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Abstract: The aim of the study was to determine the effect of increasing potassium fertilization (0, 140,
190, and 240 mg K2O/kg of soil) in the interaction with nitrogen fertilization (130 and 170 mg N/kg
of soil) on the trace elements content in the typical, non-contaminated agricultural soil. The trace
elements content in the soil depended on nitrogen and potassium fertilization. Potassium fertilization
had a more significant effect on trace elements content in the soil fertilized at the same time with
a lower nitrogen dose (130 mg N/kg soil). Increasing potassium fertilization increased the content
of cadmium by 83% and lead by 32% and reduced the amounts of chromium by 10% and iron by
3% in the soil, particularly in the series with a lower nitrogen dose (130 mg N/kg soil). The effect of
potassium fertilization on the content of other trace elements was less unambiguous since, for most of
trace elements, lower doses of this fertilizer contributed to growth of trace element, while higher doses
lead to a decrease in their accumulation in the soil. Nitrogen fertilization increased the contents of zinc
and iron—3%, copper—9%, manganese—12%, chromium—15%, and cobalt—59%, while reducing
the contents of cadmium and nickel—24% and lead—45%. Permissible standards for trace elements
content in the soil have not been exceeded.
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1. Introduction

The growing world population is increasing the demand for food, and in highly developed
countries consumer requirements necessitate the production of high-quality foods. The production of
large amounts of food and feeding stuffs requires the supply of agricultural raw materials of plant
origin on an adequate scale, which, in turn, is closely linked to securing the fertilizer needs of plants.
This would not be possible without the application of mineral, natural, and organic fertilizers to
agricultural fields in a proper ratio, in doses adapted to the nutritional and fertilizer needs of individual
plant species [1,2].

The application of mineral fertilizers to the soil entails the introduction of a whole range of
elements into the environment [3,4], of which, apart from the macronutrients and certain trace elements
necessary for the proper growth and development, heavy metals are also present [5], which probably
play no physiological role in living organisms [6]. Even when elements which are useful (for plants)
are found in the soil in excessive amounts, they are moved along the subsequent chains of the trophic
chain, and, in extreme cases, may even have a negative effect on the growth and development of plants
and other living organisms [6,7]. The application of mineral fertilizers in doses recommended for crop
cultivation is not expected to result in an excessive uptake of trace elements by plants [3,8].
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The average content of trace elements in world uncontaminated soil (depending on the type of
soil) are as follows: cadmium 0.37–0.78 mg/kg, lead 22–44 mg/kg, chromium 12–83 mg/kg, cobalt
4.5–12 mg/kg, nickel 12–34 mg/kg, zinc 45–100 mg/kg, copper 13–24 mg/kg, manganese 270–525 mg/kg,
and iron 8000–18,000 mg/kg [9]. Gray et al. [10] showed that the application of mineral fertilizers,
particularly phosphorus fertilizers, for more the 40 years, resulted in an increase in the cadmium
content in the soil (as much as 7.8 g Cd/ha/year), including cadmium bound with exchangeable fractions
and soil organic matter. As time passed, however, cadmium was redistributed into forms less available
to plants and it was leached down the soil profile. According to Hejcman et al. [11], after 65 years of
mineral fertilizer application, the content of trace elements, particularly arsenic, in the soil fertilized
with mineral fertilizers, increased considerably. Majority trace elements have also interaction with
iron and manganese [9]. However, trace elements availability to plants was determined by the soil pH
and decreased following the application of oxide lime. On the other hand, Losak et al. [12] showed
that nitrogen fertilization had a relatively inconsiderable effect on the availability of trace elements
for plants. Only positive correlations were noted between fertilization with nitrogen and fertilization
with zinc and iron. The application of ammonium nitrogen fertilizers can affect the availability of
trace elements to plants through, for example, causing transformations of unavailable or hardly
available manganese forms to the available Mn(II) in the soil [13]. These transformations, however,
limited the uptake of Mn(II) by plants, unlike nitrate nitrogen fertilizers which had an opposite effect.
Lorenz et al. [14], under the influence of nitrogen potassium containing NH4

+, noted an increase in
the content of zinc available to plants, following a decrease in the pH of the soil from 6.8 to 6.0, by as
much as 5–15 times. According to Richards et al. [3], the amounts of trace elements introduced into
the soil with mineral fertilizers are smaller than those introduced with organic fertilizers. Pogrzeba
et al. [2] found that mineral fertilization can increase the uptake of certain trace elements by plants.
Jiao et al. [15], as regards classic mineral fertilizers, indicated that phosphorus fertilizers could be a
potentially significant source of trace elements such as arsenic, cadmium, and lead in cultivated fields.
In areas directly adjacent to expressways and industrial plants, characterized by elevated trace element
contents, their additional doses originating from mineral fertilizers can, at some point in time, contribute
to exceeding the permissible trace element contents in soils used for agricultural purposes, as set out
by the existing regulations [11]. Some trace elements such as copper, zinc, chromium, manganese,
and cobalt are essential for the growth and development of plants in small amounts [16]. According to
Kabata-Pendias [9], the following content of trace elements in plants is excessive (toxic): cadmium
5–30 mg/kg, lead 30–300 mg/kg, chromium 5–20 mg/kg, cobalt 15–50 mg/kg, nickel 10–100 mg/kg, zinc
100–400 mg/kg, copper 20–100 mg/kg, and manganese 400–1000 mg/kg of dry matter (DM). Excessive
content of trace elements in soils and plants may cause chlorosis and even plant death. Their impact
depends on many factors, including on the type of trace element and the species of the plant [9].

Therefore, the study was aimed to determine the effect of increasing potassium fertilization in the
interaction with nitrogen fertilization on the trace elements content in the soil.

2. Materials and Methods

2.1. Methodological Design

The study was based on a vegetative pot experiment conducted at a plant growth facility in three
repetitions in polyethylene pots (height—25 cm, diameter at the top—24 cm, and diameter at the
bottom—19 cm). The pots were filled with 9 kg of soil material collected from the top layer (0–25 cm) of
a non-contaminated agricultural typical brown soil (Eutric Cambisol) according to the World Reference
Base of Soil Resources [17] with a granulometric composition of sand. The properties of soil were
located in Table 1.
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Table 1. Properties of soil.

Parameter Soil

Granulometric composition sand
Sand > 0.05 mm (%) 90.28

Silt 0.002–0.05 mm (%) 7.86
Clay < 0.002 mm (%) 1.86

pH value in 1 M KCl/dm3 6.02
Hydrolytic acidity—HAC (mM(+)/kg DM) 16.00

Total exchangeable bases—TEB (mM(+)/kg DM) 41,25
Cation exchange capacity—CEC (mM(+)/kg DM) 57.75

Base saturation—BS (%) 71.43
Total organic carbon—TOC (g/kg DM) 3.304

Total nitrogen (g/kg DM) 0.620
Available phosphorus (mg P/kg DM) 14.20
Available potassium (mg K/kg DM) 98.00

Available magnesium (mg Mg/kg DM) 38.56
Sulphur (mg S-SO4/kg DM) 18.56
Cadmium (mg Cd/kg DM) 0.142

Lead (mg Pb/kg DM) 13.12
Chromium (mg Cr/kg DM) 58.65

Cobalt (mg Co/kg DM) 5.741
Nickel (mg Ni/kg DM) 16.31

Copper (mg Cu/kg DM) 4.142
Zinc (mg Zn/kg DM) 32.78

Manganese (mg Mn/kg DM) 143.6
Iron (mg Fe/kg DM) 11,209

DM—dry matter.

The soil was dried and sieved through a 1 cm diameter sieve before setting up the experiment.
The experiment was established using the complete randomized block design. The experiment
investigated the effect of increased potassium doses of 0, 140, 190, and 240 mg K2O/kg soil. It was
conducted in two series with a lower and a higher nitrogen dose of 130 and 170 mg N/kg soil. Potassium
was applied in the form of potassium sulphate (500 g K2O/kg and 450 g SO3/kg), while nitrogen was
applied in the form of a urea and ammonium nitrate solution—UAN (280 g N/kg). Half of the potassium
and nitrogen dose was applied before sowing. Additionally, phosphorus in the form of Superfosdar40
(Fosfory Ltd., Gdańsk, Poland) (85 mg P2O5/kg soil) and micronutrients in equal amounts (2.9 mg Zn;
3.4 mg Cu; 1 mg B; 2.7 mg Mn; 0.02 mg Mo/kg soil) were introduced into each pot to meet the nutritional
needs of the cultivated plants. Micronutrients were applied in the following forms: Zn—ZnCl2·7H2O;
Cu—CuSO4·5H2O; B—H3BO3; Mn—MnCl2·H2O; and Mo—(NH4)6Mo7O24·4H2O. The fertilizers used
in experiment met requirements of Regulation EC No 2003/2003 of the European Parliament and of
the Council of 13 October 2003 relating to fertilizers [18]. The test plant was maize (Zea mays L.) of
the Kadryl variety. The soil, after being thoroughly mixed with mineral fertilizers, in accordance
with the study pattern, was introduced into the pots, which was followed by the sowing of maize
(in the next day) with a density of 16 plants per pot. The plants were thinned after seedling emergence
to 8 plants per pot. At the stage of 4–6 leaves, a second dose of potassium and nitrogen fertilizers
was applied. Double-distilled water was added to each pot by watering. During the experiment,
the moisture content was maintained at a level of 60% of the capillary water field capacity. The plants
were harvested in the middle of heading: half of the inflorescence emerged stage (BBCH 55–71 days
after sowing) and soil material samples were collected for laboratory analyses.

2.2. Methods of Laboratory and Statistical Analyses

The collected soil material was air dried, sifted through a 1 mm mesh screen, and subjected to batch
acid digestion system in a mixture of concentrated nitric acid (HNO3 of analytical grade—1.40 g/cm3)
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and hydrochloric acid (HCl of analytical grade—1.18 g/cm3), in a 4:1 ratio, in a MARS 6 microwave
oven (CEM Corporation, Matthews, NC, USA) in Xpress Teflon® vessels, in accordance with the
US-EPA3051 [19] method. All soil samples are digested at the same time and under the same conditions.
The total content of cadmium, lead, chromium, cobalt, nickel, zinc, copper, manganese, and iron
was then determined by flame atomic absorption spectrometry (FAAS) in an air-acetylene flame [20].
For the performance of analyses, Fluka standard solutions with the following symbols were used:
Cd 51994, Pb 16595, Cr 02733, Co 119785.0100, Ni 42242, Zn 188227, Cu 38996, Mn 63534, and Fe 16596.
The obtained results were compared to the Certified Analytical Reference Material Soil S-1 from the
AGH University of Science and Technology in Kraków, Poland.

In addition, prior to the establishment of the experiment, the granulometric composition in
the soil was determined by the aerometric method [21] and the laser diffraction method, the pH in
1 M KCl (soil/1 M KCL solution ratio—1:2.5) was determined by the potentiometric method [22],
hydrolytic acidity (HAC) and total exchangeable bases (TEB) by Kappen method [20], and the following
contents were determined: total organic carbon (TOC) using a Shimadzu TOC-L analyzer (Kyoto,
Japan) with a solid sample module SSM-5000A [23], total nitrogen by the Kjeldahl method [24], the
available forms of phosphorus and potassium by the Egner–Riehm method [25], magnesium by the
Shachtschabel method [26], and sulfur by the nephelometric method according to the instructions
by Bardsley and Lancaster [27], trace elements by the same method as in the soil collected after
corn harvest. The cation exchange capacity (CEC) and the base saturation (BS) were calculated with
formulas: CEC = TEB + HAC; BS = (TEB/CEC)·100. The study results were processed statistically
using the two-factor ANOVA analysis, the principal component analysis (PCA) and by calculating the
correlation coefficients and the percentage of the observed variability using the η2 coefficient by the
ANOVA method using the Statistica 13 package (StatSoft, Inc., Tulsa, OK, USA) [28]. The variables
were normally distributed, and the variances were homogeneous (Shapiro–Wilk test). The results were
processed statistically at the level of significance of ** p ≤ 0.01, * p ≤ 0.05.

3. Results

Mineral fertilization with both potassium and nitrogen had a significant effect on the trace elements
content in the soil (Tables 2 and 3). Potassium fertilization had a stronger effect on their content in the
soil in pots fertilized with a lower nitrogen dose (130 mg N/kg soil).

In the lower nitrogen dose series (130 mg N/kg soil), changes were observed in the contents
of all analyzed trace elements in the soil under the influence of increasing potassium fertilization,
as compared to the control pot (Tables 2 and 3). It should be noted, however, that the trend was
determined by the element type. The most unambiguous effect of potassium fertilization was observed
for lead, chromium, and iron, with positive relationships observed for lead, and negative relationships
for chromium and iron. Increasing potassium doses increased the lead content in the soil by up to
32% (r = 0.961) and reduced the chromium content by 10% (r = −0.928) and iron content by only
3% (r = −0.656). The cadmium content was also increased (r = 0.984). However, it should be noted
that the effect of cadmium, after performing statistical calculations, appeared to be insignificant.
The effects of potassium fertilization on the contents of other trace elements were less unambiguous.
The first potassium dose (140 mg K2O/kg soil) increased the cobalt content (r = −0.765) and nickel
(r = 0.446), and the second dose (190 mg K2O/kg soil) increased the contents of copper (r = −0.920),
while higher levels of potassium fertilization reduced the amounts of these elements in the soil.
Potassium fertilization had no significant effect on zinc and manganese contents in the soil in this
experiment series.

In the higher nitrogen dose series (170 mg N/kg soil), the trend of changes in the contents of
individual trace elements in the soil under the influence of potassium fertilization was generally
analogous as in the first series of the experiment (Tables 2 and 3). Changes in the contents of all analyzed
trace elements (except cobalt) in the soil due to the effect of increasing potassium fertilization were
relatively small and amounted to several percent compared to the control pot. Potassium fertilization
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contributed to an increase in the soil contents of cadmium by 9% (r = 0.865) and of lead by 15%
(r = 0.986), and to a reduction in the content of chromium by 18% (r = −0.969) and of iron by 7%
(r = −0.999). However, its effect on the cadmium content in the soil was insignificant. The effects of
potassium fertilization on the contents of other trace elements were less unambiguous. Under the
influence of the lowest potassium dose (140 mg K2O/kg soil), an increase was noted in the cobalt content
(r = 0.066) and as a result of the effect of its subsequent dose (190 mg K2O/kg soil), an increase in the
contents of nickel (r = 0.893), copper (r = −0.023), and manganese (r = −0.318). Further increasing the
potassium fertilization reduced the contents of these elements in the soil. Fertilization with potassium
had no significant effect on zinc content in the soil.

Nitrogen fertilization increased the contents of most trace elements in the soil (Tables 2 and 3).
The average differences from series in trace elements contents in the soil with a higher nitrogen
fertilization level (170 mg N/kg soil) were as follows: zinc and iron—3%, copper—9%, manganese—12%,
chromium—15%, and cobalt—59%, for pots with a lower dose of this component (130 mg N/kg soil).
Moreover, nitrogen fertilization reduced the average cadmium and nickel contents by an average of
24%, and the lead content by 45%.

Table 2. Content of cadmium (Cd), lead (Pb), chromium (Cr), and cobalt (Co) in soil (mg/kg DM).

K Dose in mg/kg of Soil
Content of Trace Elements in mg/kg DM

Cd Pb Cr Co

130 mg N/kg of soil

0 0.121 13.43 56.96 4.966
140 0.196 17.17 55.68 5.360
190 0.208 17.36 53.45 1.796
240 0.221 17.79 51.47 1.710

Average 0.187 16.44 54.39 3.458

r 0.984 ** 0.961 ** −0.928 ** −0.765 **

170 mg N/kg of soil

0 0.138 8.39 71.21 4.995
140 0.142 8.98 60.68 6.465
190 0.142 9.24 60.43 5.773
240 0.150 9.67 58.28 4.813

Average 0.143 9.07 62.65 5.512

r 0.865 ** 0.986 ** −0.969 ** 0.066

Average

0 0.130 10.91 64.09 4.981
140 0.169 13.08 58.18 5.913
190 0.175 13.30 56.94 3.785
240 0.186 13.73 54.88 3.262

Average 0.165 12.75 58.52 4.485

r 0.991 ** 0.981 ** −0.997 ** −0.613 *

LSD for:
N dose n.s. 3.32 ** 2.76 ** 0.808 **
K dose n.s. n.s. 3.90 ** 1.143 **

interaction n.s. n.s. 5.51 * 1.616 **

LSD (least squares deviation); significant for: ** p ≤ 0.01, * p ≤ 0.05, n.s. non-significant; r—correlation coefficient;
DM—dry matter.
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Table 3. Content of nickel (Ni), zinc (Zn), copper (Cu), manganese (Mn), and iron (Fe) in soil
(mg/kg DM).

K Dose in mg/kg of Soil
Content of Trace Elements in mg/kg DM

Ni Zn Cu Mn Fe

130 mg N/kg of soil

0 15.63 31.65 3.905 140.4 11063
140 17.04 30.42 5.281 140.3 11125
190 16.31 31.09 6.496 140.0 11003
240 16.16 31.40 5.956 138.1 10686

Average 16.29 31.14 5.410 139.7 10969

r 0.446 −0.290 0.920 ** −0.725 ** −0.656 *

170 mg N/kg of soil

0 11.23 32.56 5.779 157.9 11726
140 12.37 32.18 5.936 157.9 11266
190 13.05 31.50 6.398 164.0 11129
240 12.56 32.39 5.453 148.4 10942

Average 12.30 32.16 5.892 157.1 11266

r 0.893 ** −0.457 −0.023 −0.318 −0.999 **

Average

0 13.43 32.11 4.842 149.2 11395
140 14.71 31.30 5.609 149.1 11196
190 14.68 31.30 6.447 152.0 11066
240 14.36 31.90 5.705 143.3 10814

Average 14.29 31.65 5.651 148.4 11118

r 0.793 ** −0.443 0.778 ** −0.386 −0.950 **

LSD for:
N dose 0.86 ** n.s. n.s. 4.4 ** 353 *
K dose 1.22 ** n.s. 0.879 ** 6.2 ** 499 *

interaction 1.73 * n.s. 1.242 * 8.8 * n.s.

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

The performed PCA analysis (Figures 1 and 2) and the calculated Pearson’s correlation coefficients
(Table 4) with all results of experiment indicate significant relationships between the contents of the
individual trace elements in the soil. Vector variables of the PCA analysis illustrate the accumulated
effect of potassium and nitrogen fertilization on the trace elements content in the soil (Figure 1).
The total correlation of the set of data for most trace elements (chromium, lead, iron, zinc, nickel,
manganese, cobalt, and cadmium) amounted to 65.60% and in the second group (copper only) to
16.56%. Most vectors had a similar length, and only iron and zinc were slightly shorter, which indicates
their lower significance as compared to other elements in the proportion of variability. The position
of vectors indicates rather strong positive correlations between lead and nickel; between chromium,
and manganese and cobalt; and weaker between chromium and zinc and iron, and between cadmium
and lead. Moreover, strong negative correlations were also noted between lead and nickel versus
manganese, chromium, and cobalt; and between cadmium versus cobalt and iron, while weaker
correlations were noted between nickel and iron, and between cadmium and manganese. The PCA
relationships between majority trace elements in soil are similar as the Pearson’s correlations showed
in Table 4.
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Table 4. Pearson’s correlation coefficients (r) between content of trace elements in soil.

Factor
Content of Trace Elements in Soil

Cd Pb Cr Co Ni Zn Cu Mn

Pb 0.543 **
Cr −0.287 −0.611 **
Co −0.562 ** −0.622 ** 0.507 **
Ni 0.354 0.868 ** −0.795 ** −0.535 **
Zn −0.059 −0.178 0.376 −0.008 −0.291
Cu 0.290 −0.022 0.032 −0.200 −0.192 0.079
Mn −0.479 * −0.689 ** 0.695 ** 0.602 ** −0.767 ** 0.291 0.287
Fe −0.567 ** −0.306 0.707 ** 0.414 * −0.428 * 0.195 0.018 0.561 **

Significant at ** p ≥ 0.01 * p ≥ 0.05; r—correlation coefficient.

Factor 1 had a stronger effect on the content of most trace elements in soil than factor 2 (Figure 2).
Potassium fertilization had a stronger effect on the content of trace elements in soil with the 130 mg
N/kg than in the series with 170 mg N/kg of soil. Clear relationships were observed between potassium
and nitrogen fertilization and the content of trace elements in the soil, while the dispersion of results
in Figure 2 shows that higher potassium doses (190 and 240 mg K2O/kg soil) had a greater effect,
particularly in pots fertilized with a lower nitrogen dose (130 mg N/kg soil).

An analysis of the percentage of the observed variability calculated using the η2 coefficient
by the ANOVA method indicated that the contents of most trace elements in the soil were mostly
determined by nitrogen fertilization (Figure 3). Its distribution was the highest for chromium, lead,
manganese, and nickel and amounted to 49.1%, 70.1%, 76.4%, and 86.3% of the proportion of this
variable, respectively. The proportion of potassium fertilization predominated in relation to the
contents of iron (35.5%) and copper (44.2%). The effects of potassium and nitrogen fertilization on the
cadmium and cobalt contents in the soil were similar since the percentage of the observed variability
amounted to 17–18% and 35–36%, respectively. Its low values of the order of a few or several % indicate
the insignificant effect of both potassium and nitrogen fertilizers on the zinc content in the soil.

Agriculture 2020, 10, x FOR PEER REVIEW 8 of 12 

 

Table 4. Pearson’s correlation coefficients (r) between content of trace elements in soil. 

Factor 
Content of Trace Elements in Soil 

Cd Pb Cr Co Ni Zn Cu Mn 
Pb 0.543 ** 
Cr −0.287 −0.611 ** 
Co −0.562 ** −0.622 ** 0.507 ** 
Ni 0.354 0.868 ** −0.795 ** −0.535 ** 
Zn −0.059 −0.178 0.376 −0.008 −0.291 
Cu 0.290 −0.022 0.032 −0.200 −0.192 0.079 
Mn −0.479 *  −0.689 ** 0.695 ** 0.602 ** −0.767 ** 0.291 0.287 
Fe −0.567 ** −0.306 0.707 ** 0.414 * −0.428 *  0.195 0.018 0.561 ** 

Significant at ** p ≥ 0.01 * p ≥ 0.05; r—correlation coefficient. 

An analysis of the percentage of the observed variability calculated using the η2 coefficient by 
the ANOVA method indicated that the contents of most trace elements in the soil were mostly 
determined by nitrogen fertilization (Figure 3). Its distribution was the highest for chromium, lead, 
manganese, and nickel and amounted to 49.1%, 70.1%, 76.4%, and 86.3% of the proportion of this 
variable, respectively. The proportion of potassium fertilization predominated in relation to the 
contents of iron (35.5%) and copper (44.2%). The effects of potassium and nitrogen fertilization on 
the cadmium and cobalt contents in the soil were similar since the percentage of the observed 
variability amounted to 17–18% and 35–36%, respectively. Its low values of the order of a few or 
several % indicate the insignificant effect of both potassium and nitrogen fertilizers on the zinc 
content in the soil. 

 
Figure 3. Per cent contribution of variable factors according to the content of trace elements in soil: 
N—Nitrogen dose, K—Potassium dose. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Cd Pb Cr Co Ni Zn Cu Mn Fe

18.2

70.1

49.1

35.4

86.3

11.6 7.9

76.4

17.6

17.2

6.1

33.7

35.8

5.8

5.8

44.2

10.3

35.5

11.9

2.3

9.0

20.6

1.8

2.6

28.0

6.0

9.5

52.7

21.4

8.2 8.2 6.1

80.1

19.8

7.3

37.4

N K N · K Error

Figure 3. Per cent contribution of variable factors according to the content of trace elements in soil:
N—Nitrogen dose, K—Potassium dose.



Agriculture 2020, 10, 398 9 of 12

4. Discussion

In multi-annual field experiments conducted by Lehoczky et al. [8], the effect of long-term
application of NPK fertilizers on the availability of certain trace elements by plants in the soil was
relatively insignificant, with phosphorus fertilizers having a stronger effect than nitrogen and potassium
fertilizers. The strongest effect was noted for molybdenum following the application of phosphorus
fertilizers. No correlations or ambiguous trends were demonstrated between the manganese and zinc
contents in the soil fertilized with nitrogen and potassium. The effect of these fertilizers on the contents
of other trace elements in the soil was also relatively inconsiderable. According to Richards et al. [3],
the application of phosphorus fertilizers into the soil has no significant effect on the content of trace
element forms available to plants. Different views are expressed by Jiao et al. [15] who claim that
these are a significant source of arsenic, cadmium, and lead in cultivated fields. According to Ni and
Ma [29], the content of lead and copper in nitrogen fertilizers and cadmium in potassium fertilizers in
China had increased since 2003. However, it is much lower than in phosphorus and multi-component
fertilizers. The nickel content in mineral fertilizers (mainly phosphorus fertilizers) was also higher
than in recent years. Benson et al. [30] indicate that urea fertilizer may contain higher levels of nickel,
lead, and cadmium. According to Atafar et al. [31] fertilization increases the content of cadmium and,
in particular, lead in the soil. Despite an occasionally significant increase noted in the trace element
contents in the soil following the application of NPK fertilizers, the proportion of forms available to
plants of, for example, cadmium, zinc, manganese and iron, decreases with an increase in the pH
of the soil [11]. Increased NPK fertilization increases the content of copper and zinc in soils [9,32].
In the studies of Mazur and Mazur [33], long-term use of mineral fertilizers increased the content
of trace elements in soils, especially copper, lead, and nickel. Uprety et al. [34] also noted that as a
result of NPK fertilization, the content of chromium, copper, nickel, lead, and zinc in the soil increased.
However, the content of these elements was below the acceptable legislation limits. Czarnecki and
Düring [35] showed that after several years of using various mineral fertilizers (N, P, NP, and NPK),
the total content and mobile forms of cadmium, lead, copper, zinc, and manganese in the soil increased.
Fertilization with nitrogen as well as other fertilizers often decreases the soil pH, which results in
an increase in the mobility of many trace elements, e.g., zinc, copper, manganese, and iron [36,37].
Analogously, a study by Singh et al. [38] also observed an increase in the mobility of copper and
manganese. Li et al. [39] also noted an increase in the content of trace element forms available to plants
in fertilized pots with NPK. By applying calcium fertilizers in a competent manner, trace elements
uptake by plants can be regulated and limited [37]. Therefore, the availability of trace elements to
plants does not have to be strictly correlated with their total amounts introduced into the soil with
classic mineral, nitrogen, potassium, or phosphorus fertilizers [11].

The proper supply of plants with the necessary nutrients is determined by antagonistic and
synergistic relationships between elements [40]. Antagonisms are noted mainly between cations such
as potassium, copper, iron, manganese, and zinc, and synergism between potassium and copper,
which was partially confirmed in the authors’ own study. Moreover, antagonism is frequently
observed between nitrogen and manganese and iron and synergism between nitrogen and copper and,
occasionally, iron. Mazur and Mazur [33] demonstrated a positive correlation between manganese
and cadmium and nickel, and also between cadmium and nickel and lead, and between zinc and
lead in soils after the application of mineral fertilization. Therefore, the application of mineral
fertilizers into the soil may determine the decrease or increase in the uptake of other elements by
plants. An experiment by Pogrzeba et al. [2] shows that fertilization with nitrogen, phosphorus,
and potassium increased the uptake of zinc and certain macronutrients by plants. In the research
of Rutkowska et al. [41] nitrogen fertilization increased the content of iron, manganese, zinc, and
copper and decreased the concentration of molybdenum in the soil. In an experiment by Symanowicz
et al. [42], nitrogen fertilization significantly contributed to a reduction in chromium, copper, and
zinc contents, and insignificantly contributed to cadmium accumulation and an increase in lead
accumulation in the soil. The cadmium and lead contents, however, increased in the next year of
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the study. Rutkowska et al. [41] did not show a significant effect of potassium fertilization on the
concentration of microelements in the soil.

Knowledge of antagonisms and synergisms is useful in estimating the amounts of fertilizers used
in crop fertilization [40].

In summary, it can be concluded that nitrogen and potassium fertilizers can provide an additional
source of trace elements in soils. In general, however, the increase in their content is relatively
inconsiderable. The authors’ own study noted no permissible standards for the soil used for agricultural
purposes [43] to be exceeded for any of the elements under study.

5. Conclusions

Potassium and nitrogen fertilization had a significant effect on the development of the trace
elements content in the soil. Potassium fertilization had a more significant effect on trace elements
content in the soil fertilized at the same time with a lower nitrogen dose (130 mg N/kg soil).

Increasing potassium fertilization increased the cadmium and lead contents and reduced the
amounts of chromium and iron in the soil, particularly in the series with a lower nitrogen dose
(130 mg N/kg soil). The effect of potassium fertilization on the content of other trace elements was less
unambiguous since, for most of trace elements, lower doses of this fertilizer contributed to growth,
while higher doses lead to a decrease in their accumulation in the soil.

Nitrogen fertilization increased the contents of zinc, iron, copper, manganese, chromium,
and cobalt, while reducing the contents of cadmium, nickel, and lead.

Following the performance of PCA analysis and the calculation of Pearson’s correlation coefficients,
the significance of the correlation between the contents of certain trace elements in the soil was
statistically proven.

However, the increase in the contents of certain studied trace elements in the soil under the
influence of nitrogen and potassium fertilization was so small that no permissible standards for trace
elements content in the soil were demonstrated to have been exceeded.

The use of classic fertilizers in doses recommended for plants does not cause a risk of introducing
excessive amounts of trace elements into the soil. This is important information from the point of view
of the quality of plants grown in soils fertilized with nitrogen and potassium fertilizers.
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