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Leaching of macronutrients, micronutrients and aluminium
from the soil under long-term fertilizer experiments in Skierniewice
(Central Poland)

Abstract: The aim of the study was to determine the levels of soil mineral elements in groundwater and the volume of that water
draining from fields under different fertilization systems. In 2011, drainage systems were installed to collect groundwater from
selected plots of long-term fertilization experiments located at the Experimental Station of the Faculty of Agriculture and Biology of
Warsaw University of Life Sciences — SGGW in Skierniewice. The study involved limed (CaNPK) and unlimed (NPK) plots of two
fertilization experiments, one with mineral and the other with mineral-organic fertilization. During the study, the volume of the
drainage water was measured and samples of the water were analyzed for Ca, Mg, K, Na, Zn, Fe, Mn, Cu and Al. The levels of
mineral elements in the water flowing out of the soil profile were found to vary significantly and were dependent on the volume of the
outflow, the system of fertilization and soil acidification. The load of elements in the outflow water can be put in the following
relative order: Ca>Mg>K>Na>Al>Zn>Fe>Mn>Cu. Application of manure in the dose of fertilizers increased the leaching of ma-
gnesium and potassium, as well as zinc, iron and manganese. However, organic fertilization did not increase the leaching of calcium
from the soil, and reduced the activity and mobility of aluminium in the soil. Depending on the fertilization system and soil acidifi-
cation status, the amounts of elements washed out with 1 m? of water flowing out of ha a sandy soil were: 186434 g Ca, 12.6-33 g

Mg, 13.2-80 g K, 9.3-23.4 g Na, 29.5-251 mg Al, 53—184 mg Zn, 24.5-319 mg Fe, and 20-76.5 mg Mn.
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INTRODUCTION

In recent years, Europe has seen weather events
leading to intense infiltration of the soil profile by
rainwater (Westra et al., 2013). Although it is diffi-
cult to determine definitely whether the climatic con-
ditions on our continent are being or have been fun-
damentally altered, meteorological observations ne-
vertheless confirm the occurrence of weather anoma-
lies seen so far on a much smaller scale. In assessing
them, it should be remembered, however, that not so
long ago in Poland emphasis was given to the possi-
bility of the so-called steppization (turning into step-
pes) of agricultural areas. More recently, attention has
been drawn to the process of global warming, which
in Poland is to produce effects such as increased amo-
unts of precipitation. Although the total annual pre-
cipitation recorded in central Poland does not differ
from the multi-year average, we have recently been
dealing with a noticeable increase in the intensity and
number of single precipitation events. More impor-
tantly, the heavy precipitation events are preceded by
longer periods of drought. Such a situation has a fun-

*email: tomasz_sosulskil@sggw.pl

damental impact on the intensity of infiltration of the
soil profile by rainwater and promotes intensive sur-
face runoff and soil erosion. In the literature, the pre-
vailing view so far has been that the outflow of nu-
trients from fields takes place mostly outside of the
growing season (Misztal and Smal, 1991). However,
the volume and lengthy duration of the precipitation
events that have occurred in recent years during the
growing season make us believe that intense leaching
of components from the soil can also occur during
the vegetation period, and that the protracted droughts
in autumn can markedly inhibit the leaching of com-
ponents outside of the growing season.

The Department of Agricultural Chemistry of
Warsaw University of Life Sciences — SGGW is in
charge of long-term fertilization experiments located
in Skierniewice. These experiments have been con-
ducted in an unchanging way since the early 1920s.
In 2011, drainage systems were installed on selected
plots of these long-term fertilization experiments to
measure the extent of the outflow of mineral elements
from the soil under different fertilization and crop
production systems. The aim of this study was to as-
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sess the amounts of soil minerals in the drained gro-
undwater and the extent of their outflow from the
fields under two fertilization schemes: mineral and
mineral-organic.

MATERIALS AND METHODS

In May 2011, drainage systems were installed to
collect groundwater from selected plots of long-term
fertilization experiments located at the Experimental
Station of the Faculty of Agriculture and Biology of
Warsaw University of Life Sciences in Skierniewice.
Each drainage system consists of a perforated PVC
drainage pipe 100 mm in diameter, coated with syn-
thetic fibres, laid in a PVC U-profile in the soil at a
depth of 120 cm. The length of the drainage pipe al-
lows the drained water to be collected over the entire
length of the plot. The drained groundwater is collec-
ted into graduated vessels placed in inspection cham-
bers. Because the installation of the drainage systems
involved a major intrusion into the soil environment
of the experimental fields maintained since 1922, it
was decided that the systems would be installed on
one of three replicate plots of the selected experimen-
tal combination in field A — with arbitrary crop rota-
tion without legumes and not fertilized with manure,
and on one of five replicate plots in field E — with a
five-field crop rotation with a leguminous plant (po-
tatoes + 30 t manure-ha™!, barley, yellow lupin, win-
ter wheat, rye). In pursuing the objective of the stu-
dy, the drainage systems were installed on those plots
of the long-term fertilization experiments which were
part of a fertilization scheme involving mineral ferti-
lization only and combined mineral-organic fertili-
zation (Tab. 1). In the first year of the study (2011),
samples of the groundwater from all the plots were
collected in the last year before liming. Samples col-
lected in 2012 represented the conditions existing in
the soil soon after liming. Triticale was grown in field
A'in 2011 and mustard in 2012; in field E — potatoes
and barley, respectively.

In 2011, volume measurements and sampling of
the drained groundwater in the inspection chambers

TABLE 1. Scheme of experiments
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were performed at weekly intervals from mid-May
until the first subzero temperatures in November;
during periods of intense rainfall, however, the gro-
undwater was collected every 2—3 days. In the winter
of 2011/2012, monitoring and sampling of the dra-
inage water was performed during periods of thaw.
In 2012, in turn, the measurements of the volume of
the drained groundwater and collection of samples
were performed from after the last frost at the begin-
ning of March until the first subzero temperatures in
November at 7-day intervals, like in 2011, increasing
the frequency of these tasks during periods of heavy
rainfall. The monitoring of the outflow and sampling
of the drained groundwater in 2012 was completed
in the last week of the year. The total number of wa-
ter samples analyzed was 92: 36 samples in 2011 year
(9 terms from 4 fertilization objectives of the study)
and 56 samples in 2012 (14 terms from 4 fertiliza-
tion objectives of the study)

The collected water samples were analyzed to
determine the levels of macroelements: calcium, ma-
gnesium, potassium and sodium, and microelements:
zing, iron, manganese and copper. The samples were
additionally analyzed for aluminium content. The
amounts of all the elements were determined by ato-
mic absorption spectrometry in the laboratory of the
Department of Agricultural Chemistry, Warsaw Uni-
versity of Life Sciences, in Warsaw, using an M6 Solar
Thermo Elemental apparatus. The data were stati-
stically analyzed to determine the element concen-
trations variability in the groundwater using SPSS
Statistic 21.

RESULTS AND DISCUSSION

The amounts of mineral elements in the water
moving through the soil profile on the experimental
plots selected for the study showed considerable va-
riation between successive test dates in 2011-2012
years (Tab. 2 and 3). Evidenced by the relatively high
value of the calculated statistics: standard deviation
(SD) and coefficient of variation (V%) in individual
years of the study (Tab. 2 and 3). This is a characteri-

stic feature of the groundwater flo-
wing out of the soil, as described

by many researchers concerned

Fertilization Experiment Crop rotation Fertilization 4 . ;

system (field) manure mineral with this subject (Baran et al., 2011;

Mineral A arbitrary rotation none CaNPK* Pulikowski etal., 2007: Igras, 2004;
without legumes NPK* Ruszkowska et al., 1999; Steele et

Mineral-organic E five-field rotation 30 tha! every CaNPK* al., 1984). Statistical apalysw f)fthe
(potatoes, barley, five years NPK* data showed that the distribution of

lupin, wheat, rye)

the concentrations of Ca, Mg, K,

Explanation: *CaNPK, NPK: 90 kg N-ha-'as ammonium nitrate, 26 kg P-ha! as single super-
phosphate and 91 kg K-ha™! as potassium chloride, 1,5 t CaO- ha ! every 4 years.

Na, Fe, Zn, Mn, Al in water flowing
out of the soil selected for research
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TABLE 2. Effect of fertilization and crop rotation on the amounts of Ca, Mg, K and Na (mg-dm3) in the water infiltrating the soil
profile to a depth of 120 cm

Year Field Fertilization Value Ca Mg K Na
manure mineral mg-dm3
2011 A none CaNPK min-max 55.37-104.00 3.74-10.80 1.87-2.95 5.27-8.26
average 81.5 9.01 2.58 5.97
SD; V% *  20.33; 250 2.06; 22.0 0.42; 16.0 0.94; 16.0
NPK min-max 18.74-86.21 9.88-14.79 1.56-5.05 5.14-14.14
average 67.07 11.99 3.35 9.65
SD; V%*  20.62; 31.0 16.84; 14.0 1.27; 38.0 339,  36.0
E 30 tha! CaNPK min-max 43.22-308.29 14.67-26.08 3.15-13.96 5.06-27.81
average 200.36 19.76 7.92 13.26
SD; V%*  61.24; 31.0 3.24; 16.0 3.75; 47.0 6.04;  46.0
NPK min-max 94.39-277.37 19.92-31.66 2.85-24.37 11.56-20.33
average 162.95 25.37 9.26 14.34
SD; V%*  50.08; 31.0 4.36; 17.0 8.25; 89.0 2.78; 19.0
2012 A none CaNPK min-max 19.88-112.98 6.30-22.00 0.46-13.25 0.21-3.11
average 81.55 15.40 4.57 1.43
SD; V%*  33.03; 40.5 6.10;  39.0 4.67; 102.0 1.01;  70.0
NPK min-max 12.56-84.87 2.80-25.80 1.98-10.00 0.12-3.99
average 53.48 18.80 4.46 1.68
SD; V%* 2738, 512  7.30; 39.0 2.18; 49.0 1.35; 80.0
E 30 tha! CaNPK min-max 6.32-111.60 2.70-25.20 1.44-42.53 0.21-5.14
average 54.34 14.20 11.09 2.08
SD; V%*  37.55;  69.1  7.00; 49.0 13.27; 69.0 1.85; 49.0
NPK min-max 8.16-90.12 5.10-26.10 2.34-44.47 0.45-5.14
average 47.00 15.20 14.32 1.84
SD; V%* 3698, 78.7  7.60; 50.0 12.57; 87.0 1.57; 85.0
Average A none CaNPK average 81.6 5.3 3.6 3.7
NPK 60.3 6.9 3.9 5.7
E 30 tha'! CaNPK 127.4 10.6 9.5 7.7
NPK 105.0 134 11.8 8.1

Explanation: *SD — standard deviation, V% — coefficient of variation.

TABLE 3. Effect of fertilization and crop rotation on the amounts of Zn, Fe, Mn, Al (ug-dm~>) in the water infiltrating the soil profile
to a depth of 120 cm

Year Field Fertilization Value 7n Fe Mn Al
manure mineral pe-dm?

2011 A none CaNPK min-max <6.0-47.3 <3.6-32.3 <1.8-6.0 54.3-148.7
average 10.9 53 5.0 81.2

SD; V%*  14.8; 135 3.3; 61 3.4; 67 4.7, 6

NPK min-max <6.0-109.5 <3.6-56.0 <1.8-13.8 79.7-122.2
average 12.6 14.2 6.3 106.8

SD; V%*  18.6; 14 22.3; 64 3.4; 54 13.07; 12

E 30 tha CaNPK min-max <6.0-62.9 <3.6-69.0 <1.8-11.84 <6.0-41.0
average 14.2 7.6 6.3 20.1

SD; V%*  20.0; 141 6.2; 82 3.2; 51 7.1; 35

NPK min-max <6.0-114.0 <3.6-67.9 <1.8-64.7 <6.0-101.0
average 30.3 332 11.1 23.5

SD; V%*  36.0; 119 13.2; 39 20.6; 185 3.7; 16

2012 A none CaNPK min-max <6.0-63.4 <3.6-35.5 <1.8-354 <6.0-144.1
average 17.91 8.2 6.4 55.0

SD; V%*  7.2; 96 12.0; 146 10.6; 165 43.8; 80

NPK min-max <6.0-77.5 <3.6-68.3 <1.8-43.3 <6.0-309.1
average 22.1 9.0 7.2 104.5

SD; Vo%*  20.4; 105 18.3; 202 11.4; 158 76.9; 74

E 30 tha! CaNPK min-max <6.0-54.8 <3.6-175.8 <1.8-70.8 <6.0-398.7
averageSD; 22.5 22.4 13.2 45.8

V%* 28.6; 127 46.7; 208 21.3; 161 11.1; 24

NPK min-max 9.5-63.4 <3.6-243.7 <1.8-27.2 <6.0-606.9
average 31.2 58.2 13.3 47.0

SD; V%*  19.4; 62 72; 123 10.2; 76 14.5; 31
Average A none CaNPK average 14.4 6.8 5.7 68.1
NPK 17.4 11.6 6.8 105.7
E 30 t-ha™! CaNPK 18.4 15.0 9.7 34.6
NPK 30.8 45.7 12.2 335

Explanation: *SD — standard deviation, V% — coefficient of variation.



TABLE 4. Statistical characteristic of the distribution of Ca, Mg, K, Na, Fe, Zn, Mn, Al concentration in the water infiltrating the soil profile to a depth of 120 cm.

Year Field Manure  Mineral Parameters Ca Mg K Na Fe /n Mn Al
of distibution
2011 A CaNPK Median 83.364 9.565 2.691 6.006 3.600 7.102 5.956 76.135
skewness -0.105 -0.418 -0.706 2.443* 2.826* 1.919*% -2.417*% 2.185
Kurtoza -2.182 3.802* -0.822 6.196* 8.302* 3.890* 6.124* 5.605%*
NPK Mediana 68.461 11.390 3.292 8.686 4.043 6.000 6.74 110.435
skewness 1.825% -0.506 0.055 0.294 1.566* 3.076* 0.225 -0.966
Kurtoza 4.438* -0.948 -1.341 -1.524 0.929 9.577* -0.408 0.576
E 30 tha! CaNPK Median 187.46 18.598 6.886 12.191 3.600 7.200 8.090 6.379
skewness 0.645 0.617 0.258 1.823* 2.951* 2.139*% -0.258 0.340
Kurtoza -0.728 1.124 -1.228 5.33% 8.774* 5.130%* -1.552 2.125
NPK Median 153.647 24.258 4.942 14.081 34.293 26.34 5.983 6.000
skewness 1.468 0.608 1.298 1.392 0.057 1.915*% 2.774% 1.526
Kurtoza 3.715*% -0.852 0.112 1.890 -1.825 4.514% 7.999* 1.260
2012 A none CaNPK Median 83.379 14.87 6.170 1.051 0.9423 14.755 3.16 44.529
skewness -0.105 -0.418 -0.708 2.4438 2.826% 1.919% -2.417* 2.185%
Kurtoza 2.182% 3.862% -0.822 6.196* 8.302* 6.124* 6.124* 5.605%
NPK Median 56.87 20.828 3.936 1.562 1.216 12.948 4.437 102.435
skewness -1.825 0.506 0.055 0.294 1.566* 3.076* 0.225% -0.966
Kurtoza 4.438* -0.948 -1.340%* -1.524 0.920 9.577* -0.408* 0.576
E 30 tha' CaNPK Median 64.925 13.33 6.736 0.851 0.050 20.495 6.700 3.590
skewness 0.645 0.617 0.258* 1.823* 2.951%* 2.139*% -0.258 -0.340
Kurtoza -0.728 1.124 -1.228 5.333* 8.774* 5.130%* -1.552 2.125%
NPK Median 46.745 14.705 6.721 0.929 28.811 24.345 12.311 5.800
skewness 1.468 0.608 1.298* 1.392%* 0.057 1.916* 2.774% 1.528%*
Kurtoza 3.715 -0.852 0.112 1.890 1.825% 4.514* 7.990* 1.260%*
2011- A none CaNPK Median 83.328 10.447 3.950 2.876 3.600 9.674 5.281 67.165
2012 skewness -0.896 1.020* 1.096* 1.137* 1.728* 1.629* 3.078%* 0.031
Kurtoza -0.907 1.126 -0.211 1.602* 1.704 2.5468 11.554% -0.775
NPK Median 60.579 13.519 3.62 3.093 1.216 7.447 5.118 105.86
skewness -0.882 0.144 1.791* 0.835 2.109* 2.149% 3.474* -0.557
Kurtoza 0.738 -0.994 5.049* -0.493 3.459* 4.339% 14.610* -0.394
E 30tha! CaNPK Median 80.394 17.98 6.886 4.540 3.600 15.02 8.009 6.000
skewness 0.884 -0.306 2.277* 1.662* 2.963* 1.045% 2.938* 3.475%
Kurtoza 0.195 -0.524 4.282% 3.478* 9.249* 1.024 8.350* 12.697*
NPK Median 73.09 18.78 6.556 2.005 31.66 25.574 9.164 5.900
skewness 0.923 0.016 1.809* 0.856 2.034* 1.811* 2.109* 4.773%
Kurtoza 0.704 -0.986 3.074* -0.811 4.192% 4.720%* 6.348* 23.829%

Explanation: *value of kurtosis and skewness indicatig deviation from normal distribution.
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fertilizer objects usually do not have a normal distri-
bution. For this reason, the basic measure of symme-
try distribution: kurtosis, skewness and median for
the results obtained in different years of study at each
fertilizer objects were calculated (Tab. 4). To apply
for the significance of differences between objects
used Kruskall-Wallis test does not require the nor-
mal distribution of the data analyzed, allowing for
comparison of medians for more than two objects.
Since this test can not exact determine which objects
fertilizer differ a significant subsequently used the
Mann-Witney. This test allows comparison of medians
pairs analyzed variables and assess the significance
of differences. For most objects both experiments,
regardless of the year of the study, there was no si-
gnificance difference in the concentrations of most
elements in water infiltrating the soil profile. Only
the aluminum content of the water flowing out of the
test object usually was significantly different (Tab.
5). Regardless of the acidification status, the amount
of aluminium in the water draining from the soil fer-
tilized with mineral fertilizers only (field A) was on
average more than 2.5 times higher than in the water
from the soil fertilized with both mineral fertilizers
and manure (field E). The effect of soil acidification
on the aluminium content in the groundwater was
noticeable only in the field in which only mineral fer-
tilization was applied (field A). The omission of soil
liming (NPK combination) in that field caused an in-
crease in Al content in the groundwater by about 55%
in comparison with the combination that included li-
ming. On the other hand, the average amounts of alu-
minium in the groundwater on the limed (CaNPK)

TOMASZ SOSULSKI, EWA SZARA, MARIAN KORC, WOJCIECH STEPIEN

and unlimed (NPK) plots in field E, where manure
was applied every five years, were similar. This me-
ans that the soil organic matter taking part in the com-
plexation of aluminium determines its activity and
mobility in the soil and reduces its negative effect on
the crop yields obtained on unlimed plots in the expe-
rimental field with combined mineral-organic fertili-
zation (Mercik and Stepien, 2005; Sosulski et al.,
2011).

The amounts of mineral components in the gro-
undwater flowing out of the plots was dependent to a
lesser extent on the applied fertilization and crop ro-
tation (Tab. 2). The average amounts of macro- and
microelements in the water flowing out of the soil
fertilized with mineral fertilizers and manure (field
E) were higher than in the groundwater draining from
the soil fertilized with mineral fertilizers only (field
A). This is confirmed by the view, known from lite-
rature, on the influence of organic fertilization on the
increase in the levels of mineral components in the
water infiltrating the soil profile (Baran et al., 2011;
Koc, 1992).

In our study, the calcium content in the water in-
filtrating the soil in the CaNPK combination in field
A including in 2011-2012 was significantly higher
than in the samples of the water flowing out of the
unlimed (NPK) soil (Tab. 5). Regardless of the ferti-
lization system and soil acidification status, the ave-
rage calcium content in the groundwater was higher
than the levels of magnesium, potassium and sodium.
It should be noted that, unlike in field E, the sodium
content in the groundwater in field A was similar (in
the CaNPK combination) or higher (in the NPK com-

TABLE 5. The assessment
of significance of differen-

Year The objects
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Explanation: * differences significant at p = 0.05; ns — not significant.
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bination) than the potassium content. For almost all
the plots, the average amount of zinc in the drained
water was greater than the amounts of iron and man-
ganese.

Worthy of note here is a very broad equivalence
ratio of calcium to aluminium in the water infiltrating
the profile of the test soils (Ca : Al = 1261-8172 :1).
The value of this ratio for the arable layer of soil is
taken into account when assessing plant growth con-
ditions (Labetowicz et al., 2004; Sosulski et al., 2007).
However, the value of Ca:Al ratio in the solid phase
of the soil in the humus accumulation horizon is nar-
rower. Such a broad ratio of the two elements in gro-
undwater is a manifestation of different solubilities
in water of the salts of these elements, and although
on the acidified plots of both experimental fields this
ratio even becomes substantially narrowed down, it
cannot be used in the assessment of plant growth con-
ditions because of its large value.

The data in Table 6 indicate that the amount of
water flowing out of the test plots in both fields was
different. Considerably more water drained from field
A, where lower crop yields are obtained, than from
field E, where crop yields are generally higher (Mer-
cik and Stepien, 2005; Sosulski et al., 2011). In both
years of the study, crop plants that consume different
amounts of water were grown in the two experimen-
tal fields: potatoes and barley in field E, and triticale
and mustard in field A.

The fertilization system used in the fertilization
experiments was mostly responsible for the size of
the load of Ca, Mg, K, Na, Zn, Fe, Mn and Al trans-
ferred from the soil to the ground water. Throughout
the whole study period, leaching of magnesium, po-
tassium, sodium, zinc, iron and manganese from the
soil fertilized with mineral fertilizers and manure
(field E) was from about 13 to 294% higher than the
leaching of these components from the soil in the field
where only mineral fertilizers were applied (field A).
Only the load of calcium reaching the hydrosphere
was similar in the two systems of fertilization. On
the other hand, the amount of aluminium flowing out
of field A was slightly more than twice the amount
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leaving field E. The differences observed in the extent
of leaching of the mineral elements lead to the conc-
lusion, consistent with literature data, that organic
fertilization generally increases the extent of leaching
of mineral components from the soil (Baran et al.,
2011; Mackowiak, 2000; Koc, 1992). In our study,
this was primarily due to a higher input of nutrients
to the soil in the mineral-organic than the solely mi-
neral system. Despite higher crop yields in field E
than in field A, and therefore greater uptake of nu-
trients by plants, there is a surplus in the distribution
of plant nutrients under mineral-organic fertilization.
As our study shows, some of this surplus is lost from
the soil through leaching. Similar amounts of calcium
being washed out in both fertilization systems indi-
cate, however, that the leaching of this element is as-
sociated more closely with the process of soil pH
adjustment than with the extent of Ca uptake by plants.
In both experimental fields, lime is used in similar
quantities and at similar time intervals. It is worth
noting, however, that the amount of calcium flowing
out of the fields with the groundwater is relatively
small, especially when compared with the results
obtained by other researchers (Oliveira et al., 2002;
Stelle et al., 1984). At the same time, it should be
noted that our study was conducted in the two expe-
rimental fields in the last year before liming and in
the year of liming. This certainly had an impact on
the amount of the active form of that component in
the soil. Indeed, it is known that the reaction of lime
with acid hydrogen accumulated in the soil occurs,
depending on the chemical and physical form and
moisture content of the fertilizer, with varying inten-
sity over a long period of time (Grzebisz, 2009). It
can therefore be assumed that during the study pe-
riod the pool of calcium capable of movement with
water in the soil was very small.

Also of interest seem to be the results concerning
the extent of aluminium leaching from the two expe-
rimental fields. In the mineral fertilization system,
the amount of aluminium moving from the soil to the
hydrosphere was much greater than in the mineral-
organic system. This is an indication of the role of

TABLE 6. Load of mi-

Experi- Fertilization Outflow Ca Mg K Na Zn Fe Mn Al
ment (-ha!) neral elements transfer-
- - - red from the soil into
A manure  mineral kgha gha groundwater depending
none CaNPK 1477.1 120.5 5.6 59 41 234 10.8 8.8 92.9 on fertilization and crop
NPK 15290 882 7.7 63 64 293 162 106 1609 rotationin2011-2012
average 1503.0 1044 6.6 6.1 5.2 263 13.5 9.7 126.9
E 30 tha'! CaNPK 1456.9 1193 7.1 153 6.1 305 28.6 173 60.6
NPK 1445.7 96.3 8.0 19.5 5.7 449 78.0 18.7 61.4
average 1451.3 107.8 7.6 174 59 37.7 533 18.0 61.0
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the organic substance accumulated in the soil as a
result of long-term fertilization with manure in the
complexation of that element. Permanent binding of
aluminium by soil organic matter does not only, as
research has shown, reduce its mobility and leaching
from the soil, but also, by inhibiting its activity, redu-
ces the negative impact on the crop yields obtained
(Mercik and Stgpien, 2005; Sosulski et al., 2011).

The soil acidification status had a similar effect
on the relative order in terms of the size of the load of
soil mineral components flowing out of the limed
(CaNPK) and unlimed (NPK) plots, and their amo-
unts in the groundwater. Acidification of the soil re-
sulted in increased leaching of magnesium, potassium,
sodium, zine, iron, manganese (only in field A) and
aluminium in comparison with the limed plots of both
experimental fields. In both fertilization systems,
more calcium was washed out from the limed than
unlimed plots. Because the time of installation of the
drainage systems made it possible to determine the
extent of the outflow of soil components over 19
months in 2011 and 2012, it seemed necessary to the
authors of this work to show the average monthly
outflow of the analyzed soil components and in terms
of per 1 m? of the water flowing out of the soil profi-
le. The presented values allow a simulation analysis
of the magnitude of the potential outflow of these
elements over different periods of time and under dif-
ferent soil water conditions (Tab. 7 and 8).

TOMASZ SOSULSKI, EWA SZARA, MARIAN KORC, WOJCIECH STEPIEN

CONCLUSIONS

1. The amounts of mineral elements in the groun-
dwater flowing out of the soil profile are sub-
ject to considerable variation and are depen-
dent on the volume of the outflow, the plant
fertilization system and soil acidification sta-
tus. In terms of the load of elements carried in
the water flowing out of a Luvisol, the follo-
wing relative order of concentrations can be
adopted: Ca>Mg>K>Na>Al>Zn>Fe>Mn>Cu.

2. The presence of manure in the dose of fertilizers
causes an increase in the leaching of magnesium
and potassium, as well as zinc, iron and mangane-
se. On the other hand, organic fertilization does
not increase the leaching of calcium from the soil,
and reduces the activity and mobility of aluminium
in the soil.

3. Depending on the plant fertilization system and
soil acidification status, the following amounts are
washed out with 1 m? of water flowing out of ha a
light soil: 186434 g Ca, 12.6-33 gMg, 13.2-80 gK,
9.3-23.4 g Na, 29.5-251 mg Al, 53-184 mg Zn,
24.5-319 mg Fe, and 20-76.5 mg Mn.
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TABLE 7. Average monthly load of mineral elements transferred from the soil into groundwater depending on

fertilization and crop rotation

Experi- Fertilization Ca Mg K Na 7n Fe Mn Al

ment  anure mineral  kgha! gha

A none CaNPK 6.3 294.0 308.8 217.1 1.23 0.57 0.47 4.9
NPK 4.6 404.5 331.2 3348 154 0.85 0.56 8.5
average 5.5 3493  320.0 276.0 1.39 0.71 0.52 6.7

E 30 t-ha™! CaNPK 6.3 3743 804.5 321.3 1.61 1.5 0.91 3.2
NPK 5.1 4223 10245 300.7 2.36 4.11 0.98 3.2
average 5.7 3983 9145  311.0 1.99 2.81 0.95 3.2

TABLE 8. Average load of mineral elements carried in 1 m3 of water flowing out of the field with an area of 1 ha

depending on fertilization and crop rotation

Experi- Fertilization Ca Mg K Na 7n Fe Mn Al

ment manure mineral gha ''m? mgha ' 'm

A none CaNPK  271.7 12.60 13.24 9.31 52.7 245 199 209.5
NPK 1855 16.15 1322 13.37 61.50 34.1 223 338.1
average 228.6 144 13.2 11.3 57.1 293  21.1 273.8

E 30 tha! CaNPK 4340 2586 5559 2220 1109 1039 63.0 220.3
NPK 3941 3285 79.70 2339 183.8 3194 76.5 251.2
average 4141 294 48.4 22.8 1474 2117 69.8 235.8
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Wymycie makroelementdéw, mikroelementdw i glinu z gleby w warunkach wieloletnich
doswiadczen nawozowych w Skierniewicach (Srodkowa Polska)

Streszczenie: Celem pracy byta ocena zawartosci sktadnikow mineralnych w wodzie gruntowej i wielkos¢ ich odptywu z pola w
roznych systemach nawozenia: mineralnego i mineralno-organicznego. W 2011 r. na wybranych obiektach wieloletnich doswiadczen
nawozowych zlokalizowanych na Polu Doswiadczalnym Wydzialu Rolnictwa i Biologii SGGW w Skierniewicach zainstalowano
systemy drenarskie zbierajace wodg¢ gruntowa z poletka. Systemy takie zainstalowano na obiektach wapnowanych (CaNPK) i nie-
wapnowanych (NPK) dwoch eksperymentow, na ktérych stosowane jest nawozenie w systemie nawozenia mineralnego (ekspery-
ment A) i mineralno-organicznego (eksperyment E). W ramach badan zmierzono wielkos$¢ odcieku wody oraz zawartos¢ Ca, Mg, K,
Na, Zn, Fe, Mn, Cu i Al w prébach wody. Zawartos¢ sktadnikéw mineralnych w wodzie odplywajacej z profilu gleby ulega znacznym
wahaniom i jest uzaleznione od wielkosci odptywu, systemu nawozenia roslin i stanu zakwaszenia gleby. W zaleznosci od zawartosci
pierwiastkéw w wodzie odptywajacej z gleby ptowej mozna przyjaé wiele stezen pierwiastkow: Ca>Mg> K>Na>Al>Zn>Fe>Mn>Cu.
Udzial obornika w dawce nawozow powoduje wzrost wymycia magnezu i potasu oraz cynku, zelaza i manganu. Natomiast nawoze-
nie organiczne nie wptywa na zwigkszenie wymycia wapnia z gleby i ogranicza aktywnos¢ i mobilnos¢ glinu w glebie. W zalez-
nosci od sposobu nawozenia roslin oraz stanu zakwaszenia gleby wraz z 1 m3 wody odplywajacej z gleby ptowej zostaje wymyte
zha: 186434 g Ca, 12,6-33 g Mg, 13,2-80 gK, 9,3-23,4 g Na, 29,5-251 mg Al, 53—184 mg Zn, 24,5-319 mg Fe i 20-76,5 mg Mn.

Stowa kluczowe: wymycie sktadnikéw mineralnych z gleby, wieloletnie doswiadczenia nawozowe



