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Abstract

The aim of the experiment was to assess the effect of long-term fertilization with
liquid manure applied annually and biennially and with mineral fertilizers on selected sorp-
tion properties of soil, i.e. the content of exchangeable magnesium, potassium, calcium,
sodium and as well as the value of hydrolytic acidity, sorption capacity and base cation
saturation ratio. It was found that fertilization with liquid manure, in contrast to NPK
application (N as NH4NO3, P as triple super phosphate, K as KCl), led to a significant rise
in the content of exchangeable magnesium in soil, whereas application of liquid manure or
mineral fertilizers contributed to a significant increase in the potassium content in soil.
Application of liquid manure did not cause significant changes in the value of hydrolytic
acidity between the lowest and the highest dose used, while mineral fertilization contribu-
ted to an increase in the value of hydrolytic acidity. Application of liquid manure reduced
the value of hydrolytic acidity as deep as the third layer of the soil profile. Fertilization
with liquid manure and mineral fertilizers did not affect the content of exchangeable cal-
cium in the whole soil profile, although the calcium content in the soil profile increased to
the 51-75 cm layer. Application of liquid manure and NPK did not alter significantly the
content of exchangeable sodium in soil. Upon application of both liquid manure and NPK,
no significant changes were observed in the total base exchangeable cations in soil (S) or
in the sorption complex saturation (V). However, S and V significantly increased along the
depth of sampling. It was found that fertilization with both liquid manure and mineral
fertilizers did not induce substantial changes in the soil sorption capacity, although there
was an increase in the total sorption capacity in two layers (51-75 cm and 76-100 cm)
of the soil profile.
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WP£YW GNOJOWICY I NPK NA WYBRANE
W£AŒCIWOŒCI SORPCYJNE GLEBY

Abstrakt

Celem eksperymentu  by³o okreœlenie wp³ywu wieloletniego nawo¿enia gnojowic¹, sto-
sowan¹ co rok i co dwa lata, oraz nawozami mineralnymi na wybrane w³aœciwoœci sorpcyj-
ne gleby, tj. zawartoœæ wymiennego magnezu, potasu, wapnia, sodu oraz wartoœæ kwaso-
woœci hydrolitycznej, pojemnoœæ sorpcyjn¹ i stopieñ wysycenia kationami zasadowymi.
Stwierdzono, ¿e nawo¿enie gnojowic¹ spowodowa³o istotne zwiêkszenie zawartoœci magne-
zu wymiennego w glebie w przeciwieñstwie do nawo¿enia NPK (N jako NH4NO3; P jako
superfosfat potrójny; K jako KCl). Natomiast zarówno nawo¿enie gnojowic¹, jak i nawo¿e-
nie mineralne przyczyni³o siê do istotnego przyrostu zawartoœci potasu w glebie. Nawo¿e-
nie gnojowic¹ nie spowodowa³o istotnych zmian wartoœci kwasowoœci hydrolitycznej miêdzy
najmniejsz¹ a najwiêksz¹ zastosowan¹ dawk¹, zaœ nawo¿enie nawozami mineralnymi przy-
czyni³o siê do wzrostu wartoœci kwasowoœci hydrolitycznej. Zastosowanie gnojowicy zmniej-
szy³o wartoœæ kwasowoœci hydrolitycznej do trzeciego  poziomu w profilu glebowym. Nawo-
¿enie dawkami gnojowicy i nawozów mineralnych nie spowodowa³o zmian zawartoœci
wapnia wymiennego w glebie, natomiast zawartoœæ wapnia w profilu glebowym wzrasta³a
do warstwy 51-75 cm. Nawo¿enie gnojowic¹ i NPK nie spowodowa³o istotnych zmian w za-
wartoœci sodu wymiennego w glebie. Zarówno po zastosowaniu gnojowicy, jak i NPK nie
zaobserwowano istotnych zmian w ca³kowitej zawartoœci kationów zasadowych w glebie (S),
a tak¿e stopnia wysycenia nimi kompleksu sorpcyjnego (V). Natomiast parametry S i V
istotnie wzrasta³y wraz z g³êbokoœci¹ pobrania próby. Stwierdzono, ¿e nawo¿enie zarówno
gnojowic¹, jak i nawozami mineralnymi nie spowodowa³o istotnych zmian pojemnoœci sorp-
cyjnej gleby, ale wykazano przyrost ca³kowitej pojemnoœci sorpcyjnej w dwóch warstwach
profilu gleby, 51-75 cm i 76-100 cm.

S ³ o w a  k l u c z o w e : gnojowica, nawo¿enie mineralne, w³aœciwoœci sorpcyjne gleby,
nawo¿enie d³ugoletnie.

INTRODUCTION

The 2002 agriculture census showed that farms in Poland produced
31.5 million m3 of liquid manure, which was equivalent to approximately
23 kg NPK per 1 ha of arable land. It can be assumed that production of
this fertilizer will increase as more livestock, especially cattle and swine, is
reared. Increasing application of liquid manure may induce specific changes
in the natural environment (MAZUR, S¥DEJ 1989, CHOUDHARY et al. 1996, QIAN

et al. 2005, POPERS et al. 2011). Therefore, constant monitoring of the im-
pact of the fertilizer on soil, water, plants and air is strongly advisable.
Long-term fertilization experiments may provide many interesting and reli-
able results (MAÆKOWIAK 2000, POTARZYCKI 2000, WALKER, BERNAL 2004, GONDEK

AND FILIPEK-MAZUR 2005). Analysis of the impact of a type and dose of fertilizer on
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selected soil parameters, of which the most important are the grain-size distribu-
tion, pH, organic carbon content and sorption capacity, is crucial for optimization
of growing conditions and environmental protection (POTARZYCKI 2000).

The aim of the study was to estimate the effect of long-term fertiliza-
tion with liquid manure and NPK on the sorption properties of soil,
an important element of the natural environment.

MATERIAL AND METHODS

The paper is based on results of chemical analyses of soil samples col-
lected in the spring 2002 from an experiment conducted by MAÆKOWIAK (2000)
since 1973 and used in this study with the author’s consent. The experi-
ment was performed on fenced 1 m2 plots located in the vicinity of a vege-
tation hall at the IUNG Institute of Soil Science and Plant Cultivation,
Pu³awy, Poland. The plots were filled with soil to 1 m depth. The soil was
taken from an arable field of the IUNG Experimental Station in Grabów,
Poland; its grain-size composition corresponded to loamy sand and loam in
the subsoil, where the natural layers of the soil profile were preserved. It
was only in the 0–25 cm layer that the soil had been mixed in a 2:1 ratio
with low-clay humic sandy loam, sampled from the topsoil of an arable field
at the Experimental Station of the IUNG in Sad³owice, Poland. The content
of available nutrients in the topsoil was: 2.09 mg kg–1 P and 6.47 mg kg–1

K; the pHKCl was 5.6 and the content of organic carbon equalled 1.06%.
Bovine liquid manure was applied annually at doses of 25, 50, 100 and

200 m3 ha–1 and biennially at double doses. Liquid manure was used in the
above doses during the successive seventeen years, i.e. until 1989. On aver-
age, the fertilizer contained 9.10% d.m., and 0.31% N, 0.07% P, 0.34% K,
0.16% Ca and 0.03% Mg in fresh weight. In 1990, the application of liquid
manure was discontinued and its subsequent effect was investigated until
1999. In order to compare liquid manure and mineral fertilizers, the experi-
ment included four treatments fertilized only with NPK in the form of min-
eral fertilizers at a dose approximately corresponding to half the dose of
each of these components incorporated into soil in the respective treatments
where liquid manure was applied annually. The NPK doses were: 50, 100,
200 and 400 kg ha–1 N (as NH4NO3; 34% N); 10.9; 21.8; 43.6 and 87.2 kg
ha–1 P (20% P); and 41.5; 83; 166 and 332 kg ha–1 K (as KCl; 47.3% K). No
liming was applied throughout the whole experiment. The details on the
methodology of the experiment can be found in BEDNAREK et al. (2012).

Chemical analyses were performed at the Regional Chemical and Agri-
cultural Station laboratory, Lublin, Poland, with the following methods: ex-
changeable cations (Ca2+, Mg2+, K+, Na+) after extraction with 1 mol
CH3COONH4 dm–3, pH 7.0 from the soil and quantitative determination in
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the filtrate performed with the ASA method; the content of organic carbon
was determined according to Tiurin’s method; pH was assessed in 1 mol
KCl dm–3 and hydrolytic acidity was determined by Kappen’s method after
extraction with 1 mol CH3COONa dm–3 from soil (Katalogue... 2007). Statis-
tical analyses were employed such as variance analysis with Tukey’s confi-
dence semi-intervals (α = 0.05).

RESULTS AND DISCUSSION

Annual application of liquid manure and biennial treatment with double
doses did not cause significant changes in the value of hydrolytic acidity
between the lowest and highest doses (Table 1). It was found that hydrolytic
acidity in the soil profile significantly declined reaching the third layer. Fer-
tilization with NPK resulted in a steady rise in hydrolytic acidity from 10.8
(1 NPK) to 12.8 mmol(+) kg–1 (4 NPK), creating a significant difference be-
tween the extreme doses. Similarly, POTARZYCKI (2000) reported that 20-year-
long application of cattle manure led to an evident decline in exchangeable
hydrolytic acidity (60.0 mmol(+) kg–1) in soil compared to treatments ferti-
lized with NPK (70.0 mmol(+) kg–1). In contrast, MAZUR and S¥DEJ (1989)
found that a lower dose of swine manure (46.7 t ha–1) raised hydrolytic
acidity (Hh) (33.7 mmol(+) kg–1), whereas a higher dose (126.4 t ha–1) failed
to induce such a change so that the value of this parameter was the same
as in a control, non-fertilized treatment (26.2 mmol(+) kg–1). Elevated hy-
drolytic acidity was reported by GONDEK and FILIPEK-MAZUR (2005) in their
study on mineral, organic and organic-mineral fertilizers.

Application of increasing doses of liquid manure and mineral fertilizers
did not produce regular changes in the content of exchangeable calcium in
soil (Table 1). However, the Ca2+ content in the soil profile increased steadi-
ly, particularly as deep as the third 51-75 cm layer. Literature provides dis-
crepant results of studies on the calcium content in soil, i.e. CHOUDCHARY et
al. (1996) reported its increase on application of swine manure, while QIAN

et al. (2005) found either no changes or a decline in the content of this
element. POTARZYCKI (2000) reported a significant increase in the content of
exchangeable calcium in the sorption complex of soil fertilized with liquid
manure (36.6 mmol(+) kg–1 compared to soil supplemented with NPK (11.6
mmol(+) kg–1). Similar regularities were found by MAZUR and S¥DEJ (1989),
who reported a substantial increase in the content of exchangeable calcium
(57.0 mmol(+) kg–1), particularly when a lower dose of swine manure was
applied, compared to the control treatment (44.1 mmol(+) kg–1). Soil proper-
ties, e.g. the content of exchangeable K, Mg, and Ca, were also analysed by
PYPERS et al. (2011) in their study at the 15 cm topsoil layer.
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Annual fertilization with increasing doses of liquid manure resulted in
a significant rise in the exchangeable magnesium content, especially between
the extreme doses (Table 2). A statistically confirmed increase in the Mg
form was also found in the soil profile. Similar relationships were also ob-
served at the biennial application of double doses of liquid manure. These
results are in agreement with the ones obtained in the study on swine
manure conducted by CHOUDHARY et al. (1996) and in investigations carried
out by WALKER et al. (2004) on application of poultry manure, in which an
increased content of magnesium was reported. Similarly, POTARZYCKI (2000)
found that 20-year-long application of cattle manure, compared to NKP fer-
tilization, produced an increase in the exchangeable magnesium content in
the sorption complex. A similar conclusion was drawn by MAZUR and S¥DEJ

(1989), who observed  a similar tendency during 13-year-long application of
swine manure, in contrast to a non-fertilized treatment. Different results
were obtained by QIAN et al. (2005), who reported that the Mg2+content in
soil remained on the same level or declined in response to manure fertiliza-
tion. However, application of increasing NPK doses resulted in a gradual
fall in the Mg2+ content; a reverse phenomenon was observed in the soil
profile where the content of this element significantly increased down to
the 51-75 cm layer.

Annual treatment with liquid manure and its double doses applied bien-
nially resulted in a steady and significant increase (particularly between the
extreme doses) in the exchangeable potassium content (Table 2). The re-
sults correspond well with those presented by other authors, who measured
a rise in the potassium content in soil after swine manure fertilization
(CHOUDHARY et al. 1996, QIAN et al. 2005) and poultry manure application
(WALKER et al. 2004). Similarly, POTARZYCKI (2000) reported a certain increase
in the K+ content in the sorption complex of soil fertilized with cattle ma-
nure, in comparison to mineral fertilization. In soil fertilized with swine
manure, the increase was particularly high at application of a double dose
126.4 t ha–1 (MAZUR, S¥DEJ 1989). In the topsoil and the 51-75 and
76-100 cm layers, the K+ content was significantly higher than in the
26-50 cm layer. Also, mineral fertilization produced a steady and significant
increase in the K+ content, particularly between the extreme doses. The K+

content in the soil profile was similar to that found at application of liquid
manure.

The annual application of liquid manure and biennial use of its double
doses as well as NPK treatment did not alter significantly the content of
exchangeable sodium in soil (Table 3). However, a steady increase in the
content of this form of sodium was found in the soil profile, particularly in
the third layer (51-75 cm). The investigations performed by CHOUADHARY et
al. (1996) indicated an increased content of sodium in soil treated with swine
manure. This was consistent with the results obtained by MAZUR and S¥DEJ

(1989), who reported the sodium content of 1.4 mmol(+) kg–1 in soil fertilized
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with a lower dose of swine manure and 1.6 mmol(+) kg–1 with a higher dose,
compared to 1.3 mmol(+) kg–1 in the control treatment. In contrast, POTARZY-
CKI (2000) did not find such a tendency: the Na+ content in soil fertilized only
with cattle manure and with NPK was identical (0.5 mmol(+) kg–1).

Fertilization with liquid manure caused a slight increase in the sorption
capacity in the topsoil (Table 4). Additionally, a steady increase in the total
sorption capacity in the soil profile was found, especially in the 26-50 cm
and above all in the 51-75 cm layers. POTARZYCKI (2000) reported that the
total sorption capacity in soil fertilized with cattle manure for 20 years was
101.3 mmol(+) kg–1, compared to just 85.3 mmol(+) kg–1 in response to fer-
tilization with NPK. MAZUR and S¥DEJ (1989) found that the total sorption
capacity in soil fertilized with a lower dose of swine manure was 105.7, with
a higher dose – 90.2, and in non-fertilized soil (control treatment) – only
78.2 mmol(+) kg–1.

Annual application of increasing manure doses, biennial treatment with
double doses, and use of mineral fertilizers did not cause pronounced chang-
es in the percentage of base cations (V) in the total sorption capacity
(Table 4). In contrast, there was a significant increase in the value of S in
the 26-50 and 51-75 cm layers of the soil profile, compared to the topsoil
(0-25 cm). In his studies, POTARZYCKI (2000) found that the contribution of S
to the total sorption capacity was 41%, and only 18% in soil fertilized with
NPK. Similarly, MAZUR and S¥DEJ (1989) found an increase in the share of
base cations in the total sorption capacity in soil treated with a lower (68.1%)
and higher dose of swine manure (approximately 71%), in comparison to the
control, non-fertilized treatment (66.5%).

The values of S, T, and V increased to the third layer, whereas the Hh
value declined gradually. The increase in the content of exchangeable cati-
ons in the deeper layers of the soil profile was primarily caused by some
leaching of individual cations, which were not taken up by crops and did not
undergo exchangeable sorption. Another reason was that clay, present on
the surface of the examined soil, has a higher sorption potential than sand.

CONCLUSIONS

1. Annual application of increasing doses of cattle manure resulted in
a steady increase in the content of Mg2+, K+,  Ca2+, Na+, S, and T and an
irregular increase in the H+ and V content in the arable layer (0-25 cm)
and, to a lesser extent, in  the other layers of soil.

2. Biennial fertilization with double liquid manure doses led to an in-
crease in the content of Mg2+, K+, H+, Ca2+, Na+, S, and T in the 0-25 cm
layer (and in the other soil layers). The degree of saturation of the soil with
base cations remained on a relatively stable level of 50.9-54.2%, irrespective
of the dose of the fertilizer used.
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3. Application of increasing doses of mineral (NPK) resulted in an in-
crease in the content of Mg2+, K+, H+, S, and T in the 0-25 cm layer and,
to a lesser extent, in  the other soil layers, but it did not considerably affect
the Ca2+ and Na+ content, although it lowered the V value.

4. Annual application of increasing doses of cattle manure and biennial
use of its double doses as well as the NPK treatment increased the content
of Mg2+, Ca2+, Na+, S, T, and V in the soil profile and decreased the con-
tent of H+ ions in the 51-75 cm layer.
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