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Abstract: This paper presents the results of research on the Ba, Li and Ti content in six species of herbs
sampled from mid-field wet depressions and from the soil. These temporary flooded depressions
were surrounded by arable crops, permanent grassland and shrubby vegetation. The research area
was located in the eastern part of the Mazovian Voivodeship, east-central Poland. The following
plants were used in the experiment: corn mint (Mentha arvensis L.), purple marshlocks (Comarum
palustre L.), silverweed (Potentilla anserina L.), yarrow (Achillea millefolium L.), yellow loosestrife
(Lysimachia vulgaris L.) and gypsy-wort (Lycopus europaeus L.). The Li, Ba and Ti content of plants,
bottom sediment and soil was determined by the ICP-AES method after previous dry mineralization.
Of the six herb species, Mentha arvensis L. was with the greatest accumulation potential of the
chemical elements. However, no excessive Ba, Li and Ti content was found in herbs growing at
different distances from arable fields, permanent grassland and shrubby vegetation. The highest Ba

check for content was found in periodically flooded soil (zone II), while the highest amounts of Li and Ti were

updates recorded in non-flooded soil (zone III).
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doi.org/10.3390/d 14030189 1. Introduction

Academic Editors: Mateja Germ, With the socio-economic development of rural areas and as a consequence of structural
Igor Zelnik, Matthew Simpson and changes in agriculture, environmental degradation is observed, eliminating natural bio-
Michael Wink cenoses and having a direct impact on the deterioration of water and air quality [1-3]. The

share of such habitats in the landscape is difficult to determine so their ecological analysis
and impact on the functioning of neighboring terrestrial ecosystems is important. Vegeta-
tion in small aquatic ecosystems and adjacent areas is usually exposed to excessive amounts
of nutrients and heavy metals, resulting from improper farming methods. According to
many authors [4,5], chemical composition of plants forming communities in such areas is
affected by soil properties. environmental pollution and climatic conditions. Determination
of the chemical composition of plants growing in small aquatic ecosystems is extremely
important due to the possibility of obtaining herbal raw materials in their natural state [6-9].

The collection of medicinal plants in their natural state in agricultural, wasteland and other
areas is supervised in Poland by the Regional Directorate for Environmental Protection.
According to literature reports [10], herbal plants have a number of properties exerting a
beneficial effect on human physical and mental health; they have antioxidant, antibacterial
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proves that even in unpolluted areas, the bioaccumulation of these elements is very diverse
and requires constant monitoring.

2. Materials and Methods

The material was sampled between mid-June and the end of July, most often at the
beginning of the flowering and full flowering stages. Only the aboveground parts of plants
were used. Six species of herbs growing in the mid-field depressions of Siedlce Plateau were
selected: silverweed (Potentilla anserina L.), corn mint (Mentha arvensis L.), yarrow (Achillea
millefolium L.), purple marshlocks (Comarum palustre L.), yellow loosestrife (Lysimachia
vulgaris L.) and gypsy-wort (Lycopus europaeus L.). Natural aquatic ecosystems were located
at different places, with three mid-field ponds (A and B) in the commune of Jabtonna Lacka,
in the village of Bujaly Mikosze, and one area (C) in the commune of Sabnie, the village
of Grodzisk (Figure 1). Each mid-field aquatic depression was surrounded by a different
type of land cover: A—arable fields, B—permanent grassland and C—wild shrubs. Plants
and soil were sampled from three different soil moisture zones: flooded (I), periodically
flooded (II) and non-flooded (III). A mid-field location of a pond, diversity of growing
vegetation and vicinity of agricultural crops were taken into account while selecting a
study location. The pool area ranged from 15,000 m? (Grodzisk—C) to 850 m? (Bujaty
Mikosze—A). In administrative terms, the ponds were located in the eastern part of the
Mazovian voivodeship, east-central Poland. The area constitutes an ecoregion called Green
Lungs. According to the National Ecological Network ‘Econet-Polska’ [11], it is situated in
the central part of the postglacial zone. Soils in that part of the country mainly developed
from glacial tills during the central Polish glaciation [12]. They are dominated by luvisols,
gleysols and brown soils, made from loamy sand and dusty loams. There are also rusty
soils in the area [13].
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Figure 1. Locations of the sampling points (https://www.openstreetmap.org/#map=12/52.1036/22.
1357 (accessed on 4 March 2022)) [14].

From each moisture zone, 85 plant samples representing each species were collected.
They were not rinsed with water before chemical analyses. Chemical composition of the
above-ground part of the plant was determined. Samples of soil and bottom sediment
from each mid-field depression were also collected. The outer layer of bottom sediment
was sampled with a corer. After draining its water, the sediment was homogenized and
dried at first at room temperature and then at 105 °C to constant weight. The plant material
was dried in the same way. The plant material was ground to a diameter of 0.25 mm
and 1 g was put into a porcelain crucible, after which the organic substance was dry-
oxidized in a muffle furnace, at 450 °C for about 15 h. When oxidation was completed,
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what remained in the ash was minerals in the form of carbonates and oxides, and partly
in the form of phosphates. Then, 10 mL of diluted HCI (1:1) was added to the crucible
and the contents were evaporated on a sand bath to decompose carbonates and separate
silica. After the addition of 5 mL of 10% HCI, crucible contents were passed through
a hard filter to a 100 mL volume flask and supplemented with distilled water up to the
mark. In the presence of hydrochloric acid, silicic acid was precipitated from silicates
in the form of white gelatinous mass with high water content (H,SiO3;-nH,0O), which at
a temperature of 100-200 °C converted into sparingly soluble SiO; [15]. The content of
selected chemical elements was determined using Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES), while calibration was performed using standard Merck
solutions. An internal quality control procedure was used to verify the accuracy of the
methods. Two measurements were taken for each series of samples with the recovery being
within the 85-115% range. The limit of detection for Ba, Li and Ti was 0.01 mg kg '

Soil samples were dried at 105 °C, then ground and sifted through a sieve with a
mesh diameter of Imm [15]. Samples of soil, bottom sediment and plant material were
mineralized in the same way. In the soil and in the outer layer of sediment, pH in 1 mol
KCl dm~3 was determined by the potentiometric method.

Accumulation coefficient (AC) of selected chemical elements in herbs were calculated
on the basis of their content in plant biomass and soil. The following formula was used [16]:

AC=Cp/Cs

(Cp—-content of the metal in the plant, Cs—content of the metal in the soil):

AC < 0.01—no accumulation;

AC < 0.1—slight accumulation;

AC = 1—medium accumulation;

AC > 1—high accumulation.

The results were statistically processed, with the significance of the results assessed
using variance analysis. Tukey’s test at 5% significance level (p < 0.05) was used to deter-
mine significant differences between means. Statistica version 10.0 StatSoft was used for
the calculations [17]. The values of linear correlation coefficients between the Ba, Li and Ti
content of the soil from the individual moisture zones and their content in the aboveground
parts of selected herbs were calculated. The standard deviation was calculated to determine
the variability of Ba, Li and Ti content in plants and the soil.

3. Results and Discussion

The Ba content of the six herbs ranged between 6.7 and 82.1 mg kg~! (Table 1). It
significantly varied depending on the plant species and its habitat (moisture zone). The
greatest variation of Ba content was recorded in Potentilla anserina L., Mentha arvensis L.
and Comarum palustre L. in all sampling locations. The SD values for those plants were
higher than for other herbs. As the average of all moisture zones, the highest content
of Ba was recorded in the biomass of Potentilla anserina L. and Mentha arvensis L. The
average content of Ba in Potentilla anserina L. was the largest in depression A (73.5 mg kg 1),
surrounded by arable fields, while in the Mentha arvensis L., it was the largest in depression
B (43.1 mg kg !), surrounded by permanent grassland. The highest SD value for this
chemical element was recorded for plants sampled from the depression surrounded by
arable fields (A). Among the moisture zones, the highest standard deviation of Ba content,
average from all locations, was recorded in herbs collected in the periodically flooded zone
(IT). The Ba content of Lycopus europaeus L., Lysimachia vulgaris L. and Achillea millefolium L.
was several times lower than the average, not exceeding 14 mg kg ~!. Kuziemska et al. [18]
recorded higher Ba content in Dactylis glomerata L. growing on non-limed soil than in plants
on limed soil, with 17.57 and 20.6 mg kg !, respectively. According to Kabata-Pendias and
Pendias [19], Ba concentration in plants is most often between 10 and 150 mg kg ~!. In the
present experiment, the average content of this element was within the same range.
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Table 1. Ba concentration (mg kg~!) in the biomass of some herbs.

Species

A B C SD

1 Mean SD I 11 11 Mean SD I 1I 1 Mean SD I 1I I

Ba

Potentilla anserina L.

Mentha arvensis L.

Achillea millefolium L.
Comarum palustre L.
Lysimachia vulgaris L.

Lycopus europaeus L.

60.3
321
18.8
30.2
10.2
11.2

82.1
35.2
15.2
394
125
139

78.0 735F 6.8 51.3 63.2 50.9 55.1E 54 56.0 55.4 60.7 574D 45 46 104 11.2
43.1 36.8E 3.7 413 499 38.1 431D 4.3 45.7 419 40.1 426C 32 42 8.5 2.1
16.9 16.9 C 1.3 7.9 6.7 8.0 7.6 A 1.0 10.9 12.3 118 11.7 A 15 54 54 6.4
30.5 334D 3.7 299 30.1 289 29.7C 1.6 315 321 30.9 315B 14 18 42 12
11.2 11.3 A 1.1 13.6 13.0 13.4 13.3D 0.80 14.2 13.1 12.9 134 A 1.0 23 1.0 1.0
141 13.1B 24 124 129 131 128B 14 12.0 129 129 126 A 045 12 0.1 14

mean

27.1a

33.0c

323b 30.8 3.8 26.0b 293¢ 254a 269 2.4 284 a 279a 282a 28.2 20 33 7.8 3.8

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes; [—flooded zone;
II—periodically flooded zone; Ill—non-flooded zone; D—standard deviation; different lowercase letters in the
same row or different uppercase letters on the same column indicate significant differences between treatments.

The physiological role of Ba in plants has not yet been clarified, but the toxic effects of
its high doses on the human body (gastrointestinal disorders, muscular hypoplasia and
difficulty breathing) have been recorded [19,20]. For humans, the lethal dose of barium
chloride (LDsp) is approx. 14 mg kg~ !. The mechanism of the toxicity of this metal consists
in the displacement of potassium and the binding of sulphate anions [19]. When studying
the effect of sampling location, it was found that the highest average concentration of Ba
was in herbs from the depression surrounded by arable fields (A) and the lowest from that
surrounded by permanent grassland (B). This might be due to the fact that the accumulation
of this element, due to its chemical properties, was to some extent limited by the presence
of Ca and Mg, acting antagonistically to Ba [21,22].

Varied Li content in the herb plants was recorded, depending on the species and
moisture zone (Table 2). The greatest variation of Li content, based on the calculated SD
values, was found for Achillea millefolium L. and Mentha arvensis L. in all sampling locations.
In the case of moisture zones, the highest standard deviation of Li content was in herbs
of the periodically flooded (II) and not-flooded (III) zones. As the average of all moisture
zones, the highest content of Li was recorded in the biomass of Achillea millefolium L., Mentha
arvensis L. and Lycopus europaeus L. This content varied depending on the surroundings
of the mid-field ponds. In the area surrounded by arable fields (A), the most Li was
found in the biomass of Achillea millefolium L., Mentha arvensis L. and Lycopus europaeus
L., in the area surrounded by permanent grassland (B) in the biomass of Mentha arvensis
L., Lycopus europaeus L. and Achillea millefolium L. and in the area surrounded by shrubs
(C) in the biomass of Achillea millefolium L., Lycopus europaeus L. and Mentha arvensis L.
Kabata-Pendias and Pendias [19] report that the accumulation of Li in plants varies between
species, often proportional to its concentration in the soil. It is assumed that a content
higher than 35 mg kg~! Li in dry matter is toxic to plants [19]. In their research, Kabata-
Pendias and Pendias [19] recorded the accumulation of this element in halophilic plants,
reaching up to 1000 mg kg ~'. This group included Solanacea and Rosacea families. In Datura
inoxia (Solanacea) and Potentilla palustris (Rosacea), both of which are medicinal plants, Li
concentrations did not exceed 2.4 mg kg~ ! and 2.0 mg kg !, respectively [23]. According to
other data, the Li content of cereals and vegetables was 0.5-3.4 mg kg ! [24]. The studies of
Szilagyi et al. [25] confirm that Li is toxic. Kasperczyk and Wisniowska-Kielian [26] reported
that Li content in dicotyledonous plants was higher than in monocotyledonous ones. This
chemical element regulates growth and the activity of certain enzymes, hormones, vitamins
and translocation factors [27]. When analyzing moisture zones, it was found that herbs
growing in the periodically flooded zone accumulated Li more intensively compared to
the other zones of the aquatic depressions, especially in locations A (surrounded by arable
fields) and B (grassland). At the location overgrown with shrubs (C), the highest average
concentration of Li was recorded in the non-flooded zone.
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Table 2. Li concentration (mg kg~!) in the biomass of some herbs.

Species

A B C SD

1 Mean SD I 1I I Mean SD I I I Mean SD I 11 11

Li

Potentilla anserina L.

Mentha arvensis L.

Achillea millefolium L.

Comarum palustre L.

Lysimachia vulgaris L.

Lycopus europaeus L.

0.25
29
3.0
1.0

0.12
26

0.24
32
4.2
12

0.15
3.0

0.24 0.24 B 0.001 0.17 0.24 0.30 0.24 B 0.03 0.20 0.27 0.39 0.89 B 0.03 0.05 0.01 0.10
3.0 3.1E 1.0 54 9.1 6.1 69E 24 39 25 3.1 32D 1.0 13 3.4 19
22 3.1E 1.9 3.8 15 3.0 28D 13 59 10.1 10.1 89E 3.0 17 5.0 58
14 12C 0.18 16 16 18 17C 0.50 12 1.02 15 12C 03 031 0.30 0.20
0.13 013 A 0.002 020 0.19 0.18 0.19A 0.001 0.18 0.19 0.17 0.18 A 0.001  0.03 0.02 0.02
33 29B 1.0 3.5 3.9 3.6 3.6F 0.80 26 3.9 3.9 35D 0.95 11 0.61 0.35

mean

1.7a

2.0b

1.7 ab 18 0.68 24a 2.8b 25ab 2.6 0.84 2.7a 31b 3.2b 3.0 0885 075 16 14

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes; [—flooded zone;
II—periodically flooded zone; Ill—non-flooded zone; SD—standard deviation; different lowercase letters in the
same row or different uppercase letters on the same column indicate significant differences between treatments.

The accumulation of Ti in the plants from different habitats varied significantly under
the influence of experimental factors (Table 3). On average, the most Ti was found in
Mentha arvensis L., almost 4-5 times higher than in the other herbs. The highest SD of Ti
was recorded for Mentha arvensis L. and Lycopus europaeus L. sampled from the depression
surrounded by arable fields (A). In subsequent sampling locations (B) and (C), the greatest
variation in Ti content was found for Mentha arvensis L., Achillea millefolium L. and Comarum
palustre L. The highest standard deviation of Ti content in plants was recorded in the non-
flooded zone (III). Depending on the plant species and their locations, the concentration
of Ti ranged from 1.9 to 22.9 mg kg~ !. Malinowska and Kalembasa [28] confirmed its
varied accumulation depending on the plant species. According to the authors, Lolium
multiflorum accumulated much more of this element than corn and sunflower. On average,
the largest Ti accumulation was recorded in herbs sampled from the depression surrounded
by permanent grassland (B) (7.3 mg kg~!) and the smallest from that covered with shrubs
(C) (5.9 mg kg~ 1). Analyzing moisture zones around the natural aquatic ecosystems, it was
found that the highest concentration of Ti was in plants of the periodically flooded zone in
area A (arable fields) and B (permanent grassland), and in the plants of the flooded zone in
area C (wild shrubs). The accumulation of Ti in various crops is significantly influenced
by pH of the soil and its content of organic substance [28]. The authors reported that in
forage plants from control, Ti content was higher than in plants treated with municipal
sewage sludge. There are many factors that influence its uptake. With a long retention of
water on the soil (more than 48 h), anaerobic processes begin to occur. Periodic flooding of
the soil leads to many changes in its environment, which affects nutrient uptake by plants.
According to the literature, Ti content of plants varies greatly between 0.2 and 80 mg kg !
DM, while some species, such as horsetail, moss and nettle, may contain more than 300 mg
Ti kg~! DM [19,29].

Table 3. Ti concentration (mg kg~!) in the biomass of some herbs.

Species

A B C SD

11 Mean SD I 1I I Mean SD I I III Mean SD I II 11

Ti

Potentilla anserina L.

Mentha arvensis L.

Achillea millefolium L.

Comarum palustre L.

Lysimachia vulgaris L.

Lycopus europaeus L.

3.1
185
3.8
45
3.0
3.7

3.4
20.5
4.0
25
2.6
8.3

49 38A 13 1.9 4.1 3.6 32B 1.0 4.6 2.7 4.0 38A 0.41 13 11 2.0
13.0 173D 3.8 20.8 229 19.5 21.0F 21 175 155 14.7 159D 20 19 2.0 4.8
4.6 41B 1.0 55 9.5 7.5 75E 29 4.6 3.8 3.0 38A 1.1 17 32 3.1
3.1 34A 1.2 52 49 5.7 53D 11 3.6 42 4.7 42C 1.3 2.0 14 12
4.0 32A 13 2.8 2.3 21 24A 0.32 4.1 3.9 3.5 39B 0.70 1.6 1.0 1.0
7.4 6.5C 3.0 41 45 49 46C 0.58 3.7 3.9 3.7 38A 0.42 12 24 2.0

mean

6.1a

6.9b

6.2 ab 6.4 1.9 6.7a 8.1b 7.2¢ 7.3 13 6.3b 5.7 ab 5.6a 5.9 0.83 1.6 19 2.4

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes; I—flooded zone;
II—periodically flooded zone; Ill—non-flooded zone; SD—standard deviation; different lowercase letters in the
same row or different uppercase letters on the same column indicate significant differences between treatments.
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The content of Ba, Li and Ti in the bottom sediment of the three mid-field ponds
located in the Siedlce Plateau varied (Table 4). Most of the Li was recorded in the sediment
from the pond surrounded by permanent grassland (B), with the greatest amounts of Ba
and Ti in sediment of the depression surrounded by arable fields (A). The top layer of the
bottom sediment from the three midfield ponds was characterized by similar pHgc) values,
ranging from 6.4 to 6.5.

Table 4. Ba, Li and Ti concentration in bottom sediment (mg kg~! DM).

Metal A B C Mean
Ba 47.1 22.2 6.5 25.3
Li 2.2 3.6 0.66 2.2
Ti 52.3 13.8 36.8 34.3

PHKCI 6.5 6.4 6.5 -

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes.

The Ba, Li and Ti content of the soil sampled from three mid-field depressions varied
significantly (Table 5). Most Li and Ti was recorded in the soil of the non-flooded zone
(1), on average 2.6 and 37.1 mg kg~ !, respectively, and Ba in transitional zone soil (II),
with 314 mg kg 1. Soil Ba content ranged from 10.1 to 51.1 mg kg~!, with its greatest
accumulation in herbs collected in the non-flooded zone (Table 1). On average across
sampling locations, Ba content was 28.2 mg kg !, 2.3 mg kg~! for Li and 29.2 mg kg ! for
Ti. According to Kabata—Pendias and Pendias [19], most Polish soils contain less than 50 mg
Ba kg~!. The content of Ba ions in the soil is generally low as this element easily enters the
soil sorption complex and is retained there [22]. Kabata—Pendias and Pendias [19] report
that Ba is strongly bound by clay minerals, iron-manganese and phosphate concretions and
sulfur compounds. Increased soil acidity and sulfur content can affect the uptake of this
chemical element by plants. Barium easily migrates in soils together with circulating water,
and is leached deep into the soil profile, or is subject to concentration in the top surface
layer [19]. In non-contaminated soils, the amount of Ti usually ranges between 1.5 and
60 mg kg~!, and the amount of Li between 0.01 and 40 mg kg~'. However, some soils may
contain even very significant amounts of Ti [19]. The lowest pH was recorded in the soil of
flooded zones (I) of all depressions, due to the predominance of anaerobic conditions and
biological sorption processes (Table 5). In the periodically flooded and non-flooded zones,
soil pH was slightly higher, but it did not exceed 6.2. On average, the highest SD value for
all chemical elements was recorded in soil from the depression surrounded by permanent
grassland (B).

Table 5. Ba, Li and Ti concentration in soil (mg kg_1 DM).

Ba Li Ti pHka
Area
I III Mean SD I I III Mean SD I II III Mean SD I I I
A 354 50.1 17.8 344AB 151 095 25 1.1 15A 1.0 28.9 36.1 12.8 259 A 8.5 56 58 62
B 29.4 34.1 51.1 382B 20.0 3.1 32 49 37B 1.2 139 14.7 494 259AB 183 59 6.0 6.0
C 11.2 10.1 14.9 121A 34 1.6 1.5 1.9 1.7C 0.50 30.2 27.1 49.2 35.6 B 150 54 59 6.1

mean 253a 314b 279ab

28.2 128 19a 24ab 26Db 23 091 244a 261ab 37.1b 29.2 139 - - -

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes I—flooded zone;
II—periodically flooded zone; Ill—non-flooded zone; SD—standard deviation; different lowercase letters in the
same row or different uppercase letters on the same column indicate significant differences between treatments.

The accumulation coefficient of Ba, Li and Ti was significantly dependent on the plant
species and moisture zones (Tables 6-8). Thus, the accumulation coefficient of Ba and Li
in herbs was estimated as average, while for Ti it was low [16]. The coefficient values for
plants indicated varied accumulation of metals from the soil, which was also demonstrated
in many other studies [19,30-34]. The highest Ba, Li and Ti accumulation coefficient was
recorded in Mentha arvensis L., in addition to Ba in Potentilla anserina L. (Table 6) and Li in
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Achillea millefolium L. (Table 7). Coefficient values for some elements can be high, ranging
from 1 to 10 [35]. However, for the elements studied in the present experiment those values
were rather low. The highest accumulation coefficient of Ba and Li in the soil-plant system
was recorded in plants from the area adjacent to the pond overgrown with shrubs (C), with
2.4 and 1.8, respectively (Tables 6 and 7). For Ti, the highest value (0.39) was recorded in
plants harvested from area B, with permanent grassland (Table 8). To date, little has been
known about the content of Ba, Li and Ti in food and their amounts entering the human
body, as the data available in the literature are incomplete.

Table 6. Ba accumulation coefficient in the plants.

A B C
Species
I II 11 Mean I II III Mean I II III Mean
Ba
Potentilla anserina L. 1.7 1.6 44 26C 1.7 1.9 0.99 15F 5.0 5.5 41 49D
Mentha arvensis L. 0.91 0.70 24 1.3BC 14 15 0.75 12E 4.1 42 2.7 3.6C
Achillea millefolium L. 0.53 0.30 0.95 0.59 A 0.27 0.19 0.16 021 A 0.98 1.2 0.79 0.99 A
Comarum palustre L. 0.85 0.79 1.7 1.1B 1.0 0.88 0.57 0.82D 2.8 3.2 21 2.7B
Lysimachia vulgaris L. 0.29 0.25 0.63 0.39 A 0.46 0.38 0.26 037C 1.3 1.3 0.86 1.1A
Lycopus europaeus L. 0.32 0.28 0.72 0.46 A 0.42 0.38 0.26 0.35 AB 1.1 1.3 0.87 1.1A
mean 0.77 ab 0.66 a 1.8b 1.1 0.89b 0.86 ab 0.49 a 0.75 25a 2.8b 19c 24
A—area with the cultivated field; B-area with permanent grasslands; C—area with bushes; I—flooded zone;
II—periodically flooded zone; IIl—non-flooded zone, different lowercase letters in the same row or different
uppercase letters on the same column indicate significant differences between treatments.
Table 7. Li accumulation coefficient in the plants.
A B C
Species
I II III Mean I II III Mean I II III Mean
Li
Potentilla anserina L. 0.26 0.09 0.22 0.19B 0.06 0.07 0.06 0.06 A 0.13 0.19 0.20 0.17 AB
Mentha arvensis L. 3.0 1.3 2.8 24D 1.8 2.8 1.3 19F 2.6 1.7 1.6 19D
Achillea millefolium L. 32 1.7 1.9 23D 1.2 0.45 0.70 0.79D 3.8 7.5 52 55E
Comarum palustre L. 1.1 0.49 1.3 0.96 C 0.52 0.51 0.37 0.47C 0.79 0.69 0.76 0.75C
Lysimachia vulgaris L. 0.13 0.06 0.12 0.10 A 0.07 0.06 0.04 0.06 AB 0.11 0.13 0.09 011 A
Lycopus europaeus L. 2.7 1.2 3.0 23D 1.1 1.2 0.73 10E 1.7 2.7 2.0 2.1 DE
mean 1.7b 0.82a 1.6 ab 1.4 0.80 ab 0.86 a 0.53 a 0.73 15a 21b 1.6 ab 1.8
A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes; I—flooded zone;
II—periodically flooded zone; IIl—non-flooded zone; different lowercase letters in the same row or different
uppercase letters on the same column indicate significant differences between treatments.
Table 8. Ti accumulation coefficient in the plants.
A B C
Species
I II 111 Mean I II I Mean I II III Mean
Ti
Potentilla anserina L. 0.11 0.09 0.38 0.13 A 0.14 0.28 0.07 0.164 A 0.15 0.09 0.08 011 A
Mentha arvensis L. 0.64 0.57 1.0 0.74D 1.5 1.6 0.39 0.145 A 0.58 0.57 0.29 0.48 B
Achillea millefolium L. 0.13 0.11 0.36 0.20B 0.39 0.64 0.15 0.397 C 0.15 0.14 0.06 012 A
Comarum palustre L. 0.16 0.07 0.25 0.16 A 0.38 0.33 0.12 0.275B 0.12 0.17 0.09 013 A
Lysimachia vulgaris L. 0.10 0.07 0.31 0.16 A 0.21 0.16 0.04 0.135 A 0.14 0.15 0.07 012 A
Lycopus europaeus L. 0.13 0.23 0.58 031C 0.29 0.32 0.09 0.239B 0.12 0.15 0.08 012 A
mean 0.21b 0.19a 0.48 ¢ 0.29 0.48b 0.55 ¢ 0.15a 0.392 0.21b 0.21 ab 0.11a 0.18

A—area with the cultivated field; B—area with permanent grasslands; C—area with bushes; [—flooded zone;
II—periodically flooded zone; IIl—non-flooded zone; different lowercase letters in the same row or different
uppercase letters on the same column indicate significant differences between treatments.
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The calculated values of the correlation coefficients between the Ba, Li and Ti content
of the soil and in herbs showed no significant relationship between Ba and Ti (Table 9). A
lack of significant correlations between the content of the elements in plants and in the
soil may be related to the soil pH, ranging from 5.4 to 6.2 (Table 5), which could have
affected the soluble forms of these elements. On the other hand, a positive significant
correlation was found between the Li content of the soil and its amounts in the biomass of
Mentha arvensis L. and Comarum palustre L. The values of the correlation coefficient (r) were,
respectively, r = 0.711 and r = 0.815.

Table 9. Linear correlation coefficient between the Ba, Li and Ti content of the soil and of herb biomass.

Soil
Species - -
Ba Li Ti
Potentilla anserina L. 0.144 0.069 0.073
Mentha arvensis L. —0.459 0.711* —0.130
Achillea millefolium L. —0.080 —0.314 —0.253
Comarum palustre L. 0.263 0.815* 0.173
Lysimachia vulgaris L. —0.145 0.592 —0.206
Lycopus europaeus L. -0.139 0.391 —0.143

p <0.05,n =9, * significance.

4. Conclusions

The content of those chemical elements varied significantly depending on the plant
species and the place of growing. As the average of all moisture zone, the highest content
of Ba was found in the biomass of Potentilla anserina L. and Mentha arvensis L. and Li in the
biomass of Achillea millefolium L., Mentha arvensis L. and Lycopus europaeus L.

The content of Ti was several times higher in the biomass of Mentha arvensis L. than
in other herbs. There were no excessive levels of Ba, Li and Ti in the biomass of the
herbs growing at various distances from arable fields, permanent grassland and habitats
overgrown with wild shrubs.

The content of Ba, Li and Ti in the soil of different moisture zones surrounding the
three mid-field depressions of the Siedlce Plateau varied significantly. The highest Ba
content was recorded in periodically flooded soil (zone—II), while the highest Li and Ti
contents were recorded in the non-flooded soil (zone—III). In the soil of the flooded zone
(I), the content of these elements was the lowest.

The results indicated that various systems of management of agricultural areas in the
central-eastern region of Poland did not cause excessive bioaccumulation of the studied
chemical elements in herbal plants and in the soil.
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