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abstract

The aim of the study was to assess the effect of land use on the forms of carbon and nitro-
gen in humic horizons of Stagnic Luvisols located in the area of Sławieńska Plain (northern 
Poland). Soil samples were collected form six stands with different land uses located in the same 
soil complex: more than 100-year-old beech-oak forest (BOF), meadow (M), arable field (AF), 
fallow (F), secondary afforestation with 15- year-old birch trees (SAB) and secondary afforesta-
tion with 30-year-old alder trees (SAA). In every stand, soils were sampled in five replications 
and analyzed with standard methods used in soil science. The content of different forms of car-
bon and nitrogen was analyzed after sequential extraction in 0.25 mol KCl dm-3, 0.25 mol H2SO4 
dm-3 and 2.5 mol H2SO4 dm-3 (Becher, KalemBasa 2011). Different land uses were reflected in the 
properties of humic horizon of the investigated soils. Particularly large differences were ob-
served between the forest soils never used for agriculture, and arable or post-arable soils. Tilla-
ge caused the increase of the A horizon depth from 9.2 to 26.4-35.6 cm, and the increase of its 
volumetric density. The highest content of soil organic matter (SOM), total organic carbon (TOC) 
and total nitrogen (TN) as well as the highest TOC:TN ratio were observed in BOF stand. Sta-
tistically significant differences were observed between the stands in the content of carbon 
forms. Nonhydrolyzable carbon was dominat in the soils (55.98-68.11% of TOC), and dissolved 
organic carbon (DOC) had the smallest contribution (1.43-3.70% in TOC). In general, higher 
contribution of DOC in TOC was observed in arable and post-arable soils than in soils under 
forest. The content of mineral nitrogen (NO3-N + NH4-N) in the studied soils ranged from 0.028 
to 0.053 g kg-1, and NH4-N dominated in the pool. The lowest concentration of mineral nitrogen 
was observed in arable soils, and significantly higher in the soils under forest and fallow. Easily 
hydrolyzable nitrogen (EHN), weakly hydrolyzable nitrogen (WHN) and nonhydrolyzable nitro-
gen (NHN) were the main forms of the element in the studied soils and their content was closely 
related to the content of SOM. The highest concentration of the forms was noticed in BOF 
stand. There were differences between the stands in DOC:DON, EHC:EHN, WHC:WHN and 
NHC:NHN ratios, which indicate varied biological activity of the soils under different uses. 

Key words: carbon forms, nitrogen forms, Stagnic Luvisols, arable soils, forest soils, Sławień-
ska Plain.
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WPłyW SPoSobU UżytkoWania na formy Węgla i azotU  
W Poziomie Próchnicznym gleb PłoWych StagnoglejoWych

abstrakt

Celem pracy była ocena wpływu sposobu użytkowania na zawartość i udział form węgla  
i azotu w poziomie próchnicznym gleb płowych stagnoglejowych położonych na obszarze Równiny 
Sławieńskiej (północna Polska). Próbki gleb pobrano z 6 stanowisk użytkowanych w różny 
sposób, położonych w obrębie tego samego kompleksu gleb. Stanowiska obejmowały: ponad 
100-letni las bukowo-dębowy (BOF), łąkę (M), pole uprawne (AF), ugór (F), oraz 15-letnie 
zalesienie brzozą (SAB) i 30-letnie zalesienie olchą (SAA) na gruntach porolnych. Próbki gleb na 
każdym stanowisku pobrano w 5 powtórzeniach. Oznaczono w nich właściwości fizyczne i che-
miczne, stosując metody powszechnie stosowane w gleboznawstwie, oraz zawartość form węgla  
i azotu w roztworach po sekwencyjnej ekstrakcji z zastosowaniem 0,25 mol KCl dm-3, 0,25 mol 
H2SO4 dm-3 i 2,5 mol H2SO4 dm-3 (Becher, KalemBasa 2011). Stwierdzono istotny wpływ sposobu 
użytkowania gleb na właściwości poziomu próchnicznego badanych gleb. Szczególnie duże różni-
ce notowano między nigdy nie użytkowanymi rolniczo glebami leśnymi a glebami rolnymi i po-
rolnymi. Użytkowanie rolnicze gleb spowodowało wzrost miąższości poziomu A z ok. 9,2 cm do 
26,4-35,6 cm oraz zwiększenie gęstości objętościowej w tym poziomie. W glebach leśnych obser-
wowano największą zawartość materii organicznej (SOM), węgla organicznego (TOC) i azotu 
ogółem (TN), a także najszerszy stosunek TOC: TN. Stwierdzono istotne statystycznie różnice 
między glebami na badanych stanowiskach pod względem zawartości różnych form węgla. Domi-
nującą frakcją był węgiel nie ulegający hydrolizie (55,98-68,11% TOC), najmniejszy zaś udział 
miał rozpuszczalny węgiel organiczny (DOC) – 1.43-3.70% TOC. Na ogół większy udział DOC  
w TOC notowano w glebach rolnych i porolnych w porównaniu z glebami leśnymi. Zawartość 
azotu mineralnego (NO3-N + NH4-N) wynosiła 0,028-0,053 g kg-1. W tej puli dominowała forma 
amonowa. Najniższe stężenie azotu mineralnego odnotowano w glebach ornych i istotnie wyższe 
w glebach leśnych oraz ugorowanych. W badanych glebach dominowały formy azotu łatwo hydro-
lizująca (EHN), trudno hydrolizująca (WHN) i niehydrolizująca (NHN), występując w zbliżonych 
proporcjach. Ich zawartość była pozytywnie skorelowana z zawartością materii organicznej, więc 
największe stężenie tych form występowało w glebach na stanowisku BOF. Stwierdzono różnice 
między stanowiskami pod względem stosunków DOC:DON, EHC:EHN, WHC:WHN i NHC:NHN, 
co świadczy o zróżnicowanej aktywności biologicznej gleb użytkowanych w różny sposób. 

Słowa kluczowe: formy węgla, formy azotu, gleby płowe stagnoglejowe, gleby uprawne, gleby 
leśne, Równina Sławieńska.

introduction

The quantity and quality of SOM varies across space and time and is a 
result of the influence of many environmental and anthropogenic factors (cf. 
chertov, Komarov 1997, Pulleman et al. 2000, Kužel et al. 2001, KwiatKows-
Ka, maciejewsKa 2003, Bejger, gołęBiowsKa 2005, DziaDowiec, lutowsKa 2005, 
DziamsKi et al. 2005, szomBathova et al. 2005, toBiasova et al. 2005, GonDeK 
2007, gonet, DęBsKa 2007, simansKy 2007, łaBaz et al. 2011, KalemBasa, Be-
cher 2012). SOM represent different forms – from fresh litter fall, through 
humic substances to easily soluble organic components, like amino acids 
or carbohydrates. Microorganisms play an important role in the processes 
of SOM transformation, and dissolved organic matter (DOM) is a product 
of their activity. The biological activity of soil and the intensity of DOM 
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production are strongly affected by soil properties (especially pH, moisture, 
the content of available forms of nutrients, pollution with heavy metals), 
weather conditions and other factors (hue et al 1986, Qualls, haines 1991, 
cotrufo et al 1995, christ, DaviD 1996, murPhy et al. 2000, anDerson et al. 
2002, smolanDer, Kitunen 2002, fröBerG et al. 2005, Dawson et al. 2008, 
schmiDt, Glaser 2011). Carbon, hydrogen, oxygen and nitrogen are the main 
components of SOM. The percentage of carbon in SOM is always about 50%, 
but the content of nitrogen is varied, which is reflected in differentiated C:N 
ratios. The type of land use is one of the most important factors affecting the 
content and contribution of different forms of carbon and nitrogen in the soil, 
as well as intensity of leaching of their labile forms (lipiec, stępniewsKi 1995, 
murPhy et al 2000, jonczaK, Parzych 2012).

The aim of the study was to assess the influence of land use type (from 
beech-oak forest, through meadow, arable field, fallow to secondary afforesta-
tion with birch and alder) on carbon and nitrogen forms in humic horizons 
of Stagnic Luvisols.

matErial and mEthods

The studies were conducted in northern Poland, in the area of Sławień-
ska Plain, near Stary Kraków (54°26′N; 16°36′E). The investigated Stagnic 
Luvisols were formed from glacial till of the Pomeranian phase of Baltic 
glaciation. Spatial variability in the character of land use type was observed 
within the investigated soil complex. Soil samples were collected in April 
2012 from six stands with different land uses: more than 100-year-old beech
-oak forest (BOF), meadow (M), arable field (AF), fallow (F), post-arable af-
forestation with 15- year-old birch (SAB) and post-arable afforestation with 
30-year-old alder (SAA). In every stand, soil was sampled in five replications 
as monoliths from the A horizons and as volumetric samples using 100 cm3 
steel rings from central parts of the horizon. The samples were dried at 
40°C, passed through a 2 mm sieve and analyzed. The following soil proper-
ties were analyzed:

 –  texture with mixed pipette and sieve methods (textural fractions and 
groups were taken after classification of Polish Society of Soil Science 
2008);

 – volumetric density with gravimetric method using 100 cm3 steel rings;
 –  the content of water (% v/v) in volumetric samples with gravimetric 
method;

 –  pH potentiometrically (Elmetron CP-401) in water and 1 mol KCl dm-3 

in a 1:2.5 ratio;
 – the content of soil organic matter (SOM) as loss on ignition at 550°C;
 – the content of total organic carbon (TOC) with the Tiurin method;
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 –  the content of total nitrogen (TN) with the Kjeldahl method using  
a VELP UDK-127 distilling unit;

 –  the content of carbon and nitrogen forms after sequential extraction 
in 0.25 mol KCl dm-3, 0.25 mol H2SO4 dm-3 and 2.5 mol H2SO4 dm-3 
(Becher, KalemBasa 2011). 

Based on the extractions, the following fractions of carbon and nitrogen 
were isolated:

 – dissolved organic carbon (DOC) – after extraction with 0.25 mol KCl dm-3;
 –  easy hydrolyzable carbon (EHC) – after extraction with 0.25 mol 
H2SO4 dm-3;

 –  weakly hydrolyzable carbon (WHC) – after extraction with 2.5 mol 
H2SO4 dm-3;

 – nonhydrolyzable carbon (NHC) – was calculated as TOC-DOC-EHC-WHC;
 – nitrate nitrogen (NO3-N) – after extraction with 0.25 mol KCl dm-3;
 – ammonium nitrogen (NH4-N) – after extraction with 0.25 mol KCl dm-3;
 –  dissolved organic nitrogen (DON) – the content of the Kjeldahl nitro-
gen after extraction with 0.25 mol KCl dm-3 – NH4N;

 –  easy hydrolyzable nitrogen (EHN) – after extraction with 0.25 mol 
H2SO4 dm-3;

 –  weakly hydrolyzable nitrogen (WHN) – after extraction with 2.5 mol 
H2SO4 dm-3;

 –  nonhydrolyzable nitrogen (NHN) – was calculatedas TN-NH4-N 
–DON–EHN-WHN.

The content of carbon in the extracts was analyzed with the Tiurin me-
thod after the evaporation of a sample, NO3-N – colorimetrically with sodium 
salicylate, NH4-N – by distillation using a VELP UDK-127 distilling unit, 
and organic nitrogen – by the Kjeldahl’s method using a VELP UDK-127 
distilling unit.

Mean concentrations of analyzed components were calculated for each 
stand and differences between the stands were tested with the T-Student 
test. Correlation coefficients between the content of the forms of carbon and 
nitrogen and some properties of the soils were calculated.

rEsults and discussion

The results of many studies show that a land use type in one of the most 
important factors affecting soil properties, especially stocks and properties 
of SOM, and nutrient cycling in ecosystems (cheshire et al. 1992, hu et 
al. 1997, manDer et al. 2000, nieDer, richter 2000, Klimowicz, uziaK 2001, 
simansKy 2007, sienKiewicz et al. 2009, Domagała-ŚwiątKiewicz, saDy 2011). 
The results of the current studies show changes in some properties of the A 
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horizons of Stagnic Luvisols under different land uses – from forest soils nev-
er used for agriculture (BOF), through arable soils (M, AF) and fallow (F) to 
the secondary afforestation with birch (SAB) and alder (SAA). Different land 
uses were reflected in the physical and chemical properties of the A horizons 
of the soils, as well as in the content and contribution of the forms of carbon 
and nitrogen. The soils in BOF stand were characterized by the smallest 
thickness of the horizon (9.2 cm) and its volumetric density (0.84 g cm-3). 
The A horizon thickness in the remaining stands was affected by tillage and 
ranged from 26.4 cm to 35.6 cm (Table 1). The highest volumetric density 
was observed in the soils of AF (1.59 g cm-3) and SAB stands (1.53 g cm-3), 
slightly lower in M (1.38 g cm-3) and F (1.41 g cm-3) and significantly lower 
in SAA stand (1.17 g cm-3). Volumetric density can strongly influence the up-
take and loss of the elements, especially nitrogen (lipiec, stępniewsKi 1995). 
The soils in general were acid, but the pH varied from 4.05 in BOF stand 
to 6.25 in M stand. The higher values of pH observed in arable soils are  
the result of fertilization. The soils of BOF stand were the richest in SOM 
(107.3 g kg-1), TOC (51.2 g cm-3) and TN (3.05 g cm-3). The content of SOM 
in the remaining stands was 26.3-48.9 g cm-3, TOC 9.2-21.4 g cm-3 and TN 
0.82-1.60 g cm-3. TOC:TN ratios ranged from 11.3:1 in SAB stand to 16.8:1 
in BOF stand (Table 1). The observed TOC:TN ratios indicate relatively good 
conditions of soil organic matter mineralization. 

Labile forms of organic carbon, whose content is a good indicator of soil 
quality as influenced by changes in management practices (laiK et al. 2009), 

Table 1
Selected properties of the A horizon of the soils (mean±SD)

Soil properties BOF M AF F SAB SAA

Thickness of A 
horizon (cm) 9.2±0.8 31.6±3.2 26.4±5.8 30.4±3.7 35.6±2.6 28.4±2.5

Soil texture 
group sand sandy

loam
sandy
loam

sandy
loam

sandy
loam

sandy
loam

Sand (%) 83.9 61,0 50.9 64.0 66.3 66.0
Silt (%) 16.1 36.9 43.4 34.8 30.8 33.3
Clay (%) 0.0 2.1 5.7 1.2 2.9 0.7

Volumetric  
density (g cm-3) 0.84±0.09 1.38±0.02 1.59±0.06 1.41±0.17 1.53±0.07 1.17±0.10

Water content 
(% v/v) 31.8±2.2 34.6±2.1 28.2±1.6 27.6±3.1 25.0±1.4 38.4±5.0

pHH2O 4.05±0.17 6.25±0.12 6.01±0.18 5.62±0.40 5.12±0.17 4.23±0.11
SOM (g kg-1) 107.3±31.3 33.7±2.1 43.3±3.3 36.3±0.7 26.3±1.8 48.9±9.0
TOC (g kg-1) 51.2±13.5 13.2±0.6 16.0±2.7 12.8±0.7 9.2±0.8 21.4±5.1
TN (g kg-1) 3.05±0.82 1.12±0.02 1.22±0.10 1.12±0.12 0.82±0.11 1.60±0.28
TOC:TN 16.8±0.6 11.8±0.6 13.0±1.5 11.4±1.0 11.3±0.9 13.4±1.3
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play an important role in the functioning of natural and modified ecosys-
tems. Mobile in soils, they are a carrier of nutrients and energy compounds 
(Qualls, haines 1991), at the same time playing an important role in some 
pedogenetic processes (hayes, moore 1992, jonczaK 2012). The sizes of DOC 
pools and their contribution to the total soil carbon pool vary among different 

Table 2
The content of carbon forms in soil under different land use 

Carbon form BOF M AF F SAB SAA

DOC
g kg-1 0.71 0.34 0.33 0.33 0.34 0.40

% in TOC 1.43 2.57 2.08 2.57 3.70 1.89

EHC
g kg-1 11.33 3.05 3.48 2.82 2.17 5.00

% in TOC 22.65 23.13 21.81 22.04 23.49 23.67

WHC
g kg-1 3.99 1.79 2.57 2.44 1.54 2.19

% in TOC 7.81 13.58 17.02 19.31 16.84 10.44

NHC
g kg-1 35.16 8.03 9.61 7.17 5.17 13.85

% in TOC 68.11 60.71 59.09 56.08 55.98 64.01

Table 3
The content of nitrogen forms in soil under different land use 

Carbon form BOF M AF F SAB SAA

NO3-N
g kg-1 0.005 0.003 0.008 0.004 0.005 0.011

% in TN 0.17 0.30 0.68 0.35 0.56 0.70

NH4-N
g kg-1 0.048 0.034 0.020 0.044 0.047 0.038

% in TN 1.77 3.06 1.62 3.91 5.78 2.47

DON
g kg-1 0.047 0.024 0.044 0.015 0.024 0.034

% in TN 1.55 2.09 3.60 1.63 2.85 2.13

EHN
g kg-1 0.874 0.339 0.338 0.383 0.280 0.436

% in TN 29.72 30.23 27.40 34.27 34.26 27.44

WHN
g kg-1 0.911 0.370 0.413 0.348 0.184 0.542

% in TN 30.41 32.90 33.84 31.36 22.69 34.32

NHN
g kg-1 1.161 0.353 0.397 0.330 0.285 0.534

% in TN 36.38 31.42 32.88 28.75 33.86 32.94

Table 4
Values of the DOC:DON, EHC:EHN, WHC:WHN and NHC:NHN ratios

Ratio BOF M AF F SAB SAA
DOC:DON 16.6 18.6 7.5 19.2 18.2 11.7
EHC:EHN 12.9 9.1 10.6 7.4 7.7 11.5
WHC:WHN 4.4 4.9 6.4 7.0 8.3 4.1
NHC:NHN 33.0 23.6 25.2 24.4 19.4 28.0
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ecosystems (hu et al. 1997). The intensity of DOC production and leaching 
is strongly affected by soil temperature and moisture (christ, DaviD 1996), 
and in forest ecosystems by tree species composition and its age (remeš, Kul-
havý 2009, jonczaK, Parzych 2012). In the studied soils, the highest content 
of DOC was observed in BOF stand (0.71 g kg-1) , where it was significantly 
higher than the one observed in remaining stands (0.33-0.40 g kg-1) – Tables 
2, 5. The distribution of DOC in BOF, SAB and SAA stands has been, in 
general, consistent with the data presented by remeš and Kulhavý (2009), 
who observed the influence of tree-stand age on the concentration of DOC in 
lysimetric waters. 

Large differences between the stands were observed in the content of 
EHC – from 2.17 g kg-1 in SAB stand to 11.33 g kg-1 in BOF stand, but the 
contribution of EHC in TOC was comparable in each stand (21.81-23.67%) 
and with the data of Becher anD KalemBasa (2011), who observed 16.9-30.6% 
in arable Cambisols and Luvisols of Siedlce Upland. WHC contributed be-

Table 5
Statistical significance of differences between the soils in the content of different  

forms of carbon and nitrogen and C:N ratios 

Specification

BO
F 

vs
 M

BO
F 

vs
 A

F

BO
F 

vs
 F

BO
F 

vs
 S

AB

BO
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vs
 S

AA

M
 v

s 
AF

M
 v

s 
F

M
 v

s 
SA

B

M
 v

s 
SA

A

AF
 v

s 
F

AF
 v

s 
SA

B

AF
 v

s 
SA

A

F 
vs

 S
AB

F 
vs

 S
AA

SA
B 

vs
 S

AA

DOC ++ ++ ++ ++ ++ - - - - - - - - - -
EHC ++ ++ ++ ++ ++ - - ++ ++ + ++ ++ + ++ ++
WHC ++ + ++ ++ ++ ++ ++ - + - ++ - ++ - +
NHC ++ ++ ++ ++ ++ - + ++ ++ + ++ + ++ ++ ++
TOC ++ ++ ++ ++ ++ + - ++ ++ + ++ + ++ ++ ++

NO3-N ++ - + - ++ + - ++ ++ + - - + ++ ++
NH4-N - ++ - - - ++ + ++ - ++ ++ ++ - + ++
DON + - ++ + - + - - - ++ ++ + - ++ -
EHN ++ ++ ++ ++ ++ - - + + - - + ++ - ++
WHN ++ ++ ++ ++ ++ - - ++ ++ + ++ + ++ ++ ++
NHN ++ ++ ++ ++ + - - - + - + - - + +
TN ++ ++ ++ ++ ++ + - ++ ++ - ++ + ++ ++ ++

DOC:DON - ++ - - - + - - - + + ++ - - -
EHC:EHN ++ + ++ ++ + - + + ++ ++ ++ - - ++ ++
WHC:WHN - + ++ ++ - - + ++ + - - + + ++ ++
NHC:NHN + - - ++ - - - - - - - - - - -

TOC:TN ++ ++ ++ ++ ++ - - - + + + - - + +

++ differences statistically significant at p<0.01; + differences statistically significant at p<0.05; 
- differences not significant statistically
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tween 7.81-19.31% in TOC with concentrations from 1.54-3.99 g kg-1. The 
above values were slightly lower than those quoted by Becher and KalemBasa 
(2011).

In each stand, the main form of carbon was NHC (55.98-68.11% in TOC), 
whose concentration was 5.17-35.16 g kg-1. In most cases, the differences 
in the content of EHC, WHC, NHC and TOC observed between the stands 
were statistically significant (Table 5). In general, the highest content of 
TOC, as well as its different forms, was observed in BOF stand. However, 
the percentage of DOC in TOC was the lowest in BOF stand and the highest 
in SAB stand. Moreover, the lowest contribution of WHC and the highest 
of NHC were observed in BOF stand. The contribution of EHC in TOC was 
comparable in every stand and ranged from 21.81 to 23.67%. The content of 
each studied form of carbon was positively related to the content of SOM and 
TOC:TN ratio and negatively to volumetric density and pH (Table 6).

The content of NO3-N was very small in the studied soils and ranged 
from 0.003 to 0.011 g kg-1 (0.17-0.70% in TN) – Table 3. The highest concen-
trations were observed in SAA and AF stands and the lowest in M stand. 
Low pH, as a limiting factor for nitrification, is probably the reason of the 
observed low concentrations of nitrates. The content of NO3-N was negatively 
related to volumetric density, which is overall consistent with the data quot-
ed by haunz et al. (1992). The differences in NO3-N concentrations observed 
between the stands could be partially a result of different intensity of nitro-
gen leaching in the soils with different compaction and under different uses 
(shiPitalo, eDwarDs 1993). The content of NH4-N was higher than NO3-N, 
and ranged from 0.020 g kg-1 in AF stand to 0.048 g kg-1 in BOF stand, being 
comparable to the one observed by Becher, KalemBasa (2011) of 0.017-0.039 g 
kg-1. The contribution of NH4-N form in TN ranged from 1.62 to 5.78%. DON 
contributed in TN in 1.55-3.60% with concentrations 0.015-0.047 g kg-1. 

Hydrolyzable and nonhydrolyzable forms always predominate in the 
soil total nitrogen, but proportions between the forms are varied in different 
soil types and under different uses (eg. hersemann 1987, sharPley, smith 
1995, sulce et al 1996). EHN, WHN and NHN were also the main forms of 
nitrogen in the investigated soils. There were no large differences between 
the stands in contribution of the forms in TN. Such regularities were also 

Table 6
Correlation coefficients between the content (g kg-1) of carbon and nitrogen forms  

and some properties of the soils 

Specification DOC EHC WHC NHC NO3-N NH4-N DON EHN WHN NHN

Volumetric density -0.782* -0.871 -0.621 -0.842 -0.381 -0.067 -0.340 -0.868 -0.825 -0.785

pH -0.645 -0.691 -0.450 -0.658 -0.424 -0.348 -0.373 -0.649 -0.617 -0.615

SOM 0.888 0.978 0.886 0.987 0.098 0.110 0.648 0.948 0.951 0.949

TOC:TN 0.738 0.869 0.644 0.858 0.117 0.162 0.571 0.863 0.840 0.660

* in bold – correlations statistically significant at p<0.05
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observed by Becher and KalemBasa (2011) in arable Cabbisols and Luvisols, 
and by the same authors in peat-muck soils (KalemBasa, Becher 2009), as 
well as by czeKała (2010) in Luvisols under different uses. The contribution 
of EHN in TN was 27.40-34.27%, and WHN – 22.69-34.32%. These percenta-
ges of NHN (28.75-36.38%) were comparable to the ones observed by sulce 
et al. (1996) in Cambisols (34.5%), as well as by sharPley and smith (1995) 
in different soil types (30.4-34.8%). The content of organic forms of nitrogen 
(DON, EHN, WHN and NHN) in the investigated soils was positively corre-
lated to the content of SOM and TOC:TN ratio, and negatively to the volu-
metric density and soil pH (Table 6).

The C:N ratio is a good parameter in the assessment of the impact of 
different factors on soil’s biological activity and the intensity of nutrient 
cycling (GunDersen et al. 1998, smolanDer, Kitunen 2002, aKselsson et al. 
2005, vesterDal et al. 2008). The lowest DOC:DON ratio was observed in 
AF stand (7.5:1) and a slightly higher in SAA stand (11.7:1). In the rema-
ining stands, the ratios were 16.6:1-18.6:1. High differences were observed 
between the stands in the DOC:DON ratio (7.5:1-18.6:1), which indicates 
varied biological activity of the investigated soils. The observed EHC:EHN 
ratios (7.4:1 to 12.9:1) were comparable or slightly higher than the ones gi-
ven by Becher anD KalemBasa (2011). The lowest values of the C:N ratio were 
observed in the weakly hydrolyzing (4.1:1-8.3:1) and the highest ones - in the 
nonhydrolyzable fraction (19.4:1-33.0:1). The lowest C:N ratios observed in 
the weakly hydrolyzing fraction could be a result of the hydrolysis of bodies 
of microorganisms, relatively resistant to reagents, which accumulate a si-
gnificant share of soil nitrogen. Most nitrogen was released after extraction 
with 2.5 mol H2SO4 dm-3.

conclusions

Different land uses were significantly reflected in the properties of the 
A horrizon of the investigated Stagnic Luvisols. Particularly high differen-
ces were observed between the forest soils, never used for agriculture, and 
the arable or post-arable soils. Tillage caused the increase of the A horizon 
depth from 9.2 to 26.4-35.6 cm, which was a result of the mixing of the pri-
mary A horizon with E horizon, and the increase of its volumetric density. 
The highest content of SOM, TOC and TN as well as the TOC:TN ratio were 
observed in forest soils.

Statistically significant differences between the stands in the content of 
different forms of carbon were identified in most cases. The content of every 
form was positively correlated with the content of SOM and the TOC:TN 
ratio, but negatively with volumetric density and pH. The nonhydrolyzable 
form of carbon dominated in the soils (55.98-68.11% of TOC), and DOC had 
the lowest contribution (1.43-3.70% in TOC). In general, higher contribution 
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of DOC in TOC was observed in arable and post-arable soils in relation to 
forest soils. The observed content and contributions of different forms of 
carbon in TOC were comparable to the ones observed by other authors in 
similar soil types.

The content of mineral nitrogen (NO3-N + NH4-N) ranged from 0.028 to 
0.053 g kg-1, and NH4-N dominated in the pool. The lowest concentration of 
mineral nitrogen was observed in arable soils, and significantly higher in fo-
rest and fallow soils. EHN, WHN and NHN were the main forms of nitrogen. 
As the content of the forms was positively correlated to the content of SOM, 
their highest concentration was observed in BOF stand.

The differences in the DOC:DON, EHC:EHN, WHC:WHN and NHC: 
NHN ratios observed between the stands suggest varied biological activity of 
the soil under different uses. The lowest C:N ratio values were observed in 
the weakly hydrolyzable (4.1:1-8.3:1) and the highest – in the nonhydrolyza-
ble fraction (19.4:1-33.0:1).
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