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1. Introduction and objectives 

The reason for the increasing number of researches focusing on the study of the composition 

and turnover of soil organic matter (SOM) is the key role of soils in carbon sequestration and 

global carbon cycle. The significant role of soil processes in connection with the global carbon 

cycle is well known. The global soil carbon pool (2500 Gt) is 3.3 times the size of the 

atmospheric pool and 4.5 times the size of the biotic pool (Lal, 2004). Therefore, a better 

understanding of the properties and dynamics of SOM and the identification of the factors that 

regulate soil respiration in natural and managed ecosystems is critical in predicting ecosystem 

responses to global change (Ahn et al., 2009). 

SOM decomposition depends on many biotic and abiotic factors. The temperature, humidity, 

air and pH conditions of soils significantly affect the living conditions of the microbial 

community responsible for the decomposition of SOM. Soil texture is also an important 

parameter influencing SOM decomposition through factors such as particle surface area and 

porosity, which affect water-holding capacity, cation exchange capacity and many other factors 

(Procter et al., 2015). Besides texture, soil mineral phase plays a crucial role in the stabilization 

of SOM. Soils with higher silt and clay content generally sequester more C than sandier soils, 

(Barré et al., 2014; Hassink, 1997; Wattel-Koekkoek et al., 2003). However, beyond the 

determination of the amount of fine fractions, relatively little research studied the mineralogical 

composition of these fractions and their organic matter stabilizing effects. It is particularly 

important to study the stabilization of organic matter in temperate soil soils, since these soils 

contain a mixture of various minerals, layered silicates (in many cases 1: 1 and 2: 1 clay 

minerals together), crystalline oxides and poorly crystalline materials, which all affect the 

stabilization of SOM to varying degrees. 

Therefore, my aim was to investigate the organic matter stabilizing effect of the mineral phase 

in a six-month incubation experiment. My objectives were i) to determine the kinetic parameters 

of the carbon pools of soils under forest vegetation; ii) to investigate the influence of the soil 

mineral phase composition on the turnover of soil organic carbon and iii) to investigate the 

effect of the soil properties on the decomposition processes of SOM. 
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2. Materials and methods 

Thirteen topsoil (0-20 cm) samples were collected from six sites in Hungary: four samples from 

Sopron Mts., three samples from Aggtelek Mts., two samples from Cserhát Mts, two samples 

from South Nyírség, one sample from Geresdi Hills and one sample from Pilis-Alpár sand ridge.  

In order to determine the basic soil physical and chemical properties and to characterize the soil 

organic and mineral phases, the following methods were used: 

 determination of soil pH (distilled water and KCl) and CaCO3 content 

 determination of total and dissolved organic carbon content and dissolved nitrogen 

content using a TOC/TN analyser (TOC-L, TN-L, Shimadzu) 

 determination of solid phase total nitrogen content by the Kjeldahl method 

 determination of cation exchange capacity 

 determination of Fe, Mn and Al concentration in dithionite–citrate–bicarbonate extracts 

and in acid ammonium oxalate extracts using a microwave plasma atomic emission 

spectrometer (MP-AES 4200, Agilent Technologies) 

 determination of the soil texture by the pipette method 

 determination of soil mineral components (particularly clay minerals) and functional 

groups of SOM using a Fourier-transform infrared spectrometer (Bruker Vertex 70) and 

calculation of indexes (e.g. aromaticity index) from the selected characteristic 

absorption bands 

 qualitative and quantitaive determination of minerals in the clay fraction (<2 µm) of 

soils using an X-ray powder diffractometer (Rigaku Miniflex 600) 

 determination of changes in δ13C values of soils and maize residues during the 163-days 

incubation period using an isotope ratio mass spectrometer (Delta plus XP, Thermo 

Finnigan) and the application of δ13C values of soils and maize residues for the 

separation of the different sources of soil respiration (basal respiration, residue 

mineralization, priming effect) and the quantification of the amount the stabilized crop 

residue 

 

The decomposition of the SOM was studied using a 163-days incubation. Maize residues were 

added to the soils in order to affect the SOM decomposition dynamics and get natural 13C 

enrichment for δ13C analysis. The samples were kept in an incubator at 20°C for 163 days at 

70% field capacity. The soil respiration was measured at specified intervals (on day 3, 8, 15, 
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30, 51, 79, 107, 135 and 163) and trapped in 2M NaOH and quantified by titration with 1M 

HCl. Another aliquot of NaOH was mixed with 2MSrCl2 to get SrCO3 for δ13C analysis. 

Carbon mineralization kinetics was modelled by fitting a first-order two pools model on the 

CO2 efflux values. The decomposition rate constants of the model were determined by the 

linearization of the equation applying the method of residuals. The relationships between the 

organic and mineral phases versus the mineralization parameters (cumulative CO2 efflux, 

amount of maize residue stabilized, priming effect, decomposition rate constant and mean 

residence time) of the soils were analysed by Pearson’s correlation and linear regression 

analyses. The difference among the soils were determined by a one-way ANOVA with post hoc 

Tukey test. 

 

3. Theses 

1. My research proved that the mineral composition of the solid phase of the soil has a 

greater effect on the decomposition (or rather on the stabilization) of organic matter than 

the clay content of the soils. 

2. While international literature sources emphasize the importance of swelling clay 

minerals in the stabilization of soil organic matter, according to my results, Al and Fe 

oxides and illite content may play a more important role than these minerals. 

3. My research proved that both divalent (Fe2+ and Mn2+) and trivalent (Al3+, Fe3+) ions 

play an important role in the chemical stabilization of soil organic matter. This is due to 

the cationic bridges formed between organic materials and polyvalent metal ions 

according to the literature. Although literature data primarily emphasizes the importance 

of Fe3+, Al3+ was found to be having a stronger organic matter stabilizing effect in the 

Hungarian soils investigated. 

4. My research proved that soil environment (pH), the quality of organic matter (C/N ratio) 

and the physical and mineral properties of the solid phase of the soils all influence the 

decomposition rate constant of the easily mineralizable carbon pool. 

5. My research proved that although the decomposition rate constant of the slowly 

mineralizable carbon pool is not sensitive to most of the studied environmental factors 

and their changes, the aluminum and illite content of soils significantly modified the 

decomposition of this carbon pool. 

6. My research proved that the C/N ratio of soils is essential for the development of 

priming effect. In soils having the highest C/N ratio, a negative priming effect was 

observed, whereas soils having lower C/N ratio a positive priming effect was identified. 
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7. Based on my results, it is likely that as a result of land use change and the use of 

conservation agro technology, more effective stabilization of carbon is expected in areas 

(except for hydromorphic areas) where the mineral phase of the soil facilitates it. 

 

4. Conclusions 

The texture of soils alone cannot be considered as the sole controlling factor in a complex 

system such as soils where many other parameters can determine the turnover of organic 

matters. This was confirmed by my research where not only the texture or clay content of the 

soils, but also the chemical composition of the mineral phase proved to be an essential factor in 

the decomposition of organic matter. Strong correlation was found between the inhibition of 

SOM decomposition, that is, the stabilization of SOM and the amount of certain mineral types 

of soils (Al and Fe oxides and illite) - moreover, these correlations were stronger than between 

the SOM decomposition and the clay content of soils. Furthermore, the decomposition rate 

constant of the slow C pool was found to be not affected by the texture of soils, whereas the Al 

and illite content of the soils proved to be significant stabilizing factors. This confirms the 

importance of studying the mineral composition of soils to obtain better knowledge on SOM 

stabilization processes. 
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