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Abstract

Long-term application of fertilizers can change the chemical composition of the soil environment.
Our objective has been to determine total amounts of trace elements (Cu, Mn, Zn, Cd and Pb) in
the top layer of soil after 34 years of annual applications of organic and mineral fertilizers. The
first experiment was set up in 1972 on lessive soil, while the second one was started in 1973 on
brown soil. The same crops were grown in both experiments. Bovine manure and slurry were
applied in the first experiment, while the other one involved the application of swine manure
and slurry. Slurry was applied at two different doses. One dose of slurry was applied together
with manure and mineral fertilization in amounts balanced according to nitrogen. The other
dose of slurry was determined so that it brought to soil the same amount of organic carbon as
introduced with a manure dose. Manure and slurry were also applied in combination with pho-
sphorus and potassium fertilizers in amounts equal half the content of these components used
delivered through exclusive mineral fertilization. The total metal content was assessed using the
atomic absorption spectrometry method, with prior mineralization in a 1:1 mixture of nitric and
chloric acid. The application of fertilizers over many years increased the content of trace ele-
ments. The actual effect varied between the analyzed soil types, depending also on the type of
fertilizer and the dose of slurry. The average content of Cu, Cd and Pb was 13.8% higher in
lessive than in brown soil, while the amount Mn was lower by as much as 32.7%. Among the
doses balanced with respect to nitrogen, the effect of manure caused an increase in the Mn, Zn
and Ni content in lessive soil, as well as Cu and Pb in brown soil compared to the application of
the slurry dose balanced with manure according toorganic carbon. Mineral fertilizers did not
increase the content of the analyzed metals as much as manure, with the exception of Cu and
Pb in lessive soil and Ni in brown soil. Compared to manure, the application of slurry in the
second dose balanced with manure using organic carbon resulted in increased concentrations of
Cu and Pb in lessive soil as well as Mn, Zn, Cd and Ni in brown soil. Additional fertilization
with phosphorus and potassium (PK) had various effects on the content of trace elements.
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INTRODUCTION

In addition to the contamination caused by industry or transportation,
organic and mineral fertilizers can significantly alter the chemical compo-
sition of the soil environment (Su et al. 2006, Ju et al. 2007, BEDNAREK et al.
2012). An indicator of these changes is the content of trace elements in soil,
which is dependent on the type of fertilizer used (organic, mineral), the me-
ans and frequency of its application and the type of crops grown (Huang, JiN
2008, SRINIVASARAO et al. 2013). When fertilizers, especially organic ones,
have been applied for many years, their excessive accumulation in soil and
higher uptake by plants may occur (ZENGIN, MuUNzUROGLU 2005, KarMI et al.
2013). In addition to microelements, fertilization also introduces heavy me-
tals, which are either unnecessary or required only in small amounts in soil
for the growth and development of plants; these include Pb, Cd, Cr and Hg
(MortvEDT 1996, OciepA et al. 2007, Lurascu et al. 2009, GamBus, WIECZOREK
2012). Their natural content in soils does not usually impair the quality of
crops. However, elevated concentrations of these elements can lead to the
contamination of the agricultural environment (KaBATA-PENDIAS, PIOTROWSKA
1995, Regulation ... 2002).

The aim of this study has been to assess the influence of fertilization
with slurry, manure and NPK over a period of many years on the total con-
tent of trace elements (Mn, Zn, Cu, Cd, Ni and Pb) in the surface layer of
soil.

MATERIAL AND METHODS

Soil samples from two field experiments conducted with 6 replications on
randomly selected plots were used for the study. The first experiment was
set up in 1972 in Balcyny (53°35’45” N, 19°51°06” E) on lessive soil, no-
urished with organic bovine fertilizers. The soil’s arable layer consisted of
sandy clay, containing 5-7% fractions under 0.002 mm in diameter (SL accor-
ding to USDA). The second experiment was started a year later, in 1973, in
Tomaszkowo (53°35°45” N, 19°51°06” E). It was set up on brown soil supplied
with organic fertilizers from swine waste. The arable layer of the soil contai-
ned fine sand, with a 2-2.5% content of fractions under 0.002 mm in diame-
ter (S according to USDA). The experiments compared the effects of organic
(manure and slurry in two different doses) and mineral fertilizers. Beside
land fertilized exclusively with organic fertilizers, plots of land fertilized na-
turally with the addition of mineral fertilizers (PK) were designed. Phospho-
rus and potassium fertilizers were applied with manure and slurry in amo-
unts equal half of their content found in mineral fertilizers when the latter
are used exclusively. The doses of slurry and manure were calculated every
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year based on dry matter, organic carbon and nitrogen content, analysed
directly prior to the soil enrichment. The average yearly doses of fertilizers
are presented in Table 1, whereas Table 2 shows the average chemical com-
position of natural fertilizers. The scheme of the two experiments was com-
posed of eight plots of land: without fertilization, dose I (dI) of slurry, dose I
of slurry + PK (dI+PK), dose II (dII) of slurry, dose II of slurry + PK
(dII+PK), manure, manure + PK and NPK. Slurry dose I, manure and mine-
ral fertilizer were applied at doses balanced with nitrogen. Dose II of slurry
was established so that the amount of organic carbon it introduced into the
soil was equal to that in the manure dose. The following 8-year crop rota-
tions were grown in both experiments: potato, spring barley + a mixture of
red clover with grasses, red clover with grasses, winter rapeseed, winter
wheat + winter rye aftercrop, corn for silage, spring barley, and winter whe-
at. Soil samples for analyses were taken from the top layer of the soil (0-25
cm) following the harvest of crops in 2006 (experiment I) and 2007 (experi-
ment II). The total content of Mn, Zn, Cu, Cd, Ni and Pb was determined

Table 1
Doses of fertilizers applied in the experiments
Experiment I with bovine slurry Experiment II with swine slurry
and manure (average for 1972-2008) and manure (average for 1973-2009)
Specifica- . . . .
tion organic mineral fertilizers organic mineral fertilizers
fertilizers (kg ha™') fertilizers (kg ha'')
(t hat fm) N P K (t ha't fm) N P K
Manure 22.8 - - - 21.9
Slurry
Dose I 40.0 - - - 43.1
Slurry
Dose II 76.0 - - - 118.1
NPK - 110 38 108 - 131 43 116
Table 2
Chemical composition of organic fertilizers (% f.m.)
Experiment I Experiment II
Components (average for 1972-2008) (average for 1973-2009)
cow manure cow slurry swine manure swine slurry
Dry weight 23.90 8.43 27.21 5.42
Organic carbon 8.96 3.01 9.14 1.70
Nitrogen 0.49 0.27 0.59 0.30
Phosphorus 0.15 0.11 0.28 0.19
Potassium 0.41 0.33 0.54 0.21
Magnesium 0.09 0.05 0.12 0.05
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using the atomic absorption spectrometry (AAS) method after mineralization
in a 1:1 mixture of nitric (V) and chloric (VII) acid. The results were subjec-
ted to statistical calculations using a Statistica 9 software package, with re-
sults of each experiment subjected to statistical analysis using the Tukey’s
analysis of variance. The experiments were compared with the ¢-test for in-
dependent variables, assessing differences between the average results.

RESULTS AND DISCUSSION

The two soil types differed in terms of the Cu, Zn and Mn content (Table 3).
On average, lessive soil contained more copper and less manganese than
brown soil but they both had similar concentrations of zinc. The total copper
content in soils of the fertilized plots differed significantly from that in the

Table 3
Copper, manganese and zinc content in soils (mg kg d.m.)
Lessive soil Brown soil
Fertilization

Cu Mn 7n Cu Mn 7n
No fertilization 7.40 209.5 25.98 4.81 312.3 25.85
Slurry dI 10.68 247.1 29.70 5.93 367.4 28.27
Slurry dI + PK 10.14 226.7 28.94 7.72 328.6 30.78
Slurry dIT 9.92 211.9 31.18 5.48 371.6 31.02
Slurry dII + PK 8.66 217.6 26.56 6.42 379.0 28.31
Manure 8.24 266.8 31.82 6.52 346.0 29.24
Manure + PK 9.56 264.6 27.19 6.80 339.7 28.88
NPK 8.22 210.6 26.77 5.50 312.0 27.66
Average 9.10° 231.9° 28.52¢ 6.157 344.6° 28.75¢
LSD, . 0.67 14.4 2.12 0.53 21.45 2.03

@a bb differences insignificant at p < 0.05, <¢ differences significant at p < 0.05

controls. In lessive soil, the highest concentration of this element (10.68 mg
kg?! d.m.) was confirmed in the plot of land supplied with slurry at dose
I balanced with manure according to nitrogen, whereas the lowest one
(8.22 mg kg' d.m.) was detected in the plot subjected to mineral fertilization.
The copper content in brown soil ranged from 5.48 mg kg' d.m. in samples of
soil fertilized with slurry dose II balanced with manure in terms of the amo-
unt of organic carbon, to 7.72 mg kg! d.m. in soil fertilized with slurry dose
I along with additional PK fertilization. GRABER et al. (2004) demonstrated
that the fertilization of soil with pig manure over a period of 12 years incre-
ased the content of copper in the surface layer of soil and that the increase
resulted from the content of this element in animal feed. Rutkowska et al.
(2009) reported that the application of mineral fertilizers and manure over a
period of many years increased the Cu concentration in the soil complex.
Moreover, a positive influence of the long-term application of manure and
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NPK on the content of available copper forms in soil was reported by SzuLc
et al. (2007) and SieNkIEWICZ et al. (2009).

No significant influence of fertilization on the manganese content of ei-
ther soil type was observed on NPK fertilized objects. This is corroborated by
RaBikowska et al. (1993), who showed that mineral NPK fertilization applied
for 20 years did not have any influence on the Mn content in lessive soil. The
highest manganese content in lessive soil was observed in land fertilized
with manure, whereas brown soil contained the highest amounts of this ele-
ment when subjected to fertilization with slurry dose II balanced with ma-
nure in terms of organic carbon. In both soils, additional PK fertilization had
a negative effect on the Mn content only in the soil treated with slurry dose
I. According to MERcCIK et al. (2002), long-term application of manure and
manure with mineral fertilizers increased the manganese content of soils.
MartTias et al. (2002) revealed that the annual application of pig slurry could
result in a very high accumulation of Mn, Cu and Zn in soils.

The concentration of zinc in lessive soil ranged from 26.56 mg kg?! d.m.
in land with slurry dose II balanced with manure by the amount of organic
carbon introduced into the soil, to 31.82 mg kg! d.m. in the treatment with
manure. In brown soil, the highest accumulation of this element (31.02 mg
kg' d.m.) was noted in land with slurry applied at dose II. GRABER et al.
(2005) confirmed an increase in total zinc in the top layer of soil as a result
of fertilization with swine manure. Mineral fertilization did not have a sig-
nificant effect on the soil content of this element. An increase in the amount
of Zn in soil was observed by Ocikpa et al. (2008) after more than a decade of
applying poultry dung and swine manure. PLazA et al. (2007) found that the
application of swine slurry for a period of four years significantly increased
total Mn, Zn and Cu content.

The average content of cadmium, nickel and lead was higher in lessive
soil than in brown soil (Table 4). In lessive soil, cadmium ranged from 0.37 mg
kg' d.m. in the object with slurry dose II balanced with manure balanced in
terms of organic carbon, to 0.48 mg kg' d.m. in the plot fertilized with ma-
nure and additional phosphorus and potassium. In brown soil, the Cd con-
tent ranged from 0.23 mg kg! d.m. in the control to 0.49 mg kg! d.m. in the
plot of land with slurry applied at dose II with additional PK fertilization.
An increased Cd content in soil fertilized with manure is in agreement with
the studies carried out by Ocikra et al. (2008) and Ju et al. (2007). This is
connected with the high concentration of this element in fertilizer, amoun-
ting to 0.019-0.24 mg kg! d.m. in Poland (Ociepra et al. 2007).

The smallest amount of nickel in lessive soil was noted in the plot fertil-
ized with NPK, while the soil fertilized with manure enriched with PK con-
tained the highest amount. In brown soil, a significant divergence from the
control group was found only in soil fertilized with slurry dose I balanced
with manure in terms of nitrogen and with additional PK fertilization. As
reported by LipiNski and BEDNAREK (1997), the Ni content of soil increases
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Table 4
Cadmium, nickel and lead content in soils (mg kg d.m.)
Lessive soil Brown soil
Fertilization

Cd Ni Pb Cd Ni Pb
No fertilization 0.40 7.02 16.33 0.23 6.27 10.91
Slurry dI 0.44 7.96 16.61 0.38 6.34 12.55
Slurry dI + PK 0.44 7.82 17.87 0.27 7.13 14.60
Slurry dII 0.37 7.63 18.93 0.42 6.45 15.68
Slurry dII + PK 0.40 8.02 19.25 0.49 6.15 16.48
Manure 0.44 8.46 16.81 0.38 6.14 15.48
Manure + PK 0.48 9.31 17.62 0.42 6.22 15.24
NPK 0.38 6.68 17.07 0.24 6.37 12.17
Average 0.42¢ 7.86° 17.56¢ 0.35¢ 6.38° 14.14¢
LSD,, 0.03 0.49 1.26 0.02 0.36 1.01

@a differences non-significant at p < 0.05, % << differences significant at p < 0.05

along with an increase in the content of silt and clay fractions. Mineral fer-
tilization was not found to significantly influence the content of cadmium
and nickel in soils. LLukowskr and WIATER (2009) did not report increased
concentrations of nickel when studying the effects of different mineral fertil-
izers.

Changes in concentrations of lead in soil induced by long-term fertili-
zation are usually accompanied by changes in soil levels of cadmium
(CLEMENTEAT et al. 2007, Ararar 2010). The highest Pb content in both soil
types was found in land plots fertilized with dose II of slurry balanced with
manure in terms of organic carbon (with and without the addition of mineral
fertilizers). The reason is the high concentration of lead in organic fertilizers,
which in Poland averages 4.11 mg kg! d.m. in bovine slurry and 3.65 mg kg'!
d.m. in swine slurry (Ociepra et al. 2007).

Table 5 presents correlation coefficients between the levels of individual
trace elements in lessive and brown soil. According to J1a et al. (2010), these
coefficients are mainly affected by the mineralogical composition of soil and
its fertility, but are also influenced by the content of trace elements in the
applied fertilizers. Huang and Jin (2008) showed that the correlation between
Cu, Zn, Cd, Pb and Cr in agricultural soils depended on soil use. In lessive
soil, high positive correlations were found between Mn and Cd, Mn and Ni as
well as Cd and NI, whereas in brown soil they occurred between Mn and Cd,
Cd and Pb and Zn and Pb. This can be explained by the content of these ele-
ments in organic and mineral fertilizers (MACKOWIAK, ZEBROWSKI 2000, OCIEPA
et al. 2008a, GamBus, WIECZOREK 2012). A moderate positive correlation was
verified in both soils between Cu and Zn, as well as Mn and Zn. GRABER et al.
(2005) claimed that a significant correlation between Cu and Zn in soil was
associated with the content of these elements in animal feeds. A moderate
positive correlation was revealed in brown soil between Cu and Ni, Cu and
Pb, and Zn and Ni, while a negative correlation was noted for Cd and Ni.
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Table 5
Linear correlation coefficients between content of metals in soils
Lessive soil
Metal Cu Mn Zn Cd Ni
Mn 0.26*
Zn 0.44* 0.41%
Cd 0.34* 0.86%** 0.08*
Ni 0.38* 0.84%** 0.27* 0.81%*
Pb 0.28* -0.30* 0.05* -0.29* 0.18*
Brown soil
Metal Cu Mn Zn Cd Ni
Mn 0.14*
Zn 0.61* 0.43*
Cd 0.24* 0.90%** 0.37*
Ni 0.51% -0.25% 0.53* -0.43*
Pb 0.59* 0.66* 0.71% 0.80** -0.03*

significant at *** p < 0.001, ** p < 0.01, * p < 0.05

CONCLUSIONS

1. Annual fertilization with slurry, manure and mineral fertilizers conti-
nued for many years increased the total content of Cu, Mn, Zn, Cd, Ni and
Pb in lessive and brown soils in relation to plots of land that had not been
fertilized. The changes were more demonstrable in brown soil.

2. Among the doses of nitrogen-balanced fertilizers, manure had a more
significant influence on the content of trace elements than slurry applied at
a dose balanced with manure in respect of nitrogen, whereas mineral fertili-
zation was found to have either no effect or a negative one.

3. Fertilization with phosphorus and potassium together with organic
fertilizers had a significant positive effect on the content of Cu, Cd Ni and Pb
in lessive soil in land plots with manure. In brown soil, such changes were
noted in the content of Cu, Zn, Ni and Pb in soil to which slurry had been
applied at dose I, Cu and Cd in soil with dose II of slurry, and Cd in soil
treated with manure.

4. Strong positive correlations were found between the content of Mn and

Cd, Mn and Ni, and Cd and Ni in lessive soil, as well as between the content
of Mn and Cd, Cd and Pb, and Zn and Pb in brown soil.
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