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Introduction

Brassica napus L. is one of the key
oilseed crops, however its nutrition re-
quirements, e.g. as compared with win-
ter wheat, are twice as high as in the
case of nitrogen, phosphorus or potas-
sium. In the system of balanced fertili-
zation, satisfying the nutrition require-
ments of plants at the level adjusted to
the expected yields follows the principle
of the right nutrients management in
the soil-plant system (Lemanowicz and
Bartkowiak, 2013a). Those functions
can be played in terms of ensuring the
adequate fertilization with both macro-
and microelements (Zakarauskaité et al.,

2008). Unfortunately, recently it has
been observed that to increase the yields,
excessive amounts of nitrogen fertilizers
are applied without maintaining the right
proportions with the other nutrients (Le-
manowicz, 2013; Bartkowiak and Le-
manowicz, 2014). Unfavorable changes
can occur as a result of many-year appli-
cation of unbalanced mineral fertilization
(He et al., 2005). It can lead to disturbed
physiological functions of the plants
and, as a result, to reduced yields and
a decrease in soil fertility (Guala et al.,
2010). They are seen first as a change in
the soil acidity and then as changes in the
content of available forms of nutrients,
including heavy metals. The Regulation
of Minister of the Environment (2002),
based on the Nitrate Directive (European
Council, 1991), was the first step to re-
duce the negative impact of agriculture
on the environment. Fertilizers usually
contain some amounts of heavy metals
which, having been introduced into soil,
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increase its concentration of available
forms. Mineral fertilizers most contami-
nated with heavy metals are as follows:
phosphorus > calcium > potassium > ni-
trogen fertilizers (Conceigéo et al., 2013)
at the same time heavy metals are com-
ponents of some enzymes; they are also
indispensable for the right pattern of bio-
chemical processes, they affect the me-
tabolism of soil microorganisms causing
the denaturation of proteins as well as the
destruction of cell membranes (Kandeler
etal., 2000). To evaluate the state of soil
contamination, biological methods are
used; hence the use of the measure-
ments of the enzymatic activity, mostly
dehydrogenases, phosphatases, ureases
and proteases (Hinojosa et al., 2008; Le-
manowicz and Bartkowiak, 2013b). The
enzymes reacting fastest to the increase
in the content of heavy metals in soil
include alkaline phosphatase and acid
phosphatase, catalyzing the hydrolysis
of organic phosphorus bonds. The activ-
ity of phosphomonoesterases is used to
evaluate the potential rate of mineraliza-
tion of those compounds in soil. Their
activity depends on various factors as the
soil type and its fertility, type of fertiliza-
tion and nutrient management, organic
matter, soil pH and varieties of higher
plant species.

This research was undertaken to as-
certain changes in soil: the content of to-
tal organic carbon, available phosphorus
and available forms of selected heavy
metals (zinc, copper, lead and cadmium)
against selected chemical properties, the
acid and alkaline phosphatase activity
under the effect of application of mineral
fertilization under Brassica napus.

Material and methods

The soil for laboratory analyses
sampled from static field experiment
set up by the Department of Plant Nu-
trition and Fertilisation of the Institute
of Soil Science and Plant Cultivation
in Pulawy in the area of the Experi-
ment Station in Grabowo upon Vistula
in the Mazowieckie province, Zwolenski
county, Przylek commune (Poland). The
location of the experiment station is de-
termined by altitude 51°21'8"N and lon-
gitude 21°40'8"E; the lowland climate
of moderate altitudes. The experiment
(in years 2005-2008) was performed
on the soil typical of Poland, classified
as light loamy and sand texture (haplic
luvisol, LVha) according to FAO soil
classification (Rutkowska and Pikula,
2013). The studied soils were very simi-
lar in granulometric composition with
the clay fraction in the range of 4.34 to
5.26%, and have been classified as sandy
loam texture according to USDA (United
States Department of Agriculture) soil
classification. Soil exchangeable acid-
ity ranged from 5.1 to 5.8, which clas-
sifies the soils as slightly acid and acid.
The soil was sampled from horizon Ap
(0-20 cm) after Brassica napus harvest.
Four replications of the cultivated plots
of 40 m? acreage were created. The ex-
periment was carried out as a two-factor
experiment, in randomized block design
in three reps. The first factor was fertil-
ization with phosphorus (P), potassium
(K), magnesium (Mg), calcium (Ca)
and sulphur (S) in six fertilizer combi-
nations: 1 — PKMgCaS, 2 — KMgCaS,
3 — PMgCaS, 4 — PKCaS, 5 — PKMgS,
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6 — PKMgCa. The second factor was
nitrogen fertilization in the form of am-
monium nitrate (34% N) at the rates of:
NO — 0, N1 — 50, N2 — 100, N3 — 150,
N4 — 200, N5 — 250 kg-ha™" of N. The
following fertilizer forms were used: for
the treatments with sulphur there were
applied phosphorus and potassium fer-
tilizers containing sulphur — single su-
perphosphate and potassium sulfate(IV),
for the treatment without sulphur there
were used phosphorus and potassium
fertilizers which do not contain sulphur:
triple superphosphate and high-percent-
age potassium salt, for the treatment
with calcium and magnesium there was
applied dolomite containing 21.3% Ca
and 6% Mg, in the plots without mag-
nesium, lime was used at the amount of
142 kg-ha™' of Ca, while in the case of
calcium deficit, magnesium sulfate was
supplied at the rate of 42 kg-ha™' of Mg.
The rates of minerals applied in the ex-
periment were as follows: 39.2 kg-ha™
of P, 107 kg-ha™! of K, 42.2 kg-ha™" of
Mg, 143 kg-ha™! of Ca and 20 kg-ha™!
of S. The experiment was performed in
a four-year crop rotation: winter wheat

+ intercrop, maize grown for grain,
spring barley, winter rape (Table 1).
Field-moist samples were sieved
(2-mm mesh size) and stored in a plastic
box at 4°C for not less than 2 days in or-
der to stabilize the microbial activity and
then were analyzed for phosphomonoes-
terases activity within one week. Deter-
mined the activity of selected enzymes
representing the class of hydrolases: al-
kaline phosphatase [E.C. 3.1.3.1] (AIP)
and acid phosphatase [E.C. 3.1.3.2]
(AcP) with the method of Tabatabai and
Bremner (1969), based on the colori-
metric determination of freed substrate:
p-nitrophenol (pNP) after the incubation
of soil with of MUB (modified universal
buffer) at pH 6.5 for acid phosphatase
and pH 11.0 for alkaline phosphatase
samples for 1 h at the temperature of
37°C. A subset was air dried in the labo-
ratory and stored in closed polyethylene
bags for physicochemical analysis. In the
soil material the following were assayed:
pH in 1M KCI measured potentiometri-
cally (PN-ISO 10390:1997) the content
of available phosphorus (AP) according
to the Egner-Riehm method (DL) accord-

TABLE 1. Rates and the fertilizers applied in a four-year crop-rotation
TABELA 1. Dawki i nawozenie stosowane w czteroletnim zmianowaniu

Year Rates of mineral fertilization/Dawki nawozéw mineralnych [kg-ha™']
Rok P K [Mg | Ca| S | NO [ NI | N2| N3 | N4 |[N5
Winter wheat/

/Pszenica ozima (2005) 305|747 [ 42.2| 143 | 20 0 40 | 80 | 120 | 160 | 200
Maize/Kukurydza (2006) | 34.9 | 116 | 422 | 143 | 20 0 50 | 100 | 150 | 200 | 250
Spring barley/

/leczmich jary (2007) 305|664 422 143 | 20 0 30 | 60 | 90 | 120 | 150
Winter rape/Rzepak 392|107 [422] 143 | 20 | 0 | 50 | 100 | 150 | 200 | 250
ozimy (2008)

NO, N1, N2, N3, N4, N5 —rates of the nitrogen.
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ing to PN-R-04023:1996 which involves
the spectrophotometric measurement of
the intensity of the color of phospho-
rus-molybdenum blue created by ortho-
phosphoric ions with molybdenum ions
in the acid environment in the presence
of tin(Il) chloride. Total organic car-
bon with the use of the TOCN FOR-
MACTS™ analyzer provided by SKA-
LAR. Besides, there was assayed the
content of available forms of zinc (Zn),
copper (Cu), lead (Pb) and cadmium (Cd)
extracted with the DTPA (1M diethylene-
triaminepentaacetic acid), solution ac-
cording to PN-ISO 14870:2007 The con-
tent of available forms was determined
using the atomic absorption spectropho-
tometry method on PU 9100X spectrom-
eter (Philips). All the assays were made
in three reps; the paper demonstrates the
arithmetic means of the results.

The results were exposed to the ana-
lysis of variance and the significance of
differences across the means was veri-
fied with the Tukey test at the confidence
level of p = 0.05. For the purpose of the
calculations, there was applied Micro-
soft Excel-based ANOVA (Statistica 7.0
StatSoft Inc, Tulsa, USA). At the same
time the results of the analyses of the
properties investigated were exposed
to the analysis of simple correlation

TABLE 2. Values of pHg in soil samples
TABELA 2. Warto$ci pHy ) probek glebowych

(p <0.05), to define the level of depend-
ence between the respective properties.
The analysis of the correlation was per-
formed with Statistica 8.1 for Windows
PL software. The coefficient of variation
(CV) of the parameters of mineral nitro-
gen was calculated from the formula:
CV=(SD/ X) - 100, where: CV — co-
efficient of variation (%), SD — standard
deviation, X — arithmetic mean. The val-
ues of 0—15, 1635 and above 36% in-
dicate low, moderate, or high variability,
respectively.

Results and discussion

The exchangeable acidity (pHg(p)
measured in the plough horizon of the
soil investigated ranged from 5.1 to 5.8
(Table 2). Based on those values the soil
has been classified to represent acid and
slightly acid soils. The mineral fertilisa-
tion slightly differentiated the soil reac-
tion. Nitrogen in ammonium form con-
tributes to the soil solution acidification
both as a result of the nitrification proc-
ess and the uptake of cation NH, " by the
root system of the plants.

The amount of the organic substance
is mostly connected with the type and
the soil type. The variation in the content

Nitrogen fertilization
Treatmer}ts Nawozenie azotowe [kg-ha‘l]
Zabiegi
NO NI N2 N3 N4 N5
1 5.8 5.6 5.6 5.5 53 5.2
2 5.8 5.7 5.7 5.5 5.4 53
3 5.8 5.8 5.6 5.6 5.5 5.5
4 5.7 5.7 5.6 5.7 5.5 54
5 55 5.6 5.5 53 5.2 5.1
6 5.7 5.8 5.7 5.8 5.7 5.6
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of that parameter also depends on their
different use and fertilization (Kong et
al., 2005; Bes and Warminski 2015).
The content of TOC in the soil investi-
gated due to the factors applied was low
(7.47 g'kg™" mean for the entire experi-
ment) defined for soil, which was due to
a lack of natural or organic fertilization,
which usually increases the content of
TOC in soil even by 27% (Steiner et al.,
2007, Lemanowicz et al., 2014a). There
was reported a significant effect of ex-
perimental factors on the content of total
organic carbon. Increasing nitrogen rates
increased the content of total organic car-
bon. The highest content of TOC was re-
corded in the soil fertilized with nitrogen
at the rate of 250 kg-ha™! (7.59 g'kg™).
Fertilization with the combination with-
out sulphur (PKMgCa) also increased
the content of total organic carbon
(7.97 g'kg™") (Table 3).

The content of available P in soil
ranged from 38.55 to 95.03 mgkg™!
(mean for the experiment 57.32 mg-kg™!
of AP) (Table 3), which according to PN-
-R-04023:1996 classifies it as class III
with an average content of that nutrient.
There was found a significant effect of
the experimental factors applied on the
changes in the content of P available to
plants. The lowest (45.85 mgkg™ of
AP on average) content of AP was re-
corded in the soil fertilized without P
(KMgCaS). Complete mineral fertiliza-
tion (PKMgCaS) increased AP by 27%
(62.53 mg-kg™" of AP on average). In-
creasing nitrogen rates resulted in a regu-
lar decrease in the content of P available
in soil. The lowest content of AP was re-
ported in the soil sampled from the treat-
ments with nitrogen fertilization at the
rate of 250 kg-ha™! of N (43.27 mg-kg™!

of AP on average), which changed the
soil classification in terms of the richness
in P from average to low. In that case one
should apply increased phosphorus fer-
tilization. Application of increasing N
rates results in a decrease in soil fertility,
an increase in its acidity, a decrease in the
share of alkaline cations in the sorption
capacity and in a decrease in the content
of mobile forms of nutrients, including P.
Most P is released when pH of soil ranges
from 6 to 7 (Lemanowicz et al., 2014b).
The content of the available phosphorus
in soil showed a moderate variability
(CV=23.75%) (Table 3). According Le-
manowicz et al. (2013), a lack of organic
fertilization and unbalanced mineral fer-
tilization decreased the contents of the P
form available to plants. Long term field
experiments, such as those carried out at
the Rothamsted’s research, have shown
that the use of farm yard manure (FYM)
has positive effects on the P content of
agricultural soils as compared to chemi-
cal fertilizers, which contain highly solu-
ble P. Application NPK on the long term
causes high P losses from soil due to the
relatively P retention capacity of soils,
with detrimental effects on the surface
and groundwater (Fortune et al., 2005).
The activity of alkaline and acid
phosphatase in soil depended on the min-
eral fertilization applied. A lack of phos-
phorus fertilization (KMgCaS) increased
the activity of the phosphatases (alkaline
—1.588 mM pNP-kg'-h™!, acid — 3.297
mM pNP-kg!-h™' — Table 4). It is con-
nected with the fact that an available P
deficit in the soil sampled from the plots
increases the production and the secre-
tion of acid extracellular phosphatases to
the subsoil, and so the activity of phos-
phatases is, to a large extent, conditioned
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by the concentration of P in soil (Lema-
nowicz, 2013). The increasing nitrogen
rates stimulated the activity of acid phos-
phatase in soil (2.890 mM pNP-kg™'-h~!
at the rate of 250 kg-ha™' of N), while
the activity of alkaline phosphatase got
inhibited (1.243 mM pNP-kg™"-h~! at the
rate of 250 kg-ha™' of N), which was re-
lated with the slightly acid and acid soil
reaction, and phosphatases are enzymes
sensitive to its changes, which must have
been due to the process of nitrification of
the ammonium fertilizer applied. Coef-
ficient of variation is a useful statistical
tool for measuring the variability of soil
properties. Differentiation of the alkaline
and acid phosphatases activity was low,
which was confirmed by coefficients of
variation values (CV%) amounting for
10.53% (AIP) and 20.74% (AcP).

The content of the available forms
of the metals analyzed in soil was modi-
fied by both mineral fertilization and
the fertilization with increasing nitro-
gen rates (Tables 4-5). There was found
a significantly highest content of Zn
(1.550 mgkg™), Cu (0.493 mgkg™)
and Cd (0.249 mg~kg'1) available in soil
exposed to mineral fertilization with-
out Ca (PKMgS). The mineral fertili-
zation applied without P (KMgCaS)
applied decreased the content of Zn
(1216 mgkg™), Cu (0349 mgkg™)
and Cd (0.100 mg'kg™) (Tables 4 and
5). According to Thomas et al. (2012),
phosphorus fertilizers can be the source
of soil contamination with heavy metals,
especially with Cd. Based on the earlier
research performed by Berbecea et al.
(2011), it was found that high nitrogen
rates (100, 200 kg-ha™' of N), when ex-
posed to a lack of phosphorus and potas-
sium fertilization, increased the content

of available Zn, Mn, Cu and Ni, which
the authors relate to a decreased soil
acidity. In the soil from the treatments
without magnesium fertilization (PK-
CaS) there was identified a significantly
higher content of Cu and Cd, as com-
pared with the control samples (PKMg-
CaS). Magnesium fertilization can limit
the unfavorable effect of heavy metals
on the soil and thus on the crops. It is
connected with an improved soil reac-
tion. Fertilization without S (PKMgCa)
showed a significant effect on a decrease
in the content of Zn (1.254 mg-kg‘l) and
Pb (0.348 mgkg™). There was noted
a significant increase in the content of Cd
(0.245 mg'kg™) and Cu (0.405 mgkg™
1, as compared with the content of those
elements in soil with complete fertiliza-
tion (PKMgCaS). According to Skwier-
awska et al. (2012), soil fertilization with
sulphate sulphur (S-SO,2) and elemen-
tal sulphur (S-SO) did not change the
Cu content; it decreased the Zn content
and slightly affected the Pb content. In
the soil from the treatments without Ca
(PKMgS) fertilization there was identi-
fied a significant increase in the content of
Zn (1.150 mg-kg™), Cu (0.493 mg-kg™)
and Cd (0.246 mg'kg™).

The increasing nitrogen rates result-
ed in a significant increase in the content
of Zn, Cu and Cd in soil. The highest ac-
cumulation of Zn (1.380 mgkg™), Cu
(0.418 mg-kg™") and Pb (0.482 mg-kg™)
was received in the soil sampled from the
treatments fertilized with N at the rate of
250 kg-ha™'. The ammonium nitrate ap-
plied, representing physiologically acid
fertilizers, decreased the soil pH (Li et
al., 2009). The change in the soil reac-
tion considerably affects the concentra-
tion and the mobility of Zn. Due to the
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experimental factors applied, the content
of the heavy metals determined comes in
the following order: Zn > Cu > Pb > Cd
(Tables 5 and 6). Greater variation was
observed for the content of Cd in soil
(CV=53.29%)in comparisonto Zn (CV=
= 12.05%), Cu (CV = 16.53%) and Pb
(CV=18.28%) (Tables 5 and 6).

There was found a significant posi-
tive dependence between the content of
TOC and the activity of alkaline phos-
phomonoesterase (» = 0.462, p <0.05) in
soil. Organic matter plays a key role as
a precursor for enzyme synthesis, and in
enzyme physical stabilization. Based on
the values of the coefficients of correla-
tion calculated, there was found a sig-
nificantly negative relationship between
the activity of alkaline phosphatase and
the content of available Cu (» = —0.368,
p <0.05) and Cd (r =—-0.386, p <0.05) in
soil as well as acid phosphatase and the
content of Pb (» = —-0.345, p <0.05) (Ta-
ble 7). According to Wang et al. (2007),
the heavy metal contaminated soil had
significant measurable effects on the
P-transforming activity of this enzyme.

A significant value of the coefficient
of correlation between the content of
available phosphorus in soil and the ac-
tivity of alkaline phosphatase (= 0.721,

» <0.05) demonstrates that the enzyme is
a good indicator of the rate of phospho-
rus transformations in soil and generally
catalyze the P release by a wide range of
orthophosphate esters and anhydrides,
unlike the activity of acid phosphatase
(r=-0.478, p <0.05) (Table 7).

Conclusion

Mineral fertilization accompanied
by increasing nitrogen rates and a lack
of organic fertilization resulted in an un-
favorable decrease in the content of total
organic carbon and available phosphorus
in soil. There were found changes in the
activity of alkaline and acid phosphatase
as a result of increasing N rates. Increas-
ing N rates and a lack of liming increased
the soil acidity resulting in the inhibition
of alkaline phosphatase, a decrease in the
content of available P in soil and, at the
same time, an increase in the content of
phytoavailable forms of Cu and Zn. As
aresult of the analyses, there were found
relatively low contents of the available
forms of Zn, Cu, Cd and Pb, which points
to their low mobility. The soil investigat-
ed can be classified as soils non-polluted
with those metals. Mineral fertilization

TABLE 7. Relationship between activity phosphatase and selected soil properties in soil samples
TABELA 7. Zalezno$¢ migdzy aktywnoscia fosfataz i wybranych wiasciwosci w probkach glebowych

Variables/Zmienne

dependent/zalezne independent/niezalezne

total organic carbon
acid phosphatase
alkaline phosphatase

alkaline phosphatase
available phosphorus
available phosphorus

alkaline phosphatase copper

alkaline phosphatase cadmium
acid phosphatase lead
acid phosphatase pH

Equation/Réwnania r 2
y=1.1132-0.2661x —0.462 0.214
y=3.786—0.0195x —0.478 0.229
y=1.2115+0.0029x 0.724 0.519
y=-1.7031-0.819x —0.368 0.135
y=1.4848 — 0.6003x —0.386 0.149
y=3.7158 —2.4083x —0.345 0.119
y=28.7923 — 1.100x —0.373 0.142
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with nitrogen fertilizer significantly in-
fluence soil properties, what may lead to
the change of enzymatic activity of soil
as well as the contents of the nutrients
in soil. The research results allow for
a closer look at the effect of mineral
fertilization on the ecochemical state of
soils and so it is necessary to continue
the research further for the adequate
farming system to be applied.
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Summary

Assessment of soil phosphatase activ-
ity, phosphorus and heavy metals content
depending on the mineral fertilization. The
paper presents the results of research into the
activity of alkaline and acid phosphatase,
the content of available phosphorus, heavy
metals and total organic carbon, against in
soil with mineral fertilization only. The first
experimental factor was phosphorus, po-
tassium, magnesium, calcium and sulphur
fertilization in six fertilizer combinations:
I — PKMgCaS, 2 — KMgCasS, 3 — PMgCasS,
4 — PKCaS, 5 — PKMgS, 6 — PKMgCa. The
second factor was made up of nitrogen ferti-
lization at the rates of: 0, 50, 100, 150, 200,
250 kg-ha™' of N. Increasing nitrogen rates
and a lack of liming increased the soil acidity
inhibiting alkaline phosphatase, decreasing
the content of available phosphorus in soil.
A lack of phosphorus fertilization resulted in
an intensive increase in the activity of both
alkaline and acid phosphatase in soil. Due to
the experimental factors applied, the content
of the heavy metals assayed was as follows:
zinc > copper > lead > cadmium.

Streszczenie

Ocena aktywnos$ci fosfataz, zawar-
tosci fosforu i metali cigzkich w zalezno-
Sci od nawozenia mineralnego. W pracy
przedstawiono wyniki badan nad aktywno-
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$cig fosfatazy zasadowej i kwasowej, zawar-
tos¢ przyswajalnego fosforu, metali cigzkich
i wegla organicznego w glebie nawozonej
wylacznie mineralnie. Pierwszym czynni-
kiem do$wiadczenia bylo nawozenie fosfo-
rem, magnezem, wapniem i siarka w szesciu
kombinacjach nawozowych: 1 — PKMgCasS,
2 — KMgCaS, 3 — PMgCaS, 4 — PKCaS,
5 —PKMgS, 6 — PKMgCa. Czynnikiem dru-
gim bylo nawozenie azotem w dawkach: 0,
50, 100, 150, 200, 250 kg N-ha™'. Wazrastaja-
ce dawki azotu i brak wapnowania spowodo-
waly wzrost kwasowosci gleby, powodujac
inhibicje fosfatazy alkalicznej, zmniejszenie
zawartosci fosforu przyswajalnego w gle-
bie. Brak nawozenia fosforem spowodowatl

intensywny wzrost aktywnosci zarowno fos-
fatazy alkalicznej, jak i kwasnej w glebie.
Pod wplywem zastosowanych czynnikow
doswiadczalnych zawarto$¢ metali cigzkich
ksztaltowala si¢ w sposéb nastepujacy: cynk
> miedz > otéw > kadm.
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