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HEAVY METALS (Cd, Pb, Zn, and Cu) UPTAKE
BY SPRING BARLEY IN POLLUTED SOILS

Abstract. Accumulation of Cd, Pb, Zn, Cu (HM) by spring barley (Hordeum vulgare L.) from sod
podzolic sandy loam and chernozem soils, impacted by heavy metals pollution in the soils, is stud-
ied in the article. The aim of study has been to determine spring barley bioaccumulation capacity
impacted by the HM pollution with the high level of Cd, Pb, Zn, Cu concentration in soils. The
HM concentration diapason caused biomass reduction — the scope of toxic tolerance was obtained.
The range of contaminants concentration in soil, which caused the plant biomass reduction, from
the beginning to plants death — the scope of toxic tolerance, is the index of a species reaction
on selected xenobiotic. It shows: “threshold” concentration of a contaminant that caused a plant
biomass inhibition; toxic process development and the correlation between contaminants concen-
tration in soil and/or plant and the plants inhibition; the concentration that caused the plant death.
Spring barley accumulation indexes of the studied metals were calculated. Relevant scopes of the
plant-uptake index for each metal were calculated. Dynamics of the toxic process development of
spring barley as impacted by the pollution in the break-down by studied metals were observed on
two different soils. Toxic process dynamic evaluation gives the possibility to simulate concentra-
tion of the trace metal in plants, concentration of available forms of these elements in soils, and
also contamination level (content of metals) that caused plants height and plant weight reduction
by 10%, 50% and 90%.

Heavy metals (HM) are among the most important contaminants in the nat-
ural environment [1]. Investigation of heavy metals up-take by plant in polluted
soil is important because pollutants concentration in crops determines the qual-
ity of agricultural products. Metal uptake by plants depends on the bioavailabil-
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ity of the metal in the soil solution, which in turn depends on the retention time
of the metal, as well as the interaction with other elements and substances in the
solution. Furthermore, when metals have been bound to the soil, the pH, redox
potential, and organic matter content will all affect the tendency of the metal to
exist in ionic and plant-available form. Plants will affect the soil through their
ability to lower pH and oxygenate the sediment, which affects the availability
of the metals [1, 2]. The rate of plant up-take of the HM depends on the phys-
ical and chemical properties of the metal, soil properties (organic matter con-
tent, and other agro-physical properties) and the crops bioaccumulation capac-
ity [1-4] Bioaccumulation capacity and the HM toxic effects are characterised
by the plant up-take index [5-8]. The HM bioaccumulation capacity of crops is
often considered during soil remediation measure [1]. Contamination of soils
with heavy metals changes phytometric parameters of plants depending on the
contaminants concentration in root zone and, as a result of that, in plant tissue
[9, 10]. Plants can tolerate high heavy metals concentration from soil by means
of two basic strategies [10]. The first strategy is called accumulation strategy,
where a metal can accumulate in plants at both high and low concentration from
soil [10]. These plants are capable of rendering the metals in various ways, for
instance, by binding them to cell walls, compartmentalising them in vacuoles
or complexing them to certain organic acids or proteins [10]. The second strat-
egy is called exclusion strategy, where transport of heavy metals in shoots and
leaves is limited over a wide range of metal concentrations in soil. Some of the
plants make stable metal complexes in the root cells to prevent metal transloca-
tion from the roots to above-ground tissues. Some metals are essential for plant
growth (Fe, Mn, Zn, Cu, Mg, Mo, and Ni). Some metals with unknown biologi-
cal function (Cd, Cr, Pb, Co, Ag, Se, Hg) can also be accumulated [1,6]

However, phytometric parameters change depending on the level of the HM
concentration in the root-containing soil layer [1, 3]. The HM contamination of
the root soil layer usually leads to the rise of trace elements plant uptake and
biomass reduction [6]. The HM concentration diapason causes biomass reduc-
tion — the scope of toxic tolerance can serve as the index of metal’s toxicity for
selected plant species. The range of contaminants concentration in soil, which
causes the plant biomass reduction, from the beginning to plants death — the
scope of toxic tolerance, is the index of a species reaction on selected xenobiotic
[9,11]. It shows:

— “Threshold” concentration of a contaminant that causes a plant biomass
inhibition.

— Toxic process development and the correlation between contaminants
concentration in soil and/or plant and the plants inhibition.

— Concentration that causes the plant death.

The investigation, to a certain extent, was dedicated to adaptation of the
well-known Shelford curve of ecological tolerance [11-13] to reaction of spring
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barley on selected trace elements contamination (Fig. 1). On the other hand, it
did not study the whole scope of ecological tolerance curve but only the toxic
effect of Cd, Pb, Zn, Cu on spring barley. That scope is shown on the curve as
the experimental area (Fig. 1).
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Fig. 1. Ecological tolerance (by Shelford, V. E) [11-13] .

In our investigation spring barley bioaccumulation capacity was studied as
impacted by the HM pollution with the high level Cd, Pb, Zn, and Cu concen-
tration in soils.

Spring barley (Hordeum vulgare L.) is one of the important cereal crop in
Ukraine. The plant uptake index was calculated as the ratio between Cd, Pb,
Zn, Cu concentration in spring barley and its available form in soil. The inves-
tigation was carried out on sod podzolic sandy loam and chernozem soils. Sod
podzolic sandy loam soil occupies one-third of the total area of arable lands in
Ukraine, while chernozems more than half of that area[14].

The aim of our investigation has been to assess the toxic tolerance range of
spring barley to the high level of impact pollution with Cd, Pb, Cu, and Zn.

EXPERIMENTAL APPROACH

The soils of experimental plots were: sod podzolic sandy loam on layered
glacial sands (sod podzolic) and calcareous deep chernozem on loamy loess (cer-
nozem). Sod podzolic soil has the following physic chemical characteristics: pH_,

5.5; organic matter by Turin 0.87%, CEC 6.3 mg eqv/100 g. Chernozem soil has
the following: pH_, 6.2, organic matter by Turin 2.89%, CEC 27.1 mg eqv/100 g.
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Studied trace elements: Cd, Pb, Zn, and Cu were applied one time in the
amount equal to the following concentration in the soils:

Cd: 45, 90, 150, 300 mg kg ~'of the soils.
Pb: 300, 450, 900, 1500 mg kg! of the soils.
Cu: 200, 300, 500 mg kg ~'of the soils.

Zn: 900, 1100, 1500 mg kg of the soils.

That amount corresponds to the Maximum Allowed Concentration (MAC)
in soil adopted in Ukraine [15]. The applied amounts are kept within the limits
of 10 to 100 MAC. For copper and zinc, however, the maximum applied con-
centration was equal to 10 MAC and with higher concentration (Cu — 1000 mg
kg, and Zn 3000 mg kg') all plants died. Therefore, the articles refer to the
results from only three levels of the impact pollution of Zn and Cu.

The following metals salts: Pb(NO,),, ZnSO, H,O, CuSO, 7H,0O, CdSO,
were used for the trace elements application. The investigation was conduct-
ed in green house conditions. Plants grew in plastic Mitcherlikh’s pots. Soil
preparation, pots filling, and trials were carried out in accordance with methodic
standards. The metals were added to soil during soil preparation before filling
the pots. Then, spring barley germinated seeds were planted into the pots and, in
the stage 3 of leaves, the recommended population was established.

Trace element determination in the plants was carried out after wet digestion
by mixture of H,SO, and HCIO, (by Ginsburg) [16,17]. The studied elements
were extracted by 1 M HCl from the soils. The methods of the HM determination
were the thin layer chromatography (TLC). Both methods were widely used in
our previous investigation and were officially established in Ukraine [17].

The plant up-take index (/) was calculated as [1, 8, 18-20]:

C
7 - prlant

soil

where:

C  —HM concentration in plant (or a part of plant), mg kg™';

plant
C_. —HM concentration (available form) in 0-20 cm soil layer, mgkg™'.

soil

The Table 1 demonstrates the plant uptake index of spring barley (Hordeum vulgare L.) on
uncontaminated soils (control).
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TABLE 1. SPRING BARLEY UPTAKE INDEXES ON UNCONTAMINATED SOIL

Metal 1 M HCI extracted_forms in soil, Concentration_in plant, Uptake index (I)
mg kg mg kg
Chernozem
Cd 0.11£0.05 0.0060.001 0.05
Pb 0.32+0.1 0.022+0.005 0.07
Cu 2.60+0.5 2.860+0.5 1.10
Zn 5.30+0.7 8.480+0.8 1.60
Sod podzolic
Cd 0.10+0.05 0.005+0.001 0.05
Pb 0.30+0.1 0.015%£0.005 0.07
Cu 0.92+0.2 1.200+0.3 1.10
/n 2.40+0.4 4.320+0.5 1.60
RESULTS AND DISCUSSION
Cadmium

Applied Cd interacts with the soils. Concentrations of available form
(extracted with 1.0 M HCI) of the studied metal vary in the studied soils. These
results were predictable and discussed in many publications [21-27]. In our
case, the ratio of the available form of Cd in sod podzolic soil is above 50%
of applied amounts, while for chernozem — it is slightly below. Similarly, the
concentration of cadmium in the plant tissue is higher on sod podzolic than in
chernozem when the same amount of the contaminant was applied.

Applied amounts of Cd reduced the total weight of the whole plant as well
as the height (Table 2).With the increase in cadmium application, the plant
height, its total weight per plot reduced at the beginning due to the applied con-
centration of 45 mg kg™! of the soils. With the pollution increase, plants quantity
reduced to 80% of the initial quantity, on the plot with 90 mg kg! of the applied
cadmium on sod podzolic soil and with 150 mg kg ~on chernozem.

Cadmium pollution impact on concentration of its available form in soil,
plant and reduction of spring barley biomassAs soon as the same impact pollution
on two studied soils caused different accumulations of cadmium in the plant tis-
sue, we could observe the influence of 8 different concentrations of cadmium in
the plants on the plant height and biomass reduction. These two curves obtained
on the different soils that were similar to each other on the graph, only show
the influence of the cadmium concentration in tissue on plants height (Fig 2).
We interpret the influence of cadmium pollution on the plant height with expo-
nential trend line which shows quite a high level of approximation
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Fig. 2. Influence of cadmium concentration in plant tissue on plant height reduction
(red triangles show cadmium concentration from the plants growing in chernozem soil
and blue rhombus from the plants growing on sod podzolic soil).

That way of interpretation replicates well the toxic range of the Shelford
curve of ecological tolerance (Fig. 1). It gives us the possibility to interpret the
influence of the impact pollution on: plant height, concentration available form
of the metal in soil, and concentration of the metal in plants (Fig. 3) with expo-
nential trend lines.

By using the exponential trend lines we extrapolated the available experi-
mental data to find out the concentration that caused 10% 50% and 90% of the
plant weight reduction (Table 2). This value was chosen for its similarity with
the ones used in toxicology LD, , LD, , and LD,

The Plant uptake index for the whole plant in terms of 10%, 50%, and 90%
plant height (and biomass) reduction was simulated (Table 3). Given the pol-
lution impact, the uptake index increased significantly in comparison with the
control group. However, further increase in contamination caused no significant
differences in the uptake indexes. Plant forms constitute the barriers to prevent
toxic substance penetration [1, 6, 9, 10, 28, 29-32]. However, the presented data
indicates that we can assume that high contaminant pressure destroys that barrier.
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Fig. 3. Relationship between impact pollution of the soils with Cd*" and its concentration
of available form in soils, in plants and the plants height.

(Curves associated with triangles correspond to the impact of applied cadmium on plant height,
the yellow one is — on sod podzolic and the brown one — on chernozem, the curves associated
with rhombus correspond to the impact of applied cadmium on soil cadmium extracted with 1.0M
HCI, the light blue one — on sod podzolic and the dark blue one — on chernozem; and the ones
associated with the square correspond to the impact of pollution on plant tissue in terms of cad-
mium concentration, the rose one — on sod podzolic and the brown one — on chernozem).

Lead application also had phytotoxic effect on the plants. The Influence of
the impact pollution on: plants weight reduction, concentration available forms
of lead in soil, and in the plant is shown in the Table 4 and simulated in the
Fig. 5. Similarly to cadmium, biomass reduction was observed on the plot with
minimal experimental rate of application — 300 mg kg'. The toxic effect rises
when the lead concentration increases, which causes final reduction of the plant
height to 4.2 cm as compared with the untreated control group (61.9 cm) on sod
podzolic soil. 10% of the plants died at the lead application rate of 900 mg kg
of the soil and increased to as much as 30% with the application of 1500 mg kg
of the lead on sod podzolic soil.
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TABLE 3. CONCENTRATION OF APPLIED Cd**, AVAILABLE FORM OF Cd*
IN SOIL, AND Cd** IN PLANT TISSUE AND PLANT UPTAKE INDEX
SIMULATED FOR CONDITION OF THE PLANT BIOMASS REDUCTION
OF 10%, 50%, AND 90% LEAD

Cd
2 N3 Concentration. Mmgkg'’'
g & = E
é % © % —~ Q = \%%\
= = £ S = = E
< ~—
Sod podzolic
0 (control) 0.10 0.005 0.05
10 56 32.5 21.0 0.646
50 104 45.5 29.5 0.648
90 255 126 75.0 0.595
Chernozem
0 0.11 0.006 0.05
10 59 29.5 18.0 0.61
50 149 57.0 32.5 0.57
90 396 297 173 0.51

TABLE 4. LEAD POLLUTION IMPACT ON CONCENTRATION
OF ITS AVAILABLE FORM IN SOIL, PLANT AND REDUCTION OF SPRING

BARLEY BIOMASS
= § = Plant height. cm Plants weight. g
iz 5 g
o & — —_—
o0 = B ) —_
Z ) £ . g 22 |Bel, 2.
2 gz £y 5 g 5 |E3S|Ez:
o 5= B o b ° °5 |25E2|88®
= s 3 £ = e 2 =2 |zE5|5E¢%
g g = 1 T 2 S5 |§§38|=%8
B = s = 5|
< - O
Sod podzolic
Control 61.9+0.6 100 31.4+0.5 100 100
300 231.9£18.0 | 48.6+4.7 53.8+0.4 87.6 27.2+0.5 100 86.50
450. 347.7£20.0 | 79.9+£8.0 48.7+0.4 79.1 24.6+0.4 100 78.30
900 695.1£22.0 | 105.0£9.7 | 30.3%1.0 49.2 15.2+0.2 90 48.30
1500 1158.3£20.0 | 200.0£16.6 | 4.2+0.1 6.8 1.7+0.1 70 5.50
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TABLE 4. CONTINUATION

Chernozem
Control 62,0+0,6 100 31,6+0,5 100 100
300 212,6£12,0 | 32,4+0,6 | 57,6+0,7 92,84 | 29,4+0,5 100 91,73
450 319,7£15,0 | 49,5£0,6 | 61,6+0,6 99,35 | 31,5+0,6 100 98,41
900 653,8£24,0 | 102,6+8,2 | 36,8+0,4 59,30 18,7+0,4 90 58,50
1500 | 1062,0+£25,0 | 163,5¢8,8 | 6,9+0,3 11,10 3,3+0,1 80 10,20

Lead toxic effect for the plant is more controversial. As in the case with
Cd we tried to use the exponential model for interpretation of the experimental
data. We observed the influence of 8 different concentrations of cadmium in
the plants on the plant height and biomass reduction (Fig. 4). Very high level of
approximation gives us the possibility to apply that simulation for farther evalu-
ation of lead phytotoxicity in the figure 5.
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Fig. 4. Influence of lead concentration in plant tissue on plant height reduction
(red triangles show lead concentration from the plants growing in chernozem soil
and blue rhombus — from the plants growing on sod podzolic soil).

Many nonessential and toxic for plant growth trace elements (e.g. Cd or Pb)
are absorbed by plants rapidly when they are present in the growing medium
[26]. Some investigations showed that nonessential doses of Pb did not inhibit
biomass production but stimulated plant growth as well as micronutrients. Lead
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present in all living organisms and its toxicity and vital necessity for plants is
well-proven [29].0n the other hand, lead biological role, the mode of action
at low concentrations in plants are studied very poorly [30, 31, 32]. We may
assume that toxic or stimulation effects also depend on other environmental fac-
tors (e.g. the ratio of nutrients in soil solution, organic matter, pH, etc.). We also
could observe both stimulation and depression effect of lead in our study. The
second applied concentration of lead (450 mg kg!) on chernozem soil caused
plant height and weight to increase to the level of the control group.

The pollution impact and concentration in the available form of Pb in soil
caused 10%, 50% and 90% of plant height reduction, which was calculated in
the Table 5. Here the plant uptake index is also shown.
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Fig. 5. Relationship between impact pollution of the soils with Pb* and its concentration
of available form in soil, in plant and the plant height.

(Curves associated with triangles correspond to the impact of applied lead on plant height,
the yellow-is on sod podzolic and the brown — on chernozem; curves associated with rhombus
correspond to the impact of applied lead on soil lead extracted with 1.0M HCI, the light blue
— on sod podzolic and the dark blue — on chernozem; and the one associated with the square

correspond to the lead impact pollution on plant tissue lead concentration, the rose one — on sod
podzolic and the brown one — on chernozem).

The lead uptake indexes of barley in contaminated soils are significantly
lower than the one of cadmium. The uptake indexes on sod podzolic soils are
slightly higher than on chernozem.



122 N.O. RYZHENKO et al.

Threshold toxic concentration (10% of biomass reduction) of the pollution
impact on barley for studied soils significantly varies. For sod podzolic soil, its
value is 260 mg kg™, and for chernozem — it is 460 mg kg™, while plant concen-
trations are at the same level — 48 and 49.5 mg kg!. The same toxic effect (10%
of biomass reduction) is caused by very different levels of contamination of the
two studied soils. Therefore, the toxic effect of lead contamination on the plant
is very much influenced by soil properties.

TABLE 5. CONCENTRATION OF APPLIED Pb*, AVAILABLE FORM OF Pb*
IN SOIL, AND Pb*" IN PLANT TISSUE AND PLANT UPTAKE INDEX
SIMULATED FOR THE PLANT BIOMASS REDUCTION BY 10%, 50%,

AND 90% COPPER
Pb
) Concentration. Mmgkg™ _
'g 'S‘ = 2 g g =
k5 - o E-« ~ g
ER: £ 33 2 54
A & T 2 5
< ~ =
Sod podzolic
0 0.30 0.015 0.05
10 260 250 48.0 0.192
50 860 550 105 0.190
90 1460 1190 196 0.164
Chrernozem
0 0.32 0.022 0.07
10 460 298 49.5 0.166
50 1000 620 104 0.167
75 1550 1246 189 0.151

Copper is an essential trace element for all plants and especially for cereals
[6, 9]. The lack of copper on organic soils often limits cereal yield [19, 20]. Nev-
ertheless, the toxic effect of copper for humans and plants is also often reported
[1, 4, 6]. The influence of the pollution impact of 2 studied soils on: the concen-
tration of the available form of Cu in soil; the concentration of Cu in plants; and
reduction of plants height and weight, is shown in the Table 6.

The toxic effect of copper rises with the copper concentration not as sig-
nificant as with application of lead and cadmium. The toxic effect of the same
concentration of copper on chernozem was less significant than on sod podzolic
soil. On the other hand, applied concentrations of copper were relatively lower
in comparison to the “safe level” than in the cases with lead and cadmium. As it
has been mentioned above, 100% of plant death was observed at the rate equal
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to 10 MAC (1000 mg kg of soil). Nevertheless, the toxic process development
was observed with application of 3 different concentrations and with other met-
als interpreted with the exponential trade line (Fig. 6).

TABLE 6. COPPER POLLUTION IMPACT ON CONCENTRATION
OF ITS AVAILABLE FORM IN SOIL, IN PLANT, AND REDUCTION
OF SPRING BARLEY HEIGHT AND WEIGHT

"&n 3 }40 a. Plant height. cm Plants weight. g
) Q & = b =
=5 L T A
=
Sod podzolic
Control 61.9+£0.6 | 100 31.4+0.3 100 100
200 67.2+4.5 | 35.0+3.3 | 55.8+0.5 90.70 | 28.2+0.3 100 89.70
300 102.94£9.7 | 59.0£5.9 | 49.9+0.5 81.20 | 25.1x0.2 100 80.00
500 173.8£10.0 | 93.4+7.8 | 11.3+0.1 18.40 5.5+0.1 70 17.60
Chernozem
62.0£0.6 100 31.6£0.3 100 100
200 59.54£5.0 | 28.1+2.0 | 60.3£0.5 97.20 | 30.8+0.3 100 96.10
300 87.6+7.5 | 44.6+3.8 | 56.8+0.5 91.60 | 28.9+0.2 100 90.30
500 144.3£10.0 | 64.9+6.0 | 30.4+0.3 49.02 | 15.4+0.2 70 48.10

Interpretation of the influence of applied amounts of cooper on: plant bio-
mass reduction, concentration of the available form of copper in soil, and con-
centration of copper in plant tissue (Fig. 6) with exponential trend lines is sup-
plemented with calculation of these values for 10% 50% and 90% of biomass
reduction (Table 7). The copper uptake index on different levels of copper con-
tamination is also demonstrated in the Table 7.

Copper uptake indexes in contaminated soils are higher on both soils than
uptake indexes of lead and a little lower than the one of cadmium. On the other
hand, in the uncontaminated soil (the control group), the copper uptake index is
above 1. This is the main difference of copper with lead and cadmium behav-
iour. We may assume that plants form barriers to copper penetration through
roots when the soil available concentration of Cu?" exceeds the “safe level” for
the plant. The copper uptake from sod podzolic soil is more intensive than from
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chernozem soil. Soil with higher organic matter (chernozem) has better binding
capacity [1, 3, 6, 23] and, therefore, the lower uptake index than sod podzolic
soil as it is the case with cadmium.
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Fig. 6. Relationship between the pollution impact of the soils with Cu** and its concentration
of available form in soil, in plant and the plant height.

(Curves associated with triangles correspond to the impact of applied copper on plant
height, the yellow one is on sod podzolic and the brown one is on chernozem,; curves associated
with rhombus correspond to the impact of applied copper on soil copper extracted with 1.0M HCI,
the light blue one — on sod podzolic and the dark blue one — on chernozem; and the ones associat-
ed with the square correspond to the pollution impact of copper on plant tissue copper concentra-
tion, the rose one — on sod podzolic and the brown one — on chernozem).

Zinc is another essential trace element for plants in our study. As it is the
case with copper, the extremely high concentration of Zn — at the level higher
than 10 MAC (3000 mg kg soil) caused 100% plants death. The influence of
different levels of the pollution impact on: concentration available forms of zinc
in soil, concentration in plants tissue, plants height, and biomass is shown in
the Table 8. Zinc application had the toxic effect on the plant beginning with
the first concentration on both soils. Application of 1500 mg kg of zinc caused
reduction of the height of the plant by 12.3% of the height in the control group
on sod podzolic soil and by 31.3% — on chernozem. As for the other studied
metals the ratio of height and weight reduction caused by the pollution impact
was similar.
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TABLE 7. CONCENTRATION OF APPLIED Cu*', AVAILABLE FORM OF Cu?**
IN SOIL, IN PLANT TISSUE AND PLANT UPTAKE INDEX FOR THE PLANT

BIOMASS REDUCTION BY 10%, 50%, AND 90%

Cu
ZBS Concentration. Mgkg
-k - 2 A
ol 2 =8 F 2 8 S E
Sod podzolic
0.92 1.2 1.300
10 235 46 25 0.543
50 340 64 36 0.563
90 640 164 90 0.548
Chernozem
2.6 2.9 1.100
10 260 44 22 0.500
50 500 88 40 0.455
90 1200 400 180 0.450

TABLE 8. ZINC POLLUTION IMPACT ON CONCENTRATION
OF ITS AVAILABLE FORM IN SOIL, PLANT AND REDUCTION OF SPRING
BARLEY BIOMASS

Plant height. cm

Plants weight. g

an
=
— = X
5 2 o e —
3 £ & 5 2 =
o = b ‘S s 5]
S E | B s | 2| 2| Bs| £
= < & £ & 4 g = S = B
g g~ 5 = = S = = 2 5
N 9 o £ .0 8 o 2 = &
3 | & 2| 2| 2| oz | 25| ¢
2 % S T BN = 5 ° S
& @ ° 2 g
< = 5| Z E
= = A =
— Ay
Sod podzolic
Control 61.9+0.6 100 31.4+0.3 100 100
900 427.4+24.0 | 120.0+£10.0 | 53.1+0.5 86.30 | 26.8+0.3 100 85.40
1100 550.3+25.0 | 162.0£11.0 | 49.4+0.5 80.30 | 24.8+0.2 100 79.10
1500 743.0+£31.0 | 214.8£17.0 | 7.6+0.6 12.30 3.5+0.1 70 11.20
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TABLE 8. CONTINUATION
Chernozem
62,0+0,6 100 31,6+0,3 100 100
900 382,3+25,8 | 100,5£9,8 | 57,9+0,5 93,40 |29,5+0,3 100 92,20
1100 483,5+35,0 | 147,8+10,6 | 54,3+0.4 87,50 |27,7+0,3 100 86,70
1500 | 656,5+56,0 | 175,8+12,0 | 19,4+0,2 31,32 | 9,8+0,1 70 30,50

As for other studied metals we interpreted the influence of the pollution
impact on: biomass reduction, concentration available form of zinc in soil, and
zinc concentration in plant tissue with the exponential trend line (Fig.7). As for
other metals, the pollution concentration impact, concentration available form
in soil, and concentration of zinc in plant that caused 90%, 50%, and 10% of

biomass reduction were calculated (Table 9).

Zinc uptake indexes were lower than the one of copper and very similar for
both soils. Likewise with copper and contrary to cadmium and lead, the plant
uptake index of uncontaminated soil is above 1. The mean zinc uptake index on

sod podzolic soil is slightly higher than on chernozem.

160

140

00

Plant height,cm

20

600

800

1000 1200

Applyied Zn2+ mg kg-1 soil

Concentration in plants and soils (available forms, mg kg-1

Fig. 7. Relationship between the pollution impact of the soils with Zn?>" and its concentration

of available form in soil, in plant and the plant height.

(Curves associated with triangles correspond to the impact of applied zinc on plant height,the

yellow one-is on sod podzolic and the brown one on chernozem, curves associated with rhombus
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correspond to the impact of applied zinc on soil zinc extracted with 1.0M HCI, the light blue one
— on sod podzolic and the dark blue one — on chernozem, and the ones associated with the square
correspond to the pollution impact with zinc on plant tissue zinc concentration, the rose one
— on sod podzolic and the brown one — on chernozem).

TABLE 9. CONCENTRATION OF APPLIED Zn?**, AVAILABLE FORM OF Zn*
IN SOIL, Zn** IN PLANT TISSUE AND THE PLANT UPTAKE INDEX FOR THE
PLANT WEIGHT REDUCTION BY 10%, 50%, AND 90%

Zn
% N Concentration. Mg kg"!
tE L , 3
f‘s g g = = % = % k= L:E
Sod podzolic
2.4 4.32 1.800
10 960 470.0 127 0.270
50 1130 550.0 180 0.327
90 1620 825.0 250 0.303
Chernozem
5.3 8.48 1.600
10 1000 420.0 118 0.280
50 1290 550.0 160 0.290
90 2120 1140.0 265 0.232
CONCLUSIONS

1. Evaluation of the phytotoxic process of trace elements (Cd, Pb, Cu, and
Zn) for plants of spring barley (Hordeum vulgare L.) on two different soils gives
us the possibility to demonstrate dynamics of the toxic process. The dynamics
meets with the toxic part of the Shelford curve. “Milestones’ of the toxic process
in terms of 10% 50% and 90% of plants height (and weight) were simulated.
That may also be named as toxic-tolerance diapason of spring barley plant to the
contamination impact.

2. The toxic-tolerance diapasons of spring barley to sod podzolic sandy
loam soil contamination with each metal were (available form in soil, mg kg™):
Cd 32.5 - 126,0; Cu 46.0 — 164; Zn 470 — 825; Pb 250 — 1190. The toxic-toler-
ance diapasons of spring barley to calcareous deep chernozem on loamy loess
contamination with each metal were (available form in soil, mg kg'): Cd 29.5-
297; Cu 44.0 —400.0; Zn 420 — 1140; Pb 298 — 1246.

3. Heavy metals concentrations in the whole plant that caused biomass
reduction (10, 50, 90%) were calculated. For each metal these concentrations in
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the plant (mg kg! dry matter) were: Cd (21.0; 29.5; 75.0); Cu (25,0; 36,0; 90,0);
Zn (127; 180; 250); Pb (48.0; 105; 196) for plants growing on sod podzolic soil.
Similarly, for plants growing on chernozem for each metal these concentrations
in plant (mg kg dry matter) were: Cd (18.0; 32.5; 173); Cu (22.0; 40.0; 180); Zn
(118; 160; 265); Pb (49.5; 104; 189). The contaminant concentrations in plants
caused 10% 50%, and 90% biomass reduction and were very similar on both soils.

4. The plant uptake index of the studied contaminants in terms of the
pollution impact for Cd and Pb was more than 100 times higher than for the
uncontaminated control group. On the other hand, “essential” elements — Cu
and Zn had the higher uptake index on uncontaminated soil than in terms of
metals application. Plant uptake indexes were: Cd — 0.595-0.646; Pb — 0.164-
0.192; Zn—0.270-0.327; Cu — 0.543-0.563 in terms of the pollution impact of
sod podzolic soil while on chernozem soil plant uptake indexes were: Cd-0.510-
0.610; Pb-0.151-0.167; Zn — 0.232-0.290; Cu — 0.450-0.500. The results show
that the toxic process in natural conditions is regulated by both soil and plants
interaction with applied trace elements.

REFERENCES

[1]BiebyV.T,SitiR.S.A,Basri,H.,IdrisM.,,AnuarN,MukhlisinM.:(2011). Int.
J. Chem. Eng., 2011. http://dx.doi.org/10.1155/2011/939161

[2] FritioffA., Greger M.: Int. J. Phytoremediation, 5(3), 211, 2003.

[3]Soon-1kK.,Yeon-AhJ,Kye-HoonK., Goo-BokJ,Min-KyeongK. Hae
H., Mi-Jin C, Seung-Chang H, Kyu-Ho S, Sun-Gang Y, Kwon-Rae K.
J. Agric. Chem. Environ,, 1, 1, 2012.

[4] Nicholson FA,, Chambers B.J., Alloway B.J.: Effect of soil pH on heavy metal
bioavailability. Proc. 4" Int. Conf. nBio-geochemistry of Trace Elements. Berkeley, 499, 1997.

[5] Rombke J.,, Moltmann J.F.: Applied Ecotoxicology. Lewis Publishers, Boca Raton,
1996.

[6] Kabata-PendiasA.: Trace Elements in Soils and Plants. CRC Press, Boca Raton, 2011.

[71ManzM.,WeissflogL.,KuhneR.,Schuurman G.:J. Ecotoxicology and Environ-
mental Safety, 42( 2), 191, 1999.

[8]MalikRN.,HusainS.Z.,Nazir L.: Pakistan. J. Bot., 42(1), 291, 2010.

[9IRyzhenkoN.O.,Kavetsky V.N.: Problems of Nutrition, 3, 17, 2004.

[10]AshrafM.A,MaahM.J.,, Yuso ffL: Int. J. Environ. Sci. Tech., 8(2), 401, 2011.

[11]Shelford V. E.: Ecology, 12(3), 455, 1931.

[12] Sterling K.B.: Biographical Dictionary of American and Canadian Naturalists and
Environmentalists. Greenwood Publishing Group, 1997.

[13]Reymers N. P.: Ecology: Principles and Rules. Moscow, Young Russia, 1994.

[14] A national lecture of Ukraine is about consisting of natural environment of Ukraine in 2004.
www.menr.gov.ua/index.php/dopovidi, 2005.

[15]Medvedev V.V, LaktionovaTM,Baluk S A, BlokhinaN.M., Bililypsky
V.0. Method of Monitoring of Lands which are in the Crisis State. Sokolovsky’okolovskyy
thSoil Science, Kharkiv, 1998.

[16]ChandP,SharmaR.,PrasadR.,SudR.K.,Pakade Y.B.: Food a. Nutr. Sci., 2, 1160,
2011.



HEAVY METALS UPTAKE BY SPRING BARLEY IN POLLUTED SOILS 129

[17]Kavetsky VN.,,MakarenkoN.A.,,BuogisA.M., Kavetsky S.V.: Thin Layer Chro-
matography Methods of the Hg, Zn, Co, Cd, Cu, Ni Determination in Soil, Plant and . Kyiv, 2001.

[18] Gonziv, A., Lobo M.C.: Amer. J. Plant Sci., 4, 1799, 2013 http://dx.doi.org/10.4236/
ajps.2013.49221.

[19] Ryzhenko N.O.: J. Ecol. Sci., 1, 46, 2012, http://ecoj.dea.gov.ua/wp-content/up-
loads/2013/02 .

[20]BrianJ.,Alloway B.J. (Eds.): Heavy Metals in Soils. Trace Elements and Metalloids in
Soils and their Bioavailability. 3 Ed., UK, Springer, 2010.

[21]BusinelliD.,MassaccesilL.,Said-PullicinoD., GigliottiG.: Sci. Total En-
viron., 407, 1426, 2009, doi:10.1016/j.scitotenv.2008.10.052.

[22]ErnstH.,KratzS.,KnolleF., SchugE.: Aspects of Ecotoxicology of Heavy Metals in
the Hars Region. A Guided Excursion. 2, 53, 2004.

[23]ValavanidisA.,VlachogianiT.: Metal Pollution in ecosystems. Ecotoxicology Stud-
ies and Risk Assessment. Science Advances on Environment, Toxicology and Ecotoxicology
Issues. www.chem.-tox-ecotox.org/wp/wp-content/uploads/2010/01/02-Metals-17 01 2010.
pdf, 2010.

[24]Yoo S.H.,LeeJ.R., Kim K.H.: Korean J. Soil Sci. a. Fertilizer, 28, 207, 1995.

[25]RyzhenkoN.O.,,Kavetsky V.N.: Polish J. Soil Sci., 46(2), 125, (2013.

[26] NazA.,,KhanS., Qasim M., KhalidS., Said M., Tariq M.: Natural Science, 5(5),
573, http://dx.doi.org/10.4236/ns.2013.55073, 2013.

[27] AyariF., Hamdi H., Jedidi N., Gharbi N., Kossai R.: Int. J. Envir. Sci. Tech., 7(3), 465,
2010.

[28]AzimiA.A,Navab DaneshmandT,PardakhtiA.: Int. J. Envir. Sci. Tech., 3(2),
177, 2006.

[29]SoldatovaN.A.,KhryaniniV.N.: J. News PGPU, 6(10), 215, 2008.

[30] Yilyin V.B., Syso A.L: Trace Elements and Heavy Metals in Soils and Plants at Novosi-
birsk Area. Novosybyrsk, 2001.

[31] MamathaP, SalammaS.,, Swamy A.VN., Ravi Prasad Rao B.: Der Pharma
Chemica, 6(3), 179, 2014.

[32] Satpathy D.,a Reddy M.V.,. Dhal S.P.. BioMed Res. Int., 2014, http://dx.doi.
org/10.1155/2014/545473.

POBIERANIE METALI (Cd, Pb, Zn I Cu) PRZEZ JECZMIEN JARY UPRAWIANY
NA GLEBACH ZANIECZYSZCZONYCH

Celem pracy byto okreslenie wptywu zanieczyszczenia gleb piaszczysto-gliniastych bielico-
wych i czarnoziemow przez matale cigzkie (Cd, Pb, Zn, Cu) na biakumulacj¢ tych pierwiastkow
w jeczmieniu jarym (Hordeum vulgare L.). Podwyzszone stgzenie metali cigzkich spowodowato
spadek plonu biomasy (od 10 do 90%). Stwierdzono, ze im wyzsze st¢zenie pierwiastkow w gle-
bie tym reakcja negatywna ro$lin byta wigksza, az do zamierania roslin. Wyliczono wskazniki
akumulacji dla kazdego z pierwiastkéw metali. Ocena dynamiki procesu zanieczyszczenia gleb
przez metale cigzkie (na podstawie wskaznikow akumulacji) daje mozliwos¢ stymulowania st¢ze-
nia tych pierwiastkéw w glebie.





