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Abstract

It is known that intensive human land use has an impact on soil state and functioning. Soil fauna diversity is a validated tool to assess
soil quality. Here we analyzed soil arthropods community in several agricultural managements (arable land, grassland, vineyard and orchard)
located in the Emilia-Romagna region (Italy), whose land was especially exploited for intensive agriculture, in order to state soil health and
soil quality, in relation to crop types and management. The computation of the biological soil quality index QBS-ar revealed lower values in
arable lands, easily due to management practices applied, in particular ploughing. On the other hand, the QBS-ar values associated to orchards
and vineyards were higher: the grassy cover on soil and the reduced farming practices support soil microarthropod communities. Meadows
were generally characterized by high index values, related to their age. The application of QBS-ar index as a tool to identify soil quality and,
thus, soil functionality, was then confirmed. Starting with this type of approach, further analyses could be crucial to highlight differences
between managements applied in each use we considered, and to suggest some principles for a soil fauna diversity sustainable agriculture.
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Introduction

During the last century, soils have been over-exploited by
humans through agriculture and industrial development, and
the need to assess different aspects of soil degradation has
become a priority in the soil protection management. Besides
the obvious implications for agro-sylvo-pastoral production,
soils take part in the provision of regulative services such
as carbon sequestration [1], flood control, detoxification,
protection of plants against pests, and others [2]. The high and
still in part unknown biodiversity that characterizes soils is a
pivotal element that sustains soil functions so that they provide
a paradigmatic example of the relation between biodiversity
and ecosystem services, an issue that is of prime importance
in the international research agenda [3,4]. From this descends
that studying soil biodiversity is essential for understanding soil
ecological functions and their capability to provide services [5].
Soil capability to perform ecological functions is often referred
to as soil quality.

Intensive agriculture, characterized by a massive use of
inputs (fertilizers, herbicides, pesticides, etc.) and practices
(tillage, different rotations per year, irrigation, etc.) to maximize
harvest, has negative local, regional, and global consequences on
above and below-ground biodiversity [6], on soil organic matter
and thus on soil carbon content [7]. Accordingly, it reduces
soil quality [8]. In particular, carbon loss has been showed in
agroecosystems, but a wise management (e.g., no-till, cover
crops, green, or animal manure) could reduce the rate and the
amount of this loss [7,9].

There is no a universally applicable formula to measure soil
quality [10] and for soils a fully efficient bioindicator toolbox
does not exist yet [11]. Most of the difficulties concerning
the application of the existing indices are related to the poor
standardization of the methods and face problems associated
with the spatial scale at which they can be applied [10]. The QBS-
ar is one of the indices that have been conceived and developed
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in recent years [12]. It is a metric based on the concept that the
number of microarthropod groups morphologically well adapted
to soil is higher in high quality soils than in low quality soils.
QBS-ar joins the biodiversity of soil microarthropods community
with the degree of soil animals’ vulnerability and provides
information on the soil biological quality, which is an indicator of
land degradation. The potential of QBS-ar is recognized and this
is witnessed by the increased number of applications in Italy and
in European and non-European countries [13,24].

This paper reports the results obtained applying a soil quality
monitoring plan carried out by the Emilia-Romagna region
(Northern Italy), and still in progress. This monitoring plan takes
into account several agriculture managements with the aim to
quantify different impacts on soil biological quality and diversity.
In this paper we report soil biological quality, expressed as QBS-
ar value, detected in 43 agriculture soils that differed in terms
of crop types (cereals, permanent grasslands, alfalfa, meadows,
orchards, and vineyard) or managements (conventional, no-till,
organic).

Methods

Soil sampling for soil microarthropod extraction occurred
in Spring and Autumn 2015 in 43 sites (3 replicates per site) in
Emilia-Romagna region (North-East of Italy). The 43 sites were
distributed in 4 land uses: Arable land (15 sites), Vineyard (9),
Orchard (4) and meadow (15 sites). In this latter, three different
sub-categories were considered depending from the age of the
meadow: Rotation meadows are involved in the rotation of
cultures for less than 5 years; Permanent meadows are alfalfa
crop or polyphite grass older than 5 years but under 30 years;
Stable meadows have more than 30 years.

Table 1: Soil uses, number of sites, crop types and managements of
the soils inserted in the Emilia-Romagna project.

. Number .
Soil Use of sites Croptypes Practices
Arable 15 Wheat, Sorghum, Conventional Tillage,
Land Barley, Maize No-till, Subirrigation
. Rotation meadow
8 Alfalfa or polyphita (< 5 years)
. Permanent meadow
Grassland 5 Polyphita (5-30 years)
. Stable meadow
2 Polyphita (> 30 years)
Integrated, Organic
Orchard 9 Pear, Peachtrees and Traditional
farming
Vineyard 4 Grapes Integratfed, Trad1t1onal
arming

Table 1 reports the number of sites studied for each soil
use. Arthropod extraction was performed by Berlese-Tiillgren
funnel (extraction time 10 days). The specimens were placed in
a preservative solution (75% ethyl alcohol and 25% glycerol by

volume) and identified to class level for Myriapoda, order level
for Hexapoda, Chelicerata and Insecta, as provided by QBS-ar
method [12]. For the QBS-ar index computation, an ecological-
morphological index (EMI), ranged between 1 and 20, is assigned
for each taxon. QBS-arindex resulted as the sum of the highest
EMI values of the three replicationsrelative to each taxon [12].

A two-way ANOVA was applied to highlight variability in the
QBS-ar index, seasons and soil managements. Tukey’s pair wise
for the comparison of significant values (p-value<0.05) was
carried out for post-hoc analysis. The Student t test for paired
sample comparisons was applied to evaluate seasonality effect
inside each soil use category. All the statistical analyses were
performed using R 3.0.2statistical software [25].

Results and Discussion

The results highlighted some differences between the six
categories considered (Figure 1), due to land use (p<0.001)
and not to the sampling season (p=0.71). Arable lands were
significantly different from rotation and permanent meadows
(p<0.001 both), vineyard (p<0.001) and orchard (p<0.001),
except stable meadows
permanent ones were different from the other two (p<0.05 with
rotation and p<0.001 in relation to stable meadows). Vineyards
and orchards differed too each other (p<0.05).

(p>0.05). Among the meadows,
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Figure 1: QBS-ar values for the six soil uses inserted in the
Emilia-Romagna project.
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Arable land was characterized by the lowest QBS-ar value,
the annual crops by values ranged between 20 and 151 (average
value 71.1, SD 26.7). These results did not differ from those
found in previous studies [12,18,24,26], outlining that the
practices used in arable lands, in particular ploughing, affect
soil habitat and soil community composition and, thus, the QBS-
ar index. In these sites the number of well-adapted groups of
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microarthropods, then much more vulnerable, results low. The
high variability in this category should be further investigated as
it allows to find out the effects of several practices, some of these
more sustainable like no-tillage or minimum tillage, in order
to minimize the detrimental impact on soil living community.
Meadows (rotation, permanent and stable meadows) reached
higher values of the index (Figure 1), in particular for the absence
of tillage and a major protection of the soil surface. More in
detail, the first two categories showed higher QBS-ar values than
the third one: the rotation meadow ranged between 38 and 159
(average value 107.7, SD30.3), the permanent meadow between
57 and 183 (average value 131.7, SD 34.7), while stable meadow
ranged between 49 and 143 (average value 83.9, SD25.9). These
differences could be due to the effects of the grass roots on the
soil surface layer, but further analyses will be useful to clarify
this aspect. The more diversified plant composition could affect
soil compaction and soil properties positively in the rotation
and permanent meadows, and, consequently, soil biodiversity.
Vineyards and orchards showed high QBS-ar values, with an
average of 128.3 (SD 34.1) and 103.1 (SD 34.3) respectively.
The Vineyard value is comparable to the Permanent meadow
value. The soil between the rows was grassy covered and little
disturbed in Vineyard and Orchard, explaining the high QBS-ar
values and the richness in soil micro arthropod community in
these two categories. Similar results were reported in [13,19].

In the end, we can affirm that the land use had the greatest
impact on soil micro arthropod community, and consequently
on QBS-ar values. On the one hand, the impact of agricultural
practices in the arable land was shown through a simplification
in the micro arthropod communities, with a reduced number
of specimens well-adapted to soil. In contrast, a reduced
management and a grassy cover affected positively soil micro
arthropod communities.

Considering the QBS-ar index, it is confirmed to be a good
and cheaper application tool for describing soil quality and,
extensively, soil biodiversity. Furthermore, it can represent a
worthwhile starting point to underline some good practices
that should be applied on soil (such as sustainable practices,
no-tillage or minimum tillage) in order to maintain and enhance
soil living community and, consequently, soil functionality and
biological quality.
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