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Abstract
The aim of the study was to assess the stability of soil organic carbon (SOC) in Arenosol (AR) under three different 
land uses: 1) continuous arable land, 2) abandoned for the last 15 years arable land, and 3) 50 years ago afforested 
with Scots pine (Pinus sylvestris L.) or silver birch (Betula pendula Roth) arable land. In the 0–10, 10–20 and 20–
40 cm mineral soil layers the following was determined: 1) total SOC and humus fractional composition in bulk soil, 
2) unprotected SOC (water extractable SOC and soil microbial biomass carbon (Cbio)), and 3) in physical fractions 
unprotected and protected from microbial decomposition SOC. Mean Cbio was the lowest in pine plantations, the 
highest in birch plantations and intermediate in arable or abandoned arable land. The highest concentrations of 
fulvic and humic acids and unprotected water extractable SOC were found in forest plantations. However, mineral 
topsoil after the afforestation, especially with birch, contained the highest concentrations of total SOC and the 
concentrations of SOC protected in soil organic matter (SOM) of silt + clay sized (<53 µm) fraction. 
Our results confirmed the Kyoto Protocol’s provision that the afforestation of nutrient-poor sandy arable soils with 
birch could be relevant for soil carbon sequestration. 
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Introduction
The global terrestrial pool of organic carbon 

(OC) in soil organic matter (SOM) is almost three times 
as high as that in the plant biomass (Guggenberger, 
2010). Therefore, the accumulation of soil organic 
carbon (SOC) has a global dimension in the mitigation 
of climate change (UNFCCC, 1998; IPCC 2003; 2006; 
2007). Moreover, SOM, especially humus, predicts the 
productivity and the sustainability of agro and forest 
ecosystems (Franzmeier et al., 1985; Vaičys et al., 1997; 
Lal, 2009; Liaudanskienė et al., 2011). SOM consists of 
a complex of large and amorphous organic molecules 
and particles that are unprotected or physicochemically 
protected from microbial decomposition (Six et al., 2002). 
Therefore, various types of SOM have different turnover 
time: from <10 years (active SOM pools) to >500 years 
for OC resistant to the oxidation by H2O2 or Na2S2O8 (von 
Lützow et al., 2007; Guggenberger, 2010). 

Dissolved and water extractable SOC, soil 
microbial biomass C, and SOC in light fraction (SOC 
not occluded in 53–250 µm sized microaggregates) 
reflect active SOC pool (Six et al., 2002; von Lützow 
et al., 2007). Meanwhile the silt and clay content and 

the microaggregation in mineral soils protect SOM 
from the microbial decomposition. In general, three 
main mechanisms of SOM stabilization have been 
defined: 1) physical protection (OC occluded/protected 
in 53–250 µm sized soil microaggregates), 2) chemical 
stabilization (OC associated with silt and clay), and            
3) biochemical stabilization (OC biochemically protected 
in non-hydrolyzable SOM including stabile humus 
fractions) (Six et al., 2002). For example, the content 
of silt and clay protected C directly depends on silt and 
clay contents in the soil. Meanwhile the changes in land 
use or land management initially affect unprotected 
SOM. However, over the period of several decades 
conventional tillage can decrease, while the application 
of manure and mineral fertilizers increase the content 
of SOC that is physically and chemically protected (Six 
et al., 2002; Sleutel et al., 2006; Šlepetienė et al., 2008; 
Feiziene et al., 2011). 

The abandonment of infertile arable sandy soils 
is apparent in Lithuania (Armolaitis et al., 2007). Such 
abandoned arable land could be afforested or maintained 
as perennial grassland. The objective of the current study 
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was to assess the stability of SOC in Arenosol within three 
different arable land uses and managements: 1) continuous 
arable land, 2) abandonment, and 3) afforestation of 
arable land. Our research was based on the concept 
that the stabilization of SOC could be evaluated by the 
quantitative equilibrium/distribution of unprotected and 
protected SOC pools. We hypothesized that the stability 
of SOC could be: 1) diminished by conventional tillage 
and crop output in arable land, and 2) affected by litter 
accumulation/decomposition in afforested arable land. 

Materials and methods
Site description and soils. The research was 

carried out in 2011 at the Perloja Experimental Station of 
Lithuanian Research Centre for Agriculture and Forestry 
situated in South Lithuania (54º10′ N, 24º25′ E). Four study 
sites were selected within different uses of Arenosol (AR): 
in 1) arable land afforested with 50-year-old Scots pine 
(Pinus sylvestris L.) plantations, 2) abandoned for the last 
15 years former arable land (both in Perloja experiment 
that has been described in detail by Armolaitis et al. 
(2007; 2011), and in 3) adjacent arable land afforested 
with 50-year-old silver birch (Betula pendula Roth) 
plantation and 4) adjacent arable land where continuous 
conventional tillage (mouldboard ploughing in autumn 
and presowing spring tine cultivation) was applied. In all 
treatments, the soils were well-drained Haplic Arenosol 
(ARh) (FAO/UN, 2006) developed on glaciofluvial 
sandy deposits from the last Riss-Wurm (Weichselian) 
glaciation. The depths of present or former ploughing 
Ap horizons were about 20 cm. In non-fertilized forest 
plantations the soils could be characterized as forest 
Arenosol because they have permanent organic layer. 
Mean mass of soil organic layer comprised 54.8 t ha-1 
in Scots pine plantations (stem volume – 340 m3 ha-1) 
and 45.8 t ha-1 in silver birch plantation (stem volume 
– 135 m3 ha-1). Meanwhile, the mass of soil organic 
layer (mainly annual litter of grasses) did not exceed 
5 t ha-1 in perennial grassland of abandoned arable land. 
Besides, it was found that the former Ap horizon had 
been renaturalized according to the increase of acidity 
in pine plantations and due to the leaching of nutrients 
in abandoned land (Armolaitis et al., 2011). The crops of 
winter or spring wheat were cultivated for the declaration 
of crops in arable land. 

The mean annual temperature in the study 
area (1961–1990) was 6.1°C, with the mean January 
temperature of −5.8°C and mean July temperature of 
16.9°C, while mean annual precipitation amounted to 
about 640 mm. 

Soil sampling and analyses. In 2011, the 
sampling was carried out in the end of August. Composite 
soil samples (each at 6 systematically distributed 
points) were collected from the 0–10, 10–20 and 20–
40 cm deep mineral layers in three replicates along 
the 100-m transects in each treatment. For the general 
characterization of the studied Arenosol the following 
was estimated: fine (<2 mm) soil bulk density – according 
to ISO 11272:1998; soil texture – ISO 11277:2009; 
pHCaCl2 – LST ISO 10390:2005; concentrations of total 
soil organic carbon (SOC) – ISO 10694:1995; and 
total nitrogen (N) was analyzed using the Kjeldahl 
method (ISO 11261:1995). As unprotected SOC the 
concentration of water extractable organic carbon (OC), 
the concentrations of carbon (C) in soil microbial biomass 
and humus fractional composition were determined. 

Hot water extractable SOC, which is used as a measure 
for potentially bioavailable soil organic matter (SOM), 
was determined according to Schulz et al. (1991). For 
determination of humus fractional composition (fulvic 
and humic acids) the method described in Faithfull 
(2002) was applied. 

Soil microbial biomass carbon (Cbio) and 
nitrogen (Nbio). For estimation of soil Cbio and Nbio in the 
0–10 and 10–20 cm deep mineral layers the chloroform 
fumigation-extraction method ISO/DIS 14240-2:1997 
was used (Vance et al., 1987). Non-fumigated soil samples 
(20.0 g field moisture soil) were extracted with 80 ml of 
0.5 M K2SO4 by shaking for 30 min and the suspension 
filtered using a Whatman No. 2 filter paper. Jointly, soil 
samples were fumigated by exposing soil to alcohol-free 
CHCl3 vapour for 24 h in a vacuum desiccator. After 
CHCl3 was removed by vacuum extraction, the fumigated 
soils were extracted with K2SO4 as in the non-fumigated 
soil samples treatment. Soil Cbio of the non-fumigated 
and fumigated soil extracts was analyzed using the 
digestion-titration method. After the transferring 10 ml 
of extracts to a test tube, 5 ml of 33 mM K2Cr207 and 
5 ml of concentrated H2S04 were added. The samples 
were digested for 10 min at 175°C and titrated using 0.05 
M FeSO4 with 1.10-phenanthrobine ferrous sulfate as the 
indicator. The concentration of soil Cbio (µg g-1 C soil dry 
matter (DM)) was calculated according to Vance et al. 
(1987) taking the K2SO4 extract efficiency factor 0.38 for 
Cbio. For Nbio estimation 8 ml of the non-fumigated and 
fumigated soil sample filtrates with 0.5 M K2SO4 were 
taken and treated with saturated boric acid (H3BO3) and 
with the indicator (1.10-phenanthroline), then titrated 
using 0.01 M sulfuric acid (H2SO4). The concentration of 
soil Nbio (µg g-1 N soil DM) was calculated according to 
Brookes et al. (1985) taking the K2SO4 extract efficiency 
factor 0.54 for Nbio. 

Soil organic carbon (SOC) in fractions of mineral 
soil. For the determination of protected SOC, physical 
and chemical fractionation was carried out in triplicate 
according to the procedure described in detail by Sleutel 
et al. (2006). As could be seen from Figure 1, wet sieving 
method using the 250 and 53 µm sieves allowed us to 
collect: 1) >250 µm fraction – coarse free particulate 
organic matter (fPOM) and coarse sand – that contain 
unprotected SOC, 2) microaggregates (53–250 µm) – fine 
fPOM and fine sand, and 3) water + soil <53 µm fraction. 
In the second step of physical fractionation, fine fPOM 
was isolated from the fine sand by density flotation with 
1.85 g cm-3 sodium polytungstate and the centrifugation 
(1250 × g for 60 min at 20ºC). Consequently within the 
53–250 µm the following fractions were separated: light 
(floating fine fPOM that contains unprotected SOC) 
and heavy. In addition, heavy fraction was dispersed 
in sodium hexametaphosphate (5 g L-1), and physically 
protected SOC in intra-microaggregate POM (>53 µm) 
and silt + clay sized <53 µm fraction were divided by 
shaking 18 h on shaker “Gerhardt LS 20” (Labexchange – 
Die Laborgerätebörse GmbH, Germany). After chemical 
fractionation (hydrolysis technique with 6 M HCl) the 
<53 µm fractions were separated into two silt + clay 
protected organic matter (OM) that contained: 1) SOC 
which is chemically stabilized, and 2) biochemically 
stabilized SOC. All obtained fractions were dried at 
105ºC and weighed, and analyzed for total SOC using 
CNS-analyzer “Elementar Vario EL Cube” (Elementar 
Analysensysteme GmbH, Germany) as they contain no 
carbonate (CaCO3). 
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Figure 1. The scheme of the applied physical fractionation procedure for isolation of course free particulate organic 
matter (course fPOM), fine free POM (fine fPOM), intra-microaggregate POM (iPOM) and silt and clay sized organic 
matter (OM), with indication of the three isolated conceptual soil organic matter (SOM) pools according to the model 
of Six et al. (2002): unprotected OM, physically protected OM and silt and clay protected OM (from Sleutel et al., 
2006) 

The data was analyzed using the computer 
software Microsoft Excel (2003) and statistical software 
SAS (2002). Significant differences (P < 0.05) in the 
contrasting factors were statistically evaluated by 
ANOVA. The STEPDISC SAS procedure was applied to 
select factors contributing most to the differentiation. 

Results and discussion
The main characteristics of studied Arenosol 

and total soil organic carbon (SOC) content. Table 1 

shows that there was little variability in soil texture 
among different land uses. Surface 0–10, 10–20 and 20–
40 cm deep mineral layers of studied Arenosol mainly 
consisted of coarse sand (72–80%) and fine silt (8–22%) 
with the low clay content (4–6%). Soil bulk density was 
slightly higher (P < 0.05) in mineral topsoil (0–20 cm) 
of arable land. Total N concentrations varied among the 
studied land uses insignificantly although the lowest N 
contents in arable land demonstrated that no fertilizers 
were applied there. However, it should be noted that 
mineral topsoil (0–10 cm) was by 0.4–0.6 pHCaCl2 units 

Table 1. The mean characteristics of surface mineral layers in studied Arenosol 

Land use Soil texture % Soil bulk density
Mg m-3 pHCaCl2

Total SOC
g kg-1

Total N
g kg-1sand silt clay

0–10 cm
Arable 76 19 5 1.43 ± 0.05 5.0 ± 0.0 7.52 ± 1.13 0.58 ± 0.11

Abandoned 86 10 4 1.29 ± 0.04 5.1 ± 0.1 8.60 ± 0.80 0.91 ± 0.29
Scots pine 80 14 6 1.23 ± 0.05 4.5 ± 0.1 11.06 ± 0.12 0.71 ± 0.07

Silver birch 72 22 6 1.29 ± 0.04 4.6 ± 0.1 14.68 ± 1.22 0.90 ± 0.13
10–20 cm

Arable 83 12 5 1.55 ± 0.03 5.1 ± 0.1 7.30 ± 0.86 0.67 ± 0.07
Abandoned 88 8 4 1.39 ± 0.03 5.1 ± 0.2 6.47 ± 0.27 0.80 ± 0.28
Scots pine 81 13 6 1.39 ± 0.03 4.8 ± 0.1 6.34 ± 0.47 0.58 ± 0.16

Silver birch 76 18 6 1.40 ± 0.05 4.8 ± 0.1 8.52 ± 0.64 0.62 ± 0.23
20–40 cm

Arable 76 18 6 1.60 ± 0.06 5.2 ± 0.2 2.15 ± 0.34 0.19 ± 0.03
Abandoned 83 12 5 1.54 ± 0.01 5.7 ± 0.1 1.56 ± 0.31 0.26 ± 0.19
Scots pine 80 14 6 1.39 ± 0.02 4.9 ± 0.1 2.63 ± 0.94 0.36 ± 0.18

Silver birch 75 19 6 1.52 ± 0.05 4.8 ± 0.1 2.46 ± 0.12 0.18 ± 0.06
Notes. SOC – soil organic carbon. Means or means ± SD are given in the table. Significantly (P < 0.05) outstanding parameters 
are shown in bold. 
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more acid and contained higher mean concentrations of 
total SOC in afforested arable land (by 30–50% in pine, 
and by 1.7–2.0 times in birch plantations) than in arable 
or abandoned arable land. 

Unprotected SOC: humus fractional 
composition and water extractable SOC. The contents 
of non-extractable residue exceeded 99% and varied in 
a narrow interval of 99.02–99.83% (Table 2). However, 
the concentrations of humic acid and “aggressive” fulvic 

acid (that are mobile/free or weakly bound with/in 
clay minerals) were higher in afforested land. In forest 
plantations, the concentrations of fulvic acids were 
higher on average by 2.5 times and the concentrations 
of humic acids by 1.5–2.0 times in the 0–10 cm mineral 
layer than in arable or abandoned arable land. Moreover, 
in pine plantations the concentrations of humic acids 
were higher (from 40% to 2.7 times) in deeper, 10–20 
and 20–40 cm, mineral layers. 

Table 2. Humus fractional composition and concentrations of water extractable soil organic carbon (SOC) in surface 
mineral layers of studied Arenosol 

Depth of 
mineral layer Land use

Humus fractional composition % Water extractable SOC 
mg kg-1fulvic acids humic acids non-extractable 

residue

0–10 cm
arable 0.11 ± 0.02 0.36 ± 0.04 99.53 ± 0.05 277 ± 16

abandoned 0.11 ± 0.01 0.44 ± 0.09 99.45 ± 0.10 398 ± 32
Scots pine 0.26 ± 0.01 0.72 ± 0.04 99.02 ± 0.04 633 ± 32
silver birch 0.28 ± 0.02 0.66 ± 0.06 99.06 ± 0.03 657 ± 6

10–20 cm
arable 0.13 ± 0.02 0.34 ± 0.04 99.53 ± 0.05 183 ± 16

abandoned 0.08 ± 0.00 0.30 ± 0.04 99.62 ± 0.04 284 ± 20
Scots pine 0.10 ± 0.01 0.48 ± 0.02 99.42 ± 0.03 297 ± 40
silver birch 0.14 ± 0.00 0.40 ± 0.08 99.46 ± 0.08 220 ± 20

20–40 cm
arable 0.04 ± 0.00 0.14 ± 0.05 99.82 ± 0.04 99 ± 14

abandoned 0.06 ± 0.00 0.11 ± 0.00 99.83 ± 0.00 106 ± 21
Scots pine 0.04 ± 0.01 0.30 ± 0.03 99.66 ± 0.03 52 ± 16
silver birch 0.05 ± 0.00 0.18 ± 0.02 99.77 ± 0.02 48 ± 12

Notes. Means ± SD are given in the table. Significantly (P < 0.05) outstanding parameters are shown in bold. 

Average concentrations of water extractable 
SOC significantly (P < 0.05) differed only between agro 
and forest ecosystems (Table 2). The largest differences 
were found in mineral topsoil (0–10 cm) and in the deepest 
(20–40 cm) studied mineral layer. In mineral topsoil, the 
mean concentrations of water extractable SOC was 1.6–
2.4 times higher in pine and birch plantations, while in 
the 20–40 cm layer, in contrast, it was two times higher 
in the arable land and abandoned arable land. In the first 
case, the decomposition of soil organic horizons could 
affect the higher concentrations of water extractable SOC 
in pine plantations, while in the second case, could be 
influenced by the higher soil moisture in arable land and 
abandoned arable land (Ellerbrock et al., 2005). 

Concentrations of soil microbial biomass 
carbon (Cbio) and soil microbial biomass nitrogen 
(Nbio). The mean C concentrations in soil Cbio in mineral 
surface 0–10 and 10–20 cm layers of studied Arenosol 
ranged from 19.8 to 104.6 µg g-1 C (Table 3). The lowest 
concentrations of Cbio were estimated in pine plantations, 
whereas mineral 0–20 cm soil layer in birch plantations 
contained on average by 1.8–1.9 and 3–4 times higher 
concentrations of Cbio than in pine plantations and in arable 
or in abandoned arable lands, respectively. Moreover, the 
mean concentrations of Cbio in arable and in abandoned 
arable land differed insignificantly (P > 0.05). 

Table 3. The mean microbial biomass carbon (Cbio) 
concentrations (µg g-1 C) in studied Arenosol 

Land use Mineral soil layers
0–10 cm 10–20 cm

Arable 56.0 ± 3.0 b 48.2 ± 3.2 b
Abandoned 58.8 ± 3.2 b 47.5 ± 1.7 b
Scots pine 33.1 ± 2.1 a 19.8 ± 0.8 a

Silver birch 104.6 ± 4.1 c 88.1 ± 2.0 c
Notes. Standard errors of the means (n = 9) are given in the 
table. Different letters indicate the significant differences (P < 
0.05) between the studied treatments. 

Mean N concentrations in soil Nbio ranged from 
2.7 to 13.1 µg g-1 N (Table 4) and were the lowest in mineral 
surface 0–10 and 10–20 cm layers in pine plantations, 
whereas in birch plantations mean Nbio concentrations 
were, respectively, by 1.5–1.9 and 3–4 times higher 
than in not afforested land and in pine plantations. Thus, 
soil microbiota in arable and in abandoned arable land 
similarly (P > 0.05) accumulated nitrogen. 

Table 4. The mean microbial biomass nitrogen (Nbio) 
concentrations (µg g-1 N) in studied Arenosol 

Land use Mineral soil layers
0–10 cm 10–20 cm

Arable 8.5 ± 0.5 b 6.0 ± 0.4 b
Abandoned 8.2 ± 0.7 b 7.3 ± 0.4 c
Scots pine 4.6 ± 0.2 a 2.7 ± 0.2 a

Silver birch 13.1 ± 0.5 c 11.6 ± 0.3 d
Explanations under Table 3 

The obtained data on the concentrations of Cbio 
were similar to those reported in other studies (Vance etal., 
1987; Scharenbroch et al., 2005). It was estimated that the 
concentration of Cbio ranged from 49 to 465 µg g-1 C and 
on average was 230 µg g-1 C. However, there is evidence 
that in forest soils the concentration of Cbio can even 
reach 910 µg g-1 C (Bauhus et al., 1998). Meanwhile, in 
agricultural soils the concentrations of Cbio are significantly 
higher and can comprise more than 1500 µg g-1 C (Kalbitz 
et al., 2003). In contrast, the concentrations of Nbio in studied 
Arenosol were on average almost 10 times lower than those 
reported by Diaz-Ravina et al. (1988). It was indicated that 
the concentrations of Nbio ranged from 52 to 240 µg g-1 
N and were highly dependent on climatic conditions and, 
especially, on soil type and land use specificity (Anderson, 
Domsch, 1989; Schimel et al., 1994). According to the 
data obtained in this work, it could be concluded that 
C and, especially, N concentrations in soil microbiota 
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biomass were comparatively low. This indicates that 
SOM in studied Arenosol was intensively decomposing 
by the microbiota. 

SOC distribution in the isolated mineral soil 
fractions. Table 5 summarizes the distribution (proportion 
in %) of mineral soil DM over the various isolated 
soil fractions. It is not surprising that in studied sandy 
Arenosol the >250 µm fraction (coarse sand + course 

fPOM) and the >53 µm physically protected OM in 
53–250 µm sized microaggregates amounted to 45–65% 
and 28–46% of bulk soil DM, respectively. Silt + clay 
sized fraction (<53 µm, OM occluded and not occluded 
in microaggregates) comprised almost all remained part 
of whole soil, while light fraction (fine fPOM) in general 
(with the exception in 0–10 cm layer in pine plantations) 
did not exceed 1% of bulk soil DM. 

Table 5. The distribution (%) of the soil dry matter over the various isolated soil fractions in surface mineral layers of 
studied Arenosol 

Land use
Coarse sand +
coarse fPOM 
(>250 µm)

Microaggregates + fine fPOM + fine sand (53–250 µm)
Silt + clay 
(<53 µm)light fraction

(fine fPOM)
heavy fraction

>53 µm <53 µm
0–10 cm

Arable 54.6 ± 1.3 0.45 ± 0.10 33.0 ± 3.5 8.5 ± 3.3 3.9 ± 0.5
Abandoned 45.5 ± 5.8 0.84 ± 0.06 44.8 ± 2.5 4.0 ± 1.8 2.7 ± 0.4
Scots pine 46.8 ± 2.1 1.74 ± 0.04 41.4 ± 1.6 6.2 ± 2.3 5.6 ± 0.3

Silver birch 55.1 ± 5.4 0.65 ± 0.10 32.4 ± 3.4 6.3 ± 1.1 6.4 ± 0.8
10–20 cm

Arable 54.0 ± 0.8 0.42 ± 0.05 33.4 ± 0.5 8.3 ± 1.1 3.8 ± 0.1
Abandoned 46.0 ± 0.8 0.45 ± 0.05 43.3 ± 2.9 5.3 ± 0.4 4.0 ± 0.4
Scots pine 47.9 ± 3.0 0.66 ± 0.10 46.3 ± 6.4 3.3 ± 2.4 5.1 ± 0.6

Silver birch 50.8 ± 2.1 0.10 ± 0.03 34.9 ± 1.9 8.2 ± 1.8 5.7 ± 0.3
20–40 cm

Arable 65.1 ± 12.1 0.15 ± 0.02 27.6 ± 10.5 5.1 ± 1.2 1.9 ± 0.7
Abandoned 50.5 ± 7.1 0.10 ± 0.01 37.9 ± 5.7 4.4 ± 1.8 1.3 ± 0.2
Scots pine 44.8 ± 8.2 0.30 ± 0.03 43.7 ± 7.0 6.9 ± 1.6 3.9 ± 0.6

Silver birch 53.1 ± 4.0 0.09 ± 0.01 36.1 ± 3.4 6.1 ± 0.9 3.7 ± 0.3
Notes. fPOM – free particulate organic matter. Means ± SD are given in the table. Significantly (P < 0.05) outstanding parameters 
are shown in bold. 

There were some notable effects of studied 
land uses on soil DM proportion in studied soil fractions 
(Table 5). In arable land Ap horizon (0–20 cm) contained 
slightly higher proportion of coarse (>250 µm) fraction, 
while in afforested land whole studied 0–40 cm soil 
mineral layer contained from 1.3–1.6 (0–20 cm) up to 
2–3 times (20–40 cm) larger silt + clay (<53 µm) fraction 
obtained after wet sieving. Moreover, it should be pointed 
out that in afforested with pine land the proportion of 
light fraction was on average by 2–4-fold higher than 
in arable land, while such effect was not determined in 
birch plantations. 

The concentrations of SOC (g kg-1) in different 
size and density fractions of Arenosol are shown in Table 
6. It could be stated that in microaggregates occluded 
light fraction contained the highest SOC concentrations 
(89–239 g kg-1). It could be explained by the fact that 
light fraction consists mostly of floating undecomposed 
plant residues (Christensen, 1992; Cerli et al., 2012). 
In other fractions SOC concentrations decreased in the 
order: both occluded and not occluded silt + clay fractions 
(SOC concentrations – about 7–39 g kg-1) > unprotected 
SOC fraction of coarse sand + coarse fPOM (1–9 g kg-1) 
> physically protected SOC (1–3 g kg-1). 

Table 6. The concentration of soil organic carbon (g kg-1) in the size and density fractions in surface mineral layers of 
studied Arenosol 

Land use
Coarse sand +
coarse fPOM
(>250 µm)

Microaggregates + fine fPOM + fine sand (53–250 µm)
Silt + clay
(<53 µm)light fraction

(fine fPOM)
heavy fraction

>53 µm <53 µm
0–10 cm

Arable 2.9 ± 0.4 138.9 ± 11.5 1.9 ± 0.1 24.8 ± 1.3 33.6 ± 1.4
Abandoned 4.0 ± 1.0 206.9 ± 19.8 2.3 ± 0.2 24.1 ± 1.3 39.0 ± 2.6
Scots pine 5.0 ± 0.3 133.3 ± 7.8 1.3 ± 0.1 21.0 ± 0.9 31.4 ± 3.0

Silver birch 9.4 ± 0.6 124.4 ± 8.9 3.0 ± 0.1 38.3 ± 1.4 34.2 ± 1.6
10–20 cm

Arable 2.6 ± 0.2 144.2 ± 12.4 1.9 ± 0.1 24.7 ± 0.6 36.6 ± 0.5
Abandoned 2.6 ± 0.1 239.2 ± 16.5 1.7 ± 0.2 20.1 ± 0.6 31.1 ± 0.8
Scots pine 4.3 ± 0.7 128.8 ± 11.0 1.0 ± 0.1 17.6 ± 0.4 26.1 ± 1.1

Silver birch 4.5 ± 0.0 156.6 ± 7.8 1.9 ± 0.0 25.6 ± 2.3 30.9 ± 1.8
20–40 cm

Arable 0.8 ± 0.0 155.9 ± 4.3 1.0 ± 0.1 10.0 ± 1.1 11.1 ± 2.1
Abandoned 1.0 ± 0.2 299.7 ± 24.6 1.7 ± 0.2 7.0 ± 0.3 9.4 ± 3.3
Scots pine 2.1 ± 0.7 89.2 ± 0.7 0.7 ± 0.1 7.7 ± 0.3 9.2 ± 2.1

Silver birch 1.3 ± 0.1 108.2 ± 14.5 1.0 ± 0.0 9.9 ± 0.8 10.4 ± 0.8
Explanations under Table 5 
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The relative distribution of the whole SOC 
(expressed as g kg-1 C of bulk soil) over the different 
fractions is shown in Table 7. In general, it could be stated 
that the highest mean relative concentrations of SOC 
were in course sand + coarse fPOM fraction: from 0.5–
0.9 g kg-1 at 20–40 cm depth to 1.2–5.2 g kg-1 of bulk soil 
in 0–20 cm layer. The relative concentrations of SOC in 

other fractions could be ranked according to the decrease: 
silt + clay occluded SOC (0.3–0.6 g kg-1 in 20–40 cm and 
0.6–2.4 g kg-1 of bulk soil in 0–20 cm layer) ≥SOC in 
light fraction = silt + clay not occluded SOC (both from 
0.1–0.4 to 0.6–2.3 g kg-1) > in microaggregates physically 
protected SOC (0.3–1.0 g kg-1 of bulk soil DM). 

Table 7. The distribution of total soil organic carbon over the different fractions (calculated as g kg-1 C whole/bulk 
mineral soil) of studied Arenosol 

Land use
Coarse sand +
coarse fPOM 
(>250 µm)

Microaggregates + fine fPOM + fine sand (53–250 µm) Silt + clay
(<53 µm)light fraction

(fine fPOM)
heavy fraction

>53 µm <53 µm
0–10 cm

Arable 1.6 ± 0.3 0.6 ± 0.2 0.6 ± 0.1 2.1 ± 0.9 1.3 ± 0.2
Abandoned 1.8 ± 0.7 1.7 ± 0.3 1.0 ± 0.2 1.0 ± 0.5 1.1 ± 0.2
Scots pine 2.3 ± 0.2 2.3 ± 0.2 0.5 ± 0.2 1.3 ± 0.5 1.8 ± 0.3

Silver birch 5.2 ± 0.8 0.8 ± 0.2 1.0 ± 0.1 2.4 ± 0.5 2.2 ± 0.4
10–20 cm

Arable 1.4 ± 0.1 0.6 ± 0.1 0.6 ± 0.0 2.1 ± 0.3 1.4 ± 0.1
Abandoned 1.2 ± 0.1 1.1 ± 0.2 0.7 ± 0.1 1.1 ± 0.1 1.2 ± 0.2
Scots pine 2.1 ± 0.5 0.9 ± 0.2 0.5 ± 0.1 0.6 ± 0.5 1.3 ± 0.2

Silver birch 2.3 ± 0.1 0.2 ± 0.1 0.7 ± 0.0 2.1 ± 0.7 1.8 ± 0.2
20–40 cm

Arable 0.5 ± 0.1 0.2 ± 0.0 0.3 ± 0.1 0.5 ± 0.2 0.2 ± 0.1
Abandoned 0.5 ± 0.2 0.3 ± 0.0 0.6 ± 0.2 0.3 ± 0.1 0.1 ± 0.1
Scots pine 0.9 ± 0.5 0.3 ± 0.0 0.3 ± 0.1 0.5 ± 0.1 0.4 ± 0.2

Silver birch 0.7 ± 0.1 0.1 ± 0.0 0.4 ± 0.0 0.6 ± 0.1 0.4 ± 0.1
Explanations under Table 5 

In summary, total SOC was mainly 
accommodated in unprotected (>250 µm) fPOM (in 
average 32%) and in SOM occluded (23%) and not 
occluded (20%) in silt + clay fractions. Meanwhile, light 
fraction and physically protected SOM in 53–250 µm 
sized microaggregates amounted to 14% and 11% of total 
SOC in bulk soil, respectively. Significant differences in 
the distribution of total SOC concentrations between the 
fractions were mainly detected only between present 
and former Ap horizons (0–10 and 10–20 cm mineral 
layers) (Table 7). In pine and birch plantations, former 
Ap horizons contained on average 1.7–2.2 times more 
of unprotected SOC and 1.4–1.8 times more SOC in 
silt + clay not occluded SOM than present/former Ap 
horizons in arable and abandoned arable land. In both 
cases the highest mentioned concentrations were found 
in birch plantations. Moreover, in birch plantation at 
the 10–20 cm depth there were detected the lowest 

concentrations of SOC unprotected in light fraction of 
microaggregates, while in pine plantations – in opposite, 
the highest concentrations. 

Our data confirmed, as Six et al. (2002) did, that 
silt + clay protected SOC was reduced by the cultivation 
of arable land. Moreover, such loss of protected SOC 
remained in abandoned arable land as well. 

Chemically and biochemically protected SOC. 
The analyzed samples of studied sandy Arenosol had very 
low content of silt + clay (<53 µm) sized soil fraction after 
the acid hydrolysis. However, it could be stated (Fig. 2) 
that the mean concentrations of chemically stabilized/
protected SOC varied from 8.5–10.3 g kg-1 (at 20–40 cm 
depth) to 24.6–35.4 g kg-1 (0–20 cm) and were similar to 
SOC concentrations in SOM that was not occluded in silt 
+ clay fraction (Table 6). Whereas the concentrations of 
biochemically stabilized SOC were at the same level or 1.4–
1.8 times lower compared to chemically stabilized SOC. 

Figure 2. Mean concentrations (g kg-1) of hydrolyzable and non-hydrolyzable soil organic carbon (SOC) in the silt + 
clay (<53 µm) sized mineral soil fraction in the different land use of Arenosol (the bars on the columns indicate SD 
of the means) 

Stability of soil organic carbon in agro and forest ecosystems on Arenosol
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The concentrations of hydrolyzable and non-
hydrolyzable SOC varied among different land uses 
insignificantly. It could be explained by very slow turnover 
time of chemically and biochemically protected SOC (Six 
et al., 2002; von Lützow et al., 2007; Guggenberger, 2010). 
However, it could be explained that both concentrations 
of hydrolyzable and non-hydrolyzable SOC tended to be 
the lowest in former Ap horizon in pine plantations (Fig. 
2). Meanwhile, such concentrations in birch plantations 
were at the same level or higher than in arable land. 

Conclusions
1. Low contents of soil microbial biomass 

carbon (Cbio) indicated that soil organic matter (SOM) was 
intensively decomposing by microbiota of sandy Arenosol 
(AR) within three different land uses: continuous arable 
land, abandoned arable land, and afforested with Scots 
pine or silver birch land. However, mean Cbio was the 
lowest in pine plantations, the highest in birch plantations 
and intermediate in arable or abandoned arable land. 

2. Chemically as well as biochemically protected 
soil organic carbon (SOC) did not very significantly in the 
studied land uses. Whereas unprotected and physically 
protected SOC significantly differed mainly in the 
0–10 cm mineral topsoil. The highest concentrations of 
fulvic and humic acids and unprotected water extractable 
SOC were found in forest plantations. However, mineral 
topsoil after the afforestation, especially with birch, 
contained the highest concentrations of total SOC and the 
concentrations of SOC protected in SOM of silt + clay 
sized (<53 µm) fraction. 

3. The obtained results confirmed the Kyoto 
Protocol’s provision that the afforestation of nutrient-
poor sandy arable soils with birch in Lithuania could be 
relevant, with the focus on carbon sequestration. 
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Dirvožemio organinės anglies tvarumas smėlžemio (Arenosol) 
žemės ūkio ir miško ekosistemose 
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Santrauka
Tyrimų tikslas – įvertinti smėlžemio (SD) organinės anglies (C) tvarumą taikant skirtingą žemėnaudą: 1) nuolat 
ariamoje žemėje, 2) 15 metų dirvonuojančioje žemėje ir 3) prieš 50 metų paprastosios pušies (Pinus sylvestris L.) 
arba karpotojo beržo (Betula pendula Roth) želdiniais apželdintoje žemėje. Dirvožemio 0–10, 10–20 ir 20–40 cm 
mineraliniuose sluoksniuose nustatyta: 1) suminė dirvožemio organinė anglis (DOA) ir humuso frakcinė sudėtis, 
2) aktyvioji DOA (vandenyje tirpi DOA ir C dirvožemio mikrobiotos biomasėje), 3) mineralinio dirvožemio 
skirtingose frakcijose nuo mikrobiologinio skaidymo neapsaugota aktyvioji ir apsaugota skirtingo tvarumo DOA. 
Mažiausios C koncentracijos dirvožemio mikrobiotos biomasėje buvo pušų želdynuose, didžiausios – beržyne, o 
ariamoje ir dirvonuojančioje žemėse užėmė tarpinę vietą. Huminių bei fulvinių rūgščių ir aktyviosios vandenyje 
tirpios DOA didžiausios koncentracijos buvo mišku apželdintoje buvusioje ariamoje žemėje. Tačiau po apželdinimo, 
ypač beržais, dirvožemio viršutiniame mineraliniame sluoksnyje padidėjo suminės DOA koncentracija ir DOA 
koncentracija DOM, kuri apsaugota dumblo + molio (<53 µm) frakcijos.
Tyrimų duomenys patvirtino Kioto protokolo nuostatą, kad nederlingus smėlžemius, siekiant juose kaupti SOC, 
tikslinga apželdinti beržais. 

Reikšminiai žodžiai: aktyvioji ir tvari DOA, ariama žemė, dirvonuojanti žemė, mišku apželdinta žemė. 

http://dx.doi.org/10.1029/94GB00993
http://dx.doi.org/10.1023/A:1016125726789
http://dx.doi.org/10.1016/j.eja.2006.06.005 
http://dx.doi.org/10.1016/0038-0717(87)90052-6
http://dx.doi.org/10.1016/j.soilbio.2007.03.007

