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ABSTRACT

The article presents the results of research on the effectiveness of the use of crops of Silphium Perfoliatum L. for
phytoremediation of soils in oil-contaminated areas. Silphium Perfoliatum L. is characterized by unique opportu-
nities for productivity and longevity, can be cultivated in one place for many years. The aim of our work was in-
vestigating the rate of accumulation of heavy metals in the aboveground and root mass of Silphium Perfoliatum L.
during the introduction of sewage sludge in oil-contaminated areas. The research was conducted in the Precarpath-
ians of Ukraine in Ivano-Frankivsk region. The experimental field is slightly sod-podzolic sandy, there are several
remnants of oil spills, the so-called oil slicks. The experiment included 8 options of fertilizing Silphium Perfolia-
tum L. In soils of contaminated areas determined content of total and mobile forms of metals and their content in
the green mass and plant roots by methods according to ISO 4770.3 — GOST 4770.9, atomic adsorption methods
in the lab of Ivano-Frankivsk State Institution branch “Soil Protection”. The metal translocation coefficient in the
system «soil-vegetative mass» and in the system «soil-root» increases in a number: Cd — Ni— Cot — Pb. That
is, the lowest translocation coefficient is in the lead. However, the difference is that in the system «soil-root» the
coefficient of translocation is higher by 2—3%, from the translocation of metals in the system «soil — vegetative
mass». The coefficient of biological accumulation of heavy metals by perforated sylph increase in a number of
elements: Pb — Co — Ni — Cd.

Keywords: metals, Silphium Perfoliatum L., oil-contaminated territory, accumulative capacity, contaminated
area, studied soil.

INTRODUCTION

Oil pollution is a serious threat for soil and
plants (Ilyas et al., 2021). Contamination of soils
with oil and products of its processing causes sig-
nificant processes of ecosystem degradation (Ait
Elallem, et al. 2021; Ghori, 2019, Radu Suma-
lan, 2020). Due to its adsorbing properties, pe-
troleum products are stored in the soil for a long
time, thus changing its physicochemical and bio-
logical properties. Petrochemical pollution with a
high content of heavy fractions of hydrocarbons
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forms a dense, viscous bituminous crust on the
soil surface, which hinders gas exchange between
air and soil environment (Yakovleva, 2021; Cho-
Ruk et al., 2006; Gamayunova et al., 2021). In
addition, almost all soils that were exposed to
man-made impact due to the construction or op-
eration of oil pipelines (product pipelines) were
man-made, contaminated with heavy metals, pol-
lutants, etc. Heavy metals are especially danger-
ous due to their ability to bioaccumulate (Beku-
zarova, 2021; Ilyas, 2021; Cui X., 2021; Faruqui,
2004; Mazurenko et al., 2020).
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Natural restoration of soil ecosystems con-
taminated with petroleum products is a long and
complex process. It causes an urgent need to find
effective and environmentally friendly methods
of cleaning the environment from oil pollution,
as well as to restore the state of the soil environ-
ment (Gaur, 2004; Rakhshaee et al., 2009; Gama-
yunova et al., 2021).

Elimination and elimination of negative
consequences of oil contamination of the soil
cover is carried out by various methods (com-
bustion, steam extraction, washing of oil-con-
taminated soil, sorption, restoration of territo-
ries with initiated humic sorbent, use of activat-
ed peat, cleaning of hard surfaces with hydro-
phobic oil, etc.) (Sarapulova, 2021; Ghazala,
2016). Analysis of the literature gives grounds
to claim that the known mechanical, chemical
and physical methods are long-lasting, costly
and do not provide complete purification of the
environment (Taketani, 2021; Ait Elallem et
al., 2021; Sivkov, 2021).

An alternative and relatively energy-saving
method is the phytoremediation of oil-contami-
nated areas, which is based on the cultivation of
cultivated plants, including energy (candlegrass,
energy willow, miscanthus, Jerusalem artichoke,
etc.), which intensively accumulate vegetative
mass during many cycles. its subsequent alien-
ation from the field. One of such phytoremediator
plants may be Silphium perfoliatum L. (Saet Yu,
1989; Eissa, 2014).

Silphium Perfoliatum L. is characterized by
unique opportunities for productivity and longev-
ity, can be cultivated in one place for over 60 years
(Gaur and Adholeya, 2004; Faruqui et al., 2004).
According to literature sources (Montalban et
al., 2016; Ghazala and Setsuko, 2017; Ghori at
al., 2019; Yakovleva, 2021) from each hectare of
sowing Silphium Perfoliatum L. for 20-25 years
provides an average of 70-100 tons or more of
green mass. The vegetative mass of Silphium
Perfoliatum L. begins to collect from the second
year of the growing season. It can be used for fod-
der purposes, well ensiled alone or in a mixture
with other plants, because in the flowering phase
contains many sugars (Shtangeeva et al., 2004;
Cho-Ruk et al., 2006). The plant is cold-resistant,
withstands frosts in winter to minus 30-35°C
(Gaur and Adholeya, 2004; Rakhshaee, Giahi,
and Pourahmad, 2009; Hinchman, et al., 1995).
Silphium Perfoliatum L. is unpretentious to soils,
well withstands short droughts. The vegetative

mass of this plant can be successfully grown for
energy purposes (Burt, 2004; Rovira, 2021).

An important biological feature of Silphium
Perfoliatum L. is its ability to absorb pollutants
and heavy metals from the soil (Burt et al., 2004;
Eissa et al., 2004; Vysotskaya, 2021.) The danger
of'accumulation of the studied elements in the soil
environment is a negative effect on environmen-
tal, physicochemical, biological functions, com-
plex degradation of soil (Cho-Ruk et al., 2006;
Lasat, 2000; Faruqui et al., 2004). Restoration of
contaminated and chemically degraded soils is
one of the most urgent problems today. During
the development of phyto-treatment of soils, in-
cluding man-made contaminated with petroleum
products, a special role is played by determin-
ing the forms and degree of mobility of HM in
the soil-soil solution-plant ecosystem, including
the cultivation of sylphia perforated (Eissa et al.,
2004; Eissa, 2016; European Commission, 2002).

Silphium Perfoliatum L. forms a significant
amount of vegetative mass over many years of
vegetation, so there is a problem of studying the
effectiveness of various types of long-acting fer-
tilizers, including SS, which, with scientifically
sound application, promotes microbiological
processes in the soil (Lopushnyak & Hrytsulyak,
2021) causes improving the physico-chemical
and agrochemical parameters of the soil (Lopush-
nyak et al, 2022; Lopushnyak et al, 2021), helps
to increase the productivity of perennial energy
crops, (Faruqui et al., 2004; Lopushnyak & Hryt-
sulyak, 2021; Lopushnyak et al., 2022). The value
of sludge as a fertilizer provides the presence in
its composition of macro-and micronutrients, pri-
marily nitrogen, phosphorus, potassium (Taketani,
2021). These fertilizers are not inferior in efficien-
cy to traditional organic fertilizers. On the other
hand, the introduction of SS due to the possible
content of a certain amount of heavy metals, can
have a negative impact on soil systems and the
ecological state of agroecosystems. Our previous
studies (Lopushnyak & Hrytsulyak, 2021) showed
high efficiency of SS application and a positive
effect on the productivity and yield of Silphium
Perfoliatum L. (Lopushnyak et al., 2022; Ghazala,
2016). The Use of various additives reduces soil
toxicity (Sivkov & Nikiforov, 2021).

Therefore, there is a need to study the features
of accumulation of the studied metals in the the
root of the plant and its aboveground mass of Si/-
phium Perfoliatum L. with the addition of sedi-
ment, especially in growing conditions in con-
taminated areas.
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MATERIALS AND METHODS

The research was conducted in the Precar-
pathians of Ukraine on the site of the South —
Hvizdetsky field of Nadvirna oil and gas dis-
trict in the village. Bytkiv, Ivano-Frankivsk re-
gion. Production activity has not been carried
out for 25 years. The width of the experimental
plot is 5.0 m; length 7.0 m; registration area
— 35 m?2. Silphium Perfoliatum L. was sown
according to the scheme of 0.50x0.70 m. The
uncontaminated area of the experimental field
was selected as a control area.

The experimental field is slightly sod-pod-
zolic sandy, there are several remnats of oil, the
so-called oil slicks. The experiment included the
following options for fertilizing sylphia perfo-
rated: 1 —8 options (Lopushnyak & Hrytsulyak,
2021; Lopushnyak & Hrytsulyak, 2020).

In soils of contaminated areas determined
content of total and mobile forms of HM and
HM in the vegetative mass and plant roots by
methods according to ISO 4770.3 — GOST
4770.9, atomic adsorption methods (Tonkha at
al., 2021; DSTU 4770.3: 2007; DSTU 4770.5:
2007; DSTU 4770.7: 2007, DSTU 4770.9:
2007) in the laboratory of Ivano-Frankivsk
branch State Institution “Soils Protection In-
stitute of Ukraine”. The CBA was determined
according to the methods according to the ra-
tio of the content of the element in the ash of
plants to its gross content in the soil (Korsun
et al., 2019; Saet et al., 1989). The coefficient
of absorption of the element was calculated
by the formula Avessalomova (Avessalomova,
1987; Tonfha et al., 2018). The coefficients
of transition of HM from the root system of
sylphia perforated to the aboveground part of
the plant were calculated by the ratio of the
element content in the aboveground part of
the plant to its content in the roots of Silphi-
um Perfoliatum L. (FAO, 1985; Ghosh et al.,
2012; Eissa, 2014).

RESULTS AND DISCUSSION

The increase in the content of mobile forms of
nickel in the soil during the cultivation of Silphi-
um Perfoliatum L. causes a maximum increase
in the accumulation of cobalt by the vegetative
mass of sylphia perforated (correlation coeffi-
cient 0.98). The highest correlations were found
between the content of cobalt in the studied soil
and the content of lead and cobalt in the vegeta-
tive mass of Silphium Perfoliatum L. Cadmium
and lead show a mutual synergistic effect when
moving from the soil to the aboveground mass
of Silphium Perfoliatum L. The mobile form of
nickel in the studied soil during the cultivation
this crop has the maximum synergistic effect on
the absorption of cadmium, nickel and cobalt by
the roots of the plant (Table 1).

Mobile forms of cadmium in the studied soil
have a weak negative effect on the absorption of
nickel, lead, and cobalt by the root system of Sil-
phium Perfoliatum L. The coefficient of transition
of HM from the root system to the aboveground
part of the Silphium Perfoliatum L are shown in
Figure 1.

The conversion rate of cadmium in the op-
tions for the introduction of sewage sludge (SS)
at a rate of 20 — is equal to 1.10-1.22, for the in-
troduction of composts at a rate of 20 — (variants
7 and 8) is equal to 1.23-1.30. The conversion
factor of nickel in the options for the introduction
of SS at a rate of 20 — (variants 4-6) is 1.04—1.12,
for the addition of compost at a rate of 20 — (vari-
ants 7 and 8) is equal to 1, 10-1.14, which is
0.25-0.29 higher than the control (Lopushnyak &
Hrytsulyak, 2021; Lopushnyak et al. 2021).

The coefficient of transition of lead in the
options for the introduction of SS at the rate of
20 — (variants 4 — 6) is equal to 1.23—1.41, which
is 0.19-0.37 higher than the control. However,
for the introduction of compost at the rate of 20
— (options 7 and 8) is equal to 1.20—1.31, which
is 0.03-0.10 less than the options where fresh

Table 1. The correlation coefficients between the mobile forms content of metals in the studied soil, boveground
and root mass of Silphium Perfoliatum L., average for 20162020 (Lopushnyak & Hrytsulyak, 2021)

Content Aboveground part of the plant Roots

in the soil Cd Ni Pb Co Cd Ni Pb Co
Pb 0.82 0.72 0.75 0.64 0.65 0.71 0.72 0.68
Cd 0.80 0.83 0.89 0.86 0.83 0.85 0.43 0.77
Ni 0.87 0.94 0.97 0.98 0.96 0.93 0.89 0.90
Co 0.75 0.86 0.92 0.92 0.90 0.89 0.79 0.82
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Variantes
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Figure 1. The transition coefficient of the heavy metals in the system “root-green mass” of Silphium
Perfoliatum L. with the application of fertilizers based on sewage sludge, the average for 2016-2020

SS were applied. The coefficient of Co- element
transition from the root system to the aboveg-
round part of the Silphium Perfoliatum L. in the
variants where SS was applied at the rate of 20
—are equal to 1.59—1.42. An increase in the tran-
sition of heavy metals from the root system to
the aboveground mass was revealed for Silphium
Perfoliatum L. in the series: Ni - Cd — Pb —
Co (Lopushnyak & Hrytsulyak, 2021).

The highest translocation coefficient of cad-
mium in the system «soil-vegetative mass» of
Silphium Perfoliatum L was recorded for the in-
troduction (variant 4) is 4.12, Ni — for the addition
of compost (variant 8) and is 0.97, Co and Pb —
for the introduction of Ss in the studied soil (vari-
ant 6) are 0.38 and 0.21, respectively (Table 2)
(Lopushnyak & Hrytsulyak, 2021).

The highest coefficient of translocation of
Cd, Ni in the system «soil-root» of Silphium Per-
foliatum L. are noted in the control version and
are 5.48 and 0.87, respectively, Pb and Co — for

compost at a rate of and N, K., and is 0.22 and
0.27, respectively. Also, the highest transition
rates of lead are observed for the addition of com-
post at the rate of and NP, K (option 7), Co —
for the addition of SS at the rate of and N, P, K
(variant 8) (see Table 2) (Lopushnyak & Hrytsu-
lyak, 2021; Lopushnyak et al., 2022).

The relation between the lead content in the
vegetative mass and the metal content in the Sil-
phium Perfoliatum L root in the studied soil by
applying the fertilizer on the SS, ie the more test
metal is in the green mass, respectively, it is con-
tained in the root and soil (Fig. 2) (Lopushnyak &
Hrytsulyak, 2021).

With the introduction the SS at a rate of 20—
(variants 4-6) the lead content in the vegetative
mass reached 0.74-0.97 mg/kg of plant, the con-
tent and 0.74-0.97 mg/kg of plant in the root
system it was respectively and in the studied soil
—4.0-4.54 mg/kg of the soil with the compost in-
troduction at a rate of 20 — (variants 7-8) the lead

Table 2. Translocation coefficient of metals for the cultivation Silphium Perfoliatum L, the average for

20162020 (Lopushnyak & Hrytsulyak, 2021)

_ Pb | Ccd | N | Co Pb | cd | N | Co
Variant : : .
“Soil - vegetative mass” «Soil-Root»
Without fertilizer (control) 0.13 5.19 0.74 0.21 0.15 5.48 0.87 0.18
NeoPsoKso 0.15 5.00 0.76 0.26 0.17 4.54 0.84 0.19
NgoPooKoo 0.15 3.79 0.81 0.31 0.17 3.10 0.81 0.20
SS -20 1/ra + N, P_K,, 0.19 3.89 0.84 0.35 0.21 3.74 0.81 0.22
88 - 30 1/ra + N, P..K., 0.21 3.97 0.89 0.37 0.21 2.93 0.81 0.25
Sewage sludge B — 40 1/ra + N, P, K., 0.21 4.12 0.94 0.38 0.24 2.49 0.84 0.27
Compost ((Ss) + straw in the ratio 3: 1) 20t/ ha 019 550 0.95 035 0.22 4.48 0.86 0.26
+ N50P16K67
Sc’J\lm;:(ost ((Ss) + straw in the ratio 3: 1) 30 t/ ha 021 3.08 0.97 0.36 0.22 307 0.85 027
30" '55
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content in the root of the system of Silphium Per-

foliatum L, respectively, was 0.66— 0.70 mg/kg of
plant, and in the studied soil — 4.15-4.48 mg/kg
of soil (Lopushnyak et al., 2021).

z=-0.8332+0.2073-x — 1.1459y

where: z— is the lead content in the green mass,
y — the lead content in the root system.

The multiple coefficients of determination
(R’ = 0.72) indicate a close correlation between
these indicators. The relationship between the Cd
content in the vegetative mass and the metal con-
tent in the root system of Silphium Perfoliatum L.
and in the studied soil (Fig. 3).

With the introduction of the SS at a rate of 20—
(variants 4-6) the Cd content in the vegetative
mass reached 1.40-1.67 mg/kg of plant, the Cd
content in the root system was 1.26—-1,37 mg/kg
of plant, and in the studied soil — 0.34-0.55 mg/kg
of soil. With the compost application at a rate of
20— (variants 7-8) the Cd content in the vegetative
mass reached 1.6-1.71 mg/kg, the cadmium con-
tent in the root system of Silphium Perfoliatum
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L., respectively, was 1.30—1.32 mg/kg of plant,
and in the studied soil — 0.29—0.43 mg/kg of soil
(Lopushnyak et al. 2021, 2022).

z=10.968 +7.7705-x — 2.8448-y +
+0,5301x? — 5.9219-xy + 2.4464 -
z —is the Cd content in the vegetative mass,
x — Cd content in the studied soil,
y — Cd content in the root system.

The multiple determination coefficient
(R?*= 0.80) indicates a high correlation between
these indicators. The relationship between the
nickel content in the vegetative mass and the con-
tent of this metal in the root system of Silphium
Perfoliatum L. and in the studied soil (Fig. 4).

With the introduction of SS at a rate of 20—
(variants 4-6), high correlation between these in-
dicators. The relationship between the nickel con-
tent in the vegetative mass and the metal content
in the vegetative mass and this metal content in the
root system, respectively, was 1.14—1.29 mg/kg of
plant, and in the studied soil — 0.65-0.82 mg/kg
of soil. With the addition of composts at the rate

Figure 2. The dependence of the Lead content in the vegetative mass on the metal content
in the Silphium Perfoliatum L. roots and in the soil, the average for 2016-2020
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Figure 3. The cadmium content dependence in the vegetative mass on the metal content in the
roots of Silphium Perfoliatum L. and in the studied soil, the average for 20162020
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of 20 — (variants 7-8), the nickel content in the
vegetative massreached 1.3—1.4 mg/kg of plants,
in the root system of Silphium Perfoliatum L.,
respectively, was 1.18-1.24 mg/kg of plants,
and in the studied soil — 1.37-1.46 mg/kg of soil
(Lopushnyak et al. 2021, 2022).

z=-1,1635+1,6701-x + 0,0375-y
where: z— is the nickel content in the green plant;

x — nickel content in the studied soil;
y — nickel content in the root system.

The multiple CD (R? = 0.86) indicate a high
correlation between these indicators. The rela-
tionship between the Co content in the vegetative
mass and the metal content in the root system of
the Silphium Perfoliatum L. and in the studied
soil was noted (Fig. 5).

With the introduction of SS at a rate of 20—
(variants 4-6) the Co content in the vegetative
mass reached 0.89—1.01 mg/kg of plant, and in the
root system it was respectively 0.56-0.71 mg/kg
of plant, and in the studied soil —2.52-2.63 mg/kg

of soil. with the compost application at a rate of
20 — (variants 7-8), the Co content in the vegeta-
tive massreached 0.86—0.93 mg/kg of plant, the
Cd content in the root system of Silphium Perfoli-
atum L., respectively, was 0.65-0.70 mg/kg of the
plant, and in the studied soil — 2.46-2.55 mg/kg
of soil (Lopushnyak et al. 2021, 2022).

z=0.0982 - 0.0567-x + 1.4484-y

where: z— is the Co content in the green plant;
x — Co content in the studied soil;
y— Co content in the root system.

The multiple determination coefficient shows
high correlation between these indicators for the
SS introduction at a rate (R* = 0.78) indicate a
high correlation between these indicators. The co-
efficient of biological absorption was used to de-
termine the intensity of migration of heavy met-
als from the soil to plants. The highest coefficient
of biological absorption of cadmium by Silphium
Perfoliatum L. was noted for the introduction of
SS, Nickel and Cobalt — for the introduction of
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Figure 4. The dependence of the nickel content in the vegetative mass on the metal content in
the roots of Silphium Perfoliatum L. and in the studied soil, the average for 2016-2020
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Figure 5. The cobalt content dependence in vegetative mass on metal content in the
Silphium Perfoliatum L. roots in the studied soil, the average for 20162020
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SS (variant 6), lead — in the control version and
for the compost application at a rate (variant 7)
(Table 3).

The lowest CBA of pollutants such as Cd, Ni,
Pb Silphium Perfoliatum L. were noted for the
addition of Ny P, K, fertilizer to the soil, but co-
balt — in the control version of the experiment. The
coefficient of biological absorption of Silphium
Perfoliatum L. increases in a number of elements:
Co* — Ni** — Pb?" — Cd*. In all variants of the
experiment, the elements of strong accumulation
include nickel, lead and cobalt. The maximum lead
biological absorption coefficients are characteristic
of Silphium Perfoliatum L., For the option 4, Ni**
— for the compost application for option 7, Co*" —
for option 7, Cd** — in the control version of the
experiment. The lowest nickel and lead biological
absorption coefficients were observed for the culti-
vation of Silphium Perfoliatum L. For the mineral
fertilizer’s application application N, P, K/, Cd —

for the SS application — 40 1/ra + N, P, K, Co*
—in the control version of the experiment (Lopush-
nyak et al. 2021, 2022).

According to the heavy metal’s groups in the
series by the biological absorption intensity, five
gradations of biological accumulation of metals
are used. The obtained results of heavy metals
exceed 10n and more, so they belong to the first
group and are the energy accumulation elements.
the biological accumulation coefficients of the
metals. The coefficients of biological accumula-
tion of the studied elements by perforated sylph
increase in a number of elements: Pb*. — Co?*
— Ni** — Cd* (Fig. 6).

The cobalt the content of the aboveground
mass of the plant in the control variant was
0.61 mg/kg of plant, and the metal content in the
ash was 32.1 mg/kg of plant. With the mineral fer-

tilizer’s application in the norm N P K. o

(variants 2 and 3) the Co content in the vegeta-
tive mass increased by 0.03—0.16 mg/kg of plant,
respectively the investigated metal content in the
ash — by 2.5-4.8 mg/kg of plant (Lopushnyak at
al 2021, 2022).

With addition of SS is normal of 20 —
(variants 4-6), the cobalt content was 0.88—
1.00 mg/kg of plant in the ash it was respectively
39.145,3 mg/kg of plant (Fig. 6a). However,
with the compost addition on the basis of SS a
rafe of 20 — (variants 7 and 8) the leaf surface area
of miscanthus plants was 17.6-19.9 cm?/plant,
which is 6.1-8.4 cm*/plant more than the leaf area
of plants of the control variant (Lopushnyak et al.
2021, 2022).

The cobalt content correlation dependence in
the vegetative mass on the Co content in the plant
ash of Silphium Perfoliatum L. can be:

y=19.2084 +24.1413x

where: y —in the ash (cobalt);
x — in the aboveground mass (cobalt).

According to the correlation regression analy-
sis results, this dependence caned be considered
high, because the determination coefficient of de-
termination is R’ = 0.80, and the correlation coef-
ficient r = 0.89.

With fertilizer addition on the SS (variants
4-6), the lead content was 0.74-0.97 mg/kg
plants in green matter, and its content in the ash,
respectively, 45.8—49.1 mg/kg of plant (Fig. 6b).
However, with the compost addition on the SS
(variants 7 and 8), the metal content in the veg-
etative mass is 0.78-0.91 mg/kg of plant, and the
ash content is 44.8-45.6 mg/kg of plant. The Pb
content correlation dependence in the vegetative
mass on its content in the plant ash of plants of
Silphium Perfoliatum L. can be (Lopushnyak et
al. 2021, 2022):

Table 3. The biological absorption and accumulation coefficients of metals by Silphium Perfoliatum L. with the

fertilizer’s application based on SS average for 20162020

Variant Biological absorption coefficients Coefficient of biological accumulation

Cd Ni Pb Co Cd Ni Pb Co
Without fertilizer (control) 1234 2.8 3.3 1.5 376.1 57.5 10.5 13.4
NeoPooKso 116.6 2.7 3.2 1.6 309.6 56.2 10.3 14.2
NooPooKso 108.2 2.7 3.1 1.7 210.7 54.0 9.8 14.9
Sewage sludge — 20 7/ra + N, P K, 134.4 3.1 3.2 1.7 280.6 57.2 11.5 15.5
Sewage sludge — 30 1/ra + N, P..K. 121.6 3.1 3.2 1.8 216.2 56.3 11.2 16.1
Sewage sludge —40 1/ra + N, P, K., 120.4 3.1 3.3 1.9 183.9 57.1 10.8 17.2
Compost (SS + straw (3: 1) 20 t/ha + N, P, K | 129.7 3.0 3.3 1.7 326.5 57.7 10.8 15.6
Compost (SS + straw (3: 1) 30 t/ ha + N, K 120.1 31 3.2 1.8 223.5 56.6 10.3 15.9
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y=32.8687 +15.6947x

where: y —in ash (lead);
x —in the aboveground mass (lead).

With the compost application on the SS at a
rale of 20 — (variants 7 and 8), the Cd content in
the vegetative mass is 1.60—1.71 mg/kg of plant,
and in the ash content is 94.7-95.1 mg/kg of
plant. The Cd content correlation dependence of
plants of Silphium Perfoliatum L. can be:

y=41.4414+33.4766"x
where: y — in ash (Cd);
x — in the aboveground mass (Cd).

The nickel content correlation dependence
in the vegetative mass out its content in the plant
ash of plants of Silphium Perfoliatum L. can be
(Fig. 6 e):

y=43.76727 + 28.7522-x

where: y — in ash (nickel);
x — in the aboveground mass (nickel).

Thus, with increasing fertilizer application
rates, the content of pollutants in the vegetative
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mass of the plant and in the ash of Silphium Per-
foliatum L. increases.

CONCLUSIONS

The Cadmium content in the vegetative mass
of Silphium Perfoliatum L. with the compost at a
rate of and N, K, is 1.71 mg/kg of plant (variant
8). The highest cadmium translocation coefficient
in the system «soil-vegetative mass» of Silphium
Perfoliatum L. was recorded for the introduction
of SS at the rate of (variant 4) is equal to 4.12.
The metal translocation coefficient in the system
«soil- vegetative mass» and in the system «soil-
root» increases in a number: Cd** — Ni** — Co*
— Pb?". That is, the lowest translocation coeffi-
cient is in the lead. However, the difference is that
in the system «soil- root» the coefficient of trans-
location is higher by 2—3%, from the translocation
of metals in the system «soil-vegetative massy.

The highest coefficient of biological absorp-
tion of cadmium by Silphium Perfoliatum L. was
noted for the SS, Ni and Co — for the introduction
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Figure 6. The correlation between the metals content (Co, Pb, Cd, Ni) in the vegetative mass from
the content of metals in the ash of plants of Silphium Perfoliatum L., the average for 20162020
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of SS at the rate of and N, P K., Lead —in the
control version and for the compost application at
a rate of and N, P K . According to the heavy
metals groups in the series by the biological.
Belong to the first gray and are the energy accu-
mulation elements, because vegetation is able to
selectively accumulate chemical elements. The
biological accumulation coefficient of the HM by
Silphium Perfoliatum L. increase in a number of

elements: Pb>" — Co*" — Ni*" — Cd*".
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