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Abstract: This study has been carried out in order to determine the effect of increasingly intensive
fertilization with potassium, applied in combination with nitrogen, on the content of trace elements
in soil after the harvest of maize (Zea mays L.). The soil content of trace elements depended on the
fertilization with potassium and nitrogen. Potassium fertilization had a stronger effect on the content
of trace elements in the pots fertilized with the lower nitrogen dose (130 mg N kg~! of soil). The
increasing doses of potassium led to a higher soil content of zinc (Zn), and especially of nickel (Ni).
The impact of potassium fertilization on the content of the remaining trace elements in the soil was
less unambiguous, and depended on the dose of potassium and nitrogen fertilization. Nitrogen
fertilization resulted in a higher soil content of manganese (Mn), chromium (Cr), nickel (Ni) and
cadmium (Cd), as well as a decreased soil content of lead (Pb). It needs to be underlined that changes
in the soil content of Ni, Cd, and Pb, effected by nitrogen fertilization, were larger than in the cases
of the other trace elements. The influence of potassium and nitrogen fertilization did not result in
exceeding the current threshold amounts of trace elements set for agriculturally used soil. An increase
in the contents of some trace elements in soil is beneficial from an agricultural point of view. Some of
these elements are necessary for the correct growth and development of arable plants.

Keywords: mineral fertilization; maize; trace elements in soil

1. Introduction

The constantly growing human population requires an increased production of food
and feeds. To secure food for people and to achieve high yields in agriculture, it is necessary
to apply mineral fertilizers in plant production, as they will meet the nutritional require-
ments of crops while acting more rapidly than natural or organic fertilisers. Fertilisation
with basic elements is a sufficient measure to achieve high crop yields, but they may not be
of high quality. It is therefore recommended to supply cultivated plants with a larger array
of macro- and micronutrients [1]. In recent years, multi-nutrient fertilizers, specifically
designed for individual plant species by accounting for their nutritional requirements, have
been gaining increasing interest. Meanwhile, eating habits have changed and a demand
for high quality food products has been increasing, which is closely connected with the
improved life comfort and wealth of the human population [2].

While fertilization with basic macronutrients affects mainly the volume of yields,
the application of trace elements decides about their quality. Small quantities of some
trace elements (Cr, Cu, Ni, Zn, Mn, iron—Fe or cobalt—Co) are essential for the proper
growth and development of plants and other living organisms [3,4]. On the other hand,
little is known about the positive impact of other trace elements (such as Cd, Pb, Hg or
As) on living organisms, and it is believed that these elements do not play a beneficial
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physiological role [5]. The influence of trace elements, however, depends on quantities in
which they enter the plants” environment, mainly the soil [6]. In an uncontaminated soil
environment, the main source of trace elements, which may become a potential threat to
plants and other living organisms, are fertilizers, especially mineral ones [7]. Even mineral
fertilizers which are not enriched with trace minerals added during their manufacturing
process import some amounts of these elements, usually small ones, into the soil [8]. Under
specific conditions, e.g., in areas with relatively severe air pollution, this additional dose
of trace elements incorporated to soil might be the factor that will result in exceeding the
permissible threshold amounts of these contaminants in soil [9]. A risk then arises that
trace elements will migrate to subsequent links in the trophic chain [7]. They can become
hazardous to the development of living organisms [10,11]. The literature data most often
point to phosphate fertilizers as a source of trace elements in soil [12]. However, it should
be emphasized that mineral fertilizers most polluted with trace elements can be placed as
follows: phosphoric > calcium > potassium > nitrogen. The biggest impact on the degree of
pollution of mineral fertilizers with trace elements has a raw material and technological
process of their production [13]. Phosphorus fertilizers have a particularly large impact on
the increase in the content of trace elements in soil [14]. The applied phosphorus fertilizers
can be a significant source of soil contamination with heavy metals, mainly Cd, Cu, Pb, Ni
and Zn. However, there is a significant variation in the content of trace elements depending
on the form of the fertilizer [13]. According to Bracher et al. [15], the content of some trace
elements in soil, mainly Cd, increases with an increasing dose of phosphorus fertilizers.
Then, not only its total content in soil increases, but also the content of available forms
for plants increases [16]. There are far fewer reports implicating potassium or nitrogen
fertilizers in this regard [17]. Long-term mineral fertilization can raise the soil content of
some trace elements, including Cd, Pb, Cu, Zn or Mn [18]. In their study, Zao et al. [19]
found that a persistent application of fertilizers increased the content of trace elements
in soil, with organic fertilizers having a stronger impact than mineral ones. It is worth
drawing attention to several factors that determine the availability of trace elements for
plants [20], such as soil acidity [21,22], or soil sorptivity, associated with the presence of
organic matter, clay minerals [21], or hydrated iron and aluminium oxides [23,24], as well
as soil microorganisms [25], which participate in the cycling of elements in nature [26].

In view of the above, this study has been carried out in order to determine the effect of
increasingly intensive fertilization with potassium, applied in combination with nitrogen,
on the content of trace elements in soil.

2. Materials and Methods
2.1. Methodological Design

An experiment was carried out in a greenhouse, with plants grown in polyethy-
lene pots filled with soil from the humic horizon of proper brown soil (Eutric Cam-
bisol) which, in terms of texture, was classified as loamy sand (sand > 0.05 mm—75.47%,
silt 0.002-0.05 mm—21.30% and clay < 0.002 mm—3.23%) according to the taxonomy
by the United States Department of Agriculture [27]. The basic soil properties were as
follows: pH in 1 M KCl dm~3—5.43; hydrolytic acidity—30.00 mM(+) kg~ !; total ex-
changeable bases—56.0 mM(+) kg~ !; cation exchange capacity—86.5 mM(+) kg~ !; base
saturation—64.7%; content of total organic carbon (TOC)—5.386 g kg~!; total nitrogen
(total-N)—1.225 g kg~!; available forms of phosphorus (P)—26.58 mg kg~ !; potassium
(K)—125.36 mg kg’1 ; magnesium (Mg)—27.97 mg kg’1 ; sulphur (S) 12.86 mg S-S0,
kg’l; Cd—0.312 mg kgfl; Pb—28.49 mg kg’l; Cr—42.30 mg kgfl; Co—5.741 mg kgfl;
Ni—16.05 mg kg~!; Zn—36.18 mg kg~!; Cu—6.658 mg kg~!'; Mn—318.9 mg kg };
Fe—11,906 mg kg~ ! d.m. of soil. Increasing doses of potassium, 0, 140, 190 and
240 mg K,O kg~ ! of soil, were tested in combination with a lower and higher dose of
nitrogen: 130 and 170 mg N kg~! of soil. Potassium was applied as potassium sulphate
(500 g K,O kg~ ! and 450 g S kg~ !), while nitrogen was added to soil as urea and ammo-
nium nitrate solution (UAN) (280 g N kg~ !), with half the dose applied before sowing
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and the other half during the growth of plants. Same amounts of phosphorus, 85 mg
P,05 kg’1 of soil, and amounts of the micronutrients, 2.9 mg Zn [ZnCl, - 7H,0], 3.4 mg
Cu [CuSOy - 5H,0], 1 mg B [H3BO3], 2.7 mg Mn [MnCl, - H,O], 0.02 mg Mo kg_1 of soil
[(NH4)6Mo70,4 - 4H,0], were added in soil in each pot. The influence of potassium and
nitrogen fertilizers was tested on maize (Zea mays L.). A 9-kg batch of soil was carefully
mixed with the mineral fertilizers and placed in a pot. Afterwards, maize was sown to
grow 8 plants per pot. During the growth of the maize plants, at the 4-6-leaf stage, the
second dose of potassium and nitrogen fertilizers was added to the soil. During the entire
experiment, the soil moisture was maintained at a constant level of 60% of the water capil-
lary capacity. Maize was harvested at the stage of the middle of tassel emergence (BBCH
55), which was also when soil samples for laboratory analyses were collected.

2.2. Methods of Laboratory and Statistical Analyses

Soil was prepared for laboratory analyses by drying and sifting through a sieve with
the mesh opening size of 1 mm. Then, each soil sample was wet-digested in a mixture of
concentrated hydrochloric acid (HC1 AR—1.18 g cm~3) and nitric (HNO3; AR—1.40 g cm3)
in a MARS 6 microwave digestion system (CEM Corporation, Matthews, NC, USA), in
Xpress Teflon vessels (CEM Corporation, Matthews, NC, USA), according to the method
US-EPA3051 [28]. The digested soil samples were analysed to determine the total content of
Cd, Pb, Cr, Co, Ni, Zn, Mn and Fe using flame atomic absorption spectrometry (FAAS) with
an air-acetylene flame [29]. Correctness of the laboratory analyses was verified against
reference solutions by Fluka denoted as: Cd 51994, Pb 16595, Cr 02733, Co 119785.0100, Ni
42242, 7n 188227, Cu 38996, Mn 63534 and Fe 16596, and Certified Analytical Soil Reference
Material from the AGH University of Science and Technology in Krakéw, Poland.

Before starting the experiment, soil underwent the following determinations: the
textural composition by the aerometric method [30] and laser diffraction, pH in 1 M KCl
with the potentiometric method [31], TOC on a total organic analyser coupled with a solids
analyser Shimadzu TOC-L (Shimadzu Corporation, Kyoto, Japan) [32], total-N by the
Kjeldahl method [33], available forms of P and K by the Egner-Riehm method [34,35], Mg
by the Schachtschabel method [36], and S by nephelometry according to the procedure
by Bardsley and Lancaster [37]. The results were submitted to statistical verification,
using a two-factorial analysis of variance ANOVA, principal component analysis PCA,
Pearson’s simple correlation coefficients and the 12 coefficient, calculating the observed
variance percentages according to the ANOVA method in Statistica (StatSoft, Inc., Tulsa,
OK, USA) [38].

3. Results and Discussion

The content of trace elements in soil is essential for the proper growth and development
of plants [3]. In uncontaminated soils, the most common source of trace elements are
fertilizers, including minerals, especially multi-nutrient ones [1]. Single-nutrient fertilizers
are also a source of micronutrients found in ballast, but their amounts are much smaller
than in multi-nutrient fertilizers [8]. The uptake of fertilizers by plants is affected by soil
properties, as well as the type of a crop, and even its cultivar [20]. The uptake of trace
elements, and other macronutrients, by plants results in the depletion of soils, which must
be enriched each year through the application of fertilizers. This is a prerequisite for high
and good-quality yields of crops [39].

Consistent application of fertilizers tends to satisfy the demand of crops for micronu-
trients [40]. However, it is worth emphasising that the use of fertilizers containing basic
macronutrients may have an antagonistic effect on the availability of some trace elements
to plants. According to Symanowicz [41], excessively high doses of potassium fertilizers
can trigger ionic antagonism between potassium and some trace elements.

In our experiment, the content of trace elements in soil proved to be statistically
significantly dependent on the potassium and nitrogen fertilization (Tables 1 and 2). The
effect of potassium fertilization on the content of trace elements in soil was stronger
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in the series in the lower (130 mg N kg ™! of soil) than in the higher dose of nitrogen
(170 mg N kg*1 of soil).

In the series with the lower nitrogen dose (130 mg N kg~ of soil), higher doses of
potassium fertilizer resulted in an increase in the content of Zn, Co, Ni and Cu in soil, as
well as a small but significant decrease in the accumulation of Fe in soil, compared with
the soil not fertilized with this element (Tables 1 and 2). Differences in the content of these
trace elements in the control versus the soil fertilized with the highest potassium dose
(240 mg K,0 kg~ ! of soil) reached 11% for Zn (r = 0.779), 29% for Co (r = 0.806), 38% for Ni
(r = 0.857), 39% for Cu (r = 0.906) and 7% for Fe (r = —0.900). The lowest potassium dose
(140 mg K0 kg~ ! of soil) caused a small increase in the content of Cd (by 5%, r = —0.743),
while the medium dose (190 mg K,O kg ™! of soil) also raised the amount of Cr in soil by
5% (r = —0.060). In the latter case, the increase was not significant statistically. Any further
rise in supplied doses of potassium had a negative effect on the soil content of these two
elements, especially of Cd. Changes in the soil content of Pb were small and irregular,
while those in the amounts of accumulated Mn were insignificant.

Table 1. Trace elements (Cd, Pb, Cr, Co and Ni) content in soil (mg kg_1 D.M.).

Nitrogen Dose

Potassium Dose (mg kg1 of Soil)

. Average r
(mg kg~ of Soil) 0 140 190 240 8
Cd
130 0.292 0.308 0.229 0.104 0.233 —0.743 **
170 0.300 0.325 0.271 0.254 0.288 —0.608 *
Average 0.296 0.317 0.250 0.179 0.260 —0.722 **
LSD for: N dose—0.039 *, K dose—0.055 **, interaction—n.s.
Pb
130 25.48 25.61 23.64 26.51 25.31 0.034
170 21.41 21.81 21.62 24.62 22.37 0.686 **
Average 23.45 23.71 22.63 25.57 23.84 0.435
LSD for: N dose—0.69 **, K dose—0.97 **, interaction—1.37 *
Cr
130 40.60 42.21 42.50 39.44 41.19 —0.060
170 43.81 44.53 40.31 45.35 43.50 —0.026
Average 42.21 43.37 41.41 42.40 42.34 —0.089
LSD for: N dose—1.46 **, K dose—n.s., interaction—2.91 **
Co
130 3.516 3.545 3.929 4.544 3.884 0.806 **
170 3.525 3.910 4.102 3.564 3.775 0.351
Average 3.521 3.728 4.016 4.054 3.829 0.959 **
LSD for: N dose—n.s., K dose—0.107 **, interaction—n.s.
Ni
130 14.67 15.00 19.04 20.20 17.23 0.857 **
170 17.53 17.99 19.03 19.63 18.55 0.925 **
Average 16.10 16.50 19.04 19.92 17.89 0.877 **
LSD for: N dose—1.31 *, K dose—1.86 **, interaction—2.63 *

LSD (least squares deviation). Significant for: ** p < 0.01, * p < 0.05, n.s. non-significant; r—correlation coefficient.
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Table 2. Trace elements (Zn, Cu, Mn and Fe) content in soil (mg kg*1 D.M.).

Nitrogen Dose

Potassium Dose (mg kg~ of Soil)

N Average r
(mg kg~ of Soil) 0 140 190 240 &
Zn
130 35.11 35.60 36.09 39.14 36.49 0.779 **
170 33.59 36.59 37.69 39.03 36.73 0.999 **
Average 34.35 36.10 36.89 39.09 36.61 0.948 **
LSD for: N dose—n.s., K dose—1.09 **, interaction—1.54 *
Cu
130 6.611 7.098 8.105 9.186 7.750 0.906 **
170 8.228 8.179 7.565 6.398 7.593 —0.794 **
Average 7.420 7.639 7.835 7.792 7.671 0.953 **
LSD for: N dose—n.s., K dose—0.271 **, interaction—0.383 **
Mn
130 321.8 332.8 321.2 320.0 324.0 —0.125
170 332.4 338.8 339.1 344.5 338.7 0.965 **
Average 327.1 335.8 330.2 332.3 331.3 0.551
LSD for: N dose—38.3 *, K dose—n.s., interaction—n.s.
Fe
130 12,224 11,384 11,186 11,384 11,545 —0.900 **
170 11,494 11,287 11,264 11,912 11,489 0.326
Average 11,859 11,336 11,225 11,648 11,517 —0.549
LSD for: N dose—n.s., K dose—392 *, interaction—554 *

LSD (least squares deviation). Significant for: ** p < 0.01, * p < 0.05, n.s. non-significant; r—correlation coefficient.

The application of the higher nitrogen dose to soil (170 mg N kg ! of soil) distorted the
direction of changes in the content of some trace elements in soil fertilized with potassium
(Tables 1 and 2). It was only for Cd, Ni and Zn that the tendencies were the same as in
the first experimental series. Under the influence of the increasing potassium doses, the
content of Mn rose by 4% (r = 0.965), Ni by 12% (r = 0.925), Pb by15% (r = 0.686) and Zn
by 16% (r = 0.999), while the content of Cu in soil declined by 22% (r = —0.794). The first
dose of potassium (140 mg K,O kg ! of soil) contributed to a small increase in Cd, by 8%
(r = —0.608), and the second (190 mg K,O kg*1 of soil) to a 16% (r = 0.351) increase in the
Co content in soil. Changes in the content of Mn and Cr in soil were insignificant, those in
the Fe content were small, not exceeding 4%, and irregular.

Nitrogen fertilization caused the greatest changes in the content of Ni, Cd and Pb,
contributing to an average increase by up to 8% (Ni) and 24% (Cd), as well as a de-
crease by 12% (Pb) in their accumulation in soil fertilized with the higher dose of this
element—170 mg N kg ! of soil, in comparison to the lower dose—130 mg N kg ! of soil
(Tables 1 and 2). A relatively small increase (5-6%) in the soil content of Mn and Cr in
response to nitrogen fertilization was recorded.

Mineral fertilization, especially with nitrogen, decreased the soil pH and thereby
enhanced the mobility of many trace elements, such as Cu, Zn, Mn or Fe [42]. In a
study by Rutkowska et al. [43], the highest content of Zn, Cu, Mn and Fe was observed
in soil fertilized with NPK that had the lowest pH. The analogous influence of the NPK
fertilization on the mobility of the aforementioned elements was determined by Li et al. [42].
Singh et al. [44] found that NPK fertilization caused elevated mobility of Cu and Mn in soil.

According to GudZi¢ et al. [45], long-term (33-year-long) mineral fertilization, apart
from increasing the level of soil acidity as well as the soil content of P and K, and decreasing
the content of TOC and total-N, raised the mobility of Mn and Fe in the top horizon of soil,
but did not have a significant effect on the changes in the chemical composition of a deeper
soil horizon (2040 cm). NK fertilization had a significant effect on the content of Zn, while
the fertilization with NP and NPK significantly affected the soil content of Cu and Mn.
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Jaskulska et al. [46] maintained that organic fertilization had a stronger effect on
soil properties, including the content of macronutrients and trace elements, than mineral
fertilization. However, mineral fertilization has been observed to cause positive effects
as well. Mazur and Mazur [47] obtained similar results. In their experiment, mineral
fertilization led to higher soil concentrations of Cu, Zn and Pb. Organic fertilization had
a stronger impact than mineral fertilization, and resulted in an increase in the content of
most of the analysed elements.

In a study by Park et al. [14], the long-term (40-years) application of mineral fertilizers
increased the content of trace elements in soil. Phosphate fertilizers had the strongest effect.
The application of phosphorus fertilizers caused an over 2-fold increase in the Cd content
in soil. In the experiment of Zahoor et al. [48], a significantly greater increase in the content
of Cu, Zn, Mn and Fe in soil was observed compared with the authors” own research on the
effect of NPK fertilization. NPK fertilization had a greater effect than NP fertilization on
the content of these trace elements in soil. According to Sungur et al. [49] mineral fertilizers
mainly increase the content of Cu and Cd in soil. The trace elements are uptaken by plants
and incorporated into the food chain [50].

The content of trace elements in soil under the influence of both nitrogen and potas-
sium fertilization may significantly increase [51]. This was confirmed by our own research.
Nitrogen fertilization modifies the soil’s sorptive capacity and bioavailability of trace el-
ements for plants, especially Cd. Nitrogen fertilization, regardless of its form, increases
the uptake of Cd and other trace elements, and their translocation and accumulation in
plants. However, nitrate fertilizers have the strongest effect [52]. The relatively small effect
of nitrogen fertilization in the form of UAN on the content of trace elements in soil may
also result from the chemical composition of this fertilizer. UAN contains nitrogen in the
form of NH;*-N and NO3; ™ -N, which regulates the pH in soil and the availability of trace
elements for plants [53]. Similar results were achieved in our own studies. Higher doses of
nitrogen caused a relatively small increase in the contents of some trace elements in soil.
Of the nine studied elements, only in the case of four elements (Ni, Cd, Cr and Mn) was a
small several-percent increase in content in the soil recorded. The increase in the content
of trace elements in soil after mineral-fertilizer application to soil was also confirmed in
many experiments of other authors [41,42,44-46,51,52]. Potassium sulphate, as a product
obtained from severe potassium salts by way of a physical mining process, contains greater
amounts of tracing elements than a urea and ammonium nitrate solution (UAN), which is
obtained by chemical synthesis [54]. This has been confirmed in our own studies, in which
potassium fertilizers caused greater changes in the content of trace elements in soil than
nitrogen fertilizers. Bak et al. [55] found an increase in the content of Zn in maize fertilized
with potassium.

In our experiment, the PCA results (Figures 1 and 2) and Pearson’s correlation co-
efficients (Table 3) revealed significant relationships between the content of some trace
elements in the soil. The cumulative impact of fertilization with potassium and nitrogen on
the content of trace elements in soil was illustrated in Figure 1, in the form of PCA vector
variables. The total correlation of the set of data on Co, Cd, Cu and Zn was 44.32%, and
on Pb, Fe, Mn, Cr and Ni it equalled 25.07%. The longest vectors corresponded to Co and
Cd, which signifies their greatest importance, while the shortest vector was plotted for
Zn, which illustrates its least contribution to variance. Vectors of the other trace elements
had an approximately similar length. The distribution of vectors points to quite strong
positive correlations between Cr versus Mn, Cu and Zn versus Co and Ni, Ni versus Co,
and negative correlations between Cd versus Co, Ni versus Pb, Pb versus Cr and Mn, and
the weakest relationship between Ni and Fe.
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Figure 1. Trace element content in soil calculated with the PCA method. Vectors represent trace
elements (content of Cd, Pb, Cr, Co, Ni, Zn, Cu, Mn and Fe).
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Figure 2. Effect of mineral (N and K) fertilization on trace elements content in soil calculated
with the PCA method. Points show all trace elements content in soil (N 130—130 mg N kg1,
N 170—170 mg N kg~ !; K 0—0 mg K kg~!, K 140—140 mg K kg~!, K 190—190 mg K kg~ !,
K 240—240 mg kg ! of soil).
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Table 3. Correlation coefficients between content of trace elements in soil.
Element Cd Pb Cr Co Ni Zn Cu Mn

Pb —0.440 *

Cr 0.392 —0.427*

Co —0.484 % 0.102 —0.366

Ni —0.532 ** —-0.219 0.157 0.555 **

Zn —0.243 0.152 0.110 0.582 ** 0.569 **

Cu —0.352 -0.116 -0.259 0.706 ** 0.422 * 0.184

Mn 0.474 * —0.442 % 0.606 ** 0.018 0.206 0.380 —0.117

Fe 0.034 0.314 0.108 —0.040 —0.285 0.078 —0.361 0.099
Significant at ** p < 0.01 * p < 0.05; r—correlation coefficient.

The distribution of the research results displayed in Figure 2 justifies the conclu-
sion that the second (190 K,O kg ™! of soil) and especially the highest dose of potassium
(240 mg KO kg ! of soil) had the strongest effect on the soil content of trace elements. It
was much stronger in the series fertilized with the lower nitrogen dose (130 mg N kg~! of
soil) than in the one treated with its higher dose (170 mg N kg_1 of soil).

The percentage of observed variance, calculated with the help of n2 coefficient from
the ANOVA approach, indicates a stronger effect of potassium fertilization on the content
of Co, Fe, Zn, Cd and Ni in soil (Figure 3). The percentage contribution of potassium to the
variance of these elements was 25.5%, 28.7%, 35.3%, 49.4% and 60.3%, respectively. Quite a
high value of this indicator was also achieved for Pb, 30.8%. The highest contribution of
nitrogen fertilization was determined for Mn, 40.6%, and Pb, 57.8%, while a moderate one
was for Cr, 28.1%.

80 - 76.7
BN =K =N -K = Error
70 1
60.3 60.3
60 57.8 1
ar.it
42.8
287 ||
0.
-

Cu Mn Fe

Figure 3. Percent contribution of mineral fertilization according to the content of trace elements in
soil: N—nitrogen dose, K—potassium dose, interaction (N - K).

Concentrations of micronutrients in soil tend to be sufficient to satisfy the nutritional
requirements of crops during their growth and development [39]. The content of trace
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elements determined in this study was sufficient to nourish the maize grown in this soil;
this fact was confirmed by the amounts of these trace elements determined after the maize
harvest and reported in this paper.

Strong relationships emerged in this experiment between concentrations of some trace
elements in soil, confirmed statistically (PCA, Pearson’s correlation coefficients). Mazur
and Mazur [47] implicate strong relationships between Mn and Cd or Ni, between Cd and
Ni in lighter soil, between Mn and Cd, and between Cd and Zn versus Pb in heavier soil.

In this experiment, fertilization with potassium and nitrogen caused an increase in
soil content of some trace elements, but never above the thresholds set for agriculturally
used soil, stipulated by law [9].

Mineral fertilizers usually cause a small increase in the contents of trace elements
in soil. Of course, the uptake of trace elements by plants has an effect on the contents of
trace elements in soil. This may result in reducing the effect of fertilizers on the content of
trace elements in soil after harvesting plants. Therefore, there is a correlation between the
content of trace elements in soil and the yield of plants. It is also an explanation of a small
increase in the content of trace elements in soil, resulting from the influence of mineral
fertilizers [52]. Reducing the content of trace elements in soil under the influence of higher
doses of mineral fertilizers results from their favorable effect on the yield of plants. The
plants uptake larger quantities of trace elements and decrease their contents in soil.

4. Conclusions

The soil content of trace elements depended on the fertilization with potassium and
nitrogen. Potassium fertilization had a stronger effect on the content of trace elements in
plots fertilized with the lower nitrogen dose (130 mg N kg~! of soil).

The increasing doses of potassium led to a higher soil content of Ni and Zn. The
biggest changes were observed for Ni. The impact of potassium fertilization on the content
of the remaining trace elements in soil was less unambiguous, and depended on the dose of
potassium and nitrogen fertilization. Nitrogen fertilization resulted in a higher soil content
of Mn, Cr, Ni and Cd, as well as a decreased soil content of Pb. It needs to be underlined
that changes in the soil content of Ni, Cd and Pb, effected by nitrogen fertilization, were
bigger than in the case of the other trace elements.

The presence of significant relationships was noticed between the content of some
trace elements in soil, which was confirmed statistically after performing the PCA and
calculating Pearson’s simple correlation coefficients.

The influence of potassium and nitrogen fertilization did not lead to exceeding the
current threshold amounts of trace elements set for agriculturally used soil.

Application potassium and nitrogen fertilizers increased the contents of some trace
elements in the soil. This is beneficial from an agricultural point of view, as some of these
elements are necessary for the correct growth and development of arable plants.
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