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nitrogen levels and a more specialized microbial community 
compared to the pine soil, with most extracellular enzymes 
(such as peroxidase and chitinase) showing lower activity 
in the pine soil.

Keywords  2B-PLS · Plant and soil · Vegetation · Soil 
enzymes

Introduction

The relationship between biodiversity and ecosystem func-
tioning is an important topic, especially with a global change 
perspective (Midgley and Thuiller 2005; Flynn et al. 2011). 
Understanding whether and to what extent future environ-
mental conditions will affect the relationships between bio-
diversity and ecosystem functions becomes an important 
consideration. This is particularly true for forest ecosystems, 
which are predicted to be strongly affected by climate change 
(Milad et al. 2011; Noce et al. 2017), as well as plant or 
animal allochthonous species, ones that are able to repro-
duce and colonize a new environment with potential harm-
ful consequences on autochthonous communities (Sitzia 
et al. 2016; Campagnaro et al. 2018). For forests, their soils 
are of significant interest, especially considering the large 
number of ecosystem processes they provide, including car-
bon storage and litter decomposition (Lal 2005; Pan et al. 
2011; McDaniel et al. 2013). However, studies that look at 
the interrelationships between plant biodiversity under dif-
ferent covers and soil functions are comparatively scarce, 
especially when considering biological activities (such as 
extracellular enzyme activities) by the microbial community 
(Vittori Antisari et al. 2011; Innangi et al. 2015a, b, 2019; 
Curcio et al. 2017; Panico et al. 2018). Evidence suggests 
a positive effect of plant species diversity on ecosystem 

Abstract  Both climate and land-use changes, including 
the introduction and spread of allochthonous species, are 
forecast to affect forest ecosystems. Accordingly, forests will 
be affected in terms of species composition as well as their 
soil chemical and biological characteristics. The possible 
changes in both tree cover and soil system might impact the 
amount of carbon that is stored in living plants and dead 
biomass and within the soil itself. Additionally, such altera-
tions can have a strong impact on the detrital food web that is 
linked to litter decomposition. Although there are studies on 
the influence of plant diversity on soil physical and chemi-
cal characteristics, the effects on soil biological activity and 
carbon storage processes remain largely unknown. The aim 
of this study was to investigate and compare chemical and 
biological variables in covariation with plant communities 
in an autochthonous beech forest (Fagus sylvatica L.) and a 
black pine plantation (Pinus nigra J.F. Arnold subsp. nigra). 
Our results confirmed that the two communities were con-
siderably different, with the old-growth beech community 
having a lower number of plant species and the pine com-
munity was in development as a consequence of anthropo-
genic activities. These aspects of the two communities were 
also reflected in the soil, with the beech soil having higher 
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primary productivity by means of a more efficient use of 
resources (Loreau et al. 2001). In this case, a rise in plant 
productivity and diversity could lead to a greater carbon 
accumulation in above-ground and below-ground plant bio-
mass (Masera et al. 2003; Jandl et al. 2007; Schulp et al. 
2008). Consequently, an increase in primary productivity 
will contribute more plant litter to the soil where organisms, 
especially fungi and bacteria, play fundamental roles in the 
decomposition and mineralization of organic matter (San-
derman and Amundson 2003), along with a crucial contri-
bution of saproxylic insects (Parisi et al. 2018). Since wood 
is a carbon sink and also due to its resistance to degrada-
tion, the importance of forests as carbon sinks in live plants 
and dead biomass is unquestionable (Schimel et al. 2001). 
Given the increased litter input to soil, it is also essential to 
understand how diversity in plant species influences the soil 
system and the activity of the organisms that populate it, as 
diverse systems lead to miscellaneous litter inputs and—as a 
consequence—dissimilar microbial communities, especially 
when considering the alteration that might derive from the 
introduction of alien species ( Sladonja et al. 2015; Vilà et al. 
2011). This study investigates the relationship between plant 
biodiversity and the functional diversity of soil microbial 
communities expressed as extracellular enzyme activities 
within small-scale ecosystems, one with autochthonous 
vegetation and the other with a century-old plantation. 
Accordingly, the study was conducted in two forest sites that 
differed in dominant tree cover, (i.e., a plantation of Pinus 
nigra J. F. Arnold subsp. nigra and an old-growth Fagus 
sylvatica L. forest). Both were established at elevations less 
than 150 m apart and on similar parental material within 
the area of Mount Faito in the Italian Southern Apennines. 
These stands were chosen as the pine is not autochthonous 
in this area of Italy and was planted, while the beech forest 
is typical climax vegetation of the area. Our goal was to 
shed new light on patterns of covariation between understory 
biodiversity and soil functions, a critical step in understand-
ing how these interactions might alter under climate change 
scenarios, as well as the impact of land-use changes and 
anthropogenic activities by means of allochthonous species.

Materials and methods

Site description

The research sites are both located on Mount Faito within 
the Monti Lattari Regional Park (Campania, Southern 
Italy). Here the limestone bedrock is covered by quaternary 
deposits and, especially on the northern slopes, by volcanic 
deposits from the Vesuvian and Phlegraean areas (Curcio 
et al. 2017), creating different types of Andisols (Di Gen-
naro et al. 2002). The temperate climate is relatively humid 

throughout the year with heavy rainfalls in the December-
February cold season, with occasional snowfalls. Rainfall 
also occurs during summer months, resulting in rare water 
stress periods even in full summer. Total annual rainfall is 
approximately 960 mm and average annual temperature 
13.7 °C. Temperatures show a marked seasonality: average 
temperature of the coldest month is 6.5 °C whereas that of 
the warmest is 23 °C.

In this study, two sites were identified in spring 2018, one 
with a Fagus sylvatica cover (40.658354° N, 14.495115° 
E, 1238 m a.s.l.), and the other with a Pinus nigra subsp. 
nigra cover (40.664167° N, 14.479722° E, 1104 m a.s.l.). 
The beech stand is an old-growth forest without recent man-
agement history, hosting some trees older than 400 years, 
although most are different age and size (Stinca et al. 2020). 
The pine plantation was established on Mount Faito dur-
ing the nineteenth century, and the oldest trees are over 
100 years (Cavara 1914). Soil profiles for nearby plots were 
described in October 2013 and were Vitric Leptic Andisol 
and Mollic Eutrisilic Andisol for the beech stand and pine 
plantation, respectively. The beech stand had a loam sandy 
texture, while soil under the pine plantation ranged from 
sandy loam to loamy sand (Curcio et al. 2017).

Soil sampling and sample preparation

Soil samples were taken in the spring of 2018 at the begin-
ning of the growing season in three plots within each stand. 
Plots in each stand were chosen at the same elevation and 
aspect, with 20-m between each. In order to interpret soil 
spatial heterogeneity, at the center of each plot and 50 cm 
on the left and the right, soil samples were taken with a steel 
corer 40 cm long × 5 cm diameter after removing the organic 
layer (De Marco et al. 2016; Fioretto et al. 2018). Samples 
were kept in refrigerated containers until processing in the 
laboratory. Each core was separated into sub-samples corre-
sponding to depths of 0–5, 5–10, 10–15, 15–20, 20–25, and 
25–40 cm (Curcio et al. 2017). Following separation, field 
replicates were pooled. Samples were sieved (2 mm mesh) 
to remove gravel and roots, and an aliquot was dried at 75 °C 
for 48 h to determine water content. The same material was 
then used to determine nitrogen (N) and organic matter con-
tents. A second aliquot was temporarily stored at 4 °C for 
active fungal biomass determination (Papa et al. 2014). The 
remaining portion was stored at − 80 °C for enzyme activity 
measurements (Fioretto et al. 2018).

Chemical analyses

Organic matter was the difference between the dry weight 
and the ashes after ignition at 375 °C for 16 h of dried, finely 
ground samples (Innangi et al. 2015a). Organic carbon (C) 
was calculated by dividing the amount of organic matter 
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by a factor of 2 (Pribyl 2010; Innangi et al. 2017b). pH was 
measured after shaking soil samples in water (1:2.5) for 
30 min and subsequent centrifugation at 2000 g for 10 min 
(De Marco et al. 2016). Total N content was determined by 
CHNS analyzer (Danise et al. 2018) and was used to com-
pute C:N ratios. All measurements were replicated twice.

Biological activities

Active fungal biomass was evaluated by a direct method 
that involves counting the intersections of fungal hyphae 
on a screen mounted into a microscope eyepiece (Olson 
1950). The suspension of fungal hyphae and their color-
ing was performed according to Söderström (1977), while 
the method of Sundman and Sivelä (1978) was followed for 
the conversion of the number of intersections into biomass 
(Marzaioli et al. 2010; Panico et al. 2020). For extracellu-
lar enzyme activities, the following general procedure was 
used that varied according to each enzyme. An aliquot of 
soil (0.2 to 1.0 g, according to organic matter content) was 
put in centrifuge tube and a buffer solution (according to 
the optimum of the enzyme being tested) and a substrate 
were added. The samples were incubated in a water bath at 
the optimum temperature for each enzyme and for 1 to 3 h. 
Following incubation, different reagents were added accord-
ing to the enzyme which developed a color that could be 
read in a UV–VIS spectrophotometer against a calibration 
curve. For additional details, cellulase and xylanase activi-
ties were evaluated according to Schinner and Von Mersi 
(1990), chitinase and dehydrogenase according to Verchot 
and Borelli (2005) and Von Mersi and Schinner (1991), with 
a few modifications. Laccase and peroxidase activities were 
determined according to Leatham and Stahamann (1981) 
with modifications (Di Nardo et al. 2004). All measurements 
were replicated twice.

Vegetation survey

In each of the three plots within the stands, vegetation was 
surveyed according to Braun-Blanquet (1964). Relevés or 
small plots were centered on the soil sampling plots and veg-
etation was qualitatively and quantitatively evaluated on an 
8 × 8 m area between March and June 2018. The aim of the 
vegetation survey was not to describe the plant community 
in detail but to investigate possible linkages between above-
ground and belowground ecological connections under the 
two forest covers. Accordingly, the survey was limited to 64 
m2 of stand in order to identify the main plant communities 
affecting the underlying soil, while keeping enough space 
between each plot that were 20 m apart. Plant nomenclature 
followed Bartolucci et al. (2018). In both beech and pine 

stands, the mean abundance of each taxon, i.e. for taxon i in 
the plot j, abundance was reported as:

The amount of cover of each taxon was estimated accord-
ing to the Braun-Blanquet method, i.e., attributing a value 
of 1 for taxa ≤ 5% of the surface (although with several 
specimens), and ˃ 5 for taxa that covered 75–100% of the 
plot. Taxa which had ≤ 5% of the surface cover and had few 
individuals were recorded as + or + + , to indicate their rarity 
(Braun-Blanquet 1964).

Diversity indexes

In each plot were recorded the number of taxa (S) and the 
number of individuals (n), dominance (D) was reported as 
ranging from 0 (equal abundance of each taxon) to 1 (a sin-
gle species dominating the others) and computed as:

Shannon diversity index (H), as a measure of entropy of 
the community, was measured as:

Buzas-Gibson’s Evenness (E) was measured as:

Equitability (Pielou’s evenness) (J) was measured as:

Fisher’s diversity index (A), considering α as Fisher’s 
alpha, was measured as:

Ellenberg’s indicator values

For each taxon, Ellenberg’s indicator values were extracted 
for the Italian flora (Pignatti et al. 2005; Guarino et al. 2012) 
using package ‘TR8′ (Bocci 2015). The indicator values are 
L, T, K, U, pH, and N, light, temperature, continentality, soil 
moisture, soil reaction, and soil nutrient content indicators, 
respectively. No value for salinity (S) was reported as all 
species had a value of 0. Additional information is available 
in Pennesi (2017). For species that had a broad range of 
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indicator value (X in the original data), the maximum value 
was used plus 1 for computational reasons. For the indicator 
value for the plot, the weighted mean of the ith species indi-
cator value multiplied by the number of individuals of that 
species was computed. For instance, the plot level indicator 
for T would be:

Statistics

All values are mean ± standard error of the mean. For soil 
chemical and biological variables, the effects of factor cover 
and layer with their interaction was evaluated by a multivari-
ate approach using two-way permutational multivariate anal-
ysis of variance (PERMANOVA) using 999 permutations and 
Euclidean distance matrices. All variables were scaled and 
centered before the analyses. Patterns of covariance between 
soil chemical/biological variables and vegetation diversity 
and Ellenberg’s indicator values were tested using two-block 
partial least squares (2B-PLS). Partial least square regression 
analyze related predictor variables with a sample size not 
as large as the number of independent variables (Carrascal 
et al. 2009). Given two matrixes with different variables but 
the same observations, 2B-PLS builds pairs of variables as 
linear combinations within each of the two sets in order to 
explain as much covariance as from the original sets (Rohlf 
and Corti 2000). This statistical approach has been used suc-
cessfully on several ecological studies (Innangi et al. 2017a, 
2018, 2019, 2020; Battipaglia et al. 2020). Statistical analyses 
were performed using software R version 3.6.0 (R Core Team 
2019) and packages ‘vegan’ (Oksanen et al. 2013), ‘ggplot2′ 
(Wickham 2016) and ‘plsdepot’ (Sanchez 2012).

Results

Soil chemical variables

According to the two-way PERMANOVA results, the two 
stands were significantly different for both canopy cover and 

(7)Tplot =
∑

i

Ti × ni

n

soil depth (Table 1), with significant changes according to 
their interaction. The differences were largely due to factor 
soil depth (R2 = 0.58, p < 0.001), given that in both stands, 
a general decreasing trend with depth could be observed. 
Such a trend implied a decrease in carbon and nitrogen in 
both stands, while only pH increased with depth (Table 2). 
For C:N ratios, there was no general trend between stands 
and soil depth (Table 2). Allow less important than variation 
according to depth, findings under different vegetative cover 
were significant (R2 = 0.24, p < 0.001). The mean pH was 
higher under pine compared to beech (6.2 ± 0.0 vs. 5.6 ± 0.1, 
respectively), while both stands showed similar C values 
(Table 2). In contrast, the soil under beech had larger nitro-
gen levels compared to the pine soil (0.6 ± 0.1 vs. 0.5 ± 0.1, 
respectively) which resulted in differences in the C:N ratios 
(16.4 ± 0.7 vs. 22.5 ± 1.3, respectively).

Soil biological variables

Two-way PERMANOVA results showed that both covers 
and soil depth had a significant effect on soil biological 
variables, but there was no significant interaction of the two 

Table 1   Two-way PERMANOVA for soil chemical variables

Factor Df Sum of sqs R2 F p(> F)

Cover 1 33.57 0.24 94.77 0.001
Soil depth 5 80.79 0.58 45.62 0.001
C × SD 5 17.13 0.12 9.67 0.001
Residual 24 8.50 0.06
Total 35 140 1.00

Table 2   Mean ± standard errors for soil chemical variables by stand 
cover and soil depth

Cover Soil depth pH Carbon 
(%)

Nitrogen 
(%)

C:N

Beech 0–5 cm 5.1 ± 0.1 21.0 ± 1.2 1.3 ± 0.0 16.40 ± 0.60
5–10 cm 5.3 ± 0.1 13.8 ± 1.5 0.8 ± 0.1 16.9 ± 1.0
10–15 cm 5.6 ± 0.1 10.3 ± 0.9 0.7 ± 0.1 15.7 ± 1.7
15–20 cm 5.8 ± 0.1 5.5 ± 0.5 0.3 ± 0.0 20.21 ± 0.29
20–25 cm 5.9 ± 0.1 5.0 ± 0.4 0.3 ± 0.0 16.8 ± 1.8
25–40 cm 6.0 ± 0.1 4.4 ± 0.8 0.4 ± 0.1 12.6 ± 2.0
Mean 5.6 ± 0.1 10.0 ± 1.5 0.6 ± 0.1 16.4 ± 0.7

Pine 0–5 cm 6.00 ± 0.1 22.8 ± 0.9 1.0 ± 0.1 23.1 ± 0.4
5–10 cm 6.1 ± 0.1 12.9 ± 0.1 0.7 ± 0.1 19.1 ± 1.1
10–15 cm 6.2 ± 0.1 8.6 ± 0.8 0.5 ± 0.0 18.3 ± 1.9
15–20 cm 6.3 ± 0.1 6.6 ± 0.2 0.4 ± 0.0 18.9 ± 0.9
20–25 cm 6.3 ± 0.1 5.4 ± 0.4 0.2 ± 0.0 22.8 ± 2.3
25–40 cm 6.4 ± 0.1 3.9 ± 0.4 0.1 ± 0.0 32.8 ± 2.7
Mean 6.2 ± 0.0 10.0 ± 1.6 0.5 ± 0.1 22.5 ± 1.4

Table 3   Two-way PERMANOVA for soil biological variables

Factor Df Sum of Sqs R2 F p(> F)

Cover 1 24.30 0.10 8.47 0.001
Soil depth 5 133.04 0.54 9.27 0.001
C × SD 5 18.78 0.08 1.31 0.229
Residual 24 68.88 0.28
Total 35 245 1.00
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(Table 3). The majority of variation was explained by soil 
depth (R2 = 0.54, p < 0.001), with a tendency to decrease all 
biological activities with depth (Table 4). Such decreasing 
trend with depth was sharper for some biological activities 
(e.g., AFB, dehydrogenase, and laccase) compared to oth-
ers (e.g., xylanase and peroxidase) (Table 4). Despite the 
low yet significant variation as a result of cover (R2 = 0.10, 
p < 0.001), the soil under beech had consistently higher 
chitinase, dehydrogenase, and peroxidase activity, while 
under pine only cellulase activity was higher (Table 4). The 
remaining biological activities tested (i.e., AFB, xylanase, 
and laccase) were comparable between the two stands.

Vegetation survey

The beech plots were dominated by European beech (Fagus 
sylvatica) but not numerically (2.4%, Table 5). The canopy 
also included Italian alder (Alnus cordata (Loisel.) Duby, 
abundance 0.3%) and Italian maple (Acer opalus Mill. 
subsp. obtusatum (Waldst. & Kit. ex Willd.) Gams, abun-
dance 0.1%). The beech understory included abundant blue 
anemones (Anemone apennina L.), two-leafed squill, (Scilla 
bifolia L.), ivy-leaved cyclamen (Cyclamen hederifolium 
Aiton subsp. hederifolium), and early dog-violet (Viola 
reichenbachiana Jord. ex Boreau) with a few other spe-
cies (Table 5). The pine plots were dominated by Austrian 
pine (Pinus nigra subsp. nigra, abundance 0.3%), but also 
included other species such as sweet chestnut (Castanea 
sativa Mill.), European beech (Fagus sylvatica), Italian 
maple and some small European silver fir (Abies alba Mill.). 
The understory had a large number of taxa, dominated by 

blue anemones, blackberry (Rubus hirtus Waldst. & Kit. 
group), and lesser periwinkle (Vinca minor L.).

Vegetation diversity and Ellenberg’s indicator values

The pine plantation had a remarkably larger number of spe-
cies and individuals with an average of 19 taxa compared 
to the beech stand, with an average of 7 (Table 6). Such 
greater richness was reflected in higher Shannon and Fish-
er’s alpha diversity indexes for the pine compared to the 
beech stands (Table 6). In contrast, the beech plots had a 
greater dominance index as well as a greater community 
evenness, while equitability was comparable between the 
two stands (Table 6). Ellenberg’s indicator values at the 
plot level are in Table 7. The beech plots had a noticeably 
higher U value (soil moisture), but also indicator values for 
temperature, continentality and pH were higher. In contrast, 
the pine stands had marginally higher light values whereas 
nutrient content was comparable between stands (Table 7).

Two‑block partial least squares analyses

The results of the 2B-PLS analysis between soil chemical 
and biological variables (block 1) and vegetation diver-
sity indexes (block 2) are shown in Fig. 1. The amount of 
explained variance was 52% and 56% for block 1 and block 
2, respectively. The scatterplot showed a sharp separation 
of pine plots in the upper right quadrant (black triangles) 
from the beech plots in the lower left (white circles). From 
the correlation plots within and between the two blocks, it 
can be seen that pine plots were separated by pH, C:N ratios, 

Table 4   Means ± standard errors for soil biological variables by stand cover and soil depth

Active fungal biomass (AFB) is mg dry fungal biomass g−1 dry weight, cellulase and xylanase are µmol glucose equivalent g−1 dry weight h−1, 
chitinase is µmol para-nitrophenol g−1 dry weight h−1, dehydrogenase (DHA) is µmol iodonitrotetrazolium violet-formazan g−1 dry weight h−1, 
laccase and peroxidase are µmol oxidized ortho-toluidine g−1 dry weight h−1

Cover Soil depth AFB Cellulase Xylanase Chitinase DHA Laccase Peroxidase

Beech 0–5 cm 1.04 ± 0.09 0.23 ± 0.02 0.24 ± 0.01 0.54 ± 0.12 2.28 ± 0.29 0.25 ± 0.09 2.40 ± 1.00
5–10 cm 0.80 ± 0.05 0.18 ± 0.02 0.19 ± 0.01 0.44 ± 0.1 1.13 ± 0.15 0.07 ± 0.02 3.05 ± 0.87
10–15 cm 0.80 ± 0.14 0.10 ± 0.02 0.17 ± 0.01 0.28 ± 0.05 0.53 ± 0.06 0.03 ± 0.00 1.58 ± 0.30
15–20 cm 0.86 ± 0.16 0.05 ± 0.01 0.17 ± 0.01 0.25 ± 0.05 0.41 ± 0.07 0.06 ± 0.03 1.50 ± 0.23
20–25 cm 0.94 ± 0.16 0.05 ± 0.00 0.17 ± 0.02 0.17 ± 0.04 0.49 ± 0.08 0.04 ± 0.01 0.99 ± 0.43
25–40 cm 0.94 ± 0.10 0.03 ± 0.00 0.16 ± 0.01 0.14 ± 0.01 0.42 ± 0.06 0.03 ± 0.01 0.49 ± 0.04
Mean 0.90 ± 0.05 0.11 ± 0.02 0.18 ± 0.01 0.30 ± 0.04 0.88 ± 0.17 0.08 ± 0.02 1.67 ± 0.29

Pine 0–5 cm 1.18 ± 0.16 0.26 ± 0.01 0.23 ± 0.01 0.56 ± 0.14 1.23 ± 0.13 0.16 ± 0.01 0.50 ± 0.22
5–10 cm 0.87 ± 0.02 0.24 ± 0.001 0.21 ± 0.01 0.26 ± 0.06 0.74 ± 0.06 0.10 ± 0.01 1.50 ± 0.93
10–15 cm 0.88 ± 0.10 0.20 ± 0.01 0.17 ± 0.02 0.11 ± 0.02 0.57 ± 0.03 0.07 ± 0.02 1.18 ± 0.57
15–20 cm 0.72 ± 0.08 0.18 ± 0.01 0.17 ± 0.03 0.09 ± 0.01 0.37 ± 0.11 0.15 ± 0.10 0.78 ± 0.16
20–25 cm 0.71 ± 0.16 0.16 ± 0.01 0.16 ± 0.04 0.08 ± 0.02 0.30 ± 0.13 0.04 ± 0.02 0.35 ± 0.06
25–40 cm 0.62 ± 0.09 0.14 ± 0.01 0.15 ± 0.03 0.03 ± 0.01 0.24 ± 0.06 0.02 ± 0.01 0.16 ± 0.01
Mean 0.83 ± 0.06 0.20 ± 0.01 0.18 ± 0.01 0.19 ± 0.05 0.58 ± 0.09 0.09 ± 0.02 0.74 ± 0.19
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and cellulase activity that corresponded to greater vegetation 
diversity in terms or richness (S) and both Fisher’s alpha (A) 
and Shannon indexes (H). In contrast, beech plots showed 
a consistent higher biological activity with dehydrogenase 
(DHA), peroxidase, and active fungal biomass (AFB), along 
with higher nitrogen contents. These soil variables reflect 
a plant community with a greater evenness (E) and domi-
nance (D). Figure 2 shows the 2B-PLS analysis between 
the same soil variables (block 1) with Ellenberg’s indicator 
values (block 2). The degree of explained variance was 53% 
and 40% for blocks 1 and 2, respectively. Again, the same 
separation of pine and beech plots can be seen. Pine plots 
were neatly separated according to their pH, C:N ratio, and 
cellulase activity, which is a reflection of a plant community 
with a greater light. The beech plots are separated mostly 
by their soil nitrogen content, along with DHA, peroxidase, 
and chitinase, corresponding to a community with species 
requiring higher soil humidity (U) and adapted to a greater 
continentality (K).

Discussion

Although the bedrock in both locations is limestone, 
Mount Faito was impacted by the volcanic eruption of 
the Vesuvius-Monte Somma, thus a pyroclastic material is 
parent material in both sites. However, from a pedological 

view, the two soil profiles are quite different (Curcio et al. 
2017). On the beech site, which has been most affected 
by pyroclastic depositions of the Vesuvius-Monte Somma 
complex (Carpaneto et al. 2006), a considerably thick layer 
of pumice between 25 and 80 cm in depth was deposited. 
The type of vegetation greatly influenced the physico-
chemical and biological characteristics of the soils. In 
general, soils developed under conifers have a more acidic 
pH than under broad-leaved species (Vittori Antisari et al. 
2011). In this study, an opposite trend was identified that 
could be explained by the large amounts of humic and 
fulvic acid deposits recorded in Apennine beech forests 
(Danise et al. 2018), a consequence of decomposition of 
beech litter that has high concentrations of cellulose and 
lignin and comparatively high levels of N (Innangi et al. 
2015b, 2018). Litter that is high in both lignin and N has 
a slow decay rate and can lead to the development of thick 
humified layers in the soil (Berg et al. 1995; Hedde et al. 
2008; Danise et al. 2020).

Our results show that chemical variables decrease with 
depth. Regardless of plant cover, decreases in C and N 
contents with increasing depth were recorded. In line with 
our results, in more than 10,000 soil profiles, Jobbágy and 
Jackson (2000) found a higher concentration of N and other 
nutrients within the upper 20-cm layer compared with deeper 
layers. Variations in carbon and nitrogen, and in general, 
in organic matter levels with depth may also suggest rapid 

Table 6   Summary of diversity indexes for beech and pine plots

Cover Plot Richness (S) Individuals (n) Dominance (D) Shannon (H) Evenness (E) Equitability (J) Fisher’s 
Alpha (A)

Beech 1 5 295 0.36 1.14 0.63 0.71 0.86
2 9 543 0.28 1.41 0.45 0.64 1.53
3 7 271 0.44 1.02 0.40 0.52 1.31
Mean 7 370 0.36 1.19 0.49 0.62 1.23

Pine 1 20 1601 0.35 1.55 0.23 0.52 3.22
2 17 596 0.23 1.89 0.39 0.67 3.26
3 19 294 0.24 1.83 0.33 0.62 4.54
Mean 19 830 0.28 1.76 0.32 0.60 3.67

Table 7   Summary of 
Ellenberg’s indicator values for 
beech and pine plots reported 
according to Italian flora; letters 
stand for light, temperature, 
continentality, soil moisture, 
soil reaction, and soil nutrient 
content

Cover Plot L T K U pH N

Beech 1 4.8 6.0 5.3 5.2 6.1 5.5
2 4.6 5.5 5.1 4.9 6.0 5.5
3 4.9 5.4 5.5 4.8 5.9 5.4
Mean 4.8 5.7 5.3 4.9 6.0 5.5

Pine 1 5.0 5.2 5.0 4.1 5.5 5.2
2 4.7 5.2 4.7 4.1 5.4 5.2
3 5.5 5.8 4.8 4.4 6.2 6.1
Mean 5.1 5.4 4.8 4.2 5.7 5.5
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degradation and/or a slow vertical redistribution by meso-
fauna (De Marco et al. 2016; Fioretto et al. 2018; Innangi 
et al. 2018; Menta et al. 2018).

In general, decreases in organic matter with depth closely 
mirror changes in the total microbial and fungal biomass 
(Chen et al. 2005). Several studies have reported a decrease 
in soil enzyme activities with depth in forest soils (Aon and 
Colaneri 2001; Lindner et al. 2010; Fioretto et al. 2018; 
Zhang et al. 2019). Moreover, a strong correlation between 
the decrease in organic carbon and its readily utilizable 
forms with depth, and the vertical gradient of lignocellulose-
degrading enzymes (Andersson et al. 2004; Wittmann et al. 
2004) has been reported at an even finer scale (Šnajdr et al. 
2008). Ushio et al. (2008) found that the soil microbial com-
munity showed some species specificity. We found that dif-
ferences in the plant community are related to changes in the 
microbial biomass and its community structure. The most 
interesting question is whether these changes are related to 
differences in levels of organic C quantity and quality and to 
the physicochemical differences of the soil under the differ-
ent species. Litter is the main source of soil organic matter 
influencing pH and C:N ratios (Anderson and Hetherington 

1999; Hilli et al. 2008; Kooch et al. 2016). In turn, pH and 
C:N ratios play a major role in the composition of the micro-
bial community (Bardgett et al. 2005; Hogberg et al. 2010). 
Beech plots showed consistently higher chitinase, dehydro-
genase, and peroxidase enzyme activities than pine plots. 
Based on our results, soil enzymatic activity is connected 
with organic matter levels that in turn, is related to tree cover 
and undergrowth diversity. Higher organic matter provides 
sufficient substrate to support higher microbial biomass, 
hence higher enzyme production (Dilly et al. 1996; Innangi 
et al. 2017b). Several researchers have reported positive cor-
relations between DHA and organic matter levels (Chodak 
et al. 2010; Moeskops et al. 2010; Romero et al. 2010; Zhao 
et al. 2010). Zhang et al. (2010) also indicated that DHA 
and CaCO3 were correlated with organic matter content, 
and, even more interestingly, that all three were correlated 
with each other in their spatial distribution, suggesting that 
abundant organic matter contributed to the formation of 
pedogenic calcium carbonate similar to the substrate pre-
sent in ours stands. Salazar et al. (2011) hypothesized that 
activities of dehydrogenases in different forest ecosystems 
were involved in the carbon cycling, and they also noted a 

Fig. 1   Scatterplot of the first axis of 2B-PLS between soil chemical and biological variables (Block 1) and vegetation diversity indexes (Block 
2); inserts show the correlation within and between blocks
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positive correlation. Chitinase has been reported to be an 
excellent proxy for fungal biomass (Innangi et al. 2020). An 
increase in total microbial biomass depends on the presence 
of fungi, but our data does not indicate whether the bacte-
rial biomass also increased at the same time. Peroxidase, on 
the other hand, is an enzyme involved in the degradation of 
lignin (Palma et al. 2000). The higher activity of this enzyme 
under beech suggests enhanced activity of lignin- decompos-
ing fungi compared to under pine cover, indicating a more 
specialized fungal community even though AFB and lac-
case were comparable between stand covers. In contrast, soil 
under pine showed a greater activity of cellulase and there-
fore a greater capacity for cellulose degradation (Fioretto 
et al. 2000). Thus, the different expressions of enzymatic 
activity shown here between the two types of soil, associ-
ated with different accumulations of organic C and differ-
ent amounts of humic and fulvic acids (Curcio et al. 2017; 
Danise et al. 2018), showed different presence and composi-
tion of microbial communities.

Plant biodiversity provides a miscellaneous litter input 
in terms of quality and palatability for soil fauna and micro-
bial communities, thus directly influencing the activity 

of decomposers and the composition of their community 
(Gartner and Cardon 2004). As a consequence, mixed lit-
ter input can affect the whole detrital food web (Salamon 
et al. 2008; Langenbruch et al. 2011; Błońska et al. 2016). 
It follows that plant diversity may be able to influence soil 
fertility (Nadeau and Sullivan 2015) and the carbon flow 
between its main pools in the soil (Vittori Antisari et al. 
2011). Accordingly, the differences in soil chemical and 
biological variables are undoubtedly linked to the differ-
ent tree cover that, in turn, was reflected in the biological 
and functional diversity of the vegetation. Admittedly, our 
research is limited by the lack of important information on 
forest structure such as tree heights and annual net primary 
productivity. However, this study was not intended to pro-
vide an in-depth survey of the vegetation, and our findings 
are in line with previous research on Mount Faito, both in 
terms of flora (Caputo et al. 1990) and vegetation (Cancel-
lieri et al. 2017). The beech stand vegetation can be linked 
to the Anemono apenninae–Fagetum sylvaticae (Gentile 
1970) Brullo 1983 syntaxon that represent the typical plant 
community of Italian thermophilous beech forests (Di Pietro 
et al. 2004). Diagnostic species of this type of vegetation 

Fig. 2   Scatterplot of the first axis of 2B-PLS between soil chemical and biological variables (Block 1) and Ellenberg’s indicator values (Block 
2); inserts show the correlation within and between blocks
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are Anemone apennina, Euphorbia amygdaloides L., and 
Daphne laureola L.. The beech forests of Mount Faito are 
considered poorer in number of species compared to other 
beech forests in Campania, being almost at the lower eleva-
tion tolerance for Italian Apennine beech forests yet host-
ing some high quality species such as Italian alder (Alnus 
cordata) and glacial relicts such as Betula pendula Roth 
(Cancellieri et al. 2017). The vegetation under pine canopy, 
in contrast, was more diversified and not as straightforward 
to classify from a taxonomical point of view, considering 
the alteration as a result of plantation establishment. Some 
elements of the vegetation can be linked to the Asperulo 
taurinae–Alnetum cordatae Bonin 1977 in Bonin, Briane 
and Gamisans 1977 syntaxon, such as the presence of Cas-
tanea sativa and Acer opalus subsp. obtusatum in the can-
opy and Pteridium aquilinum (L.) Kuhn subsp. aquilinum 
in the undergrowth (Cancellieri et al. 2017). Nevertheless, 
the vegetation showed floristic elements of Fagetalia syl-
vaticae Pawl. in Pawlowski, Sokolowski and Wallisch 1928 
such as Salvia glutinosa L., Vinca minor L., Euphorbia 
amygdaloides, and even young beech trees. Noticeably, no 
Italian alder was found under pine cover. The mixed and 
diversified vegetation of the pine stands can be linked to 
a situation of ecological disequilibrium linked to human 
interference (Pignatti 1994). The original vegetation of this 
area was altered by Count Girolamo Giusso (1843–1921) 
who acquired large sectors of the mountain and who, during 
the second half of the 19th and the first years of the twenti-
eth century, had most of the original woods (Italian alders 
as well) replacing them with different species of conifers, 
including Pinus nigra subsp. nigra and Abies alba (Cavara 
1914). Thus, Pinus nigra subsp. nigra is an alien species on 
Mount Faito and its impact on soil development has lasted 
for no more than 150 years. Noticeably, Pinus nigra subsp. 
nigra is a heliophilous species, one that tolerates high levels 
of sunlight to allow the development of less shade tolerant 
plants in the undergrowth such as blackberry, Rubus hirtus.

The altered vegetation under the pine cover, compared to 
the established beech forest, was reflected in soil chemical 
and biological properties, as shown by 2B-PLS. The higher 
dominance and evenness indexes in the beech stand (indica-
tive of a more stable community) were reflected in higher 
values of DHA indicating greater microbial activity. When 
also considering the higher activity of peroxidase, a lignin 
decomposing enzyme produce by specialized fungi (Datta 
et al. 2017), it may be inferred that the microbial community 
in the beech stand reflects the stability and maturity of the 
vegetation as well. Such trends towards more specialized 
microbial communities and higher C stocks in the soil, along 
with the maturity of the vegetation, has been also shown 
during afforestation (Zhang et al. 2019) and within natu-
ral forests (Trap et al. 2013). The same trend also occurred 
when considering the plant community on an ecological and 

functional aspect, considering Ellenberg’s indicator value. 
Accordingly, the pine plantation is differentiated from the 
beech stand by a less shade tolerant community, reflected in 
higher cellulase activity, less acidity, and broader C:N ratio. 
In contrast to peroxidase, cellulase activity can be linked 
to both fungi and bacteria, but it is generally considered 
an enzyme produced at earlier stages of development of 
the microbial succession and linked to the decomposition 
of organic matter (Frankland 1998; Maharning et al. 2009; 
Prescott and Grayston 2013; Kang et al. 2018).

In conclusion, our study shows that, despite a compara-
tively low sample size and within a small forest area that 
developed under general conditions, afforestation with Pinus 
nigra changed not only the vegetation but soil and microbial 
variables as well. These results highlight how long-lasting 
and significant are the effects of reforestation with alloctho-
nous species within old-growth forests.
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