UUnniivveerrssiittăăţţiiii  ddiinn  CCrraaiioovvaa,,  sseerriiaa  AAggrriiccuullttuurrăă  ––  MMoonnttaannoollooggiiee  ––  CCaaddaassttrruu  ((AAnnnnaallss  ooff  tthhee  UUnniivveerrssiittyy  ooff  CCrraaiioovvaa  --  AAggrriiccuullttuurree,,  

MMoonnttaannoollooggyy,,  CCaaddaassttrree  SSeerriieess))  VVooll..  5555//11//22002255  

 

The heavy metals content of the soil was 

determined by atomic absorption 

spectrometry after extraction by the aqua 

regia and microwave digestion method. 

Microwave digestion was performed using 

10 ml of aqua regia (7.5 ml HCl and 2.5 ml 

HNO3) at 140 °C for 30 minutes, a method 

developed according to SR ISO 

11466:1999. 

DTPA- extractable heavy metals were 

exctracted from soil (10 g) with 20 ml of 

extracting solution (0.05 M DTPA, 0.01 M 

CaCl2 and 0.1 M tetraethylammonium 

adjusted to pH 7.3), according to SR ISO 

14870:2002. 

The plant species used in the experiment 

was Festuca rubra L., variety Căprioara, 

from the Research-Development Institute 

for Grasslands, Brașov.  

After a six-week vegetation period, the 

plants were harvested with scissors, 

chopped, oven-dried, crushed, and treated 

with nitric acid in a microwave digestion 

system. 

The heavy metals content in the plant 

(aerial part) was determined by atomic 

absorption spectrometry (Flame GBC 

932AA for determining the Zn and Cu 

content and GBC SavanatAAZ graphite 

furnace for determining the Cd and Pb 

content). 

The statistical processing of the data was 

done using Microsoft Excel 2010. 

 

RESULTS AND DISCUSSIONS  

Analyzing Table 1.a, regarding the 

chemical characteristics of the soil used in 

the experiment, it can be observed that it 

had a slightly alkaline pH (7.9), which can 

influence the mobility of heavy metals by 

reducing their bioavailability, and low 

organic matter content (2.71%).  

According to Rashid et al. (2023), the 

bioavailability of heavy metals to plants is 

higher at acidic pH and with low organic 

matter. 

  
Table 1. Physico-chemical characteristics and 

heavy metals content of the soil (n=4) 

a. Chemical characteristics 

pH 
H2O 

Organic matter 
(%) 

Nt (%) 
PAL 

(mg•kg-1) 
KAL 

(mg•kg-1) 
7.9 2.71 0.183 53 186 

b. Physical characteristics 

Coarse 
sand (%) 

2.0-
0.2mm 

Fine sand 
(%) 

2.0-0.02mm 

Silt (%) 
0.02-

0.002 mm 

Clay (%) 
<0.002 

mm 
Texture 

12 44 19.3 24.7 LL 

c. Heavy metals content (mg•kg-1) 

Cd Pb Zn Cu 

0.771 41.1 124 27.8 

 
Elekes (2014), cited by Laghlimi et al. 

(2015), demonstrated that the availability of 

heavy metals to plants is directly 

influenced by soil reaction (pH) because 

their solubility and mobility in the soil 

solution are determined by soil acidity.  

Heavy metals, especially Pb and Cr, are 

immobile at neutral or alkaline pH and 

become unavailable to plants (Mahmood 

2010). 

According to Olaniran et al. (2013), soils 

with low organic matter content are more 

likely to be contaminated with trace 

elements, and their bioavailability is higher. 

Applying compost to land contaminated 

with heavy metals can improve soil quality 

by reducing metal mobility (Brown et al., 

2003). 

The Nt and KAL contents had medium 

levels with values of 0.183 mg•kg-1 and 

186 mg•kg-1, respectively, while the PAL 

content was high (53 mg•kg-1) (Florea et 

al., 1987).  

In case of physical characteristics (Table 

1.b), it can be seen that the soil has a 

loamy texture (LL), consisting of 12% 

coarse sand, 44% fine sand, 19.3% silt, 

and 24.7% clay, providing good water 

retention capacity and good drainage.  
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Analyzing Table 1.c, the heavy metals 

content in the soil had the following values: 

0.771 mg•kg-1 for Cd, 41.1 mg•kg-1 for Pb, 

124 mg•kg-1 for Zn, and 27.8 mg•kg-1 for 

Cu. According to Ministerial Order No. 

756/1997, these did not exceed the normal 

limits for alert and intervention thresholds 

for sensitive land use. 

Figures 1.a, 1.b show the log-log diagrams 

for the regression curves that estimate the 

stochastic dependence between the total 

Cd content in the soil, the Cd content in the 

soil – extractable form with DTPA, and the 

Cd content in Festuca rubra L. plants. 

Analyzing Figure 1.a, regarding the 

relationship between total Cd content in 

soil and Cd content in Festuca rubra L., a 

positive relationship between the two 

variables can be observed, with a very 

significant correlation coefficient of 0.9837. 

In the case of the relationship between the 

Cd content – DTPA – mobile forms and the 

Cd content in Festuca rubra L. (Figure 1.b), 

the correlation coefficient recorded a very 

significant value of 0.9750, indicating a 

close positive relationship between the 

mobile fraction available to the plant and its 

absorption by the plant, showing that an 

increase in the Cd content in the soil 

causes an increase in the plant tissues. 

 
 

Figure 1. Log-log diagrams for regression curves that estimate the stochastic dependency between the 
total cadmium content in soil (a), the soil cadmium content – DTPA-extractable form (b) and the 

cadmium content in the Festuca rubra plants. 
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Figure 2. Exponential regression curves that estimate the stochastic dependency between the total lead 
 content in soil (a), the soil lead content – DTPA-extractable form (b) and the lead content in the 

 Festuca rubra plants. 

Golda and Korzeniowska (2016) 

compared tolerance to Cd in three 

species of perennial grasses (Poa 

pratensis, Lolium perenne, and Festuca 

rubra). They reported that Festuca rubra 

is a species suitable for phytostabilization 

rather than phytoextraction.  

Based on the transfer values obtained for 

Cd content by Pusz et al. (2021), they 

classified Festuca rubra as a plant 

suitable for phytostabilization. 

Figure 2.a, 2.b shows exponential 

regression curves estimating the 

relationship between total Pb content in 

soil (2.a), DTPA-extractable Pb in soil 

(2.b), and Pb in Festuca rubra.  

The correlation coefficients were very 

significant: 0.9874 for the relationship 

between total soil content and plant 

content, and 0.9928 for the the 

relationship between mobile fraction and 

Festuca rubra content. 
 

 
 

Figure 3. Regression equations that estimate the stochastic dependency between the total zinc content 
in soil (a), the soil zinc content – DTPA-extractable form (b) and the zinc content in the Festuca 

 rubra plants. 
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Figure 4. Regression equations that estimate the stochastic dependency between the total copper 
content in soil (a), the soil copper content – DTPA-extractable form (b) and the copper content in 

the Festuca rubra plants. 

 

Kushwaha et al. (2018) reported that Pb 

content in plants correlates more closely 

with the bioavailable fraction than with the 

total soil content, and that the metal’s 

mobility and soil properties significantly 

influences its transfer. In a study 

conducted by Ginn et al. (2008), they 

reported that Pb can remain immobilized 

in the roots of Festuca rubra and that 

root-metal interactions can limit 

translocation. 

In Figure 3.a, 3.b regarding Zn content, 

the regression equations showed strong 

correlation among total content, mobile 

form, and content accumulated in the 

plant. The correlation coefficient values 

obtained were very significant in both 

cases: 0.9837 for the relationship 

between total Zn content and Zn content 

in the plant and 0.984 for the relationship 

between mobile Zn content and that 

accumulated in Festuca rubra. 

For Cu content (Figure 4a. 4b), the 

regression equations showed a positive 

dependence, but lower compared to the 

Zn content. The correlation coefficient 

between the total content in the soil and 

the Cu content in the plant was 0.9781, 

while in the case of the correlation 

between the mobile Cu content in the soil 

and that in Festuca rubra, the result was 

0.9763. 

Gawrylik et al. (2020), in a comparative 

study on the bioaccumulation of Cu, Pb, 

and Zn in different grass species, 

including Festuca rubra, demonstrated 

that these species can accumulate high 

amounts of Cu and Zn from the soil, 

which are more readily available, and 

transfer them to the aerial parts 

compared to Pb. 

 

CONCLUSIONS  

The research results showed a strong 

correlation between the variables studied, 

demonstrating that the increase in heavy 

metals content in plants is directly 

correlated with the increase in heavy 

metals content in the soil.  

The correlation coefficients recorded very 

significant values, which means that the 

bioaccumulation of the four metals 

studied (Cd, Pb, Zn, and Cu) in this 

experiment, can be estimated using the 

total and mobile content (DTPA) in the 

soil.  

1

10

100

10 100 1000

C
o

p
p

e
r 

c
o

n
te

n
t 

in
 p

la
n

t 
(m

g
 •

 k
g

-1
D

W
)

Total copper content in soil (mg • kg-1 DW)

aCuplant = 3.2446 Cusoil
0.2712

lg(Cuplant) = 0.5112 + 0.2712 lg(Cusoil)

r = 0.9781*** ( p < 0.001 / n = 6 )

0

5

10

15

20

25

0 30 60 90 120 150

C
o

p
p

e
r 

c
o

n
te

n
t 

in
 p

la
n

t 
(m

g
 •

 k
g

-1
D

W
)

Copper content – DTPA-extractable form (mg • kg-1 DW)

bCuplant = 8.1635 + 0.0909 CuDTPA

r = 0.9763*** ( p < 0.001 / n = 6) 

383



AAnnaalleellee  UUnniivveerrssiittăăţţiiii  ddiinn  CCrraaiioovvaa,,  sseerriiaa  AAggrriiccuullttuurrăă  ––  MMoonnttaannoollooggiiee  ––  CCaaddaassttrruu  ((AAnnnnaallss  ooff  tthhee  UUnniivveerrssiittyy  ooff  CCrraaiioovvaa  --  AAggrriiccuullttuurree,,  

MMoonnttaannoollooggyy,,  CCaaddaassttrree  SSeerriieess))  VVooll..  5555//11//22002255  

 

The plant used in this study (Festuca 

rubra L.) has the ability to extract and 

accumulate heavy metals in its vegetative 

parts and can be used in 

phytoremediation processes. 
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