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Abstract: In the context of the specificity of soil organic carbon (SOC) storage in afforested land,
nutrient-poor Arenosols and nutrient-rich Luvisols after afforestation with coniferous and deciduous
tree species were studied in comparison to the same soils of croplands and grasslands. This study
analysed the changes in SOC stock up to 30 years after afforestation of agricultural land in Lithuania,
representing the cool temperate moist climate region of Europe. The SOC stocks were evaluated
by applying the paired-site design. The mean mass and SOC stocks of the forest floor in afforested
Arenosols increased more than in Luvisols. Almost twice as much forest floor mass was observed in
coniferous than in deciduous stands 2–3 decades after afforestation. The mean bulk density of fine
(<2 mm) soil in the 0–30 cm mineral topsoil layer of croplands was higher than in afforested sites
and grasslands. The clear decreasing trend in mean bulk density due to forest stand age with the
lowest values in the 21–30-year-old stands was found in afforested Luvisols. In contrast, the SOC
concentrations in the 0–30 cm mineral topsoil layer, especially in Luvisols afforested with coniferous
species, showed an increasing trend due to the influence of stand age. The mean SOC values in
the 0–30 cm mineral topsoil layer of Arenosols and Luvisols during the 30 years after afforestation
did not significantly differ from the adjacent croplands or grasslands. The mean SOC stock slightly
increased with the forest stand age in Luvisols; however, the highest mean SOC stock was detected
in the grasslands. In the Arenosols, there was higher SOC accumulation in the forest floor with
increasing stand age than in the Luvisols, while the proportion of SOC stocks in mineral topsoil
layers was similar and more comparable to grasslands. These findings suggest encouragement of
afforestation of former agricultural land under the current climate and soil characteristics in the
region, but the conversion of perennial grasslands to forest land should be done with caution.
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1. Introduction

In recent decades, sustainable forest management, including afforestation of former
agricultural land, has been identified as a cost-effective strategy for removing CO2, con-
tributing to soil quality and protecting biodiversity [1–10]. It was previously observed that
forest soil organic carbon (SOC) stocks are 1.5 times higher than organic carbon stocks
in tree biomass [11]. Afforestation of former croplands and grasslands support carbon
sequestration in forest plant biomass and soil. Ref. [12] found that agricultural soils contain
25–75% less SOC than forests and have a relatively high potential to sequester C from the
atmosphere. Following afforestation, 25–30% of total C is sequestered in soils, while 70% is
in biomass [2].

The recent studies have examined the effects of afforestation on SOC stocks in depth,
which have been identified as decreased [13–17], increased [18–24] or unchanged [25–28]
compared to the former land-use category such as pasture or arable land. For example,
Ref. [20] found that SOC stocks in mineral soil increased by 18% after afforestation of
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former cropland. However, no differences in SOC stocks in the 0–30 cm mineral topsoil
layer were obtained even 50 years after afforestation with Norway spruce [28].

Overall, afforestation positively affects the SOC balance on former agricultural land
with low soil organic matter (SOM). Reduced tillage resulted in slower SOM mineralisation
and more protected SOC [21,29]. In addition, the SOC accumulation highly depends
on different drivers as local climate conditions, soil type and texture, and tree species
composition. [30,31]. Different pathways of carbon accumulation due to land-use change
were identified depending on the mentioned factors. In the short term, afforestation
could decrease the SOC stocks (organic carbon mainly accumulates in above-ground tree
biomass); then, after several years, SOC accumulation reaches the level of non-forest
soil, and finally, the SOC stock begins to increase more intensively some decades after
afforestation [1,4,26,32–34]. However, it takes a very long time to reach the SOC levels in
natural forests [22,27]. Most intensive accumulation and significant increase of SOC content
were observed approximately 30 years after afforestation [32], while the recent studies
outlined that a significant increase in soil C stocks could be observed over 100 years [10].

Lithuania is implementing many international commitments to contribute to climate
change mitigation goals. In line with the global efforts, the country prioritises increasing
the forest cover for climate change mitigation and environmental protection issues, and
afforestation of abandoned arable land is strongly encouraged [35]. The priority is given to
lands unsuitable for farming with low productivity, which could increase the forest cover
to 37–38%. Still, legal restrictions are linked with the afforestation of land that has relatively
high productivity [36]. The modelling of the future development of land use in Lithuania
revealed that carbon stocks in the land use, land-use change, and forestry (LULUCF) activi-
ties should increase mainly due to the accumulation of carbon in forests [37]. Therefore,
increasing the area of forest land and grassland remains an important issue to achieve the
set afforestation and agricultural targets contributing to greenhouse gas absorption in the
next decade.

The present study explored soil organic carbon (SOC) stocks following afforestation
of former agricultural land with deciduous and coniferous tree species. More specifically,
this study evaluated SOC values in nutrient-poor Arenosols and nutrient-rich Luvisols in
afforested land compared to cropland and grassland in Lithuania. The obtained national
carbon stock values are planned to be included in national greenhouse gas inventory in
LULUCF sector in the next submission [38].

This study hypothesised that the largest expected changes should be recorded in the
forest floor, which begins to form soon after afforestation. The specific research questions
include: what change in SOC stock could be observed 30 years after afforestation of
agricultural land in Lithuania belonging to the European hemiboreal forest zone under the
cool temperate moist climate region? What effect does afforestation with deciduous and
coniferous species have on the accumulation of soil C in the forest floor and mineral topsoil
of nutrient-poor Arenosols and nutrient-rich Luvisols?

2. Materials and Methods
2.1. Study Sites

Lithuania, covering an area of 65,302 km2, is located at the shores of the Baltic Sea,
between 53◦54′–56◦27′ N and 20◦56′–26◦51′ E. The country represents an alternation of
moderate lowlands and highlands [39]. The study sites were selected in Central and
Southern Lithuania, mainly on lowlands (up to 100 m a.s.l.), plains (100–150 m a.s.l.), and
plateaus (150–200 m a.s.l.). Lithuanian territory lies in the northern part of the temper-
ate climate zone and is assigned to the cool temperate moist climate region [40]. The
mean air temperature was 6.9 ◦C, and the mean annual precipitation was 695 mm in
1981–2010 [39]. During the study period in May–September 2016, the air temperature
exceeded the standard climatic normal by 1.2 ◦C, and rainfall was close to the standard
climatic normal.
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According to Ref. [41], 56% of the country is covered by medium sandy loam and/or
silt loam (glacial moraine soils); 23% by fine silt loam and/or clay (glaciolacustrine soils);
18% by coarse sand and/or gravel (glaciofluvial soils); and 1% each by fine sand (aeolian
soils), peat (organogenic soils), and other soils (marine/littoral, erosion, and karst). About
50% of Lithuania is suitable for agriculture [42], and 33.7% is covered by forests [43].
In croplands, the dominant crops are wheat (65.5%), barley (15.8%), mixed grains and
triticale (9.6%), oats (5.0%), rye (3.1%), and corn (0.9%) [44]. The grasslands include
naturalised or cultivated forages with indigenous or naturally occurring grasses and other
herbaceous species and mainly represent highly fragmented but non-degraded, sustainably
managed grasslands.

Lithuanian forests belong to the European hemiboreal forest zone with the prevalence
of mixed deciduous and coniferous stands [45]. In 2019, coniferous stands prevailed in
Lithuania, covering 55.6% of the forest stands area, followed by softwood (41.0%) and
hardwood (3.3%) deciduous forests [43]. The dominant tree species are Scots pine (Pinus
sylvestris L., 34.5%), Norway spruce (Picea abies (L.) Karst., 21.0%), and birch (Betula pendula
Roth. and B. pubescens Ehrh., 22.0%).

The soil organic carbon (SOC) stocks in mineral Arenosols and Luvisols were evalu-
ated in afforested agricultural land, grassland, and cropland. The paired sites of afforested
land next to cropland or perennial grassland were selected in Central and Southern Lithua-
nia, representing the territories of Dubrava, Kaunas, Kazlų Rūda, Jonava, Marijampolė,
Alytus, Prienai, Varėna, Veisiejai, Ukmergė, Kėdainiai and Valkininkai regional divisions of
State Forest Enterprise (Figure 1).
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Figure 1. The map (A) illustrates the specific study area, covering the regional divisions of State Forest Enterprise in
Lithuania where the study plots were selected in 2016, and the map (B) is a topographic map of the country.

The selected sites represented afforested land established on former agricultural land
(hereafter, afforested site) with typical tree species composition within the selected soil
groups (according to the World Reference Base for Soil Resources by Refs. [46,47]).

In Lithuania, the Luvisols, among all other major soil groups, represent 29% of forest
land, 53% of grassland and 51% of cropland, and the Arenosols represent 32%, 25% and
10%, respectively [48]. The distribution of the selected study sites reflected the cover of
Luvisols and Arenosols within the country.

2.2. Soil Sampling and Analyses

In afforested land, the SOC stocks were analysed in the 1–10-, 11–20- and 21–30-year-
old coniferous and deciduous forest stands, including the most common tree species in
Lithuania (Table 1). The SOC was analysed in two soil groups—Arenosol and Luvisol,
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determined by morphogenetic diagnosis, according to the World Reference Base for Soil
Resources [46,47].

Table 1. Number of study plots selected for different coniferous and deciduous tree species.

Species
Number of Plots

Arenosols Luvisols

Coniferous tree species * 39 28
Norway spruce (Picea abies (L.) Karst.) 7 21

Scots pine (Pinus sylvestris L.) 32 3
European larch (Larix decidua Mill.) - 4

Deciduous tree species 28 33
Silver birch (Betula pendula Roth.) 20 13

Grey alder (Alnus incana (L.) Moench.) 2 2
Pedunculate oak (Quercus robur L.) - 9

Black alder (Alnus glutinosa (L.) Gaertn.) 2 7
European aspen (Populus tremula L.) 4 1
Small-leaved lime (Tilia cordata Mill.) - 1

* The tree species of the division Pinophyta, class Pinopsida were assigned to the coniferous tree species group.

The effect of the land-use change was investigated by applying the paired-site design,
that is, by comparing SOC stocks in afforested sites (both planted and naturally regenerated
forest) of former agricultural land with identical soil type but different land-use categories
(the control—grassland or cropland/arable land) at the same moment in time.

Information from maps of former agricultural land was analysed to find the potential
study plots: (1) the soil group was identified for each selected afforested site; and (2) the
nearest adjacent cropland or grassland plot with identical soil characteristics was selected
as a control. The soil was sampled from 254 plots, including 127 afforested sites. The soil
was sampled from 67 afforested sites on Arenosols and 60 afforested sites on Luvisols. The
control pairs were sampled from 62 sites on Arenosols (33 sites in cropland and 29 sites
in grassland) and 65 sites on Luvisols (39 sites in cropland and 28 sites in grassland). The
total number of grassland and cropland pairs was lower than the afforested sites because,
in some cases, the same pair was used as a control for a few afforested sites. Shared control
sites were used when afforested sites were less than 300–400 m apart from each other.

The control was selected in the adjacent cropland with different crops or the adjacent
perennial grasslands with permanent meadows and pastures. The control plots were
mainly selected 100–200 m from the afforested land. We assumed that all pairs of the
selected sites had similar edaphic and climatic conditions; also, they had a similar land-use
history before afforestation. The land-use history since 1990 was checked according to the
agricultural land and crops declaration system used in Lithuania.

The study was performed in the selected temporary observation plots of 400 m2 in
2016. The study plots were allocated on each selected land-use category: afforested land
and cropland or grassland, taken as a control. In each sample plot, the points for soil
sampling were evenly allocated in two north-south transects with five sampling points in
each transect: the distance between the two transects was 20 m, and the distance between
the sample points was 5 m.

The SOC stocks were derived from field measurements in the forest floor (forest
litter (OL) + fragmented litter (OF) + humified litter (OH)), and in the 0–30 cm (0–10 cm,
10–30 cm) mineral topsoil layers of Arenosols and Luvisols.

To determine the mass and SOC concentration, the forest floor and plant litter in
perennial grassland were physically sampled within a 25× 25 cm2 metallic frame. Sampling
was done carefully to avoid contamination with mineral material. In the laboratory, forest
floor samples were examined in detail, and herbaceous litter and remaining roots were
removed. Composite samples were obtained for each plot from 5 subsamples (n = 5) of
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forest floor and plant litter of grassland, and the samples were oven-dried at 105 ◦C to a
constant weight (ISO 10694:1995).

For the determination of bulk density (g cm−3) of fine (<2 mm) mineral soil, the
composite samples of mineral topsoil (0–10 cm and 10–30 cm) were taken from five sub-
samples. In the field, an undisturbed flat horizontal surface in the middle of the required
soil depth was prepared, and a metal cylinder (steel ring) was pressed into the soil to
collect a sample. The cylinder was carefully removed, extracting an undisturbed sample of
known volume. The soil was poured into the plastic bag and the bag was tightly closed,
marking the date and location where the sample was taken. In the laboratory, the samples
were passed through a 2-mm sieve to remove stones and gravel; and the fraction that did
not pass through the sieve was weighed for the determination of coarse fragment content.
The moist sample weight was recorded; and the samples were oven-dried at 105 ◦C to a
constant weight and weighed again. The dry bulk density of soils was calculated from the
mass and the volume of a soil sample (Bulk density (g cm−3) = Dry soil weight (g)/Soil
volume (cm−3)) according to the Standard ISO 11272:1998.

The composite samples of mineral topsoil (0–10 cm and 10–30 cm) were sampled
from 10 sub-samples to determine total SOC concentration. The SOC concentration was
determined using a dry combustion method with a total carbon analyser Analytic Jena
multi EA 4000 Germany, according to the Standard ISO 10694:1995. Only fine (<2 mm)
mineral soil was used for SOC analysis.

All laboratory analyses were provided by Agrochemical Research Laboratory of
Lithuanian Research Centre for Agriculture and Forestry.

2.3. Calculations and Statistical Analyses

The organic carbon stock values in nutrient-poor and nutrient-rich mineral soils
were obtained as follows: (1) the values for the afforested land (forest stands on former
agricultural land) were analysed in comparison to the values in cropland and grassland on
Arenosol or Luvisol; (2) the values for the afforested land were grouped into deciduous or
coniferous stands; these values were also analysed in comparison to the values in cropland
and grassland on Arenosol or Luvisol; and (3) the values were given for the afforested
land of the stands representing different stand age, that is, 1–10 years, 11–20 years, and
21–30 years of age compared to cropland or grassland on Arenosol or Luvisol.

The SOC stocks in forest floor and plant litter of perennial grassland were calculated
by multiplying C concentrations with forest floor and plant litter mass. The SOC stocks in
0–30 cm mineral topsoil (0–10 cm and 10–30 cm) were calculated according to the following
equation [49]:

SOCi = ρi

(
1− δi, 2mm

100

)
diCi × 10−1 (1)

where ρi is the bulk density of the <2 mm fraction in g cm−3, δi, 2 mm is the relative volume
of the ≥2 mm fraction (%), di denotes the thickness of layer i in cm, Ci denotes the C
concentration of layer i (mg g−1), and 10−1 is a unit factor (10−9 mg Mg−1 × 108 cm2 ha−1).

The SOC stock in the 0–30 cm mineral topsoil layer was calculated by summing the
SOC stocks calculated for the individual 0–10 cm and 10–30 cm layers. Relationships
between forest floor SOC stocks and stand age over 30 years were explored by simple linear
regression, which was used to calculate the annual changes in forest floor SOC stocks. The
data were analysed for differences in SOC stocks between the different land-use categories
(afforested land, cropland, grassland) using one-way ANOVA followed by post hoc tests.
All statistical analyses were carried out using the Statistica 12.0 software-package (Statsoft
Inc. Tulsa, OH, USA) software, and the level of significance of p < 0.05 was used in all cases.
Data are presented as means ± standard error (SE).
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3. Results
3.1. Organic Carbon Stocks in the Forest Floor of Afforested Land and Plant Litter of Grassland

For afforested land and grassland, the mean SOC concentration in the forest floor
and plant litter varied within a relatively narrow range of 332–392 g kg−1 for Arenosols
and 332–350 g kg−1 for Luvisols (Table 2). In the Arenosols and Luvisols afforested with
deciduous species, the mean SOC concentration in the forest floor showed an increasing
trend with the increase of the stand age.

Table 2. Mean mass of forest floor (OL + OF + OH) and plant litter in perennial grassland and mean soil organic carbon
(SOC) concentrations in afforested land and grassland of Arenosols and Luvisols [47]. Bold values denote statistical
significance between the values in afforested land, coniferous or deciduous and the values in grasslands at the p < 0.05 level.

Land-Use Category
Arenosols Luvisols

Mean Mass
(t ha−1)

Mean SOC
Concentrations (g kg−1)

Mean Mass
(t ha−1)

Mean SOC
Concentrations (g kg−1)

Afforested land, 1–10 years old a 5.0 ± 0.6 349.6 ± 16.1 3.1 ± 0.6 342.8 ± 11.5
Grassland b 2.2 ± 0.5 378.4 ± 15.9 0.0 ± 0.0 n.d. c

Coniferous, 1–10 years old 5.6 ± 1.0 374.2 ± 18.4 4.0 ± 1.1 350.0 ± 13.6
Grassland 2.4 ± 0.0 357.1 ± 0.0 0.0 ± 0.0 n.d.

Deciduous, 1–10 years old 4.3 ± 0.7 331.6 ± 23.7 2.2 ± 0.5 336.2 ± 18.6
Grassland 2.1 ± 0.9 389.0 ± 20.5 0.0 ± 0.0 n.d.

Afforested land, 11–20 years old 8.4 ± 0.8 354.3 ± 9.7 6.3 ± 0.8 337.7 ± 11.4
Grassland 1.7 ± 0.7 391.7 ± 12.1 2.6 ± 0.5 354.2 ± 4.7

Coniferous, 11–20 years old 10.3 ± 0.9 338.4 ± 9.3 6.8 ± 1.4 332.4 ± 13.9
Grassland 1.7 ± 0.7 391.7 ± 12.1 3.4 ± 0.0 358.9 ± 0.0

Deciduous, 11–20 years old 6.2 ± 0.8 375.0 ± 17.3 5.7 ± 0.8 343.0 ± 18.7
Grassland 0.0 ± 0.0 n.d. 2.4 ± 0.5 354.2 ± 4.7

Afforested land, 21–30 years old 13.5 ± 1.7 387.1 ± 8.4 7.3 ± 0.9 343.0 ± 10.4
Grassland 1.22 ± 0.0 368.5 ± 0.0 0.0 ± 0.0 n.d.

Coniferous, 21–30 years old 16.3 ± 2.0 387.1 ± 10.9 10.0 ± 1.2 337.2 ± 16.0
Grassland 0.0 ± 0.0 n.d. 0.0 ± 0.0 n.d.

Deciduous, 21–30 years old 7.4 ± 1.1 387.1 ± 13.3 5.4 ± 1.1 347.2 ± 15.0
Grassland 1.2 ± 0.0 368.5 ± 0.0 0.0 ± 0.0 n.d.

a Afforested land—the values are given as the means of coniferous and deciduous sites. b Different values for grasslands are given because
of the chosen methodology, see the paired-site design description in the Materials and Methods. c n.d. means ‘not determined’, no litter
layer was found in the grasslands.

Mean SOC stock in the forest floor of Arenosols and Luvisols increased following stand
age in afforested land (Figure 2). For Arenosols, the obtained R2 equals 0.507 (p < 0.001),
and it means that 50.7% of the variability of SOC stock values in forest floor is explained by
stand age in afforested land. For Luvisols, the R2 equals 0.361 (p < 0.001), explaining 36%
of the variability. Therefore, it could be assumed that the relationship between SOC stocks
in forest floor and stand age is relatively strong.

The highest mean mass, percentage cover and SOC stocks of forest floor (OL + OF +
OH) was accounted for afforested Arenosols and Luvisols representing the 21–30-year-old
stands (Table 2; Figure 3). The mean mass and SOC stocks of forest floor almost doubled
during each decade after afforestation. The mean mass of forest floor was 1.6–1.7 times
higher in the 1–30-year-old deciduous stands than in the coniferous stands (Table 2).
Arenosols were attributed to higher mean mass and SOC stocks of forest floor than Luvisols.
The mean mass of forest floor in both afforested Arenosols and Luvisols (1–30 years old,
coniferous, and deciduous) was significantly higher than litter mass of perennial grassland
that developed due to sod formation. The mean plant litter mass of cropland was assumed
to be zero.



Forests 2021, 12, 1562 7 of 17Forests 2021, 12, x FOR PEER REVIEW  7  of  18 
 

 

   

Figure 2. Mean soil organic carbon (SOC) stock in the forest floor of Arenosols and Luvisols in relation to the stand 

age in afforested land (the values are given for the sites afforested by deciduous and coniferous species). 

The highest mean mass, percentage cover and SOC stocks of forest floor (OL + 

OF + OH) was accounted for afforested Arenosols and Luvisols representing the 21–

30‐year‐old stands (Table 2; Figure 3). The mean mass and SOC stocks of forest floor 

almost doubled during each decade after afforestation. The mean mass of forest floor 

was 1.6–1.7 times higher in the 1–30‐year‐old deciduous stands than in the coniferous 

stands (Table 2). Arenosols were attributed to higher mean mass and SOC stocks of 

forest floor than Luvisols. The mean mass of forest floor in both afforested Arenosols 

and Luvisols  (1–30 years old,  coniferous,  and deciduous) was  significantly higher 

than litter mass of perennial grassland that developed due to sod formation. The mean 

plant litter mass of cropland was assumed to be zero. 

   

Figure 2. Mean soil organic carbon (SOC) stock in the forest floor of Arenosols and Luvisols in relation to the stand age in
afforested land (the values are given for the sites afforested by deciduous and coniferous species).

Forests 2021, 12, x FOR PEER REVIEW  7  of  18 
 

 

   

Figure 2. Mean soil organic carbon (SOC) stock in the forest floor of Arenosols and Luvisols in relation to the stand 

age in afforested land (the values are given for the sites afforested by deciduous and coniferous species). 

The highest mean mass, percentage cover and SOC stocks of forest floor (OL + 

OF + OH) was accounted for afforested Arenosols and Luvisols representing the 21–

30‐year‐old stands (Table 2; Figure 3). The mean mass and SOC stocks of forest floor 

almost doubled during each decade after afforestation. The mean mass of forest floor 

was 1.6–1.7 times higher in the 1–30‐year‐old deciduous stands than in the coniferous 

stands (Table 2). Arenosols were attributed to higher mean mass and SOC stocks of 

forest floor than Luvisols. The mean mass of forest floor in both afforested Arenosols 

and Luvisols  (1–30 years old,  coniferous,  and deciduous) was  significantly higher 

than litter mass of perennial grassland that developed due to sod formation. The mean 

plant litter mass of cropland was assumed to be zero. 

   

Forests 2021, 12, x FOR PEER REVIEW  8  of  18 
 

 

   
(A)  (B) 

Figure 3. Mean forest floor cover (%) and mean soil organic carbon (SOC) stocks (t ha−1) in the forest floor of affor‐

ested Arenosols and Luvisols in the coniferous (A) and deciduous (B) stands of different age. 

Mean SOC stock in the forest floor of Arenosols and Luvisols increased following 

stand age  in afforested  land  (Figure 3). The  increase of SOC stock values  in  forest 

floors with stand age for coniferous stands was more intensive than for deciduous. 

The difference between SOC stocks in the forest floor of infertile Arenosols and fertile 

Luvisols soils gradually  increased every decade after afforestation with coniferous 

species. The SOC stocks in the forest floor differed 1.8 and 2.5 times between two soil 

groups in 11–20‐year‐old and 21–30‐year‐old coniferous stands, respectively. For de‐

ciduous stands, the slight increase in SOC stocks in the forest floor was obtained only 

for Arenosols during the first 30 years after afforestation. Following the linear forest 

floor SOC accumulation over the 30 years, the mean annual accumulation rate was on 

average 0.18 t C ha−1 y−1 for afforested Arenosols and 0.14 t C ha−1 y−1 for afforested 

Luvisols. 

3.2. Bulk Density and Organic Carbon Concentrations in Mineral Topsoil 

Mean bulk density of fine (<2 mm) soil in the mineral 0–10 cm and 10–30 cm mineral 

topsoil layers was on average 0.1 g cm−3 higher in afforested Luvisols than in afforested 

Arenosols  (Table 3). A higher variation of mean bulk density values between different 

land‐use categories was obtained in the 0–10 cm mineral topsoil layer than in the 10–30 

cm layer for both Arenosols and Luvisols. The decreasing trend in mean bulk density due 

to  forest stand age was  found  in Luvisols with  the  lower values  in  the 21–30–year‐old 

stands  in the afforested  land. However, no clear trend for bulk density changes due to 

stand age was obtained in afforested Arenosols. The older forest stand had a higher im‐

pact on the bulk density; that is, the differences between the values in afforested land and 

cropland increased with forest stand age. However, the bulk density did not significantly 

differ between afforested land and grassland. 

Table 3. Mean bulk density (g cm−3) of fine (<2 mm) soil in mineral topsoil of Arenosols and Luvisols [47]. Different letters 

a and b indicate significant differences between the means of different land uses within one topsoil layer of each Arenosol 

and Luvisol at p < 0.05. 

Land‐Use Category 

Bulk Density (g cm−3) 

Arenosols  Luvisols 

0–10 cm  10–30 cm  0–10 cm  10–30 cm 

Afforested land, 1–10 years old a  1.20 ± 0.03  1.35 ± 0.03  1.31 ± 0.03  1.50 ± 0.02 

Control b  1.21 ± 0.03  1.35 ± 0.02  1.32 ± 0.03  1.49 ± 0.02 

Coniferous, 1–10 years old  1.21 ± 0.04 a  1.31 ± 0.04 a  1.31 ± 0.04 ab  1.48 ± 0.03 a 

Figure 3. Mean forest floor cover (%) and mean soil organic carbon (SOC) stocks (t ha−1) in the forest floor of afforested
Arenosols and Luvisols in the coniferous (A) and deciduous (B) stands of different age.

Mean SOC stock in the forest floor of Arenosols and Luvisols increased following
stand age in afforested land (Figure 3). The increase of SOC stock values in forest floors
with stand age for coniferous stands was more intensive than for deciduous. The difference
between SOC stocks in the forest floor of infertile Arenosols and fertile Luvisols soils
gradually increased every decade after afforestation with coniferous species. The SOC
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stocks in the forest floor differed 1.8 and 2.5 times between two soil groups in 11–20-year-
old and 21–30-year-old coniferous stands, respectively. For deciduous stands, the slight
increase in SOC stocks in the forest floor was obtained only for Arenosols during the
first 30 years after afforestation. Following the linear forest floor SOC accumulation over
the 30 years, the mean annual accumulation rate was on average 0.18 t C ha−1 y−1 for
afforested Arenosols and 0.14 t C ha−1 y−1 for afforested Luvisols.

3.2. Bulk Density and Organic Carbon Concentrations in Mineral Topsoil

Mean bulk density of fine (<2 mm) soil in the mineral 0–10 cm and 10–30 cm mineral
topsoil layers was on average 0.1 g cm−3 higher in afforested Luvisols than in afforested
Arenosols (Table 3). A higher variation of mean bulk density values between different
land-use categories was obtained in the 0–10 cm mineral topsoil layer than in the 10–30 cm
layer for both Arenosols and Luvisols. The decreasing trend in mean bulk density due to
forest stand age was found in Luvisols with the lower values in the 21–30–year-old stands
in the afforested land. However, no clear trend for bulk density changes due to stand age
was obtained in afforested Arenosols. The older forest stand had a higher impact on the
bulk density; that is, the differences between the values in afforested land and cropland
increased with forest stand age. However, the bulk density did not significantly differ
between afforested land and grassland.

Table 3. Mean bulk density (g cm−3) of fine (<2 mm) soil in mineral topsoil of Arenosols and Luvisols [47]. Different letters
a and b indicate significant differences between the means of different land uses within one topsoil layer of each Arenosol
and Luvisol at p < 0.05.

Land-Use Category

Bulk Density (g cm−3)

Arenosols Luvisols

0–10 cm 10–30 cm 0–10 cm 10–30 cm

Afforested land, 1–10 years old a 1.20 ± 0.03 1.35 ± 0.03 1.31 ± 0.03 1.50 ± 0.02
Control b 1.21 ± 0.03 1.35 ± 0.02 1.32 ± 0.03 1.49 ± 0.02

Coniferous, 1–10 years old 1.21 ± 0.04 a 1.31 ± 0.04 a 1.31 ± 0.04 ab 1.48 ± 0.03 a

Cropland 1.17 ± 0.05 a 1.35 ± 0.02 a 1.37 ± 0.07 b 1.52 ± 0.04 a

Grassland 1.30 ± 0.05 b 1.37 ± 0.04 a 1.25 ± 0.06 a 1.44 ± 0.06 a

Deciduous, 1–10 years old 1.20 ± 0.06 a 1.38 ± 0.05 a 1.32 ± 0.04 ab 1.51 ± 0.02 a

Cropland 1.21 ± 0.08 a 1.38 ± 0.04 a 1.42 ± 0.05 b 1.50 ± 0.03 a

Grassland 1.14 ± 0.05 a 1.30 ± 0.05 a 1.23 ± 0.05 a 1.50 ± 0.04 a

Afforested land, 11–20 years old 1.11 ± 0.02 1.27 ± 0.03 1.19 ± 0.02 1.41 ± 0.03
Control 1.18 ± 0.03 1.31 ± 0.03 1.36 ± 0.04 1.53 ± 0.02

Coniferous, 11–20 years old 1.09 ± 0.03 a 1.25 ± 0.03 a 1.19 ± 0.04 a 1.45 ± 0.04 a

Cropland 1.14 ± 0.04 b 1.26 ± 0.03 a 1.48 ± 0.02 b 1.61 ± 0.05 b

Grassland 1.08 ± 0.07 a 1.26 ± 0.07 a 1.26 ± 0.12 a 1.54 ± 0.03 ab

Deciduous, 11–20 years old 1.14 ± 0.03 a 1.30 ± 0.04 a 1.18 ± 0.02 a 1.37 ± 0.03 a

Cropland 1.35 ± 0.06 b 1.42 ± 0.05 a 1.46 ± 0.03 b 1.47 ± 0.04 a

Grassland 1.17 ± 0.06 a 1.33 ± 0.05 a 1.27 ± 0.05 a 1.48 ± 0.05 a

Afforested land, 21–30 years old 1.14 ± 0.03 1.29 ± 0.02 1.20 ± 0.04 1.37 ± 0.03
Control 1.30 ± 0.03 1.40 ± 0.02 1.41 ± 0.02 1.52 ± 0.03

Coniferous, 21–30 years old 1.19 ± 0.03 a 1.31 ± 0.03 a 1.17 ± 0.07 a 1.38 ± 0.06 a

Cropland 1.27 ± 0.03 ab 1.39 ± 0.03 a 1.45 ± 0.01 b 1.52 ± 0.02 a

Grassland 1.34 ± 0.05 b 1.44 ± 0.03 a 1.37 ± 0.03 b 1.46 ± 0.07 a

Deciduous, 21–30 years old 1.07 ± 0.04 a 1.26 ± 0.04 1.22 ± 0.04 1.37 ± 0.04
Cropland 1.33 ± 0.04 b 1.42 ± 0.04 1.41 ± 0.02 1.56 ± 0.04
Grassland 1.05 a 1.24 n.d. c n.d.

a Afforested land—the values are given as means of coniferous and deciduous sites. b Control includes the means of the values obtained in
grasslands and croplands of coniferous and deciduous stands. n.d. means “not determined”.
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An increase in SOC concentration was observed in older stands compared to the
control at both soil layers, with a higher difference for the 0–10 cm mineral topsoil layer
(Table 4). The SOC concentration increased by 6.0 g kg−1 and 3.4 g kg−1 in the 0–10 cm
and 10–30 cm layers, respectively, in afforested Luvisols 21–30 years after afforestation
compared to the control sites. This difference was much smaller in afforested nutrient-poor
Arenosols than Luvisols. Meanwhile, no increase in SOC concentration was observed in
1–10-year-old stands.

Table 4. Mean concentrations (g kg−1) of soil organic carbon (SOC) in mineral topsoil of Arenosols and Luvisols [47].
Different letters a and b indicate significant differences between the means of different land uses within one topsoil layer of
each Arenosol and Luvisol at p < 0.05.

Land-Use Category

Mean SOC Concentration (g kg−1)

Arenosols Luvisols

0–10 cm 10–30 cm 0–10 cm 10–30 cm

Afforested land, 1–10 years old a 16.8 ± 2.0 12.7 ± 1.6 17.9 ± 1.7 12.2 ± 1.0
Control b 19.1 ± 2.1 15.4 ± 2.1 20.7 ± 3.6 14.8 ± 2.8

Coniferous, 1–10 years old 15.1 ± 2.9 a 11.7 ± 2.4 a 17.8 ± 2.8 a 11.8 ± 1.5 a

Cropland 13.9 ± 4.1 a 17.2 ± 5.7 a 12.1 ± 2.7 a 11.2 ± 1.5 a

Grassland 14.4 ± 3.1 a 11.6 ± 3.2 a 33.8 ± 12.3 b 23.8 ± 12.8 b

Deciduous, 1–10 years old 18.3 ± 2.9 a 13.6 ± 2.2 a 18.0 ± 2.2 a 12.6 ± 1.3 a

Cropland 21.6 ± 3.9 a 20.2 ± 5.7 a 11.5 ± 3.0 a 12.2 ± 1.8 a

Grassland 26.0 ± 3.9 a 13.8 ± 2.2 a 28.2 ± 5.0 b 13.6 ± 1.8 a

Afforested land, 11–20 years old 18.9 ± 1.7 15.1 ± 1.7 20.5 ± 2.0 13.4 ± 1.2
Control 19.8 ± 2.0 16.5 ± 1.7 23.4 ± 4.3 15.0 ± 2.9

Coniferous, 11–20 years old 21.3 ± 2.0 a 15.2 ± 2.0 a 21.8 ± 3.3 a 13.6 ± 2.1 a

Cropland 20.9 ± 3.0 a 18.5 ± 3.2 a 12.6 ± 1.3 a 9.0 ± 1.4 a

Grassland 28.6 ± 4.5 b 20.1 ± 3.4 a 21.1 ± 3.2 a 11.7 ± 2.3 a

Deciduous, 11–20 years old 15.8 ± 2.7 a 15.0 ± 3.2 a 19.2 ± 2.3 a 13.2 ± 1.5 a

Cropland 12.2 ± 1.4 a 11.5 ± 1.7 a 17.9 ± 4.5 a 15.9 ± 3.1 a

Grassland 16.8 ± 3.6 a 14.9 ± 4.6 a 28.3 ± 8.5 b 21.6 ± 8.5 b

Afforested land, 21–30 years old 17.3 ± 2.4 12.1 ± 1.8 23.1 ± 2.3 15.3 ± 2.3
Control 14.8 ± 1.8 11.4 ± 1.3 17.1 ± 2.6 11.9 ± 1.6

Coniferous, 21–30 years old 15.3 ± 2.6 a 9.8 ± 1.5 a 25.3 ± 4.6 b 15.4 ± 2.1 a

Cropland 12.6 ± 2.5 a 13.1 ± 2.4 a 11.3 ± 1.1 a 17.3 ± 1.8 a

Grassland 15.5 ± 3.3 a 8.6 ± 2.6 a 22.5 ± 5.6 b 14.9 ± 2.1 a

Deciduous, 21–30 years old 21.0 ± 4.7 a 16.4 ± 3.8 21.6 ± 3.2 15.3 ± 3.5
Cropland 14.5 ± 3.4 a 9.8 ± 0.4 16.4 ± 3.8 7.3 ± 1.5
Grassland 31.2 b 22.4 n.d. n.d.

a Afforested land—the values are given as means of coniferous and deciduous sites. b Control includes the means of the values obtained in
grasslands and croplands of coniferous and deciduous stands. c n.d. means “no data”.

The different changes in SOC concentration between the sites afforested with conifer-
ous and deciduous species and the control sites of cropland or grassland were obtained
(Table 4). Compared with the croplands, the SOC concentration increased 1.3 times in both
0–10 cm and 10–30 cm mineral topsoil layers of Arenosols 11–20-years after afforestation
with deciduous species. In older stands, this difference was 1.4 and 1.7 times for the
0–10 cm and 10–30 cm topsoil layers, respectively.

For Luvisols afforested with coniferous species, 1.5, 1.7 and 2.2 times higher SOC
concentration in 0–10 cm mineral topsoil layer was found after the first, the second and
the third decades, respectively, after afforestation. No clear trends for deeper soil layers or
deciduous sites were observed.
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3.3. Soil Organic Carbon Stocks in Mineral Topsoil

The mean SOC stocks in the 0–30 cm mineral topsoil layer of afforested land were
comparable to the mean SOC values in similar soil groups of cropland and perennial
grasslands over the first three decades after afforestation (Table 5). During the 30 years
since afforestation, the SOC stock in afforested Arenosols was 13–14% lower than in
croplands and grasslands. In afforested Luvisols, the SOC stock was 10% higher than
in croplands but remained 17% lower than in grasslands. Despite the mean SOC stocks
slightly increasing with the forest stand age in Luvisols, the highest mean SOC stock was
detected in the grasslands.

Table 5. Mean stocks (t ha−1) of soil organic carbon (SOC) in 0–30 cm topsoil layers of Arenosols and Luvisols [47] in
afforested land, cropland and grassland. Different letters a and b indicate significant differences between the land-use
categories within each stand age decade for Arenosols and Luvisols at the p < 0.05.

Land-Use Category
Arenosols Luvisols

n Mean SOC
Stocks (t ha−1)

National SOC
Values (t ha−1) b n Mean SOC

Stocks (t ha−1)
National SOC

Values (t ha−1) b,c

Afforested land, 1–10 years old a 23 50.9 ± 4.6 a - 22 59.1 ± 4.0 ab -
Cropland 10 69.8 ± 11.9 a - 13 51.2 ± 5.5 a -
Grassland 9 55.5 ± 6.4 a - 9 69.6 ± 7.8 b -

Afforested land, 11–20 years old 22 57.5 ± 4.9 a - 21 60.3 ± 4.8 ab -
Cropland 12 60.5 ± 6.5 a - 12 58.1 ± 7.7 a -
Grassland 11 68.1 ± 8.9 a - 10 71.8 ± 8.8 b -

Afforested land, 21–30 years old 22 46.3 ± 5.1 a - 18 61.4 ± 4.3 ab -
Cropland 11 49.4 ± 5.7 a - 14 53.3 ± 6.4 a -
Grassland 9 51.5 ± 11.5 a - 8 73.5 ± 12.1 b -

Afforested land, 1–30 years old 67 51.8 ± 2.8 a 55.7 d 61 60.2 ± 2.5 ab 96.2 d

Cropland 33 58.8 ± 4.6 a 62.0 39 54.1 ± 3.7 a 67.0
Grassland 29 59.1 ± 4.8 a 55.3 26 70.2 ± 5.1 b 77.4

a Afforested land—the values are given as the means of coniferous and deciduous sites; b National Lithuanian values of soil organic carbon
(SOC) stocks in 0–30 cm topsoil of major soil groups [WRB 2014 (2015)] in forests, grassland and cropland (Table 5 of Ref. [48]); c The SOC
values were given for Luvisols together with Retisols [48]; d The SOC values were given for forest land [48].

Relative distributions of mean SOC stocks in forest floor or grassland litter and mineral
topsoil layers in afforested land, cropland and grassland were obtained for coniferous and
deciduous stands in Arenosols and Luvisols (Figure 4). In nutrient-poor Arenosols, the
SOC stocks in the forest floor have accumulated more rapidly with increasing stand age
than in Luvisols. For Arenosols afforested with coniferous species, the SOC stock in forest
floor represented 3%, 6% and 14% of the total SOC stock up to 30 cm depth in the 1–10-
year-old, 11–20-year-old, and 21–30-year-old afforested sites, respectively. For Arenosols
afforested with deciduous species, the SOC stock in forest floor comprised 3%, 3% and
5% of the total SOC stock in representative afforested sites. A low proportion of SOC in
the forest floor was obtained in Luvisols afforested with both coniferous (2 to 5%) and
deciduous (1 to 3%) species. For both studied soils, a relatively lower proportion of SOC
accumulated in the 0–10 cm mineral topsoil layer than in the 10–30 topsoil layer following
afforestation. The 0–10 cm topsoil layer of grassland represented a higher proportion of
SOC than the 10–30 cm topsoil layer in cropland.
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Figure 4. Relative distribution (%) of mean stocks of soil organic carbon (SOC) in forest floor/litter of perennial grassland,
0–10 cm, and 10–30 cm mineral topsoil layers in nutrient-poor Arenosol (A) and nutrient-rich Luvisol (B) in the 1–10-year-old,
11–20-year-old and 21–30-year-old coniferous and deciduous stands, cropland, and grassland.

4. Discussion
4.1. Organic Carbon Stocks in the Forest Floor

The vegetation changes from annual to perennial, first initiating intensified accumu-
lation of biomass carbon (C), subsequently result in the accumulation of soil C until a
new equilibrium of soil C is reached according to the input and decomposition levels in
afforested land. Afforestation is generally associated with positive effects on the C balance
in the ecosystem, particularly if former agricultural land with low soil organic matter (SOM)
content is afforested. For this balance, the SOC accumulation, C input and losses, and the
affecting factors, including land-use change, should be assessed [19,20,32]. However, the C
sequestration and dynamics due to afforestation could vary greatly due to specific climatic
and environmental conditions, including tree species composition, vegetation productivity,
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soil type, former land use, and management [32,50]. Therefore, our study aimed to evaluate
SOC stocks in the afforested land with deciduous and coniferous tree species, growing on
nutrient-poor Arenosols and nutrient-rich Luvisols; cropland and grassland SOC values
next to afforested land were compared by applying the paired-site design.

A forest floor is formed when abandoned agricultural land is afforested, and a forest
stand is established [51–53]. It begins to accumulate 8 years after afforestation [1]. Our
results also showed very low forest floor mass in the first years after afforestation. The litter
layer, representing low mass and SOC stock as estimated in perennial grassland, was as-
sumed as a reasonable layer of this land use. However, the current study found significantly
higher forest floor mass than grassland litter, even in the first decade after afforestation.

The current study found that the mean annual accumulation rate for the forest floor
was on average 0.18 t C ha−1 yr−1 for afforested Arenosols and 0.14 t C ha−1 y−1 for
afforested Luvisols. The present results were comparable with the SOC accumulation rate
obtained for both boreal and temperate climate zones, as the previously obtained values
varied across a wide range. For example, 30 years after afforestation, a C accumulation in
the forest floor of 0.08 t C ha−1 y−1 was found for common oak stands and 0.36 t C ha−1 y−1

for Norway spruce in Denmark [1]. A lower linear C accumulation rate in the forest floor
of 0.08 t C ha−1 y−1 was obtained 50 years after afforestation with Norway spruce in the
mid-boreal region [28]. For longer-term forest succession, forest floor C accumulation
varied from 0.24 ha−1 y−1 to 0.38 t C ha−1 y−1 [52,54,55].

The SOC stocks in forest floor and mineral soil were related to tree species [1,56]. For
example, higher SOC stocks are found in the forest floor of coniferous than deciduous
species [57]. Coniferous tree species cause higher SOC stocks in the forest floor, but no
clear relationships were revealed in mineral soils [31]. Ref. [20] indicated that the SOC
stocks did not change when grassland was afforested with deciduous trees but decreased
following afforestation with pine forest. Higher SOC stocks were found in pure Norway
spruce stands than in mixed spruce-broadleaf stands [58].

The current study found almost twice as much forest floor mass for coniferous than
for deciduous species 2–3 decades after afforestation. This finding was also reported by
Ref. [50]. That study revealed that forest floor development was the main positive result
following afforestation with coniferous species. Other studies also revealed the significant
influence of tree species on the forest floor, while the SOC stocks in mineral soils responded
insignificantly [59]. Ref. [2] demonstrated more intensive C sequestration, followed by
increased SOC stocks, in the forest floor under spruce than oak. A study of seven tree
species growing in soils of different fertility showed that the SOC stocks in forest floor
were higher in lodgepole pine (Pinus contorta Dougl.) and spruce (Picea abies (L.) Karst.,
and Picea sitchensis (Bong.) Carr.) stands than in the stands of beech (Fagus sylvatica L.)
and oak (Quercus robur L.) [60]. However, Ref. [11] presented SOC stocks in the stands of
different tree species composition as follows: 62 t ha−1 in a Scots pine stand, 140 t ha−1

in Norway spruce stands, 147 t ha−1 in beech stands, and 102 t ha−1 in oak stands. The
slower decomposition of pine litter explained these inequalities in SOC values. Many
studies revealed that afforestation with pine reduced SOC stocks, but they increased after
afforestation with deciduous trees [20,32,61].

4.2. Bulk Density and SOC Concentration in Mineral Topsoil

The current study found a slightly higher mean bulk density of fine (<2 mm) soil in
the 0–30 cm mineral topsoil layer of nutrient-rich Luvisol than in Arenosol. Also, higher
variations of mean bulk density values were observed in the 0–10 cm mineral topsoil layer.
In afforested Luvisol, the mean bulk density was the lowest in the 21–30-year-old stands.
The mean bulk density of croplands was higher than that of other land uses, which caused
relatively high SOC stocks. In contrast to croplands, a clear decreasing trend in mean bulk
density due to forest stand age was found in Luvisols and Arenosols, with the lowest
values in the 21–30-year-old stands in the afforested land. The afforestation and stand age
tend to decrease the soil bulk density and increase soil porosity [62,63]. The current study
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found that the mean bulk density after afforestation with coniferous species was similar to
deciduous during the entire 30-year period. These results were consistent with the previous
studies, which found no significant difference between coniferous and broadleaved stands
for mineral soil horizons [56].

We found higher SOC concentrations in older afforested sites than in younger sites
in the 0–30 cm mineral topsoil layer. It was especially evident for nutrient-rich Luvisols
afforested with coniferous species. There are some similarities with previous studies; for
example, the higher SOC sequestration in mineral soil was observed after the afforestation
with deciduous tree species in the study by Ref. [50]. Also, in afforested land, the SOC
stocks are transferred to deeper soil profile layers, from the forest floor to mineral soil, with
increasing stand age [6,64]. The study by Ref. [1] showed that C input from tree biomass is
relatively low after the afforestation of former agricultural land, and C input increases only
after tree crown closure and when the tree root system is formed. The SOC concentration
and stock increased in the 0–5 cm mineral topsoil but decreased in the 5–15 and 15–25 cm
soil layers with increasing tree age [1].

Another important finding of the current study was that we found higher mean SOC
concentration in nutrient-rich Luvisols than in nutrient-poor Arenosols. The SOC stocks
in afforested Luvisols with 21–30-year-old forest stand and those in the control sites—
cropland and grassland—differed more than in afforested Arenosols. Previous studies
have drawn quite different conclusions on how SOC sequestration in mineral soils depends
on the soil group. Nutrient-poor sandy soils responded with more intensive forest floor
and total C sequestration following afforestation than nutrient-rich soils [2]. In infertile
soils, spruce admixture increased soil SOC stocks more than in fertile soils [4]. In some
cases, fertile and clay soils can store more SOC because the more intensive formation of
organic-mineral complexes protects SOM from decomposition [65,66]. In other cases, it was
indicated that infertile mineral soils store more carbon due to slower decomposition and
the formation of specific complexes of organic molecules and metal ions [2]. In pure spruce
and mixed spruce-broadleaf tree stands growing on infertile soils, SOC accumulation was
positively correlated with aluminium, indicating slower SOM mineralisation in acidic
soils [58].

4.3. SOC Stocks in Mineral Topsoil after Afforestation

Overall, we found no significant differences between SOC stocks in the afforested
sites 30 years after afforestation and the values in cropland and grassland. During the
30 years since afforestation, the SOC stock in afforested Arenosols was 13–14% lower than
in croplands and grasslands. In afforested Luvisols, the SOC stock was 10% higher than in
croplands but remained 17% lower than in grasslands. We compared the obtained SOC
stocks of afforested land with the national SOC values of similar soil groups [48] and found
similar SOC values for forest Arenosols but lower for Luvisols (see Table 5). The previous
study by Ref. [32] indicated that SOC stocks in 0–30 cm soil layer decreased following
afforestation and finally recovered to the pre-afforestation level when the forest stand
reached the age of 30 years. Following afforestation, SOC accumulates only in the forest
floor and decreases in the deeper mineral soil layers [32]. Ref. [2] found that tree species
composition slightly affected total soil C sequestration during the 30-year period. In this
context, several questions remain unanswered, and longer-term data on afforested land
are needed.

The response of SOC stock to afforestation was different for cropland and
grassland [67,68]. Earlier studies demonstrated that afforestation of former perennial
grasslands will not give significant results as grasslands have already accumulated large
SOC stocks, and the mineral topsoil comprises abundant plant roots [20,68–70]. Mean-
while, the afforestation of cropland increased SOC stocks [20,32,34,50]. The SOC stocks in
0–10 cm, 10–20 cm, 20–40 cm, 40–60 cm and 60–80 cm soil layers were reduced following
afforestation of grassland but not significantly (p > 0.05), while the afforestation of cropland
significantly (p < 0.05) increased SOC for each soil layer up to 60 cm depth [67]. The
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reduced SOC stocks following afforestation could be explained by lower C input with
litterfall in forest soil compared with former agricultural land due to SOM decomposition
changes [1]. The afforestation with pine (Pinus halepensis Mill) of abandoned agricultural
land in Southeastern Spain showed that the average SOC values in afforested land were
higher (12.2 t ha−1) than in abandoned soils (9.5 t ha−1) and cropland (8.0 t ha−1) [71].

5. Conclusions

The mean forest floor mass showed an increasing trend due to the increase of the stand
age, resulting in an increase of mean SOC stocks of the forest floor. The mean forest floor
mass and mean SOC stocks in the forest floor increased more in afforested nutrient-poor
Arenosols than in nutrient-rich Luvisols. Almost twice as much forest floor mass and SOC
stocks were observed in coniferous than deciduous stands 2–3 decades after afforestation.

Significantly lower mean bulk density of fine (<2 mm) soil in the 0–30 cm mineral
topsoil layer was obtained in afforested land, especially in the 21–30-year-old stands,
compared to paired sites in cropland; and significantly higher SOC concentrations were
obtained in afforested land. Despite the increase in mineral topsoil SOC concentration, the
mean SOC stocks slightly increased only in Luvisols with the age of stand; low SOC stocks
were mainly determined by decreasing the bulk density of the mineral topsoil with the age
of the stand. In general, neither soil group nor stand species composition (deciduous vs
coniferous) showed significant differences in SOC stocks in afforested sites. Overall, total
SOC accumulation in afforested sites, obtained by summing the forest floor and mineral
topsoil up to 30 cm depth, was higher due to forest floor formation.

This study has some limitations, such as the gaps in the C stocks of the above- and
below-ground biomass in the assessed land-use categories, individual tree species influence
on SOC stocks both in forest floor and mineral soil, and the limited 30-year period after
afforestation. The obtained data suggest that under the current climate and soil charac-
teristics in the region, afforestation of agricultural land should be encouraged. However,
the conversion of perennial grasslands to forest land should be done with caution, at
least until more detailed long-term data are available. Based on the LULUCF land uses,
the afforestation of abandoned agricultural land is promoted through global and local
recommendations; however, in line with the expansion of forest area, the negative effects
on biodiversity, especially in natural grasslands, should also be a potential measure. The
mentioned issues should be discussed and analysed in more detail in future studies.
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