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with the highest correlation in relation to cover. In contrast, Collembola and Formicidae were highly
correlated with plots without sown cover (Figure 3).

Figure 2. (A) Richness of hymenopterans, spiders and beetles; (B) Shannon-Wiener index in the plots
with a sown cover and in the control plots (mean + SE).

The abundance of most of the families of arthropods collected in the pitfall traps, with the
exception of some Araneae (i.e., Gnaphosidae and Zodariidae) and Coleoptera (i.e., Anthicidae and
Tenebrionidae), differed significantly between the plots with cover and the controls (Table 1). Ants
were represented by polyphagous species that may potentially commute between the ground and the
aerial part of pear trees. L. grandis was the most abundant ant species (61.7%), followed by Tetramorium
spp. (28.9%) and other minor species (<5%) such as Formica spp., Cataglyphis spp., Cardiocondyla spp.
and Solenopsis spp. (Supplementary Material, Table S1). Ant numbers peaked in the plots with a cover
in mid-May (176.3 + 26.7, mean of the total number of individuals collected per plot + SE) and in the
control plots at the end of May (316.0 + 36.1) (Figure 4).
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Figure 3. Plot of the first constrained ordination axis (RDA1) versus the first unconstrained axis (PC1)
on the redundancy analyses (RDA) of samples of ground-dwelling arthropods collected in plots with

RDA1

(green circles) and without (blue squares) a sown cover.

Table 1. Coefficients and statistics of the generalised linear mixed effects models (GLMM) to test for
the effect of the cover crop on the abundance of the main groups of ground-dwelling arthropods. x> =

Chi square; df = degrees of freedom.

Order Family Coefficient X2 df p
Hymenoptera Formicidae —0.664 24.032 1 <0.001
Scelionidae 0.710 5.161 1 0.023
Araneae Gnaphosidae -0.227 0.720 1 0.396
Linyphiidae 0.674 9.705 1 0.002
Lycosidae 1.799 67.751 1 <0.001
Zodariidae -0.010 0.002 1 0.970
Coleoptera Anthicidae 0.144 0.336 1 0.562
Carabidae 2.058 43.180 1 <0.001
Staphylinidae 0.806 6.008 1 0.014
Tenebrionidae 0.097 0.071 1 0.790
Collembola - —0.650 10.063 1 0.002

In the case of spiders, most of the families collected in the pitfall traps (i.e., Gnaphosidae, Lycosidae
and Zodariidae) forage on the ground, while Linyphiidae are also found on the canopy. The most
abundant family of spiders was Lycosidae (45.6%), followed by Gnaphosidae (27.0%), Zodariidae
(15.5%) and Linyphiidae (11.8%). The highest number of spiders collected belonged to Pardosa spp.
(39.4% of the captures), Micaria spp. (19.3%) and Zodarion spp. (15.5%) (Supplementary Material, Table
S1). The abundance of Lycosidae and Linyphiidae was significantly higher in the cover plots than in the
control plots (Table 1). In the plots with a sown cover, the abundances of these two families gradually
increased until the end of May, when lycosids reached the highest values recorded among the spiders
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(26.0 £ 4.0); the linyphiids reached a much lower peak (7.0 + 2.7) (Figure 4). In the control plots, the
abundances of lycosids and linyphiids were very low. In contrast, the abundances of Gnaphosidae
and Zodariidae did not differ significantly between the two treatments (Table 1), with very similar
numbers of specimens captured in both types of plot along the study (Supplementary Material, Table
S1). These two families peaked at different times: the zodariids at the end of May (Control: 5.7 + 0.7;
Cover: 5.7 + 1.3), and the gnaphosids at the beginning of June (Control: 12.0 + 1.2; Cover: 11.3 + 4.1)
(Figure 4).
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Figure 4. Number of the different families of ants (A), spiders (B) and beetles (C) (mean + SE) collected

in pitfall traps in the plots with a sown cover and in the control plots.

Beetles were represented by families with different feeding habits. Phytophagous species of the
families Tenebrionidae (47.4%) and Carabidae (namely, Harpalus spp., 30.4%) represented most of the
Coleoptera collected in pitfall traps; polyphagous species, such as staphylinids (11.9%) and anthicids
(10.2%), were less represented (Supplementary Material, Table S1). The four families of beetles showed
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different trends in their abundances along the sampling period in relation to the type of cover (Figure 4).
Tenebrionids and anthicids did not show significant differences between the plots with a cover and the
controls (Table 1). In contrast, carabids, represented only by the species Harpalus, and staphylinids
were much more numerous in the plots with a sown cover (Table 1). The abundance of tenebrionids
increased in the cover plots to reach a peak in June (32.7 + 5.2 individuals), while in the controls,
the lowest abundances were registered on the last two sampling dates. Carabids and staphylinids
peaked in mid-May in the plots with a sown cover (Carabidae: 27.0 + 10.8; Staphylinidae: 12.3 + 5.2),
their abundances decreasing thereafter. In the controls, these families were scarcer, with carabids
(3.0 £ 0.6) peaking at the end of April, and staphylinids (3.0 + 1.0) at the end of May. The numbers of
anthicids, despite being generally low, gradually increased along the sampling period, peaking on the
last sampling date in the two treatments (Control: 7.3 + 2.4; Cover: 10.0 + 4.1).

Scelionids were collected only occasionally, but they are relevant for being egg parasitoids of
arthropods. They were mainly represented by the genus Baeus Haliday (93.4% of the captures). These
hymenopterans were significantly more numerous in the cover plots than in the control plots (Table 1).
The abundance of scelionids was very low in the first three samplings and increased considerably at
the beginning of June in the cover plots (32.0 + 19.3), relative to the control plots (1.7 + 1.2). Finally,
springtails showed significantly higher abundances in the control plots than in those with a sown
cover (Table 1). Springtails gradually increased in number in the control plots, peaking in June at
2343.3 + 378.9 individuals; in contrast, in the cover plots they peaked in mid-May (1068.3 + 149.5
individuals), with their abundances decreasing thereafter.

4. Discussion

Agroecological practices such as the implementation of cover crops are known to contribute to
the maintenance of local biodiversity in farming systems [3,12,34]. The results of the present work
indicate that a rich cover of vegetation increases the biodiversity of ground-dwelling arthropods in
pear orchards. The Shannon-Wiener diversity index was significantly higher in the presence than in
the absence of a sown cover. In addition, the richness of spiders and beetles was significantly higher in
the plots with a cover. A mix of herbaceous plants similar to the one used in the present work was
reported to produce an increase in the abundance and diversity of wild bees in areas of intensive
agriculture [55]. Considering the growing interest in green infrastructures for the conservation of
biodiversity in agricultural lands, relatively little information on the impact of cover crops on the
diversity of ground-dwelling arthropods is available. Sommaggio et al. [45] found a significant
higher activity and density of isopods, staphylinids, carabids and grillids in the soil surface of a
vineyard with several types of cover crop, relative to the control, which was exposed to periodical
tillage; however, only a faba bean cover had a significantly higher number of species than the control.
Surprisingly, no significant differences were found between any of the treatments and the control for
the Shannon-Wiener index, with the exception of a buckwheat cover that registered lower values that
the control. In contrast, Cardenas et al. [63] found no significant differences in spider diversity between
ground with cover and that where the vegetation had been removed. Rieux et al. [64] reported a higher
diversity index for arthropods on sown cover than on bare ground and natural vegetation cover in
French pear orchards. However, it has to be taken into account that, because sampling was carried out
using sweeping nets, these indexes represent the diversity of arthropods living on plants rather than of
those living on the ground.

Most of the main groups of ground-dwelling arthropods collected were significantly affected
by the presence of a sown cover. Among them, only springtails and ants showed lower abundances
on the ground with a sown cover than on the ground without a cover; additionally, the ant richness
was lower on the ground with a cover. This is in contrast with previous studies reporting higher ant
abundances under cover-cropping management [65-68]; however, it should be noted that most of these
studies compared soils with cover crops with recently tilled soils, and intense tillage is known to have a
detrimental effect on ant abundances [69]. Regarding springtails, our results are in agreement with those
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of Buchholz et al. [70], who stated that the abundance and diversity of surface-dwelling springtails were
diminished by the greater plant biomass provided by covers. Beetles (i.e., carabids and staphylinids)
and spiders (i.e., lycosids and linyphiids) were more numerous on the ground with a sown cover. The
beneficial effects of covers on carabids and staphylinids have been extensively reported [45,71,72],
while in the case of spiders the results are more variable. Several studies have reported an increase in
the abundance of spiders on the ground in orchards with a vegetation cover [73-75], while in other
studies, a non-significant effect in comparison to bare ground was registered [45,63]. The scelionids
were another group of insects that benefited from the sown cover. Other authors have also reported
increased abundances of scelionids on grounds with cover, in different types of orchards [76,77].

Cover crops may affect ground-dwelling arthropods in several ways. For instance, by creating
physical barriers that hamper their movement on the ground surface and/or by increasing the availability
of niches in habitats [70,78,79]. In the present work, these two factors could explain the decline of
springtails observed in the plots with a sown cover. Buchholz et al. [70] argued that plant covers not
only hinder the rapid movement of springtails, increasing the risk of them falling prey, but also benefit
the establishment of predators. In our case, lycosids, that benefited from the sown covers, are known
to prey on springtails [80,81]. In relation to ants, very few species of ant predators—restricted to a few
families of spiders—have been reported in agroecosystems [82,83]. Therefore, in the present work, the
lower abundance of ants (namely, L. grandis) registered on the ground with cover was more likely due
to physical interference and/or to interactions with other species. For instance, several herbaceous
plants included in the cover host ant-mutualistic aphids that may divert the attention of ants to these
plants [44,84,85]. In the case of spiders, a significant increase in the number of lycosids and linyphiids
was registered on the ground with more vegetation. These two families have been reported to benefit
from the structural complexity and hideouts provided by herbaceous plants [78,79]. Moreover, these
plants may increase the availability of phytophagous and saprophagous prey, which constitute a great
part of the diet of these spiders [86,87]. The abundance of spiders could explain the higher number of
scelionids in the plots with a sown cover crop. This hymenopteran family was mostly represented
by the genus Baeus, an obligate parasitoid of spider eggs known to target egg sacs of Pardosa wolf
spiders [88]. In the case of the two main families of ground-dwelling coleopterans found in the present
work, carabids and staphylinids, the factors that may have contributed to their increase on the ground
with a sown cover are not easy to determine. Most previous studies focused on predatory species
and argued that an improved physical structure of microhabitats, higher alternative food availability,
reduced competition and/or an increase in the prey population could be the main explanations for
higher densities of these beetles in cover crops [45,71]. In this study, all the carabids collected belonged
to the genus Harpalus Latreille, which includes mostly phytophagous species [45]. In this regard,
Shearin et al. [33] observed a beneficial effect of cover crops on the abundance of the species Harpalus
rufipes De Geer (Coleoptera: Carabidae), suggesting higher seed availability as the main factor behind
this trend. Ground-dwelling arthropods are also influenced by the variation in microclimatic conditions
due to cover crops [89,90]. Vegetation gives shelter to ground-dwelling arthropods against extreme
temperatures and provides higher environmental humidity. The abundances of carabids and spiders
have frequently been found to be positively correlated with soil moisture [91,92]. In particular, the
higher recaptures of H. rufipes in a cover crop, in comparison to fallow treatments, were attributed to
higher humidity and lower temperature [33]. In the present study, the increase in humidity produced
by the greater vegetation cover and the extra watering of the cover crop may have also benefited some
arthropods, such as carabids and spiders.

This and earlier studies have demonstrated that vegetation covers allow the existence of a more
abundant and diverse arthropofauna in crops [67,93,94]. Cover crops may increase the availability of
resources (e.g., pollen, nectar, alternative host and prey species, shelter) to support a rich community of
natural enemies that may eventually move to adjacent crop plants and exert a beneficial effect [34,95,96].
Evidence of generalist predators, such as spiders, commuting between a legume cover crop and the
canopy of pear trees has been found using immunomarkers [97]. Although the relationship between
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biodiversity and ecosystem functioning is controversial [12], increasing the diversity of vegetation in
crops has frequently been reported to enhance ecosystem services such as pest control [93,98]. Several
studies have provided evidence of plant covers enhancing the abundance of natural enemies and
pest control in fruit tree orchards [39,44,45,99,100]. In the case of pear trees, there is some evidence
of a positive effect of ground covers on beneficial fauna [64,97,101]. In the present study, some of
the ground-dwelling arthropods influenced by the plant cover, namely, ants and spiders, are key
species for the assemblage of arthropods in pear orchards in the Mediterranean area [51-53]. Therefore,
increasing the herbaceous vegetation in pear orchards is expected to have an impact on the population
dynamics of the species in the canopy of the trees. However, the outcome of the interaction among
species is difficult to predict. Ants are known to establish antagonistic-mutualistic interactions with
psyllids, being the key species for the control of pear psyllids in some parts of the Mediterranean
area [52,53]; thus, the foreseen change in the foraging pattern of ants due to increased vegetation may
have either a positive or a negative effect on the control of pear psyllids. The effect of cover crops on
spiders as biological control agents is expected to be lower than that on ants, especially because they
are much less numerous than ants [51] and because, of the families found in the canopy of pear trees
(J. A. Sanchez, non-published data), only the Linyphiidae were found to be influenced by the cover.
Other spiders not affected by the cover, such as the genus Zodarion Walckenaer, have been described as
specialist ant predators that prey on medium-sized ants, such as Lasius spp. [83,102]. However, the
impact of Zodarion spp. on ants is expected to be low because of their low abundance.

In the present work, it was found that cover crops had a significant effect on the diversity of
ground-dwelling arthropods, including some key predators for the control of pests in pear orchards,
such as ants and spiders. This work outlines how agroecological practices may contribute to the
maintenance of local biodiversity and the importance of including farmlands in the plans for the
conservation of the species. The impact of cover crops in terms of pest control is uncertain; therefore,
more work is needed to determine how cover crops affect the population dynamics of pests and
predators in the aerial part of pear trees, as well as how the interactions among species on the ground
influence population dynamics in the canopy. Although this work was carried out only during one
year and over a short period of time, it provides evidence that plant covers influence the diversity
of ground-dwelling arthropods. Samplings over a more extensive period will reveal the impact of
cover crops under different environmental conditions and on other groups of arthropods that had little
representation in this study.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/10/4/580/s1,
Table S1. List of taxa collected in pitfall traps in the plots with a sown cover and in the control plots.
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Abstract: Land-use changes and especially management intensification currently pose a major threat
to biodiversity both on and beneath the soil surface. With a comparative approach, we investigated
how management intensity in orchards and meadows influences soil macro-invertebrate communities
in a North-Italian Alpine region. We compared soil fauna assemblies from traditional low-input
sites with respective intensively managed ones. As expected, the taxonomical richness and diversity
were lower in both intensive management types. Extensive management of both types revealed
similar communities, while intensification led to substantial differences between management types.
From these results, we conclude that intensification of agricultural practices severely alters the soil
fauna community and biodiversity in general, however, the direction of these changes is governed by
the management type. In our view, extensive management, traditional for mountain areas, favors soil
fauna communities that have adapted over a long time and can thus be viewed as a sustainable
reference condition for new production systems that consider the protection of soil diversity in order
to conserve essential ecosystem functions.

Keywords: traditional management; soil biodiversity; sustainable agriculture; management intensity;
South Tyrol; mountain agriculture

1. Introduction

The industrialization of agriculture characterized by high input practices in most cases increases
production but severely hampers the overall diversity of life that inhabits managed areas from
single fields to whole landscapes [1,2]. This change towards more intensive management is currently
causing major losses of biodiversity on a global scale [3,4]. On the other hand, there is a growing
acknowledgment that biodiversity sustains the agricultural production with several direct and indirect
ecosystem services, from supporting pollination and pest control [5] to the provision of long-term
stability and the maintenance of ecosystem functions [6,7]. Consequently, biodiversity loss and the
resulting possible absence of ecosystem services are considered to be so profound that they pose a
threat to the current and future food provisioning system [8]. Thus, developing sustainable agricultural
practices that conserve biodiversity and secure the provision of food in the long run, has become a
global goal and challenge [8-11]. It is of major interest (1) to describe the state of production systems
that might sustain a major proportion of biodiversity and are considered sustainable long-term and
(2) to investigate the changes caused by management intensification to subsequently identify and
understand the potential causes of these changes.

Agrononty 2020, 10, 767; doi:10.3390/agronomy10060767 129 www.mdpi.com/journal/agronomy
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Soils are of vital importance for agriculture by providing for the essential ecosystem functions
and services, such as carbon sequestration, water regulation, soil structure alteration, nutrient cycling,
and retention [12,13]. The current global loss of biodiversity is apparently happening also for soil
organisms in concomitance to the general soil degradation, posing a threat to important services which
soils and its inhabitants provide [14,15]. Changing land-use practices and intensifying the management
contribute to the current reduction in soil biodiversity [16,17]. Recent studies on soil invertebrates
found that the soil community reacts to management intensification by reducing average body size,
by shortening its trophic chain length and by reducing the overall diversity, thus influencing ecosystem
processes and soil quality [17-22]. However, agricultural production depends directly on the soil
quality [23] and this quality is directly linked to soil inhabitants [24]. Especially macro-invertebrates
are well-suited bioindicators, linked to most soil ecosystem functions and services [25], sensible to
both anthropogenic and environmental changes [26] and commonly used to evaluate the general soil
quality [21,27].

The present study aims to investigate the soil communities of two production systems,
hay meadows and fruit orchards, both characterized by traditional, extensive, and sustainable
production systems and to evaluate changes in community structures after the intensification of these
management practices.

More specifically, we test (1) if taxa richness and diversity decline from extensive to intensive
management; (2) if meadows and orchards harbor a different community of soil macro-invertebrates
and (3) if intensification similarly influences the community of both management types.

We expect differences in the soil community between the two habitat types (meadows and
orchards) since the presence of trees is known to significantly alter both biotic and abiotic characteristics
in their surroundings [28]. Further, we expect that the intensification of both practices results in similar
constraints for the soil community, leading to similar and less diverse community compositions [17].

2. Materials and Methods

The study region (South Tyrol, Italy) is an Alpine region where agriculture is characterized by
small farms, with orchards dominating the agricultural practice in the valley floors and hay meadows
on intermediate elevations [29]. Hay meadows we defined as managed grasslands mowed for hay
production at least once a year, with no or limited pasturing occurring in late summer and autumn
after the hay harvest.

The extensive and traditional management form of both practices was locally performed
for several hundred and up to thousands of years and is expected to harbor a specialized and
diverse community [30,31]. Both production types underwent land-use changes (intensification or
abandonment) over the course of the last decades and intensive management has broadly replaced the
extensive form, especially on lower elevations [32].

A full factorial design was chosen with a set of four fields in six different locations (Figure 1).
Each location comprised two meadows and two orchards, each with intensive and extensive
management; overall, 24 fields were investigated. The selection of the locations was limited by
the requirement that all four management types had to be close together (based on geographical
information systems). The single fields were selected on-site based both on the farmer’s statement
regarding the management intensity and a brief inspection of the vegetation cover. Data concerning
the mowing frequencies, manuring type and frequency, grazing type, and intensity were compiled
as precisely as possible (Table S1). With these parameters, a simplified version of the land-use index
(LUI) following the procedure proposed by Bliithgen [33] and Fischer [34] was performed. The only
difference from this approach concerned the use of manuring frequency rather than the amount of
nitrogen used to fertilize since precise data could not be obtained for each field. Further, site parameters
were recorded locally (coordinates, elevation, slope, exposition), while chemical parameters of soil
samples (such as SOM, pH, C/N, N, and P content) were analyzed by a specialized laboratory at the
Laimburg Research Center (South Tyrol). Physical parameters (soil texture) were analyzed using the
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automated PARIO system (meter group [35]) (for soil parameters and site characteristics see Table S1;
for correlation among these factors see Figure S1). The soil samples for the chemical and physical
analyses were collected in each field by taking six subsamples in 5-10 cm depth (the medium depth of
the macrofauna samples) at least 10 m apart from each other (three in autumn 2018 and three in spring
2019, at the same time of sampling of the soil fauna community). These six subsamples were mixed to
receive one homogenized sample per field for further analyses.
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Figure 1. Schematic representation of the four differently managed field types located in each of the six
sampling locations depicted in the map (red dots). The map shows a central excerpt from South Tyrol,
the northernmost Province of Italy.

In total, 213 single soil core samples (20 X 20 x 15 cm square frame) were collected at three different
time points (autumn 2018, spring 2019, and autumn 2019) with three sub-replicates per field and date.
The three sub-replicate samples were collected within a minimum of 10 m distance from each other
and in orchards within a distance of one to two meters from the tree base (e.g., for intensive apple
orchards in the middle of the driveway). We added an additional sampling in autumn 2019 (except for
one single field where the access was not granted by the farmer), since the very dry summer 2018
may have influenced the community composition in autumn 2018. The soil macro-invertebrates were
extracted using a heat extractor (modified after [36]), quantified and identified to family level (except for
Symphyla) using suitable identification keys [37-41] and following the taxonomic information of Fauna
Europea Database [42]. For the ordination analysis, we treated adult and larval stages of beetles as
different taxa since they differ functionally.

Sampling coverage was investigated for each single-season and field type using species
accumulation curves based on the single soil core sample as sampling unites (INEx [43]; Figure S2).
The three sub-replicates were then averaged to one single sample per sampling time and used as such
for the following analysis (see the full community in Table S2). Taxon diversity is represented by the
Shannon-Wiener diversity index (computed with function diversity in vecan; [44]). For the statistical
analysis of taxon richness and diversity, a linear mixed model with season and regions (nested in
season) modeled as random factors was constructed. Scores were extracted with the function predict
and used to generate boxplots. Further, a mixed-model constrained ordinations (function capscale in
VEGAN; [44] using Bray-Curtis distances) were used to investigate the community composition changes
and a PERMANOVA (function adonis in vEGaN; [44]) was used to verify if the field type centroids
differ significantly. For these computations, the community matrix was reduced by excluding ants,
for which the sampling methodology is not appropriate, they differ inlife history and occurrence.
All variables were standardized. The season was modeled as a random factor to account for temporal
autocorrelation and the region was modeled as a random factor nested within the season to account
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for spatial autocorrelation between the fields. We chose single factors to be tested in the constrained
ordination, which (1) represented the site characteristics, the management intensity, the chemical and
the physical soil properties, (2) did not correlate significantly with each other, and (3) had a priori
expected effect on the soil community. We tested these factors with a permutation test upon the full
model and only significant parameters were implemented in the final ordination. All computations
and graphics were performed and generated using the statistical programming software R [45].
Graphics were produced using the package cGpLoT2 [46], the correlation plot was generated using the
package corrpLOT [47].

3. Results and Discussion

Taxa richness (on average 18.5 + 4.9 SD in extensive meadows; 17.1 + 3.9 SD in intensive
meadows; 19.1 + 5.0 SD in extensive orchards; 14.1 + 3.7 SD in intensive orchards) as well as diversity
(on average 2.33 + 0.27 SD in extensive meadows; 2.18 + (.17 SD in intensive meadows; 2.19 + 0.27 SD
in extensive orchards; 2.04 + 0.25 SD in intensive orchards) was found to be significantly reduced
under more intensive management in both meadows and orchards (Figure 2; Table 1). This result
was expected and has already been shown for both soil [16,17,20] and above ground organisms
(e.g., [4,30,48]). Nevertheless, this confirms the severe impact management intensification has on
overall soil biodiversity also for the systems investigated in this study. Specifically, for meadows,
there is already broad evidence that management intensification alters the soil community and its
related functional aspect (e.g., [22,48]). For orchards, on the other hand, the literature is more sparse
and inconsistent regarding the supported biodiversity and intensification effects, especially for soil
fauna communities (but see [49,50]). Species accumulation curves depict an overall good coverage
for each season and further confirm the low scoring of intensive orchards in comparison to extensive
managed fields. Intensive meadows score on an intermediate position, due to a higher taxa richness in
spring (Figure S2).

Taxa Richness Shannon Diversity
Management 2
B Extensive
B Intensive
3.0 23
8
=
[} 22
-‘_!28 I I
i o
[u
o 21
26
2.0
Meadow Orchard Meadow Orchard

Figure 2. Boxplot of the partial effect of habitat (meadow and orchard) and management intensity
(intensive and extensive) on taxa richness and diversity (Shannon diversity) (n = 18). The data was
extracted from the linear mixed model accounting for the effect of region and season treated as random
factors. Boxplot depicting the interquartile range (IQR between the 25% and the 75%) and the median,
whiskers extending 1.5 * the IQR.
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Table 1. Likelihood ratio test of linear mixed-model for taxa richness and diversity (Shannon diversity).
Habitat (meadow vs. orchard) and management intensity (extensive vs. intensive) were tested separately.
The region was implemented as a random factor nested in the season to account for both spatial and

temporal autocorrelation.

Dimension Factor df. Chi? P
Management 1 9.85 0.002
Richness
Habitat 1 152 0.283
X . Management 1 6.03 0.014
Diversity
Habitat 1 598  0.014

The community composition was overall significantly different between the four field types
(PERMANOVA; 999 permutations: F3 79 = 2.169, p < 0.001). Further, a surprisingly similar community
was found in the extensively managed fields (Figure 3). This was in part unexpected because of the
significant role trees are known to exert on the soil community [28]. This similarity is probably due to
both the similar land-use intensity (characterized by the factor land use index (LUI) after [33]) and
the generally richer and more diverse soil community adapted to the traditional extensive practice.
The rather clear separate plotting of the intensive fields both from the extensive ones and from each
other further underlines the important effect of management intensification and type.
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Figure 3. Ordination of the constrained canonical correspondence analysis. Each spot represents one
sampling event per site. Colors and spider webs according to the field management type. Spider web

centers are the weighted centroids of each management type.
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Regarding site and soil parameters, we found expectable trends and correlations between the single
factors (Figure S1). Only non-correlating factors representing site characteristics, physical and chemical
parameters as well as management details were selected to be tested in a constrained ordination.
The resulting significant parameters in a permutation test where land-use index (LUI; Permutation
test: Fys57 = 2.93; p = 0.001) and soil nitrogen content (N; Permutation test: F; 5y = 2.89; p = 0.001)
and were implemented in the final ordination (Biplot scores for CAP1: LUI = 0.90; N = 0.31; and for
CAP2 LUI = 0.42; N = —-0.78; Figure 3). The first constrained axis depicts well the management
intensity, separating both the intensely managed fields from the extensive ones. The second axis clearly
separates the two intensive management types from each other, contrary to our expectations (Figure 3).
We expected intensification to lead to a more simple and similar community as found in several
other studies [17,20,49], but this was not the case between orchards and meadows. The differences are
apparently directly connected to different management practices. While the recorded management
parameters and the sum factor LUI (Table S1) was not able to fully explain these differences, we suspect
that (1) the more frequent presence of heavy machinery in intensive orchards (for frequent mowing,
working in the fields, picking the fruits) as well as (2) the application of additional chemicals
(herbicides and insecticides routinely used in the region: [51]) might further significantly impact the
soil community of intensive orchards. The more frequent presence of heavy machines is probably
causing soil compaction, limiting the presence of soil macro-invertebrates, and the use of additional
chemicals is also known to hamper the soil biodiversity in general [15]. The quantification of both these
influences has not been considered in detail in this study, but potentially explains the severe differences
between intensive meadows and orchards. Further, N is highly correlating with the SOM content
(r = 0.94) and appears to be one factor that differentiates the two intensive forms of management from
each other. A decrease in SOM is generally known to be a consequence of soil degradation and a
potential threat for soil biodiversity [52], accordingly, richness and diversity of soil invertebrates were
lower in intensive orchards where SOM also resulted in lower values. This appears to be true for
the intensive orchards but not for the intensive meadows characterized by higher nitrogen and SOM
contents even exceeding those of the extensive managed fields, probably due to the higher fertilization
with cattle manure.

Concluding, we found a more rich and diverse soil macro-invertebrate community in the extensive
forms of the two investigated management types (viz. meadows and orchards). Further, we can state
(1) that both extensive management types harbor a strikingly similar soil fauna community, (2) that
intensification of land-use leads to a substantial change in these communities, and (3) that this change
was profoundly influenced by the type of management.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4395/10/6/767/s1,
Figure S1: Correlation plot between all parameters. Significant correlations (p < 0.05) where marked with a red
frame, Figure S2: Species accumulation plots where computed for each season and management type to visualize
the sample coverage and species diversity more in detail, Table S1: Table with the site characteristics, Table S2:
Table with taxon and site mean abundance and standard deviation for each single field. Data was standardized to

1 m? of sample and averaged over all nine single subplots sampled per field.
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