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INTRODUCTION

Natural physical, chemical, and biological processes
occurring in soil cause an increase in concentration
of protons which disturb the ionic balance in soil
solution. These changes influence the disturbances
in mineral feeding which decide on the growth and
development of plants (Filipek 2001).

The quality of agricultural products may be
assessed by organoleptic and chemical methods which
define chemical composition of plants. The content
of nutrients may undergo considerable modifications
under the influence of various factors such as moisture,
insolation, soil reaction, organic and mineral fertilization,
as well as cultivation technology (Jurkowska et al.
1992, G¹sior 1997, Elsheikh et al. 2009, Cai et al.
2015).

The aim of the research was to determine the
content of selected macroelements in soils and in
selected root crops at a variable soil reaction. In
addition, the aim of the research was to determine
the plant fodder value based on the ratios between
the studied elements.

MATERIALS AND METHODS

The research material was collected in mid-
September from arable lands of the Kraków district.
43 soil samples were collected from a depth between
0 and 25 cm. Each of the analyzed soil samples was a
mean from individual samples (approximately 1 kg
of soil). Basic physical and chemical properties were
determined in the collected soil material by methods
used in agricultural chemistry (Gorlach 2007).  The
research also involved determination of the total content
of three macroelements (phosphorus, potassium and
magnesium) as well as the content of these elements
in a soluble form.

The content of macroelements in forms close to
the total content was determined after prior minera-
lization at a temperature of 450°C, then etching in
mixture of perchloric acid HClO4 and nitric acid
HNO3; after evaporation of these acids, the formed
salts (e.g. KClO4, Ca(ClO4)2) were dissolved in
hydrochloric acid HCl (Ostrowska et al. 1991).
According to Ostrowska et al. (1991), total decom-
position of mineral parts of soil is very difficult.
Leaching of elements is carried out using acids or
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their mixtures with variable etching strengths. Hot
leaching with the use of mixtures of perchloric and
nitric acids allows to extract elements with a content
similar to the total content (e.g. approximately 80%
of most elements is transferred from light soils to the
solution). Content of individual macro- and micro-
elements in soil, as well as form in which they occur
in soil, vary depending on the following: parent rock,
soil-forming processes, pH value, organic matter content,
interaction between individual cations, and anthro-
pogenic factors. Determination of total content of
elements in soil, as well as content of soluble forms,
in connection with the knowledge of soil physico-
chemical properties (influencing, for example, the
force of chemical sorption of phosphorus), allows to
predict direction of changes in contents of individual
elements in soils, and can be helpful in explaining
content of these elements in plants.

The content of the studied elements in a soluble
form was determined in 0.1 mol HCl·dm–3 (Gorlach
2007). The purpose of fertilization is to meet plant
nutritional needs taking into account current soil
richness in available forms of nutrients. In the present
research, extraction of available forms of phosphorus,
calcium and magnesium from soil was conducted with
0.1 mol·dm–3 HCl acid. The use of such an extractant
resulted from the intention to use one extraction agent
to determine the content of available forms of various
macroelements and microelements in soil (results
presented in this paper are a part of wider research
works). Mineral acids are one kind of chemical
reagents used for element extraction. Szumska (Wilk)
and Gworek (2009) stated that when using mineral or
organic acids as extraction solutions, partially soluble
fractions bound to carbonates as well as bound to
metal oxides and organic matter are extracted. 0.1
mol·dm–3 HCl used in the present research extracted
phosphorus present in a soil solution (H2PO4

– and
HPO4

2–). It also extracted phosphorus specifically
sorbed on hydrated aluminum and iron oxides as well
as on the surface of clay minerals. Calcium lactate
acidified to pH 3.55 (used in Egner-Riehm method)
extracts from soil mainly phosphorus forms bound to
calcium and partially to iron. As highlighted by Tuja-
ka et al. (2011), the Egner-Riehm method not always
gives precise information on soil richness in phosphorus,
so other methods of phosphorus extraction are sought.
In the cited work, the usefulness of Hedley method to
determine the content of available phosphorus in soil
was assessed. This method allows to extract five
phosphorus fractions. However, this method is labor-
consuming and useless for routine analyses, it also
does not enable evaluation of available phosphorus
content in soil.

The plant material (potato tubers and fodder beets)
was collected from the locations of soil sample
collection. Each of the analyzed root plant samples
was a mean from 12 individual samples (approximately
1 kg of fresh matter). After removing soil from the
potato tubers and beet roots, the collected plant material
was washed (the beets were divided into roots and
above-ground parts, i.e. the petiole and the lamina)
and dried at a temperature of 80ºC. The plant material
was then crushed and subjected to dry mineralization.
The obtained ashes were digested in HNO3 diluted
with water at 1:2 ratio, obtaining solutions in which
phosphorus, calcium, and magnesium contents were
determined. Concentration of the studied elements in
the soil and in the plant material was determined on
JY 238 Ultrace apparatus using Inductively Coupled
Plasma-Atomic Emission Spectrometry (ICP-AES).
The obtained results concerning the phosphorus,
calcium, and magnesium contents, as well as physico-
chemical properties of the soils were used for statistical
calculations.

RESULTS AND DISCUSSION

Results on some physical and chemical properties
of the studied soils were provided in a previous work
(Rogó¿ and Grudnik 2004). The studied soils were
highly diversified in terms of: the pH value measured
in 1 mol KCl·dm–3 (4.13–7.31), the organic carbon
content (0.55–3.38 g·kg–1), the content of floatable
particles (9–65%) and of colloidal clay (4–27%), and
also the content of the studied elements in the soil in
a form close to the total form as well as in soluble
forms.

Size of obtained yield and chemical composition
of plants (so also the plant fodder value) depend on
the following: species, developmental stage and part
of the plant, soil reaction, soil texture, degree of soil
moistening, content of nutrients in available forms,
quantitative relations between individual cations and
anions, content of organic matter, organic-mineral
fertilization, type of soil microflora, content of toxic
metals, and many other (Czuba 1998, Krzywy et al.
2003, Rogó¿ 2003, Rogoziñska et al. 2004, Ko³odziej-
czyk and Szmigiel 2005, Hernández et al. 2013).

Changes in pH values have varied influences on
assimilability of individual nutrients (Rogó¿ 2003).
Reaction of the studied soils varied considerably.
Results of measurements of pH values in 1 mol
KCl·dm–3 varied between 4.13 and 7.31. Assuming a
five-degree scale of acidification (very acid soils with
a pH value measured in 1 mol KCl·dm–3 amounting
to 4.5; acid soils with a pH within the range of 4.6–5.5;
slightly acid soils with a pH of 5.6–6.5; neutral soils
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with a pH of 6.6–7.2; and alkaline soils with a pH
from 7.3) (Gorlach 2007), the collected soil samples
were divided into three groups, i.e.:
– 10 samples were very acid and acid soils, the pH

value measured in 1 mol KCl·dm–3 ≤ 5.5;
– 19 samples were slightly acid soils, pH in 1 mol

KCl·dm–3 within the range from 5.6 to 6.5;
– 14 samples were neutral and alkaline soils, the pH

value in 1 mol KCl·dm–3 ≥ 6.6.
The phosphorus, calcium, and magnesium contents

in forms close to the total content in the studied soils,
as well as contents of their soluble forms determined
in 0.1 mol HCl·dm–3 solution were varied. The changes
in pH values of the studied soils (being an effect of
both natural physico-chemical, chemical, and biological
processes which occurred in the soils and farmer’s
activities) influenced the content of phosphorus, calcium,
and magnesium in soluble forms determined in 0.1
mol HCl·dm–3 solution. The amount of extracted
phosphorus in a soluble form determined in 0.1 mol

HCl·dm–3 solution from slightly acid and neutral soils
was approximately 2.5 and 3-times higher, the amount
of extracted calcium was 2 and 4-times higher, and
the amount of extracted magnesium was 2 and 2.5-
times higher with respect to soils with pH ≤ 5.5 (Ta-
ble 1).

 A statistical analysis of the obtained results showed
that physico-chemical properties of the studied soils
had varied influences on the phosphorus, calcium, and
magnesium contents, as well as on the contents of
their soluble forms determined in 0.1 mol HCl·dm–3.
A significant positive relationship between the organic
carbon content and the total phosphorus content was
found, as well as a significant positive relationship
between the content of floatable particles and colloidal
clay and the magnesium content in a form close to
the total content (Table 2). As stated by Brogowski et
al. (2010), magnesium content in granulometric fractions
of soils increases along with a decrease in fraction
diameter.

TABLE 1. Mean total contents as well as mean contents of soluble forms of phosphorus, calcium and magnesium in soils (g·kg–1)
depending on soil pH value

significant at: *p = 0.05, **p = 0.01, ***p = 0.001; n = 43; ns – not significant.

TABLE 2. Simple correlation
coefficients (r) between

phosphorus, calcium, and
magnesium contents in soils
and selected soil properties

tnetnoclatoT smrofelbulosfotnetnoC

P aC gM P aC gM

Hp
lCK

sn ***366.0 452.0 **714.0 ***127.0 ***106.0

tnetnocCcinagrO ***016.0 sn sn sn sn sn

mm20.0<noitcarF sn sn **305.0 sn sn sn

mm200.0<noitcarF sn sn **995.0 sn sn sn

retemaraP tnetnoclatoT smrofelbulosfotnetnoC

P aC gM P aC gM

md·lCKlom1Hp 3– 5.5

naemcitemhtirA 564.0 038.1 354.1 770.0 466.1 041.0

naemcirtemoeG 564.0 777.1 034.1 550.0 483.1 711.0

)%V(tneiciffeocytilibairaV 99.82 86.32 25.02 1.301 59.83 73.63

muminiM 492.0 151.1 222.1 110.0 211.0 310.0

mumixaM 867.0 824.2 682.2 892.0 06.2 981.0

md·lCKlom1Hp 3– 5.6–6.5

naemcitemhtirA 994.0 859.2 035.1 751.0 508.2 882.0

naemcirtemoeG 084.0 337.2 314.1 431.0 976.2 132.0

)%V(tneiciffeocytilibairaV 71.23 03.44 43.73 63.85 26.23 36.08

muminiM 413.0 207.1 593.0 730.0 68.1 170.0

mumixaM 278.0 128.5 64.2 673.0 96.4 10.1

md·lCKlom1Hp 3– 6.6

naemcitemhtirA 705.0 557.8 277.1 961.0 875.6 623.0

naemcirtemoeG 394.0 294.7 237.1 251.0 539.5 403.0

)%V(tneiciffeocytilibairaV 10.22 92.35 34.22 02.34 24.44 75.63

muminiM 333.0 65.3 421.1 350.0 79.2 541.0

mumixaM 427.0 82.41 635.2 862.0 02.01 584.0

≤

≥
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The present research results have shown that soil
reaction decided (slightly) on the content of macro-
elements in the potato tubers. Contents of calcium
and magnesium in the potato tubers decreased slightly
along with the increase in pH values, whereas the
increase in pH values had variable impact on the
phosphorus content. The contents of the Ca, Mg, and
P in the potato tubers coming from soils with pHKCl
≥ 6.6 were 12–15% lower than the contents in the
potato tubers coming from soils with pHKCl ≤ 5.5 (Ta-
ble 3). A statistical analysis showed a significant po-
sitive relationship between the phosphorus content
in a soluble form determined in 0.1 mol HCl·dm–3

and the content of this element in the potato tubers,
where r = 0.346 (p = 0.05).

Kotowska and Maciejewska (2001), as well as
Ko³odziejczyk and Szmigiel (2005) showed that
applied doses of NPK and CaCO3 fertilizers caused a
slight increase in phosphorus and potassium contents
in potato tubers, whereas they did not cause considerable
changes in the calcium content.

The content of phosphorus, calcium, magnesium
in the fodder beets depended on the soil reaction and
the analyzed parts of the plant. The increase in soil
pH values was accompanied by an increase in the
phosphorus and calcium contents in the beet roots,
and by an increase in the phosphorus content in the
above-ground parts of the plants. The phosphorus
content in the beet roots coming from slightly acid
and neutral soils was 49 and 60% higher, and the
calcium content 3 and 41% higher than the contents

of these elements in the beet roots coming from soils
with pHKCl ≤ 5.5. The content of magnesium in the
roots was getting lower along with the increase in pH
values, and more visibly in the above-ground parts of
the beets (Table 4). Regardless of the changes in the
pH values, higher contents of the studied elements
were found in the above-ground parts than in the beet
roots. If we assume the phosphorus, calcium and
magnesium contents in the roots to be 1, then the
phosphorus content in the petiole was 1.6-times, and
in the lamina 2-times higher, the calcium content was
5 and 8-times higher, whereas in the case of magnesium
it was 2.4 and 3.4-times higher, respectively.

A statistical analysis showed a significant positive
relationship between the soil pH value and the
phosphorus content in the beet roots, where r = 0.341
(p = 0.05), and also a positive relationship between
the content of phosphorus and calcium in the soils
(total content and content of soluble form) and the
content of these elements in the beet roots (Table 5).

Plant fodder value is assessed not only based on
the absolute content of nutrients present in it, but also
according to their mutual quantitative relations. The
optimal Ca:P weight ratio in fodders for ruminants
should be between 0.5 and 2.0, while the optimal
Ca:Mg weight ratio should be between 2 and 3 (Fili-
pek 1999). According to Antonkiewicz (2007 following
Underwood 1971), the optimal Ca:P mass ratio
(calculated based on optimal contents in the plants
intended for fodder) should be 1,7–2,6. The optimal
value of the ionic ratio K:(Ca+Mg) is 1,6–2,2 (An-
tonkiewicz 2007 following Czuba and Mazur).

TABLE 3. Mean phosphorus,
calcium, and magnesium
contents in potato tubers

(g⋅kg–1 d.m.) as well as
weight ratios between Ca:P

and Ca:Mg depending on soil
pH value

retemaraP P aC gM P:aC gM:aC

md·lCKlom1Hp 3– 5.5

naemcitemhtirA 003.0 960.0 101.0 32.0 07.0

naemcirtemoeG 792.0 660.0 101.0 22.0 66.0

)%V(tneiciffeocytilibairaV 59.51 27.92 73.21 2.13 93.73

muminiM 032.0 040.0 080.0 51.0 33.0

mumixaM 083.0 090.0 021.0 33.0 21.1

md·lCKlom1Hp 3– 5.6–6.5

naemcitemhtirA 213.0 060.0 890.0 02.0 26.0

naemcirtemoeG 703.0 750.0 790.0 91.0 95.0

)%V(tneiciffeocytilibairaV 11.81 46.03 18.31 2.33 82.92

muminiM 012.0 020.0 080.0 60.0 02.0

mumixaM 014.0 090.0 021.0 82.0 98.0

md·lCKlom1Hp 3– 6.6

naemcitemhtirA 662.0 950.0 090.0 32.0 66.0

naemcirtemoeG 162.0 650.0 980.0 22.0 36.0

)%V(tneiciffeocytilibairaV 04.12 54.82 54.71 58.93 22.92

muminiM 002.0 030.0 070.0 31.0 73.0

mumixaM 073.0 080.0 021.0 63.0 98.0

≤

≥
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Value of the calculated Ca:P parameter in the potato
tubers varied between 0.057 and 0.363 (geometric
mean 0.204), whereas the Ca:Mg ratio value was
between 0.200 and 1.125 (geometric mean 0.619).
The changes in reaction of the studied soils (pH
values) had a multi-sided impact on the Ca:P and
Ca:Mg relations in the potato tubers. Similar results
were obtained by Krzywy et al. (2003), which stated
that ionic ratio of Ca to P in potato tubers varied from
0.23 to 0.36, whereas in yellow lupine seeds the ratio
was between 0.37 and 0.39. The authors of the
mentioned paper highlight that the applied mineral
fertilizers, regardless of form, did not have a significant
influence on the shaping of the Ca:P ratio values.

Value of the calculated Ca:P parameter in the beet
roots varied between 0.538 and 1.900 (geometric
mean 1.050), whereas the Ca:Mg ratio value was
between 0.444 and 4.167 (geometric mean 2.091).

TABLE 4. Mean phosphorus, calcium, and magnesium contents in fodder beets (g⋅kg–1 d.m.) depending on soil pH value

P aC gM

Hp
lCK

*253.0 sn sn

tnetnocsurohpsohplatoT *283.0 sn sn

tnetnocsurohpsohpelbuloS ***816.0 sn sn

tnetnocmuiclaclatoT sn ***215.0 sn

tnetnocmuiclacelbuloS sn **374.0 sn

TABLE 5. Simple correlation coefficients (r) between phosphorus,
calcium, and magnesium contents in roots of fodder beets and
selected soil properties

significant at: *p = 0.05, **p = 0.01, ***p = 0.001; n = 43; ns – not
significant.

The changes in soil reaction influenced the relations
between Ca:P and Ca:Mg in the roots and above-
ground parts of the beets (Table 6).

When evaluating the fodder value based on values
of the Ca:P and Ca:Mg ratios, it needs to be stated
that the potato tubers and the beet roots generally did
not meet the feeding standards (particularly the more
rigorous ones, cited by Antonkiewicz (2007 following
Underwood 1971)). In the above-ground parts of the
beets, values of the Ca:P and Ca:Mg ratios were
generally optimal or higher than the ones provided
above as optimal ones.

CONCLUSIONS

1. The studied soil samples were diversified in terms
of the pH value measured in 1 mol⋅KCldm–3 (between
4.13 and 7.31), the organic carbon content (betwe-
en 0.55 and 3.38 g⋅kg–1), texture, and also the content
of P, Ca and Mg in a form close to the total form as
well as in soluble forms. The total phosphorus content
in soils varied between 0.294 and 0.872 g⋅kg–1, the
total calcium content varied between 1.15 and 14.28
g⋅kg–1, and the total magnesium content varied
between 0.395 and 2.536 g⋅kg–1. The contents of
soluble forms were as follows: 0.11–0.379 g P;
0.11–10.20 g Ca and 0.013–1.01 g Mg per 1 kg of
soil.

2. The contents of the studied elements in a soluble
form, determined in 0.1 mol HCl·dm–3, were
varied depending on soil pH values and the type

retemaraP stooR eloiteP animaL

P aC gM P aC gM P aC gM

md·lCKlom1Hp 3– 5.5

naemcitemhtirA 631.0 451.0 121.0 132.0 088.0 092.0 713.0 524.1 624.0

naemcirtemoeG 421.0 941.0 711.0 722.0 248.0 482.0 903.0 893.1 814.0

)%V(tneiciffeocytilibairaV 02.75 37.62 26.82 48.91 24.13 89.12 28.62 25.02 03.02

muminiM 80.0 11.0 70.0 51.0 45.0 12.0 52.0 50.1 13.0

mumixaM 63.0 22.0 91.0 3.0 83.1 93.0 05.0 29.1 85.0

md·lCKlom1Hp 3– 5.6–6.5

naemcitemhtirA 091.0 061.0 121.0 403.0 448.0 672.0 753.0 873.1 424.0

naemcirtemoeG 581.0 451.0 411.0 792.0 218.0 272.0 943.0 233.1 414.0

)%V(tneiciffeocytilibairaV 36.32 66.13 99.83 19.91 76.72 92.81 09.22 40.72 30.12

muminiM 21.0 90.0 60.0 81.0 64.0 91.0 72.0 78.0 62.0

mumixaM 62.0 23.0 72.0 4.0 33.1 63.0 65.0 49.1 45.0

md·lCKlom1Hp 3– 6.6

naemcitemhtirA 012.0 932.0 601.0 213.0 288.0 632.0 573.0 674.1 803.0

naemcirtemoeG 991.0 012.0 001.0 892.0 928.0 822.0 753.0 573.1 782.0

)%V(tneiciffeocytilibairaV 60.53 38.55 28.13 91.33 37.33 34.62 79.03 83.63 56.92

muminiM 31.0 11.0 60.0 12.0 34.0 51.0 91.0 55.0 80.0

mumixaM 73.0 45.0 51.0 94.0 62.1 13.0 55.0 54.2 14.0

≥

≤
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of determined cation. The content of soluble forms
of phosphorus, calcium, and magnesium in soils
was strongly positively correlated with the soil pH
values.

3. The changes in soil reaction did not have a consi-
derable effect on the content of P, Ca and Mg in
the potato tubers. The increase in soil pH was
accompanied by an increase in the phosphorus and
calcium contents as well as a decrease in the
magnesium content in the roots of fodder beets.
A similar relation, in a greater or lesser degree,
applied to the above-ground parts of the beets,
especially with respect to phosphorus.

4. The phosphorus content in the roots of beets was
significantly positively correlated with the soil pH,
the content of phosphorus in the form close to the
total as well as phosphorus in the soluble form.
The calcium content in the roots of beets was
significantly positively correlated with the calcium
content in the form close to the total as well as in
the soluble form. A significant positive correlation
between the phosphorus content in the potato
tubers and in the soluble form in soil was found.
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