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Abstract

This study presents the results of experiments with induced pollution, carried out in the
greenhouse, which aimed at the accumulation of heavy metals (Cd, Pb, Zn and Cu) in Dactylis
glomerata L. plants. The soil material used for the experiments was harvested from an unpolluted
area in the Copsa Micé area. The soil has a fine texture, with a weak alkaline reaction, a medium
humus content, a medium nitrogen and potassium supply and a high phosphorus content. The heavy
metal contents fall within the normal limits according to Order 756/1997 on the assessment of
environmental pollution. To carry out the experiments with induced pollution, the soil material was
treated with the appropriate amounts of metals (Cd, Cu, Pb and Zn) from their soluble salts (acetate),
and for each element 6 experimental variants were established depending on the metal content in
the soil.

The results obtained were used to parameterize stochastic models that can be used to
estimate the accumulation of heavy metals in Dactylis glomerata L. plants depending on the total
and mobile (DTPA) content of metals in the soil. The logarithmic plots for the power regression
curves estimating the stochastic dependence between the total and mobile content in the soil and
aerial part of Dactylis Glomerata L. plants are distinctly statistically significant.
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INTRODUCTION chemical industries and others. Pollution of
Soil contamination with heavy metals is one air, soil, plants and water with heavy metals
of the major problems worldwide, due to in the vicinity of large industrial centers has
their toxicity, persistence and accumulation become one of the most pressing

in soil (Bhuiyan et al.,, 2021; Tan et al., environmental problems. In soils near
2023). The accumulation of heavy metals in industrial areas, the content of heavy metals
soil can pose a significant threat to plants, is tens or hundreds of times higher than the

animals and humans (Doyi et al., 2018, contents in other similar soils (Atabayeva,
Sabirs et al., 2022, Crisan et al., 2025 Liet 2016, Das et al., 2023).

al., 2025). They can accumulate in soilasa  Jankowski et al. (2018) point out that the
result of natural processes or as a mineral actual accumulation of heavy metals in
part of the soil parent rock and induced by plants, including lead and cadmium with the
humans (Ojeda, 2025). strongest environmental impact, is mainly
The main sources of environmental related to the specific bioaccumulation
contamination with cadmium, lead, zinc and potential of each species. Cd readily
copper are the mining, metallurgical and accumulates in plants, promoting various
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disorders that suppress growth and can
even lead to their death. Thus, plants with
significant amounts of Cd in the edible parts
of crop species in the food chain potentially
threaten human health. Exposure to Cd has
been shown to be closely linked to
increased incidence of diseases in the body
(Yang et al., 2020). Rebhi et al. (2025) show
that soil contamination with lead even in
very small amounts can inhibit
photosynthesis, disrupt enzyme activity and
prevent nutrient absorption in plants. Lead
can negatively affect the human central
nervous system, cardiovascular, digestive,
irritability, insomnia and headaches, as well
as behavioral disorders and learning
difficulties in children under five years of age
(Bedrinana et al., 2020; Yang et al., 2022).
It is known that copper and zinc are
essential elements for plants in
photosynthesis, chlorophyll biosynthesis,
mitochondrial respiration, in the electron
transport chain, and increased and excess
concentrations in soil result in negative
effects (Marschner 2011; Gawryluk et al.,
2020; Marques et al. 2021; Kuziemska et
al., 2021; These elements accumulated in
soil in high concentrations cannot be
degraded biologically or chemically and
pose a threat to the environment, food
security and human health. High
concentrations of copper in soil are known
to have toxic effects on microorganisms and
prevent the mineralization of macronutrients
such as phosphorus and nitrogen and
decrease the availability of phosphorus to
plants (Azeez et al. 2015). It also binds
strongly to organic matter, clay minerals,
and hydrated oxides of iron, aluminum, and
manganese, and either reduces the
concentration of these nutrients in the soil
or makes them unavailable for plant
absorption. Excessive accumulation in
plants can inhibit root growth, destabilize
membrane integrity, decrease
photosynthesis, and alter enzyme activity,
leading to growth inhibition and other
negative effects on plants (Shabbir et al.
2020).
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High zinc concentrations can cause
infertility, central nervous system disorders
and kidney disease (Malica et al., 2022)
Therefore, it is essential to monitor and
control heavy metal concentrations in
different components of the environment
and especially in soil, in order to prevent
toxic effects.

Dactylis glomerata L. is one of the most
commonly found perennial grass species in
permanent grasslands in the Copsa Mica
area. The aim of this study is to evaluate the
effects of different amounts of heavy metals
(Cd, Pb, Zn and Cu) in the soil on the
content of these elements in Dactylis
glomerata L. plants, and to determine the
accumulation capacity of this species of
heavy metal contamination.

MATERIALS AND METHODS

This paper presents a study conducted in
2024, on the accumulation of heavy metals
(Cd, Pb, Zn and Cu) in Dactylis glomerata
L. plants, in experiments with induced
pollution. The experiments were carried out
under greenhouse conditions, in 10 kg pots.
To carry out the experiments, soil material
was collected from an unpolluted area in the
Copsa Mica area. The soil material was
collected from the surface, from the 0-20 cm
layer, mixed and dried at air temperature.
Before preparing the experiments, samples
were collected for chemical and physical
analyses. The samples were homogenized
and performed in four repetitions.

The soil material was treated with amounts
of metals (Cd, Cu, Pb and Zn) derived from
their soluble salts (acetate). For each
element, 6 experimental variants were
established depending on the metal content
in the soil. In establishing these content
values, the following previous studies were
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taken into account, as well as the limit
values from Order 756/1997.

« Cd: control; 3 mg-kg™'; 6 mg-kg™'; 9 mg-kg-
.12 mg-kg'; 15 mg-kg™";

« Pb: control; 50 mg-kg™'; 100 mg-kg™; 150
mg-kg™; 200 mg-kg'; 250 mg-kg™;

« Zn: control; 300 mg-kg'; 600 mg-kg™'; 900
mg-kg™; 1200 mg-kg'; 1500 mg-kg™;

« Cu: control; 100 mg-kg™'; 200 mg-kg™"; 300
mg-kg'; 400 mg-kg™'; 500 mg-kg;

As a test plant, Dactylis glomerata L. variety
Magda from the Research and
Development Institute for Pastures from
Brasov (ICDP) was used.

The harvested soil samples were dried at
room temperature, ground.

The soil material used in the experiments
was analysed from a physicochemical point
of view. The soil pH was determined using
the potentiometric method (1:2.5 glv,
soil:water), the organic matter content was
determined using the Walkley-Black
method, modified after Gogoasa. Total
nitrogen was determined using the Kjeldahl
method. Available  phosphorus and
potassium in the soil were determined using
the Egnér-Riehm-Domingo method.

The contents of heavy metals in the soil (Cd,
Pb, Zn and Cu) were determined by atomic
absorption spectrometry, after extraction
using the aqua regia method - microwave
digestion. DTPA- extractable heavy metals
were exctracted from soil (10 g) with 20 ml
of extracting solution (0.05 M DTPA, 0.01 M
CaClz and 0.1 M tetraethylammonium
adjusted to pH 7.3), according to SR ISO
14870:2002.

The plant samples were harvested, dried,
chopped and ground. Then they were
treated with nitric acid in a microwave
digestion system. The total content of heavy
metals was determined using atomic
absorption spectrometry (Flame GBC
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932AA or graphite furnace GBC
SavanatAAZ).
Microsoft Excel 2010 was wused for

statistical data processing.

RESULTS AND DISCUSSIONS

The results of laboratory determinations
performed for the chemical characteristics
of the soil material, which is the support for
carrying out the experiments, are presented
in Table 1. The analysed soil has a weak
alkaline reaction (pH 7.94), medium
humus content (2.71%), medium nitrogen
supply (0.183%), with a high phosphorus
content (53 mg-kg') and medium
potassium supply (186 mg-kg™").

Table 1. Chemical characteristics of the soil
material (n=4)

Chemical properties M.U. Mean value
prater - 7.94
Humus % 2.71
Total N % 0.183
Available P mg-kg' 53
Available K mg-kg' 186

The physical characteristics are given in
Table 2, indicating a fine texture, medium
clay (LL), without carbonates. As
granulometric fractions (in mm, % of the
mineral part of the soil), they contain 12.0 %
coarse sand (2.0 to 0.2 mm), 44.0 % fine
sand (0.2 to 0.02 mm), 19.3% silt (0.02 to
0.002 mm) and 24.7% clay (0.002 mm).

Table 2. Physical characteristics of the soil material

(n=4)
Particle - size distribution (in mm) Mean value
(% of the mineral part of the soil)
Coarse sand (%) 2.0-0.2 mm 12.0
Fine sand (%) 2.0-0.02 mm 44.0
Silt (%) 0.02—-0.002 mm 19.3
Clay (%) < 0.002 mm 24.7
Texture LL

From the point of view of heavy metal
contents, it is observed that the values
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obtained are within normal limits according
to order 756/1997 on the assessment of
environmental pollution. Thus, in the soil
material used for the experiments in
protected spaces, the following average
values were determined: 0.771 mg-kg™' Cd,
41.1 mg-kg' Pb, 124 mg-kg' Zn, 27.8
mg-kg™' Cu, 43.9 mg-kg™ Cr, 579 mg-kg™
Mn and 37.2 mg-kg™' Ni (Table 3).

Table 3. Heavy metal contents of the soil material

(n=4)
Heavy metals M.U. Mean value
content
Cd mg-kg" 0.771
Pb mg-kg" 411
Zn mg-kg™’ 124
Cu mg-kg™’ 27.8
Cr mg-kg™’ 43.9
Mn mg-kg" 579
Ni mg-kg" 37.2

The data obtained from the monoelement
induced pollution experiments were used to
parameterize stochastic models that can be
employed to estimate the bioaccumulation
of heavy metals in Dactylis glomerata L.
plants, depending on the total metal content
in the soil.

10 T

Cd,jane = 0.2246 Cd,; 0611 a

plant

| 19(Cllyany) = - 0.6486 + 0.6111 Ig(Cd,,1)
r=0.9948"** (p<0.001/n=6)

0.1 4

Cadmium content in plant (mg ¢ kg' DW)

0.1 1 10 100
Total cadmium content in soil (mg * kg™ DW)

Atabayeva (2016) shows that Dactylis
glomerata L. accumulates considerable
amounts of heavy metals from the soil. The
concentration of metals in shoots
decreased in the following order: Zn (118.4
mg-kg') > Pb (79.3 mg-kg') > Cu (13.0
mg-kg™) > Cd (8.7 mg-kg™), and in roots: Pb
(770.4 mg-kg™") > Zn (304.1 mg-kg™') > Cd
(39.4 mg-kg') > Cu (17.5 mg-kg™). The
highest concentration was of Pb in roots.
Figure 1a presents the logarithmic diagram
of a log-log regression curve that estimates
the stochastic dependence between the
total cadmium content in the soil and the
cadmium content in the aerial parts of
Dactylis glomerata L. plants. The value of
the linear correlation coefficient (r =
0.9948***) was extremely significant,
indicating a very strong correlation between
the cadmium content in Dactylis glomerata
L. plants and the cadmium content in the
soil. The same trend was observed between
the cadmium content in the plant and the
mobile cadmium content in the soil, with a
linear correlation coefficient of r = 0.9941***
(Figure 1b).

10 ;
Cdpjane = 0.2981 Cdprpa®0434 b

1 1g(Cllpany) = - 0.5256 + 0.6434 Ig(Cdlprps)
1 r=0.9941*** (p<0.001/n=6)

0.1 4

Cadmium content in plant (mg * kg' DW)

0.01

0.1 1 10 100
Cadmium content — DTPA-extractable form (mg * kg' DW)

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 Dactylis glomerata L. plants
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Comparing the concentration of cadmium
in three grass species (Dactylis Glomerata
L., Arrhenatherum Elatius and Alopecurus
Pratensis), it was found that the highest
amounts (0.286 mg kg') were
accumulated by Dactylis glomerata L.,
with statistically significant differences in
the aboveground parts (Jankowski et al.,
2019).

The value of the linear correlation
coefficient obtained for the relationship
between the total lead content in the soil
and that in the plant (Figure 2a), as well as
between the mobile lead content in the soil
and the lead content in the plant (Figure
2b), was significantly different from zero,
indicating a strong correlation between the
two variables. The linear correlation
coefficients were r = 0.9845*** and r =
0.9815***, respectively, for the mobile
forms.

Figure 3a shows the logarithmic
regression curve that estimates the
stochastic dependence between the total
zinc content in the soil and the zinc content
in the aerial parts of Dactylis glomerata L.

10 T

0.1 4

Lead content in plant (mg * kg"' DW)

Pbyjant = 0.0000215 Pby,; 21555

19(Pbyiany) = - 4.6676 + 2.1555 Ig(Pb,;)
r=0.9845** (p<0.001/n=6)

10 100 1000
Total lead content in soil (mg * kg™ DW)

10000

Lead content in plant (mg * kg' DW)

plants, with a highly significant linear
correlation coefficient (r = 0.9951***).
Figure 3b presents the logarithmic
diagram for a power-type regression curve
that estimates the stochastic dependence
between the mobile zinc content (DTPA) in
the soil and the zinc content in Dactylis
glomerata L. plants, with a highly
significant linear correlation coefficient (r =
0.9926***).

The transfer of copper content from the
soil to Dactylis glomerata L. plants is
illustrated by exponential-type regression
curves that estimate the stochastic
dependence between the total copper
content in the soil (Figure 4a) and the
mobile copper content (Figure 4b) in the
aerial parts of the plants. The linear
correlation indices were significantly high
in both cases, with r = 0.9825*** for the
relationship between the total copper
content in the soil and in the plant, and r =
0.974*** for the relationship between the
mobile copper content in the soil and the
copper content in the aerial parts of
Dactylis glomerata L. plants.

10 +

0.1 4

Pbypiant = 0.0026 Pbprpa"5

19(Pbpjane) = - 2.585 + 1.583 1g(Pbprpa)
r=0.9815"** (p<0.001/n=6)
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Figure 2. Log-log diagrams for 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 Dactylis glomerata L. plants.
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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
Dactylis glomerata L. plants.
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Figure 4. Exponential regression curves 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 Dactylis glomerata L. plants.

limits according to Order 756/1997 on the
CONCLUSIONS assessment of environmental pollution.

This stqu shows the potential for The results of the greenhouse experiments
accumulation of heavy metals (Cd, Pb, Zn show a close correlation between the total

and Cu) from soil in Dactylis glomerata L. and mobile content of heavy metals (Cd,

plants. The soil material used for the Pb, Zn and Cu) in the soil and in the plant.

greenhouse experiments is a fine-textured There is a close relationship between the
soil with a weak alkaline reaction and an increase in the solubility of metals in the

average supply of nutrients. In terms of soil material and the applied doses.
heavy metals, it falls within the normal

26



Analele Universitéatii din Craiova, seria Agriculturd — Montanologie — Cadastru (Annals of the University of Craiova - Agriculture,

Montanology, Cadastre Series) Vol. 55/2025

ACKNOWLEDGEMENTS

This work was funded by two projects of the
Ministry of Research, Innovation and
Digitalization from Romania, project
number PN 23 29 04 01, entitled:
“‘Assessment of the heavy metals
bioaccumulation in meadows vegetation
using the regression analysis to develop a
guide of good practices for grazing and
animal feedstock in areas affected by
industrial pollution”.

REFERENCES
Atabayeva, S.
accumulation

(2016). Heavy metals
ability of wild grass

species from industrial areas of
Kazakhstan. In  Phytoremediation:
Management of Environmental
Contaminants, Volume 3 (pp. 157-208).
Cham: Springer International
Publishing.

Azeez, M. O., Adesanwo, O. O., &

Adepetu, J. A. (2015). Effect of Copper
(Cu) application on soil available
nutrients and uptake. African Journal of
Agricultural Research, 10(5), 359-364.

Bedrifiana, J. C., Peinado, D. C., &
Pefaloza-Fernandez, R. (2020). Lead
bioaccumulation in root and aerial part of
natural and cultivated pastures in highly
contaminated soils in Central Andes of
Peru. cancer, 14, 16.

Bhuiyan, M. B. U., Huang, H. J., & de

Villiers, C. (2021). Determinants of
environmental investment: Evidence
from Europe. Journal of Cleaner

Production, 292, 125990.

Crisan, L., Plesa, A., Stoian, V., & Vidican,
R. (2025). Soil characteristics and heavy
metals concentration in Baia Mare
polluted sites. Research Journal of
Agricultural Science, 57(1).

Das, S., Sultana, K. W., Ndhlala, A. R.,
Mondal, M., & Chandra, I. (2023). Heavy
metal pollution in the environment and
its impact on health: exploring green

27

technology for remediation.
Environmental health insights, 17,
11786302231201259.

Doyi, |, Essumang, D., Gbeddy, G,
Dampare, S., Kumassah, E., & Saka, D.
(2018). Spatial distribution,

accumulation and human health risk
assessment of heavy metals in soil and
groundwater of the Tano Basin, Ghana.
Ecotoxicology and environmental safety,
165, 540-546.

Gawryluk, A., Wytupek, T., Wolanski, P.
(2020). Assessment of Cu, Pb and Zn
content in selected species of grasses
and in the soil of the roadside
embankment. Ecology and Evolution,
10(18), 9841-9852.

Jankowski, K., Malinowska, E., Ciepiela, G.
A., Jankowska, J., Wisniewska-
Kadzajan, B., Sosnowski, J. (2019).
Lead and cadmium content in grass
growing near an expressway. Archives
of environmental contamination and
toxicology, 76, 66-75.

Kuziemska, B., Trebicka, J., Wysokinski,

A., & Jaremko, D. (2021).
Supplementation of organic
amendments  improve yield and

adaptability by reducing the toxic effect
of copper in cocksfoot grass (Dactylis
glomerata L. Cv Amera). Agronomy,
11(4), 791.

Li, L., Wu, D., Ippolito, J. A., Xing, W.,
Wang, Y., Wang, Y., & Yang, Y. (2025).
Heavy metal accumulation and transfer
between soils-plants-goats in a Mo-
mining area. Journal of environmental
quality, Vol. 54, No. 3, pp. 681-693.

Ma, Y., Wang, Y., Chen, Q., Li, Y., Guo, D.,
Nie, X., Peng, X. (2020). Assessment of
heavy metal pollution and the effect on
bacterial community in acidic and
neutral soils. Ecological Indicators, 117,
106626.

Marques, D. M., Da Silva, A. B., Mantovani,
J. R., Magalhaes, P. C., & De Souza, T.



Analele Universitéatii din Craiova, seria Agriculturd — Montanologie — Cadastru (Annals of the University of Craiova - Agriculture,

Montanology, Cadastre Series) Vol. 55/2025

C. (2019). Root morphology and leaf gas
exchange in Peltophorum dubium
(Spreng.) Taub. (Caesalpinioideae)
exposed to copper-induced toxicity.
South African Journal of Botany, 121,
186-192.

Marschner, H. (Ed.). (2011). Marschner's
mineral nutrition of higher plants.
Academic press.

Malika, S., Ullah, A., Anjum, A. A., Sattar,
M. M. K., Ali, T., Manzoor, R. (2022).
Bio-efficacy of iron and zinc fortified
wheat flour along with bio-assessment
of its hepatic and renal toxic potential.
Brazilian Journal of Biology, 82,
e261695.

Ministry Order No. 756 from November 3,
1997 for approval of Regulation
concerning environmental pollution
assessment published.

Mir, A. R., Pichtel, J., & Hayat, S. (2021).
Copper: uptake, toxicity and tolerance in
plants and management of Cu -
contaminated soil. Biometals, 34(4),
737-759.

Ojeda, J. W. C. (2025). Metales pesados
en suelos y su bioacumulacion en
pastos irrigados con aguas
contaminadas por mineria en la
irrigacion Canal N Puno. Biotecnologia
en el Sector Agropecuario 'y
Agroindustrial.

Pop, B., Vidican, R., & Munteanu, C.
(2023). The Effects of Heavy Metals on
Soil Biology. Bulletin of the University of
Agricultural Sciences & Veterinary
Medicine  Cluj-Napoca.  Agriculture,
80(1).

Rebhi, A. E., Lahouel, M., Sehl, B., Touill,
S., Boussaid, K., Rebhi, I. H. (2025).

28

Study of Lead (Pb) and Nickel (Ni)
mobility in plants from the steppe region
of Dijelfa. International Journal of
Environmental Sciences, 11(8).

Sabir, M., Baltrénaité-Gediené, E., Ditta,
A., Ullah, H., Kanwal, A., Ullah, S., Faraj,
T. K. (2022). Bioaccumulation of heavy
metals in a soil-plant system from an
open dumpsite and the associated
health risks through multiple routes.
Sustainability, 14(20), 13223.

Shabbir, Z., Sardar, A., Shabbir, A., Abbas,
G., Shamshad, S., Khalid, S., Ghulam,
N., Murtaza, G., Dumat, C. & Shahid, M.
(2020). Copper uptake, essentiality,
toxicity, detoxification  and risk
assessment in soil-plant environment.
Chemosphere, 259, 127436.

Tan, C., Wang, H., Yang, Q., Yuan, L.,
Zhang, Y., Martin, J. D. (2023). An
integrated approach for quantifying
source apportionment and source-
oriented health risk of heavy metals in
soils near an old industrial area.
Environmental Pollution, 323, 121271.

Yang, Z., Li, X., Tian, L., Song, Y., Zhang,
Y., Chen, J., Zhang, L. (2022). Heavy
metals exposure is associated with early
liver dysfunction among rural residents
aged 40-75 years in southwest China.
Journal of Applied Toxicology, 42(6),
1044-1056.

Yang, Y., Xiong, J., Tao, L., Cao, Z., Tang,
W., Zhang, J., Yua, X., Fua, G., Zhanga,
X., & Lu, Y. (2020). Regulatory
mechanisms of nitrogen (N) on cadmium
(Cd) uptake and accumulation in plants:
a review. Science of the Total
Environment, 708, 135186



