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INTRODUCTION

A special characteristic of perennial energy 
crops is that they have a high level of productivity, 
are undemanding to soil fertility and high levels 
of mechanization of production processes. During 
a fairly short period of vegetation, energy plants 
are capable of a significant increase in biomass 
(Didenko et al., 2023). From an economic point 
of view, if you recalculate the received energy, the 
costs of growing energy crops are significantly 
lower than the cost of energy carriers that are 
obtained in the traditional way. The use of plant 
biomass of these crops, provided it is continuously 
regenerated, does not lead to an increase in the 
concentration of CO2 in the atmosphere, which is 
ecologically appropriate (Kaletnik et al., 2020).

Practice shows that the use of energy crops as 
a source of energy is growing rapidly in European 
countries. Since the beginning of 2000, there has 

been a certain interest in the cultivation of energy 
crops in Ukraine (Branitsky et al., 2019).

Among the most common energy crops grown 
on the territory of Ukraine are: Miscanthus and 
energy willow (Salix) to a lesser extent Silphium 
perfoliatum L. and Sida hermaphrodita L. Rusby, 
which have been growing on energy plantations 
for about 20 years. Along with these crops, the 
following are of scientific interest: cane arundo 
(Arundo donax) (Branitsky et al., 2022), sugar 
sorghum (Sorghum bicolor), and perennial sorghum 
(Sorghum almum Parodi) (Gumentyk et al., 2020).

Miscanthus-belongs to the family of cereals 
(Gramineae), a perennial grassy crop with a well-
developed root system that reaches more than 2.5 
m deep into the soil. Due to such a root system, 
the plant quite powerfully uses nutrients and 
moisture from the lower soil horizons (Lopush-
niak et al., 2022). Miscanthus has fairly strong 
stems and is highly resistant to mechanical 
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damage, as it contains a significant amount of 
lignin and cellulose in its composition (Honcha-
ruk et al., 2020). Miscanthus plants overwinter 
quite well and are resistant to precipitation and 
wind. Miscanthus is very demanding on water 
than the average annual precipitation available 
to it – about 600–700 mm per year. But, even 
under these conditions, water consumption 
for the production of 1 kg of dry mass is quite 
low. Soils for planting Miscanthus should have 
neutral acidity (pH = 6.5), especially during the 
first two years of growth, and the groundwater 
level should not be below 1 m. biomass can 
be harvested annually (Kaletnik et al., 2020). 
Miscanthus is a valuable raw material for the 
production of high-quality fuel pellets due to its 
high content of cellulose and lignin. Production 
costs for growing Miscanthus biomass in various 
European countries are at the level of 40–50 
euros/t of dry matter (Kaletnik et al., 2014).

Silphium perfoliatum L. is a culture of various 
economic uses. It is grown for green fodder, for 
the production of silage and grass flour.The green 
mass of Silphium perfoliatum L. has a low fiber 
content and a large amount of vitamins, and 
therefore it is a valuable raw material for the 
preparation of vitamin herbal flour, which is not 
inferior in quality to flour from legumes (Kaletnik 
et al., 2019). Grass meal is a valuable feed for all 
types of animals, especially for poultry. In young 
plants, leaves make up to 70% of the green mass – 
the most valuable and nutritious part of the crop, 
although, unlike many tall plants, the juicy stems 
of Silphium perfoliatum L. also have relatively 
good nutritional properties (Kaletnik et al., 2021).

High-quality grass flour can be made from 
the green mass of Silphium perfoliatum L., due 
to its low fiber content and high carotene content. 
Silphium perfoliatum L. plants are large-stemmed 
and have a high moisture content of more than 
85%, due to which, during mowing, they require 
a mandatory application of the mass for the 
production of vitamin flour (Kharytonov et al., 
2023). This measure reduces fuel consumption 
by 10–15% and increases the productivity of 
units. Due to the high sugar content (14–20%), 
the normal ensiling process of green mass is 
determined (Kharytonov et al., 2021).

As for fodder qualities, it should be noted that 
the productive potential of Silphium perfoliatum L. 
is very high. From one hectare, the crop yields 
an average of 100 tons or more of green mass 
within 15–25 years (Kharytonov et al., 2024). 

Also, Silphium perfoliatum L. plays an important 
role in the protection of the natural environment. 
Due to the well-developed root system, the plant 
contributes to the consolidation of the upper 
layer of the soil and is an effective means of 
combating soil erosion, loss of mineral elements 
from surface runoff and their infiltration into 
deep layers (Palamarchuk et al., 2019). Silphium 
perfoliatum L. increases the content of humus 
and water-resistant aggregates in the soil, 
which improves the use of soils under irrigation 
conditions (Kharytonov et al., 2023).

The culture blooms intensively in the second 
half of summer for four to five decades, attracting 
a large number of bees. The remanent type of 
flowering makes it possible to use the culture as 
a good honey plant. Unlike most other plants, 
sylphium flowers intensively secrete nectar during 
the entire light period of the day. With a solid 
grass stand, the productivity of honey collection 
reaches 150 kg/ha (Mykolenko et al., 2022).

Sida hermaphrodita L. Rusby is a species of 
Seed belonging to the mallow family, which includes 
several hundred species of annual plants, perennials 
and shrubs growing in tropical and subtropical zones 
of the globe (Kharytonov et al., 2019).

It grows poorly on overmoistened, flooded 
soils and does not tolerate flooding. Sida 
hermaphrodita L. Rusby is a frost-resistant and 
drought-resistant culture. Forms a powerful root 
system, grows even on slopes. A perennial plant 
can grow in one place for 15–20 years (Khary-
tonov et al., 2019).

The plants grow in height from 1.20 to 
2.10 meters. Biomass harvesting is carried out 
annually, the yield is from 12 to 25 t/ha of dry mass 
(depending on growing conditions) (Zulauf et al., 
2018). The collected biomass is characterized by 
low ash content (2–3%) and low moisture content 
(19.3%), which is very important, since the cost 
of biomass drying is reduced during processing 
into fuel pellets. The biomass of this crop is a 
promising source of renewable energy. In terms 
of heat generation when burning mallow stems, 
only beech wood is inferior (by 20–34%) (Khary-
tonov et al., 2019).

The results of laboratory studies of the green 
mass of energy crops (Silhium perfoliatum L., 
Sorghum almum Parodi, Bunias orientalis L., Sida 
hermaphrodita Rusby, Miscanthus giganteus G.) 
showed that all studied crops did not exceed the 
established standard for the content of heavy 
metals for feed (Kharytonov et al., 2019). That is, 
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it was found that in the conditions of man-made 
stress on soils, in particular their contamination 
with heavy metals, energy crops can accumulate 
these toxicants in their biomass (Pryshliak et al., 
2020). It is generally known that, the accumulation 
and absorption of heavy metals by plants, 
including energy ones, is determined by a large 
number of factors: the type of soil, its physical 
and physicochemical properties, the content of 
organic matter, oxidation-reduction reactions, 
temperature conditions of the soil, vegetation 
characteristics, etc. (Kulyk et al., 2020).

Entering from the soil into plants through 
the root system, heavy metals can move actively 
or passively. In the first case, the absorption and 
movement of metal ions is carried out by a system 
consisting of protoplasts of cells connected by 
plasmodesmata (Dydiv et al., 2023). With passive 
transport, ions, having reached the surface of the 
root, enter the free space of the root and move further 
along the plant with the transpiration current. With 
active transport, a part of metals that perform some 
biological functions (copper, zinc, cobalt, etc.), as 
well as metals that are chemically similar to the 
necessary elements (cadmium is a chemical analog 
of zinc) moves through the plant (Dovhalyuk, 2013).

Comparing the concentration of lead in the 
phytomass of plants, it should be noted that the 
highest content of this element was noted in the 
plants of Silphium perfoliatum L. and scurbiga 
orientalis (Kuraeva et al., 2012). This indicator 
was in the range of 2.65–2.89 and 2.53–2.77 
mg/kg, respectively, by culture. The difference 
in lead content between the fertilizer options 
was also noted, i.e. the lowest concentration 
of this element was for the cultivation of all 
energy crops in the option without fertilizers – 
1.65–2.65 mg/kg. For the cultivation of perennial 
sedum, miscanthus giganteus, perennial sorghum, 
oriental itch, and prickly-leaved Silphium 
perfoliatum L.. With the use of mineral fertilizers, 
the content of lead in the phytomass of the studied 
plants compared to the control was higher by 7.3; 
8.0; 8.4; 9.0; 9.5% (Razanov et al., 2023). The 
concentration of cadmium in plants of energy 
crops varied from 0.186 to 253 mg/kg. The 
lowest concentration of cadmium was noted in 
the phytomass of perennial sedum (0.186–0.198 
mg/kg), and the highest in plants of Silphium 
perfoliatum L. (0.234–0.253 mg/kg) (Razanov et 
al., 2024). When growing energy crops in variants 
without fertilizers, the cadmium content was 
6.9–8.6% higher compared to the control. As for 

toxicants such as copper and zinc, their content in the 
phytomass of energy crops grown on radioactively 
contaminated territories was also significantly 
below the MPC and was in the range of 4.00–5.79 
and 25.55–34.50 mg/kg, in accordance (Razanov 
et al., 2023). The concentration of copper was the 
highest in the plants of scurvy orientalis (5.26–
5.47 mg/kg) and Silphium perfoliatum L. (5.60–
5.79 mg/kg). The lowest gross content was noted 
in perennial sedum plants, where the concentration 
of the toxicant was in the range of 4.00–4.21 mg/
kg. The highest zinc content was noted in plants of 
Silphium perfoliatum L., where its concentration 
varied from 32.83 to 34.50 mg/kg (Kozlovsky 
et al., 2005). The lowest concentration of zinc 
was found in plants of Miscanthus giganteus and 
perennial seed grown without the use of fertilizers 
(25.55–26.44 mg/kg). It was also established that 
during the cultivation of energy crops in variants 
with the use of mineral fertilizers, an insignificantly 
increased content of copper and zinc in phytomass 
was observed compared to the cultivation of 
crops without fertilizers (Razanov et al., 2022). In 
particular, the copper content was higher by 3.3; 
3.8; 4.3; 4.6; 5.0% for the cultivation of Silphium 
perfoliatum L., scurvy orientalis, perennial 
sorghum, Miscanthus giganteus and perennial 
sedum, and the zinc content is higher by 5.1; 5.7; 
6.0; 6.3; 6.7%, respectively (Holovach et al., 2004).

The cultivation of energy crops is accompa-
nied by the removal of various chemical substanc-
es from the soil with the vegetative mass of plants, 
which leads to a change in their agrochemical 
composition. Along with this, the use of vegetative 
mass of energy crops as a raw material for biofuel 
can lead to the introduction of harmful substances 
into the environment, in particular, heavy metals.

Under such conditions, there is a need to 
monitor the level of accumulation of chemicals 
in the vegetative mass of energy crops in order 
to predict the release of toxicants into the envi-
ronment due to its use as biofuel and to restore 
the agrochemical composition of the soils on 
which these crops have been grown when they 
are transferred to a field crop rotation for the cul-
tivation of agricultural crops.

In this regard, the aim of the research was to 
study the intensity of accumulation of chemical 
elements (P, K, Cu, Zn, Cd and Pb) in the vegetative 
mass of Miscanthus, Silphium perfoliatum L. and 
Sida hermaphrodita L. Rusby when grown under 
field crop rotation on grey forest soils of the 
Western Forest-steppe of Ukraine.
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MATERIALS AND METHODS

The study of the accumulation of chemical 
elements in the vegetative mass of energy crops 
was carried out in the conditions of the western 
Forest-Steppe of Ukraine. The research scheme 
included three options, the first of which was 
aimed at growing and determining the content 
and accumulation rate of chemicals in the veg-
etative mass of Miscanthus. The second option 
determined the content and accumulation rate 
of chemicals in the vegetative mass of Silphium 
perfoliatum L., while the third one in the vegeta-
tive mass of Sida hermaphrodita L. Rusby. Each 
option included four repetitions.

The selection of soil from each section of the 
area was carried out by the envelope method, the 
essence of which consists in the selection of soil at 
five points of each area at the depth of its plowing 
and the formation of an average sample of 0.5 kg. 

Vegetative mass of energy crops (Miscanthus, 
Silphium perfoliatum L., Sida hermaphrodita L. 
Rusby), grown on gray forest soils, was selected 
for research by the point method, 3.0 kg from 
each crop. Vegetative mass included stem 
and leaves. The accumulation coefficient was 
determined by the formula: 
 𝐻𝐻 𝑟𝑟𝑟𝑟𝑟𝑟. =  ACP

MPC  (1) 
 

 (1)
where: H rat.– pollutant hazard ratio, ACP – 

actual pollutant concentration in the in 
vegetative mass, mg/kg; MPC – maxi-
mum permissible concentration of heavy 
metals and trace elements, mg/kg.

The content of chemical substances, in 
particular mobile forms of P and K were 
determined according to USS 4115:2002, Сu –
according to DSTU 4770.6:2007, Zn – according 
to DSTU 4770.2:2007, Cd – according to DSTU 
4770.3:2007 and Pb – according to DSTU 
4770.9:2007 (DSTU 2009).

Biometric processing of the obtained research 
results was carried out taking into account the 
arithmetic mean value (M), the mean square de-
viation (m) and the reliability of the difference be-
tween the mean values (criteria P). Conventional 
symbols are used to show the probability in the 
tables: P ˂ 0.05*; P ˂ 0.01**; P ˂ 0.001***.

RESULTS AND DISCUSSION

According to the research results (Table 1), 
the highest content of zinc in the vegetative mass 
of Miscanthus was found, which was 9.1 mg/kg. 
In particular, the content of zinc in the vegetative 
mass of Miscanthus was higher compared to 
phosphorus by 111 times, potassium by 22.2 
times and copper by 2.8 times. 

Among the heavy metals, lead was detected 
1.2 times more in the vegetative mass of 
Miscanthus compared to cadmium. The sequence 
of the content of chemical elements in the 
vegetative mass of Miscanthus was increasing in 
the following correspondence: cadmium – lead –
phosphorus – potassium – copper–- zinc. 

Analyzing the coefficient of accumulation 
of chemical elements in the vegetative mass of 
Miscanthus (Table 2), it should be noted that 
the highest indicator was observed for copper, 
which was 16.7. In particular, in the vegetative 
mass of Miscanthus, a higher coefficient of 
copper accumulation was observed compared to 
phosphorus by 27833 times, potassium by 4513 
times and zinc by 1.3 times. The sequence of the 
coefficient of accumulation of chemical elements 
in the vegetative mass of Miscanthus grew in 
the following order: phosphorus – potassium – 
cadmium – lead – zinc – copper. Thus, among 
heavy metals, the accumulation rate of lead was 
1.25 times higher than that of cadmium.

Table 1. Content of chemical elements in the vegetative mass of Miscanthus, (n = 4, M ± m)

Indicators Unit of 
measurement

Content of substances in the vegetative mass On average for 
the optionsI II III IV

Phosphorus (Р) mg/kg 0.080 0.078 0.083 0.086 0.082 ± 0.004

Potassium (К) mg/kg 0.40 0.40 0.42 0.42 0.41 ± 0.01

Copper (Сu) mg/kg 3.2 3.3 3.1 3.2 3.2 ± 0.5

Zinc (Zn) mg/kg 9.2 9.3 9.0 8.9 9.1 ± 0.2

Cadmium (Cd) mg/kg 0.00012 0.0001 0.00009 0.00009 0.0001 ± 
0.00004

Lead (Pb) mg/kg 0.0010 0.0013 0.0011 0.0014 0.0012 ± 0.0003
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The highest content of zinc was observed in 
the vegetative mass of Silphium perfoliatum L. 
grown on gray forest soils (Table 3).

Thus, the content of zinc in the vegetative 
mass of Silphium perfoliatum L. was higher 
compared to phosphorus by 59.6 times, potassium 
by 95.5 times, and copper by 1.96 times. The 
content of lead in the vegetative mass of Silphium 
perfoliatum L. was 10 times higher compared to 
cadmium. In the increasing sequence, the content 
of chemical elements in the vegetative mass of 
Silphium perfoliatum L. was as follows: cadmium 
– lead – potassium – phosphorus – copper – zinc.

The coefficient of accumulation of copper in 
the vegetative mass of Silphium perfoliatum L. was 
higher compared to phosphorus by 2604 times, 
potassium by 56.8 times, zinc by 4.3 times, cadmium 
by 56.8 times, and lead by 48 times (Table 4).

The coefficient of accumulation of lead in 
the vegetative mass of Silphium perfoliatum L. 
was also higher compared to cadmium by 1.18 
times. In the increasing sequence, the coefficient 
of accumulation of chemical elements in the 
vegetative mass of Silphium perfoliatum L. was 
as follows: cadmium – lead – phosphorus – 
potassium – zinc – copper.

A similar trend in the content of some 
chemical elements was observed in the vegetative 
mass of Sida hermaphrodita L. Rusby. That is, the 
highest content was found for zinc. 

Thus, the content of zinc in the vegetative 
mass of Sida hermaphrodita L. Rusby was higher 
compared to phosphorus by 93 times, potassium by 
103.3 times and copper by 2.16 times. The cadmium 
content was 1.3 times higher compared to lead 
(Table 5). As a result of the analysis of the indicators, 

Table 2. The coefficient of accumulation of chemical elements in the vegetative mass of Miscanthus

Indicators Unit of measurement
Actual concentration

Accumulation factor
Soil Vegetative mass

Phosphorus (Р) mg/kg 125 + 1.04 0.082 + 0.004 0.0006

Potassium (К) mg/kg 110 + 0.8 0.41 + 0.01 0.0037

Copper (Сu) mg/kg 0.191 + 0.03 3.2 + 0.5 16.7

Zinc (Zn) mg/kg 0.701 + 0.02 9.1 + 0.2 12.9

Cadmium (Cd) mg/kg 0.083 + 0.006 0.0001 + 0.00004 0.0012

Lead (Pb) mg/kg 0.765 + 0.02 0.0012 + 0.0003 0.0015

Table 3. Content of chemical elements in the vegetative mass of Silphium perfoliatum L., (n = 4, M ± m)

Indicators Unit of 
measurement

Content of substances in the vegetative mass On average for the 
optionsI II III IV

Phosphorus (Р) mg/kg 0.28 0.33 0.34 0.33 0.32 ± 0.07

Potassium (К) mg/kg 0.19 0.21 0.21 0.19 0.20 ± 0.02

Copper (Сu) mg/kg 9.4 10.0 9.5 9.9 9.7 ± 0.15

Zinc (Zn) mg/kg 18.7 19.2 19.3 19.2 19.1 ± 0.21

Cadmium (Cd) mg/kg 0.00008 0.00011 0.00012 0.00009 0.0001 ± 0.00002

Lead (Pb) mg/kg 0.0011 0.0012 0.0009 0.0008 0.001 ± 0.00025

Table 4. The coefficient of accumulation of chemical elements in the vegetative mass of Silphium perfoliatum L.

Indicators Unit of measurement
Actual concentration

Accumulation factor
Soil Vegetative mass

Phosphorus (Р) mg/kg 131 + 4.1 0.32 + 0.07 0.0024

Potassium (К) mg/kg 180 + 1.7 0.20 + 0.02 0.0011

Copper (Сu) mg/kg 0.195 + 0.014 9.7 + 0.15 62.5

Zinc (Zn) mg/kg 1.303 + 0.31 19.1 + 0.21 14.6

Cadmium (Cd) mg/kg 0.092 + 0.0014 0.0001 + 0.00002 0.0011

Lead (Pb) mg/kg 0.745 + 0.012 0.001 + 0.00025 0.0013
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a tendency towards an increase in the accumulation 
of chemical elements in the vegetative mass of 
Sida hermaphrodita L. Rusby was noted in the 
following sequence: lead – cadmium – phosphorus 
– potassium – copper – zinc. 

The coefficient of accumulation of chemical 
elements in the vegetative mass of Sida 
hermaphrodita L. Rusby was the highest for copper 
compared to phosphorus by 72,500 times, potassium 
by 92,272 times, zinc by 6.7 times, cadmium by 20.3 
times, and lead by 29,000 times (Table 6). 

The coefficient of accumulation of cadmium 
in the vegetative mass of Sida hermaphrodita 
L. Rusby was 20 times higher compared to lead. 
According to the increasing value of the coefficient 
of accumulation of chemical elements in the 
vegetative mass of Sida hermaphrodita L. Rusby, 
the following sequence was observed: potassium - 
phosphorus - lead - cadmium - zinc - copper. 

Analyzing the content of chemical elements 
in the vegetative mass of energy crops grown 
on gray forest soils (Fig. 1), it is necessary to 
note significant differences. It was found that 
the highest content of phosphorus, copper and 
zinc was observed in the vegetative mass of 
Silphium perfoliatum L., potassium and lead - in 
the vegetative mass of Miscanthus, cadmium - 
in the vegetative mass of Sida hermaphrodita 
L. Rusby. Thus, the phosphorus content in the 

vegetative mass of Silphium perfoliatum L. was 
3.9 times higher compared to Miscanthus and 3.2 
times higher compared to Sida hermaphrodita L. 
Rusby. The content of potassium in the vegetative 
mass of Miscanthus was higher compared to 
Silphium perfoliatum L. by 1.86 times and Sida 
hermaphrodita L. Rusby by 4.5 times. The content 
of copper in the vegetative mass of Silphium 
perfoliatum L. was 3.03 times higher than that 
of Miscanthus and 3.25 times higher than that of 
Sida hermaphrodita L. Rusby. The content of zinc 
in the vegetative mass of Silphium perfoliatum 
L. was 2.1 times higher compared to Miscanthus 
and 2.05 times Sida hermaphrodita L. Rusby. 
The content of cadmium in the vegetative mass 
of Sida hermaphrodita L. Rusby was 1.3 times 
higher compared to Miscanthus and 1.3 times 
Silphium perfoliatum L. The content of lead in 
Miscanthus was 1.2 times higher compared to 
Silphium perfoliatum L. and 1.2 times higher than 
Sida hermaphrodita L. Rusby.

According to the results of research, it was 
established (Fig. 2) that the highest accumulation 
coefficient in the vegetative mass of Silphium 
perfoliatum L. was observed for phosphorus, 
copper, and zinc, in the vegetative mass of 
Miscanthus for potassium and lead, and in the 
vegetative mass of Sida hermaphrodita L. Rusby, 
respectively, for cadmium. 

Table 5. Content of chemical elements in the vegetative mass of Sida hermaphrodita (L.) Rusby, (n = 4, M ± m)

Indicators Unit of 
measurement

Content of substances in the vegetative mass On average for the 
optionsI II III IV

Phosphorus (Р) mg/kg 0.11 0.09 0.12 0.08 0.10 ± 0.091

Potassium (К) mg/kg 0.095 0.094 0.087 0.087 0.09 ± 0.029

Copper (Сu) mg/kg 4.37 4.35 4.26 4.25 4.3 ± 0.11

Zinc (Zn) mg/kg 9.0 9.4 9.4 9.37 9.3 ± 0.22

Cadmium (Cd) mg/kg 0.00137 0.00134 0.00125 0.00122 0.0013 ± 0002

Lead (Pb) mg/kg 0.0012 0.0011 0.00092 0.00098 0.001 ± 0.00015

Table 6. The coefficient of accumulation of chemical elements in the vegetative mass of Sida hermaphrodita (L.) Rusby

Indicators Unit of measurement
Actual concentration

Accumulation factor
Soil Vegetative mass

Phosphorus (Р) mg/kg 350 + 1.6 0.10 + 0.091 0.00028

Potassium (К) mg/kg 400 + 1.2 0.09 + 0.0029 0.00022

Copper (Сu) mg/kg 0.211 + 0.03 4.3 + 0.11 20.3

Zinc (Zn) mg/kg 3.063 + 0.07 9.3 + 0.22 3.03

Cadmium (Cd) mg/kg 0.093 + 0.002 0.0013 + 0.0002 0.014

Lead (Pb) mg/kg 1.415 + 0.04 0.001 + 0.00015 0.0007
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Thus, the coefficient of phosphorus accumulation 
in the vegetative mass of Silphium perfoliatum L. 
was 4.0 times higher compared to Miscanthus and 
8.5 times higher compared to Sida hermaphrodita L. 
Rusby. The coefficient of potassium accumulation 
in the vegetative mass of Miscanthus was 3.3 
times higher compared to the similar raw material 
obtained from Silphium perfoliatum L. spp. and 16.8 
times Sida hermaphrodita L. Rusby. The coefficient 
of accumulation of copper and zinc in Silphium 
perfoliatum L. was higher compared to Miscanthus 

by 3.7 times and 1.13 times and Sida hermaphrodita 
L. Rusby by 3.07 times and 4.8 times, respectively.

The coefficient of accumulation of 
cadmium in the vegetative mass of Sida 
hermaphrodita L. Rusby was 11.6 times higher 
compared to Miscanthus and 12.7 times 
Silphium perfoliatum L.. The coefficient of 
lead accumulation was higher in the vegetative 
mass of Miscanthus by 1.15 times compared 
to Silphium perfoliatum L. and by 20 times 
compared to Sida hermaphrodita L. Rusby.

Figure 1. Comparative assessment of the content of chemical elements 
in the vegetative mass of various energy crops

Figure 2. Comparative assessment of the coefficient of accumulation of 
chemical elements in the vegetative mass of various energy crops
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DISCUSSION

According to the analysis of literary primary 
sources revealed (Razanov et al., 2023, Razanov 
et al., 2024) that during the cultivation of energy 
crops in the territories of man-made load due to the 
accident at the Chernobyl nuclear power plant on 
turf-podzolic soils in the conditions of Polissia, a high 
level of accumulation of Pb in the vegetative mass 
is observed, in particular, in Silphium perfoliatum L. 
2.65 mg/kg to 2.89 mg/kg, Cd – from 0.234 mg/kg 
to 0.253 mg/kg, Zn – from 32.83 mg/kg to 34.50 
mg/kg and Cu – from 5.60 mg/kg to 5.79 mg/kg.

According to our research conducted under the 
conditions of anthropogenic impact of intensive 
agriculture on grey forest soils in the Western Forest-
Steppe of Ukraine, it was found that the content 
of phosphorus in the vegetative mass of energy 
crops (Miscanthus, Silphium perfoliatum L., Sida 
hermaphrodita L. Rusby) grown in the conditions 
of gray forest soils of the Western Forest-steppe 
of Ukraine ranged from 0.082 mg/kg to 0.32 mg/
kg, potassium – from 0.09 mg/kg kg to 0.41 mg/
kg, copper – from 3.2 mg/kg to 9.7 mg/kg, zinc – 
from 9.1 mg/kg to 19.1 mg/kg, cadmium – from 
0.0001 mg /kg to 0.0013 mg/kg and lead – from 
0.001 mg/kg to 0.0012 mg/kg.

A high content of Zn and Cu was found in 
the vegetative mass of Silphium perfoliatum L.. 
In particular, the content of Zn and Cu in the 
vegetative mass of Silphium perfoliatum L. was 
higher compared to Miscanthus by 2.1 times and 
3.03 times and to Sida hermaphrodita L. Rusby – 
by 2.05 times and 3.2 times, respectively. Along 
with this, the highest coefficient of accumulation 
of Zn and Cu in the vegetative mass of Silphium 
perfoliatum L. was found, which was 14.6 and 
62.5 units, respectively.

The highest content of phosphorus, cop-
per, and zinc in the vegetative mass of Silphium 
perfoliatum L., which was 0.32 mg/kg, 9.7 mg/kg, 
and 19.1 mg/kg, respectively, and potassium and 
lead in the vegetative mass of Miscanthus, which 
was within 0.41 mg/kg and 0.0012 mg/kg, respec-
tively, for cadmium in the vegetative mass of Sida 
hermaphrodita L. Rusby, in particular 0.0013 mg/kg.

The coefficient of accumulation in the 
vegetative mass of energy crops (Miscanthus, 
Silphium perfoliatum L., Sida hermaphrodita L. 
Rusby) was in the range of phosphorus from 0.0028 
to 0.0024, potassium – from 0.00022 to 0.0037, 
copper – from 16.7 to 62, 5, zinc – from 3.03 to 
14.6, cadmium – from 0.011 to 0.014 and lead 

– from 0.0007 to 0.0015. The highest coefficient 
of accumulation of phosphorus, copper and zinc 
was found in the vegetative mass of Silphium 
perfoliatum L. – 62.5 and 14.6, respectively, 
potassium and lead in the vegetative mass of 
Miscanthus – 0.0037 and 0.0015, respectively, 
and cadmium – in the vegetative mass of Sida 
hermaphrodita L. Rusby, in particular 0.014.

CONCLUSIONS

Based on the results of research, it was found 
that Miscanthus, Silphium perfoliatum L. and 
Sida hermaphrodita (L.) Rusby, grown on gray 
forest soils in the conditions of Western Forest 
Steppe of Ukraine, are characterized by differ-
ent levels of accumulation in the vegetative mass 
of chemicals, in particular, P, K, Su, Zn, Cd, Pb. 
Thus, the highest level of accumulation of phos-
phorus (0.32 mg/kg), copper (9.7 mg/kg) and zinc 
(19.1 mg/kg) was found in the vegetative mass of 
Silphium perfoliatum L. The highest level of ac-
cumulation of potassium (0.41 mg/kg) and lead 
(0.0012 mg/kg) was found in the vegetative mass 
of Miscanthus. The highest level of accumulation 
of cadmium (0.0013 mg/kg) was found in the veg-
etative mass of Sida hermaphrodita L. Rusby.

When using the vegetative mass of energy 
crops as biofuel, special attention should be fo-
cused on controlling the entry of copper and zinc 
into the environment. When transferring soil to the 
field crop rotation for the cultivation of agricultural 
crops (after the end of the period of energy crops 
cultivation), it is necessary to control the provision 
of the need for Zn and Cu for these plants.
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