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Abstract. Land abandonment followed by natural revegetation constitutes the main land 

use change in the Mediterranean mountains, affecting soil quality and soil organic carbon 

(SOC) stocks; however, there are few studies analysing the effects of cropland 

abandonment in soils in mid-mountains. In the Leza Valley (Spain), 43.2% of the area 

was cultivated but abandoned throughout the 20th-century. Natural revegetation gave rise 

to five land uses (LULCs): pastures (5-years), shrubs (Cistus laurifolius, 20-35-years), 

bushes (Juniperus communis, 35-50-years), young forests (Quercus pyrenaica) and old 

forests (>70-years). The aim of this research was to study the effects of natural 

revegetation of abandoned fields on physico-chemical soil quality and SOC in various 

LULCs. In each of the LULCs, soil samples were collected every 10 cm, down to 40 cm 

depth, at three points, with a total of 60 samples being analysed (12 per LULC). In 

addition, plant species inventories were carried out. The results indicated (i) significant 
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differences in physico-chemical soil quality between the first years of abandonment and 

forests; (ii) the SOC content increased with revegetation duration and decreased with 

increase in soil depth; (iii) the highest SOC and TN stocks were found in the first 10 cm; 

(iv) the results of the principal component analysis with all the data differentiate forests 

from shrubs, bushes and pastures. This study confirms the need to be aware of the effects 

of land abandonment and natural revegetation processes on the soil, in order to promote 

management strategies to preserve ecosystem services that agricultural marginal lands 

can provide. 

Key words: Land abandonment; natural revegetation; soil carbon and nitrogen stocks; 

vegetation composition; Mediterranean 

 

1. Introduction 

Soil is the main reservoir for organic carbon (C) in terrestrial ecosystems, accounting for 

approximately twice the C in the atmosphere (750 Pg C) and three times the amount of C 

in the biomass (560 Pg C) (Lal, 2008; Schmidt et al., 2011; Scharlemann et al., 2014). 

The quantity of C stored in the soil results from the balance between C inputs from the 

atmosphere and the release of carbon from the soil to the atmosphere. This balance 

determines whether the soil acts as a C sink or source for C (García-Pausas et al., 2017). 

Dead plant material forms the main C input into natural soil. Carbon outputs are losses 

from mineralisation, leached organic matter and soil erosion (Gabarrón-Galeote et al., 

2015). According to Kirschbaum (2000), a hypothetical reduction of the 10% in soil 

organic carbon (SOC) would be the equivalent of all the carbon dioxide (CO2) emitted by 

humans over 30 years, which would reinforce global warming. Therefore, there is great 
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interest in reducing C loss from the soil and to boost its sequestration, so as to avoid land 

degradation and to mitigate the effects of climate change (García-Pausas et al., 2017). 

The composition of plant cover affects the content and quality of organic matter in the 

soil as well as the decomposition rates (Eskchnen et al., 2009). Plant cover has been 

greatly modified by land uses and land management changes (Riebsame et al., 1994; 

Lasanta & Vicente-Serrano, 2007). Thus, for centuries the Mediterranean mountains in 

Europe, especially those of mid-altitude, were subjected to strong pressure from humans, 

who made use of natural resources for agrosilvopastoral activities (Sluiter & de Jong, 

2007; Lasanta et al., 2017). Land use by humans expanded to its maximum between the 

mid-19th and mid-20th centuries, coinciding with greater demographic pressure (Sancho-

Reinoso, 2013; González Díaz et al., 2019). Prolonged occupation by humans constructed 

cultural landscapes, featuring very diverse land uses in which grazing and agricultural 

land were the landscape matrix, while forest and shrubland covered a smaller area (De 

Aranzabal et al., 2008; García-Ruiz & Lasanta, 2018). The far-reaching socio-economic 

changes that took place from the mid-20th century (industrial growth, building in the 

lowlands and on the coast, mechanisation of agriculture, growth in intensive livestock 

farming in areas producing fodder, etc.) marginalised the Mediterranean mountains and 

led to severe depopulation and abandonment of traditional agrosilvopastoral activities 

(Lasanta, 1988; MacDonald et al., 2000). Land abandonment and scant grazing on the 

hillsides boosted natural revegetation processes leading to the dominance of forests, 

bushes and shrubs, which are the main features of the current landscape (Gellrich et al., 

2007; Sitzia et al., 2010; García-Ruiz & Lana-Renault, 2011). However, it must be 

emphasised that natural revegetation processes on abandoned fields is a complex process 

determined by natural and human factors, where the temporal factor is very important in 

covering the various stages, but not the only one, since topography, human management 
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(before and after abandonment) and variations in climate play a significant role (Peña-

Angulo et al., 2019), as other authors have also noted for the Mediterranean area (Gellrich 

et al., 2007; García-Ruiz & Lana-Renault, 2011; Bracchetti et al., 2012). There are two 

major issues in natural revegetation processes due to their involvement in soil quality: (i) 

the structure of plant cover becomes increasingly more complex, with herbaceous species 

dominant in the first stage, with very few shrubs, while at the end of the process, there 

are three layers of vegetation (trees, shrubs and herbaceous), with a wide variety of 

species; (ii) the herbaceous cover remains throughout the stages of plant succession, with 

gramineae dominant, followed by the leguminous species. 

The Mediterranean mid-mountains are currently seen as a marginal area, due to the severe 

depopulation, land degradation, scarcity of economic activities and the uniformity of the 

landscape resulting from intense revegetation processes recorded from the mid-20th 

century (Marathianou et al., 2000; Lasanta et al., 2005; Sluiter & de Jong, 2007; González 

Díaz et al., 2019). Mediterranean mid-mountains have all the limitations of mountain 

areas: steep slopes, few flat areas, a tough winter climate, few inhabitants, scant 

infrastructure and services, and poor communication channels with cities. Moreover, it 

does not have the advantages of alpine mountains: abundant pastures and forests, flat 

areas due to glaciers, stunning landscapes etc., providing great potential for livestock 

farming and tourism (Arnáez et al., 2011). Therefore, mid-mountains don´t only make 

scant contribution to the socio-economy of the Mediterranean countries in Europe, but 

also constitute an area with high risk to the environment and the landscape: increased 

wildfires and soil erosion, loss of biodiversity and degradation of cultural landscapes 

(Strijker, 2005; Nunes et al., 2010; Moreira et al., 2011; Arnáez et al., 2015). However, 

the marginal land has strong potential to provide relevant ecosystem services (i.e. water, 

soil…) (Kang et al., 2013), so the European Union is encouraging researchers and land 
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managers to implement management strategies that help to increase the contribution of 

marginal areas to society (Allen et al., 2014; Gristina et al., 2019). Among the ecosystem 

services that could be offered is improved maintenance of soil quality, mainly related to 

the SOC content, of crucial importance to the global carbon cycle and mitigation of 

climate change (Niu & Duiker, 2006; Montanarella, 2015). 

Extended shrubland and forests modify the soil characteristics and affect SOC stocks 

(Guo & Gifford, 2002; Fuchs et al., 2016). The effects of shrubland and forest expansion 

into grazing land on SOC sequestration and stocks have been fairly well studied (Budge 

et al., 2011; García-Pausas et al., 2007, 2017; Guo et al., 2007; Li et al., 2016; Hunzinker 

et al., 2017; Nadal-Romero et al., 2018), but there are hardly any study following cropland 

abandonment in the Mediterranean mid-mountains (Romero-Diaz et al., 2017; Chiti et 

al., 2018; Badalamenti et al., 2019), despite the large surface area covered (Lasanta et al., 

2017, 2019a). Some studies were carried out in semi-arid areas of the Mediterranean, 

where it was found that land abandonment and later natural revegetation processes 

increased SOC stocks in the soil (Novara et al., 2013). Our hypothesis is that, in the 

Mediterranean mid-mountains, natural revegetation processes after land abandonment 

means improved physico-chemical soil quality and higher terrestrial SOC stocks. It must 

be noted that SOC dynamics is specific to each soil type and location, since it is 

determined by biotic, abiotic and human factors (Lal, 2004; Novara et al., 2012). The aim 

of this research was to study the effects of natural revegetation processes in abandoned 

agricultural fields on physico-chemical soil quality and SOC stocks in a marginal part of 

the Mediterranean mid-mountain areas (Leza Valley, Spain). A secondary objective was 

to find out the role of the composition of vegetation in SOC stocks in the soil profile (0-

40 cm). Studying the SOC content is of enormous interest because of its effects in climate 
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change (Yang et al., 2019). And much more so in marginal areas with little socio-

economic interest, but essential for providing ecosystem services (Keesstra et al., 2018). 

2. Material and methods 

2.1. Study area and land uses 

2.1.1. Study area description 

The Leza Valley (in the north-western sector of the Iberian mountain range, Spain) was 

chosen as the study area, as it closely represented the characteristics of Mediterranean 

mid-mountains (Figure 1). It covers a surface area of 274.2 km2. The dominant lithology 

includes quartzite and sandstone and the westernmost sector has Mesozoic limestone 

(Tischer, 1966). The relief features gentle slopes up to ridges (20%-40% slope), that were 

suitable for agriculture in the region, as the hillsides only become steeper near the river 

beds (García-Ruiz & Arnáez-Vadillo, 1991). The dominant soils are Dystric cambisols 

(Machín, 1994). 

The climate in the Leza Valley is classified as Mediterranean mountain (Cuadrat & 

Vicente-Serrano, 2008). Annual rainfall ranges between 600 and 1000 mm, depending on 

the altitude and exposure, with more than 60% falling in spring and autumn; the summers 

are dry. The average annual temperature is about 11ºC at 600 m a.s.l, and 6ºC at 1800 m 

a.s.l. The peaks mostly comprise forests of Fagus sylvatica and Quercus pyrenaica, while 

Quercus illex sp. bellota grows at lower altitude. Some slopes are covered with pines 

(Pinus sylvestris and Pinus nigra) due to afforestation in the 1970s and 1980s. Shrubland 

containing Genista scorpius, Thymus vulgaris, Rosmarinus officinalis and Buxus 

sempervirens dominate the limestone soils, while Cistus laurifolius is the most common 

plant on the siliceous ground being the dominant species at the study site (Peña-Angulo 

et al., 2019). 
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The Leza Valley is a mountain area strongly representative of intensive farming (Moreno 

Fernández, 1994) in the past and sudden abandonment from the mid-20th century, due to 

depopulation. In 1900, there were 4,877 inhabitants (17.8 per/Km2); falling to 3,117 in 

1950 (11.4 per/km2), and in 2018, only 588 (2.1 per/Km2). Land had been deforested 

since the 12th century to establish grazing land to feed the transhumant flocks in summer. 

In the 18th and 19th centuries, the hillsides were constantly rotated for growing cereals 

(wheat, oat and rye) to feed the local population. Between the 1950s and 1980s, the 

agricultural areas were abandoned and the numbers of sheep plunged (merino sheep), 

while farms arose with imported breeds of cattle (Pardo-alpina (Brown highland), 

Charolaise, Hereford, Limousin, Simmental) managed by outsiders with no livestock 

experience (Lasanta, 2009). The large area of abandoned fields (11,834 ha), a pasture 

system that was poorly managed by the herdsmen and based on cattle herds, promoted a 

natural revegetation process leading to shrubland becoming the main LULC of the 

landscape, while pastures shrank in size (1,155.7 ha) (Arnáez et al., 2008). 

2.1.2. Assessments of land uses in abandoned fields 

Aerial photography (from 1956), orthophotographs (2014), field work and ArcGIS 10.3, 

pinpointed the location and extent of abandoned farmland, as well as that being managed 

in 2014 (Lasanta et al., 2011; Peña-Angulo et al., 2019). This enabled us to find the main 

LULCs (Figure 2) in the abandoned fields: (i) pastures (5-years of abandonment), (ii) 

shrubs (C. laurifolius, the dominant species, 20-35 years of abandonment), (iii) bushes 

(Juniperus communis, the dominant species, 35-50 years of abandonment), (iv) young 

forests (Q. pyrenaica with a large stratum of bushes, 50-70 years of abandonment), and 

old forests or dehesa (more than 70 years of abandonment). The latter are generally found 

in fields abandoned before 1956 (due to the heavy demographic and livestock pressure 

on the land, they were used as pasture). This has given rise to open Q. pyrenaica forests, 
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with a stratum of shrubs covering a very small area, and a very dense herbaceous layer. 

Information related to land abandonment periods and present land uses were plotted 

through photointerpretation, and mapping from aerial photographs. Aerial photographs 

from1956 and 1981 at a 1: 33.000 and 1: 25.000 scales respectively were used and a GIS 

was employed to calculate the area occupied by agriculture. Aerial photographs from 

1957 allow identifying abandonment, because in this date, some of the fields were still 

cultivated and others had been abandoned recently. The cartography of the land 

abandonment and land uses (Figure 3) was digitised and implemented in a geographic 

information system (ArcGIS10.1) on a scale of 1:50,000. 

2.2. Methods 

2.2.1. Experiment design and sampling: soil and vegetation 

During a sampling campaign in 2017, three plots (6 x 6 m) per LULCs were selected with 

similar topographical conditions (altitude, slope and exposure). Extensive field work and 

soil sampling was carried out in each plot. We systematically collected using an auger 

(10 cm diameter) three sub-samples (about one meter away) per plot and depth (0-10, 10-

20, 20-30 and 30-40 cm) (total sub-samples 180). Later in the field, composite soil 

samples were created from each of these plots by gently mixing 3 sub-samples per plot. 

In total, 60 composite samples (12 per LULC) were analysed in the laboratory. 

Additionally, 100 cc undisturbed sampling cores were taken to estimate bulk density in 

each depth and plot.  

In each LULC, coinciding with the soil sampling plots, three plots (6 x 6 m) were 

established to measure the characteristics of the vegetation. A visual plant species 

inventory was performed in situ, identifying all the species and estimating the coverage 

of each plant species in each plot in three vegetation strata: arboreal, shrub and 
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herbaceous. We recorded 126 plant species in the different LULCs, most of them in the 

herbaceous layer. 

2.2.2. Soil characterization 

Soil samples were air dried and sieved through a 2 mm mesh sieve in the laboratory. The 

following soil parameters were determined in the laboratory at the Pyrenean Institute of 

Ecology (IPE-CSIC): (i) bulk density (BD) was estimated from undisturbed cores that 

were oven-dried at 105ºC for 24 h; (ii) electrical conductivity (EC) and pH measured in 

a deionized water suspension (1:2.5) using a pH meter and a conductivity meter; (iii) 

available phosphorous (P) was determined by the Bray method; (iv) soil texture (after 

oxidizing the organic material with peroxide) was determined using a particle size 

analyzer (Mastersizer 2000); (v) soil organic matter (SOM) was determined using the 

Walkley-Black chromic acid wet oxidation method; (vi) total carbon (TC) and total 

nitrogen (TN) were measured by dry combustion in an elemental analyser (Vario Max); 

(vii) soil organic carbon (Corg) was calculated using the van Bemmelen factor of 0.58, 

using as universal conversion factor (due to the absence of CaCO3 measured with the 

Bernard calcimeter method); (viii) soil organic carbon (SOC) and soil nitrogen (TN) 

stocks were expressed in Mg ha-1 (calculated weighting each Corg and TN value by the 

respective depth range (10 cm) and bulk density);(ix) C/N ratio was calculated using Corg 

and TN. 

In addition, a physico-chemical Soil Quality Index (SQI) was applied to summarize all 

the results obtained. The indexing technique followed that proposed by Armenise et al. 

(2013): physical and chemical soil variables were measured, screened through a Principal 

Component Analysis (PCA), normalized, and then integrated into a weighted-additive 

SQI (for more details see Armenise et al. (2013) and Nadal-Romero et al. (2016)). 
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2.3. Statistical analysis 

In addition to the descriptive analysis, the soil variables were examined for the 

distribution and differences between land uses and soil depths. As the assumption of 

normal distribution per factor when checked by the Shapiro Wilk normality test was not 

met for most parameters, the non-parametric Kruskal-Wallis one way was used to monitor 

differences between LULCs and depths, and Dunn-Bonferroni to identify which LULC 

statistically differed from the others.  

Vegetation cover was also examined to check differences between the various LULCs in 

herbaceous composition. As the number of herbaceous species is high, for statistical 

analysis we grouped the species in families, such as leguminoseae, gramineae (most 

abundant) and others. 

Finally, all the data (physical and chemical soil properties and only the herbaceous covers 

present in all LULCs) were also analysed by a PCA. This analysis was carried out on the 

correlation matrix, and used to determine the degree to which LULC affects the soil 

characteristics and herbaceous cover under study. The sampling adequacy of variables 

were analysed by the Kaiser-Meyer-Olkin measure (>0.50) and by Barlett’s test of 

sphericity (<0.05). No variable was discarded as the communality values were > 0.5. The 

selection of the main components was based on the latent root criterion with eigenvalues 

> 1.0. 

A significance level of p<0.05 was adopted for the statistical analysis, unless stated 

otherwise (p<0.10). All statistical analyses were carried out using SPSS Statistics 25.0. 

 

3. Results 
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3.1.  Land use and cover in the abandoned agricultural land 

Figure 3a shows the area of abandoned fields for different periods (before 1956 and 

between 1956 and 2014). Abandoned lands cover 11,834 ha (43.2% of the study site). 

1,578 ha (13.3% of agricultural land) had already been abandoned prior to 1956, while 

10,256 ha (86.7%) were abandoned after 1956. 

Figure 3b shows the LULCs for abandoned fields in 2014. Pasture land occupied 1,156 

ha (9.8%); shrubs, 5,631 ha (47.6%), bushes 4,066 ha (34.3%), young forests 646 ha 

(5.5%), and old forests 324 ha (2.7%). 

3.2. Vegetation composition 

The vegetation composition varies depending on the LULCs (Table1). Pastures had a 

simple structure, as there were no trees, and shrubs only cover 6.3%, while herbaceous 

cover reaches 85%. Old forest and young forest had the most complex structure of the 

studied LULCs with 3 layers of vegetation: trees, shrubs and herbaceous species, although 

old forest had the highest number of species in the 3 strata. Shrubs and bushes constitute 

transitional covers between pastures and forest; there were no trees, but dense shrub and 

herbaceous cover. 

In all the vegetation sampling, we recorded 126 plant species, most of them in the 

herbaceous layer (n=107). The presence and coverage percentage of the plant species are 

listed in Table 1 Supplementary Material. The most frequent species were C. laurifolius, 

Galium s.p., Lotus corniculatus, Polygala vulgaris and Bromus erectus that are present 

in all the LULCs. The old forest (19 families and 41 species) and shrubs plots (13 families 

and 28 species) had the highest and lowest numbers of families and species respectively. 

Pastures and bushes showed similar values in a number of families. 
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According to their coverage percentages, the highest were found for Q. pyrenaica and 

Brachypodium sylvaticum in the young and old forest, J. communis and Brachypodium 

pinnatum subsp. Rupestre in the bushes, C. laurifolius in the shrubland, and B. erectus in 

the pastures. Regarding the shrub families, significant differences were observed for the 

Cistaeae, Rosaceae, Cupraseae and Fagaceae covers between different LULCs (at p < 

0.05) (see Table 2a Supplementary material). 

Related to the herbaceous stratus, which was analysed in detail, high diversity was 

observed among families (a total of 27) in the five LULCs (Figure 4). No significant 

differences were observed related to herbaceous coverage and number of families 

between LULCs (see Table 2b Supplementary material). The results are as follows: (i) 

gramineae occupied the largest surface area, with shrubs having the highest value (70%) 

and old forest the lowest (44%); (ii) leguminoseae were the second most common family, 

with old forest having the highest value (18%) and shrubs the lowest (11%); and (iii) old 

forest had the highest diversity of families (19), with 17 families forming the group of 

'other': together, these covered 38.5% of the total surface area. There are fewer families 

than in other LULCs, and it is notable that the 'other' group had the smallest area of shrubs 

(19%). 

3.3. Soil physical and chemical properties 

Table 3 presents the mean values and standard deviation of all the soil physical and 

chemical properties measured. Results from the Kruskal-Wallis one way showed 

significant differences between the LULCs in several physical and chemical properties as 

texture composition, pH, EC and extractable P contents (at p-level 0.05), and SOC 

contents and C/N ratio at p-level 0.10; while depth had a significant effect on all the 

variables except C/N ratio, pH, clay and extractable P contents (Table 2). 
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Significant differences between depths were observed related to the soil texture. In 

general, strong differences were observed between the first stages of land abandonment 

and the young and old forests. Significant differences were also observed between 

different depths in silt and sand contents in the bushes and old forest sites (Table 3). 

The concentration of available P varied related to the different LULCs: the highest values 

were recorded in the old forest and shrub sites, and the lowest in the pasture areas. 

No changes in BD values related to LULCs were observed, but BD increased with soil 

depth among all the LULCs (Table 3). 

Generally, the Corg content gradually increased during the different stages of 

revegetation processes and decreased with soil depth (Table 3 and Figure 5a). Similar to 

the Corg content, the soil TN content increased with revegetation and decreased with soil 

depth (Figure 5b). 

Compared with that of pasture, the SOC stock in 0-10 cm significantly increased from 

the early years of abandonment to the young and old forests stages (see table 3 and Figure 

6a). While, there was no significant increase in the SOC and soil TN stocks in the deeper 

layers (> 20 cm). In addition, the SOC stocks at depth showed strong variation between 

the two first layers (0-20 cm) and shallow depths (20-40 cm). Total SOC stocks for the 

entire soil profiles ranged between 60.0 ± 17.1 Mg C ha-1 (pastures), 84.0 ± 9.9 Mg C ha-

1 (shrubs), 86.7 ± 1.3 Mg C ha-1 (bushes), 106.9 ± 13.7 Mg C ha-1 (old forest) to 117.8 ± 

27.3 Mg C ha-1 (young forest). The SOC stock at a depth of 0-20 cm accounted for 68%, 

65%, 67% and 71% and 74% of total SOC down to 40 cm depth in the pasture, shrubs, 

bushes, young forest and old forest, respectively. In the light of the total SOC stock profile 

(to 40 cm), the only significant differences were observed between pastures and young 
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and old forest. Similar results were found for soil TN content and soil TN stocks (see 

Figure 6b). No differences in C/N ratio values were observed. 

Finally, an SQI was applied to add them up all the measured physico-chemical soil 

properties (Figure 7). Three components were kept throughout the PCA analysis, which 

explained almost 80% of the total variance: PC1 56.33%, PC2 16.05% and PC3 7.39%. 

Following a correlation analysis, the final minimum data set was created, including SOM 

and soil TN contents for PC1, sand content and C/N ratio for PC2, and silt and available 

P contents for PC3. Taking soil depths individually, the following results were found: (i) 

the highest SQI was recorded in the first 10 cm in the old forest, and the lowest values 

were recorded in the 20-40 cm in the pasture sites; (ii) significant differences were 

observed between pastures and bushes and young forest; and (iii) differences between top 

soil layers (0-20 cm) and deep layers (20-40 cm) were also registered (Figure 7). 

3.4. Plant species coverage and soil properties 

The main results of the PCA enabled a synthetic view of the results in the different LULCs 

to be obtained (including physical and chemical soil properties and herbaceous cover). 

The first two components of the PCA explained 69.7% of the total variance (Figure 8), 

with the first one explaining 56.8% of the total variance. The eigenvector values were 

high (correlation > 0.4) and positive for sand content, all SOC and soil TN related 

variables (Ctotal, Corg, SOC, organic matter, TN content and TN stock) and the SQI, and 

both high and negative for silt and clay contents. The leguminoseae and other families 

were distributed on the positive side of PC1. The second component explained 12.9% of 

the variance, and the variables with high (correlation > 0.4), positive eigenvector values 

were the EC, P, SQI, leguminoseae, other families, all SOC and soil TN related variables 

(Ctotal, Corg, SOC, organic matter, TN content and TN stock), and high and negative for 
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the gramineae and BD values. Figure 8 also showed the PC scores in the plane of PC1 

and PC2 for the different LULCs showing clear separation, especially with the shrub, 

young and old forest sites. The shrub sites are on the negative side of PC1, with low 

values of SOC and TN, and low gramineae cover values. On the other hand, the young 

forest sites are on the positive side of PC1 and both the positive and negative sides of 

PC2, clearly separated from the other sites: high values of SOC and soil N contents, stocks 

and sand contents. Sites from the old forest are also differentiated and located on the 

positive side of PC1 with high variability throughout PC2. However, pasture and bush 

sites showed high variability across both components and are clustered together, mainly 

on the negative side of PC1 and PC2, both with a strong presence of gramineae (see Figure 

4) and the lowest values for Corg and soil TN contents (see Figure 5). 

4. Discussion 

4.1. Physico-chemical soil quality and SOC in abandoned agricultural land 

We assessed the differences in physico-chemical soil quality, and SOC and soil TN 

(content and stocks) as essential components of soil quality, in five LULCs (pastures, 

shrubs, bushes, young forest and old forest) and different depths in the Mediterranean 

mid-mountains (Leza Valley, Spain) following cropland abandonment. The LULCs 

reflect different stages in plant succession taking place in abandoned fields (Figure 3). 

Lasanta et al. (2011) stated that in the study area, in the first stage of natural revegetation, 

herbaceous species grew to provide grazing; after a few years (3-5), shrubs started to take 

hold, especially C. laurifolius as the dominant species, which gradually covered the field 

(see Figure 2). On degraded soils, C. laurifolius can stay for decades with almost no 

change (20-35 years). J. communis represents a more advanced stage in plant succession. 

In fields abandoned first or those where revegetation is fast, the young forest stage is 
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reached, and old forest is found in some fields in the study area, sometimes on fields 

abandoned before 1956 (see Figure 3).  

Our results support our hypothesis that natural revegetation processes in Mediterranean 

mountain areas favour an improvement in physico-chemical soil quality, and an increase 

in SOC and TN stocks, with differences between LULC as it is shown by a PCA analysis 

(Figure 8). Soil organic matter, total organic carbon and total nitrogen are higher in the 

late stages of natural revegetation (Figure 5). In addition, it was observed that SOC stock 

increased as revegetation progressed, except in the last stage of old forest (60 Mg C ha-1 

< 84 Mg C ha-1 < 87 Mg C ha-1 < 107 Mg C ha-1 < 117.8 Mg C ha-1 for pasture, shrub, 

bush, old forest and young forest respectively, see Figure 6) being significant different 

these values between pastures (first years of land abandonment) and young and old forest 

(Tables 2 and 3). These results are similar to those obtained by other authors in 

Mediterranean areas, both for semi-arid (Boix-Fayos et al., 2009; Novara et al., 2014; 

Badalamenti et al., 2019) and humid mountain areas (Gabarrón-Galeote et al., 2015; 

Nadal-Romero et al., 2016; Hunzinker et al., 2017; van Hall et al., 2017). The increase in 

SOC and soil TN stocks in soil is explained by the larger input of litter from the dense 

vegetation cover results of natural revegetation processes, since shrubs and trees provide 

more belowground biomass, as well as more leaf litter and aboveground necromass, 

which are important sources of organic carbon that can be integrate into the soil (protected 

and stabilized) (Kalbitz & Kaiser, 2008).  

One of the results from our study is that the larger SOC stock values (0-40 cm) are found 

in the young forest (118 Mg C ha-1) (Figure 6), with slightly higher values than the old 

forest (107 Mg C ha-1) (although no significant differences were observed). This may be 

related to the more extensive shrub cover in young forest (40%) than in old forest (14.3%) 

(Table 1 and Figure 4), which means a greater accumulation of litter, and thus SOC 
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(Kalbitz & Kaiser, 2008; Brantley & Young, 2010). In that sense, following a study of 

857 forests in Switzerland, Gosheva et al. (2017) stated that the age of the forest had a 

moderate effect on SOC stocks. They found that the largest SOC stocks were in the upper 

layers of soil in medium-age forests (60-120 years old), while in the lower layers, stocks 

decreased as the age of the forest increased. De Baets et al. (2013) concluded that carbon 

accumulates rapidly in the first 10-50 years after abandonment and then stabilises. 

Another reason could be the presence of pasture only in the old forest but not in the young 

forest. However, the role of grazing in SOC stocks is not clear; some authors state that 

the absence of grazing leads to a greater belowground biomass and to the accumulation 

of large amounts of necromass (García-Pausas et al., 2017); others note that the lack of 

grazing could lead to reduced belowground biomass because fewer roots are produced 

(García-Pausas et al., 2011).  

The highest significant differences in SOC stocks occurred in the top soil layers attributed 

to large amounts of organic matter added to the top soil (see Figure 6). In the five LULCs, 

the highest accumulation of SOC occurs in the first 20 cm of soil, especially in the first 

10 cm (38%, 42%, 31%, 38%, 48% respectively in pasture, shrub, bush, young and old 

forest). Jobbágy & Jackson (2000) say that the proportion of organic carbon is less in the 

lower layers of soil than in the upper, and is much more noticeable in pastures than in 

forests. Hiltbrunner et al. (2013) found that revegetation of pasture land only had a small 

effect on total SOC stocks, increasing in the organic layer but decreasing in the mineral 

layers. Guidi et al. (2014) observed in the Italian Alps that SOC stocks decreased at a 

depth of 30 cm following reforestation. 

The largest SOC stocks in the top soil layers (0-10 and 10-20 cm) were observed in old 

forest (48% and 74% in the first 10 and 20 cm, respectively) (Figure 6). This may be 

explained by the wide herbaceous cover and its high diversity, with a strong presence of 
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gramineae. Pohl et al. (2011) showed that gramineae usually have more fine roots than 

other grasses. The roots are a primary source for accumulating organic matter in the soil 

(Rasse et al., 2005; Piñeiro et al., 2006); they also contribute to improving aggregate 

stability in the top soil layers, which helps to stabilise soil carbon (Pohl et al., 2009). Soil 

texture is especially important in stabilising organic material, since clays and silts retain 

the oldest organic matter, while sand holds the newer matter (Eusterhues et al., 2003). 

Interesting our results show high values of sand in the old forest coinciding with high 

values of SOC stocks (Table 3). In that sense, Li et al. (2016) concluded that rough 

textured soil could have a greater capacity than fine textures to increase SOC. In that 

sense, further studies should be carried out to investigate the effects of soil texture in SOC 

dynamics and SOC stabilization. 

The results obtained in the upper soil layers suggested, as the literature shows, that the 

composition of the plant cover influences the organic matter in the soil, with biomass 

from grasses decomposing and integrating into the soil more easily than that from shrubs 

(García-Pausas et al., 2017). According to Kalbitz & Kaiser (2008), just a tiny fraction of 

surface litter is integrated into the mineral horizons as dissolved organic matter, or in 

particles where they mineralise or stabilise. The same authors state that a maximum of 

only 35% of carbon from leaf litter joins the mineral layers in the soil. A notable result 

from our research is the lower amount of SOC in the mineral horizons of old forest than 

in young forest, something also found by Gosheva et al. (2017) in Swiss forests. In 

addition, our study found that the proportion of SOC in the lower layers (more than 20 

cm) of soil is very low in all five LULCs. One explanation could be the poor rate of root 

renewal compared with the upper layers, where they form a large underground biomass. 

4.2. Managing marginal areas to provide ecosystem services 
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Throughout the 20th century, the Mediterranean mountains in Europe, especially those at 

mid-altitude, experienced high rates of depopulation, mass abandonment of agricultural 

land, land degradation and the disappearance of most of the livestock farms (MacDonald 

et al., 2000; Mottet et al., 2006; Lasanta et al., 2019b).  

From the current socio-economic perspective, the strong limiting factors of 

Mediterranean mid-mountain areas deprive land managers of strategies to reintegrate the 

area into the production system, despite the large surface covered and having many 

resources to provide ecosystem services to the public (MacDonald et al., 2000; Kang et 

al., 2013; Keestra et al., 2018). Therefore, they are seen as marginal land with few or no 

socio-economic returns (Lasanta et al., 2005; Sluiter & de Jong, 2007; Nunes et al., 2010; 

Arnáez et al., 2011). However, this study has found that natural revegetation processes of 

abandoned fields improved physico-chemical soil quality and higher SOC stocks (0-40 

cm) (Figure 7) (see also Novara et al., 2014; Van Hall et al., 2017; Chiti et al., 2018). Our 

results, similar to the ones recorded in Chiti et al. (2018), showed that natural revegetation 

processes could increase about 51% of SOC from the first stage of abandonment to the 

young forest stage. In that sense, several areas of science advise that reforestation could 

raise SOC stocks (IPCC, 1999; Fang et al., 2001; Lal, 2008). However, our results show 

that long periods are needed to reach a stable stage in SOC, contrary to the 20-year period 

considered by the IPCC as the time needed to reach an equilibrium in the SOC stock 

values after LULC changes (IPCC, 2006). 

Our results suggest that mountain areas could play an important role at regional and 

national levels with a climate change mitigation policy framework related to increase soil 

organic carbon values. In addition, other advantages from natural revegetation processes 

have been pointed out, such as ecological recovery and control of soil degradation 

(Navarro & Pereira, 2012; Rey-Benayas & Bullock, 2012; van Leeuween et al., 2019), 
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which helps to provide degraded marginal land with "usefulness". However, there are 

limitations to be remembered (i) carbon sequestration through the soil by revegetation is 

finite (Rodríguez-Martín et al., 2019). Jandl et al. (2007), De Baets et al. (2013) and 

Gosheva et al. (2017) reached the conclusion that natural revegetation would have a slight 

increase in SOC in the initial stages before accelerating to a stable state, or mild 

regression. (ii) It must be taken into account that mass revegetation has certain negative 

effects: loss of cultural landscapes, reduced river flows, uniform landscape, increased risk 

of fire, less biodiversity, degraded grazing, etc. (Conti & Fagarazzi, 2004; Lasanta et al., 

2015). Consequently, the effects of agricultural land abandonment and a slow 

revegetation process on soil properties, physico-chemical soil quality and SOC and soil 

TN stocks should be reconsidered in land management policies and future restoration 

practices in abandoned areas in Mediterranean mid-mountain areas.  

Management of Mediterranean mid-mountain areas should include the idea of 

maintaining a mosaic landscape, with open spaces used for pasture and meadows for 

livestock alternating with forest and some areas of shrubland as transitional ecotones 

between open land and forest (Bernués et al., 2011; Bracchetti et al., 2012; Lasanta et al., 

2016). Only by maintaining a complex landscape, such as the traditional cultural 

landscapes of the Mediterranean mountains, can there be continuing biodiversity, soil 

quality, carbon sequestration and the availability of agricultural and livestock resources 

to keep the villages alive. 

5. Conclusions 

The aim of this research was to provide information on the role of natural revegetation 

processes in abandoned fields on physico-chemical soil quality, especially SOC content 

and SOC and soil TN stocks. Our findings demonstrated that SOC and soil TN stocks 
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increased as revegetation progressed (confirming our first hypothesis) although the high 

SOC values were recorded in the young forest. The greater accumulation of SOC and soil 

TN takes place in the upper soil layers. Natural revegetation leads to an improvement in 

physico-chemical soil quality as there is more litter favouring the accumulation of organic 

matter. We can conclude that agricultural land abandonment followed by natural 

revegetation are effective strategies to improve physico-chemical soil quality and increase 

SOC stock values. Nevertheless, from a wider perspective, managing marginal areas, 

such as the Mediterranean mid-mountain areas, should combine these strategies with 

others promoting a mosaic landscape, with plots engaged in production and others used 

to maintain forest, with no apparent usefulness, but of great interest in preserving diversity 

and increasing carbon stocks in the soil. 
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Figure 1. Study site location. Leza Valley (Iberian System Range, Spain) 

 

Figure 2. Overview of the different land uses and land covers: pasture, shrub, bush, young 

forest and old forest 
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Figure 3. (a) Cultivated fields and age of abandonment. Only cultivated and abandoned 

area has been mapped. (b) Spatial distribution of land cover in abandoned fields in the 

Leza Valley. Source: Own preparation from digitization of aerial photographs of the 

corresponding year on the SIOSE cartography (2014). Only cultivated and abandoned 

area has been mapped 
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Figure 4. Percentages of the surface occupied by the different families in the herbaceous 

stratum 

 

 

Figure 5. (a) Organic carbon, and (b) total soil nitrogen contents in the different land 

covers and depths. Means with different lower case letters are significantly different at 

0.05 level of significance (p b .05) (land uses) (see also Table 3 for comparisons between 

depths). Bars are standard deviation values 

 

 

 

https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.3655#ldr3655-tbl-0003
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Figure 6. Soil organic carbon (SOC) stocks (Mg C ha−1) and soil nitrogen (TN) stocks 

(Mg N ha−1) for the different land covers. Note: Means with different lower case letters 

(at different depths) are significantly different at 0.05 level of significance (p < .05). Bold 

letters are related to complete SOC and TN stocks and indicate differences between 

LULCs 

 

 

Figure 7. Soil quality index (SQI) value calculated based on Armenise et al. (2013) for 

the different depths and different land covers. Bars are standard deviation values 

 

https://onlinelibrary.wiley.com/doi/full/10.1002/ldr.3655#ldr3655-bib-0002
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Figure 8. Principal component analysis (PCA) of soils and percentage of herbaceous 

coverage values. Eigenvectors from the principal component analysis (PCA) and PC 

scores plotted in the plane of the first two components. Corg, Organic carbon content; N, 

nitrogen content; SOC, soil organic carbon stock; TN, total nitrogen stock; SOM, organic 

matter; EC, electrical conductivity; P, available phosphorous; BD, bulk density; others in 

the figure consider all the herbaceous families (except gramineae and leguminoseae that 

have been considered individually) 

 

 

Table 1. Summary of the structure of the vegetation cover depending on the LULCs. Note: 

to analyze all the species please see Table 1 Supplementary material. %Cov: % Cover. 

Nº Sp.: number of plant species. Note that the different vegetation layers (trees, shrubland 

and herbaceous) have been analyzed independently, and consequently covers in each 

LULC do not add up to 100%. 

 

 Pasture Shrub Bush Young forest Old forest 

 % 

Cov. 

Nº 

Sp. 

% 

Cov. 

Nº 

Sp. 

% 

Cov. 

Nº 

Sp. 

% 

Cov. 

Nº 

Sp. 

% 

Cov. 

Nº 

Sp. 

Tree - - - - - - 76.7 1 65.5 4 

Shrubland 6.3 4 76.0 5 64.0 6 40.0 7 14.3 8 
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Herbaceous 85.0 42 25.7 28 64.0 35 68.0 33 79.0 41 
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Table 2. χ2 and resulting p-value of the Kruskal-Wallis one-way analysis of variance of the individual soil properties over the different Land Use 1 

classes, consisting of three replicates per LU. Values in italic are significantly different. Corg: Organic carbon content; TN: nitrogen content; 2 

SOC: soil organic carbon stock; TN: total nitrogen stock; SOM: organic matter; EC: electrical conductivity; P: available phosphorous; BD: bulk 3 

density. 4 

 
Corg 

TN 

content 
SOC TN 

C/N 

ratio 
SOM pH EC Clay Silt Sand P BD 

Land Cover 
χ2 7.293 5.947 7.902 7.023 9.351 7.232 16.198 16.578 48.021 20.634 25.433 48.486 5.820 

p 0.121 0.203 0.095 0.135 0.059 0.124 0.003 0.002 0.000 0.000 0.000 0.000 0.213 

Soil Depth 
χ2 37.260 37.006 36.966 35.489 2.972 37.261 1.582 19.415 3.705 15.249 13.361 0.548 39.838 

p 0.000 0.000 0.000 0.000 0.396 0.000 0.663 0.000 0.295 0.002 0.004 0.908 0.000 

 5 

 6 
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Table 3. Means per Land Use, three replicates per LU, of the studied soil properties.  7 

Note: Means with the different lower case letter within a row are significantly different 8 

between land uses at 0.05 level of significance (p b 0.05). 9 

Means with the different upper case letter within a column are significantly different 10 

between depths at 0.05 level of significance (p b 0.05). 11 

Corg: Organic carbon content; TN (%): nitrogen content; SOC: soil organic carbon stock; 12 

TN: total nitrogen stock; SOM: organic matter; EC: electrical conductivity; P: available 13 

phosphorous; BD: bulk density. 14 

 15 

 Soil 

depth 

(cm) 

Pastures Shrub Bush Young forest Old forest 

Corg  

(%) 

0-10 1.6 ± 0.6 a A 2.7 ± 0.1 ab A 2.0 ± 1.1 ab AB 3.2 ± 0.5 bc A 3.8 ± 0.7 c A 

10-20 1.2 ± 0.3 a AB 1.3 ± 0.2 ab AB 2.3 ± 0.8 bc A 2.7 ± 0.6 c AB 1.9 ± 0.2 abc B 

20-30 0.6 ± 0.2 AB 1.2 ± 0.5 B 1.1 ± 0.1 A 1.5 ± 0.6 AB 1.0 ± 0.2 C 

30-40 0.6 ± 0.3 B 0.8 ± 0.2 B 0.8 ± 0.1 B 0.8 ± 0.5 B 0.8 ± 0.2 C 

N  

(%) 

0-10 0.2 ± 0.06 a A 0.3 ± 0.04 ab A 0.2 ± 0.07 a A 0.3 ± 0.05 b A 0.4 ± 0.09 b A 

10-20 0.1 ± 0.03 a AB 0.2 ± 0.04 ab AB 0.2 ± 0.07 ab A 0.3 ± 0.07 b AB 0.2 ± 0.04 ab B 

20-30 0.1 ± 0.02 B 0.1 ± 0.03 B 0.1 ± 0.01 AB 0.1 ± 0.06 B 0.1 ± 0.01 C 

30-40 0.1 ± 0.02 B 0.1 ± 0.03 B 0.1 ± 0.02 B 0.1 ± 0.08 B 0.1 ± 0.01 C 

SOC  

(Mg ha-1) 

0-10 22.9 ± 6.7 a A 35.1 ± 1.1 ab A 27.3 ± 11.5 ab A 44.3 ± 6.2 bc A 51.5 ± 7.3 c A 

10-20 17.6 ± 3.5 a AB 19.5 ± 2.7 a AB 30.7 ± 9.1 ab A 37.9 ± 7.2 b AB 27.8 ± 2.0 ab B 

20-30 10.1 ± 3.6 B 17.1 ± 6.2 B 16.7 ± 2.0 B 22.6 ± 8.6 BC 15.1 ± 3.5 C 

30-40 9.3 ± 4.4 B 12.3 ± 2.7 B 12.0 ± 1.2 B 13.0 ± 7.3 C 11.9 ± 3.1 C 

TN 

(Mg ha-1) 

0-10 3.0 ± 0.8 ab A 3.4 ± 0.5 ab A 2.4 ± 0.7 a A 4.7 ± 0.6 bc A 5.6 ± 1.1 c A 

10-20 1.7 ± 0.5  AB 2.1 ± 0.5 AB 2.8 ± 0.8 A 3.7 ± 0.9 AB 2.9 ± 0.6 B 

20-30 1.3 ± 0.3 B 1.6 ± 0.4 B 1.5 ± 0.1 B 1.9 ± 0.9 B 1.9 ± 1.2 C 

30-40 1.2 ± 0.2 B 1.4 ± 0.3 B 1.2 ± 0.3 B 1.5 ± 1.3 B 1.5 ± 0.2 C 

CN ratio 0-10 7.9 ± 2.6 10.5 ± 1.3 11.1 ± 2.5  9.3 ± 0.5 9.2 ± 0.5  

10-20 10.7 ± 1.5 9.4 ± 1.4 10.9 ± 0.4  10.8 ± 3.0 9.9 ± 1.6  

20-30 7.9 ± 1.3 10.8 ± 2.1 10.9 ± 2.1  12.1 ± 2.6 8.5 ± 2.0  

30-40 7.3 ± 2.3 9.1 ± 0.8 10.2 ± 2.3 A 10.2 ± 3.2 8.0 ± 2.6  

OM (%) 0-10 2.8 ± 1.0 a A 4.7 ± 0.2 ab A 3.5 ± 1.8 a A 5.5 ± 0.9 b A 6.6 ± 1.2 b A 

10-20 2.1 ± 0.5 a AB 2.3 ± 0.4 a AB 4.0 ± 1.4 b A 4.6 ± 1.0 ab AB 3.2 ± 0.3 ab B 

20-30 1.1 ± 0.4 B 2.0 ± 0.7 B 2.0 ± 0.3 AB 2.6 ± 1.0 BC 1.7 ± 0.4 C 

30-40 1.0 ± 0.5 B 1.4 ± 0.3 B 1.4 ± 0.1 B 1.4 ± 0.8 C 1.3 ± 0.4 C 

pH 0-10 6.3 ± 0.1 a 5.9 ± 0.3 ab 5.8 ± 0.1 b 6.1 ± 0.5 ab 5.3 ± 0.3 b 

10-20 5.9 ± 0.4  5.4 ± 0.5  5.8 ± 0.1  6.0 ± 0.5  5.2 ± 0.1 

20-30 5.8 ± 0.3 5.5 ± 0.7 5.6 ± 0.1 6.0 ± 0.3 5.6 ± 0.5 

30-40 5.5 ± 0.2  5.4 ± 0.3  5.5 ± 0.2  6.2 ± 0.2  6.0 ± 0.5  

EC 

 (µS cm-1) 

0-10 94.14± 34.3 181.4 ± 82.6 A 97.1 ± 34.3 A  105.3 ± 5.3 197.8 ± 203.3 A 

10-20 102.1 ± 28.2 ab 108.1 ± 26.3 a AB 102.1 ± 28.2 a A 85.6 ± 25.7 ab 43.6 ± 1.8 b B 

20-30 51.1 ± 17.7 93.1 ± 10.1 B 51.19 ± 17.7 AB 63.0 ± 21.9 37.5 ± 9.0 B 

30-40 46. 9 ± 11.7 ab 71.8 ± 8.6 a B 46.9 ± 11.8 ab B 43.2 ± 16.6 ab 31.5 ± 8.0 b BC 

Clay (%) 0-10 7.2 ± 0.5 ab A 9.5 ± 0.7 a 9.8 ± 2.3 a 2.9 ± 0.4 b 3.7 ± 0.6 ab 

10-20 8.5 ± 0.4 ab AB 11.6 ± 1.1 a 9.4 ± 2.6 ab  3.5 ± 0.8 b 5.0 ± 0.2 ab 

20-30 9.5 ± 0.3 ab B 11.4 ± 1.9 a 12.5 ± 1.0 ab 3.1 ± 0.9 b 5.7 ± 0.2 ab 

30-40 9.6 ± 0.7 ab B 11.6 ± 2.3 ab 12.8 ± 1.3 a 3.2 ± 1.4 b 6.0 ± 0.3 ab 

Silt  

(%) 

0-10 52.1 ± 4.1 a 50.1 ± 0.7 ab 49.7 ± 4.9 ab A 40.6 ± 4.6 b 47.5 ± 1.9 ab A 

10-20 53.8 ± 3.9  55.1 ± 3.3 49.1 ± 6.7 AB 46.2 ± 5.2 46.1 ± 3.9 A 

20-30 56.1 ± 3.7 ab 54.6 ± 5.4 ab 58.3 ± 1.6 ab B 42.5 ± 10.9 a 61.9 ± 1.4 b B 
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30-40 55.8 ± 3.3 ab 55.9 ± 4.5 ab 59.3 ± 3.3 ab B 41.4 ± 16.7 a 63.4 ± 1.8 b B 

Sand (%) 0-10 40.7 ± 4.6 a 40.4 ± 1.4 ab 40.4 ± 7.2 a B 46.6 ± 1.9 b 48.8 ± 2.4 ac A 

10-20 37.6 ± 4.2 a 33.3 ± 4.4 ab 41.5 ± 9.3 ab AB 50.3 ± 6.0 b 38.9 ± 4.1 ab B 

20-30 34.4 ± 3.7 a 34.0 ± 7.3 a 29.2 ± 2.3 ab B 54.4 ± 11.8 ac 32.4 ± 1.6 a B 

30-40 34.5 ± 3.7 a 32.5 ± 6.8 a 28.0 ± 4.4 ab B 55.4 ± 18.1 ac 30.6 ± 1.9 a B 

P  

(mg kg-1) 

0-10 27.6 ± 13.7 a 107.9 ± 9.1 ab 39.9 ± 22.1 ab 78.5 ± 11.6 ab 118.1 ± 14.3 b 

10-20 34.0 ± 14.9 a 96.7 ± 14.3 ab 49.6 ± 29.2 ab 75.8 ± 2.5 ab 106.6 ± 14.3 b 

20-30 29.9 ± 14.2 a 104.6 ± 15.7 ab 33.3 ± 15.3 ab 71.2 ± 15.6 ab 115.7 ± 8.3 b 

30-40 35.3 ± 23.6 a 101.4 ± 11.5 ab 61.4 ± 29.3 ab 65.0 ± 21.4 ab 122.9 ± 6.0 b 

BD 

 (g cm-3) 

0-10 1.41 ± 0.06 A 1.29 ± 0.01 A 1.37 ± 0.12 A 1.39 ± 0.04 A 1.35 ± 0.04 A 

10-20 1.47 ± 0.04 AB 1.45 ± 0.03 AB 1.34 ± 0.09 A 1.42 ± 0.04 A 1.48 ± 0.01 B 

20-30 1.54 ± 0.04 B 1.47 ± 0.06 B 1.48 ± 0.02 A 1.51 ± 0.05 AB 1.55 ± 0.02 C 

30-40 1.55 ± 0.04 B 1.52 ± 0.03 B 1.52 ± 0.01 B 1.57 ± 0.04 B 1.57 ± 0.02 C 

 16 

 17 
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Table 1. Supplementary material. % Presence and % coverage (mean and standard deviation) of all the species in the different land uses. 18 

Species Pastures Shrub Bush Young forest Old forest 

Presence 

(%) 

Coverage 

(% Surface) 

Presence 

(%) 

Coverage 

(% Surface) 

Presence 

(%) 

Coverage 

(% Surface) 

Presence 

(%) 

Coverage Presence 

(%) 

Coverage 

(% Surface) 
Mean SD Mean SD Mean SD Mean SD Mean SD 

TREE                

Acer campestre             66 4.5 0.7 

Ilex aquifolium             33 1.0  

Quercus faginea             33 5.0  

Quercus pyrenaica          100 76.7 5.8 100 55.0 13.2 

                

SHRUBLAND                

Acer campestre             66 1.5 0.7 

Cistus laurifolius 100 3.3 2.5 100 71.7 2.3 100 9.7 0.6 100 19.3 5.1    

Crataegus monogyna    33 1     100 3.7 0.6 100 6.3 1.5 

Cytisus scoparius                

Erica vagans       33 10  33 1.0  33 5.0  

Genista hispanica 

subsp. occidentalis       33 5        

Genista scorpius 66 3.0 2.8 66 4 1.4    100 6.0 2.0    

Juniperus communis       100 48.3 10.4       

Lonicera periclymenum                
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Pteridium aquilinum                

Prunus spinosa    33 3        33 3.0  

Quercus pyrenaica          100 8.3 1.5 33 5.0  

Rosa sp. 33 2.0  33 1  66 1.0 0.7 100 1.7 1.1    

Rosa spinosissima             33 3.0  

Rubus idaeus                

Rubus ulmifolius 66 6.3 6.7    66 0.5 0. 66 1.0 0.0 33 4.0  

Viburnum lantana             33 1.0  

                

HERBACEOUS                

Achillea millefolium 100 1.1 0.9 33 1     33 1.0     

Aira caryophyllea       33 0.2        

Anthoxanthum 

odoratum          33 4.0  33 5.0  

Anthyllis vulneraria    33 0.2     33 0.5     

Aquilegia vulgaris             33 2.0  

Arenaria montana          33 3.0  100 3.0 1.7 

Avenula mirandana 33 2.0     66 2.0 0.0       

Bellis perennis 33 2.0  100 1.0 0.0    100 1.5 0.5 100 1.7 0.6 

Betonica officinalis             66 1.5 0.7 

Brachypodium 

pinnatum subsp. 

 rupestre 

33 2  66 1.5 0.7 100 20.0 5.0       
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Brachypodium 

sylvaticum          100 25.0 5.0 100 25.0 0.0 

Briza media 100 3.3 1.5 33 3.0  100 2.7 2.1    66 3.0 0.0 

Bromus erectus 100 33.3 2.9 100 7.0 3.6 66 6.5 5.0 100 8.3 2.1    

Campanula rapunculus          33 1.0     

Carduncellus 

monspelliensium 66 1.0 0.0 33 0.2           

Carex caryophyllea       33 0.5        

Carex glauca       66 0.1 0.1    33 1.5 0.7 

Carex humilis              1.0  

Carlina vulgaris 33 1.0              

Cerastium sp.          33 0.5     

Cistus laurifolius       33 4.0        

Clinopodium vulgare 33 0.5        66 1.0 0.0    

Coeloglossum viride       33 0.1        

Coronilla minima 33 2.0     100 1.3 0.6       

Crepis capillaris    33 0.3           

Cruciata glabra                

Cynosurus cristatus 33 2.0     66 3.0 2.8       

Cytinus hypocistis    100 1.3 0.6    33 0.5     

Dactylis glomerata    100 0.7 0.3    33 3.0  33 1.0  

Dactylorhiza maculata          33 0.5     
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Digitalis parviflora       66 1.0 0.0       

Eryngium campestre 100 4.5 3.0 33 1.0           

Epipactis sp.       33 0.1        

Erica vagans       33 3.0        

Euphorbia angulata             66 1.5 0.7 

Festuca gr. rubra 66 10.0 0.0 66 5.5 0.7 100 18.3 5.8       

Festuca sp.                

Filipendula vulgaris 100 2.3 0.6 33 1.0           

Fragaria vesca             66 1.5 0.7 

Galium rotundifolium                

Galium sp. 66 3 2.8 66 0.8 0.3 100 1.3 0.6 100 2. 7 1.1 33 3.0  

Galium verum             33 3.0  

Genista hispanica 

subsp. occidentalis       66 1.5 0.7    100 2.0 0.0 

Genista sagittalis             33 2.0  

Geum montanum 66 1.0 0.0    100 0.3 0.1       

Geum sylvaticum          100 2. 7 0.6 100 2.0 1.0 

Helianthemum 

appeninum 33 0.5              

Helianthemum canum 33 1.0              

Helianthemum 

cinereum             66 1.0 0.0 
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Helianthemum 

nummularium 33 2.5              

Helleborus viridis 

subsp. occidentalis          66 1.5 0.7    

Hepatica nobilis                

Hieracium pilosella 33 3.0     66 1.5 0.7       

Hypochoeris radicata    33 0.2  33 1.0  66 1.1 1.3 33 1.0  

Ilex aquifolium                

Juniperus communis 33 2.0              

Knautia sylvatica          33 0.5     

Lathyrus montanus          33 2.0  100 3.0 1.7 

Lathyrus pratensis       33 0.1        

Leontodon hispidus 33 2.0     33 0.2        

Leucanthemum pallens 33 1.0     66 0.6 0.6       

Leucanthemum vulgare          66 0.6 0.5    

Linum catharticum 100 2.3 1.1    100 2.0 1.0    33 1.0  

Linum strictum 33 2.0  33 0.2        33 1.0  

Linum suffruticosum 33 1.0              

Lotus corniculatus 100 2.3 0.6 100 1.2 1.5 100 0.6 0.4 100 1.7 0.6 100 2.7 0.6 

Luzula campestris 

subsp. carpetana 66 1.0 0.0    100 1.1 0.9       

Luzula forsteri                

Medicago lupulina 66 3.2 1.1 33 2.0     66 3.0 1.4    
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Melampyrum cristatum             66 3.5 2.1 

Melampyrum pratense             33 4.0  

Melittis melissophyllum             33 1.0  

Mercurialis perennis             33 3.0  

Onobrychis viciifolia 33 3.0              

Petrorhagia prolifera 33 0.1              

Pimpinella saxifraga       100 1.7 1.1       

Plantago lanceolata 33 2.0  66 0.7 0.3 33 1  33 1.0  33 2.0  

Plantago media 100 3.3 0.6    66 2.0 0.0    33 2.0  

Platanthera bifolia       33 0.1        

Poa nemoralis          33 7.0  66 4.0 1.4 

Poa pratensis             33 5.0  

Polygala vulgaris 33 1.0  66 0.3 0.2 66 0.4 0.1 100 1.5 0.5 100 2.3 1.1 

Potentilla sterilis                

Potentilla 

tabernaemontani    100 1.0 0.0          

Primula veris subsp. 

canescens             66 1.0 0.0 

Prunella laciniata 33 1.0  0.66 0.2 0.0 33 1        

Prunus spinosa                

Pulmonaria longifolia             33 1.0  

Quercus faginea    33 0.5           
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Ranunculus bulbosus 66 0.7 0.3       66 1.0 0.0 100 2.0 1.0 

Sanguisorba minor 33 1.0  33 0.5     66 1.7 1.8 33 2.0  

Sanicula europaea             100 2.3 0.6 

Scabiosa columbaria    33 0.1           

Sedum album          33 0.5     

Silene nutans          33 0.5     

Tamus communis             33 2.0  

Teucrium scorodonia                

Thymus praecox subsp. 

britannicus 66 2.5 0.7    33 1.0        

Thymus vulgaris 66 1.5 0.7 33 3.0           

Trifolium ochroleucon 100 3.7 1.1       100 4. 7 0.6 66 5.5 0.7 

Trifolium campestre    33 2.0  33 0.5        

Trifolium ochroleucon    100 1.5 1.3 100 3.0 2.0       

Trifolium pratense          66 2.5 0.7 66 3.0 2.8 

Trifolium repens 66 1.2 1.1       33 0.5     

Trisetum flavescens 33 0.2              

Veronica chamaedrys                

Viola riviniana          100 3.0 1.0 30 3.0  

 19 

 20 
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Table 2a Supplementary material χ2 and resulting p-value of the Kruskal-Wallis one-way analysis of variance of some shrub families over the 21 

different LULCs, consisting of three replicates per LULC. Values in italic are significantly different (p-value 0.05)  22 

 23 

 Cistaceae Rosacea Leguminosae Ericaceae Cupressaceae Fagaceae Acaraceae Caprifoliaceae 

Land 

Cover 

χ2 13.099 10.511 7.205 2.367 13.796 12.152 8.571 4.000 

p 0.011 0.033 0.125 0.669 0.008 0.016 0.073 0.406 

 24 

 25 

 26 

Table 2b Supplementary material. χ2 and resulting p-value of the Kruskal-Wallis one-way analysis of variance of herbaceous families (grouped 27 

as gramineae, leguminoseae and others) over the different LULCs, consisting of three replicates per LULC. Values in italic are significantly 28 

different (p-value 0.05) 29 

 30 

 Gramineae Leguminosae Others 

Land 

Cover 

χ2 6.833 5.261 4.767 

p 0.145 0.261 0.312 

 31 

 32 

 33 
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Soil 

depth 

(cm) 

Pastures Shrub Bush Young forest Old forest 

Corg  

(%) 

0-10 1.6 ± 0.6 a A 2.7 ± 0.1 ab A 2.0 ± 1.1 a AB 3.2 ± 0.5 ab A 3.8 ± 0.7 b A 

10-20 1.2 ± 0.3 a AB 1.3 ± 0.2 ab AB 2.3 ± 0.8 bc A 2.7 ± 0.6 c AB 1.9 ± 0.2 abc B 

20-30 0.6 ± 0.2 AB 1.2 ± 0.5 B 1.1 ± 0.1 A 1.5 ± 0.6 AB 1.0 ± 0.2 C 

30-40 0.6 ± 0.3 B 0.8 ± 0.2 B 0.8 ± 0.1 B 0.8 ± 0.5 B 0.8 ± 0.2 C 

N  

(%) 

0-10 0.2 ± 0.06 a A 0.3 ± 0.04 ab A 0.2 ± 0.07 a A 0.3 ± 0.05 b A 0.4 ± 0.09 b A 

10-20 0.1 ± 0.03 a AB 0.2 ± 0.04 ab AB 0.2 ± 0.07 ab A 0.3 ± 0.07 b AB 0.2 ± 0.04 ab B 

20-30 0.1 ± 0.02 B 0.1 ± 0.03 B 0.1 ± 0.01 AB 0.1 ± 0.06 B 0.1 ± 0.01 C 

30-40 0.1 ± 0.02 B 0.1 ± 0.03 B 0.1 ± 0.02 B 0.1 ± 0.08 B 0.1 ± 0.01 C 

SOC  

(Mg ha-1) 

0-10 22.9 ± 6.7 a A 35.1 ± 1.1 ab A 27.3 ± 11.5 ab A 44.3 ± 6.2 bc A 51.5 ± 7.3 c A 

10-20 17.6 ± 3.5 a AB 19.5 ± 2.7 a AB 30.7 ± 9.1 ab A 37.9 ± 7.2 b AB 27.8 ± 2.0 b B 

20-30 10.1 ± 3.6 B 17.1 ± 6.2 B 16.7 ± 2.0 B 22.6 ± 8.6 BC 15.1 ± 3.5 C 

30-40 9.3 ± 4.4 B 12.3 ± 2.7 B 12.0 ± 1.2 B 13.0 ± 7.3 C 11.9 ± 3.1 C 

TN 

(Mg ha-1) 

0-10 3.0 ± 0.8 a A 3.4 ± 0.5 ab A 2.4 ± 0.7 a A 4.7 ± 0.6 b A 5.6 ± 1.1 b A 

10-20 1.7 ± 0.5 a AB 2.1 ± 0.5 ab AB 2.8 ± 0.8 ab A 3.7 ± 0.9 b AB 2.9 ± 0.6 ab B 

20-30 1.3 ± 0.3 B 1.6 ± 0.4 B 1.5 ± 0.1 B 1.9 ± 0.9 B 1.9 ± 1.2 C 

30-40 1.2 ± 0.2 B 1.4 ± 0.3 B 1.2 ± 0.3 B 1.5 ± 1.3 B 1.5 ± 0.2 C 

CN ratio 

0-10 7.9 ± 2.6 10.5 ± 1.3 11.1 ± 2.5  9.3 ± 0.5 9.2 ± 0.5  

10-20 10.7 ± 1.5 9.4 ± 1.4 10.9 ± 0.4  10.8 ± 3.0 9.9 ± 1.6  

20-30 7.9 ± 1.3 10.8 ± 2.1 10.9 ± 2.1  12.1 ± 2.6 8.5 ± 2.0  

30-40 7.3 ± 2.3 9.1 ± 0.8 10.2 ± 2.3 A 10.2 ± 3.2 8.0 ± 2.6  

OM (%) 

0-10 2.8 ± 1.0 a A 4.7 ± 0.2 ab A 3.5 ± 1.8 a A 5.5 ± 0.9 b A 6.6 ± 1.2 b A 

10-20 2.1 ± 0.5 a AB 2.3 ± 0.4 a AB 4.0 ± 1.4 b A 4.6 ± 1.0 ab AB 3.2 ± 0.3 ab B 

20-30 1.1 ± 0.4 B 2.0 ± 0.7 B 2.0 ± 0.3 AB 2.6 ± 1.0 BC 1.7 ± 0.4 C 

30-40 1.0 ± 0.5 B 1.4 ± 0.3 B 1.4 ± 0.1 B 1.4 ± 0.8 C 1.3 ± 0.4 C 

pH 

0-10 6.3 ± 0.1 a 5.9 ± 0.3 ab 5.8 ± 0.1 b 6.1 ± 0.5 ab 5.3 ± 0.3 b 

10-20 5.9 ± 0.4  5.4 ± 0.5  5.8 ± 0.1  6.0 ± 0.5  5.2 ± 0.1 

20-30 5.8 ± 0.3 5.5 ± 0.7 5.6 ± 0.1 6.0 ± 0.3 5.6 ± 0.5 

30-40 5.5 ± 0.2  5.4 ± 0.3  5.5 ± 0.2  6.2 ± 0.2  6.0 ± 0.5  

EC 

 (µS cm-1) 

0-10 94.14± 34.3 181.4 ± 82.6 A 97.1 ± 34.3 A  105.3 ± 5.3 197.8 ± 203.3 A 

10-20 102.1 ± 28.2 ab 108.1 ± 26.3 a AB 102.1 ± 28.2 a A 85.6 ± 25.7 ab 43.6 ± 1.8 b B 

20-30 51.1 ± 17.7 93.1 ± 10.1 B 51.19 ± 17.7 AB 63.0 ± 21.9 37.5 ± 9.0 B 

30-40 46. 9 ± 11.7 ab 71.8 ± 8.6 a B 46.9 ± 11.8 ab B 43.2 ± 16.6 ab 31.5 ± 8.0 b BC 

Clay (%) 

0-10 7.2 ± 0.5 ab A 9.5 ± 0.7 a 9.8 ± 2.3 a 2.9 ± 0.4 b 3.7 ± 0.6 ab 

10-20 8.5 ± 0.4 ab AB 11.6 ± 1.1 a 9.4 ± 2.6 ab  3.5 ± 0.8 b 5.0 ± 0.2 ab 

20-30 9.5 ± 0.3 ab B 11.4 ± 1.9 a 12.5 ± 1.0 ab 3.1 ± 0.9 b 5.7 ± 0.2 ab 

30-40 9.6 ± 0.7 ab B 11.6 ± 2.3 ab 12.8 ± 1.3 a 3.2 ± 1.4 b 6.0 ± 0.3 ab 

Silt  

(%) 

0-10 52.1 ± 4.1 a 50.1 ± 0.7 ab 49.7 ± 4.9 ab A 40.6 ± 4.6 b 47.5 ± 1.9 ab A 

10-20 53.8 ± 3.9  55.1 ± 3.3 49.1 ± 6.7 AB 46.2 ± 5.2 46.1 ± 3.9 A 

20-30 56.1 ± 3.7 ab 54.6 ± 5.4 ab 58.3 ± 1.6 ab B 42.5 ± 10.9 a 61.9 ± 1.4 b B 

30-40 55.8 ± 3.3 ab 55.9 ± 4.5 ab 59.3 ± 3.3 ab B 41.4 ± 16.7 a 63.4 ± 1.8 b B 

Sand (%) 

0-10 40.7 ± 4.6 a 40.4 ± 1.4 ab 40.4 ± 7.2 a B 46.6 ± 1.9 b 48.8 ± 2.4 ac A 

10-20 37.6 ± 4.2 a 33.3 ± 4.4 ab 41.5 ± 9.3 ab AB 50.3 ± 6.0 b 38.9 ± 4.1 ab B 

20-30 34.4 ± 3.7 a 34.0 ± 7.3 a 29.2 ± 2.3 ab B 54.4 ± 11.8 ac 32.4 ± 1.6 a B 

30-40 34.5 ± 3.7 a 32.5 ± 6.8 a 28.0 ± 4.4 ab B 55.4 ± 18.1 ac 30.6 ± 1.9 a B 

P  

(mg kg-1) 

0-10 27.6 ± 13.7 a 107.9 ± 9.1 ab 39.9 ± 22.1 ab 78.5 ± 11.6 ab 118.1 ± 14.3 b 

10-20 34.0 ± 14.9 a 96.7 ± 14.3 ab 49.6 ± 29.2 ab 75.8 ± 2.5 ab 106.6 ± 14.3 b 

20-30 29.9 ± 14.2 a 104.6 ± 15.7 ab 33.3 ± 15.3 ab 71.2 ± 15.6 ab 115.7 ± 8.3 b 

30-40 35.3 ± 23.6 a 101.4 ± 11.5 ab 61.4 ± 29.3 ab 65.0 ± 21.4 ab 122.9 ± 6.0 b 

BD 

 (g cm-3) 

0-10 1.41 ± 0.06 A 1.29 ± 0.01 A 1.37 ± 0.12 A 1.39 ± 0.04 A 1.35 ± 0.04 A 

10-20 1.47 ± 0.04 AB 1.45 ± 0.03 AB 1.34 ± 0.09 A 1.42 ± 0.04 A 1.48 ± 0.01 B 

20-30 1.54 ± 0.04 B 1.47 ± 0.06 B 1.48 ± 0.02 A 1.51 ± 0.05 AB 1.55 ± 0.02 C 

30-40 1.55 ± 0.04 B 1.52 ± 0.03 B 1.52 ± 0.01 B 1.57 ± 0.04 B 1.57 ± 0.02 C 

 34 
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Table 3. Means per Land Use, three replicates per LU, of the studied soil properties.  35 

Note: Means with the different lower case letter superscripts within a row are significantly 36 

different at 0.05 level of significance (p b 0.05) (land uses). 37 

Means with the different upper case letter superscripts within a column are significantly 38 

different at 0.05 level of significance (p b 0.05) (depths) 39 

Corg: Organic carbon content; N: nitrogen content; SOC: soil organic carbon stock; TN: 40 

total nitrogen stock; OM: organic matter; EC: electrical conductivity; P: available 41 

phosphorous; BD: bulk density. 42 

 43 


