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Abstract

The study was carried out to asses the influence of soil mineral fertilization, manure
application and soil liming on changes in the concentration of microelements (B, Cu, Fe,
Mn and Zn) in soil solution. The tests were performed on samples of sandy soil collected
from long-term fertilization experiments being conducted on lessive soil of the granulome-
tric structure of clayish sand. Soil solution was prepared with the suction method. The
concentration of microelements in soil solution was determined by means of the ICP me-
thod. The results showed an increase in Fe, Mn, Zn and Cu and a decrease in B and Mo
in soil solution when soil was fertilized with nitrogen. The concentration of microelements
in soil solution was not significantly influenced when soil was fertilized with phosphorous
and potassium. Liming had a significant effect on a decrease in the concentration of Fe,
Mn, Zn and Cu and an increase in B and Mo in soil solution. Soil application of manure
significantly increased the concentration of microelements in soil solution.
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WP£YW NAWO¯ENIA NA STÊ¯ENIE MIKROELEMENTÓW W ROZTWORZE
GLEBOWYM GLEBY LEKKIEJ

Abstrakt

Celem pracy by³a ocena wp³ywu nawo¿enia mineralnego oraz stosowania obornika
i wapnowania na zmiany stê¿enia mikroelementów (B, Cu, Fe, Mn i Zn) w roztworze gle-
bowym gleby lekkiej. Próbki glebowe pobrano z trwa³ego doœwiadczenia nawozowego pro-
wadzonego na glebie p³owej o sk³adzie granulometrycznym piasku gliniastego lekkiego. Roz-
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twór glebowy pozyskiwano metod¹ podciœnieniow¹. W roztworze glebowym mikroelementy
oznaczono metod¹ ICP. Stwierdzono, ¿e w warunkach nawo¿enia azotem obserwuje siê
zwiêkszenie stê¿enia ¿elaza, manganu, cynku i miedzi oraz zmniejszenie stê¿enia boru i mo-
libdenu w roztworze glebowym. Nawo¿enie fosforem i potasem nie wp³ywa istotnie na stê-
¿enie mikroelementów w roztworze glebowym.

Wapnowanie przyczynia siê do zmniejszenia stê¿enia ¿elaza, manganu, miedzi i cynku
oraz zwiêkszenia stê¿enia boru i molibdenu w roztworze glebowym, a pod wp³ywem stoso-
wania obornika obserwuje siê istotne zwiêkszenie stê¿enia mikroelementów w roztworze
glebowym.

S³owa kluczowe: roztwór glebowy, nawo¿enie mineralne, obornik, wapnowanie, mikro-
elementy.

INTRODUCTION

Soil solution is the environment where most important chemical reac-
tions take place. Being a soil liquid phase, it controls transfer of dissolved
components throughout the whole soil profile. Soil solution is involved in
the transport of pollutants in soil and plays a significant role in the trans-
port of elements in ecosystems. However, the most important function of
soil solution is its involvement in plant feeding, as it constitutes the main
source of water and food elements for plants (CAMPBELL et al. 1989, WOLT

1994, £ABÊTOWICZ 1995, PORÊBSKA 2003). For many years now, the concentra-
tion of elements in soil solution has been treated as the indicator of soil
fertility (HOAGLAND et al. 1920). Analyses of the chemical content of soil solu-
tion provide important data on the influence of agricultural practices, such
as mineral fertilization (CURTIN, SMILLIE 1983, £ABÊTOWICZ 1995, SIMARD et al.
1988, SMAL 1999) on the condition of soil environment.

The aim of this study has been to assess the influence of mineral fertili-
zation, application of manure and soil liming on changes in the concentra-
tion of microelements (B, Cu, Fe, Mn and Zn) in soil solution of sandy soil.

MATERIAL AND METHODS

Assessments were carried out on soil samples collected from long-term
fertilization experimental plots established in 1960 on lessive soil possessing
granulometric features of clayish sand (classified by FAO as Albic Luvisols).
The experiments encompass 16 objects being randomly fertilized by main
components N, P, K, Ca with or without application of manure. Thus, the
whole experiment included 32 fertilized objects with 4 replications. Pota-
toes, spring barley, rape (or mustard plant) and rye are cultivated in four-
field crop rotation. Mineral fertilization was carried out at the following av-
erage rate (kg) per hectare: 140 N (ammonium nitrate), 50 P (triple
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superphosphate), 140 K (high percentage potassium salt). Liming (calcium
carbonate) was applied every 4 years at a rate 1.14 Mg Ca per ha. Manure
was applied at a rate 30 and 20 Mg per ha at each rotation of potatoes and
rape (or mustard plant), respectively. Fertilization with microelements was
not applied. Soil samples were collected from soil plough layer, then dried
at 55°C. Soil solution was obtained with the suction method. The microele-
ments: B, Cu, Fe, Mn, Mo and Zn were assessed with the ICP method.
Evaluation of the influence of fertilization elements (N, P, K) applied when
liming or manure were used was carried based on analyses of the main
effects on the concentration of observed elements in soil solution as well as
their interactions (expressed in %). The average value calculated from all
combinations where a given fertilizer was not applied was treated as the
zero level (0%).

RESULTS AND DISCUSSION

The results of the examination of the effects produced by the tested
fertilizer compounds’ on the concentration of microelements in soil solution
showed a significant increase in the concentration of Fe, Mn, Cu and Zn in
soil solution when soil was fertilized with nitrogen (Figure 1). The results
on the effects of nitrogen fertilization on microelement uptake reported by
other authors indicate that application of nitrogen fertilizers, and mainly
ammonium nitrate, results in a decrease of soil reaction, which is associat-
ed with an increase of the concentration of microelements uptaken in the
form of cations in soil solution (SANDERS 1982, 1983, CURTIN, SMILLIE 1983,
SIMARD et al. 1988, SMAL 1999, ADAMS et al. 2001). An increase of solubility
and mobility of many trace elements has been shown together with a de-
crease of pH by several authors (GÊBSKI 1998, GORLACH, GAMBUŒ 2000, BADORA

2002). MCBRIDE and BLASIAK (1979) showed that solubility of zinc decreased
30-fold per one unit of an increase of pH in a range of pH 5.0 – pH 7.0.

On the other hand, the concentration of boron and molybdenum in soil
solution decreased with nitrogen fertilization (Figure 1). Under the condi-
tions of lowered pH of sandy soil, the physicochemical adsorption of boron is
reduced on particles of the solid soil layer, which enlarges losses of this
element as a result of leaching down through the soil profile. As GOLDBERG

and GLAUBIG (1986) reported, the maximum boron adsorption occurs at
pH = 8.0-10.0, both on crystalline and amorphic oxides of iron and aluminum
as well as on loamy minerals. The possibility of leaching of boron in the
form of borane ions has not been called in question for a long time (ŒWIÊCICKI

1964).
Application of phosphorous fertilizers did not significantly influence the

concentration of Fe, Mn, Zn and Cu in soil solution (Figure 1). The results
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N – nitrogen fertilization, P – phosphorus fertilization, K – potassium fertilization,

Ca – liming, O – farmyard manure

Fig. 1. Effect of fertilization on changes of Fe, Mn, Zn, Cu, B and Mo concentration in soil
solution. For the zero level (0%) an average was accepted from all fertilizing combinations

where a given element was not applied
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obtained by SIMARD et al. (1988) indicated the lack of association between the
application of decreasing rates of phosphorous and concentrations of manga-
nese and zinc in soil solution. However, LINDSAY and STEVENSON (1959a,b)
showed that application of Ca(H2PO4)2 onto acidic soils resulted in an in-
crease of solubility of manganese, aluminum and iron when they are around
superphosphate granules.

The effect of phosphorous fertilization on the concentration of molybde-
num was not indicated in this study (Figure 1), however many authors have
reported competition between molybdates and phosphates for location on
soil particles in the solid phase (XIE, MCKENZIE 1991). This competition is
caused by similar chemical properties of phosphorous and molybdenum in
soil solution. Thus, there exists a theoretical possibility of the use of phos-
phorous fertilization in order to avoid molybdenum deficiency (SINGH, KUMAR

1979).
Soil liming significantly decreased the concentration of iron, manganese,

zinc and copper as well as it caused an increase of boron and molybdenum
in soil solution (Figure 1). The effect of liming on the concentration of mi-
croelements in soil solution was initially indicated by a change of soil reac-
tion. Simard et al. (1988) showed that application of CaCO3 resulted in
a decrease of the concentration of manganese and zinc in soil solution. These
authors suggest that the reason of such changes is binding of these ele-
ments by oxides and oxyhydroxides of aluminum and iron as well as sedi-
mentation into less soluble forms. The results of SANDERS (1983) showed mi-
nor and irregular decreases in soil solution of the concentration of copper
with an increase of pH due to the fact that copper almost always occurs in
soil solution in a chelate form and a rate of formation of these complexes
only to a small extent depends on soil solution. An increase of boron con-
centration in soil solution under soil liming could be caused by an increase
of adsorption of this element on soil particles of the solid layer, which reach-
es the peak for boron at pH 8-10 (GOLDBERG, GLAUBIG 1985, 1986). Liming and
a resulting increase of soil reaction causes enhancement of molybdenum
mobility in soil (RILEY et al. 1987). At higher soil pH values there is a reduc-
tion of the amount of positive charges on soil colloids and an escalation of
competition of molybdates and hydroxyl ions for adsorption areas on the
particles of solid phase of soil. At the same time, the activity of iron and
aluminum oxides able to adsorb molybdenum is decreased, which results in
an increase of the concentration of this element in soil solution (REISENAUER

et al. 1962, JARELL, DAWSON 1978). The decrease of the concentration of cati-
ons (iron, manganese, zinc and copper) observed in soil solution of the sam-
ples collected from the fertilization objects treated with lime was associated
with an increase of the amount of free negative charges that were bound by
cations from soil solution. On the other hand, an increase of the concentra-
tion of anions in soil solution that was observed as the effect of liming was
associated with sedimentation of insoluble iron and aluminum molybdates
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as well as a decrease of the amount of positive charges on soil particles
of the solid layer followed by an increased desorption of anions (boron, mo-
lybdenum, into soil solution (SIMARD et al. 1988).

Application of manure always resulted in an increase of the concentra-
tion of the investigated elements in soil solution (Figure 1). This was caused
by introducing the elements with the mass of organic fertilizer followed by
mineralization of the manure organic substance (CURTIN, SMILLIE 1983). An
increase of the content of zinc, copper and iron in soil solution after ma-
nure application was also observed by DEL CASTILHO et al. (1993). These au-
thors suggest that this phenomenon is due to chemical properties of soil (an
increase of electric conductivity of the surface layer of soil, an increase
of soil reaction, an increase of the content of easily soluble organic matter).

CONCLUSIONS

In the experiments discussed in this paper, mineral and natural fertili-
zation was the factor that significantly determined the concentration of mi-
croelements in soil:

1. Among mineral fertilizers only nitrogen fertilization caused a decrease
of soil pH and resulted in an increase of the concentration of iron, manga-
nese, zinc and copper in soil solution while the concentration of boron and
molybdenum was decreased. Fertilization with phosphorous and potassium
did not significantly influence the concentration of microelements in soil
solution.

2. Through neutralization of soil reaction, liming caused a decrease of
the concentration of iron, manganese, zinc and copper in soil solution while
the concentration of boron and molybdenum was increased.

3. A significant increase of the concentration of all investigated elements
was observed in soil solution when manure was applied onto soil.
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