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A b s t r a c t . The aim of the research was to analyse the impact of soil water potential on the 
concentration of aluminium and selected mineral nutrients in soil solution. Soil acidification is 
a natural process accelerated by agriculture, and one of the most important factors limiting crop 
production worldwide. Concentrations of aluminium and selected mineral nutrients in solutions 
obtained from soil at initial pH 4.2 and after liming at various soil water potential were measured in 
centrifuged soil solution. Our results showed a significant gradual increase in the concentration of 
Al and most of mineral nutrients (Ca, Mg and P) with decreasing soil water potential from −3.5 kPa 
to −0.205 MPa. The results are important in the evaluation and interpretation of plant response to 
aluminium toxicity when accompanied by changes in water availability. 
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INTRODUCTION 

Approximately 30% of the world’s total land area and as much as 50% of the 
world’s potentially arable lands (Yang et al. 2013) are affected by soil acidifica-
tion. Many soil properties are affected by changes of soil acidity. In very acid 
soils (pH < 4.5) all the major plant nutrients (nitrogen, phosphorus, potassium, 
sulphur, calcium, manganese and also the trace element molybdenum) are una-
vailable, or available in insufficient quantities for most crop plants. In spite of the 
application of fertilisers at high doses, plants can show symptoms of deficiency in 
acid soils. High concentrations of the toxic Al3+ ion in acid soils retard root 
growth, restricting access to water and nutrients. 

The overall response of crops to Al toxicity is usually altered by the co-
occurrence of other abiotic stresses. Among these stresses, soil water deficit is one 
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of the most important. Soil water potential affects many properties of soils as it 
influences soil chemistry. At the same time, soil water potential fluctuations affect 
the toxicity of aluminium and the availability of nutrients for plants (Anderson et 

al. 2013), however, it is dependent on soil type and specific plant characteristic 
(phenotype). 

It has been demonstrated that a decrease in soil water content may increase Al 
concentration in the soil solution, thus enhancing Al toxicity in plants (Schier and 
McQuattie 2000). However, there are some reports with opposite conclusions 
(Slugenowa et al. 2011). That contradiction comes from the complex plant re-
sponse to both simultaneous stresses.  

The aim of the research was to analyse the impact of decreasing soil water po-
tential on the concentration of Al and selected mineral nutrients (Ca, Mg and P) in 
soil solution in acid and limed soil. 

MATERIALS AND METHODS 

Soil preparation 

Samples of the acid loamy sand soil (Table 1) were obtained from the 0-20 cm 
layer of an arable field located in the south-eastern region of Poland 
(51°26′34.5″N, 23°06′31.4″E). The soil particle size fractions were determined by 
a Mastersizer 2000 (Malvern, UK) laser diffractometer (Ryżak and Bieganowski, 
2011). The pH of the soil was 4.2 as determined in 1M KCl. Half of the collected 
soil was limed by addition of calcium powder containing 93-98% CaCO3 
(PolCalc, Poland) to reach pH 6.5. 

Table 1. Particle size distribution of the soil 

Fraction (%, w/w) 
< 0.002 mm 0.002-0.05 mm 0.05-2.0 mm 

1.62 21.44 76.94 

Extraction of soil solutions 

Initially air dry soil was moistened by adding demineralised water to specified 
soil water contents: 6, 7, 8, 10, 12 and 14% (w/w). The soil water potentials rang-
ing from −1.53 to −0.12 MPa in soil samples with soil moisture of 2 to 8% w/w 
was measured using a WP4C Water Potential Meter (Decagon Devices, USA) in 
precise measuring mode in cylindrical sample holders filled with approximately 
5 g of soil (Fig. 1). The soil water potentials ranging from −19.0 to −2.3 kPa of 
soil samples moistened from 10 to 14% w/w were measured using a Tensimeter 
with porous tensiometer (Soil Measurement System, Arizona, USA) placed in the 
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9500 rpm for 15 min using a Rotanta 460RS centrifuge. After centrifugation, the 
extracted solution was transferred from the collection cups to small vials using 
a pipette. The soil solution samples obtained were c
for 15 min in a MiniSpin Eppendorf centrifuge to remove soil debris. The proc
dure was repeated for both soil pH values and all soil water potentials. It was not 
possible to obtain soil solution from soil samples at soil moist
for all centrifugation parameters described above.

Concentrations of soil mineral nutrients in soil solution
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alterations in the availability of mineral nutrients, depending on soil pH. Our re-
sults support the hypothesis that soil moisture has an important effect on alumini-
um concentration and, in consequence, on its possible toxicity to plants. The 
changes observed in the concentration of analysed elements with soil drying could 
become both beneficial (decreasing passive uptake of Al by roots and increasing 
concentration of Ca and Mg in soil solution) and harmful (increasing concentra-
tion of Al in soil solution and complex interactions between Al toxicity at drought 
stress) to the nutrition of plants. 
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WPŁYW KWASOWOŚCI GLEBY NA ZAWARTOŚĆ GLINU 
ORAZ WYBRANYCH SKŁADNIKÓW MINERALNYCH W ROZTWORZE 

GLEBOWYM PRZY RÓŻNYCH POTENCJAŁACH WODY GLEBOWEJ 
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S t r e s z c z e n i e : Celem badań była analiza wpływu potencjału wody glebowej na stężenie gli-
nu i wybranych składników mineralnych w roztworze glebowym gleby kwaśnej i wapnowanej. 
Wzrost kwasowości gleb jest naturalnym procesem, jednym z najważniejszych czynników ograni-
czających produkcję roślinną na świecie. Może on ulec przyspieszeniu przez środki stosowane 
w rolnictwie. Pomiarami objęto zmiany stężenia glinu oraz wybranych składników mineralnych 
w roztworach glebowych z gleby o pH 4.2 oraz gleby wapnowanej, otrzymanych przy różnych 
potencjałach wody glebowej. Nasze wyniki wskazują na znaczący wzrost stężenia glinu i większo-
ści składników mineralnych (Ca, Mg i P) wraz ze spadkiem potencjału wody glebowej z −3.5 kPa 
do – 0.205 MPa. Uzyskane wyniki są ważne w ocenie i interpretacji odpowiedzi roślin na toksycz-
ność glinu, w warunkach zróżnicowanego uwilgotnienia gleby.  

S ł o w a  k l u c z o w e : roztwór glebowy, glin, susza, potencjał wody glebowej, składniki mineralne 


