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Abstract

Soil richness in available magnesium, phosphorus and potassium forms is one of the
key factors of fertility, which ensures the potential of soil for satisfying nutritional requ-
irements of plants. The aim of the present research has been to determine the effect of
crop rotation and varied mineral and organic fertilisation on the content of available Mg,
K and P forms. Soil was sampled from a long-term experiment, carried out on Luvisol
formed from sandy loam (soil valuation class IVa, very good rye complex). The experiment
was performed in a 3-factor design, which included two types of crop rotation as well as
FYM and nitrogen fertilisation. Basic physicochemical properties of soil were determined.
The content of available forms of magnesium was defined with Schachtschabel method
and the content of potassium and phosphorus – with Egner-Riehm method (DL). The re-
action in the arable-humus horizon of the soils ranged from 4.7 to 6.2. It was found that
the Corg to Nt ratio in the arable-humus horizon of soils of all the experiment variants
was typical of biologically active soils. The content of available magnesium ranged from
27.8 to 58.3 mg kg–1 of soil, while its water-soluble forms varied from 3.5 to 6.8 mg kg–1

of soil. The highest content of magnesium, potassium and phosphorus forms available to
plants was observed after the application of FYM in the doses of 60 and 80 t ha–1 combi-
ned with mineral nitrogen fertilisation, in both crop rotation regimes. The content of ma-
gnesium and phosphorus forms available to plants was significantly positively correlated
with the content of organic carbon. Soil sampled from those plots demonstrated higher
classes of the content of that element. The research data proved that the analysed soils
showed moderate and high richness in nutrients available to plants. High doses of organic
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and mineral fertilisation, however, did not increase significantly the electrolytic conductivi-
ty of the soil solution.

Key words: soil, available nutrients (Mg, K, P), long-term experiment, fertilization.

ZAWARTOŒÆ PRZYSWAJALNYCH FORM MAGNEZU, FOSFORU I POTASU
W GLEBIE POD WP£YWEM ZMIANOWANIA I NAWO¯ENIA

Abstrakt

Zasobnoœæ gleby w dostêpne dla roœlin formy magnezu, fosforu i potasu jest jednym
z wa¿niejszych elementów jej ¿yznoœci, warunkuj¹cych mo¿liwoœci gleby do zaspokojenia po-
trzeb pokarmowych roœlin. Celem badañ by³o okreœlenie wp³ywu zmianowania i zró¿nico-
wanego nawo¿enia mineralno-organicznego na zawartoœæ przyswajalnych form Mg, K i P.
Próbki do badañ pobrano z wieloletniego doœwiadczenia statycznego, prowadzonego na gle-
bie p³owej wytworzonej z gliny lekkiej (IVa klasa bonitacyjna, kompleks ¿ytni bardzo do-
bry). Doœwiadczenie prowadzono w uk³adzie 3-czynnikowym, obejmuj¹cym: 2 typy zmiano-
wania; nawo¿enie obornikiem i nawo¿enie azotem. Oznaczono podstawowe w³aœciwoœci
fizykochemiczne gleb. Zawartoœæ przyswajalnych form magnezu okreœlono metod¹ Schacht-
schabela, a potasu i fosforu metod¹ Egnera-Riehma (DL). Odczyn w poziomie orno-próch-
nicznym badanych gleb waha³ siê od 4,7 do 6,2. Stwierdzono, ¿e stosunek Corg do Nt w po-
ziomie orno-próchnicznym gleb we wszystkich wariantach doœwiadczenia by³ typowy dla gleb
aktywnych biologicznie. Zawartoœæ magnezu przyswajalnego wynosi³a od 27,8 do 58,3 mg kg–1

gleby, natomiast jego form wodno-rozpuszczalnych od 3,5 do 6,8 mg kg–1 gleby. Najwy¿sz¹
zawartoœæ przyswajalnych dla roœlin form magnezu, potasu i fosforu zaobserwowano po za-
stosowaniu obornika w dawkach 60 i 80 t ha–1 ³¹cznie z nawo¿eniem azotem
mineralnym, w obu rodzajach zmianowania. Zawartoœæ form magnezu i fosforu przyswajal-
nych dla roœlin by³a istotnie dodatnio skorelowana z zawartoœci¹ wêgla organicznego. Gle-
bê z tych poletek mo¿na by³o zaliczyæ do wy¿szych klas zawartoœci tego pierwiastka. Na
podstawie wyników badañ stwierdzono, ¿e analizowane gleby charakteryzowa³y siê œredni¹
i wysok¹ zasobnoœci¹ w sk³adniki pokarmowe dla roœlin. Wysokie dawki nawo¿enia orga-
nicznego i mineralnego nie wp³ynê³y w istotny sposób na wzrost przewodnictwa elektroli-
tycznego roztworu glebowego.

S³owa kluczowe: gleba, sk³adniki pokarmowe (Mg, K, P), doœwiadczenie wieloletnie,
nawo¿enie.

INTRODUCTION

Intensive agricultural use of soil frequently causes soil degradation. Un-
balanced fertilisation, inadequate crop rotation or defective agricultural soil
reclamation treatments can trigger unfavourable changes in the soil proper-
ties connected with their acidity, inferior sorption capacity, depleted organic
matter resources as well as a lower content of nutrients available to plants.
The soil richness in magnesium, potassium and phosphorus forms available
to plants is a key fertility factor, which ensures the potential for satisfying
the nutritional requirements of plants (ASKEGAARD et al. 2005). Numerous
research centres perform long-term, multifactor experiments to determine
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the effect of crop rotation and varied organic and mineral fertilisation on
the properties and parameters connected with soil fertility (MERCIK et al.
2000, JASKULSKA, JASKULSKI 2003, MURAWSKA, SPYCHAJ-FABISIAK 2009). The chem-
ical composition of soil solution and the concentration of particular elements
determine the uptake of nutrients by plants. As for magnesium and potassi-
um, a considerable share of these metals occurs in a form strongly bound to
or incorporated in crystalline forms of minerals. Those are the resources
which make up hardly available soil reserve of these elements (B£ASZCZYK

1998). Plants can use some amounts of potassium in the non-exchangeable
form, derived from interpackage layers of clay minerals, mostly illites (KO-
BIERSKI, D¥BKOWSKA-NASKRÊT 2005). The content of nutrients available to plants
is affected by the reaction and soil grain size composition (LIPIÑSKI, BEDNAREK

1998; RUTKOWSKA et al. 2006). A considerable share of phosphorus taken up
by plants occurs as ions HPO4

2– and H2PO4
– in the soil environment of pH

5.0. Alkaline and strongly acid reactions depress the availability of phospho-
rus to plants. The content of water-soluble forms of Mg, K, P and Ca in
arable soils is usually higher than the content of those elements in forest
soil solution (SMAL, MISZTAL 1996). Fertilised soils contain relatively more
nutrients than non-fertilised ones. By taking up nutrients, crops reduce their
content in soil and determine their circulation. Most frequently, it is the
circulation of phosphorus and potassium, which usually accumulate in the
soil surface layer, that is affected (JOBBAGY, JACKSON 2001, FOTYMA et al. 2005).

The aim of the present research has been to determine the effect of crop
rotation and varied mineral-and-organic fertilisation on the content of nutri-
ents available to plants as well as on selected physicochemical properties of
soil. The following were determined: the content of magnesium, potassium
and phosphorus available to plants and their water-soluble forms, as well as
the electrolytic conductivity of soil solution for respective experimental vari-
ants.

MATERIAL AND METHODS

The research material was made up of soil sampled from the arable-
humus horizon of soils after 22 years of a long-term experiment located at
the IUNG Research Station in Grabów near Pu³awy. The experiment was
set up in 1980 on Luvisol: Ap-Eet-Bt-C1-C2 (IUSS Working Group WRB 2007)
of the grain size composition of loamy fine sand and fine sandy loam in
surface horizons and sandy loam in the parent material. The soils belonged
to the very good rye complex, soil valuation class IVa. The content of car-
bon in organic compounds (Corg) in the soil prior to the establishment of the
experiment was 7.7 g kg–1.
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The field experiment was performed in a 3-factor design:
Factor I: crop rotation A – plants considered as humus-depleting ones

(potato, winter wheat, spring barley, corn) and crop rotation B – plants con-
sidered as humus-enriching ones (potato, winter wheat + white mustard in
intercrop, barley with an undersown mixture of red clover with grasses),
factor II: different rates of FYM fertilisation under potato (0, 20, 40, 60, 80 t
ha–1); factor III: different rates of mineral nitrogen fertilisation (N0 – no
nitrogen; N1 – 170 kg N ha–1 in crop rotation A and 275 kg N ha–1 in crop
rotation B; N2 – 340 kg N ha–1 in crop rotation A and 550 kg N ha–1 in
crop rotation B) per rotation. Throughout the experiment, phosphorus and
potassium fertilisers were applied under respective plant species in the fol-
lowing doses: P2O5 – potato, spring barley and winter wheat – 60 kg ha–1,
corn and a mixture of red clover with grasses – 80 kg ha–1; K2O – potato:
140 kg ha–1, spring barley: 90 kg ha–1, winter wheat: 100 kg ha–1, corn and
a mixture of red clover with grasses: 160 kg ha–1. The experiment was
performed in four replications for each treatment.

The following were determined in the soil samples: the grain size compo-
sition with the Cassagrande aerometric method, modified by Prószyñski; pH –
potentiometrically in 1M KCl solution; the content of organic carbon and total
nitrogen with a TOCN FORMACSTM analyser provided by SCALAR. The con-
tent of available phosphorus – PA and potassium – KA was determined with
Egner-Riehm method (DL), whereas the content of magnesium – MgA – with
Schachtschabel method. The content of water-soluble (active) cations and the
electrolytic conductivity (EC) were defined in distilled water extract in a 1:5
soil to water ratio. The content of elements in the extracts was determined
using an atomic absorption spectrometer (Philips PU 9100X). The results were
statistically verified with Statistica 8.0 software.

RESULTS AND DISCUSION

The arable-humus horizon of the analysed soils was found to represent
the grain size composition of loamy fine sand and fine sandy loam (Table 1).
The experiment was established on soils in which the sand fraction pre-
vailed and the content of clay fraction was relatively low. According to the
breakdown into agronomic categories, the soil was classified as light one.
The soil reaction was acid and slightly acid and the highest acidity was
recorded in the soil samples of crop rotation B. It was found that mineral
fertilisation in crop rotation A, without FYM and with FYM in the doses of
20 and 40 t ha–1, resulted in a decrease in the content of Corg in soil.
It was not until the higher FYM doses (60 and 80 t ha–1) were applied that
the content of organic carbon in soil increased. In crop rotation B, an aver-
age 25% increase in the Corg content in soil was identified as compared
with its content in soil prior to the experiment (7.7 g kg–1). The content



547

������

��	
����
	��������	�
������
��
��	����
���	
���������

�����
	�����

����
�����

��

���
� ��
 ��

� ��
 �� �
��


���� ��  

���� ��	� !���

�"�� ��   #�

$��$�% &'( )'* *'$ $'+� )'$++ (, $- (

���$�% $'* ('* *'$ )'$� ('-.+ -, +- (

-��$�% ,'( *'* *'$ $'�� +'+++ �, (- .

$��$-�% )'( -'* *'$ +'$� *'+++ $, .- *

���$-�% &'( &'* *'$ ('�� *'$(+ �, (- .

-��$-�% $'* .'* *'$ ,'$� -'+.+ (, +- .

$��$.�% )'( *', ,'$ &'$� ('-.+ ,, )� (

���$.�% ,'( -', ,'$ +'$� +'-�. ), )� .

-��$.�% ('( �', ,'$ �'$� $',(+ ,, &� .

$��$*�% -'* ,') ,'$ .'-� $')-. �* .+ (

���$*�% $'* -') ,'$ ,'�� *'&+. �, -- ,

-��$*�% &'( )', ,'$ �'�� )'&�. ), *� *

$��$)�% &'( .', ,'$ *'$� &'+.+ )* (- ,

���$)�% &'( )', ,'$ �'�� +'--( $, (- (

-��$)�% )'( $') ,'$ .'�� &'.(( ,* *- ,

$��$�/ &'. )') )'$ $'�� ('*)+ �, +- *

���$�/ &'. +') )'$ .'$� &',++ ), *� *

-��$�/ ,'. +'& &'$ +'$� )'-(+ &* +- )

$��$-�/ $'( *'& &'$ ,'$� -'.(+ ., �- )

���$-�/ $'( *'& &'$ ,'$� *'�*+ ,, (� )

-��$-�/ �'( )'& &'$ &'$� -'(*. $, .- *

$��$.�/ �'( +'& &'$ +'$� (',.+ ** *- )

���$.�/ �'( ,'& &'$ )'$� )'+�. &* (- *

-��$.�/ $'( *'& &'$ ,'$� +'(&+ (, $- (

$��$*�/ �'( &'& &'$ $'�� ,')�+ �, .- (

���$*�/ .'( �'$� &'$ -'�� ,'&-+ $, .- *

-��$*�/ +'( *'& &'$ ,'$� �',.+ )* (- *

$��$)�/ +'( �'$� &'$ -'�� )',&+ ., -- .

���$)�/ .'( -'$� $'� -'$� $'�&. &* (- *

-��$)�/ +'( &'$� $'� &'$� ,'$&+ +, -- (

�0��	���
�123�$)�$4�
	���
��
���/4% �� 4 �0�"��
����
��	��-�4��4$� �� 4

!�	5	��6��
��	�!�
���������



548

of total nitrogen (Nt) in the analysed soils was determined by all the three
experimental factors. In crop rotation B, the Nt content in soil was higher
than in soil from the crop rotation A plots. The ratio of carbon to nitrogen
in the arable-humus horizon of soils in all the experimental variants was
typical of biologically active soils.

Soil abundance in magnesium, potassium and phosphorus available to
plants is one of the key soil fertility factors. The content of available mag-
nesium forms in the tested soils ranged from 27.8 to 58.3 mg kg–1 (Table 2).
It was slightly lower than reported in Luvisols by KRAUZE and BOWSZYS (1998).
The statistical analysis showed that the FYM fertilisation had a significant
effect on the content of available magnesium forms in both crop rotation
variants. The content of available magnesium rose by 39.2% (the dose of
80 t ha–1) compared with its content in soil from plots not amended with
FYM (Table 3), while the statistical analysis did not demonstrate any signifi-
cant effect of mineral fertilisation on the content of available magnesium.

The content of potassium available to plants ranged from 52.4 to
234.0 mg kg–1 (Table 2). In the samples from crop rotation A plots, its aver-
age content was 124.6 mg kg–1, thus being 27.7% higher than recorded in
the crop rotation B soil. A significant effect on the content of available po-
tassium in soil was also noted for FYM fertilisation, especially with doses of
60 and 80 t ha–1. The soil from these plots belonged to higher classes of the
content of this element. According to ASKEGAARD et al. (2005), the content of
available potassium is mostly determined by the grain size composition, min-
eral composition, soil moisture and the amount of potassium supplied as
mineral fertiliser and FYM. Long-term FYM application most considerably
increases the content of exchangeable and active potassium and, to a much
lesser extent, available potassium (SZYMAÑSKA et al. 2005).

The statistical analysis did not show any significant effect of the crop
rotation applied in the field experiment on the content of available phospho-
rus (Table 2). Its average content in the soil samples from the crop rotation
A plots was 76.7, while in the soil sampled from crop rotation B it equalled
78.5 mg kg–1. Likewise, no effect of mineral fertilisation on the content of
available phosphorus forms was detected. However, FYM fertilisation was
found to have produced a significant effect on the content of this form of
phosphorus (Table 3). SIENKIEWICZ et al. (2009) claimed that a combined appli-
cation of FYM and mineral fertilisers resulted in a significant increase in
the content of Mg, P and K available to plants, as compared with the con-
tent recorded following the application of mineral fertilisation alone.

The content of water-soluble magnesium (Mg-H2O), referred to as an
active form of this element, ranged from 3.5 to 6.8 mg kg–1 (Table 2). The
statistical analysis did not show any significant effect of the crop rotation
variants on the content of water-soluble magnesium (Table 4). A different
effect was reported for FYM fertilisation. The average Mg-H2O content in
the soil sampled from the plots exposed to organic fertilisation tended to
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increase when an FYM dose was applied. Analogously, mineral fertilisation
has a significant effect on the content of active magnesium in soil. The
highest content of the active form of this element was found for the doses
of mineral nitrogen variant N1. The content of water-soluble magnesium in
the analysed soils was twice as high as the one observed by MURAWSKA and
SPYCHAJ-FABISIAK (2009) in soil under long-term field experiment.

Water-soluble potassium in soil was significantly affected by all the three
experimental factors. A higher content of the water-soluble potassium form
was reported in the soil samples where crop rotation A had been applied, as
compared with the soil under crop rotation B, while organic fertilisation
showed a similar effect on water-soluble potassium as in the case of the
Mg-H2O content. Similarly, the content of water-soluble potassium in soil
tended to rise as the FYM doses increased (Table 4). The statistical analysis
showed that mineral fertilisation affected the content of active potassium
forms. The highest content of water-soluble potassium in soil was noted for
nitrogen dose N1.

The content of water-soluble calcium in soil ranged from 4.9 to 16.5 mg
kg–1 (Table 2). A significant effect of both crop rotation and organic fertilisa-
tion on the content of Ca-H2O in soil was detected. The average content of
active calcium in the soil samples exposed to crop rotation A was 13.0 mg
kg–1, being 28.5% higher than in the soil under crop rotation B (Table 4). It
was also found that the content of Ca-H2O in soil increased with the in-
creasing FYM doses, from 7.8 mg kg–1 for the dose of 0 t ha–1 to 14.7 mg
kg–1 for the dose of 80 t ha–1. However, no significant effect of any of the
experimental factors on the content of water-soluble sodium in the analysed
soil samples was confirmed.
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In biologically active soils, the content of elements available to plants
depends mostly on the reaction, grain size composition, amount and quality
of humus compounds, oxidation-reduction potential and on the interactions
between individual parameters (BRONICK, LAL 2005). The soil use is a limit-
ing factor for available magnesium soil resources, although when we com-
pare the analysed arable soils with Luvisols under orchards (LICZNAR, LICZNAR

2008) which had similar humus content, grain size composition and pH, the
determined differences begin to blur. RUTKOWSKA et al. (2006) report that the
ion concentration in soil solution depends on the grain size composition,
and especially on the content of silt and clay fractions. Similarly, HOLMQVIST

et al. (2003) claim that the amount of potassium released to soil solution in
mineral soil depends on its grain size composition and the intensity of min-
eral weathering. In the analysed soils, however, no such relationship was
noted. The content of organic carbon was significantly positively correlated
with the content of magnesium and phosphorus available to plants and with
the concentration of water-soluble magnesium (Table 5). Significantly posi-
tive correlation was verified between the content of available magnesium
and the content of potassium and phosphorus available to plants (r=0.75 and
0.80 for p<0.05). High organic and mineral fertilisation doses applied during
the 22 years of the field experiment did not have any significant effect on
the electrolytic conductivity of the soil solution. By analogy, MURAWSKA and
SPYCHAJ-FABISIAK (2009) did not observe any effect of long-term intensive fer-
tilisation with nitrogen and potassium (32 years of a field experiment) on
soil salinity.
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CONCLUSIONS

1. FYM fertilisation significantly affected the content of magnesium, po-
tassium and phosphorus forms available to plants. High content of those ele-
ments was recorded following the application of 40, 60 and 80 t FYM  ha–1.

2. The crop rotation applied had a significant effect on the content
of potassium available to plants. More potassium was noted following the
humus-depleting crop rotation variant.

3. Significant effect of FYM fertilisation in the doses of 60 and 80 t ha–1

and mineral fertilisation in the dose of 170 kg N ha–1 on the content
of water-soluble forms of magnesium and potassium was detected. The con-
tent of active potassium in soil was also significantly affected by crop rota-
tion.

4. The content of magnesium and phosphorus forms available to plants
was significantly positively correlated with the organic carbon content. Sig-
nificantly positive correlation between the content of magnesium and potas-
sium available to plants and the content of their water-soluble forms was
confirmed.

5. The correlation results did not imply any significant effect of organic
and mineral fertilisation on the electrolytic conductivity of the soil solution.
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