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Background. Physiological characteristics of the biofuel plant Miscanthus x gigan-
teus J. M. Greef, Deuter ex Hodk. & Renvoize are currently attracting much attention
due to its phytoremediation potential. The aim of this work was to study the content of
photosynthetic pigments in the leaves of M. giganteus, the accumulation of metals in the
rhizosphere and aboveground organs, as well as the morphological parameters of plants
cultivated on oil-contaminated soil and exposed to treatment with humic preparations.

Materials and Methods. During field experiments, five experimental plots (PC and
P1-P4) with an area of 1 m? were laid out on podzol soil in the territory adjacent to
the Starosambirske oil field. The PC plot was not subjected to any experimental treat-
ment. The soil in plot P1 was planted with M. giganteus rhizomes; the soils in plots
P2—P4 were contaminated with 10 L/m? of crude oil and then planted with M. gigan-
teus rhizomes. Before planting the rhizomes on plots P3 and P4, these were soaked in
solutions of Fulvital® Plus Liquid and Humifield® Forte, respectively. During the growth
period, the plants were sprayed twice with humic preparations.

Shoot height and leaf width, a- and b-type chlorophyll (Chl, and Chl,, respectively),
total chlorophyll (Chl,,,) and carotenoid concentrations were measured using standard
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methods. The content of metals (Ca, Cr, Cu, Fe, K, Mg, Mn, Ni, Pb, Zn) in soil and plant
samples was assessed by X-ray fluorescence analysis using an Elvax Light SDD Analyzer.

Results. The cultivation of M. giganteus on oil-contaminated soil did not affect shoot
height or leaf width of plants, but it reduced the content of Chl,, Chl,, Chl,,, and carotenoids
in plant leaves. Treatment of plants with humic preparations led to an increase in pigment
concentrations in the leaves at different growth periods. Oil-contaminated soil planted with
M. giganteus showed elevated levels of Cr and Ni. The cultivation of M. giganteus treated
with Fulvital® Plus Liquid resulted in increased Ca, Mn and Ni contents in rhizosphere
soil of an oil-contaminated plot. Growing M. giganteus on oil-contaminated soil resulted
in significant decreases in Ca, Cr, Fe, K, Mg, Ni and Zn concentrations in plant stems.
Treatment with humic preparations increased the content of the mentioned metals in the
stems and the concentration of Mg and Ni in the leaves of plants from oil-contaminated
soil compared to those in untreated plants. According to the bioaccumulation factor (BF)
values, M. giganteus leaves have a high accumulation potential for Ni and Ca (BF>1),
a medium accumulation potential for Mg, K and Cr (BF from 0.1 to 0.32) and a low accu-
mulation potential for Fe and Zn (BF<0.1). The BF values of metals in leaves and stems
decreased when plants were grown on oil-contaminated soil.

Conclusions. Humic preparation treatment has a positive effect on the physiologi-
cal parameters of M. giganteus grown on oil-contaminated podzol soil. The ability of M.
giganteus to extract Ni from soil may mediate the plant’s phytoremediation potential. In
this regard, the cultivation of M. giganteus in combination with its treatment with humic
preparations will be promising on lands contaminated with oil and petroleum products.

Keywords: Miscanthus x giganteus, biofuel crops, oil-contaminated soil, podzol soils,
humic preparations, phytoremediation, heavy metals, photosynthesis

INTRODUCTION

Oil is a key energy resource of strategic importance that affects the economic stabi-
lity of each country. However, the processes of oil production, transportation and storage
are associated with the risk of its leaks and spills leading to environmental contamina-
tion and posing a serious threat to natural ecosystems (Jerneldv, 2018; Galierikova &
Materna, 2020). This type of pollution is associated mainly with the release of petroleum
hydrocarbons and their derivatives, many of which, being persistent in soil and natural
waters, exhibit varying levels of toxicity to living systems (Roy et al., 2023). Oil compo-
nents significantly alter soil properties, affect microbial diversity and hinder plant growth
and productivity (Athar et al., 2016; Jerneldv, 2018; da Silva Correa et al., 2022). In
addition, crude oil and petroleum products contain a certain amount of heavy metals,
which aggravate the negative consequences of oil pollution on the environment (Gan
et al., 2022; Aradhi et al., 2023; Singha & Deka, 2024).

Soil contamination with crude oil, petroleum products and waste from the petro-
leum industry often occurs in oil-producing regions of the world, including those in the
territory of Ukraine (Dzura & Podan, 2017; Karabyn et al., 2019; Drozd et al., 2021). As
a result, soils adjacent to oil production sites may lose their physicochemical, biological
and ecological properties and become susceptible to salinization and erosion (Jerneldy,
2018; Drozd et al., 2021).

Extensive oil-contaminated lands pose a risk to farming and crop production
and are potential sources of surface water and groundwater pollution. In this regard,
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phytoremediation has been recognized as one of the cost-effective and environmentally
friendly approaches to the restoration of degraded soils. Phytoremediation techniques
are based on the use of plant species that, together with the rhizosphere microbiota, are
capable of purifying the contaminated environment from various pollutants, including
petroleum hydrocarbons and heavy metals (Wang et al., 2022; Burdova et al., 2023).

At the same time, much attention is currently being paid to the problem of economic
use of land massifs with altered and deteriorated soil properties due to pollution with
crude oil and petroleum products. In this context, second-generation biofuel crops are of
considerable practical interest as candidates for cultivation on degraded lands (Wiens
et al., 2011; Tudge et al., 2021). Second-generation biofuel crops are those that are not
used for food purposes (non-food crops). Second-generation biofuel crops are able to
grow on marginal soils that would otherwise be unsuitable for growing food crops and
produce biomass that can be converted into biofuels without competing with food pro-
duction (Erb et al., 2012). In addition, some biofuel crops can also perform bioremedia-
tion functions, improving soil quality and restoring its ecological properties.

One of the promising second generation biofuel plants is the member of the family
Poaceae, Miscanthus x giganteus J. M. Greef, Deuter ex Hodk. & Renvoize (giant mis-
canthus), a sterile hybrid of Miscanthus sinensis and Miscanthus sacchariflorus. Giant
miscanthus is a highly productive energy crop whose biomass can be used for biofuel
production (Lee & Kuan, 2015). This is a tall (3—4 m in height), fast-growing peren-
nial plant with a C-4 photosynthetic pathway that reproduces by underground rhizomes
(Beale et al., 1996). The plants have been shown to be stress-resistant and highly
adaptable to climate conditions (Bastia et al., 2023; Burdova et al., 2023). Several
studies have suggested that M. giganteus has a phytoremediation potential (Podan &
Dzhura, 2019; Pidlisnyuk et al., 2022; Pysarenko & Bezsonova, 2020; Nsanganwimana
et al., 2021; Burdova et al., 2023). However, the physiological processes in M. gigan-
teus plants cultivated on oil-contaminated soils have not been sufficiently studied.

Research in recent decades has revealed that application of humic preparations
increases the efficiency of agricultural technologies, in particular on lands subjected to
degradation (Marenych et al., 2019; Borzykh et al., 2023). Modern preparations pre-
pared on the basis of humic substances also contain macro- and micronutrients, amino
acids and biologically active compounds; these act as growth stimulants and increase
plant resistance to adverse environmental conditions and diseases (Borzykh et al.,
2023). Previous research has shown that growing M. giganteus treated with humic
preparations on oil-contaminated soil improves soil properties by regulating its acid-
base balance and increasing humus content (Podan & Dzhura, 2019).

The aim of this work was to study the morphological parameters of M. giganteus,
the concentration of photosynthetic pigments in plant leaves and the accumulation of
metals in the rhizosphere and aboveground organs of plants under conditions of soil
contamination with crude oil and treatment of plants with humic preparations.

MATERIALS AND METHODS

Experimental design. Field experiments were conducted from 2018 to 2022 in
the territory adjacent to the Starosambirske oil field in the western part of Ukraine, on
podzol soil. The soil pH value was in the range of 4.10—4.20 (Podan & Dzura, 2019).
According to the type of soil formation, the soils of the study area can be classified as
sod podzolized gleyed ones (Pozniak, 2019).
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Five experimental plots (PC and P1-P4) with an area of 1 m? each were laid out in
the study territory (Table 1). The PC plot was not subjected to any experimental treat-
ment and served as a control when studying the concentration of metals in the soil. The
soil on the plot P1 was planted with the rhizomes of M. giganteus; the soils on three
other plots (P2—P4) were contaminated with crude oil at 10 L/m? and then planted with
M. giganteus rhizomes. The period between the contamination of the soil with crude oil
and the planting of the M. giganteus rhizomes was about six months.

Before planting on plots P3 and P4, the rhizomes were soaked in solutions of
Fulvital® Plus Liquid and Humifield® Forte (Humintech GmbH, Germany), respectively.
The concentration of the preparations was 0.2 g per 1 L of water. During the growing
season, the aerial parts of plants cultivated on plots P3 and P4 were sprayed twice with
the above-mentioned preparations.

Table 1. Variations of the study

Plot Experimental conditions

PC Uncontaminated soil (control)

P1 Uncontaminated soil planted with M. giganteus

P2 Oil-contaminated soil planted with M. giganteus

P3 Oill—contaminat_ed soil with M. giga_mteus plants treated with Fulvital® Plus Liquid*
(rhizome soaking and plant spraying)

P4 Oil-contaminated soil with M. giganteus plants treated with Humifield® Forte**

(rhizome soaking and plant spraying)

Notes: *Fulvital® Plus Liquid (hereinafter referred to as Fulvital) is a water-soluble, low-molecular plant growth
stimulant that improves nutrient uptake by plants and reduces nutrient immobilization in the soil; in
addition, it supplies Fe, Zn, Mn and Cu to promote plant development;

**Humifield® Forte (hereinafter referred to as Humifield) is an anti-stress preparation and plant growth
stimulant containing salts of fulvic and humic acids, amino acids, potassium and trace elements

Plots were planted in March and plant material samples were collected in July and
September for the evaluation of photosynthetic pigment concentrations and morpho-
logical parameters (shoot height and leaf width) using standard methods. In September
(after six months of M. giganteus growth), soil samples from plots PC, P2—P4 and plant
material from plots P1-P4 were collected for the evaluation of metal concentrations.

Analysis of metal concentrations. Soil samples from plots PC and P2-P4
were taken at a depth of 0—20 cm and prepared for analysis according to the method
described elsewhere (Pidlisnyuk et al., 2022). Briefly, the soil samples were dried at
105 °C to constant weight, cleaned of small stones, plant parts and other debris; larger
soil clods were ground using a porcelain mortar and pestle. Subsequently, the average
soil samples were prepared, passed through a 0.25 mm sieve and used for analysis of
metal concentrations.

Samples of plant aboveground organs (stems and leaves) were prepared accor-
ding to the standard method (DSTU ISO 11465-2001). Plant material was dried at
a temperature of 105 °C to constant weight, cooled in desiccators for 1 hour and
weighed. The dried samples were burned at 400 °C for 4 hours, cooled in desiccators
for 1 hour, weighed and used for analysis (Pidlisnyuk et al., 2022).
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In the samples of soil and plant material, the concentrations of metals such as cal-
cium (Ca), chromium (Cr), copper (Cu), iron (Fe), potassium (K), magnesium (Mg), man-
ganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn) were determined. The evaluation of metal
contents in the soil and plant samples was carried out using X-ray fluorescence analysis
following the United States Environmental Protection Agency standard (USEPA, 2007)
using an Elvax Light SDD Analyzer, Elvatech, Kyiv, Ukraine. Samples of soil and plant
organs for metal concentration analysis were collected in triplicate in each experimental
variant. The concentrations of metals were expressed in mg per 1 kg dry weight (DW).

Bioaccumulation factors (BFs) of metals were calculated using the equation:
BF = C,../C..i» Where C_ is the concentration of an individual element in plant organs
(mg kg™'), and C_, is the content of the same element in the soil (mg kg™") (Mirecki
et al., 2015).

Analysis of photosynthetic pigment concentrations. To analyze the concentra-
tions of photosynthetic pigments, the plant leaves were prepared using routine methods.
Pieces of leaves were cut from the central parts of fresh leaf blades, crushed and
extracted with 96 % ethanol under dark conditions. The mixture was filtered, and the
concentration of chlorophyll a- and b-types (Chl, and Chl,, respectively), total chloro-
phyll concentration (Chl,,,) and content of carotenoids were determined (Lichtenthaler
& Wellburn, 1983). The absorbance of the pigment solution was measured using
a ULAB-102 spectrophotometer (China) at 470, 649 and 665 nm. The final concen-
trations of pigments were calculated taking into account the weight of the portion of
plant material taken for analysis and expressed in milligrams per 1 g of fresh tissue
weight (FW). Plant material was taken for analysis in five replicates.

Processing of the results. The results were processed using variation statistics
methods (Welham et al., 2015). Statistical analysis of the results was performed using
Excel software. During statistical analysis of the data, the arithmetic mean and standard
deviation (M £ S.D.) were calculated. When comparing data groups, the significance
of differences was assessed using Student’s f-test, and the Bonferroni correction was
applied for multiple comparisons (Andrade, 2019). After Bonferroni correction, diffe-
rences between data groups were considered significant at p <0.025.

RESULTS AND DISCUSSION

Effects of oil contamination and humic preparations on plant morphological
parameters and photosynthetic pigment concentrations. Available research data
show that petroleum hydrocarbons, especially at high concentrations, can disrupt meta-
bolic activity and negatively affect plant development (Athar et al., 2016; da Silva Correa
et al., 2022; Roy et al., 2023). However, the results of our study indicate that crude oil
contamination of soil does not affect the growth performance of rhizomatous M. gigan-
teus plants. Namely, the values of parameters such as shoot height and leaf width in
plants from plot P2 were close to those in plants grown on the control plot (Table 2),
indicating the high adaptability of M. giganteus to oil-contaminated soil. Treatment of
plants with the Fulvital humic preparation further improved the growth of M. giganteus,
apparently increasing plant adaptability to oil-contaminated soil. In particular, the shoot
height of plants from plot P3 markedly increased compared to this parameter in plants
from both plots P1 and P2 (p <0.001). Instead, treatment with the Humifield preparation
(plot P4) did not influence the growth parameters of plants cultivated under conditions
of soil contamination.
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Table 2. Morphological parameters of M. giganteus plants cultivated on oil-contaminated
soil and treated with humic preparations (M * S.D, n = 5)

Plot number Shoot height, cm Leaf width, cm
P1 86.5+5.1 1.5£0.1
P2 84.0+2.2 1.4+0.1
P3 108.3+5.12b 1.7+0.2¢
P4 82.5+4.2 1.4+0.1

Note: 2 - significant difference compared to plants from plot P1 (p <0.001); ® — significant difference compared
to plants from plot P2 (p <0.001); ¢ — significant difference compared to plants from plot P2 (p <0.025)

One of the most important parameters of plant viability is the photosynthetic sys-
tem, the efficiency of which significantly affects the plant growth, biomass accumulation
and productivity (Terek, 2007; Stirbet et al., 2020). The functioning of the photosynthetic
apparatus is highly sensitive to environmental fluctuations and pollution (Polishchuk &
Antonyak, 2022; Li et al., 2024). To assess the effect of oil pollution and growth regu-
lators on the photosynthetic system in M. giganteus, the concentrations of pigments
(chlorophylls and carotenoids) in the leaves of plants were studied under conditions of
growth on oil-contaminated soil and treatment with humic preparations.

According to the obtained results, the cultivation of M. giganteus plants on oil-
contaminated soil resulted in a significant decrease in the concentration of photosyn-
thetic pigments, which was most pronounced at the initial stage of the experiment. In
plant samples collected in July from plot P2, the concentrations of Chl,, Chl,,, and
carotenoids were reduced by 1.27-1.30 times (p <0.01) compared to the corresponding
values in plant material from plot P1 (Table 3). In September, a decrease in the Chl,
concentration (p <0.01) was observed in the leaves of plants from plot P2 compared to
that in plants from plot P1.

Table 3. Concentrations of photosynthetic pigments (mg g' FW) in M. giganteus leaves
cultivated on oil-contaminated soil and exposed to treatment with humic preparations

(M£S.D,n=5)

Plot Chl,,, Chl, Chl, Carotenoids
P1 (July) 3.24+0.27 2.50+0.24 0.74+0.08 0.88+0.11
P1 (September) 2.08+0.18 1.48+0.12 0.60+0.05 0.43+0.04
P2 (July) 2.55+0.28° 1.930.212 0.62+0.06 0.68+0.072
P2 (September) 2.01+0.18 1.56+0.17 0.45+0.05° 0.50+0.06
P3 (July) 3.77+0.42° 2.81+0.30° 0.96+0.122% 0.75+0.09
P3 (September) 1.65+0.19 1.27+0.14 0.38+0.05 0.42+0.05
P4 (July) 2.57+0.28° 1.98+0.22° 0.59+0.082 0.58+0.067
P4 (September) 2.45+0.222> 1.94+0.20° 0.51+0.04 0.62+0.06>°

Note: 2 — significant difference compared to plants from plot P1 in a specified month (p <0.025-0.001); ® —
significant difference compared to plants from plot P2 in a specified month (p <0.025-0.001)
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The decrease in the concentrations of chlorophyll can be attributed to its degrada-
tion due to oxidative damage caused by the entry of petroleum hydrocarbons into plants
under conditions of soil contamination with crude oil (Moradi et al., 2020). Since chloro-
phyll is the main photosynthetic pigment of plants and carotenoids play an additional
role in photosynthetic reactions (Hashimoto et al., 2016), a decrease in the concentra-
tions of both groups of pigments may lead to the suppression of the photosynthesis
process in M. giganteus plants grown under oil pollution conditions. The inhibition of
photosynthesis was also observed by other authors who studied the effects of petro-
leum products on various plant species (Mostafa et al., 2021; Hussein et al., 2022).

However, the reduction in the concentration of photosynthetic pigments in plants
grown in oil-contaminated soil did not affect the growth performance of M. giganteus, as
shown in Table 2. This effect is of considerable interest since photosynthesis is known to
be an important factor in plant productivity (Stirbet et al., 2020). Apparently, the stability of
plant growth parameters may be due to the hormetic effect of low concentrations of crude
oil on plant growth processes. The absence of an inhibitory effect and even a stimulating
influence of low concentrations of petroleum on the growth of a number of plant species
was also observed by other authors, associating this phenomenon with a change in the
phytohormonal status of plants, an increase in the content of some low-molecular anti-
oxidants, and the presence of plant growth stimulants in crude oil (Adieze et al., 2012;
Rodriguez-Rodriguez et al., 2016; Orocio-Carrillo et al., 2024; Abbasov et al., 2024).

Treatment with Fulvital had a pronounced stimulating effect on the chlorophyll con-
tent in M. giganteus leaves grown on oil-contaminated soil at the initial stage of the
experiment. Specifically, Chl,,,, Chl, and Chl, concentrations in M. giganteus leaves from
plot P3 analyzed in July were 1.46—1.55 times higher (p <0.001) than those in plants from
oil-contaminated soil of plot P2 (Table 3). In addition, treatment with Fulvital led to the
normalization of carotenoid level in the leaves of plants grown on oil-contaminated soil of
P3 plot.

In contrast, treatment of plants with Humifield had a positive effect on pigment con-
centrations in the autumn month. In plant leaves taken from plot P4 in September, the con-
centrations of Chl,,, and carotenoids were increased by 1.22—1.24 times (p <0.025-0.01)
compared to those recorded in plants from plot P2 in the same month. Moreover, treat-
ment of plants with this preparation resulted in a significant increase (p <0.025-0.001)
in Chl,, Chl,,, and carotenoid levels compared to the values recorded in leaves of plants
from the uncontaminated P1 plot (Table 3).

Effects of oil contamination and humic preparations on metal contents in
the rhizosphere and aboveground organs of M. giganteus. Crude oil is known to
contain certain amounts of heavy metals, which may have additional adverse effects on
plants and increase metal pollution in the soil (Chinedu & Chukwuemeka, 2018; Gan
et al., 2022; Wyszkowski & Kordala, 2022; Aradhi et al., 2023). Currently, high concen-
trations of heavy metals in the pedosphere and other environmental components have
become a global problem due to their destructive impact on various groups of biota and
human health (Snitynskyi et al., 1999; Polishchuk & Antonyak, 2019; Rahman & Singh,
2020). On the other hand, oil pollution significantly modifies soil characteristics, includ-
ing pH and water-air conditions, which affects the mobility and bioavailability of macro-
nutrients necessary for plant nutrition (Dzura et al., 2007; Athar et al., 2016). However,
plants growing on contaminated soil can influence its elemental composition due to the
absorption capacity of roots and the secretion of organic acids, which affect the mobility
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of metals in the rhizosphere (Chen et al., 2017). Associated rhizosphere microorga-
nisms can additionally influence the dynamics of metals in the soil adjacent to the root
system (Agarwal et al., 2024). Considering these facts, we analyzed the accumulation
of some metals in the rhizosphere and aboveground organs of M. giganteus cultivated
on oil-polluted soil, and the influence of humic preparations on this process.

According to the obtained results, the cultivation of M. giganteus plants on the oil-
contaminated P2 plot did not cause statistically significant changes in the content of
most of the studied metals in the rhizosphere soil (Table 4). The exceptions were the
concentrations of Cr and Ni, which were more than 1.5 times higher (p <0.025) in the
soil of P2 plot than in the soil of the PC plot used as a control. This effect is apparently
due to the presence of certain amounts of these and other trace metals in crude oil
(Chinedu & Chukwuemeka, 2018; Gan et al., 2022). Other authors have also noted an
elevated content of several heavy metals in soils contaminated with oil and petroleum
products (Wyszkowski & Kordala, 2022; Aradhi et al., 2023).

Table 4. Concentration of metals in the rhizosphere soil of plants growing on plots exposed
to various experimental conditions (M = S.D., n = 3)

Experimental plots

Tested metals

PC P2 P3 P4
Trace metals, mg kg™
Cr 88.08+16.21 136.6+£13.22 123.6+22.0 111.3+21.8
Cu 16.25+2.72 16.27+3.48 16.75+3.12 17.57+3.78
Mn 600.3+53.8 750.2+72.6 851.4+87.22 703.8161.4
Ni 14.25+2.10 21.86+2.912 31.43+5.15° 20.72+3.44
Pb 23.87+2.24 29.97+3.12 26.69+3.91 27.57+4.03
Zn 52.66+5.75 68.50+7.42 63.20+6.56 66.15+6.04
Other metals, g kg™
Ca 3.04+0.52 4.29+0.70 5.18+1.002 3.49+0.78
Fe 22.59+2.40 27.69+3.12 24.89+2.78 25.75+2.65
K 20.26+2.31 22.91+1.97 22.60+2.40 23.28+1.88
Mg 9.20+0.90 7.28+0.74 8.21+0.86 9.89+0.93

Note: @ — significant difference compared to plants from plot PC (p <0.025-0.01)

Growing M. giganteus plants treated with Fulvital increased the content of Mn,
Ni and Ca in the oil-contaminated soil of the P3 plot by 1.42, 2.21 and 1.70 times
(p <0.025-0.01), respectively, compared to the content of these metals in the soil of the
PC plot (Table 4).

It should be noted that among the trace metals analyzed in this work, Cu, Fe, Mn,
Ni and Zn are essential micronutrients for plants, required in certain quantities for plant
growth and development (Kabata-Pendias & Pendias, 2001). However, the presence
of elevated levels of trace elements in environmental components and their absorption
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in increased amounts can have detrimental effects on plant metabolism and physio-
logy (Kabata-Pendias & Pendias, 2001; Ali & Gill, 2022). The uptake of metals (both
macronutrients and trace elements) by plants is known to depend on the chemical and
biological conditions in the rhizosphere, as well as on processes that can influence
the distribution of metals in the soil and their bioavailability (Senila & Kovacs, 2024).
Consequently, the assessment of metal concentrations in M. giganteus plant tissues
and calculation of bioaccumulation factors (BFs) can provide information on soil-plant
interactions and on the selectivity of plant compartments for different elements.

The results of this study reveal contrasting differences in metal accumulation
levels between leaves and stems of M. giganteus plants cultivated on oil-contaminated
soil (Table 5). In contrast to the stability of metal concentrations in plant leaves, the stems
of plants from plot P2 had a significantly reduced content of all analyzed metals compared
to plants from plot P1 (Table 5). Namely, the levels of such macronutrients as Ca, K and
Mg in stems were reduced by 4.29, 3.37 and 6.16 times (p <0.001), respectively, and
the concentrations of Cr, Fe, Ni and Zn were 1.31-2.79 times lower (p <0.025-0.001) in
plants from the P2 plot than those recorded in plants from the P1 plot. These results are
consistent with previously obtained data on the decrease in the content of trace elements
in the shoots of Carex hirta L. species grown on oil-contaminated soil (Dzura et al., 2007).

Table 5. Metal concentrations (mg kg™') in aboveground organs of M. giganteus plants
grown under different experimental conditions (M + S.D., n = 3)

Experimental plots

Tested metals

P1 P2 P3 P4
Leaf
Ca 12947+995 105551820 115134891 9851+922
Cr 13.07+1.47 12.89+1.38 10.47+1.30 10.11+£1.43
Fe 741.1£65.8 775.4£89.1 687.0+44.7 724.9+76.3
K 65031618 67841562 72001612 73501547
Mg 949.4176.2 1102184 12314972 984.3+99,0
Ni 115.6+9.1 98.36+7.68 124.0+11.5 130.8+14.1°
Zn 5.17+0.48 4.74+0.31 5.22+0.58 4.88+0.43
Stem
Ca 4311470 1004+1372 126011842 16471228
Cr 5.25+0.60 2.19+0.28° 3.42+0.523¢ 2.51+0.31°
Fe 493.4452.2 176.9+20.52 191.2+22.72 266.2+28.42F
K 41624427 123642132 202842792 2997+375%F
Mg 499.6+57.4 81.11+8.732 110.1+£12.0° 227.2423.9%F
Ni 12.62+1.10 9.62+0.982 13.23+1.18° 8.30+0.942
Zn 2.4040.20 0.96+0.092 1.30£0.14a* 1.931+0.17°

Note: @ — significant difference compared to plants from plot P1 (p <0.025-0.001); ® — significant difference
compared to plants from plot P2 (p <0.025-0.001)
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According to the obtained results, treatment with Fulvital and Humifield resulted in
elevated concentrations of Mg and Ni (p <0.025), in the leaves of plants from plots P3
and P4, respectively, compared to those in plants from plot P1 (Table 5). Magnesium is
known to be essential for vital plant functions; primarily, Mg?* is a central component of
the chlorophyll molecule and supports the function of absorbing sunlight during photo-
synthesis (Tian et al., 2021). Therefore, the improvement of Mg supply to M. giganteus
leaves under the influence of Fulvital treatment may have a positive effect on chloro-
phyll synthesis and the process of photosynthesis in plant cells. This effect is especially
important in connection with the above-mentioned decrease in chlorophyll content in the
leaves of M. giganteus plants grown under oil pollution conditions (Table 3).

Treatment of plants with Fulvital (plot P3) caused an increase in the concentration
of Cr, K, Niand Zn (p <0.025), whereas treatment with Humifield (plot P4) led to a signifi-
cant rise (p <0.025-0.001) in the content of macronutrients (Ca, K and Mg) and micro-
nutrients (Fe and Zn) in plant stems compared to those in plants from plot P2 (Table 5).
However, concentrations of most metals determined in plant stems from plots P3 and
P4 remained below the levels recorded in the stems of plants from plot P1.

The results of calculating the bioaccumulation factors demonstrate that the BF values
of studied metals in the leaves of M. giganteus grown on plot P1 can be arranged in
descending order as follows: Ni > Ca > K> Cr > Mg > Zn > Fe, whereas in the plant stem,
the BF values of the metals are arranged as follows: Ca > Ni >K > Cr > Mg > Zn > Fe
(Table 6). Overall, M. giganteus leaves showed higher BF values and bioaccumulation
levels of all tested metals than plant stems.

Table 6. Bioaccumulation factors of metals in aboveground organs of M. giganteus plants

P1 P2 B8 P4
Metals

Leaf Stem Leaf Stem Leaf Stem Leaf Stem
Ca 4.25 1.416 2.46 0.234 2.22 0.243 0.091 0.023
Cr 0.148 0.060 0.094 0.016 0.085 0.028 0.091 0.023
Fe 0.033 0.022 0.028 0.006 0.028 0.008 0.028 0.010
K 0.321 0.205 0.296 0.054 0.319 0.090 0.316 0.129
Mg 0.103 0.054 0.151 0.011 0.150 0.013 0.100 0.023
Ni 8.11 0.89 4.50 0.44 3.95 0.42 6.31 0.40
Zn 0.098 0.046 0.069 0.014 0.083 0.021 0.074 0.029

BF values for most metals tended to decline in both leaves and stems of M. gigan-
teus grown on oil-contaminated soils, except for BF value for Mg, which showed an
increasing trend in leaves of plants from the oil-polluted P2 plot (Table 6). Treatment
of plants with humic preparations resulted in a slight increase in BF values for several
metals such as K, Ni and Zn in the aboveground organs of M. giganteus grown in plots
P3 and P4, as compared to those in plants from plot P2.

It was characteristic that the leaves of M. giganteus from all plots had the values
BF >1 for Ni, which demonstrated the high capacity of plants to bioaccumulate this
metal by extracting it from both contaminated and uncontaminated soils. Nickel is an
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essential micronutrient for plants, but it can also have harmful effects on plant metabo-
lism, depending on the concentration (Hassan et al., 2019). The element is easily bio-
available to plants, especially in acidic soils. In this study, the level of Ni accumulation in
M. giganteus was found to be higher than that in other plant species (Kabata-Pendias
& Pendias, 2001). However, we did not observe any external signs of metal toxicity in
M. giganteus plants. These results may indicate the ability of M. giganteus plants to
tolerate elevated Ni concentrations when extracting this metal from the soil.

The BF >1 values were also recorded for Ca in leaves of plants from plots P1-P3
and in plant stems from plot P1. Calcium cation (Ca?") is known to be an essential nutrient
for plant growth and also an important signaling component acting as a second messen-
ger in the transduction of hormonal signals, particularly abscisic acid signals (Batisti¢ &
Kudla, 2012). Activation of Ca?*-mediated signaling pathway improves plant adaptation
to environmental stresses. It can be assumed that the potentiality of M. giganteus to
extract this element from the soil may have a positive effect both on meeting its calcium
needs and on the plant’s ability to respond to adverse environmental conditions.

The leaves of M. giganteus from all plots showed a medium accumulation poten-
tial for Mg and K (BF values ranged from 0.1 to 0.321); medium accumulation was also
observed for Cr in the leaves of plants from uncontaminated soil on plot P1. At the same
time, the accumulation potential for Cr in leaves from oil-contaminated plots P2—P4, as
well as for Fe and Zn in leaves from all experimental plots, was low (BF <0.1), indicating
a restricted transport of these elements into the aboveground parts of M. giganteus plants.
The lowest values of bioaccumulation factor (BF <0.01) were found for Fe in the stems
of M. giganteus from plots P2—P4, indicating a lack of plant ability to accumulate Fe from
oil-contaminated soil, regardless of the treatment of plants with humic preparations.

The obtained results indicate that the cultivation of M. giganteus on oil-contaminated
soil does not lead to an increased accumulation of the studied metals in its aboveground
organs compared to plants grown on uncontaminated soil. Our results are consistent
with those obtained by F. Nsanganwimana et al. (2021), who reported accumulation
of heavy metals in the roots of M. giganteus and low metal transfer rates to the leaves
and stems of the plant. At the same time, the high BF value for Ni found in the leaves
and stems of M. giganteus indicates the potentiality of plants to extract this metal from
contaminated soils, which may contribute to the effectiveness of soil phytoremediation
using M. giganteus plants.

CONCLUSIONS

The results of the study suggest that M. giganteus plants exhibit good adaptability
to cultivation on oil-contaminated podzol soil, as evidenced by the stability of morpho-
logical parameters in plants grown on the plot polluted with crude oil. However, the con-
centrations of chlorophyll and carotenoids in plant leaves decrease under conditions
of oil pollution. Therefore, the use of humic preparations that increase the content of
photosynthetic pigments in leaves of M. giganteus obviously has a beneficial effect on
plant growth and enhances plant resistance to oil contamination. Humic substances also
influence the metal concentrations in the rhizosphere soil and contribute to an increase in
the level of macronutrients and some trace elements in aerial parts (mainly in the stem)
of M. giganteus compared to those in plants grown on an oil-contaminated plot untreated
with these substances. Overall, this study did not reveal elevated metal accumulation
in the aboveground organs of M. giganteus, which could have a positive impact on the
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quality of plant biomass used for biofuel production. Considering the obtained results,
it can be concluded that the cultivation of biofuel crop M. giganteus, especially in com-
bination with its treatment with humic preparations, will be promising on podzol soils
contaminated with oil and petroleum products due to a high adaptability of the plant to
oil pollution and a good quality of the harvested biomass. Furthermore, the potential of
the plant to extract Ni from soil, as evidenced by the high bioaccumulation factor for this
metal, may mediate the ability of M. giganteus to clean-up contaminated soils.

ACKNOWLEDGMENTS

The research was conducted on the equipment of the Scientific Equipment
Collective Use Center: Laboratory of Advanced Technologies, Creation and Physico-
Chemical Analysis of a New Substances and Functional Materials at Lviv Polytechnic
National University (https://lpnu.ua/ckkno).

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of Interest: the authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Animal Rights: this article does not contain any studies with animal subjects per-
formed by any of the authors.

Human Rights: this article does not contain any studies with human subjects per-
formed by any of the authors.

AUTHOR CONTRIBUTIONS

Conceptualization, [N.D.; H.A.]; methodology, [N.D.; P.S.]; validation, [N.D.; H.A];
formal analysis, [N.D.; I.P.]; investigation, [N.D.; I.P., P.S.; O.R.]; resources, [N.D.; P.S.];
data curation, [N.D.; P.S.; H.A\]; writing — original draft preparation, [N.D.; I.P.; H.A];
writing — review and editing, [N.D.; H.A.]; visualization, [I.P.] supervision, [N.D.; H.A];
project administration, [N.D.; H.A.]; funding acquisition, [-].

All authors have read and agreed to the published version of the manuscript.

REFERENCES

Abbasov, V. M., Mammadoy, J. S., Asadova, R. A., Ahmadbayova S. F., & Mammadova R. R.
(2024). Petroleum-based growth stimulators. Processes of Petrochemistry and oil Refining,
25(1), 237-254. doi:10.62972/1726-4685.2024.1.237
Crossref @ Google Scholar

Adieze, |. E., Orji, J. C., Nwabueze, R. N., & Onyeze, G. O. C. (2012). Hydrocarbon stress response
of four tropical plants in weathered crude oil contaminated soil in microcosms. International
Journal of Environmental Studies, 69(3), 490-500. doi:10.1080/00207233.2012.665785
Crossref @ Google Scholar

Agarwal, P., Vibhandik, R., Agrahari, R., Daverey, A., & Rani, R. (2024). Role of root exudates on
the soil microbial diversity and biogeochemistry of heavy metals. Applied Biochemistry and
Biotechnology, 196(5), 2673—2693. doi:10.1007/s12010-023-04465-2
Crossref @ PubMed e Google Scholar

Al Souki, K. S., Liné, C., Louvel, B., Waterlot, C., Douay, F., & Pourrut, B. (2020). Miscanthus x
giganteus culture on soils highly contaminated by metals: modelling leaf decomposition
impact on metal mobility and bioavailability in the soil-plant system. Ecotoxicology and
Environmental Safety, 199, 110654. doi:10.1016/j.ecoenv.2020.110654
Crossref @ PubMed e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaji / Studia Biologica e 2024 « Tom 18 / N2 4 e C. 139-156


https://lpnu.ua/ckkno
https://doi.org/10.62972/1726-4685.2024.1.237 
https://scholar.google.com.ua/scholar_lookup?title=Petroleum-based+growth+stimulators&hl=uk&authuser=2
https://doi.org/10.1080/00207233.2012.665785 
https://scholar.google.com.ua/scholar_lookup?title=Hydrocarbon+stress+response+of+four+tropical+plants+in+weathered+crude+oil+contaminated+soil+in+microcosms&btnG=
https://doi.org/10.1007/s12010-023-04465-2
https://pubmed.ncbi.nlm.nih.gov/37191824/
https://scholar.google.com.ua/scholar_lookup?title=Role+of+root+exudates+on+the+soil+microbial+diversity+and+biogeochemistry+of+heavy+metals&hl=uk&authuser=2
https://doi.org/10.1016/j.ecoenv.2020.110654
https://pubmed.ncbi.nlm.nih.gov/32402897/
https://scholar.google.com.ua/scholar_lookup?title=Miscanthus+x+giganteus+culture+on+soils+highly+contaminated+by+metals%3A+modelling+leaf+decomposition+impact+on+metal+mobility+and+bioavailability+in+the+soil-plant+system&btnG=

PHYSIOLOGICAL PARAMETERS AND METAL-ACCUMULATING CAPACITY OF THE BIOFUEL PLANT MISCANTHUS x GIGANTEUS... 1 51

Ali, B., & Gill, R. A. (2022). Editorial: Heavy metal toxicity in plants: Recent insights on physiological
and molecular aspects, volume Il. Frontiers in Plant Science, 13, 1016257. doi:10.3389/
fpls.2022.1016257
Crossref @ PubMed e PMC e Google Scholar

Andrade, C. (2019). Multiple testing and protection against a type 1 (false positive) error using
the Bonferroni and Hochberg corrections. Indian Journal of Psychological Medicine, 41(1),
99-100. doi:10.4103/ijpsym.ijpsym_499 18
Crossref @ PubMed e PMC e Google Scholar

Aradhi, K. K., Dasari, B. M., Banothu, D., & Manavalan, S. (2023). Spatial distribution, sources
and health risk assessment of heavy metals in topsoil around oil and natural gas drilling sites,
Andhra Pradesh, India. Scientific Reports, 13(1),10614. doi:10.1038/s41598-023-36580-9
Crossref @ PubMed e PMC e Google Scholar

Athar, H. U. R., Ambreen, S., Javed, M., Hina, M., Rasul, S., Zafar, Z. U., Manzoor, H.,
Ogbaga, C. C., Afzal, M., Al-Quranainy. F., & Ashraf, M. (2016). Influence of sub-lethal crude
oil concentration on growth, water relations and photosynthetic capacity of maize (Zea
mays L.) plants. Environmental Science and Pollution Research, 23(18), 18320-18331.
doi:10.1007/s11356-016-6976-7
Crossref @ PubMed e Google Scholar

Bastia, G., Al Souki, K. S., & Pourrut, B. (2023). Evaluation of Miscanthus x giganteus tolerance
to trace element stress: field experiment with soils possessing gradient Cd, Pb, and Zn
concentrations. Plants (Basel), 12(7),1560. doi:10.3390/plants12071560
Crossref @ PubMed e PMC e Google Scholar

Batisti¢, O., & Kudla, J. (2012). Analysis of calcium signaling pathways in plants. Biochimica
et Biophysica Acta (BBA)-General Subjects, 1820(8), 1283-1293. doi:10.1016/j.
bbagen.2011.10.012
Crossref e PubMed e Google Scholar

Beale, C. V., Bint, D. A,, & Long, S. P. (1996). Leaf photosynthesis in the C,-grass Miscanthus x
giganteus, growing in the cool temperate climate of Southern England. Journal of Experimental
Botany, 47(2), 267—-273. doi:10.1093/jxb/47.2.267
Crossref @ Google Scholar

Borzykh, O., Serhienko, V., Tkalenko, H., & Shyta, O. (2024). Influence of humic preparations on
the efficiency of vegetable crops protection against diseases. Interdepartmental Thematic
Scientific Collection of Phytosanitary Safety, 69, 3—16. doi:10.36495/1606-9773.2023.69.3-16
(In Ukrainian)

Crossref @ Google Scholar

Burdova, H., Nebeska, D., Al Souki, K. S., Pilnaj, D., Kwoczynski, Z., Kfizenecka, S., Auer
Malinska, H., Vanék, M., Kuran, P., Pidlisnyuk, V., & Trogl, J. (2023). Miscanthus x giganteus
stress tolerance and phytoremediation capacities in highly diesel contaminated soils. Journal
of Environmental Management, 344, 118475. doi:10.1016/j.jenvman.2023.118475
Crossref @ PubMed e Google Scholar

Chen, Y. T.,Wang, Y., & Yeh, K. C. (2017). Role of root exudates in metal acquisition and tolerance.
Current Opinion in Plant Biology, 39, 66—72. doi:10.1016/j.pbi.2017.06.004
Crossref @ PubMed e Google Scholar

Chinedu, E., & Chukwuemeka, C. K. (2018). Oil spillage and heavy metals toxicity risk in the
Niger Delta, Nigeria. Journal of Health and Pollution, 8(19), 180905. doi:10.5696/2156-9614-
8.19.180905
Crossref @ PubMed e PMC e Google Scholar

da Silva Correa, H., Blum, C. T., Galvao, F., & Maranho, L. T. (2022). Effects of oil contamination
on plant growth and development: a review. Environmental Science and Pollution Research
International, 29(29), 43501-43515. doi:10.1007/s11356-022-19939-9
Crossref e PubMed e Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ Bionoriuni Ctygii / Studia Biologica ¢ 2024 ¢ Tom 18 / Ne 4 e C. 139-156


https://doi.org/10.3389/fpls.2022.1016257
https://pubmed.ncbi.nlm.nih.gov/36340414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9634536/
https://scholar.google.com/scholar_lookup?&title=Editorial%3A%20Heavy%20metal%20toxicity%20in%20plants%3A%20Recent%20insights%20on%20physiological%20and%20molecular%20aspects%2C%20volume%20II&journal=Front%20Plant%20Sci&doi=10.3389%2Ffpls.2022.101&volume=13&publication_year=2022&author=Ali%2CB&author=Gill%2CRA
https://doi.org/10.4103/ijpsym.ijpsym_499_18 
https://pubmed.ncbi.nlm.nih.gov/30783320/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6337927/
https://scholar.google.com.ua/scholar_lookup?title=Multiple+testing+and+protection+against+a+type+1+%28false+positive%29+error+using+the+Bonferroni+and+Hochberg+corrections&btnG=
https://doi.org/10.1038/s41598-023-36580-9
https://pubmed.ncbi.nlm.nih.gov/37391457/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10313719/
https://scholar.google.com.ua/scholar_lookup?title=Spatial+distribution%2C+sources+and+health+risk+assessment+of+heavy+metals+in+topsoil+around+oil+and+natural+gas+drilling+sites%2C+Andhra+Pradesh%2C+India&btnG=
https://doi.org/10.1007/s11356-016-6976-7
https://pubmed.ncbi.nlm.nih.gov/27278069/
https://scholar.google.com.ua/scholar_lookup?title=Influence+of+sub-lethal+crude+oil+concentration+on+growth%2C+water+relations+and+photosynthetic+capacity+of+maize+%28Zea+mays%C2%A0L.%29+plants&btnG=
https://doi.org/10.3390/plants12071560
https://pubmed.ncbi.nlm.nih.gov/37050186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10096734/
https://scholar.google.com.ua/scholar_lookup?title=Evaluation+of+Miscanthus+x+giganteus+tolerance+to+trace+element+stress:+field+experiment+with+soils+possessing+gradient+Cd,+Pb,+and+Zn+concentrations&hl=uk&authuser=2
https://doi.org/10.1016/j.bbagen.2011.10.012
https://pubmed.ncbi.nlm.nih.gov/22061997/
https://scholar.google.com.ua/scholar_lookup?title=Analysis+of+calcium+signaling+pathways+in+plants&btnG=
https://doi.org/10.1093/jxb/47.2.267
https://scholar.google.com.ua/scholar_lookup?title=Leaf+photosynthesis+in+the+C-4-grass+Miscanthus+x+giganteus%2C+growing+in+the+cool+temperate+climate+of+Southern+England&btnG=
https://doi.org/10.36495/1606-9773.2023.69.3-16
https://scholar.google.com.ua/scholar_lookup?title=Influence+of+humic+preparations+on+the+efficiency+of+vegetable+crops+protection+against+diseases&btnG=
https://doi.org/10.1016/j.jenvman.2023.118475
https://pubmed.ncbi.nlm.nih.gov/37406491/
https://scholar.google.com.ua/scholar_lookup?title=Miscanthus+x+giganteus+stress+tolerance+and+phytoremediation+capacities+in+highly+diesel+contaminated+soils&btnG=
https://doi.org/10.1016/j.pbi.2017.06.004
https://pubmed.ncbi.nlm.nih.gov/28654805/
https://scholar.google.com.ua/scholar_lookup?title=Role+of+root+exudates+in+metal+acquisition+and+tolerance&btnG=
https://doi.org/10.5696/2156-9614-8.19.180905
https://pubmed.ncbi.nlm.nih.gov/30524864/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6257162/
https://scholar.google.com.ua/scholar_lookup?title=Oil+spillage+and+heavy+metals+toxicity+risk+in+the+Niger+Delta%2C+Nigeria&btnG=
https://doi.org/10.1007/s11356-022-19939-9
https://pubmed.ncbi.nlm.nih.gov/35386087/
https://scholar.google.com.ua/scholar_lookup?title=Effects+of+oil+contamination+on+plant+growth+and+development%3A+a+review&btnG=

152 Natalia Dzhura, Iryna Podan, Pavlo Shapoval, Olha Romanyuk, Halyna Antonyak

Dong, S., Li, L., Chen, W., Chen, Z., Wang, Y., & Wang, S. (2024). Evaluation of heavy metal
speciation distribution in soil and the accumulation characteristics in wild plants: a study on
naturally aged abandoned farmland adjacent to tailings. Science of The Total Environment,
917, 170594. doi:10.1016/j.scitotenv.2024.170594
Crossref @ PubMed e Google Scholar

Drozd, O., Diadin, D., Naidonova, O., & Klochko, T. (2021). Soil transformation on restored drill
pads of oil-gas fields in Eastern Ukraine. In: Y. Dmytruk & D. Dent (Eds.), Soils under stress
(pp. 241-255). Springer Nature Switzerland AG. doi:10.1007/978-3-030-68394-8_23
Crossref @ Google Scholar

DSTU ISO 11465-2001. (2003). Soil Quality. Determination of dry matter and moisture content by
mass gravimetric method. Sokolovsky Institute of Soil Science and Agrochemistry Ukrainian
Academy of Agrarian Sciences: Kyiv, Ukraine. Retrieved from https://online.budstandart.com/
ua/catalog/doc-page.html?id_doc=55865

Dzura, N., & Podan, I. (2017). Ecological consequences of extended oil production at Staryi Sambir
petroleum deposit. Visnyk of Lviv University. Biological series, 76, 120—127. doi:10.30970/
vlubs.2017.76.15 (In Ukrainian)

Crossref  Google Scholar

Dzura, N. M., Tsvilinyuk, O. M., & Terek, O. I. (2007). Influence of soil pollution on macronutrient
and micronutrient content in Carex hirta L. plants. Ukrainian Botanical Journal, 64(1), 122—
131. (In Ukrainian)

Google Scholar

Erb, K., Haberl, H., & Plutzar, C. (2012). Dependency of global primary bioenergy crop potentials
in 2050 on food systems, yields, biodiversity conservation and political stability. Energy
Policy, 47(4), 260-269. doi:10.1016/j.enpol.2012.04.066
Crossref @ PubMed ¢ PMC e Google Scholar

Galierikova, A., & Materna, M. (2020). World seaborne trade with oil: one of main cause for oil
spills? Transportation Research Procedia, 44, 297-304. doi:10.1016/j.trpro.2020.02.039
Crossref ® Google Scholar

Gan, L., Wang, J., Xie, M., & Yang, B. (2022). Ecological risk and health risk analysis of soil
potentially toxic elements from oil production plants in central China. Scientific Reports,
12(1), 17077. doi:10.1038/s41598-022-21629-y
Crossref @ PubMed ¢ PMC e Google Scholar

Hashimoto, H., Uragami, C., & Cogdell, R. J. (2016). Carotenoids and photosynthesis. Subcellular
Biochemistry, 79, 111-139. doi:10.1007/978-3-319-39126-7_4
Crossref @ PubMed e Google Scholar

Hassan, M. U., Chattha, M. U., Khan, |., Chattha, M. B., Aamer, M., Nawaz, M., Ali, A.,
Khan, M. A. U., & Khan, T. A. (2019). Nickel toxicity in plants: reasons, toxic effects, tolerance
mechanisms, and remediation possibilities — a review. Environmental Science and Pollution
Research, 26(13), 12673-12688. doi:10.1007/s11356-019-04892-x
Crossref @ PubMed e Google Scholar

Hussein, Z. S., Hegazy, A. K., Mohamed, N. H., EI-Desouky, M. A,, Ibrahim, S. D., & Safwat, G.
(2022). Eco-physiological response and genotoxicity induced by crude petroleum oil in the
potential phytoremediator Vinca rosea L. Journal of Genetic Engineering and Biotechnology,
20(1), 135. doi:10.1186/s43141-022-00412-6
Crossref @ PubMed ¢ PMC e Google Scholar

Jerneldv, A. (2018). Environmental effects of terrestrial oil spills. In: D. A. Dellasala & M. I. Goldstein
(Eds.), Encyclopedia of the Anthropocene (Vol. 1, pp. 323-335). Elsevier, Oxford. doi:10.1016/
b978-0-12-809665-9.1027 1-x
Crossref  Google Scholar

Kabata-Pendias, A., & Pendias, H. (2001). Trace elements in soils and plants. 4th edn. CRC
Press, Boca Raton. doi:10.1201/9781420039900
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaji / Studia Biologica e 2024 « Tom 18 / N2 4 e C. 139-156


https://doi.org/10.1016/j.scitotenv.2024.170594
https://pubmed.ncbi.nlm.nih.gov/38309366/
https://scholar.google.com.ua/scholar_lookup?title=Evaluation+of+heavy+metal+speciation+distribution+in+soil+and+the+accumulation+characteristics+in+wild+plants%3A+a+study+on+naturally+aged+abandoned+farmland+adjacent+to+tailings&btnG=
https://doi.org/10.1007/978-3-030-68394-8_23
https://scholar.google.com.ua/scholar_lookup?title=Soil+transformation+on+restored+drill+pads+of+oil-gas+fields+in+Eastern+Ukraine&btnG=
https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=55865

https://online.budstandart.com/ua/catalog/doc-page.html?id_doc=55865

https://doi.org/10.30970/vlubs.2017.76.15
https://scholar.google.com.ua/scholar?cluster=3127165580479712078&hl=uk&as_sdt=2005&sciodt=0,5
https://scholar.google.com.ua/scholar_lookup?title=%D0%92%D0%BF%D0%BB%D0%B8%D0%B2%20%D0%BD%D0%B0%D1%84%D1%82%D0%BE%D0%B2%D0%BE%D0%B3%D0%BE%20%D0%B7%D0%B0%D0%B1%D1%80%D1%83%D0%B4%D0%BD%D0%B5%D0%BD%D0%BD%D1%8F%20%D0%BD%D0%B0%20%D0%B2%D0%BC%D1%96%D1%81%D1%82%20%D0%BC%D0%B0%D0%BA%D1%80%D0%BE-%20%D1%82%D0%B0%20%D0%BC%D1%96%D0%BA%D1%80%D0%BE%D0%B5%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%D1%96%D0%B2%20%D1%83%20%D1%80%D0%BE%D1%81%D0%BB%D0%B8%D0%BD%D0%B0%D1%85%20Carex%20hirta%20%20L.
https://doi.org/10.1016/j.enpol.2012.04.066
https://pubmed.ncbi.nlm.nih.gov/23576836/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3617899/
https://scholar.google.com.ua/scholar_lookup?title=Dependency+of+global+primary+bioenergy+crop+potentials+in+2050+on+food+systems%2C+yields%2C+biodiversity+conservation+and+political+stability&btnG=
https://doi.org/10.1016/j.trpro.2020.02.039
https://scholar.google.com.ua/scholar_lookup?title=World+seaborne+trade+with+oil%3A+one+of+main+cause+for+oil+spills%3F&btnG=
https://doi.org/10.1038/s41598-022-21629-y
https://pubmed.ncbi.nlm.nih.gov/36224271/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9556517/
https://scholar.google.com.ua/scholar_lookup?title=Ecological+risk+and+health+risk+analysis+of+soil+potentially+toxic+elements+from+oil+production+plants+in+central+China&btnG=
https://doi.org/10.1007/978-3-319-39126-7_4
https://pubmed.ncbi.nlm.nih.gov/27485220/
https://scholar.google.com/scholar_lookup?&title=Carotenoids%20and%20Photosynthesis&journal=Subcell%20Biochem&doi=10.1007%2F978-3-319-39126-7_4&volume=79&pages=111-139&publication_year=2016&author=Hashimoto%2CH&author=Uragami%2CC&author=Cogdell%2CRJ
https://doi.org/10.1007/s11356-019-04892-x 
https://pubmed.ncbi.nlm.nih.gov/30924044/
https://scholar.google.com.ua/scholar_lookup?title=Nickel+toxicity+in+plants%3A+reasons%2C+toxic+effects%2C+tolerance+mechanisms%2C+and+remediation+possibilities+%E2%80%93+a+review&btnG=
https://doi.org/10.1186/s43141-022-00412-6
https://pubmed.ncbi.nlm.nih.gov/36125630/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9489826/
https://scholar.google.com.ua/scholar_lookup?title=Eco-physiological+response+and+genotoxicity+induced+by+crude+petroleum+oil+in+the+potential+phytoremediator+Vinca+rosea+L.&btnG=
https://doi.org/10.1016/B978-0-12-809665-9.10271-X
https://scholar.google.com.ua/scholar_lookup?title=Environmental+effects+of+terrestrial+oil+spills&btnG=
https://doi.org/10.1201/9781420039900
https://scholar.google.com/scholar_lookup?&title=Trace%20elements%20in%20soils%20and%20plants&publication_year=2011&author=Kabata-Pendias%2CA

PHYSIOLOGICAL PARAMETERS AND METAL-ACCUMULATING CAPACITY OF THE BIOFUEL PLANT MISCANTHUS x GIGANTEUS... 1 53

Karabyn, V., Popovych, V., Shainoha, I., & Lazaruk, Y. (2019). Long-term monitoring of oil
contamination of profile-differentiated soils on the site of influence of oil-and-gas wells in the
central part of the Boryslav-Pokuttya oil-and-gasbearing area. Petroleum and Coal, 61(1),
81-89.

Google Scholar

Lee, W. C., & Kuan, W. C. (2015). Miscanthus as cellulosic biomass for bioethanol production.
Biotechnology Journal, 10(6), 840-854. doi:10.1002/biot.201400704
Crossref @ PubMed e Google Scholar

Li, X., Zhang, W., Niu, D., & Liu, X. (2024). Effects of abiotic stress on chlorophyll metabolism.
Plant Science, 342, 112030. doi:10.1016/j.plantsci.2024.112030
Crossref @ PubMed e Google Scholar

Lichtenthaler, H., & Wellburn, A. R. (1983). Determination of total carotenoids and chlorophyll a
and b of leaf extracts in different solvents. Biochemical Society Transactions, 603, 591-593.
doi:10.1042/bst0110591
Crossref @ Google Scholar

Marenych, M. M., Hanhur, V. V., Len, O. I., Hangur, Yu. M., Zhornyk, I. I., & Kalinichenko, A. V.
(2019). The efficiency of humic growth stimulators in pre-sowing seed treatment and foliar
additional fertilizing of sown areas of grain and industrial crops. Agronomy Research, 17(1).
194-205. doi:10.15159/ar.19.023
Crossref @ Google Scholar

Mirecki, N., Rukie Agi¢, R., Sunig, L., Milenkovi¢, L., & lli¢, Z. S. (2015). Transfer factor as indicator
of heavy metals content in plants. Fresenius Environmental Bulletin, 24, 4212—4219.
Google Scholar

Moradi, B., Kissen, R., Maivan, H. Z., Hashtroudi, M. S., Sorahinobar, M., Sparstad, T., &
Bones, A. M. (2020). Assessment of oxidative stress response genes in Avicennia marina
exposed to oil contamination — Polyphenol oxidase (PPOA) as a biomarker. Biotechnology
Reports, 28, e00565. doi:10.1016/j.btre.2020.e00565
Crossref @ PubMed e PMC e Google Scholar

Mostafa, A. A, Hafez, R. M., Hegazy, A. K., Fattah, A. M. A.-E., Mohamed, N. H., Mustafa, Y. M.,
Gobouri, A. A., & Azab, E. (2021). Variations of structural and functional traits of Azolla
pinnata R. Br. in response to crude oil pollution in arid regions. Sustainability, 13(4), 2142.
doi:10.3390/su13042142
Crossref @ Google Scholar

Nsanganwimana, F., Al Souki, K. S., Waterlot, C., Douay, F., Pelfréne, A., RidoSkova, A,
Louvel, B., & Pourrut, B. (2021). Potentials of Miscanthus x giganteus for phytostabilization
of trace element-contaminated soils: ex situ experiment. Ecotoxicology and Environmental
Safety, 214, 112125. doi: 10.1016/j.ecoenv.2021.112125
Crossref @ PubMed e Google Scholar

Orocio-Carrillo, J. A., Rivera-Cruz, M. C., Juarez-Maldonado, A., Bautista-Mufioz, C. C., Trujillo-
Narcia, A., Gonzalez-Garcia, Y., & Cadena-Villegas, S. (2024). Crude oil induces plant
growth and antioxidant production in Leersia hexandra Sw. Plant, Soil and Environment,
70(2), 72—83. doi:10.17221/311/2023-pse
Crossref @ Google Scholar

Pidlisnyuk, V., Mamirova, A., Newton, R. A., Stefanovska, T., Zhukov, O., Tsygankova, V., &
Shapoval, P. (2022). The role of plant growth regulators in Miscanthus x giganteus growth on
trace elements-contaminated soils. Agronomy, 12(12),2999; doi: 10.3390/agronomy 12122999
Crossref @ Google Scholar

Podan, |., & Dzhura, N. (2019). Humus content and acidity of oil-polluted soil in the phytoremediation
process. Acta Carpathica, 31-32, 44-51.

Polishchuk, A. I., & Antonyak, H. L. (2019). Accumulation of heavy metals in gametophytes of the
epilithic mosses. Studia Biologica, 13(2), 21-28. doi:10.30970/sbi.1302.601
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ Bionoriuni Ctygii / Studia Biologica ¢ 2024 ¢ Tom 18 / Ne 4 e C. 139-156


https://scholar.google.com.ua/scholar_lookup?title=Long-term+monitoring+of+oil+contamination+of+profile-differentiated+soils+on+the+site+of+influence+of+oil-and-gas+wells+in+the+central+part+of+the+Boryslav-Pokuttya+oil-and-gasbearing+area&btnG=
https://doi.org/10.1002/biot.201400704
https://pubmed.ncbi.nlm.nih.gov/26013948/
https://scholar.google.com.ua/scholar_lookup?title=Miscanthus+as+cellulosic+biomass+for+bioethanol+production&btnG=
https://doi.org/10.1016/j.plantsci.2024.112030
https://pubmed.ncbi.nlm.nih.gov/38346561/
https://scholar.google.com/scholar_lookup?title=Effects+of+abiotic+stress+on+chlorophyll+metabolism&author=Li,+X.&author=Zhang,+W.&author=Niu,+D.&author=Liu,+X.&publication_year=2024&journal=Plant+Sci.&volume=342&pages=112030&doi=10.1016/j.plantsci.2024.112030
https://doi.org/10.1042/bst0110591
https://scholar.google.com.ua/scholar_lookup?title=Determination+of+total+carotenoids+and+chlorophyll+a+and+b+of+leaf+extracts+in+different+solvents&btnG=
http://dx.doi.org/10.15159/ar.19.023
https://scholar.google.com.ua/scholar_lookup?title=The+efficiency+of+humic+growth+stimulators+in+pre-sowing+seed+treatment+and+foliar+additional+fertilizing+of+sown+areas+of+grain+and+industrial+crops&btnG=
https://scholar.google.com.ua/scholar_lookup?title=Transfer+factor+as+indicator+of+heavy+metals+content+in+plants&hl=uk&authuser=2
https://doi.org/10.1016/j.btre.2020.e00565
https://pubmed.ncbi.nlm.nih.gov/33318965/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7725677/
https://scholar.google.com.ua/scholar_lookup?title=Assessment+of+oxidative+stress+response+genes+in+Avicennia+marina+exposed+to+oil+contamination+%E2%80%93+Polyphenol+oxidase+%28PPOA%29+as+a+biomarker&btnG=
https://doi.org/10.3390/su13042142
https://scholar.google.com.ua/scholar_lookup?title=Variations+of+structural+and+functional+traits+of+Azolla+pinnata+R.+Br.+in+response+to+crude+oil+pollution+in+arid+regions&btnG=
https://doi.org/10.1016/j.ecoenv.2021.112125
https://pubmed.ncbi.nlm.nih.gov/33714138/
https://scholar.google.com.ua/scholar_lookup?title=Potentials+of+Miscanthus+%C3%97+giganteus+for+phytostabilization+of+trace+element-contaminated+soils%3A+ex+situ+experiment&btnG=
https://doi.org/10.17221/311/2023-pse 
https://scholar.google.com.ua/scholar_lookup?title=Orocio-Carrillo%2C+J.+A.%2C+Rivera-Cruz%2C+M.+C.%2C+Ju%C3%A1rez-Maldonado%2C+A.%2C+Bautista-Mu%C3%B1oz%2C+C.+C.%2C++%22Trujillo-Narc%C3%ADa%2C+A%22+.%2C+Gonz%C3%A1lez-Garc%C3%ADa%2C+Y.%2C+%26+Cadena-Villegas%2C+S.+%282024%29.+Crude+oil+induces+plant+growth+and+antioxidant+production+in+Leersia+hexandra+Sw.&hl=uk&as_sdt=0%2C5&as_vis=1&as_ylo=2024&as_yhi=2024
https://doi.org/10.3390/agronomy12122999
https://scholar.google.com.ua/scholar_lookup?title=The+role+of+plant+growth+regulators+in+Miscanthus+%C3%97+giganteus+growth+on+trace+elements-contaminated+soils&btnG=
https://doi.org/10.30970/sbi.1302.601
https://scholar.google.com.ua/scholar_lookup?title=Accumulation+of+heavy+metals+in+gametophytes+of+the+epilithic+mosses&btnG=

154 Natalia Dzhura, Iryna Podan, Pavlo Shapoval, Olha Romanyuk, Halyna Antonyak

Polishchuk, A. I., & Antonyak, H. L. (2022). Dynamics of foliar concentrations of photosynthetic
pigments in woody and herbaceous plant species in the territory of an industrial city. Studia
Biologica, 16(2), 29-40. doi:10.30970/sbi.1602.684
Crossref ® Google Scholar

Pozniak, S. P. (Ed.). (2019). Grunty Lvivskoi oblasti[Soils of Lviv Region]. Lviv: lvan Franko National
University. Retrieved from https://geography.Inu.edu.ua/wp-content/uploads/2020/09/gruntu-
Iviv-collect-monography-2019.pdf (In Ukrainian)

Pysarenko, P. V., & Bezsonova, V. O. (2020). Potential for the utilization of biofuel plant of the
second generation of Miscanthus giganteus for phytoremediation of oil-contaminated lands.
Agrology, 3(3), 127-132. doi:10.32819/020015
Crossref ® Google Scholar

Rahman, Z., & Singh, V. P. (2020). Bioremediation of toxic heavy metals (THMs) contaminated
sites: concepts, applications and challenges. Environmental Science and Pollution Research
International, 27(22), 27563-27581. doi:10.1007/s11356-020-08903-0
Crossref @ PubMed e Google Scholar

Rodriguez-Rodriguez, N., Rivera-Cruz, M., Trujillo-Narcia, A., Almaraz-Suarez, J., & Salgado-
Garcia, S. (2016). Spatial distribution of oil and biostimulation through the rhizosphere of
Leersia hexandra in degraded soil. Water, Air & Soil Pollution, 227(9). doi:10.1007/s11270-
016-3030-9
Crossref @ Google Scholar

Roy, P., Rutter, A., Gainer, A., Haack, E., & Zeeb, B. A. (2023). Phytotoxicity of weathered
petroleum hydrocarbons in soil to boreal plant species. Environmental Research, 238(1),
117136. doi:10.1016/j.envres.2023.117136
Crossref @ PubMed e Google Scholar

Senila, M., & Kovacs, E. (2024). Use of diffusive gradients in thin-film technique to predict
the mobility and transfer of nutrients and toxic elements from agricultural soil to crops-an
overview of recent studies. Environmental Science and Pollution Research International,
31(24), 34817-34838. doi:10.1007/s11356-024-33602-5
Crossref @ PubMed ¢ PMC e Google Scholar

Singha, W. J, & Deka, H. (2024). Ecological and human health risk associated with heavy metals
(HMs) contaminant sourced from petroleum refinery oily sludge. Journal of Hazardous
Materials, 476, 135077. doi:10.1016/j.jhazmat.2024.135077
Crossref @ PubMed e Google Scholar

Snitynskyi, V. V., Solohub, L. I., Antoniak, H. L., Kopachuk, D. M., & Herasymiv, M. H. (1999).
Bilohichna rol" khromu v organizmi liudyny i tvaryn [Biological role of chromium in humans
and animals]. Ukrainskii Biokhimicheskii Zhurnal, 71(2), 5-9. (In Ukrainian)

PubMed e Google Scholar

Stirbet, A., Lazar, D., Guo, Y., & Govindjee, G. (2020). Photosynthesis: basics, history and
modelling. Annals of Botany, 126(4), 511-537. doi:10.1093/aob/mcz171
Crossref @ PubMed ¢ PMC e Google Scholar

Terek, O. . (2007). Rist roslyn [Growth of plants]. Lviv: lvan Franko National University. (In
Ukrainian)

Google Scholar

Tian, X.-Y., He, D.-D., Bai, S., Zeng, W.-Z., Wang, Z., Wang, M., Wu, L.-Q., & Chen, Z.-C. (2021).
Physiological and molecular advances in magnesium nutrition of plants. Plant and Soil,
468(1-2), 1-17. doi:10.1007/s11104-021-05139-w
Crossref @ Google Scholar

Tudge, S. J., Purvis, A, & De Palma, A. (2021). The impacts of biofuel crops on local biodiversity:
a global synthesis. Biodiversity and Conservation, 30(11), 2863—2883. doi:10.1007/s10531-
021-02232-5
Crossref @ Google Scholar

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e Bionoriyni Ctyaji / Studia Biologica e 2024 « Tom 18 / N2 4 e C. 139-156


https://doi.org/10.30970/sbi.1602.684
https://scholar.google.com.ua/scholar_lookup?title=Dynamics+of+foliar+concentrations+of+photosynthetic+pigments+in+woody+and+herbaceous+plant+species+in+the+territory+of+an+industrial+city&btnG=
https://geography.lnu.edu.ua/wp-content/uploads/2020/09/gruntu-lviv-collect-monography-2019.pdf
https://geography.lnu.edu.ua/wp-content/uploads/2020/09/gruntu-lviv-collect-monography-2019.pdf
https://doi.org/10.32819/020015
https://scholar.google.com.ua/scholar_lookup?title=Potential+for+the+utilization+of+biofuel+plant+of+the+second+generation+of+Miscanthus+giganteus+for+phytoremediation+of+oil-contaminated+lands&btnG=
https://doi.org/10.1007/s11356-020-08903-0
https://pubmed.ncbi.nlm.nih.gov/32418096/
https://scholar.google.com.ua/scholar_lookup?title=Bioremediation+of+toxic+heavy+metals+%28THMs%29+contaminated+sites%3A+concepts%2C+applications+and+challenges&btnG=
https://doi.org/10.1007/s11270-016-3030-9
https://scholar.google.com.ua/scholar_lookup?title=Spatial+distribution+of+oil+and+biostimulation+through+the+rhizosphere+of+Leersia+hexandra+in+degraded+soil&btnG=
https://doi.org/10.1016/j.envres.2023.117136
https://pubmed.ncbi.nlm.nih.gov/37717802/
https://scholar.google.com.ua/scholar_lookup?title=Phytotoxicity+of+weathered+petroleum+hydrocarbons+in+soil+to+boreal+plant+species&btnG=
https://doi.org/10.1007/s11356-024-33602-5
https://pubmed.ncbi.nlm.nih.gov/38739340/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11136807/
https://scholar.google.com.ua/scholar_lookup?title=Use+of+diffusive+gradients+in+thin-film+technique+to+predict+the+mobility+and+transfer+of+nutrients+and+toxic+elements+from+agricultural+soil+to+crops-an+overview+of+recent+studies&btnG=
https://doi.org/10.1016/j.jhazmat.2024.135077
https://pubmed.ncbi.nlm.nih.gov/39002490/
https://scholar.google.com.ua/scholar_lookup?title=Ecological+and+human+health+risk+associated+with+heavy+metals+%28HMs%29+contaminant+sourced+from+petroleum+refinery+oily+sludge&btnG=
https://pubmed.ncbi.nlm.nih.gov/10609294/
https://scholar.google.com.ua/scholar_lookup?title=Biological+role+of+chromium+in+humans+and+animals&btnG=
https://doi.org/10.1093/aob/mcz171
https://pubmed.ncbi.nlm.nih.gov/31641747/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7489092/
https://scholar.google.com.ua/scholar_lookup?title=Photosynthesis:+basics,+history+and+modelling&hl=uk&authuser=2
https://scholar.google.com.ua/scholar_lookup?title=%D0%A0%D1%96%D1%81%D1%82+%D1%80%D0%BE%D1%81%D0%BB%D0%B8%D0%BD&btnG=
https://doi.org/10.1007/s11104-021-05139-w
https://scholar.google.com.ua/scholar_lookup?title=Physiological+and+molecular+advances+in+magnesium+nutrition+of+plants&btnG=
https://doi.org/10.1007/s10531-021-02232-5
https://scholar.google.com.ua/scholar_lookup?title=The+impacts+of+biofuel+crops+on+local+biodiversity%3A+a+global+synthesis&btnG=

PHYSIOLOGICAL PARAMETERS AND METAL-ACCUMULATING CAPACITY OF THE BIOFUEL PLANT MISCANTHUS x GIGANTEUS... 1 55

USEPA. (2007). United States Standard: Field Portable X-Ray Fluorescence Spectrometry for
the Determination of Elemental Concentrations in Soil and Sediment. SW-846 Test Method
6200—-2007. U. S. Environmental Protection Agency: Washington, DC.

Wang, A., Fu, W., Feng, Y., Liu, Z.,, & Song, D. (2022). Synergetic effects of microbial-
phytoremediation reshape microbial communities and improve degradation of petroleum
contaminants. Journal of Hazardous Materials,429,128396. doi:10.1016/j.jhazmat.2022.128396
Crossref @ PubMed e Google Scholar

Welham, S. J., Gezan, S. A., Clark, S. J., & Mead, A. (2014). Statistical methods in biology: design
and analysis of experiments and regression. CRC Press. doi:10.1201/b17336
Crossref @ Google Scholar

Wiens, J., Fargione, J., & Hill, J. (2011). Biofuels and biodiversity. Ecological Applications, 21(4),
1085—-1095. doi:10.1890/09-0673.1
Crossref @ PubMed e Google Scholar

Wyszkowski, M., & Kordala, N. (2022). Trace element contents in petrol-contaminated soil
following the application of compost and mineral materials. Materials, 15(15), 5233.
doi:10.3390/ma15155233
Crossref @ PubMed e PMC e Google Scholar

®I3I0NOrYHI NTAPAMETPU TA METANOAKYMYNAUIMHA 30ATHICTb
BIOEHEPIETUYHOI POCJIMHN MISCANTHUS x GIGANTEUS 3A YMOB
BUPOLLYBAHHA HA 3AEPYAHEHOMY HA®TOIO NIA30SIUCTOMY I'PYHTI
W OBPOBKW N'YMIHOBMMMU NMPEMAPATAMMU

Hamanisi xypa’, Ipuna lModaH',
Maeno lWanoeasn?, Onb2a PomaHrok®, FasiuHa AHMOHSIK'

' Jlbsigcbkuli HaujoHanbHUl yHisepcumem iMeHi leaHa ®paHka

8yrn. CakcaeaHcbkozo, 1, Jlbeie 79005, YkpaiHa

2 HauioHanbHuti yHisepcumem “flbgiecbka ronimexHika”

nn. Cs. KOpa, 9, Jlbeie 79000, YkpaiHa

3 BiddineHHs1 ghiduko-ximii 20produx KkonanuH IHemumymy ¢hiauko-opeaHiyHoI Ximii
i gyeneximii im. J1. M. JlumeuHeHka HAH YkpaiHu
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AkTyanbHicTb. [locnigxeHHs dpisionoriyHnx ocobnmneocten Miscanthus x giganteus
J. M. Greef, Deuter ex Hodk. & Renvoize akTyanbHi 3 ornsgay Ha gitopemegiauinHnimi
noTeHujian uiei 6ioeHepreTu4Hoi pocnmHu. MeTtoto poboTu Byno gocnianti BMIiCT OTO-
CUHTETUYHUMX MIrMEHTIB Y nucTkax M. giganteus, akymynsuito metanis y pusocgepi ta
HaO3eMHMNX opraHax, a TakoXX MopdoSorivyHi MOKa3HMKM 32 YMOB BUPOLLYYBaHHS POCIINH
Ha 3abpyaHeHOMyY HadTO IPYHTI 1 0GPOBKM ryMiIHOBUMU NpenapaTamu.

MaTepianu i metoau. [llig 4Yac npoBedeHHs MNOMNbOBMX AOCAIQIB 3aknageHo
n'aTe gocnigHux aingHok (OK ta O1-04) nnoweto 1 M? Ha TepuTopii, Nnpunernii go
CTtapocambipcbkoro HadToBOro podoBuLa, Ha nig3onuctomy rpyHTi. dingHka OK cny-
rysara sik KOHTPOsb Mig Yac JocnifXeHb BMICTY MeTaniB y IpyHTI. Y IpyHT Ha AinsHui
01 Bucamxysanu pusomun M. giganteus; y I'pyHT Ha ainsHkax [O2-[04 sHocunu 10 n/m?
cunpoi HadTK, a NoTiM BUcagKyBanu pusomn M. giganteus. MNepen BUcagKyBaHHSIM Ha
ainsHkax O3 i [14 pusomMu 3amodyBanu B po3dmMHax ryMiHOBUX npenaparis (BignosigHo,
Fulvital® Plus Liquid i Humifield® Forte). Y nepiog pocTy pocnuHu ABidi o6npuckysanu
rymiHOBMMM nNpenapaTamMu.
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BucoTy naroHa, WMpUHY NUCTKA, KOHLEHTpauilo xnopodiny a- Ta b-tuny (Bigno-
BigHO, Chl, Ta Chl,), 3aransHui BmicT xnopodiny (Chl,,,) Ta KOHUEHTPaLil0 KapOTUHOI-
AiB aHanidyBanu ctaHgapTHMMK Metogamu. Bmict metanie (Ca, Cr, Cu, Fe, K, Mg, Mn,
Ni, Pb, Zn) y 3paskax r'pyHTy i opraHax pocrvH BU3Ha4anm MeToaoM peHTreHodyo-
pPecLEeHTHOro aHarnisy 3a gornomMoroto aHanisatopa Elvax Light SDD.

PesynbraTn. BupoulyBaHHs Ha 3abpyaHeHOMYy HadTow I'pyHTI HE BNNMBano Ha
BMCOTY MaroHiB i LUMPWHY NUCTKiB M. giganteus, ane 3Huxysano smict Chl,, Chl,, Chl,,,
i KapoTMHOIgiB y nNucTkax pocnuH. O6pobka pocnvH rymMiHOBUMM NpenapartaMmy npu-
3Boguna OO NiABULLEHHS KOHUEHTpaLlil NirMeHTIB Yy NUCTKax y pi3Hi nepiogn pocTy.
B 3abpynHeHoMy HadpTow IpyHTi, 3acagkeHomy M. giganteus, BUSIBNEHO MigBULLIEHHS
koHueHTpauii Cr i Ni. 3a 06pobkn M. giganteus npenapatom Fulvital® Plus Liquid BusB-
neHo 36inbweHHst BMicTy Ca, Mn Ta Niy pusocdepHoMy r'pyHTi Ha 3abpyaHeHnx HadpToo
ainsHkax. BupowyBaHHa M. giganteus Ha 3abpygHeHOMY HadTO I'PYHTI CPUYMHKIIO
3HWXEHHSA KoHUeHTpalii Ca, Cr, Fe, K, Mg, Ni Ta Zn y ctebni pocnuH. O6pobka rymiHo-
BMMW NpenapaTtamMu nigsuvLlyBana BMICT 3a3Ha4eHnx MeTarniB y cTebni Ta KoHUeHTpau,ito
Mg i Ni B iMcTKax pocrnuH, BUpOLLyBaHMX Ha 3abpyaHeHOMY HadTow I'pyHTi. BignoeigHo
00 3Ha4YeHHs1 koedoilieHTiB Bioakymynauii (KB) meTanis, nuctku M. giganteus xapakTe-
pU3yHTbCS BUCOKMM MNoTeHuianom HakonmnyeHHs Ni ta Ca (Kb >1), noMipHUM noTeHLi-
anom HakonudeHHa Mg, K'i Cr (KB y mexax 0,1-0,32) i H13bK/M NOTEHLiarnnoM Hakomnu-
yeHHst Fe i Zn (KB <0,1). BupolyBaHHS Ha 3abpygHEHOMY HadpTOR I'PYHTI MPU3BOAMIIO
00 3HKEHHS 3Ha4YeHb KB meTaniB y nucTkax i ctebni pocnvH.

BucHoBkK. O6Gpobka rymiHOBMMM npenapatamn NMO3UTMBHO BMMBAE Ha qisio-
noriyHi nokasHukn M. giganteus 3a BMpPOLLYBaHHS Ha 3abpyaHeHOMYy HadTow nig3o-
nucTomy rpyHTi. 3gaTHicte M. giganteus 0o ditoekctpakuii Ni 3 'pyHTy MoOXe onoce-
peakoByBaTu hiTopemeialiiHii NoTeHLuian pocnvHKU. Y 3B’A3KYy 3 LIM BUMPOLLYYBaHHS
M. giganteus y noegHaHHi 3 0OpOOKOK POCIUH FYMIHOBUMM MpenapaTtaMmmn nepcrek-
TMBHE Ha I'pyHTax, 3abpyaHeHnX HadTO Ta HapTONPOAYKTaMN.

Knroyoei cnoea: Miscanthus x giganteus, 6ioeHepreTU4Hi poCnunHN, 3adpyaHeHUN
HadpTO TPYHT, MiA30NUCTI I'PYHTW, TYMIHOBI npenapaTw,
diTopemegiauis, Baxki metanu, OTOCMHTE3
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