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ABSTRACT

This study was aimed to investigate the ability of Jerusalem artichokes (Helianthus tuberous
L.) to absorb heavy metals in an oil-contaminated ecosystem. The research was carried out in
a territory of the oil and gas pipeline at the village of Bytkiv of Nadvirna district. Jerusalem
artichokes were used for this study and planted on an area of 25 m? The area of the
experimental field in the village of Maidan of Tysmenytsia district (control option Ne 1). A
total of eight treatments of the experiment with different rates of sewage sludge. It is
established that the concentration of heavy metals in oil-contaminated soil and Jerusalem
artichoke plants increases with increasing the amount of fertilizers in the soil. The maximum
content of metals in the tested soils, green mass and Jerusalem artichoke roots was observed
mainly in the variant of sewage sludge application at the rate of 40 t/ha and fertilizer
N10P14Ksg. The green mass and roots of Jerusalem artichoke exhibited the highest content of
heavy metals absorption the transition coefficients of metals in the system *‘roots - green
mass™ increase in the following : Pb — Co — Ni — Cd. The coefficients of biological
absorption of metals by Jerusalem artichoke increase in a number of elements: Co — Ni —
Ld — Ca. Where as The coefficients of biological accumulation of heavy metals with
Jerusalem artichoke increase in a number of elements following series : L — Co — Ni — Ca.
It is recommended to use Jerusalem artichoke as a phytoremediator of man-made areas. _
Keywords: Jerusalem artichoke, oil-contaminated territory, accumulative capacity, energy n.
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INTRODUCTION

Oil  pollution is one of the global
environmental problems to today, and the
restoration of oil-contaminated ecosystems is a
priority  practical task  for  scientists.
Phytorecultivation is an integral part of a set of
measures used to improve the quality of man-
made environment due to oil production and
refining (1, 8, 9, 14, 18, 23). In this regard,
promising phytoremediators are energy plants,
among which the prominent place belongs to
Jerusalem artichoke, which has the ability to
absorb petroleum products, counteract soil
erosion and enrich low-yielding degraded
soils.  Among a wide range of pollutants,
petroleum contains heavy metals that have a
mutagenic, carcinogenic effect on living
systems and lead to premature death of
organisms (2, 3, 4, 6, 7, 13). Therefore, the
problem of detecting the accumulation of
heavy metals by fast-growing energy plants-
hyperaccumulators is relevant. Jerusalem
artichoke, or pear, belonging to the Aster
family and native to North America, is used as
a fodder, technical, pharmaceutical and food
plant (15, 20, 24, 32). Due to the large leaf
surface that accumulates solar energy in the
process of photosynthesis, is one of the record
holders in the harvest. Jerusalem artichoke is
used for the production of bioethanol and
biogas, the energy value of this energy plant is
25.38 t ha of dry matter or 475.2 GJ/ha (16,
31). The use of organic and mineral fertilizers
increases the yield of plant biomass by 2-3
times. Jerusalem artichoke is characterized by
a  powerful  phytomeliorative  ability,
withstands soil salinity, short-term droughts
frost-resistant, resistant to pests (17, 21, 26).
According to the literature (5, 10, 19, 30).
Jerusalem artichoke belongs to the plants-
accumulators of heavy metals, among which
the most intensively absorbs manganese, zinc,
cadmium, nickel, slightly less absorbs
chromium, copper and lead. Jerusalem
artichoke plantation with an area of 1 ha
absorbs twice as much carbon dioxide and
produces 1.5 times more oxygen than a forest
of the same area. Jerusalem artichoke has the
ability to quickly adapt to changing
environmental conditions due to its inherent
polymorphism (25, 33). Waterlogging of the
soil leads to a decrease in the growth processes
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of Jerusalem artichoke and increase its
pathogenic damage (11, 12).  Jerusalem
artichokes produce the best harvest with a
rainfall of 500 mm per year (21, 28). Under
optimal growth conditions, the dry matter
production of the plant varies from 20 to 30
tons per hectare. Comfortable conditions for
the growth of energy plants are drained, fertile
and moist soils with an acidity of 4.4 to 8.6 ,
(22, 27). The above unique characteristics of
Jerusalem artichoke led to its choice as the
object of our research in the oil-contaminated
area. The purpose of this study is to
investigate the metal-accumulating ability of
Jerusalem artichoke in the conditions of oil-
polluted ecosystem under the condition of
sediment and mineral fertilizers introduction
into the soil and to find out phytorecultivation
prospects of Jerusalem artichoke in oil-
contaminated territories.

MATERIALS AND METHODS

This research was carried out on the territory
of the oil and gas pipeline in the village of
Bytkiv of Nadvirna district. Jerusalem
artichoke variety was planted on an area of 25
m? according to the planting scheme 0.45 X
0.70 m. The area of the experimental field in
the village of Maidan of Tysmenytsia district
(control option Ne 1). During the cultivation
of Jerusalem artichokes fertilizers were
applied at the following sequence:

option Ne2 - NgoPeoKep; -treatment

option Ne3 - NgoPgoKgp; -treatment

OptiOIl Ne4 - SS 20 t/ha + NsoPsoKiapr -
treatment

option Ne5 - SS 30 t/lha + NzoP33Kes, -
treatment

OptiOIl Ne6 - SS 40 t/ha + NigP1aKsg;- -
treatment

option Ne7 - compost (SS+ straw 3: 1) 20 t/ha
+ N5oP16Keg7; -treatment

option Ne8 - compost (SS + straw 3: 1) 30 t/ha
+ N3oKss. © -treatment

The content of gross and mobile forms of
heavy metals in oil-contaminated soil for
growing Jerusalem artichokes, as well as the
content of heavy metals in Jerusalem artichoke
tubers and green mass of the plant were
studied according to proven methods (1, 2).
The coefficient of biological absorption was
determined by the ratio of the content of the
chemical element in the plant ash to its gross
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content in the soil (1). The index of intra-tissue
contamination of plants was determined by the
ratio of the content of the element in the
vegetative part of the plant to the content of
the element in the vegetative part of the
control plants (1, 2). Coefficients of
concentration of heavy metals were
determined by the ratio of the content of the
element in the soil to its content in the soil of
the background area (control option) (1, 2).
The coefficients of mobility of elements were
determined by the ratio of the content of the
movable form of the element to its gross form
in the soil (1, 2). The coefficients of transition
of heavy metals from the roots to the
aboveground part of the plant were calculated

by the ratio of the content of the element in the
aboveground part of the plant to its content in
the roots. (1, 2). The coefficients of
translocation of heavy metals from the soil to
the aboveground and root part of the plant
were determined by the ratio of the
concentration of metal in the plant part to the
concentration of mobile metal in the soil (1, 2).
RESULTS AND DISCUSSION

The maximum concentrations of tightly bound
forms of lead, cadmium, nickel, cobalt and
mobile forms of the studied elements were
obtained in the soil for growing Jerusalem
artichoke after the introduction of sewage
sludge at the rate of 40 t/ha and NjoP14Kssg
(Fig. 1-2).
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Figure 1. The content of mobile forms of heavy metals in oil-contaminated soil for growing
Jerusalem artichokes

The highest content of mobile forms of lead
was observed in the soil with the application of
SS 40 t/ha and NjoP14Ksg (option 6) and
compost at the rate of 30 t/ha and N3oP33Kes
(option  8) is 454 and 4.47 mgl/kg,
respectively. The cadmium content varies
according to the fertilizer application rates was
reached a maximum in option 6 and is 0.4
mg/kg, which is 0.1 mg/kg more than the
option where the lowest rate of SS was
applied. The nickel content varies in the range
of 1.29-1.48 mg/kg of soil, which is 0.13 -
0.32 mg/kg of soil exceeds the control. The
highest content of Nickel in the soil with the
introduction of fresh SS at the rate of 40 t/ha
and Nj;oP14Ksg and is 1.48 mg/kg of soil.
Content of ¢ obalt in the soil varied according
to the study variant, it was mostly contained in
variant 6 - 2.63 mg/kg of soil, and the least in
variants where compost based on SS + straw
was applied in the ratio 3: 1 at the rate of 20
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t/ha and NsoP1sKg7 is 2.4 mg/kg of soil, which
is 0.23 mg/kg of soil less than option 6 and
0.13 mg/kg more than the control. The content
of gross forms of the studied elements was
differed slightly, the content of lead ranged
from 12.4 mg/kg in the control and 13.9 mg/kg
in option 8 (compost (SS + straw in a ratio of
3: 1) 30 t/ha + N3oKss), which is 1.5 mg/kg
more than the control. Content of gross forms
of cadmium for the application of SS at a rate
of 20-40 t/ha is 0.65 - 0.82 mg/kg, which is
0.04 - 21 mg/kg of soil exceeds the control.
Content of gross forms of nickel varies
between 25.3 mg/kg in the control and 26.41
mg/kg of soil in option 6. The content of gross
forms of cobalt with the introduction of SS at a
rate of 20 - 40 t/ha is 20.33 - 20.53 mg/kg of
soil, which is 0.32 - 0.52 mg/kg of soil more
than the control. However, the gross forms of
cobalt were concentrated in options 7 and 8
and reached from 21.31 - 21.45 mg/kg of soil,
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respectively (Fig. 2). The content of gross between 25.3 mg/kg in the control and 26.41
forms of the studied elements was differed mg/kg of soil in option 6. The content of gross
slightly, the content of lead ranged from 12.4 forms of cobalt with the introduction of SS at a
mg/kg in the control and 13.9 mg/kg in option rate of 20 - 40 t/ha was 20.33 - 20.53 mg/kg
8 (compost (SS + straw in a ratio of 3: 1) 30 of soil, which is 0.32 - 0.52 mg/kg of soil more

t/ha + N3oKss), which is 1.5 mg/kg more than than the control. However, the gross forms of
the control. The content of gross forms of cobalt where, concentrated in options 7 and 8
cadmium for the application of SS at a rate of and are 21.31 - 2145 mg/kg of soail,
20-40 t/ha is 0.65 - 0.82 mg/kg, which is 0.04 - respectively (Fig. 2). In the second version of
21 mg/kg of soil exceeds the control. The the experiment, the lowest content of gross and
content of gross forms of nickel ranged mobile forms of heavy metals was established.
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Figure 2. The content of gross forms of heavy metals in oil-contaminated soil for growing
Jerusalem artichokes

There was no excess of the maximum coefficients of concentration of mobile forms
concentration limit in soils in all variants of of heavy metals in oil-contaminated soil for
the experiment. The content of mobile forms growing Jerusalem artichoke after the
of heavy metals in soils for growing erusalem application of fertilizers based on sewage
artichokes was increased in the following sludge and compost based on them, were
order , Cadmium — Nickel — Cobalt — Lead. increased in the following order: Cobalt —
The content of gross forms of heavy metals in Nickel — Lead — Cadmium. The coefficients
soils for growing Jerusalem artichokes of concentration of gross forms of heavy
increases in a number: Cadmium — Lead — metals in oil-contaminated soil for growing
Cobalt — Nickel. The concentration Jerusalem artichoke after the introduction of
coefficient of heavy metals was determined, organic fertilizer based on sewage sludge were
which reflects the change in the content of the increased in the following order: Nickel —
element in the test soil relative to the content Cobalt — Lead — Cadmium (Table 1).

of metals in the background soil. The
Table 1. Coefficients of concentration of heavy metals in oil-contaminated soil for growing
Jerusalem artichokes

Ne options Pb Cd Ni Co Pb Cd Ni Co
movable forms gross forms

NsoPsoKso 1,06 1,71 1,11 1,05 1,02 1,05 1,00 1,01
NgoPgoKgo 1,14 2,00 1,18 1,09 1,04 1,18 1,02 1,02
SS — 20 t/ha + Nsg P5,K7, 1,10 1,76 1,14 1,07 1,04 1,07 1,03 1,01
SS -30 t/ha + N3gP33Kes 1,14 2,06 1,21 1,10 1,05 1,16 1,03 1,02
SS — 40 t/ha + Nyg P14Ksg 1,50 2,35 1,28 1,16 1,05 1,34 1,04 1,03
Compost (SS + straw (3:1)) — 20 t/ha + 1.46 1.94 119 1,06 1,04 107 1,02 1,06
N50P16K67
ESOEE:“ (SS + straw (3:1)) —30 Uha+ e 518 1220 111 112 111 103 107
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In order to find out the possibility of rate of transition of heavy metals from gross to
converting heavy metals from gross form into mobile form during the cultivation of
movable forms available to plants, was Jerusalem artichoke is 1.27. The highest
determined the mobility coefficient according content of heavy metals in the green mass of
to our research for growing Jerusalem Jerusalem artichoke was recorded during the
artichokes was determined. The mobility of cultivation of Jerusalem artichoke after the
metals wasincreased in the following introduction of sewage sludge at the rate of 40

sequence: Nickel (0.05) — Cobalt (0.10) — t/ha and N1oP14Ksg (Option 6) (Fig. 3).
Lead ( 0.29) — Cadmium (0.47). The total
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Figure 3. Gross content of heavy metals in the green mass of Jerusalem artichoke for the
application of fertilizers based on sewage sludge

According to the obtained data, the minimum has the ability to accumulate heavy metals in
content of heavy metals was obtained in the the following ascending order: Lead — Nickel
green mass of Jerusalem artichoke with the — Cadmium — Cobalt. Indices of intra-tissue
introduction of NgPsoKso. The exception is contamination with heavy metals of green
cadmium, the minimum pollution index of mass of Jerusalem artichoke for the application
which green mass of Jerusalem artichoke is set of fertilizers based on sewage sludge increase
in the wversion for the introduction of in a number: Cadmium — Cobalt — Lead —
NgoPgoKgo. Green mass of Jerusalem artichoke Nickel (Table 2).

Table 2. Indices of intra-tissue contamination with heavy metals of green mass of Jerusalem
artichoke after fertilizer application to the soil

Ne options Cd Ni Pb Co Cd Ni Pb Co
Green mass of Jerusalem artichoke Jerusalem artichoke tubers

1 1,13 1,40 1,15 1,09 1,08 1,21 1,23 1,16

2 1,09 1,61 1,34 1,15 1,10 1,45 1,88 1,22

3 1,14 1,57 1,43 1,34 1,16 1,38 1,71 1,49

4 1,26 1,67 1,55 1,51 1,28 1,47 1,90 1,65

5 1,33 1,77 1,74 1,83 1,34 1,59 2,06 1,92

6 1,11 1,65 1,47 1,47 1,15 1,42 1,81 1,53

7 1,19 1,72 1,49 1,64 1,20 1,51 1,63 1,67
Indices of intra-tissue contamination with absorption by the root system in the following
heavy metals of Jerusalem artichoke tubers ascending order: Cobalt — Lead — Nickel —
with the application of fertilizer based on Cadmium (Fig. 4). The relationship between
sewage sludge was increased the following the cadmium content in the green mass from
order : Cadmium — Nickel — Cobalt — Lead the metal content in Jerusalem artichoke tubers
(Table 2). The lowest indices are set for all and in the studied soil with the rate of fertilizer
metals in the variant for application of mineral application, ie the more test metal is in the
fertilizers NgoPeoKeo (Option 2), the highest - green mass, respectively, it is contained in the
for application of sewage sludge in the soil at aboveground mass and the studied soil (Fig.

the rate of 40 t/ha and NigP14Ksg (option 6). 4).
Jerusalem artichoke showed heavy metals
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Figure 4. Dependence of Cadmium content in green mass on metal content in Jerusalem
artichoke tubers and in the studied soil

With the introduction of sewage sludge at a the
rate of 20 - 40 t/ha (options 4 - 6) the cadmium
content in the green mass reached 1.33 - 1.56
mg/kg, the cadmium content in Jerusalem
artichoke tubers was 1.39 - 1.61 mg/kg, and in
the soil - 0.65 - 0.82 mgkg. With the
application of composts at the rate of 20 - 30 t
/ ha (options 7 - 8) the cadmium content in the
green mass reached 1.3 - 1.4 mg/kg, the

cadmium content in Jerusalem artichoke tubers
was 1.38 - 1.44 mg/kg, and in the soil - 0.69 -
0.68 mg/kg.

¢ = 01679 + 4.4392x-1.5192y-8.3726x° +
5.3098xy-0.4562)°

RSN %\;\[%\n‘\uv.\(\
AP0 SRU ol ) T ERN00 N

where ¢ is the Cadmium content in the green
mass, mg/kg

x - Cadmium content in the studied soil, mg/kg
y - Cadmium content in Jerusalem artichoke
tubers, mg/kg

The multiple coefficient of determination (R*
= 0.72) indicates a close correlation between
these indicators

The relationship between the Nickel content in
the green mass the metal content in Jerusalem

artichoke tubers and in the studied soil was
noted (Fig. 4).
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»

Fig. 5. Dependence of Nickel content in green mass on metal content in Jerusalem artichoke
tubers and in the studied soil
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With the introduction of sewage sludge at the
rate of 20 - 40 t/ha (options 4 - 6), the nickel
content in the green mass reached 1.29 - 1.45
mg/kg of plants, the cadmium content in
Jerusalem artichoke tubers, respectively, was
fanged from 1.37 - 1, 57 mg/kg of plant, and
in the soil - 26.0 - 26.4 mg/kg of soil. With
the application of compost at the rate of 20 -
30 t/ha (options 7 - 8), the nickel content in the
green mass reached 1.35 - 1.4 mg/kg of plant,
the nickel content in Jerusalem artichoke

tubers was 1.4 - 1.5 mg/kg of plant, and in the
soil —25.9— 26.1 mg/kg of soil

¢ =0.6807 - 0.0271x + 0.9622y

where ¢ is the Nickel content in the green
mass, mg/kg of plant

x - Nickel content in the studied soil, mg/kg of
soil

y - Nickel content in Jerusalem artichoke
tubers, mg / kg of plant

The multiple coefficient of determination (R?
= 0.78) indicates a close correlation between
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Fig. 6. Dependence of Lead content in green mass on metal content in Jerusalem artichoke
tubers and in the studied soil

With the introduction of sewage sludge at a
rate of 20 - 40 t/ha (options 4 - 6) the content
of lead in the green mass reached 0.7 - 0.8
mg/kg of plant, the content of Lead in
Jerusalem artichoke tubers, respectively, was
0.8 - 0,9 mg/kg of plant, and in the soil - 12.9 -
13.1 mg/kg of soil. With the application of
composts at the rate of 20 - 30 t/ha (options 7 -
8) the content of lead in the green mass
reached 0.69 - 0.71 mg/kg, the content of Lead
in Jerusalem artichoke tubers was recorded 0.9

1340

- 0.8 mg/kg of plant, and in the soil was12.9 -
13.9 mg/kg of soil.

c =-0.02332 + 0.0224x + 0.4741y

where ¢ is the content of Lead in the green
mass, mg/kg of plant

X - Lead content in the studied soil, mg/kg of
soil

y - content of Lead in Jerusalem artichoke
tubers, mg/kg of plant

The multiple coefficient of determination (R?

= 0.75) indicates a close correlation between
these indicators
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Fig. 7. Dependence of Cobalt content in green mass on metal content in Jerusalem artichoke
tubers and in the studied soil

With the introduction of sewage sludge at the
rate of 20 - 40 t/ha (options 4 - 6) the Cobalt
content in the green mass reached 0.63 - 0.86
mg/kg, the Cobalt content in Jerusalem
artichoke tubers was reached 0.7 - 0.9 mg/kg,
and in the soil - 20.3 - 20.5 mg/kg. With the
application of composts at the rate of 20 - 30
t/ha (options 7 - 8), the Cobalt content in the
green mass was reached 0.7 - 0.8 mg/kg, the
Cobalt content in Jerusalem artichoke tubers
was recorded 0.7 - 0.8 mg/kg, and in the soil -
21.3-21.5mg/ kg

¢ =-12.6478 + 1.2553x - 0.9477y - 0.0312x* +
0.107xy - 0.3747y?

where ¢ is the Cobalt content in the green
mass, mg/kg

x - Cobalt content in the studied soil, mg/kg

y - Cobalt content in Jerusalem artichoke

tubers, mg/kg

The multiple coefficient of determination (R?

= 0.78) indicates a close correlation between
these indicators
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The degree of accumulation of mobile forms
of HM in the soil is one of the factors that
determines the toxicity of these elements to
plants. The heavy metal translocation
coefficient is one of the most important
parameters that used to predict the content of
heavy metals in agricultural plants. Jerusalem
artichoke is characterized by an increase in the
transition coefficients of heavy metals in the
system "root-green mass" in the series: Pb —
Co— Ni— Cd

The highest translocation coefficient of
cadmium in the system "soil - aboveground
phytomass” of Jerusalem artichoke was
recorded in the control version of the
experiment, Lead - after composting at the rate
of 30 t/ha and fertilizer N3gP23Kegs, Cobalt - for

application of NgoPgoKgo fertilizer to the soil
(Table 4).
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Table 4. Heavy metal translocation coefficients for Jerusalem artichoke cultivation

N Pb Cd Ni Co Pb Cd Ni Co
B in the system "'soil - aboveground phytomass"* in the system "'soil - root system (tubers)"
1 0,16 6,88 0,71 0,21 0,16 7,06 0,85 0,22
2 0,17 4,28 0,89 0,21 0,18 4,45 0,93 0,24
3 0,18 3,74 0,96 0,22 0,26 3,88 1,05 0,24
4 0,20 4,43 0,98 0,26 0,25 4,63 1,04 0,30
5 0,21 4,23 0,98 0,28 0,27 4,40 1,04 0,32
6 0,18 3,90 0,98 0,33 0,22 4,03 1,06 0,36
7 0,16 3,94 0,98 0,29 0,20 4,18 1,02 0,31
8 0,16 3,76 0,99 0,31 0,17 3,89 1,05 0,33
The maximum coefficients of cobalt transition coefficients of biological absorption of Nickel,
in the system "soil - root system™ of Jerusalem Lead and Cobalt by Jerusalem artichoke was
artichoke was recorded for the introduction of observed for growing Jerusalem artichoke on
sewage sludge at the rate of 40 t/ha and the studied soil with the introduction of
NioP14Ksg, Lead - for the introduction of sewage sludge at the rate of 40 t/ha and
sewage sludge at the rate of 30 t/ha and N1oP14Ksg, Cadmium - for the introduction of
fertilizer N3gP33Kes, - in the control version of SS at the rate of 20 t/ha and NsgPs5oK74.

the experiment (Table 4). The maximum
Table 5. Coefficients of biological absorption of heavy metals by Jerusalem artichoke after
repeated application of fertilizers to the soil

Ne options Cd Ni Pb Co
Without fertilizers — control 129,67 2,75 3,35 1,62
NeoPsoKso 125,47 2,79 3,40 1,67
NooPgoKao 113,47 2,76 3,39 1,67
SS — 20 t/ha + Nsg Ps,K7, 148,31 3,26 3,43 1,93
SS -30 t/ha + N3oP33Kes 139,58 3,34 3,66 2,13
SS—-40t/ha + NlO P14K5g 124,02 3,40 3,77 2120
Compost (SS + straw (3:1)) — 20 t/ha + N5oPgK 147,38 3,23 3,40 1,82
Compost (SS + straw (3:1)) — 30 t/ha + NEZKl; " 144,85 3,32 3,33 2,00
The minimum values of biological absorption by Jerusalem artichoke increase in a number of
coefficients of cadmium Jerusalem artichoke elements: Cobalt — Nickel — Lead —
were set during tillage with NgoPgoKgo Cadmium. The coefficients of biological
fertilizer, Cobalt - in the control version, Lead accumulation of lead and cobalt are maximum
- for compost introduced into the soil at the for the cultivation of Jerusalem artichoke after
rate of 30 t/ha and N3oKss fertilizer. The the introduction of SS at the rate of 30 t/ha and
coefficients of biological absorption of metals N30P33Kes (Fig. 8).
500 20
450 \ 18
\ V
400 § / 16
o §* N -
Q
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Fig. 8. Coefficients of biological accumulation of heavy metals by Jerusalem artichoke after
application of fertilizers in the soil
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The lowest coefficients of biological
accumulation of Cadmium, Nickel and Cobalt
were determined for the cultivation of
Jerusalem artichoke in the variant whereas
mineral fertilizers NgoPgooKgo Were applied, of
lead - for compost application at the rate of 20
t/ha and NsoP1sKs7.  The coefficients of
biological accumulation of heavy metals with
Jerusalem artichoke increase in a number of
elements: lead — cobalt — nickel —
cadmium. The concentration of heavy metals
in oil-contaminated soil and Jerusalem
artichoke plants were increased with
increasing amount of fertilizers in the soil.
The maximum content of metals in the
experimental soils, green mass and Jerusalem
artichoke roots was observed mainly in the
variant of sewage sludge application at the rate
of 40 t/ha and fertilizer NyoP1sKss. The
highest concentration of gross and mobile
forms of Iron was observed in soils, the lowest
concentration is  Cadmium. Minimal
exceedances of background concentrations
were recorded for gross forms of Nickel,
mobile forms of Cobalt. The green mass and
roots of Jerusalem artichoke absorb the largest
amounts of heavy metals, and the transition
coefficients of metals in the system "roots -
green mass" increase in the series: Pb — Co
— Ni — Cd. The coefficients of biological
absorption of metals by Jerusalem artichoke
were increased in the number of elements:
Cobalt — Nickel — Lead — Cadmium. The
coefficients of biological accumulation of
heavy metals with Jerusalem artichoke
increase in a number of elements: Lead —
Cobalt — Nickel — Cadmium. The elements
of intensive absorption by an energy plant
include lead and cobalt, and the elements of
very intensive absorption include cadmium,
zinc and nickel. Due to the strong absorption
capacity of heavy metals by Jerusalem
artichoke, it is advisable to use the energy
plant as a phytoremediator of oil-contaminated
and other man-made transformed ecosystems.
REFERENCES

1. Ashraf S., Q. Ali , Z.A. Zahir and H.N.

Asghar 2019. Phytoremediation:
environmentally  sustainable  way  for
reclamation of heavy metal polluted

soils. Ecotox. Environ. Safe. 174, 714-727.
10.1016/j.ecoenv.2019.02.068

1343

2. Avessalamov Y.A. 1987 Heokhymycheskye
pokazately pry yzuchenyy landshaftov — M. :
Yzd-vo MHU108 s

3. Aydin Turkyilmaz, Hakan Sevik, Mehmet
Cetin, A. Elnaji and Ahmaida Saleh. 2018
Changes in heavy metal accumulation
depending on traffic density in some landscape
plants. Pol. J. Environ. Stud. 27 (5), 2277-
2284

4. Aydin Turkyilmaz, Mehmet Cetin, Hakan
Sevik, Kaan Isinkaralar, A. Elnaji and
Ahmaida Saleh. 2018 Variation of heavy metal
accumulation in certain landscaping plants due
to traffic density. Environment, Development
and Sustainability, 22, 2385-2398

5. Behnam Asgari Lajayer, Mansour
Ghorbanpour and Shahab ikabadi. 2017 Heavy
metals in contaminated environment: Destiny
of secondary metabolite  biosynthesis,
oxidative status and phytoextraction in
medicinal  plants.  Ecotoxicology  and
Environmental Safety, , 145, 377-390.
https://doi.org/10.1016/j.ecoenv.2017.07.035
6. Blanca Montalban, Carmen Lobo, Juan
Alonso and Araceli Pérez-Sanz. 2016.
Metal(loid)s uptake and effects on the growth
of helianthus tuberosus cultivar-clones under
multi-polluted hydroponic cultures. Clean -
Soil, Air, Water, 44 (10), 1368-1374.
https://doi.org/10.1002/clen.201400630

7. Ghazala M. and K. Setsuko .2017 Toxicity
of heavy metals and metal-containing
nanoparticles on plants. Plant Gene, 11B, 247-
254.
https://doi.org/10.1016/j.bbapap.2016.02.020
8. Ghori N.H., T. Ghori , M.Q. Hayat ,
S.R. Imadi ., A. Gul, V. Altay and M. Ozturk.
2019. Heavy metal stress and responses in
plants. International Journal of Environmental
Science and Technology, 16, 1807-1828.

9. Glibovytska N.I. and R.B. Karavanovych .
2018 Morphological and physiological
parameters of woody plants under conditions
of environmental oil pollution. Ukrainian
Journal of Ecology, (3), 322-327

10. Glibovytska N.I., K.B. Karavanovych and
T.B. Kachala 2019.  Prospects  of
phytoremediation and phytoindication of oil-
contaminated soils with the help of energy
plants. Journal of Ecological Engineering, 20
(7), 147-154. DOI 10.12911/22998993/109875



javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/10668
https://link.springer.com/journal/10668
https://www.sciencedirect.com/science/journal/01476513
https://www.sciencedirect.com/science/journal/01476513
https://doi.org/10.1016/j.ecoenv.2017.07.035
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Montalb%C3%A1n%2C+Blanca
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Lobo%2C+M%C2%AA+Carmen
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Alonso%2C+Juan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Alonso%2C+Juan
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=P%C3%A9rez-Sanz%2C+Araceli
https://doi.org/10.1002/clen.201400630
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300334#!
https://www.sciencedirect.com/science/article/abs/pii/S1570963916300334#!
https://www.sciencedirect.com/science/journal/23524073
https://www.sciencedirect.com/science/journal/23524073/11/part/PB
https://doi.org/10.1016/j.bbapap.2016.02.020
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/13762
https://link.springer.com/journal/13762
https://yadda.icm.edu.pl/baztech/contributor/8100e539bc6ef6f2e2e16ed0c610fd00
https://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-c21d75e8-77ae-4358-ab21-fdd0c2bf4bf6
http://dx.doi.org/10.12911/22998993/109875

Iragi Journal of Agricultural Sciences —2021:52(6):1334-1345

Lopushniak & Hrytsuliak

11. llyin V.B. and Stepanova M.D. 1979.
Relative indicators of pollution in the soil-
plant system. Soil Science, 11, 61-67

12. Jacek Antonkiewicz, Barbara Kotodziej,
Elzbieta Jolanta Bielinska, Robert Witkowicz,
Sylwester and Tabor. 2018. Using jerusalem
artichoke to extract heavy metals from
municipal sewage sludge amended Soil. Pol. J.
Environ. Stud. 27 (2), 513-527.

13. Kai Gao, Zhixing Zhang and et al. 2019
The influence of leaf removal on tuber yield
and  fuel characteristics  of Helianthus
tuberosus L. in a semi-arid area. Industrial
Crops and Products, 2018, 115, 202-207.
https://doi.org/10.1016/j.indcrop.2019.01.024
14. Korsun S.H.,LI. Klymenko ., V.A.
Bolokhovs’ka and V. Bolokhovs'kyy . 2019.
Translokatsiya vazhkykh metaliv u systemi
«grunt-roslyna» za vapnuvannya ta vplyvu
biolohichnykh preparativ. Ahroekolohichnyy
monitorynh, 1, 29-35. doi:
https://doi.org/10.33730/2077-
4893.1.2019.163245

15. Kovalevskyy A. L. 1969. Byoheokhymyya
rastenyy. Ulan-Udé: Buryat-skoe yzd-vo, 160
16. Kun Y., Z. Shijile , C. Mingxing , H.
Guangxuan and W. Pei . 2018 Vulnerability of
photosynthesis and photosystem | in Jerusalem
artichoke (Helianthus tuberosus L.) exposed to
waterlogging. Plant  Physiology  and
Biochemistry. 125, 239-246.
https://doi.org/10.1016/j.plaphy.2018.02.017
17. Mahmood Maleki, Mansour Ghorbanpour
and Khalil Kariman. 2017. Physiological and
antioxidative responses of medicinal plants
exposed to heavy metals stress. Journal of
Hazardous Materials, 325, 36-58.
https://doi.org/10.1016/j.plgene.2017.04.006
18. Markéta Mayerova, Sarka
Petrova, Mikulas Madaras, Jan
Lipavsky, Tomas Simon, and Tomas Vangk
.2017)Non-enhanced  phytoextraction  of
cadmium, zinc, and lead by high-yielding
crops. Environmental Science and Pollution
Research, 24, 14706-14716

19. Muhammad Aamer Mehmood,
Muhammad Sajjad Ahmad, Qian Liu, Chen-
Guang Liu, Mudassir Hussain Tahir, Akram
Ahmed Alogbi, Nesrin Ibrahim Tarbiah,
Hadeil Muhanna Alsufiani and Munazza Gull.
2019 Helianthus tuberosusas a promising
feedstock for bioenergy and chemicals

1344

appraised through pyrolysis, kinetics, and TG-
FTIR-MS based study. Energy Conversion and
Management, 194, 37-45.
https://doi.org/10.1016/j.enconman.2019.04.07
6

20. Myslyva T.M., P.P. Nadtochiy . L.O.
Herasymchuk Zared. And F.M. Myslyvoyi.
2011.  Vedennya  sil’s’kohospodars'koho
vyrobnytstva u pryvatnomu sektori v umovakh
posylenoho  antropohennoho vplyvu na
navkolyshnye seredovyshche. Zhytomyr. 50
21. Rossini F.and M. Provensano , L.
Kuzmanovic and R. Ruggeri . 2019 Jerusalem
artichoke (Helianthus tuberosus L.): a versatile
and sustainable crop for renewable energy
production in Europe. Agronomy, 9, 528.
doi:10.3390/agronomy9090528

22. Rudenko S.S., S.S.Kostyshyn and T.V.
Morozova 2003. Porivnyal’nyy analiz
zabrudnennya ahrolandshaftiv Chernivets’koyi
oblasti vazhkymy metalamy ta alyuminiyem.
Okhorona zdorov”ya ta ekolohiya lyudyny, 14,
73-178

23. Ruf T. , V. Audu , K. Holzhauser and C.
Emmerling 2019. Bioenergy from periodically
waterlogged cropland in europe: a first
assessment of the potential of five perennial
energy crops to provide biomass and their
interactions with soil. Agronomy, 9, 374.

24. Saeed Ahmad Asad, Muhammad Farooq,
Aftab Afzal and Helen West. 2019 Integrated
phytobial heavy metal remediation strategies
for a sustainable clean environment-A
review.Chemosphere, 925-941.
https://doi.org/10.1016/j.chemosphere.2018.11
021

25. Saet YU.E., B.A. Revych and E.P. Yanyn
.1989. Heokhymyya okruzhayushchey sredy.
— M. : Nedra, 325 s

26. Saran A., L. Fernandez , F. Cora , M.
Savio , S. Thijs and J. Vangronsveld . 2020.
Phytostabilization of Pb and Cd polluted soils
using Helianthus petiolaris as pioneer aromatic
plant species. International Journal of
Phytoremediation, 22 (5), 459-
467. https://doi.org/10.1080/15226514.2019.1
675140

27. Shigi L Ruixiong Wang and et al. 2019
Growth, vyield formation, and inulin
performance of a non-food energy crop,
Jerusalem artichoke (Helianthus tuberosus L.),
in a semi-arid area of China. Industrial Crops



https://www.sciencedirect.com/science/journal/09266690
https://www.sciencedirect.com/science/journal/09266690
https://doi.org/10.1016/j.indcrop.2019.01.024
https://doi.org/10.33730/2077-4893.1.2019.163245
https://doi.org/10.33730/2077-4893.1.2019.163245
https://www.sciencedirect.com/science/journal/09819428
https://www.sciencedirect.com/science/journal/09819428
https://doi.org/10.1016/j.plaphy.2018.02.017
https://www.sciencedirect.com/science/journal/03043894
https://www.sciencedirect.com/science/journal/03043894
https://doi.org/10.1016/j.plgene.2017.04.006
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
https://www.sciencedirect.com/science/article/pii/S0196890419305102
https://www.sciencedirect.com/science/article/pii/S0196890419305102
https://www.sciencedirect.com/science/article/pii/S0196890419305102
https://www.sciencedirect.com/science/article/pii/S0196890419305102
https://doi.org/10.1016/j.enconman.2019.04.076
https://doi.org/10.1016/j.enconman.2019.04.076
https://www.sciencedirect.com/science/journal/00456535
https://doi.org/10.1016/j.chemosphere.2018.11.021
https://doi.org/10.1016/j.chemosphere.2018.11.021
https://www.tandfonline.com/author/Saran%2C+A
https://www.tandfonline.com/author/Fernandez%2C+L
https://www.tandfonline.com/author/Cora%2C+F
https://www.tandfonline.com/author/Savio%2C+M
https://www.tandfonline.com/author/Thijs%2C+S
https://www.tandfonline.com/author/Vangronsveld%2C+J
https://www.tandfonline.com/toc/bijp20/current
https://www.tandfonline.com/toc/bijp20/current
https://www.tandfonline.com/toc/bijp20/current
https://doi.org/10.1080/15226514.2019.1675140
https://doi.org/10.1080/15226514.2019.1675140
https://www.sciencedirect.com/science/article/abs/pii/S0926669019302304#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019302304#!
https://www.sciencedirect.com/science/journal/09266690

Iragi Journal of Agricultural Sciences —2021:52(6):1334-1345

Lopushniak & Hrytsuliak

and Products, 131, 8-13.
https://doi.org/10.1016/j.indcrop.2019.03.064
28. Szostek M., J. Kaniuczak , E. Hajduk |,
J.  Stanek-Tarkowska , T.Jasinski
W. Niemiec and R. Smusz . 2018. Effect of
sewage sludge on the yield and energy value
of the aboveground biomass of Jerusalem
artichoke (Helianthus tuberosus L.). Archives
of Environmental Protection 44, 42-50

29. Voytyuk YU. 2016. Pohlynannya
vazhkykh metaliv iz gruntu roslynnistyu zony
tekhnohenezu. Visnyk Dnipropetrovs’koho
universytetu. Seriya: heolohiya, heohrafiya. 24
(2), 1117

30. Willscher S., L. Jablonski , R. Fona , J.
Rahmi and J. Wittig .2017. Phytoremediation
experiments with Helianthus tuberosus under
different pH and heavy metal soil
concentrations. Hydrometallurgy, 168, 153-
158.
https://doi.org/10.1016/j.hydromet.2016.10.01
6

1345

31. Yatsyshyn T., N. Glibovytska , L. Skitsa ,
M. Liakh , and S.Kachala . 2020. Investigation
of biotechnogenic system formed by long-term
impact of oil extraction objects. Systems,
decision and control in energy I, Studies in

systems, decision and control, 298, 165-
177. https://doi.org/10.1007/978-3-030-
48583-2 11

32. Zapatowska A. and U. Bashutska . 2017
Yakisnyy analiz hranul, otrymanykh z
yerusalyms’'koho  artyshoku  (Helianthus
tuberosus L.). Naukovi pratsi Lisivnychoyi
akademiyi  nauk  Ukrayiny, 15, 124-
128. https://doi.org/10.15421/411716

33.  Zapalowska A.,C. Puchalski
S. Stankowski and M. Gibczyfiska . 2020.
Fertilisation with ash from wood and with
sewage sludge versus contents of macro-and
microelements in the soil following cultivation
of Helianthus tuberosus L. Agronomy
Research, 18 (2), 650-661.



https://www.sciencedirect.com/science/journal/09266690
https://doi.org/10.1016/j.indcrop.2019.03.064
http://yadda.icm.edu.pl/yadda/contributor/872f7a7f162c3ba6123959190619e760
http://yadda.icm.edu.pl/yadda/contributor/68b8fc6c6ed5404352fac5697d194753
http://yadda.icm.edu.pl/yadda/contributor/f6f2f5c492a1b0c5f249d2d99233c10b
http://yadda.icm.edu.pl/yadda/contributor/3e253b394f581d1f672fdb38b04090e0
http://yadda.icm.edu.pl/yadda/contributor/d799baba218146886448a6992623e5a1
http://yadda.icm.edu.pl/yadda/contributor/2a2cb2db839cf59c9f8ce47c6bdb1584
http://yadda.icm.edu.pl/yadda/contributor/bcce92664852f3bcba6af37aa5ce40ac
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-journal-0324-8461-archives_of_environmental_protection
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.baztech-journal-0324-8461-archives_of_environmental_protection
https://www.sciencedirect.com/science/journal/0304386X
https://www.sciencedirect.com/science/journal/0304386X/168/supp/C
https://doi.org/10.1016/j.hydromet.2016.10.016
https://doi.org/10.1016/j.hydromet.2016.10.016
https://doi.org/10.1007/978-3-030-48583-2_11
https://doi.org/10.1007/978-3-030-48583-2_11
https://doi.org/10.15421/411716
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Zapalowska%2c+A.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Puchalski%2c+C.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Stankowski%2c+S.%22
https://www.cabdirect.org/cabdirect/search/?q=au%3a%22Gibczy%c3%b1ska%2c+M.%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Agronomy+Research%22
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Agronomy+Research%22

