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Abstract summary

This study focuses the effects of forest disturbance (i.e. tree
uprooting) on earthworm diversity and some of soil properties in
Hyrcanian forest, northern Iran. For this, twenty seven single-tree
gap sites in mixed beech forests were found, seventeen sites dominated
by beech (Fagus orientalis Lipsky) and ten by hornbeam (Carpinus
betulus L.) at 700-1300 m altitude range. Four microsites were
distinguished including mound top (mound), the pit bottom (pit), the
gap in the canopy (gap) and closed canopy (canopy) at each site. Soil
samples were taken at 10cm depth from all microsites. The ecological
groups of earthworms (i.e. epigeic, anecic and endogeic) were
collected simultaneously with the soil sampling by hand sorting. Soil
pH, water content, total carbon, total nitrogen and carbon to nitrogen
ratio measured in the laboratory. The effect of uprooting disturbance
on soil properties were found, significantly. Total earthworm number
and biomass differed significantly among mentioned sites and
microsites. Number and biomass of earthworms showed decreasing trend
from undisturbed (closed canopy) to disturbed sites (gap, pit and
mound) . This trend is mainly caused by number and biomass of endogeic
ecological group of earthworms. Thus, the windthrow generally reduced
the activity and abundance of the earthworms.

Keywords: Ecological groups of earthworms, epigeic, anecic, endogeic,
soil function.

Introduction

Soil formation processes are affected by different disturbances in
forest ecosystems. One of the most important effects of windthrow is
through the influence on the rate and quality of soil formation
processes (Samonil et al., 2008). Soil processes are controlled by a
set of relatively independent state factors including climate,
organisms, relief, parent material, time and by a group of interactive
controls such as disturbance regime and human activities. Forest gaps
are a key component of the disturbance regime and examples of natural
interactive controls with direct impacts on state factors including

climate and organisms. Forest gaps represent dramatic top - down
trophic interactions between vegetation and the soil microbial
mediated processes (Chapin et al., 2002). Gaps may be responsible for

the creation of nutrient hot spots or islands of fertility that
increase forest productivity and overall pedodiversity (Scharenbroch
and Bockheim, 2008). Earthworms are perhaps the most important soil
organisms in terms of their influence on organic matter breakdown,
soil structural development, and nutrient cycling, especially in
productive ecosystems (Kooch et al., 2008). Despite of the wvast
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increase in scientific literature on earthworms in recent years, much
remains to be known in their basic biology and ecology (Nachtergale
et al., 2002). However, determine of relation among biomass and
diversity of earthworms with pit and mound disturbances and soil
properties are essential for management of forest ecosystems. The goal
of this study was to investigate of windthrow effects on soil
properties, earthworm biomass and species diversity in hyrcanian
forests of Iran that is the first survey in these forests.

Materials and Methods

This research performed in Sardabrood forests that are located in the
lowland and midland of Mazandaran province in north of Iran. Twenty-
seven single - tree gap sites in mixed beech forests were found,
seventeen sites dominated by beech (Fagus orientalis Lipsky) and ten
by hornbeam (Carpinus betulus L.) at 700 - 1300 m altitude range. In
all of areas, the pit and mounds resulted from the fall of a single
tree. Four microsites were distinguished including mound top (mound),
the pit bottom (pit), the gap in the canopy (gap) and closed canopy
(canopy) at each site. Soil samples were taken at 10cm depth from all
microsites to laboratory analysis. The earthworms were collected
simultaneously with the soil sampling by hand sorting, washed in water
and weighed with milli gram precision. Species of earthworms were
identified by external characteristics using the key of BOUCH (see
Figure. 1). Biomass was defined as the weight of the worms after
drying for 48 hours on filter paper at room temperature (60°C).
Analysis of whole data was done in SPSS Ver. 13.5 of statistical
program. Factor analysis is statistic technique for achievement to
complex relationships among variables. For this purpose, relationships
between microsites and earthworms species were analysed by Principle
Component Analysis (PCA).

Figure 1: Earthworm's representative of different ecological groups

Earthworm's representative of different ecological groups. (a) Epigeic species
inhabit organic rich surface layers and feed mainly on surface organic matter.
(b) Endogeic species, consume more mineral soil than epigeic species, and mix
mineral and organic soil layers together. (c) Anecic species live in deep
vertical burrows, feed mainly on surface litter, and incorporate litter into
the soil as well as transporting mineral soil to the surface from deeper soil
layers (Pfiffner, 2014).

Results



Analysis of wvariance is indicating soil characteristics Thave
significant differences in investigated microsites of beech and
hornbeam sites. The maximum and minimum of acidity were observed in
mound and canopy microsites, respectively for both of sites. The most
water content (moisture) devoted in pit microsite and the least was
observed on mound. In beech site, maximum of carbon related to canopy
and the least devoted on mound microsite, but in hornbeam site, the
highest observed in gap microsite. Nitrogen had higher amounts in
canopy and least value related to mound. Carbon to nitrogen ratio was
less in canopy and the highest amounts observed in pit for beech site
and on mound in hornbeam site (Table 1). Analysis of data showed that
number and biomass of earthworm's ecological groups had significant
differences among microsites and sites. Earthworm's number and biomass
had more amounts 1in canopy and the least were observed on mound
microsites. Hornbeam site involved more abundance of earthworms in
compare to beech site (Tables 2 and 3). In beech site, PCA showed that
percentage of eigenvalue for the first and second axis are about
53.91percent and 31.69 percent, respectively. In hornbeam site, the
first second of the PCA accounted for 81.38 percent of the total
variance; 48.13 percent by axis 1, 33.25 percent by axis 2 (Figure
2).



Table 1: Mean of soil characteristics in different microsites of sites

Water Carbon to
Site Microsite pH Carbon Nitrogen | nitrogen
content .
ratio
Beech Mound 6.82 15.98 2.59 0.12 21.05
(0.03)a (0.84)d (0.13)b (0.006)c (1.39)ab
Pit 6.11 55.72 2.68 0.12 22.00
(0.09)b (1.97)a (0.18)b (0.003)c (1.69)a
Gap 6.68 29.38 3.00 0.17 17.67
(0.04)a (1.26)c (0.16)ab | (0.008)b (1.37)bc
Canopy 6.03 43.80(1.75)b 3.34 0.24 14.04
(0.07)b (0.15)a (0.006) a (0.68)c
Hornbeam | Mound 7.66 14.84 2.35 0.11 20.37
(0.05)a (0.84)c (0.04)b (0.005)b (0.90)a
Pit 7.43 53.74 2.37 0.13 18.67
(0.01)b (4.32)a (0.29)b (0.007)b (2.75)a
Gap 7.65 37.61 3.04 0.25 12.05
(0.04)a (2.39)b (0.17)a (0.006)a (0.74)b
Canopy 7.34 37.49 2.84 0.26 10.95
(0.08)b (2.34)b (0.03)ab | (0.007)a (0.38)b

Table 2: Kruskal - Wallis analysis for number and biomass of earthworms in
different microsites

Site Earthwor Epigeic Anecic Endogeic
Microsite / | m Number | Biomas | Number | Biomas | Number | Biomas
Statistical Groups s s s
character
Beech | Microsi | Mound 0 0 0 0 0 0
iE® Pit 1 10.47 0 0 0 0
Gap 0 0 1.47 10.76 0 0
Canopy 0.52 2.76 0 0 1.23 7.41
Statist | Chi 15.242 | 15.849 | 30.477 | 30.459 | 19.404 | 19.398
ical square
charact | DF 3 3 3 3 3 3
ers Sig. 0.002* | 0.001* | 0.000* | 0.000* | 0.000* | 0.000%*
* * * * * *
Hornb Microsi | Mound 0 0 0
eam (=€ Pit 2.10 31 0.30 1 0 0
Gap 1 5.50 2.80 34.30 0 0
Canopy 1.30 10.40 4.50 13.20 2.80 26.90
Statist | Chi 12.105 | 12.444 | 17.775 | 18.338 | 28.800 | 28.783
ical square
charact | DF 3 3 3 3 3 3
ers Sig. 0.007* | 0.006* | 0.000* | 0.000* | 0.000* | 0.000%*
* * * * * *

Table 3: Mann - Whitney analysis for number and biomass of earthworms in sites
Earthworm / Epigeic Anecic Endogeic
Statistical Number Biomass Number Biomass Number Biomass
character
Mann - Whitney U 945 950.50 957.50 951.50 1207 1201
Wilcoxon 3291 3296.50 3303.50 3297.50 3553 3547
Z -3.31 -3.26 -3.41 -3.46 -1.66 -1.733
Sig. 0.001** 0.001** 0.001*x* 0.001** 0.095 0.083 ns

ns
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Discussion

It is conceivable that gap creation increased soil acidity and low pH
observed in canopy microsite. Faguetum litters have low pH, but within
gaps Dbecause of disturbance creation and extensive changes, the
decomposition velocity is higher and organic matter cycles are better
in compared to canopy. Therefore, the soil pH includes higher amounts
in gap microsite that is according to the results of Muscolo, Sidari
and Mercurio (2007)’s research. In beech site, epigeic ecological
groups (that were belonging to epi - anecic under category) found in
pit and canopy microsites that were in relation to moisture high
amounts within these microsites. Almost, 80 to 90 percent of
earthworms fresh weight constituted of water, thus soil moisture are
essential for theirs live and will kill by reason of soil drying
(Saleh Rastin, 1978). With considering moisture of 55.72 percent in
pit microsite, this moisture amount is due to more gathering of
epigeic. The most earthworms, especially anecic species prefer the
positions with rich nutrition. These species consuming litters with
low C/N content. Endogeic and anecic species are more resistant to
soll inappropriate textures and drought conditions. They are able to
migration more beneath layers and avoid of soil drought, especially
in summer season (Hale and Host, 2005). In hornbeam site, earthworm's
different groups were found in studied microsites except of mound
microsite. Mounds creates hilly surfaces on superficial soil and
include more soil volume and temperature in compared to other surfaces
(Londo and Mroz, 2001). On the other hand, soil temperature 1is
effective on number and biomass of earthworms and distribution (Brady,
1990). Therefore, low moisture and high temperature created fatal
conditions for earthworms on mound microsite (Nachtergale et al.,
2002) . High assemblage of epigeics biomass within pit is related to
earthworm's hygrophilous. Some of earthworms are semi aquatic and
prefer positions with high moisture and deep water (Schwert, 1990).

Conclusion

Results of this study showed that earthworms can be as bioindicator
for evaluation of forest stands changes after disturbance events. The
windthrow generally reduced the activity and abundance of the
earthworms. Our results suggest that windthrow should be considered
as an effective factor on pedodiversity that are tied to forest
ecology. This is significant for evaluating forest management policies
and practices with respect to impacts on soil and also for the use of
soils as indicators of forest ecosystems.
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Abstract summary

In Mediterranean orchards, soil organic matter (SOM) plays a crucial
role and 1its 1level 1is principally determined by the continuous
physical and chemical action of soil fauna. The aim of this study was
to characterize and compare C/N dynamics and other soil physico-
chemical parameters, soil macrofauna abundance, bioturbation and
litter/SOM decomposition indices in a Mediterranean olive (Olea
europaea L.) orchard subjected to two different so0il management
systems (namely sustainable, Swg, and conventional, Cwg) for 18 years.
The adoption of the Swg system significantly increased almost three
times the abundance of earthworms and two times that of other
macrofauna. Bioturbation due to soil fauna and roots was significantly
higher in the Swg system, and this caused a significantly faster SOM
decomposition measured both in local litter bags and in tea bags. The
results highlighted that a great part of the soil quality and fertility
of the Smg system could be due to the bioturbation activity of soil
fauna, together with its interaction with decomposing microorganisms.
It emerged that the role of soil fauna should be seriously taken into
account in future land management strategies not exclusively focused
on fruit yield and quality.

Keywords: bioturbation,; litter decomposition,; olive orchards,; soil
fauna,; sustainable land use,; tea bags.

Introduction, scope and main objectives

Soils and crops in Mediterranean agro-ecosystems are particularly
vulnerable to climate change and environmental stresses, and they will
be more and more in the next future (IPCC, 2019). Particularly,
Mediterranean fruit orchards are endangered by an increasing water
shortage often due to changes in rainfall frequency and distribution,
and rise of soil aridity and desertification, with resulting
critically low levels of soil organic matter (SOM) and contents of
macro- and micronutrients, all of which essential for water storage
and plant growth (Palese et al., 2009; Pascazio et al., 2018; Sofo et
al., 2019). In order to ‘break’ this wvicious circle, nature-based
solutions based on increased carbon inputs are required to facilitate
sustainable use and conservation of soils.

The amount and types of SOM are principally determined by the
continuous physical and chemical action of soil organisms, as soil
fauna participates to SOM shredding, transformation and decomposition,
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in cooperation with microorganisms (Matson et al., 1997; Six et al.,
2004) . Moreover, Soil fauna-SOM interactions are of particular
relevance in determining soil physical, chemical and microbiological
fertility (Giller et al., 1997; FAO, 2017; Totsche et al., 2018).

In this research, olive (Olea europaea L.), a typical and widely-
spread Mediterranean fruit crop, has been chosen for its
multifunctional role. On this basis, the aim of this study was to
characterize and compare C/N dynamics and other soil physico-chemical
parameters, soil macrofauna abundance, bioturbation and litter/SOM
decomposition indices 1in a mature Mediterranean olive orchard
subjected to two different soil management systems (namely
sustainable, Smg, and conventional, Cmg) oOver a long term period of
18 years.

Methodology

The trial was carried out in a 2-ha olive orchard (Olea europaea L.,
cv. ‘Maiatica’; 70-year.old plants with a distance of 8 x 8 m; NE
orientation) located in Ferrandina (Southern Italy, Basilicata region;
N 40° 29’; E 16° 28’). Half of the orchard (1 ha) has been managed
using sustainable/conservation agricultural practices for 18 years
(2000-2018) (sustainable management, Swg), while the other half (1
ha) was kept as ‘control’ plot and was conducted with a 1locally

conventional management (Cmg) (Table 1). In June 2018, soil sampling
was performed in the inter-row area of both the systems (Swg and Cung) -
For both the so0il management systems, five composite samples (n = 5)

were prepared.

On soil composite samples (soil depths of 0-5, 5-10 and 15-20 cm),
total organic carbon (TOC), total carbonates, total N (TN), pH and
bulk density were determined according to Pansu and Gautheyrou (2006).

Soil macrofauna was hand-sorted and chemically expelled in the field
using mustard oil solution. In order to evaluate soil bioturbation,
mesh bags were prepared, installed for one year in the field and then
recovered for evaluating biogenic structures due to macrofauna
presence. An experiment using tea and and local litter was also carried
out. Tea bags and local litter bags were buried for 90 days in the
soil. After that, their decomposition indices were calculated
according to Keuskamp et al. (2013) and Harmon, Nadelhoffer & Blair
(1999) .

Table 1: Agricultural practices adopted in the sustainable system (Smwg) and in the
conventional system (Cung)
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Practice S Cung

No tillage. Spontaneous
weeds and grasses mowed at
Soil tillage |least twice a vyear. Crop
residues were cut and left

Tillage (milling at 10 cm soil
depth) performed 2-3 times per
year in order to keep the soil

on the ground as mulch. bare.

Guided fertilization:

fertigation based on a

nutrient Dbalance approach

which takes 1into account

nutrient input (by

wastewater), output (by

yield), and|Mineral fertilization carried

recycling/immobilisation in|out empirically once per year in
the grove system (by pruned|early spring by using granular
material, senescent leaves, |product applied to the soil (NPK
cover crops). The average|20-10-10 fertilizer at doses
values of organic C, N, P|ranging from 300 to 500 kg ha-!
and K contained in the|yearl).

treated wastewater were 124,
54, 3 and 50 kg ha'! year!.
An integrative amount of 40
kg ha! year! of N-NO3~ was
distributed in the early
spring.

Guided drip dirrigation (6
self-compensating drippers
per tree delivering 8 L h7l)
with treated municipal
wastewater. The irrigation
was based on crop
Irrigation evapotranspiration,
calculated according to FAO
equation: ET. = K, x Ko x ET,

(Kry = reduction coefficient;
Kc = crop coefficient; ET, =
potential
evapotranspiration).

Light winter pruning was
performed each year in order
to reach vegetative-|Heavy pruning carried out every
Pruning reproductive balance of [ two years. Pruned residues
trees. Pruning material was|burned out of the olive grove.
cut and left on the ground
as mulch.

Fertilizatio
n

No irrigation (about 35 m3
rainfall plant ! year™l).

Results

The profiles of soil total organic carbon (SOC) and soil total nitrogen
(STN) in the two management systems, and particularly in the topsoil
(0-5 <cm), were considerably different. Here, SOC levels were
significantly higher (p £ 0.05) in the Smg system, compared to the
Cung One, while the differences in SOC levels were not significant in
5-10 cm layer, and reversed in the 10-20 cm one. The contribution of
soil inorganic carbon (SIC) as fraction of soil total carbon (STC)
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was higher with increasing soil depths, but no significant differences
were found between the two soil systems. The levels of STN were
significantly higher in the Smng system at 0-5 cm, while the differences
in the remaining soil depths and soil systems were not statistically
significant. The SOC/STN ratios in the both the soil systems were
significantly different between the 0-5 cm soil layer and the other
two depths, and were statistically higher in the Swg system. In the
litter of the Smg system, the values of SOC and STN were 43.38 g kg*
and 5.90 g kg?', while no litter was found in the Cmg system due to
the soil management adopted. In the Smg system, the values of soil pH
and bulk density increased with rising soil depth and were
significantly lower from those of the Cuwg system.

Both the number (7 £ 1 specimens) and total weight (4.011 * 0.702 g)
of the collected earthworms were higher in the Swg system, compared
to the Cwng values (3 £ 1 specimens and 1.397 + 0.334 g, respectively).
Similar trends were found for other macrofauna specimens’ number and
total weight. The mean weight of earthworms was not statistically
different between the two soil management systems, while that of other
macrofauna was higher in the Smg system.

The weight of the biogenic structures in the mesh bags with holes
(access to macrofauna) were significantly higher in the Swmg system
than in the Cug one, with differences marked in the 0-5 cm soil depth
(10.058 and 3.952 g in the Swmg and Cwg systems, respectively). The
same trend was found in the mesh bags without holes (access to smaller
fauna only) (3.710 and 1.392 g in the Swy and Cwmg systems,
respectively, at 0-5 cm soil depth). At the deepest soil depths (5-10
and 10-20 cm) bioturbation was very low compared to the 0-5 cm soil
layer.

The weight differences of the tea inside the two types of the tea bags
(green and red), allowed to calculate the decomposition indices. Among
these, the fraction of remaining green and red tea (Wr. and Wry,
respectively) were lower in the Swng system. The stabilisation factor
(S) resulted to be significantly higher in the GCung system (0.670 vs
0.585), while the decomposition rate constant (k) showed a reverse
trend (0.018 in the Swg system and 0.010 in the Cug one).

The fraction of remaining local litter (XI:) in the bags kept in the
soil for one year was significantly higher in the GCug system (0.847)
than in the Swmg one (0.626). Regarding the 1litter decomposition
constant (z), it resulted to be 0.515 in the Swg system and 0.168 in
the Cmg system, being significantly different at p £ 0.05. Similar
trends of local litter bags decomposition parameters, but with higher
remaining litter and lower z values were found in the bags kept in
the soil for 90 days.
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Figure 1: (a) Earthworms, (b) mesh bags, (c) local litter bags, and (d) tea bags
recovered from the soils studied in the experiment

Discussion

A great part of the soil quality and fertility in the Smg system could
be due to the bioturbation activity of soil macrofauna, together with
its interaction with decomposing microorganisms and roots. From the
general analysis of the data obtained, it appears that a Swg system
increased macrofauna abundance and bioturbation, with repercussions
on SOC decomposition determined Dboth in 1litter and tea Dbags.
Generally, higher microbial and faunal biodiversity in agro-ecosystems
leads to greater stability and multifunctionality (Giller et al.,
1997; Sofo et al., 2019; Wu and Wang, 2019). From a productive point
of view, in soil fauna-plant interactions both the animal and the
plant profit from each other, and these interactions could play an
important role in fruit growing, positively affecting plant status,
water and nutrient uptake and improving product quality (Brussard et
al., 2007).

On this basis, the role of soil fauna should be seriously taken into
account in future land management strategies focused not only to fruit
yield and quality but also to multifunctionality of agro-ecosystems.
From an ecological point of wview, understanding the relationship
between local changes (e.g., soil fauna/microorganisms, soil quality
and fertility, soil carbon storage capacity, nutrient cycling and soil
water retention) and global effects (e.g., soil quality/fertility,
soil environmental importance, climate change mitigation and
adaptation) can be particularly important in fruit orchards, whose
products are a relevant source of income for many farmers operating
in the Mediterranean area and have a potential role for climate change
mitigation (Pergola et al., 2013).

Conclusions
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In view of circular economy principles and to capitalize on natural
potential of soils, strategies have to be developed for sustainable
land use practices that optimize nutrient and energy use. This will
reduce SOM decline, soil erosion and soil degradation but also promote
ecosystem services and foster biodiversity, with consequent benefits
to the whole agro-ecosystem stability and 1its resilience against
biotic and abiotic factors.
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Abstract summary

Methods based on the study of microfauna are useful for assessing soil
quality and studying the effect of degradation of biological and
chemical properties. The area used for the study is a rural area of
the Valencian Community that presents an area with natural forest
soils, and another with soils affected by agricultural uses. Soils
with different degradation states (natural soils with potential
vegetation, and cultivated soils without irrigation) were included on
different parental materials.

Soil properties were characterized by classifying the different soils.
The sampled soils are representative of the Mediterranean area of the
Iberian Peninsula and correspond to the following soil subunits (WRB-
FAO): Molic and rendzinic Leptosoils, and calcareous Regosoils.
Moreover, the aspects involved in the biological activity of the soil
were studied determining: the organic matter content of the soil,
degree of humification, breathing rate and populations of
microarthropods. The results showed significant wvariations 1in the
organic matter content of the soil, with high values of the degree of
humification. It 1s obtained that soil chemical characteristics and
biological properties are related to microarthropod populations
indicating that the effects of potential vegetation degradation, and
inappropriate land use are a direct cause of decrease in organic
matter, degree of humification, Dbreathing rate, and decreased
populations of microarthromerates in soils.

Keywords: soil sequence, biodiversity

Introduction

Different agronomic techniques can affect the physical, chemical and
biological properties of the soil. Certain soil bioindicators are very
useful for detecting changes in soil quality, among them is mainly
its organic content and soil fauna, important data to monitor the
health of the soil (Gardi and Jeffery, 2008; Gbmez-Pamiesi, Godoy and
Coronel, 2010).
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The decrease in biodiversity is in many cases the result of the
alteration of the ecosystem due to changes 1in land use and use
(Brussaard, Ruiter and Brown, 2007). In Mediterranean ecosystems there
are links between the organic C content and the soil breathing with
different stages of degradation or the plant succession in which the
ecosystem 1is located (Rutigliano et al., 2009) with respect to soil
fauna, specifically microarthropods, it has been found that there is
greater diversity and abundance in natural or forest soils wversus
cultivated or degraded soils (Arroyo and Iturrondobeitia, 2006; Brown
et al., 2007). The objective of this work is to study the variations
of different indexes indicators of soil quality depending on its use,
in two areas with different lithology with two different types of
uses, one corresponding to a climax soil and another to a soil
dedicated to cereal cultivation.

Methodology

Soil sampling was carried out in a study area located in the north of
the province of Valencia. Units were selected based on geological
material; and 1n turn, each wunit was subdivided according to
vegetation, type and land use. The study area presents a dry-sub-humid
Mediterranean climate, Systematic sampling was performed. Two subunits
were sampled in each unit: Climax vegetation (Cl, and T1l), and cereal
crops (C3) and almond and wvine (T3). Each subunit was divided into
two plots, within each plot the sample was composed of three or four
subsamples taken at a depth between 0-15 cm and 50 cm away being the
total ground mass of 5 kg. In the same way, unchanged samples were
taken in cylinders 5 cm high and 5 cm in diameter, in each plot in
order to determine the microarthropods present. Organic matter was
determined by the Walkley and Black method (MAPA, 1994). 1In the
fractionation of organic matter from soil the samples were treated
with NaOH (0.1 M) in 1:10 ratios, in continuous agitation for 2 hours
(Baddi et al., 2004). The organic C content in each fraction was
determined by the Walkley-Black method. The soil breathing rate was
determined by measure of 02 consumption due to soil microorganisms,
using OxiTop-C (Roca-Pérez, Arévalo and Boluda, 2005) breaths, the
incubation time was a maximum of 15 days at 20 oC and in darkness.
In order to identify microarthropods, extraction was performed with
the Berlesse funnel; the counting and classification of the catches
was made with a 4x binocular magnifying glass on a petri dish later
(Lifian, 1998).

Results and discussion

The organic matter (MO) values obtained in our study in each of the
subunits and their characteristics are presented in Table 1. The
highest percentages of organic matter were obtained in soils under
forest tree cover (climax vegetation), and the lowest percentages
occurred 1in soils dedicated to <cultivation, regardless of the
geological material on which Developed. Therefore, depending on the
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use of land we can observe a clear variation in the percentage of
organic matter. Microarthropod communities are important as
bioindicators in the assessment of the different agronomic regimes.
The evaluation has been carried out using the QBS indices (arthropods
and collembola) (Lakshmi and Ammini, 2017; Menta et al., 2018). The
QBS results showed the wvariation due to expected use and were more
affected by the agronomic regime than by soil characteristics, with
the lowest values recorded for agricultural soils.

Table I: Total microarthropods and breathing rate ((mg O, g'lss,), of the soil for
15 days incubation
Sample | Land use Lithology |Bioclimat Soil Micro Humificat . .
; . Respirati
ic floor | (Deckers |arthropod |ion grade
& on (15
and s/m 5l
Nachterga . ays_
incubatio
ele, )
1998) n
Cl Forest Limestone Supra Leptosoil 21.435 13
. P 4532+321
Cretacic . moéllic
Mediterra
nean
C3 Agricultu Limestone Meso Leptosoil
ral Cretéacic , , haplic
Mediterra 321414
nean 2.340 3 -
T1 Forest Conglomerate Meso Leptosoil
s of the . | mollic
Tertiary | cditerra 37214266
Y nean 18.932 11 N
T3 Agricultu |[Conglomerate Meso Regosoil
ral s of the . | calcdric
Tertiar Mediterra 412+21
Y nean 3.679 5 -

The wvarious organic indexes 1in soils were quantified according to
their use and source material. The values of the degree of humification
defined as the relationship (CastCar)/Ct ranged from 3 to 13, with
notable differences between forest and agricultural soils regardless
of bioclimatic floor and geological material, which could be related
to the characteristics of organic matter and dense plant cover. The
titration of the 0O, consumed show that, regardless of the lithology
the less degraded the ecosystem, (soils under potential vegetation <
soils dedicated to dry crops) and higher content of organic matter
has soil (Table 1), the greater its biological activity.

The number and type of microarthropod populations varied depending on
land use, being generally higher in natural Leptosoles with potential
carrascal vegetation. The largest microarthropod populations were

those of the Groups Colémbolos and Acarus, Orders Astigmata and
Prostigmata. This fact suggests that geological material and
bioclimate are not the determining factors.

The application of different relationships indicated by Karg (1963)

between the types of individuals in the study samples show that the
Astigmados/Prostigmados ratio favors the Astigmados for forest soils
while for the soils under cultivation, favors the Prostigmados. This
indicated that areas that are poorly vegetated or in disturbed media
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appear imbalances, instability and a decrease in soil fertility
manifesting an imbalance of mesofauna groups (Havlicek, 2012). In our
case, the relationship of Colermbola and other meso or microarthropods
(Oribatida, Astigmata, Gamasides, Prostigmatas and Psocopteras)
indicate that these relationships tend to increase in agricultural
soils (T3).

Conclusions

In the Mediterranean Region, climatic and lithological conditions
together with relief and anthropic activity increase soil degradation
processes due to loss of organic matter, and it is essential to
determine qualitatively and quantitatively parameters that are
indicators of the effects on soil loss of quality and biodiversity.
The study of the content of organic matter, humic substances, the
breathing rate of the soil microbiota and the number of
microarthropods in Mediterranean soil systems in an area of the
province of Valencia, comparing them on different lithologies climax
soills versus agricultural soils emphasized that the parameters used
function as good indicators of soil degradation. Assuming the
degradation of potential vegetation as a loss of biodiversity, the
results showed that its loss influenced the biological properties of
the soil rather than variations due to bioclimate or source material,
with a gradient negative of the soils of the most preserved ecosystems
towards those in deforested and cultivated areas
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Abstract summary

Many valuable ecosystem services are driven by soil organisms, and
earthworms are the key representatives. Earthworm activity underpins
several soil properties that directly influence soil hydrological
functioning and food production. However, the influence of different
earthworm ecotypes and plant-roots they interact with is largely
unknown. Laboratory and field experiments were conducted to
investigate these effects.

The data show that earthworms and plant roots interaction can
significantly change soil physico-hydraulic properties. However,
laboratory experiments indicated that there are species effects. The
vertical-burrowing earthworm Lumbricus terrestris increased soil
water-flow rates, but when their burrows are not connected to drainage
systems, plant roots had a greater effect. The lateral-burrowing
earthworm Allolobophora chlorotica had a greater impact on soil
hydraulic properties than L. terrestris. The presence of A. chlorotica
in soils resulted in the greatest and most rapid increase in soil
water-flow as a result of their interaction with plant roots.

In a field experiment, the conversion of arable soil to ley caused
significant changes to soil properties; earthworms' presence in the
ley was responsible for a significant proportion of these changes.
However, the magnitude of earthworm impacts is significantly
controlled by seasonal climate variations. Furthermore, the presence
of earthworms significantly increased plant biomass.

Keywords: Lumbricus terrestris, Allolobophora chlorotica, Soil water
flow, Soil water storage, plant growth, hydraulic conductivity, soil
water release curves, water stable aggregates.

Introduction, scope and main objectives

Relatively little is known about life in the soil, particularly the
interactions between its components. Many of these interactions drive
soil processes that give rise to ecosystem services (ES) supporting
human wellbeing.
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The earthworm is a significant ES driver in soil systems, dominating
the biomass of soil invertebrates. Previous reviews (Bertrand et al.,
2015; Blouin et al., 2013) have highlighted the main ES provided
indirectly by earthworms via their activity in the soil. Earthworms
can be classified into three ecological groups, epigeic (litter
dwelling), endogeic (shallow burrowing) and anecic (deep burrowing)
(Bouché, 1977), and these have differing effects on ES such as soil
water regulation. Many factors interact in a complex fashion to impact
soil water regulation such as earthworm species and biomass (Alegre,
Pashanasi and Lavelle, 1996; Blouin, Lavelle and Laffray, 2007) bulk
density (Blanchart et al., 1997), burrowing and casting activities
(Bastardie et al., 2003; Le Couteulx et al., 2015), soil texture, soil
structure and initial water content (Fischer et al., 2014; Péres et
al., 1998). While there are studies related to each of those factors,
relatively little is known about how the effects are different in the
presence of plant roots which earthworms interact with.

The primary aim of this work was to examine the influence of different
earthworm ecotypes and the plant roots which they interact with on
soill properties that directly influence soil hydrological functioning
and food production. To achieve this aim, a series of laboratory
experiments and a field experiment involving different earthworm
ecotypes common in the UK were conducted. The experiments were carried
out with and without plants and in the presence and absence of
earthworms in soils of differing texture (loam, silt loam and sandy
loam soils; two of the fields from which these soils were collected
were used in the field experiment).

Methodology

Two laboratory experiments were carried out to examine: 1) the effects
of the wvertical burrowing earthworm L. terrestris on hydraulic
function of different soil textures and whether these effects are
different in the presence of plant roots which earthworms interact
with; 2) then determined whether the interaction effects on soil
hydraulic function are different for the lateral burrowing earthworm
A. chlorotica and how they change with time. A field experiment was
then conducted to determine the effects of earthworms as a community,
composed of different ecological groups of earthworms, on soil
hydraulic function when exposed to natural climate and how those
affects change through seasons. The research also explored the
resulting effects on plant growth.

In the two laboratory experiments, either L. terrestris or A.
chlorotica were added to repacked columns with three different soil
textures, loam, silt loam and sandy loam collected from the top 20 cm
from three fields at the University of Leeds commercial farm, (53°
517 44” N 1° 20’ 35’'W). The soils were air-dried, sieved to < 2 mm,
then analysed for pH, organic matter content, dry bulk density and

soill particle size (data not shown). Soils were repacked into PVC
columns to a dry bulk density of 1.3 g cm™ and wetted gravimetrically
with deionized water up to 25 - 30 percent to sustain earthworm

activity (Butt and Lowe, 2011; Lowe and Butt, 2005). All columns had
a 3 cm thick buffer soil layer at their base separated from the bulk
soil by a fine nylon mesh. The columns were planted with pre-germinated
winter wheat seedlings then earthworms were added to the earthworm-
present treatments. The columns were placed 1in a controlled
temperature room (15 + 1°C and 60 + 7 percent rh) under LED lights
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for 16 weeks. Four replicate columns with the presence and absence of
both individual winter wheat plants and either L. terrestris or A.
chlorotica earthworms were established. At the end of the experiment,
the field saturated and unsaturated hydraulic conductivity, the
partitioning between macropore flow and micropore flow, soil water
release curves, soil water holding capacity, water stable aggregates
and plant biomass were measured.

For the field experiment, undisturbed monoliths were extracted from
four fields that had been under arable use for at least 8 years. From
each of the four fields, seven monoliths were collected, six of which
were defaunated by deep freezing at -20 °C for three weeks and one
monolith was left unfrozen as a control. After defaunation, all
monoliths were planted with a ryegrass-clover ley then placed back in
an excavated hole in the fields from which the monoliths had been
extracted. Within each field, earthworms at population density and
diversity similar to that recorded in nearby pasture fields were added
at three of the defaunated monoliths. Earthworm addition to the three
defaunated monoliths was repeated after the high summer temperatures
to ensure earthworm inoculation success. The produced treatments are:

defaunated monoliths with earthworms’ addition (n = 3), defaunated
monoliths without earthworms’ addition (n = 3) and a control (Control,
n = 1). During the experiment period, hydraulic conductivity at

potentials of -6, -3, -1 and -0.5 cm (K0.5) was measured once a season,
percent water flow through different pores classes (0.5, 0.5-1, 1-3
and >3 mm in diameter) was calculated, and grass-clover shoot biomass
was collected halfway through the experiment and at the end of the
experiment. All monoliths were extracted after 12 months of
experimentation - samples from the monoliths were collected for
measurement of soil water-release-curves, water-holding capacity,
bulk density, percentage water-stable aggregates, organic matter,
total nitrogen content (percentN) and grass-clover Dbelowground
biomass. Earthworms were recovered from the monoliths during the
sampling process and by hand-sorting the remaining soil 1in the
monoliths. Wheat bicassays were conducted on the soil from each
monolith.

Figure 1 in the following section shows in part a schematic drawing
of both the PVC columns used for the laboratory and the monoliths used
for the field experiment.

Results and discussion

The main findings of the research are summarised in the Figure 1
below:
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Figure 1l: Diagram summarising the main results of the research project

Letters refer to the measured parameters; %$WSA = percentage of water stable
aggregates, WHC = water holding capacity, Kss = field saturated hydraulic
conductivity, Kh = unsaturated hydraulic conductivity, SWRC = Soil water release
curves, %0OM = percentage of organic matter content, BD = bulk density, %N =
percentage of total nitrogen, and PB = plant dry biomass. Symbol % refers to
present or absent

The laboratory experiments showed that in conditions where burrows do
not connect to drainage systems, the vertical burrowing earthworms L.
terrestris increased water flow at saturation; however, the impact of
plants was more significant. Under the same conditions, the lateral
burrowing earthworm A. chlorotica, showed more significant impact on
water flow than both plant roots and the vertical burrowing earthworm
L. terrestris. The interaction between winter wheat roots and either
L. terrestris or A. chlorotica showed the greatest effect on water
flow. In the A. chlorotica experiment, the increase 1in saturated
hydraulic conductivity occurred more quickly in the earthworm + winter
wheat than the other treatments. In the L. terrestris experiment, the
contribution of water flow in pores > 3 mm was greatest in the plant-
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present treatments. In contrast in the A. chlorotica experiment water
flow in pores > 3mm was Jgreatest in the A. chlorotica-present
treatments. Similarly, for soil water release curves, the water
content in the soil was greatest in the plant-present treatments in
the L. terrestris experiment. In the A. chlorotica experiment water
content in the soil was greatest 1in the A. chlorotica-present
treatments. A. chlorotica burrowing and casting behaviour increased
soil surface roughness (micro-dams) and built complex sinuous burrow
systems of small diameter that helped to hold more water in soil than
L. terrestris. These results show the important role of soil biota in
modifying soil hydrological processes and suggest that the action of
soil biota can mitigate surface water erosion, or perhaps even reduce
downstream flood risks. The results show that endogeic earthworm
species can have a significant effect on soil hydraulic properties
and could have a greater role to play in mitigating the impacts of
flooding and drought compared to vertical burrowing earthworms. Also,
to reap the maximum benefit of earthworms for successful land
management requires the use of the appropriate species.

The use of a mixed population of earthworms under field conditions
confirmed the significant effect of earthworms on soil water flow as
in the laboratory experiment. However, their impact was affected
significantly by seasonal changes. Earthworm addition to ley increased
hydraulic conductivity 1in summer and spring and decreased it 1in
winter. Earthworm addition to ley also increased the soil water
content at saturation and at field capacity, water holding capacity
and available water to plants. This reflects the ability of earthworms
to contribute to soil water regulation and support crop growth, two
key services provided by soil, through water transfer and storage
processes. The decreased soil bulk density and increased organic
matter content in the ley monoliths suggest that arable to ley
conversion improved soil properties, but the further increase in
organic matter content in the presence of earthworms shows the
important role of earthworms in fostering/enhancing these effects.
The differences in hydraulic conductivity between seasons can affect
modelling of hydraulic processes and importantly this suggests the
need to use the appropriate hydraulic conductivity for the appropriate
season.

The soil from the fields with higher organic matter content had higher
water flow rates and water holding capacity in all the experiments
compared to other soils with lower organic matter content. Overall,
the increase in plant dry biomass in all experiments reflected the
increase in soil water holding capacity or the availability of water
to plants. Plant growth was the highest in the earthworm addition
treatments which suggests improved soil properties for crops in the
presence of earthworms.

Conclusions

Overall, earthworms that occupy different ecological niches have
differing effects on soil physico-hydraulic properties. However, the
interaction between plant roots and earthworms changed soil properties
which resulted in enhanced percolation rates, together with more water
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being retained by the soil at different volumetric water contents,
which in turn result in higher plant growth. The increased soil water
flow and storage could help alleviate exposure of many human systems
and ecosystem services that are derived from soils to negative effects
of extreme events due to current climate change. Boosting earthworm
populations 1is a worthwhile practice to ensure successful and
sustainable land restoration and the improvement of soil qualities
adversely impacted by intensive agriculture.
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Abstract summary

We introduce the chemical kinetics for the evaluation of soil ion
diversity in order to characterize the relationship between vegetation
growth and topsoil formation.

Using two measures that represent invariant features of chemical
reaction rate with respect to the total ion concentration and ion
balance, we analysed so0il mineral databases from geographically
continuous Brazilian savanna and highly biodiverse farming plots and
surrounding natural environment in Japan. Combined with the model of
self-organized vegetation growth, the developed measures showed
distinctiveness and complementarity to interpret the topsoil formation
processes through a wide range of spatio-temporal ecological
transition. Such a framework of analysis 1is applicable to wider
ecological interactions that can be formalized as a concentration-
dependent reaction network.

Keywords: Soil ion diversity, chemical kinetics, Brazilian Savanna,
Synecoculture, augmented ecosystems, ecological optimum, topsoil
formation, diversity measure

Introduction, scope and main objectives

We applied two measures of diversity based on the chemical kinetics,
to evaluate the topsoil formation with respect to the spatial
transition and temporal succession of ecosystems with natural and
artificially augmented vegetation. The main objective 1is to
qualitatively characterize the development process of aboveground and
underground ecosystems for 1) the total amount, and 2) balance of soil
ions, both contribute to maximize chemical reaction rate in soil
solution.

Methodology

Databases: Soil mineral databases of A: four different depths and four
transitional vegetation difference from the Cerrado (Brazilian
savanna) (Cruz Ruggiero et al., 2002), and B: with two different

depths, 34 and 104 samples respectively from natural and augmented
ecosystems with edible plant species in Synecoculture project
(Funabashi, 2019).

Measures: 1) Dilution-Invariant Mean Entropy Gradient (DIMEG) and 2)
Regularized Weighted Self-Information Product (RWSIP) defined based
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on the invariant property of the entropy of chemical reaction
(Funabashi, 2019).

Summary of derivation of the measures: Consider the chemical reaction
rate v=k[[%[X;]"® with m reactants, each with concentration [X;],
coefficients 1r;, and rate constant k. We convert the unit [X;] to a

probability form, such that [Xi]/cn , with constant ¢>0 and scale n=0
being the dilution factor. Adding the concentration of inactive

[Xi]>0, the set of {[X;],q} forms a probability

elements q=1-%;5"
distribution, on which we define the Mean Entropy S=

—Zﬁlr-[f—ni]log[f—ni]—qlogq as a diversity measure. Since soil solution is
largely influenced by external factors in actual open-field situations
(e.g., precipitation), we are interested in the measure of chemical
reaction that 1is not affected by a simple dilution. Using the
asymptotic analysis, we derive the constant gradient of the mean

entropy with respect to the change in dilution parameters represented

n
in the form of standard function logc /Cn:
m m
. logc™ . [X:] c”
T{gg(S/ o >=1{g1302(—n C,ﬁ (log[X;] —nlogc) — qlogq nloge =Zn[XL-],

i=1 =1
from which we define DIMEG as the dilution-invariant measure of

reaction rate,
m

DIMEG = Zri[Xi] .
i=1
For a given ¢ and n, larger DIMEG value generally represents greater
reaction rate. See Figure 1A-1 and B-1 for more intuitive meanings.

Since DIMEG is based on the sum, it can take the same value for
different balances of reactants. To distinguish the different reaction
rates under the same DIMEG, we develop a complementary measure based
on the product of term-wise entropy regularized by DIMEG:

m (_ [Xi]l [X;] /lof—ncn>”

lim =1\~ ¢n 1087 B 17, X1
n-00 log c™ YT DIMEGXiE.mi’
(5128
the limit value of which we define as RWSIP,
Al
RWSIP:= —=2 2
DIMEGZi=1Ti
It corresponds to the gradient of the weighted self-information
. T\
product WSIP:=[]2, (—[f—nl]log[f—n’]) " with respect to the dilution parameters
logc™ DI
( /c”) . Note that the numerator of RWSIP coincides with the

solubility product constant. See Figure 1A-2 and B-2 for the exact
relationship between WSIP and RWSIP.

The database analyses in Figure 1 and 2 took after the general chemical
equation of soil ion equilibrium:

ClI" + NO; +2S0; + HCO; + H,PO, =2Ca* +2Mg* +K" + Na'
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The conversion of unit from measured concentration to the probability
form of these ions can be calculated from the molecular weight, and
in case of choosing ¢=10, it is situated at the range of 4<n<4.7,
which satisfies the convergence of the gradients of Mean Information
and WSIP to DIMEG and RWSIP, respectively, in the actual databases as
shown in Figure 1.
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Figure 1l: Asymptotic behavior of A: Mean Entropy and B: Weighted Self-Information
Product (WSIP) in blue lines, applied to soil mineral databases of A-1 and B-1:
Brazilian savanna (Cruz Ruggiero et al., 2002), and A-2 and B-2: Synecoculture

fields and surrounding natural ecosystems (Funabashi, 2019)

With respect to the dilution parameters ¢ =10 and n>1, the gradient ratios between

the blue lines and red dotted standard functions converge to constant values, which

provide DIMEG and RWSIP scores for each sample. Actual soil solution remains within
4<n<4.7.

Results

Figure 2 summarize the results of DIMEG and RWSIP scores. In the soil
mineral database of Brazilian savanna, the DIMEG scores that represent
the total concentration of measured minerals K, Mg, Ca show gradual
increase along the vegetation transition from lower savannic formation
to semideciduous forest, and the concentration becomes higher towards
the soil surface.

The RWSIP scores, on the contrary, take the maximum values at higher
savannic formation such as cerrado sensu stricto and cerraddo (i.e.
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ecotonic formation between grassland and forest), and remains lower
at both ends of campo cerrado and semideciduous forest. The increase
of RWSIP towards the soil surface is generally observed, except the
semideciduous forest (i.e.
established ecosystem with high and dense vegetation).

low score at the

soil

surface

of

Results from Synecoculture fields and surrounding ecosystems also
showed higher concentration of soil minerals Na, K, Mg, Ca at the
with statistically significant increases of

surface (0-10cm) level,

mean DIMEG scores compared to the 30-40cm depth layer (p < 1 percent).
While the surface soil of natural ecosystems showed higher DIMEG
(p < 5 percent), at the deeper level

values than Synecoculture fields

(30-40cm) the Synecoculture samples contained more concentration of
There was no significant difference

total minerals (p < 5 percent).

between the overall samples of Synecoculture vs. natural environment.

The RWSIP values between Synecoculture vs.
showed higher mean value for Synecoculture fields (p < 1 percent),
with significant difference at the
percent). Only in Synecoculture fields the increase of RWSIP scores
towards the surface was significant

summarized in Tab.l.
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Figure 2: A: DIMEG and B: RWSIP scores of A-1 and B-1l: Brazilian savanna 2 (mesh
surface), and A-2 and B-2: Synecoculture fields and surrounding natural ecosystems
(Funabashi, 2019) (blue circles with mean value * standard deviation in red circles
and lines)
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Table 1: Results of t-test for the difference of mean values between two sample
groups from Synecoculture fields (“Syneco”) and secondary forests (“Natural”) in
the same area in Japan

Magnitude Sample group
M 1 1 -val
easure Sample group relation 2 p-value
Syneco 30-
DIMEG Syneco 0-10cm > 0.0052
40cm
N 1 0-
DIMEG Syneco 0-10cm < atural 0 0.031
10cm
DIMEG Natural 0-10cm > Natural 30- 0.00011
40cm
Nat 1 30-
DIMEG Syneco 30-40cm > atura 0.029
40cm
DIMEG Syneco All < Natural All 0.29
S 30-
log (RWSIP) | Syneco 0-10cm > yneco 0.038
40cm
Natural 0-
log (RWSIP) Syneco 0-10cm > 0.0021
10cm
N 1 -
log (RWSIP) | Natural 0-10cm > atural 30 0.96
40cm
Nat 1 30-
log (RWSIP) | Syneco 30-40cm > atura 0.20
40cm
log (RWSIP) Syneco All > Natural All 0.0021

The notation “0-10cm” and “30-40cm” are the sampling depths. “Syneco All” gathers
all samples of “Syneco 0-10cm” and “Syneco 30-40cm”, and “Natural All” that of
“Natural 0-10cm” and “Natural 30-40cm”. With respect to the magnitude relationship
of mean values, significant differences are highlighted with red (significance
level 1%) and blue (5%). To satisfy the normality of distribution, RWSIP was tested
in logarithmic scale.

Discussion

The complementarity between DIMEG and RWSIP shed new insights on the
interpretation of savannic formation: while total ion concentration
showed monotonal increase towards highly developed vegetation, the
soil ion balance became most diverse at the transitional ecotonic
formation between grassland and forest. Since natural plant
communities that comprise multiple species follow the self-
organization process known as ecological optimum (Funabashi, 2016),
the qualitative dynamics of DIMEG and RWSIP can be mapped into the
different phases of the sigmoidal growth curve (Figure 3): The DIMEG
can be interpreted as a proxy of the growth curve of underground ion
diversity, while RWSIP corresponds to the growth rate (i.e.
differential of the growth curve) because maximizing the diversity in
a given concentration leads to the maximization of chemical reaction
rate. This model coherently explains the relative magnitude
relationship between DIMEG and RWSIP with respect to the spatial
transition of vegetation in Brazilian savanna (light blue in Figure
3).

Higher mineral concentration at the surface level is another evidence
of ecological optimum, where vegetative organic matters mainly stack
and decompose at the surface level, which forms nutrient cycle and
exerts soil functions supported by chemical buffering capacity (e.g.
adsorptive filtration of water through electro-chemical property of
soil particles). In coherence with the theory of augmented ecosystems,
the qualitative differences between Synecoculture (1-3 vyears of
implementation with an enhanced level of biodiversity) and natural
soils (lower species diversity but longer period of topsoil formation)
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was consistent with such a self-organization view: In both cases soil
surface maintained higher concentration of ions, and despite the
shorter period of vegetation succession, Synecoculture fields
accumulated the same level of soil minerals as in natural ecosystems
with longer succession. Major difference was observed at the balance
of these ions, which corresponds to the different phases of the growth
curve Dbetween the ecotonic transition of Synecoculture (i.e. the
orange-shaded range in Figure 3, with higher RWSIP values represented
as a magenta line) and more established and saturated stage of natural
ecosystems (i.e. the green-shaded range in Figure 3, with lower RWSIP
values represented as a cyan line).

— Natural sigmoid curve

—— Augmented sigmoid curve
Differential of natural sigmoid curve
Differential of augmented sigmoid curve

\ Natural
o\ (Secondary forest)

Biomass, Soil lons

Brazilian Savanna:  Campo cerrado Cerrado sensu stricto Cerraddo Semideciduous forest
Spatial Transition, Temporal Succession

Figure 3: Qualitative model of vegetation development and soil formation based on
the self-organization process of ecological optimum

The cases of Brazilian savanna and Synecoculture experiments are integrated with
respect to the relative differences between DIMEG (total ion concentration) and
RWSIP (ion balance) scores, which correspond to the sigmoidal growth curves (blue
and red lines) and its gradient curves (cyan and magenta lines) , respectively, of
the biodiversity measures such as aboveground biomass and underground ion
diversity. The blue curve and its cyan gradient represent the spatial transition
and temporal succession of natural ecosystems, while the red curve and its magenta
gradient those of augmented ecosystems such as Synecoculture fields. The
correspondence with analysed databases is shown as: light blue words indicating the
savannic transition in Brazil; orange shade for the succession stage of
Synecoculture fields; and green shade for its surrounding ecosystems’ samples.

Conclusions

Two novel diversity indices (DIMEG and RWSIP) incorporating the
mechanism of chemical reaction in soil have been constructed, and
validated its effectiveness in characterizing natural and augmented
ecosystems that contain wvariability in vegetation transition and
succession stages. The developed indices are robust against the open-
field fluctuation such as soil water content and provide consistent
measures that can be applied to the reinterpretation of existent soil
ion databases under variable measurement conditions, and combine with
related information on biodiversity. Since the soil chemical property
is the essential environment for soil biodiversity, the developed
indices may provide important information for the estimation of soil
microbial communities using massive data and artificial intelligence
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(Funabashi, forthcoming). The complementarity between arithmetic and
geometric means 1is one of the essential strategies for the
characterization of complex systems, and further variants of the
proposed diversity measures could be considered to unveil hierarchical
structure in higher-dimensional databases (Funabashi, forthcoming).
These 1indices being formally defined on chemical equation, there
should be direct applications to dynamical equilibria of general
ecological interaction networks beyond soil ion reactions, such as
the food chain of soil microorganisms.
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Abstract summary

Georgia, according to WWF definition is included in the list of “hot
spots” of biodiversity in the Caucasus and Eastern Europe. That’s why
to study its biodiversity is very interesting, especially in the
highland regions. Ecological changes caused by global warming and
human impact, study the High Mountain ecosystems and facilitating
maximal development of soil is one of the most actual problems for
scientists.

In High Mountain regions of Georgia livestock farming is the main
agricultural branch. Hence, the considerable amount of meadows in High
Mountain regions of Georgia are used as pastures and the others in
adjacent areas are occupied with technical cultures.

Ecosystems of relatively simple structures are most convenient for
biogeocenological research and at the same time are less studied. High
Mountain regions are areas wherein forming rather extreme conditions
for soils’ ecosystems.

Investigations were conducted in different regions of Georgia at an
altitude of 800 - 2395 m asl. There were determined the basic groups
of High Mountain meadows’ soil inhabitants - invertebrates-
saprophagous.

Keywords: Soil inhabitants, Highlands, Biodiversity, Caucasus.

Introduction, scope and main objectives

Georgia 1is one of the main countries in the Caucasus, lying between
Western Asia and Eastern Europe. It 1is bounded to the west by the
Black Sea, to the north by Russia, to the south by Turkey, and to the
southeast and east by Armenia and Azerbaijan (Kokhia and Golovatch,
2020) . The area is mainly high montane, situated between latitudes
41° and 44°N, and longitudes 40° and 47°E.The peculiar location of
the Caucasus, the extremely diverse climatic conditions and the
heterogeneous nature of its vegetation determine the soil
biodiversity.

The most of Georgia’s territory 1is occupied by hilly meadow soddy
primitive soils, which extend from 1100 to 2600 m asl. In most
mountainous areas, the following types of soils are found:

1. Forest light brown soils;

2. Mountain-valley landscape with alluvial soils;
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3. Mountain meadow soils;

4. Mountain glacial landscape with subnival and nival belts (Kokhia,
et al., 2021).

Georgia’s highlands flora also is diverse and represented more than
4130 species of plants. Among the countries of moderate climate,
Georgia is considered as one of the richest floristically; it is at
the 5% place in Europe, after Italy (5663), Spain (4916), Greece
(4900) and France (4500). High endemic 1level of Georgia’s flora
reflects its richness. Approximately 21lpercent of the flora in Georgia
is endemic and consists of about 90 endemic species. Among them about
600 species are Caucasian and about 300 are Georgian endemic.

The Greater Caucasus Mountain Range plays an important role 1in
moderating Georgia’s climate and protects the nation from the
penetration of colder air masses from the north. The Lesser Caucasus
Mountains partially protect the region from the influence of dry and
hot air masses from the south (Bondyrev, Davitashvili, Singh, 2015).
According to Gulisashvili (1964), the high-altitude natural zonation
varies quite clearly in different parts of Georgia (Figure. 1) in
relation to climatic gradients.

Ecosystems of relatively simple structures are mostly convenient for
biogeocenological researche and at the same time are less studied.
High mountain regions are Jjust those areas relatively rather extreme
conditions for 1living organisms’ ecosystems of the most simple
structures are formed and developed. Nowadays influenced by the
environmental changes caused by global warming and human impact, the
study of high mountain ecosystems and facilitating maximal development
of soil is one of the most actual problems for scientists.

That’s why 1t is so interesting to study the Dbiodiversity of the
highland regions, especially of the soil and its inhabitants. In the
presence of climate change, land degradation and biodiversity loss,
soils have become one of the most vulnerable and actual problems for
scientists of the world.

In high mountain regions of Georgia livestock farming is the main
agricultural branch. Finding an optimal balance between livestock
production and grazing impact on animal diversity is important for
the development of sustainable grazing systems. Hence, the
considerable amount of meadows in High Mountain regions of Eastern
Georgia are used as pastures and the others in adjacent areas are
occupied with technical cultures (potato, cereal crops). The rate of
plant residue decomposition, their mineralization, soil structure and
humus horizon formation, the rate of organic compound turnover 1is
determined and significantly depends on the soil inhabitants’ life-
activity (millipedes, earthworms, nematodes, and other
invertebrates) .

The main objective of the research is to study soil inhabitants their
species composition and distribution in high mountain ecosystems.

Soil invertebrates appear as bioindicators of soil state. We consider
that the study of high mountain soils macrofauna structure, estimation
of their role in soil layers mixing, increasing of water flowing and
aeration, to improvement of soil physical and chemical characteristics
and enrichment of organic matter with products of their vital activity
should be the most effective method for ecological monitoring of such
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type of ecosystems. The representatives of macrofauna as a
saprophagous-humificators take an active part in bringing organic
compounds of plant litter into deep layers of soil, enriching soil
mineral horizon which leads to deepening and formation of a soil
profile. Invertebrate-saprophagues release energy and nutrient
elements accumulated by green plants.

Methodology

To study specific composition of soil inhabitants of high mountain
ecosystems, their distribution and trophicstructure standard methods
applied in soil zoology were used. For gathering and definition of
soilil invertebrates’ dominant species, traps were used. There were
provided the complex research of high-mountainous ecosystems and soil
inhabitants’ wvital activity were investigated in some High Mountain
sites of Georgia. There were determined the basic groups of high
mountain meadows’ invertebrate-saprophagous (millipedes, earthworms,
and Woodlice) .

In the fields with Lucerne, the prevalence of saprophagues number was
clearly expressed and approximately was 60 percent. The structure of
invertebrates’ population in these places was characterized by the
variety of trophic groupings and poly-dominance. In the lower mountain
forest zone canopy saprophagues predominate and compose 76 percent of
the total number and are represented also with earthworms, woodlice
and diplopods. In the mining soils of alpine meadow there was found
just one species of diplopods — Catamicrophyllum caucasicum and their
number comprised more than 200 ind./m? or 88 percent (Kokhia, 2011).
It is necessary to note that the presence of rare and endemic forms
is characteristic for the macrofauna of the alpine meadow of alpine
zone.

Results

Long-term studies of the Georgian soil fauna have shown that the main
soil inhabitants are saprophagous-invertebrates, including Insects,
Myriapoda and Earthworms (Kokhia, 2011). At the same time, we studied
the Nematodes: phitoparasites, free-living and entomopathogenic forms
among them.

In Georgia, recorded about 2480 species of insects.

Table 1: Soil inhabitants’ diversity and distribution in Georgia

Myriapoda Earthworms Nematode
Western Georgia 71 80 361
Eastern Georgia 63 30 300
Total 134 110 661

Lumbricidae is characteristic of shallow soils, while they are almost
not found on medium and humus-rich soils. The anthropogenic factor is
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the reason for this since shallow soils were mainly used as pastures
and the powerful and humus-rich soils as agricultural land. Therefore,
these soils are richer with the earthworms’ species composition.

Studying the lumbricofauna of Georgian mountainous chernozems, it was
established that earthworms occupy the leading positions among the
soil macrofauna and play a decisive role in soil formation processes,
so their number varies from 240 to 400 ind/m?. It should be noted
right away that in Eastern Georgia, namely in the Vashlovany Nature
Reserve, the number of earthworms was only 8 to 14 ind/m?. Nowadays,
in mountain chernozems, were found earthworms species, which are
typical for the forest brown soils, such as Dendrobaenaveneta, D.
byblica, D. penteri, Eisenia grandis perelae, etc, after the
destruction of forest vegetation, they adapted to the conditions of
mountain chernozems (Kvavadze, 1985).

Discussion

The diplopod fauna of Georgia, Transcaucasia, 1s very rich given the
country’s relatively small territory because it presently comprises
103 species from 44 genera, 12 families, and 7 orders. Investigation
has shown that a significant number of millipede species is noted in
Western Georgia (52 percent) and about 19 percent were noted in Eastern
Georgia (Kokhia, 2018).

Proceeding from the above-stated principles Kvavadze (1999) has
classified earthworms of the Caucasus and singled out the following
ecological groupings: inhabiting soil surface or epiedaphobionts,
soil-litter or deviedaphobionts, forms living in humus horizon or
hemiedaphobionts, euedaphobionts or forms living in deep layers of
soil, amphibionts earthworms living in water and land and hydrobionts
or secondary water forms of earthworms.

In this respect, in the Adjara region (Bukhnikashvili and Beltadze,
2012), for example, earthworms are grouped as follows:

Table 2: Ecological earthworm groups

Ecological Groups Earthworms
Epiedaphobionts 7
Deviedaphobionts 5
Hemiedaphobionts 10
Euedaphobionts 4
Euedaphobionts 3
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Hydrobionts 1

Conclusions

As it was expected, the meadow soil macrofauna significantly differed
from the ones of forests’ soil. It was mostly observed in dominant
groups. As for main groups, they were unchangeable. In all height
level sand in all associations earthworms had the priority condition,
though in other groups among them insects and diplopods were in small
quantities. It was due to earthworm density of soil invertebrates that
was quite high, especially in the lower alpine zone (1250-1300 m asl).
The zoological studies of south Georgian mountain chernozems’
confirmed that earlier they were such as brown forest soils and later
approached to the chernozems (Kvavadze, 2013 ).

In subalpine meadows the great bulk of macrofauna was concentrated in
the topsoil horizon (0-30 cm) and on soil surfaces under shelters.
The largest number of animals at the edge of stony taluses was higher
than it is confirmed by rules of the ecotone effect. During the
experiments the tendency of transition of soil animals to dwelling on
a soil surface at the big heights was defined with the basic limiting
factor of the deficiency of heat in soil increasing with height.

In accordance with the studies, it can be concluded that soil
inhabitants play an important role in the soil formation process. Soil
aeration, layer mixing depends on the life-activity of inhabitants,
as a result of their nutrition (Kokhia, 2011, Wallis De Vries, et
al., 2007), a powerful humus layer is formed. Based on this, it is
necessary should be continued studies to protect the biodiversity of
soil inhabitants.

Studies based on climatic conditions and landscape diversity has shown
that the soil inhabitants of Eastern Georgia are more numerous, while
the species composition is more abundant in Western Georgia (Jgenti,
2008, Tskitishvili et al., 2018).

It should be noted that the soil invertebrates can be used as sensitive
indicators for soil diagnostics
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Abstract summary

Although Colombia is one of the first tropical countries where an
effort was made to gather mycological flora, contributions to the
taxonomy, diversity and ecology of soil microfungi are still scarce.
In this study, the diversity of soil microfungi was studied collecting
biodiversity data from literature according to the six Colombian
natural regions: Andean, Amazonian, Caribbean, Orinoquia, Pacific and
Insular. The analysis showed that most data comes from the Andean
region. This may be due to the fact that the Andean region is the most
populated and most accessible one to research. The other regions were
much less studied, with the Insular one with no data at all. More than
300 species of soil microfungi were recorded for Colombia, belonging
to 126 different genera and 6 phyla (Ascomycota, Basidiomycota
Mucoromycota, Glomeromycota, Mortierellomycota, and Olpidiomycota).
Among them, arbuscular mycorrhizae represent the most widely studied
group. The most recorded genera in Colombian soils were Acaulospora
and Glomus, with ca. 20 species each. The other genera were rarely
isolated and consequently less studied. It is, therefore, evident the
need to continue and complement the existing research on microfungi
in Colombia to have a better understanding of soil fungal biodiversity
and its properties.

Keywords: Fungi, Biological diversity, Soil, South America, Colombia

Introduction, scope and main objectives

Soil hosts an incredible diversity and abundance of microbial 1life,
composed mainly by bacteria and fungi (Fierer, 2017). It is estimated
that 1 g of soil contains 10° — 10° fungal cells (Pepper, 2019). Soil
fungi are responsible for a wide array of important ecological
functions, such as influencing carbon sequestration through plant life
and nutrient mineralization (Bardgett & van der Putten, 2014). The
mycological flora of the tropical zones of the world is less known
than that of the temperate zones. One of the first tropical countries
where an effort was made to study mycological flora was Colombia.
Mycological studies in Colombia have focused mainly on macroscopic
fungi, and contributions to the taxonomy, diversity and ecology of
microfungi are still scarce, so this area of mycology is little known
for the country. The attention on microfungi has increased only in
the last decades and its research has been directed especially to
certain metabolites and functional groups in ecosystems. The present
analysis aims to provide an overview of the current state of knowledge
on soil fungal biodiversity of Colombia, in order to establish a
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starting point for future investigations of the soil-plant-animal-man
system, in relation to the pattern of geographical division of the
Colombian territory. This study focuses on the variety of soil
microfungal species, which is a significant source of potential wealth
to develop strategies for the rational use and management of available
soil resources, both biologically and socially, considering
agroecosystems and the conservation of biological diversity.

Methodology

A literature search was performed on Google Scholar and Web of
Knowledge using the key words “Colombia” AND “soil” AND “fungi” both
in English and in Spanish in order to collect all the publications
that represented the state of the art on native soil microfungi in
Colombia. The research studies and the found fungal species were
divided according to the pattern of geographical division of the
Colombian territory that includes the six natural regions: Andean,
Amazon, Caribbean, Insular, Orinoquia and Pacific.

Results

The previous studies on soil fungi of Colombia reported a total of
300 identified species Dbelonging to 126 different genera. The
different available papers and taxa are considered in relation to the
Colombian natural regions. The most studied region was by far the
Andean one, with more than 300 soil fungal taxa, followed by the
Orinogquia (47 taxa), Caribbean (38 taxa), Amazon (37 taxa), and
Pacific (7 taxa) (Figure 1). The phyla that were more frequently
recorded were Glomeromycota, Ascomycota, and Mucoromycota (Figure 2).

Orinoquia  |pgylar (Otaxa)  Amazonian
(47taxa) /" (37taxa)

Caribbean
(38taxa) ™\,

—_ Andean
(316 taxa)

Figure 1l: Number of soil microfungal taxa recorded from the natural regions of
Colombia (Landinez-Torres et al. 2020)
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Figure 2: Relative abundance of soil microfungi at phylum level (expressed in %)
recorded from the natural regions of Colombia (Landinez-Torres et al. 2020)

According to our analysis of the available literature, the most found
genera in Colombian soils are Penicillium, Glomus, and Acaulospora
with ca. 20 species each, Mortierella with 15 species, Aspergillus,
Fusarium, Mucor, Rhizophagus, and Trichoderma with ca. 10 species
each. The other genera were less abundant and with a lower diversity
of species in the soil.

Discussion

The review of the studies on the microscopic fungi presents in the
soil of Colombia showed that the Andean region was the most favored,
since the highest number of species and genera were isolated from this
region. The 1insular region was never considered 1in the studies
analysed and data on soil fungi were not found for this region. The
high diversity present 1in the Andean region may be due to its
extension, eco-geographical and climatic diversity and to the fact
that it is the most populated region, which could favor its study and
therefore a deeper knowledge of its mycological diversity.

The Amazon, unlike the other regions, has soil fungi recordings for
each of its administrative regions. This phenomenon is with no doubt
related to the research efforts that universities, institutions and
government made over time in this strategic area of 1life, both
biologically and culturally.

This analysis showed that the methodologies for fungal taxonomic
determination should be enriched, since the characterization based
only on morphology through identification keys makes it difficult to
classify the soil fungi at species level. Therefore, it is necessary
to complement this type of analysis with molecular and metagenomic
techniques, as it was done by Landinez-Torres et al. (2019). In fact,
mycologists should focus on these important aspects which are
essential to enrich knowledge in this promising area.

Referring to the soil fungi of the country, arbuscular mycorrhizae
represent the most widely studied group, perhaps because of the
importance of these fungi in the tropics, with their increase in plant
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nutrition, especially phosphorus absorption (Cardoso, 2017). The
genera Glomus and Acaulospora were dominant in the mycorrhizal
composition of Colombia. However, it is necessary to continue studies
on all soil fungi to assess the actual diversity and distribution,
especially in areas of the country where they have not yet been carried
out.

Conclusions

Knowledge about the biological diversity of soil microfungi as well
as the understanding of their ecology regarding soil microbial
interactions is vital for a developing country like Colombia. Studies
on this subject will contribute to solutions to problems such as
optimization of agroecosystems, recovery of highly anthropized areas
and conservation of natural ecosystems, especially considering the
great functional potential of soil fungi such as arbuscular
mycorrhizae, cellulolytic and lignolytic fungi, potential biological
control agents, antagonists, phosphate and calcium solubilizers.
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Abstract summary

Despite its importance for human activities, soil biodiversity remains
largely unknown and threatened. Aware of the need for large-scale
monitoring, we studied the feasibility to add a soil biodiversity
survey (RMBS-Biodiversity) to the already existing French soil quality
monitoring network (RMQS). We worked with soil biodiversity experts
to couple RMBS-Biodiversity with RMQS i.e. to choose soil taxons and
functions, the methodologies and the sampling design. According to
the experts, the sampling design of RMQS fits with a soil biodiversity
survey. We propose sampling protocols for i) bacteria and fungi, 1ii)
protists, 1iii) nematodes, 1v) mesofauna (particularly springtails),
v) below-ground macrofauna (earthworms), vi) surface macrofauna
(beetles and spiders), and considering functions, vii) soil porosity,
viii) enzymatic activity and ix) organic matter degradation. The RMBS-
Biodiversity data would be used to assess the distribution and monitor
the changes in soil biodiversity at the scale of the French territory.
In addition, coupling data providing from RMBS with data from RMQS-
Biodiversity, allows deciphering links between biodiversity,
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physical-chemical characteristics of the soil and human activities
(practices, heavy metal loading, and pesticide residues for instance).

Keywords: Large-scale survey, soil taxons, soil functions, soil
physical-chemical characteristics, practices, biodiversity
distribution

Introduction, scope and main objectives

Soil biodiversity is essential for human activities and particularly
for agriculture, Dby governing soil structure, organic matter
degradation, nutrient and water cycles (Wagg et al., 2014). Despite
of its dimportance, soil Dbiodiversity remains largely unknown and
threatened by human activities (Decaéns, 2010; Orgiazzi et al., 2016).

From the early 1990’'s, research programs are launched in order to know
better soil biodiversity. In France, several surveys exist or have
existed, varying according to sampling design, spatio-temporal breadth
and studied taxon and functions: ENVASSO (Bispo et al., 2009),
EcoFINDERS (CORDIS. 2015), LUCAS (Toth, Jones & Montanarella, 2013),
Bioindicator programme (Bispo, Grand et Galsomies, 2009) and Landmark
(LANDMARK, 2015). It remains the need to a global surveillance network
of soil biodiversity based on standardized methodologies, covering
the whole French territory (metropolitan and ultra-marine areas),
including almost the main soil biodiversity components as it is done
elsewhere (Dragicevic, 2008; McKenzie, Van Leeuwen et Pinder, 2009;
Rutgers, 2011; Schmidt et al., 2011; CENBAM, 2012).

Building a large-scale survey with several methodologies needs a
strong organization and substantial resources to cover large
spatiotemporal scales. It could be advantageous to lean on an existing
survey, already operational. Beyond the organization benefit, this
coupling allows to study the links between different data with a high
statistical power. Besides, linking different biodiversity surveys 1is
one of the main goals of the French Biodiversity Office (OFB) (Touroult
et al., 2017). However, it 1s necessary to assess if the sampling
design of the existing survey could fit with the new one. For example,
the grid pixel size and the number of studied size can impact the
results (Nielsen et al., 2009; Soberdén et al., 2007).

Aware of the need for large-scale monitoring and of the opportunity
of this coupling for research issues, we studied the feasibility to
add a soil biodiversity survey to the already existing French soil
quality monitoring network (RMQS). The objectives of the present work
were: 1) Constitute an expert group involving in the feasibility
evaluation of a 1long-term soil Dbiodiversity survey, 2) Choose
protocols and assess human, financial and technical needs and 3)
Propose a sampling design accommodating all the Dbiodiversity
methodologies and the pedologic measurements.

Methodology

In order to study the feasibility to add a soil biodiversity survey
(RMBS) to the already existing RMQS, we first installed a group of
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experts and discussed the way we could adapt the existing sampling
design to biodiversity measurements.

RMQOS

The first campaign of the RMQS took place from 2000 to 2015 in
continental France and overseas territories (French Guiana, West
Indies, Reunion and Mayotte islands) and the second campaign began in
2016. The RMQS is based on the monitoring of 2,240 sites spread over
a 16*16 km grid on French territory. These sites can be agricultural
plots, meadows, urban gardens, wastelands, forests, vineyards and
orchards and other types of natural environments.

For each site, a sampling area of 20m*20m, divided into 2m*2m plots,
was selected. Monitoring is carried out on 25 of these plots (those
with plot n°2 for the second RMQS campaign, Figure 1). A pedological
profile is carried out near the sampling area.

@ 2 9
2{3|2(3|2|3|2]3|2]3 N
1 4 1 4 1 4 1 4 1 4 L
2{3|2(3|2|3|2]3|2]3
1 4 1 4 1 4 1 4 1 4
2 3 2 3 2 3 2 3 2 3

20m

1lal1af1]|afl1]a|1]a
2{3|2(3|2|3|2]3]|2]3
141 ]|a|1|a|1]a]1]4 Sampling
2(3|2|al2(3|2|3|2]3 plot

ZmI 1|al1|al1|a|1]|a|1]a

(Ohre @

S5m

:l Pedologic profile

Figure 1l: Sampling design of the RMQS

The data collected correspond to the physico-chemical characteristics
of the soil, including contaminants, organic carbon stocks and human
activities (agricultural or soil management ©practices). Some
biodiversity monitoring has already been done on RMQOS plots in three
projects. Flora and forestry characteristics are measured since 2000
in plots of the ICP forest network. In the ECOMIC-RMQS project,
microorganism community was determined for all RMQS plots. Similarly,
fungi analysis is in progress. In the RMQS-Biodiv, several taxa
(microorganisms, mites, springtails, nematodes, earthworms) and
functions (organic matter degradation and enzymatic activity) were
sampled in 107 Brittany sites. More recently, the enzymatic activity
is measured on RMQS soil samples collected since 2016 (5 enzymes in
2016 and 2017, 10 enzymes from 2018).
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Setting up the soil biodiversity survey

The OFB expressed the need to build a survey of soil biodiversity,
which will be part of the larger survey of terrestrial biodiversity.
The first step is to demonstrate the feasibility of such surveillance,
taking into account scientific and practical aspects. Thus, we
contacted around 30 soil biodiversity experts to install a working
group where we built a survey. The questionnaire included 59 questions
divided into 4 main categories: sampling (16 questions), laboratory
and data analysis (23 questions), costs (5 questions) and
interpretation of the results (15 questions). The survey was used to
gather the opinions and knowledge of the experts (e.g. usefulness of
the taxon, budget, way of implementation, interpretation limits) and
collect the details of both field and lab methods for each taxon and
function. We circulated the survey within the group. We performed
face-to-face interviews to discuss more practical aspects (such as
field and analysis time, workload, coordination with other teams,
analysis difficulties) and collect suggestions for the most efficient
way of working. Finally, during the 4 plenary meetings we all together
i) discuss the results of the questionnaire, ii) study the feasibility
of coupling RMBS with RMQS, iii) choose soil taxa, functions and
associated methods, iv) figure out the sampling design and v) 1list
practical needs (labour supply, costs, material, time). Such meetings
were also used to explain the aims of the project, present the
monitoring network, the advancement of the work, make a synthesis of
the different information and reach agreements.

Results

During the last two years, 21 completed answers and 2 uncompleted
answers to the questionnaire were received, together with 14
interviews. We discussed the results and shared our views during 4
plenary meetings with all the experts.

The working groups composed by the contacted experts, is
representative of almost all the soil biodiversity taxonomic groups,
and some functions. According to experts, the sampling design of RMQS
seems be appropriate to perform the soil biodiversity survey. However,
some aspects of the RMQS protocols were discussed to be adapted to
the RMBS-Biodiversity. We decided that the frequency (10-15 years)
and season of sampling, and the sampling grid (16*16 Km) of RMQS fits
to the objectives of RMBS-Biodiversity.

We collectively propose a survey of 1) bacteria and fungi, 1ii)
protists, 1iii) nematodes, 1iv) below-ground mesofauna (springtails
mainly), v) below-ground macrofauna, vi) surface macrofauna (beetles
and spiders) and mesofauna, and considering functions, vii) soil
porosity, viii) enzymatic activity and ix) organic matter degradation
(Tab. 1). Flora and sporocarp fungi should also be part of the RMBS
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but discussions about sampling protocols are still in progress. The
expert group still need to be set up for French ultramarine areas.

The development of RMBS-Biodiversity has also allowed federating a

multidisciplinary network around soil biodiversity, composed of
researchers (pedologists, agronomists and ecologists), botanical
conservatories, nature managers, naturalist associations, the

administration and private research offices.

Table 1: Taxons, functions and methodologies selected

Taxons- Data Lab analysis
Functions | collection y
Bacteria Composite Mass
and fungi sample sequencing
, Composite .
Protists Sequencing
sample
Composite Taxonomic
Nematodes P . s .
sample identification
T -
Mesofauna | Soil corers , agoﬁoml?
identification
Spade test .
Belowground P Taxonomic
and mustard . s
macrofauna , . identification
application
Surface
macrofauna Pitfall Taxonomic
and traps identification
mesofauna
Soil , Soil column
. Soil column
porosity scan
Enzymatic Composite Absorbance
Activity sample measure
Organic
9 Cotton .
matter . Tension test
q strips
degradation

Discussion

After 2 vyears of discussion, meetings and literature review, we
considered RMQS sampling design adapted to monitor soil biodiversity
at large scale. As there are no studies at different scales of soil
biodiversity, so it is difficult to define the most suitable sampling
design density and therefore the most appropriate grid cell. Coupling
a soil biodiversity survey with a project such as the RMQS, will
certainly provide some answers to this question. Indeed, a soil
biodiversity survey (RMBS-Biodiversity) using the RMQS tool represents
a real opportunity to conduct a study on a national scale. Even if
the study grid is quite large in relation to existing work (e.g., plot
scale), it will provide a global vision at a national scale of soil
biodiversity and thus provide a Dbetter understanding of the
biogeography of soil organisms. Due to the lack of information about
the wide scale distribution of soil organisms, the adaptation of RMQS
protocols to soil organism’s study should constitute a starting point
to understand the main drivers influencing soil biodiversity at large
scale.

The RMBS-Biodiversity will start with a testing phase in 2020. A soil
expert group is engaged in this project and methodologies were chosen.
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The next steps are to identify methodologies to survey Flora and fungi
sporocarps and to define sampling designs in ultramarine territories.

Conclusions

Adding a soil biodiversity survey (RMBS-Biodiversity) to the RMQS
seems feasible and will be tested. It is a promising project that will
contribute to a better knowledge of soil biodiversity on the French
territory and to understand links between different kind of soil
biodiversity, physical-chemical characteristics of the soil and human
activities.
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Abstract summary

Soil microbes provide ecological services to determine health in
soils. Microbial communities in soils can be monitored by checking
their metabolic properties. EcoPlate (Biolog, Inc.) can be used to do
that by inoculating a mixed culture of microorganisms on a system of
96-well microplates with 31 different carbon sources, where microbes
grow in a 5 days test. The growing is measure by optical density. The
objective of this work was to evaluate the metabolic fingerprint of
microbes in three soil samples of the same area (The Will County at
Illinois State USA): a natural reserve, an industrial park and a
farmland with 15 years of herbicide use (Glyphosate). Results showed
differences between samples and functional diversity on carbon sources
(carbohydrates, polymers, carboxylic acids, amino acids, amines, and
phenolic compounds) by each microbial community. Communities in the
farmland by all carbon sources where lower than the Natural Reserve
and the Industrial Park (30 to 90 percent). Natural Reserve has the
highest values of optical densities of almost all the carbon sources.
Polymers are the only carbon source higher of Industrial Park. These
findings indicated that is possible to evaluate anthropogenic impact
on soils by using the metabolic fingerprint of microbial communities
of soils.

Keywords: Metabolic Fingerprint, Microbial Communities, Ecoplate,
Carbon Sources, Anthropogenic Impact, Soils

Introduction, scope and main objectives

The microbial community is defined as an “assembly” of populations of
microorganisms that interact with each other, as well as with the
spatial and temporal environment. These interactions give it
attributes by which it can be characterized (Atlas and Bartha, 2002).
Soil microbial communities play an important role in agroecosystem
functioning and are essential for plant nutrition and health
(Gattinger, Palojarvi and Schloter, 2008). EcoPlate (Biolog, Inc.) is
a technique to determine functional analysis diversity and structure
of microbial communities, where different carbon sources are used to
establish a metabolic profile of microorganisms and their behavior.
It detects if bacteria can oxidize the different carbon sources where
an electron transfer from the respiratory electronic transport chain
to the tetrazolium salt of the medium, producing a color change that
is measured in absorbance terms (Preston-Mafham, Boddy and Randerson,
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2002) . The aim of this study was to evaluate the anthropogenic impact
on three soil samples of The Will County area at Illinois State USA:
a natural reserve, an industrial park and a farmland with 15 years of
herbicide use by determine the metabolic fingerprint of microbes on
microplates EcoPlate (Biolog, Inc.).

Methodology

Soil samples were collected at Midewin National Tallgrass Prairie
(41°20753.4624”N 88°11’'27.2862”"W), North Island Industrial Park
(41°18734.041”N 88°0.705”W), and Mazon Farm (15 years of Glyphosate
use) (41°10715.905”N 88°277’16.851”W). From each site, soil samples
were collected wutilizing a soil recovery tube and sorted during
collection into Whirl-Pak bags. Organic Carbon (OC), pH, Nitrate (NOs3~
) and Phosphate (POs”) were measure for each soil. OC was measured by
the Walkley-Black Method and the other ones using the Soil Analysis
Hach Test Kit Cat. No. 24959-00. Table 1 shows the data of the soils.
The temperature ranged from 74-87°F and the humidity ranged from 47-
64 percent. The soils were prepared for use in the EcoPlate microplate
by mixing 5 g of soil from the top 4 inches and 5 g of soil from the
bottom 4 inches from each collection site with 95 mL of phosphate-
buffered saline (PBS) in a waring commercial blender for one
minute. The soil suspension was diluted 1:100, and 1:1000. Each well
of the EcoPlate was inoculated with 120 pL of the 1:100 and 1:1000
dilutions. The EcoPlates were incubated at 25°C. The absorbance values
(optical density) of the wells were determined using a Perkin Elmer
Victor x3 multilabel plate reader and measured at 24, 48, 72, 96, and
120-hour time intervals. Triplicates were done and data were compared
using Analysis of Variance (ANOVA), with a p<0.05 as significant. IBM
SPSS 25 was used to perform the analyses.

Table 1: Physicochemical Characteristics of the Natural Reserve, Industrial Park
and Farmland Soils

Physicochemical Natural Industrial Farmland
Characteristics Reserve Park
PH 6,92 7.75 6.49
Organic Carbon 2.72 1.56 1.67
(%)
Nitrate (NO37) 16 6.67 8
mg.L !
Phosphate (POs7) 9.9 41.8 90.2
mg.L?!

Results

Table 2 shows optical densities of microbial communities to Natural
Reserve, Industrial Park and Farmland from day 1 (Dl1) to 5 (D5) of
1:100 and 1:1000 dilutions. Data indicates growing among days and
differences Dbetween carbon sources of each soil indicating the
influence of the anthropogenic activities having in mind that all soil
are from the same zone (Will County). In addition, Figure 1 shows the

54



comparative use of carbon sources (carbohydrates, polymers, carboxylic
acids, amino acids, amines, and phenolic compounds) by microbial
communities of each soil. As 1is observed Natural Reserve has the
highest wvalues of optical densities of almost all the carbon sources
(1:100 and 1:1000 dilutions). Polymers are the only carbon source
higher to Industrial Park 1:100 dilution, maybe due industrial
additional source of this type and microbial adaptation. Communities
in the farmland by all carbon sources where lower than the Natural
Reserve and the Industrial Park (30 to 90 percent). Clearly these
findings indicated that is possible to evaluate anthropogenic impact
on soils by using the metabolic fingerprint of microbial communities
of soils.
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Table 2: Optical Densities to Natural Reserve,
Microbial Soil Communities from D1 to D5 of

Industrial Park and Farmland
1:100 and 1:1000 Dilutions

Natural Reserve 1-100

Natural Reserve 1-1000

Carbon
Source D1 D2 D3 D4 D5 D1 D2 D3 D4 D5
Carbohydrate ( 0,0441|1,0870|1,3735|1,6684|1,8151| 0,019 0,642 0,955| 0,954| 1,091
s 0 3 7 3 3 07 30 77 70 77
0,0568|0,5881|1,3894|1,6733(1,8923| 0,020 0,249 0,693 1,058]| 1,295
Polymers 3 7 2 3 3 17 58 50 00 25
Carboxylic 0,0090|0,8511|1,3637|1,4661|1,6619| 0,004 0,201 0,580| 0,670]| 0,804
Acids 0 9 6 0 5 52 86 90 43 90
0,0067|0,5897|1,0446|1,1532|1,4228| 0,003| 0,106 0,488 0,808]| 1,013
Amino Acids 8 8 7 2 3 50 22 22 33 94
0,0023|0,7293|1,4220|1,4123|1,5163|0,003| 0,263 0,561 0,815] 1,139
Amines 3 3 0 3 3 00 17 83 50 83
Phenolic 0,0006|0,2663|1,0070|0,9715|1,1476| 0,000 0,060 0,411| 0,705]| 0,728
Compounds 7 3 0 0 7 83 83 00 83 33
Industrial Park 1-100 Industrial Park 1-1000
Carbon
Source D1 D2 D3 D4 D5 D1 D2 D3 D4 D5
Carbohydrate | 0,0627|1,0973|1,3381|1,6052|1,7769| 0,042 0,431 0,615| 0,722| 0,995
s 67 00 67 67 67 7 8 8 9 6
0,0624]10,5780|1,3400|1,9177(2,1039|0,019| 0,131 0,375| 0,486| 0,744
Polymers 17 83 00 50 17 3 9 3 0 7
Carboxylic 0,0290|1,0489|1,4894|1,4391|1,6361| 0,008 0,357|0,679| 0,714 0,800
Acids 95 52 76 43 43 5 7 5 2 1
0,0208|0,8031|1,2547|1,3770|1,6306| 0,001 0,238| 0,576 0,733] 1,019
Amino Acids 89 67 78 00 67 4 2 2 9 7
0,0220|1,1356|1,7040|1,5773|1,7963| 0,001 0,260 0,922 0,934 1,135
Amines 00 67 00 33 33 7 2 0 5 5
Phenolic 0,0000|0,3846|0,7910|0,9370|1,0445| 0,000 0,001 0,014 | 0,028 0,055
Compounds 00 67 00 00 00 0 0 2 3 0
Farmland 1-100 Farmland 1-1000
Carbon
Source D1 D2 D3 D4 D5 D1 D2 D3 D4 D5
Carbohydrate | 0,0108|0,1160|0,2218|0,5229|1,0917| 0,002 0,002 0,002| 0,016 0,055
s 3 3 7 7 7 62 17 85 30 03
0,0106|0,0560|0,1807|0,2819(1,2952| 0,011 0,010 0,008 0,011| 0,031
Polymers 7 0 5 2 5 99 25 75 08 58
Carboxylic 0,0190|0,0613]|0,2850|0,4821(0,8049| 0,002 0,022 0,094| 0,094| 0,074
Acids 5 8 5 0 0 85 95 67 33 19
0,0010]0,0692|0,2155|0,4746(1,0139| 0,002 0,005| 0,033| 0,065| 0,113
Amino Acids 0 8 6 1 4 93 83 72 56 44
0,0123]0,0105|0,0098|0,0373(1,1398| 0,076 0,078 0,072| 0,001| 0,000
Amines 3 0 3 3 3 21 67 67 00 67
Phenolic 0,0163|0,0031|0,0058|0,0378|0,7283|0,003| 0,000 0,000| 0,001]| 0,018
Compounds 3 7 3 3 3 18 67 00 00 50
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Figure 1l: Optical Densities to Natural Reserve, Industrial Park and Farmland
Microbial Soil Communities from D1 to D5 of 1:100 (A) and 1:1000 (B) Dilutions

Figure 2 shows optical densities by carbon sources: carbohydrates,
polymers, carboxylic acids, amino acids, amines, and phenolic
compounds of microbial soil communities by natural reserve, industrial
park and farmland from D1 to D5 of 1:100 and 1:1000 dilutions. Data
shows that carbohydrates and polymers are the carbon sources with
higher optical densities rather +than the other ones. Phenolic
compounds are the carbon source less used by microbial communities of
the soils studied. Natural Reserve and Industrial Park have a similar
behaviour in most of the carbon sources. Farmland of all carbon sources
has the lowest optical densities values compare with the other ones.
In addition is observed the growing of microbial communities using
different carbon sources day by day. This 1is especially high by the
natural preserve and industrial park. The adaptation of farmland
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microbes is slow compare with the other two soils. Is interesting to
observe how natural reserve microbes can be use all carbon sources
rather than farmland. For it is difficult to use polymers, amines and
phenolic compounds.
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Figure 2: Optical densities by Carbon Sources: carbohydrates, polymers, carboxylic
acids, amino acids, amines, and phenolic compounds of microbial soil communities by
Natural Reserve, Industrial Park and Farmland from D1 to D5 of 1:100 and 1:1000
dilutions

Discussion

According to The European Soil Data Centre (ESDAC, 2020), soil
biodiversity is the variation in soil life, from genes to communities,
and the ecological complexes of which they are part, that is from soil
micro-habitats to landscapes. In this context, microbial metabolic
responses obtained in this study, provides important information about
impact that anthropogenic sources made on soils. Through the
collection of environmental samples, it was found that soil samples
obtained from areas with high glyphosate exposure (Farmland) had lower
optical densities than areas with no glyphosate exposure (Natural
Reserve and Industrial Park). This aligns with the findings that
suggests that long-term applications of glyphosate influence microbial
diversity and community composition (Newman et al, 2016; Kuklinsky-
Sobral et al, 2005; Lancaster et al., 2010). In addition to that, data
showed how the communities exhibit differences in adaptation through
time when they must use to specific carbon sources. This agrees
Arteaga, Gobébmez and Martinez (20106) where they determined the
physiological profile of the microbial community using a set of
substrates and carbon sources to establishing a characteristic
response pattern without isolation of axenic crops.

Conclusion
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Results indicate that EcoPlate (Biolog, Inc.) can be used to monitor
changes in soil microbial communities over time, as well as, the
metabolic use of carbon sources of these communities in soils. On the
other hand, the study gave evidence of changes 1in soils where
anthropogenic activities are on it. The extensive herbicide use is an
example of that. This example indicated that the adaptation period of
microbes is higher than the ones in natural environments to be capable
to use different carbon sources. Future work is needed to determine
how additional carbon of anthropogenic sources can be use as food by
microbes and their effect over time.
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Abstract summary

Transformations 1in forest landscape promoted in particular by the
extensive cattle ranching is considered one of the factors with the
greatest impact on biodiversity conservation in the Brazilian Amazon.
Considering soil beyond pedosphere as an ecosystem becomes important
to identify effects of these changes on soil microbial communities,
as well as their ecological functions and services. We identified how
the relationships between land-use and edaphic environments affects
the structure of bacterial metacommunities in the mineral (0-10 cm),
rhizosphere and litter layers of Brazilian Western Amazon. Relevant
regions for <conservation and high anthropogenic pressure were
selected. Amplicon sequence variants (ASVs) were identified and
processed using the DADAZ algorithm. Our results indicate that the
inclusion of litter and rhizosphere as part of the soil environment
reveals a microbial diversity so far underestimated at the regional
scale, indicating that the risks associated with maintaining soil
functionality in tropical forests under high anthropogenic pressure
may be higher.

Keywords: Soil ecosystem; 16S rRNA gene; Wester Amazon; next-
generation-sequencing,; microbial biodiversity,; land use change

Introduction, scope and main objectives

Climate change, deforestation, habitat fragmentation and land-use
intensification can be considered as the main factors by which the
biodiversity of tropical forests has been declining at an alarming
rate (Nobre et al., 2010).

In the last decade, important studies have focused on understanding
the relationship between land-use intensification and impacts on the
structure (Jesus et al., 2009; Rodrigues et al., 2013; de Carvalho et
al., 2016) and function (Mendes et al., 2015) of soil microbial
communities in different landscape contexts of the Brazilian Amazon.
These studies agree with each other on the impacts of landscape
simplification on soil microbial biodiversity, as well as which soil
attributes shape their richness, equitability and dominance in “local”
alpha diversity, especially for the Bacteria domain. Nevertheless, it
is not yet clear whether intensification of converted systems may
contribute to microbial homogenization at regional scales of
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diversity. Another shortcoming of microbial ecology study carried out
until recently is a general conception of soil as being restricted to
the surface layer of the pedosphere, which is the concept used for
the studies cited above. The borderline range between the soil profile
and its top organic layers harbours a complex biotic web associated
with the soil matrix, and these has not been taken into account.
Disregarding components of this compartment can lead wus to
underestimating important information for measuring the effects of
land-use change on soil microbial biodiversity.

Our study is positioned in this context, bringing consistent results
from a geographic gradient that encompasses distinct locations and
soil types of the Brazilian Western Amazon. In addition, we direct
efforts to understand how land-uses in regions with high anthropogenic
pressure are affecting the prokaryotic metacommunity (PM) in different
compartments of the edaphic environment. We hypothesized that the
joint evaluation of these compartments increases heterogeneity of the
PM at the regional scale of diversity.

Methodology

This study was carried out in the Brazilian Western Amazon, within a
geographical range of +900 km.

@ Bujari, AC
@ Boca do Acre, AM
@

w__Fﬁorest-to-pasture conversion areas I St Antdnio do Matupi, AM
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©OLIVEIRA, ALINE, and ROCHA, FERNANDO

Luvisols Acrisols Ferralsols

Figure 1: Scheme of forest-to-pasture conversion areas in the Brazilian Western
Amazon and predominant soil typs in each study region

Regions and land-uses were selected where the advance of livestock
activity has been reported as one of the main drivers of deforestation
(Fonseca et al., 2018), as well as contact with environmental
entities.
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Sampling and experimental design

Sampling took place in August 2017 following an experimental design
similar to the one used by the Sustainable Amazon Network (Gardner et
al., 2013), with a total of 65 composite sampling points between
forest and pasture systems. The following compartments of the forest
edaphic environment were collected: mineral (soil at a depth of 0-10
cm), litter (deposited leaves, branches, reproductive structures and
other materials on the soil surface) and rhizosphere (soil particles
adhered to the roots between the litter and the mineral compartments).
All material for molecular analysis was immediately stored in sterile
pouches, put on ice, and refrigerated at -80°C after taken to the
laboratory. In this study, only the mineral layer was used to
characterize the pasture areas. Soil chemical and physical attributes
were analysed at the National Soil Research Center, Rio de Janeiro,
Brazil.

DNA extraction and 16S rRNA gene sequencing

DNA extraction from all layers was performed using the standard DNeasy
PowerSoil kit protocol (MO BIO Laboratories Inc.). Amplification of
the 16S rRNA gene was performed as described in Caporaso et al. (2012).
PCR products were purified and subjected to library preparation and
sequencing with Illumina MiSeq at the Argonne National Laboratory,
USA.

Sequence analysis

Sequence separation was performed in a Phyton 2 environment, based on
primer barcodes and processed using DADA2 (Callahan et al., 2016) with
quality filtering over 250 bp. The repeated sequences were removed
and grouped into ASVs (Amplicon Sequence Variants) and assigned the
taxonomy by 'Silva reference database v132' classifier. The package
‘dada2’ v.1.14.0 (Callahan et al., 2016) was wused 1in R 3.6.1
environment (R Core Team, 2018).

Community analysis

The ecological distance between sites and land-uses was measured by
Bray-Curtis dissimilarity index. Permutational analysis of variance
(PERMANOVA) and homogeneity (PERMDISP) were used to test the
statistical significance of the observed differences between the PM.
Environmental variables were selected by using generalized additive
models, as non-linear measure to explain the importance of each
selected variable on the prokaryotic metacommunity matrix. Analyses
were carried out in R environment, mainly supported by ‘phyloseq’
v.1.30.0 (McMurdie and Holmes, 2013) and ‘vegan’ v.2.5-6 (Oksanen et
al., 2013) packages and dependencies.

Diversity partitioning

Tsallis entropy was turned into Hill numbers, which generate effective
numbers of equally frequent species for each value of “g”, making
possible the interpretation and comparison between the effective
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numbers (Marcon and Hérault, 2015). The order of diversity "g"
attaches importance to rare species: "g=0" for richness, "g=1" for
Shannon diversity and "g=2" for dominance. Diversity partitioning
means that, in a given area, the y-diversity of all individuals found
can be divided internally (oa-diversity) and between the 1local

assemblies (B-diversity). Analyses were performed in R using the
‘entropart’ v.1l.6-1 package (Marcon and Hérault., 2015).

Results

Prokaryote communities’ structure in the evaluated regions is affected
by the land-use system (PERMANOVA, F=8.56, p<0.001), which determined
the taxonomic predominance of each system and by edaphic environment
variables (F=9.93, ©p<0.001), especially related to soil acidity
(r=0.74; p<0.001) modelling the community structure of this
environment in different regions, especially between Bujari and the
others.

Diversity partitioning analysis showed that the ASV richness (g=0) of
the Dbelonging to the soil mineral compartment (0-10 cm) is
significantly higher in the pastures than in forests, for all
diversity scales and study regions (Welch F-test; F=16.41, p<0.05).
Shannon's gamma diversity (g=1) was also significantly higher in the
pastures (p=0.015, F=5.43). The general analysis of the soil mineral
layer resulted that there are no significant differences between the
contribution of forest and pasture PM to the "local" alpha diversity
(F=3.23, p>0.05) . However, beta and gamma diversities were
sufficiently higher in pastures ((B) F=6.94, p<0.001; (y) F=5.43,
p=0.013) . No difference was detected for dominance (g=2), meaning that
both systems have similar numbers of dominant species acting at all
scales of diversity.

Otherwise, when considering all layers of the edaphic environment
together and re-analysing the diversity models, we observed that the
difference between alpha diversity is no longer observed for any order
of diversity (F=2.19, p=0.133). The richness of the forest edaphic
environment (g=0) was significantly higher at the regional diversity
scales ((B) F=24.61, p=0.011; (y) F=26.76, p=0.015) as well as for
Shannon beta diversity (g=1; F=14.04, p=0.025), which has less
influence in the case of a high number of rare ASVs (i.e.: low number
of sequences). Again, when considering all Hill numbers for PM at each
measured scale, there is no difference in "“local” alpha diversity
between land-use systems except for BAC (F=6.11, p=0.015). A high
difference between land-use systems was identified on the beta
diversity scale (F=15.76, p<0.001) for all regions.

Discussion

Our analysis of the effects of forest-to-pasture conversion on the
contribution of soil PM to diversity scales allowed us to observe how
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disregarding the soil as an ecosystem (Ponge, 2015), can be risky in
terms of understanding biodiversity loss. As far we know, this is the
first report that analysed this integrated wview of the edaphic
environment to measuring biodiversity in tropical ecosystems at risk
by the advance of extensive livestock. Increases in alpha diversity
in more disturbed systems, such as pasture and mechanized agriculture,
is an important issue in microbial ecology research (Rodrigues et al.,
2013; de Carvalho et al., 2016). However, our results suggest that
the joint evaluation of different compartments of the soil ecosystem
should be added to the diversity analyses, especially to studies that
evaluate the effect of land-use change at regional diversity scales
(beta and gamma) .

Conclusions

The forest-to-pasture conversion shapes a critical impact in edaphic
environment, leading to changes its prokaryotic metacommunity reducing
the spatial turnover of species in the Brazilian Western Amazon soils.
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Abstract summary

The South American Mycorrhizal Research Network originated in Chile
in 2017, as an horizontal scientific community directed towards the
progress of mycorrhizal applications, research, and outreach in South
America. By conducting a scientific literature review, and
experimental settings, the state of knowledge of mycorrhizal fungi
diversity, types, and ecosystem services is shown. The continent host
186 morphospecies of arbuscular mychorrizal fungi, representing the
60 percent of the global diversity. Patagonian Nothofagaceae forests
present the highest species richness of ectomycorrhizal fungi compared
to other biogeographic regions of the continent. In the temperate
rainforests of the continent, arbuscular mycorrhizal fungi associate
with 85 percent of wvascular plants, while ectomycorrhizal fungi
associate with less than 3 percent. The roles of mycorrhizal
associations in the bedrock’ biogenic weathering and in increasing
the tolerance of cereals to high aluminum concentrations are shown as
examples of the ecosystem services provided by this symbiosis.
Research and geographic gaps in plants, soil, and mycorrhizal fungi
of entire biomes/countries of South America are caused by monetary,
linguistic, geographic, technical, and political barriers, and also
by different research interests. These limitations can be overcome
through collaborative and horizontal networking aimed at integrate
the biodiversity and ecosystem services of mycorrhiza in South
America.

Keywords: biodiversity-ecosystem functioning, community structure,
knowledge gaps, mycorrhiza, networking, South America.

Introduction, scope and main objectives

Vast regions of South America remain unstudied in terms of their soil
biodiversity and ecosystem services, despite the great ecosystem
diversity of this continent (Guerra et al., 2020). Although the
emergence of new and more efficient molecular and macroecological
approaches in the last decades has boosted global soil biodiversity
studies, geographical data gaps are still large in South America
because of monetary, linguistic, geographic, and political barriers
(Amano and Sutherland, 2013). Thus, many regions, biomes, soil
organisms, and soil functions have now been assessed in the continent
(Guerra et al., 2020).

Mycorrhizal fungi, a crucial symbiosis for 92 percent of terrestrial
plants (Brundrett and Tedersoo, 2018), are involved in many soil
ecosystem services as food production and nutrient cycling (Van der
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Heijden et al., 2015). The geographic and research gaps regarding the
biodiversity and ecosystem services of mycorrhiza in South America
have limited the ability of scientists to address many ecological and
evolutionary questions. These limitations are caused by an historic
shortage of connections between researchers in and out of the
continent, and also by different research interests (Marin and Bueno,
2019) .

In this context, research networks are a necessary tool to surpass
local constraints (Richter et al., 2018). The South American
Mycorrhizal Research Network (SAMRN; https://southmycorrhizas.org/)
was established in 2017, as a horizontal scientific community directed
towards the progress of mycorrhizal research and knowledge, along with
applications and public outreach in South America. In its short
existence, the SAMRN has reinforced scientific interactions between
researchers, stakeholders, and students from the continent, organizing
two symposia: in Valdivia, Chile, in 2017 (Bueno et al., 2017; Godoy
et al., 2017), and in Bariloche, Argentina, in 2019 (Mujica et al.,
2019) . The cooperative effort of our members has also resulted in the
first book on mycorrhizal fungi in South America (Pagano and Lugo,
2019) .

This work aimed at highlighting the main findings of the SAMRN
regarding the Dbiodiversity and ecosystem functions of mycorrhizal
fungi in South America.

Methodology

Three areas of research were explored regarding the biodiversity and
ecosystem functions of mycorrhizal fungi in South America: 1i.
Biodiversity of arbuscular mycorrhizal and ectomycorrhizal fungi in
the continent; ii. Mycorrhizal types of plant species 1in a
biodiversity hotspot of the continent -its southern temperate
rainforests; and iii. Ecosystem services provided by mycorrhiza.

Biodiversity of mycorrhizal fungi

A detailed compilation of published studies was made in Google Scholar
for arbuscular mycorrhizal fungi (Cofré et al., 2019) and
ectomycorrhizal fungi (Nouhra et al., 2019).

Mycorrhizal types

In order to determine the mycorrhizal types of the plant species in
southern temperate rainforests of South America, 17 plots (30 m x 30
m) 1in southern Chile were selected. The mycorrhizal type was
determined by analysis of the mycorrhizal colonization of roots (i.e.
fixation, root staining, and microscope quantification) (Godoy and
Marin, 2019).

Mycorrhizal ecosystem services
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One vyear 1in situ experiments with phyllosilicates (muscovite and
biotite) contained in bags buried at a 15 cm soil depth, and analysed
by confocal laser microscopy, were implemented to evaluate the
bedrock’ biogenic weathering in southern Chile (Marin, 2018). The
effects of high aluminum concentrations on the community structure of
the arbuscular mycorrhizal fungi associated with six cereal species
(Avena sativa, Hordeum vulgare, Triticum durum, x. Triticosecale
Wittmack, Secale cereale, and Triticum aestivum) were studied in
southern Chile by morphological analyses of spores, roots’ mycorrhizal
colonization, and glomalin related soil protein quantification
(Aguilera et al., 2017).

Results
Biodiversity of mycorrhizal fungi

Cofré et al. 2019 compiled a total of 110 articles identifying a total
of 186 morphospecies of arbuscular mycorrhizal fungi in South America,
approximately the 60 percent of the global biodiversity of these
fungi. Brazil (158) and the Atlantic Forest (120), were the country
and Dbiogeographic region, respectively, with most arbuscular
mycorrhizal fungi species (Cofré et al., 2019). Though, this may be
explained by a geographic bias as much of South America has not been
studied (Figure 1). Nouhra et al. (2019) compared morphological and
molecular methods regarding ectomycorrhizal fungi richness, finding
very similar results with Dboth methods: the most abundant
ectomycorrhizal lineages were cortinarius, russula-lactarius,
amanita, and inocybe; and the Patagonian Nothofagaceae forests showed
the higher diversity.

Mycorrhizal types

In the temperate rainforests of southern Chile, from a total of 245
vascular plant species, 208 species (85 percent) have mycorrhizal
associations (Table 1) (Godoy and Marin, 2019). A total of 187 plant
species associated with arbuscular mycorrhizal fungi, 10 with ericoid
mycorrhizal fungi, seven with ectomycorrhizal fungi, four with orchid
mycorrhizal fungi, and 37 plant species did not form any mycorrhizal
association (Table 1) (Godoy and Marin, 2019).

Mycorrhizal ecosystem services
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Ecosystem age was related to the degree of biogenic weathering in
southern Chile, showing also a higher degree on forests dominated by
ectomycorrhizal fungi (Nothofagaceae) (Marin, 2018). Furthermore,
hyphae channels were seen on phyllosilicate minerals (Figure 2) (Godoy
and Marin, 2019). The alpha diversity of arbuscular mycorrhizal fungi
was higher in aluminum-tolerant Triticum aestivum compared to the
other species; overall, the cereal species had significant effects on
the number of spores and the glomalin related soil protein produced
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by arbuscular mycorrhizal fungi, while both cereal species and
aluminum stress affected the roots’ mycorrhizal colonization and the
hyphal length (Aguilera et al., 2017).

Figure 1: Number of fungal mycorrhizal Species Hypotheses for the different
continents, from the database FungalTratis (Pdlme et al., 2020).

Mycorrhuizal types: arbuscular mycorrhizal (AM), ectomycorrhizal (EM)

Table 1: Proportion of mycorrhizal types by different plant groups in temperate
rainforests of southern Chile
Plant/Mycorrhizal . - — OR i Total
type
) o) o o 8
Ferns 23 (74.19%) 0 (0%) 0 (0%) 0 (0%) (25.81%) 31
Conifers 7 (100%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 7
Angiosperms 157 (75.85%) ! 10 (4.83%) |4 (1.93%) 29 207
grosp "2 (3.38%) n8oe 2200 (14.01%)
Total 187 (76.33%) ! 10 (4.08%) |4 (1.63%) 37 245
ota 220 (2.86%) U 220 (15.10%)

Mycorrhizal types:

arbuscular mycorrhizal (AM), ectomycorrhizal (EM), ericoid (ER),

orchid (OR), and non-mycorrhizal (NM). Adapted from: Godoy and Marin (2019).
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Figure 2: Channels formed by mycorrhizal fungi on Biotite after one year in a
Nothofagus dombeyi forest, Nahuelbuta National Park, Chile

Photo with a Confocal Laser Microscope at 5000x.

Discussion

Despite its modest scientific productivity in comparison to other
regions or continents as Europe (Marin and Bueno, 2019),
mycorrhizologists in South America have developed a general baseline
of mycorrhizal research, but there are still important geographic and
research gaps. For example, large plant and mycorrhizal fungi trait
databases are fundamental to address biogeographic, ecological, or
evolutionary questions, where South American studies and datasets are
scarce (Mujica et al., 2019). Overall, the formation of the SAMRN 2.5
years ago - whit significant scientific, technical, and funding
limitations in the continent - has already started to fill these
knowledge gaps through networking and collaboration. In fact, South
American mycorrhizal researchers are becoming more integrated into
global-scale monitoring of soil biodiversity and ecosystem services.
Thus, activities such as exchanges, partnerships, and future events
(e.g. a third Symposium in Leticia, Colombian Amazon, in 2022), are
on the immediate horizon to face current and future South American
mycorrhizal research challenges.

Conclusions

The plants, soil, and mycorrhizal fungi of entire biomes/countries of
South America are understudied (e.g. underrepresentation on molecular
databases). Solid knowledge on the distribution of mycorrhizal
fungi/types is missing on many (highly diverse) ecosystems. This is
partially explained as no continental or multilateral funding is
available, but also because training on sampling and molecular,
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bioinformatic, and statistical methods is missing. As in a global
context (Guerra et al., 2020), there is not a full experimental and
conceptual integration of mycorrhizal diversity and its ecosystem
services. And despite some initiatives, a full picture of the
mycorrhizal applications on productive systems in the continent is
missing, and also how to transfer and fund this knowledge.
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Abstract summary

Soil microbial biodiversity includes a large variety of microbial
communities including bacteria, fungi and archaea living in soil that
are essential for nutrient cycling and plant life cycle. The structure
and function of these microbial communities are determinant for
supporting plant growth and promote plant health, since they act as a
natural defence against soilborne plant ©pathogens. A better
understanding of plant-soil microbiome may help to increase plant
health and productivity. Therefore, this study has addressed the
effects of soil physicochemical properties, seasonality, plant niche
and plant genotype as determinants for the assemblages and shifts of
the bacterial and fungal communities present in olive orchard soils
located at Southern Spain. Results indicated changes in microbial
communities mainly according to plant niche and seasonality and to a
minor extent according to the olive genotype. Furthermore, the
variation of soil physicochemical properties determined the abundance
of specific microbial communities. The information obtained in this
work contribute to a better understanding on the soil biodiversity
related to plant health to maintain and promote sustainable olive
agroecosystems.

Keywords: microbial communities, soil quality, soil biodiversity,
olive agroecosystem.

Introduction, scope and main objectives

Soil 1s a non-renewable natural resource within human scale and its
preservation 1is essential for the maintenance of ecosystem services
and food security (FAO, 2015). Soil biodiversity involves a great
variety of living organisms that reflects a highly natural wvalue
contributing to sustain ecosystems function (Giller et al., 1997).
Within soil biodiversity, microbial communities play a determinant
role in nutrient cycling and soil organic matter regulation, which in
turn have a direct influence in nutrient acquisition by plants and
potentially in its health status. Unravelling and understanding the
function and structure of microbial communities prevailing in soils
is becoming a key component of soils due to its role in plant health,
productivity and global development (Turner, James and Poole, 2013).
To date, despite the many available literature on soil biodiversity,
the wvast majority of soil microorganisms remain still unknown and
their variability at seasonal scale, plant niche, plant genotype and
soil physicochemical properties is often overlooked. In this study,
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we assessed the bacterial and fungal communities associated to roots,
rhizosphere and soils close to the rhizosphere of three olive
genotypes growing in a same orchard in order to determine the potential
influence of seasonality and physicochemical soil properties in their
structure and dynamics.

Methodology

Experimental design and sampling. The olive orchard is located in the
municipality of Ubeda ‘Cortijo Guadiana-Grupo Castillo de Canena’ in
the province of Jaén, SE Spain. Three of the most commonly cultivated
olive genotypes in Spain were selected ‘Picual’, ‘Arbequina’ and
‘Frantoio’. From each genotype, samples of root, rhizosphere and soil
under olive trees were collected during autumn 2018 and spring 2019.

Soil physicochemical properties

Estimated parameters were pH, cation exchange capacity (CE), organic
matter (OM), CaCOs, NO3, P, Ca, Mg, Na, K, Fe, Mn, Zn, Cu, C, N and S,
and soil texture.

DNA extraction and next generation sequencing (NGS)

Root, rhizosphere and soil samples were used for DNA extraction using
the DNeasy PowerSoil Kit (QIAGEN) following the manufacturer's
instructions. Illumina MiSeq platform (PE: 300x2) was used to carry
out NGS sequencing using universal primers targeting the 16S
(bacteria) and ITS (fungi) rRNA.

Bioinformatic and statistical analysis

DADA2 algorithm was used to eliminate chimeras from raw fastg files.
Operational taxonomic units (OTUs) were obtained at 1 percent
dissimilarity and then were taxonomically classified using RDP
Bayesian classifier against the Silva SSU v.132 database using QIIME?2
software version 2019.7. Differences among bacterial and fungal
communities were calculated with QIIMEZ2 using alpha-diversity indexes
(including Shannon, Simpson, Faith PD, and Richness) and beta-
diversity UniFrac parameters at genus level were assessed using
Kruskal-Wallis and PERMANOVA and the effects main factors on soil
quality parameters were assessed by ANOVA analyses.

Results

Sequencing data resulted in a total of 649 bacterial OTUs, distributed
in 19 phyla and 271 genera while there were 216 fungal OTUs divided
in 8 phyla and 106 genera. Globally, Proteobacteria was the most
abundant bacterial phylum (54.0 percent) followed by Actinobacteria
(24.2 percent) and Bacteroidetes (7.8 percent). Seasonality affected
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the relative abundance of these phyla. Thus, Proteobacteria and
Bacteroidetes abundance was reduced by 14.5 percent and 2.0 percent,
respectively from autumn to spring while Actinobacteria abundance
increased by 5.9 percent. Unique bacterial genera were associated to
specific olive genotypes: ‘Picual’ (32), ‘Arbequina’ (46) and
‘Frantoio’” (20), while there was a total of 115 shared Dbacterial
genera. Also, unique bacterial genera varied according to plant niche
from soil (52), rhizosphere (33) and roots (32), whereas there was a
total of 79 shared bacterial genera. For fungi, Basidiomycota (50.7
percent), Mortierellomycota (24.7 percent) and Ascomycota (17.2
percent) were the three most abundant phyla in all sample types. A
reduction on the abundance of Mortierellomycota and Ascomycota was
also estimated on samples from autumn to spring (ca. 4.0 percent
both), while the opposite occurred for Basidiomycota (23.6 percent
vs. 27.1 percent). ‘Picual’ (16), ‘Arbequina’ (11) and ‘Frantoio’ (8)
displayed different specific fungal genera whereas the core fungal
genera were 56. Furthermore, unique fungal genera varied according to
plant niche from soil (15), rhizosphere (12) and roots (3), with 17
shared genera.

Soil quality parameters varied according to season of sampling and
the olive genotype. Levels of organic matter content (F=14.62; P <
0.00), pH (F=10.20; P < 0.00), NOs (F=4.96; P < 0.04), Mg (F=7.37; P
< 0.02) and Na (F=5.77; P < 0.03) differed significantly from autumn
to spring. On the other hand, soils sampled under ‘Picual’ trees
displayed a significantly higher level of Ca content (F=11.29; P <
0.00) while soils under ‘Frantoio’ showed a higher significant amount
of Cu (F=14.00; P < 0.00).

Alpha diversity indexes showed significant differences (P < 0.05) in
microbiome composition. For bacterial communities, observed OTUs
(H=38.79; P < 0.001), Shannon (H=35.65; P < 0.001), Simpson (H=30.26;
P < 0.001) and Faith PD (H=38.89; P < 0.001) differed significantly
according to plant niche, while Shannon (H=4.72; P < 0.03) and Faith PD
(H=7.76; P < 0.001) showed significant differences according to
season. For fungal communities, alpha diversity indexes displayed
significant differences according to plant niche [observed OTUs
(H=47.24; P < 0.001), Shannon (H=41.44; P < 0.001), Simpson (H=31.56;
P < 0.001) and Faith PD (H=47.00; P < 0.001)]. Principal coordinate
analysis of weighted UniFrac distances (Figure 1) showed that main
differences among bacterial and fungal communities (measured as
phylogenetic distances) were due to the olive plant niche (pseudo-
F=11.56; P < 0.001) followed by the season of sampling (autumn or
spring) as indicated by PERMANOVA analysis that showed significant
differences in bacterial communities (pseudo-F=2.48; P < 0.001) but
not in fungal communities (pseudo-F=1.59; P < 0.17) and with no effect
of the olive genotype (pseudo-F=0.92; P < 0.50).
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Figure 1l: Principal coordinates plots of weighted UniFrac distances of bacterial
and fungal communities distributed according to plant niche (soil, rhizosphere and
root) and season of sampling (autumn or spring)

Discussion

Functional processes conducted by soil microbial communities have a
strong influence on the productivity and health of agricultural
systems (Pankhurst et al., 1996). Our results indicate that a great
diversity of the microbial populations in agricultural soils from
where bacteria richness triplicated that of fungi. These microbial
communities were mainly distributed according to plant niche, where
the rhizosphere, together with soil associated with the rhizosphere
displayed the greatest diversity of taxa as compared to the olive
roots. Therefore, this environment is a hot spot of microbial
interactions that may result in a battlefield where microorganisms
interact with plant pathogens influencing with infection process or
soil survival (Raaijmakers et al., 2009). In our study, despite the
changes found in microbial abundance proportion, fungal communities
showed certain tolerance to the influence o0f seasonality while
bacterial populations resulted significantly affected by seasonality.
On the other hand, plant host genotype had a minor effect in the
microbiome composition although each olive genotype presented
differential microbial communities, which were also influenced by soil
physicochemical properties. Plant niche, seasonality, plant genotype,
and soil quality parameters are all important drivers of soil
microbial diversity that have to Dbe considered in plant-soil
microbiome interactions to improve plant health and maintain ecosystem
services driven by soil microbial biodiversity.

Conclusions
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This work has allowed to determine the influence of plant niche,
seasonality and soil physicochemical properties in the microbial
diversity associated to different soil ecosystem compartments of
different cultivated olive genotypes. Plant niche and seasonality
strongly affected the diversity and abundance distribution of these
microbial communities while olive genotype showed a relative minor
role as driver of microbiome composition. This information contributes
to generate new knowledge regarding the effect of environmental and
soil quality parameters on the structure and composition of the soil
microbiome associated to the olive crop that would promote plant
health and soil biodiversity as essential values for soil ecosystem
services. In addition, our results raise the need to deeply explore
new research focused on the cultivation of the identified bacteria
and fungi to determine the major functions that they are performing
in the soil agroecosystem and assess their viability as potential
biological control agents against olive pathogens inhabiting the soil.
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Abstract summary

The main objective o0f this research was to investigate the
biotechnological potential of wild-type strains, newly-isolated
microorganisms, from various biotopes in Romania, and presents
experimental results of enzymes, polysaccharides and antimicrobial
substances synthesis in batch fermentations.

Over 150 microbial strains were isolated (Bacillus, Pseudomonas,
Lysinibacillus, Paenibacillus, Serratia, Cronobacter,
Cellulosimicrobium, Klebsiella, Achromobacter, Arthrobacter, and
Galactomyces) and screened for lipase, amylase, antibiotics and

polysaccharides production. Bacillus mycoides, Galactomyces
geotrichum and Klebsiella oxytoca were selected for optimization
studies. Bacillus strains were further investigated <for the

antimicrobial substances’ synthesis.

Enzymes activities and crude exopolysaccharide yield were recorded
after optimization studies, as following: lipase — 27 U/mL, amylase -
10.87 U/mL, and biopolymer - 18 g/L (lactose used as substrate);
antimicrobial activity against Escherichia coli and Staphylococcus
aureus was observed.

As a conclusion, it can be stated that microbiological populations in
all their diversity, and depending on ecology, could offer a variety
of solutions for a sustainable future.

Keywords: microbial biodiversity, enzymes, polysaccharides,
antibiotics, culture collection, biotechnology

Introduction, scope and main objectives

Biotechnology  promotes a sustainable future, including for
agriculture. Soil microorganisms are essential, as a part of
agroecosystems, maintaining soil fertility and ensuring the nutrition
of crop plants and, furthermore, they represent a renewable resource
for other related industrial processes. (Aonofriesei, 2018)

Enzymes, as economic and environmental-friendly biocatalysts are
replacing the conventional chemicals and find various applications,
such as: a-amylases in starch liquefaction, food, paper and textile
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industries, and pharmaceuticals; Iipases in food and feed (dairy
products), detergents, cosmetics and pharmaceuticals, polymer
synthesis, agrochemical and environmental fields. (Tomulescu, 2015)
During the past years, many polysaccharides have been discovered and
microbial polymers have proven biodegradability and biocompatibility
properties, being called “the sleeping giant of biotechnology”.
(Tomulescu, 2016) Antagonism activity and antimicrobial natural
compounds play an important role in biological control of plant crops.
Microbial secondary metabolites with bactericidal and fungicidal
effects can be used as biotechnological solutions to combat the plant
hyperparasitism (i.e lipopeptides from Bacillus spp., phenazines from
Pseudomonas spp.). (Soare et al., 2017)

This work was aimed to investigate the biotechnological potential of
some newly-isolated microorganisms, wild-type strains from various
biotopes in Romania, and presents experimental results obtained when
enzymes (lipase and amylase), polysaccharides and antimicrobial
bioactive substances productions in batch fermentations, were
evaluated.

Methodology

Samples of soil, water and vegetal material (pine cones, hay, roots)
were collected from different counties in Romania and the isolated
microorganisms (bacteria, vyeasts and fungi) were deposited in the
CMII-ICCF-WFCC 23. The Culture Collection 1is an associated part in
MIRRI since 2014 and holds over 400 microbial strains as producers of
pharmaceuticals and similar ingredients, biopolymers, amino acids,
enzymes, single-cell proteins, vitamins, Dbio-pesticides, and bio-
stimulants. The strains were screened for lipase, amylase,
exopolysaccharides and antimicrobial substances production.

A preliminary identification was done by mass spectrometry analysis,
using a MALDI-TOF Microflex LT equipment. 18S rRNA sequencing and
BLAST analysis, and 16S rDNA based on PCR and ARDRA technique were
applied for a lipase producing yeast and an exopolysaccharide
producing bacteria, respectively. (Vassu et al., 2001; Ionescu et al,
2013)

Bioprocess parameters effects on the production of enzymes and
exopolysaccharides were studied in batch fermentations. Taguchi L9
and Ll6 orthogonal arrays, RSM-CCRD and ANOVA were applied for
optimization studies. Investigations of the exopolysaccharide
production, biomass growth and substrate utilization were performed
by using Logistic, Gompertz and Luedeking Pirret kinetics models.

The total sugar content of the product was estimated by the phenol-
sulfuric acid assay.

Lipase activity was assessed using an adapted method of Willstédter
(US Pharmacopoeia—-35), and a synthetic substrate p-nitrophenol laurate
accordingly to Palacios, Busto and Ortega (2014). The protein
concentration was assessed by Lowry et al.’s method (1951). Amylase
activity was assayed with 3,5-dinitrosalicylic acid.

Chip electrophoresis was employed to achieve the electrophoretic
profile for proteins in amylases, by the use of an Agilent 2100
Bioanalyser equipment.
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Products purification was done by ultrafiltration and diafiltration
(Pellicon module, Merck-Millipore, PTGC/PLGC membranes of 10/5kDa).
The polysaccharide was isolated by precipitation with three volumes
of ethanol. (Figure 7)

HPLC was employed to study the bacterial exopolysaccharide structure,
by using an ELITE LaChrom Merck equipment (RI L-2490 detector and
steel columns: Kromasil 100-5NH2, 250 x 4.6 mm containing an
aminopropylsilane filler L8, and Nucleogel Sugar 810 H 300 x 7.8 mm
containing a polystyrene/divinyl benzene (PS/DVB) filling in H+).

FTIR was performed by using a FTIR-ATR spectrometer Perkin Elmer and
NMR spectroscopic analysis was used to evaluate 'H and !3C-NMR spectra,
which were recorded with a Bruker Advance III Ultrashield Plus 500
MHz and a DRX400 spectrometer).

Cytotoxicity assay was conducted by using an animal cell line (murine
fibroblast - L929-ATCC CRL-6364) and a standardized methodology, which
included the addition of tested compounds in different concentrations
to cell lines and the use of EMEM Medium.

The antimicrobial activity was tested using an adapted protocol disk
diffusion method (Romdna, 1993). The human pathogens were Escherichia
coli ATCC 8739 and Staphylococcus aureus ATCC 6538. Among the tested
strains, also newly-isolated microorganisms, were identified Bacillus
subtilis, Bacillus pseudomycoides, Streptomyces badius, Serratia and
Brevibacillus sp.

Results

Figure 1: Microscopic evaluation for soil bacteria (Gram staining) isolated from a
mining region of limestones and shales, and fungi isolated from spruce cones
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ANOVA for Response Surface Reduced Quadratic model - Polysaccharide

Sum of Mean F p-value
Source Squares df Square Value Prob=F
Model 1.83 7 0.26 6.04 0.0005 significant
A-Time 1.751E-003 ||I 1.751E-003 0.040 0.8425
C-Corn extract 0.034 1 0.034 0.79 0.3845
D-Glucose 0.25 1 0.25 5.84 0.0244
cD 0.25 1 0.25 3.77 0.0252
472 0.84 1 0.84 19.48 0.0002
cr2 0.30 1 0.30 7.03 0.0146
D"2 0.44 1 0.44 10.13 0.0043
Residual 0.95 22 0.043
Lack of Fit 0.91 17 0.053 5.64 0.0325 significant
Pure Error 0.047 5 0.449E-003
Cor Total 2.79 29

Figure 4a:

Design-Expert® Software
Factor Coding: Actual
Desirability

I 1.000

0.000
X1=A:Time

X2 = B: Inoculum

Actual Factors
C: Com extract = 1.35
D: Glucose = 4

Figure 4b: CCRD-RSM predicted design - exopolysaccharide
oxytoca and glucose as substrate

ANOVA for the quadratic model-exopolysaccharide production

Desirablilty
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Figure 5: Electrophoretic profile of amylase produced by Bacillus mycoides,
isolated from soil (Tomulescu, 2015)

Solution Volume (mL) Protein Enzymatic activity
concentration (U/mg)
(mg/mL)
Filtered solution (on celite) — initial 2500
solution 6.88 327.45
Concentrated solution I - Millipore 1650 7.38 315.85
Permeate solution I 850 3.96 262.03
Yield (%) 70.81 p—
Losses (%) 9.6 16.0
Concentrated solution IT (diafiltration I) 1850
6.01 21337
Permeate solution I 650 2.61 133.93
Yield (%) 64.6 54.0
Losses (%) 25.59 42.0
Concentrated solution III (diafiltration IT) 2000
3.41 128.89
Permeate solution IIT 500 2.5 129.32
Yield (%) 61.33 28.94
Losses (%) 27.43 65.79

Figure 6: Quantitative results obtained after the ultrafiltration of lipolytic
product derived from Galactomyces geotrichum

Diluted (1:1) fermentation broth

Concentration in rotary

evaporator, 45°C \

Precipitation with

e EtQH (99,9%), 1:3 (v:v); 4°C overnight

Filtration on gglite >

Drying under vacuum,

/ 85°C—5 stens

Solubilization in distilled water; Filtration on gglite.

4°C overnight and EKS pad \

Concentration at Millipore
Final product (10kDa, PTGC membrane)
Purified polysaccharide
/ 2 disfiltration steps
Drying under vacuum,  |e—| Precipitation with
85°C -5 stens EfQH (99,9%), 1:3 (v:v); 4°C overnight

Figure 7: Flow diagram for the EPS isolation and purification process
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Figure 10: Inhibition zone of 15 mm after 24 hours incubation: the newly-isolated
Bacillus subtilis and Staphylococcus aureus ATCC 6538

Discussion

A total of 104 microbial strains were isolated in the first screening
experiment, samples of soil, sand, mud, water, rock green moss, spruce
cones and beechnuts, with a microbial diversity representing: 64
percent bacteria, 14 percent yeasts and 22 percent fungi; the
bacterial and fungal populations were more diverse in soil and water,
Gram~ and Gram' characteristics corresponding to 34 and 24 strains,
respectively. (Figure 1)

54 1isolates were considered as potential producers of lipolytic
enzymes, and 19 strains presented amilolytic activity. Bacillus,
Pseudomonas, Lysinibacillus, Paenibacillus, Serratia, Cronobacter,
Cellulosimicrobium, Klebsiella, Achromobacter, Arthrobacter, and
Galactomyces strains were used in batch fermentations. (Figure 2)

Lipolytic activity was determined as 7.46, 6.95 and 6.63 UL FIP/mL
for an wunidentified strain, and 4.92 and 4.83 UL FIP/mL for the
Lysinibacillus fusiformis, both isolated from soil, when tributyrin,
castor o0il or Tween80 were added in the fermentation media. However,
optimization studies were conducted using Galactomyces geotrichum, in
a production medium with glucose, Tween80 and CaCl,. In this case,
39.3 UL FIP/mL were obtained after Taguchi L9 optimization (36 hours
fermentation), and 27 U mL™*! when p-nitrophenol laurate was used as
synthetic substrate (60 hours fermentation). The solution was
concentrated and purified with a PLGC membrane (5kDa), but significant
losses were recorded. (Figure 6)

A maximum amylolytic activity of 10.87 U/mL using B. mycoides was
obtained after Taguchi optimization, when malt extract (4 percent w/v)
was used as substrate (48 hours fermentation). A positive effect of
the citric acid and CaCl, interaction was observed. FElectrophoretic
profile indicated a molecular weight of 60kDa after comparing the
results with the available data of UniProtKnowledeBase. (Figure 5)
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The kinetics results indicated values of >0.99 for the R? coefficient,
in the case of Logistic and Gompertz models, with a maximum production
after 56 hours fermentation using Klebsiella oxytoca ICCF 419. ANOVA
suggested that a quadratic model would be indicated to study the
exopolysaccharide production, biomass growth and substrate
utilization. The CCRD design was applied (Figure 4A and Figure 4B)
and a maximum of 11.03 g crude polysaccharide/L was obtained (when
glucose was used as substrate), while an inverse proportionality
between cell growth and product synthesis was observed. The main
interaction affecting the biosynthesis was determined between glucose
and corn steep liquor.

The HPLC showed a sugar content of 86.3 percent, with glucose,
rhamnose, fructose, mannose and uronic acids as major components in
the exopolysaccharide structure, while bands of OH, CH, COOR, C=0,
CO0O™, CH and C-0 were identified by FTIR. (Figure 8) In the 2D HMQC-
NMR spectrum of the polymer, correlations between directly attached
carbons and protons could be observed. (Figure 9)

A preliminary pharmacological study was conducted to evaluate the
biological activity of the purified polysaccharide produced by
Klebsiella oxytoca ICCF 419, a newly-isolated strain from roots of

Momordica charantia. Results showed no <cytotoxic effects on
fibroblasts and furthermore, cell proliferation was observed
(stimulation rate of cell growth of 49 percent). 18 new isolates were

screened for antibiotic substances production, of which 10 strains
showed activities against the human pathogens tested (inhibition zone

diameters of 13- 40 mm). (Figure 10)
Conclusions
Microbial diversity represents a valuable resource for

biotechnological applications. More than 150 microbial strains were
isolated from different regions in Romania and screened for enzymes,

antibiotics and ©polysaccharides ©production. Bacillus mycoides,
Galactomyces geotrichum and Klebsiella oxytoca were selected for
optimization studies to maximize the amylase, lipase and

exopolysaccharide yields in batch fermentations. Other studies are
ongoing and aim to evaluate their possible applications.
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Abstract summary

Agricultural practices can cause soil degradation and decline in soil
quality. Organic amendments such as green manures, sewage sludge or
compost have been shown to increase soil organic matter (SOM) content
and impact on soil health. Digestate from anaerobic digestion, has
potential to replace inorganic fertiliser use as it contains plant
available-nutrients and contributes to the short-term SOM turnover.
However, its impact on soil health remains poorly understood.

This paper aims to utilise two contrasting metrics that are posited
to evaluate soil heath. To do so digestate was applied to an already
established field experiment. Subsequently both the QBS-ar index (Soil
Biological Quality index) and Solvita® (Solvita Soil Respiration
System) were used to evaluate the impacts of the digestate on soil
health.

QBS-ar analysis showed that digestate improved the apparent soil
health. Conversely, Solvita® showed no significant differences between
digestate-amended samples and control but reported more variation in
soil CO; flux associated with previously applied field treatments than
with digestate application. The correlation found between QBS-ar
results and Solvita® was low (19 percent).

Further research on digestate-soil biota interactions is needed to
better understand the different responses of QBS-ar and Solvita® in
terms of their applicability as indicators of soil health.

Keywords: QBS-ar, Solvita, Digestate, Soil quality

Introduction, scope and main objectives

In order to conserve and enhance soil health, it is often necessary
to use fertilisers and amendments (Tisdale and Nelson, 1958).
Digestate has the potential to mitigate the use of inorganic
fertilizers, since it also contributes to the short-term soil organic
matter turnover (Tambone et al., 2010) and it 1is rich in plant
nutrients (Al Seadi et al., 2013). Nevertheless, the effect of the
application of digestate to soil and its impact on the environment in
terms of soil biodiversity and its effect on soil health are not well
understood.

A currently available commercial tool claiming to assess soil health
using the soil microbial respiration rate 1s the Solvita Soil
Respiration System (Haney et al., 2015). The microbial respiration
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rate is evaluated by measuring the CO; flux from soil as an indication
of N mineralization from SOM (Haney et al., 2015).

Digestate effects on soil have been widely studied, especially in
terms of physical and chemical changes (Alburquerque et al., 2012),
GHG emissions (e.g. Pezzolla et al., 2012), microbial community
(Johansen et al., 2013) Dbut its effects on soil microarthropod
communities are not well understood and there is a lack of research
related to essential soil mesofauna groups.

The availability of commercial tests claiming to quantify soil health
means that it is a pertinent time to test an example of such a test
against an already well establish soil health indicator to identify
strengths and weaknesses of each potential bioindicator. As such this
study aims to (1) evaluate soil heath of an already established field
experiment following the application of digestate using QBS-ar (ar -
arthropods) index and Solvita® test; (2) compare and contrast QBS and
Solvita® results to evaluate whether they are robust methods for the
evaluation of soil health.

Methodology

Soil samples were collected from an experimental field located at the
Agrii Technology Centre (AgriiFocus) in June 2018.

A long-term trial had already been established at the site in 2012,
which consisted of six treatments including one untreated control
(Table 1), with four replicates, set up in a completely randomised
design. The treatments were: Biosolids, Green Compost, Green Compost
(hereafter C50), Farmyard Manure, Chicken Manure (hereafter CM) and
Untreated Control (hereafter U), in a spring barley, winter oilseed
rape, and winter wheat rotation. Treatments were applied to the
individual plots using Richard Western D10 spreader. Application rates
are displayed in Table 1.

Table 1: Treatment list. The trial was set up in a randomised block design with
four replicates

Treatment Applied (t/ha) | Total N (kg/ha) | Available N (kg/ha)
Untreated - - -
CM 10 190 57
Biosolid 20 220 33
FYM 43 258 26
Green Compost 25 188 5
C50 50 375 10

A food waste digestate was applied using a boom sprayer
perpendicularly to the already established plots at a rate of 60 t ha~
1 on 1%t May 2018. A gap of 12 m was left between the sprayed areas to
produce three digestate-free replicates to function as controls.

In June 2018, 24 samples were collected during the winter wheat season
using four of the six pre-established treatments. A number of 12
samples was collected from digestate-amended sample points and 12 more
from areas with no digestate to function as control samples. These
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samples included 3 replicates from the pre-treatments U, C50, FYM,
and CM. Within 1 m? of each sample point composite samples using 4
auger cores (average volume: 235 cm® = 4.6 S.E.) were collected to
alOm depth for QBS-ar analysis, and 4 for Solvita®. Composite samples
were placed in sealed plastic bags and stored in a cool box. The QBS
samples were put in Berlese-Tillgren funnels.

Microarthropod extraction lasted for 12 days. Observations were made
using a dissecting microscope and classified at Order/Class level
(Parisi et al., 2005). EMI (eco-morphological index) values were
assigned to each arthropod in order to calculate the total QBS-ar
value per sample.

Solvita® analysis was undertaken by Lancrop laboratories (Pocklington,
York, UK) using the “Soil CO;-Burst official Solvita instructions”.

Statistical analysis was carried out by using R (R Core Team, 2018).
Data were analysed using a two-way ANOVA for both QBS-ar and Solvita®
results. A Tukey HSD test was used for post-hoc multiple comparison
following the two-way ANOVA. Cor.test was used to test for correlation
between the two indices, using a Pearson's product-moment correlation.

Results and discussion

The QBS-ar scores resulted from the current experiment showed on
average values below 93.7 (Figure 1) suggesting relatively low levels
of soil health (Menta et al., 2018). However, soil samples were very
dry at the time of the sampling due to an unseasonably dry spring
which may explain why low values were found. Microarthropods in soil
are, in fact, usually positively correlated with the soil moisture
(e.g. Platen and Glemnitz, 2016).

QOBS-ar values from the digestate-amended plots were significantly
higher compared with control-plots (p < 0.01). This suggests that
digestate increases soil health as quantified Dby this metric,
regardless the previous management practices. This result agrees with
previous studies on earthworm, springtail and mite populations
(Frgseth et al., 2014; Platen and Glemnitz, 2016) where a positive
effect of a digestate on these groups was observed.

Digestate is a source of OM and so provides a substrate to support
arthropod activity. Furthermore, it 1is likely that that digestate
enhanced the environment for arthropods due to increasing soil
moisture content as it was approximately 96 percent water by mass.
Since digestate was applied at a rate of 60 t ha™', the quantity of
water applied corresponded to 5.76 mm of rain.

Solvita® results showed that the initial treatments were stronger
predictors of soil CO; flux than the application of digestate (p =
0.038; Figure 2). No significant differences were found between
digestate-amended plots and control plots (p = 0.53). Tukey multiple
comparison showed a significant difference between untreated plots
and C50 treatment (p = 0.031). Accordingly, the Solvita® test found
no significant impact of digestate application on soil health. In
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Solvita® values showing both samples with digestate (AD) and without digestate
application (CTR). Barplots show means (n=3). Bars show standard errors.

QBS-ar showed significantly higher values in digestate-amended plots
compared with non-amended while Solvita® revealed no significant
differences following digestate application. A Pearson correlation
test found no significant correlation between QBS-ar and Solvita® (p-
value of 0.39) suggesting that they have different efficacies in terms
of gquantifying soil health. A disadvantage of the Solvita® test is
that important wvariables that may significantly affect the CO;
emissions coming from soil are not entirely considered. These include
bulk density, initial moisture content, and total carbon content of
soil (Wichuk et al., 2010) as well as others. Soil CO; flux can be
highly dependent on the content of OM and soil texture (Fungenzi,
2015) and disturbance occurring during transport from the field to
the lab may influence CO; flux; disturbed soils tend to have higher
CO; emissions compared with undisturbed soil (La Scala et al., 2006).
Moreover, soil CO; fluxes can be widely influenced by other biogenic
(Kuzyakov, 2006) and abiogenic sources (Shanhun et al., 2012).

It remains unclear whether Solvita® is robust enough to effectively
quantify soil health at farmer relevant spatial and temporal scales.

Conclusions

The results showed a positive impact of digestate on QBS-ar wvalues
suggesting that digestate application enriched soil microarthropods
community diversity. This suggests that digestate can function as a
substrate for arthropods and/or it may improve edaphic conditions for
soil fauna to survive, such as through increasing soil moisture
content. Solvita® results differed from those for QBS-ar, with
differences in soil CO; flux being associated with previous field
treatments rather than digestate application. The correlation found
between Q0BS-ar and Solvita® was low demonstrating that conclusions
that would be drawn about the impacts of digestate application on soil
health are method dependent.

Further research on digestate-microarthropod interactions is needed
to better understand the different responses of QBS-ar and Solvita®
in terms of their applicability as indicators of soil health following
digestate application.
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Abstract summary

This report aims to provide an overview of the outcomes and the
challenges encountered in using ciliated protists as indicator of soil
health in the framework of several projects conducted in Italy since
2009. Ciliates in spite of the key roles they play in the microbial
loop, still constitute a neglected component of the biodiversity,
which is rarely included in biomonitoring plans. In this scenario,
the report highlights the potential of ciliates as bioindicators of
soil health (in natural, industrial and agro- ecosystems) to evaluate
the potential impact of soil disturbance such as those produced by
different farming practices (organic vS. conventional) and
contaminants. Overall, the results of our surveys conducted in the
frame of three distinct projects (BioPrint, Ciliates 1in Organic
Vineyards & Soil mapping Lombardia) confirmed the bioindicative
potential of soil ciliate communities in discriminating different
agricultural management systems, land uses and in detecting different
levels of soil pollution.

Keywords: Bioindicators, Soil protists, Community structure,
Agroecosystem, Farming practices, Soil health

Introduction, scope and main objectives

Soil biodiversity is a key component of terrestrial ecosystems, being
involved in the delivery of several essential ecosystem services such
as, among others, nutrient cycling, soil formation, pest and pollution
control (Pascual et al., 2015). Thus, soil biodiversity indicators
can be used by governments and farmers to monitor soil health and
ecosystem functioning under various land uses and farming practices
(Turbé et al. 2010). In this context, the use of ciliated protists as
bioindicators is less common, in spite of the fact that they play key
roles in nutrient cycling by feeding on bacteria, fungal biomass and
even 1invertebrates in the plant rhizosphere, thus promoting soil
fertility and productivity (Foissner, 1997). Further, soil
biomonitoring projects including ciliates offer not only the
opportunity to assess the potential of ciliates as bioindicators of
soil health but also to explore in detail their diversity, and allowing
the discovery of new species (Bharti, Kumar and La Terza, 2015; Bharti,
Kumar and La Terza, 2017) (Figure 1).

In the framework of several projects conducted in Italy since 2008,
we have investigated the potential of ciliates as indicator of soil
health analysing the structure of their communities in both natural,
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industrial and agro-ecosystems (vineyards, fodders, arable fields)
under different level of soil disturbance (Bharti, Kumar and La Terza,
2015; Bharti, Kumar and La Terza, 2017; La Terza et al., 2015). The
main aim of all projects was to unveil as to what extent and how,
ciliates might contribute to soil bioindication, as well as to
generate new baseline knowledge for a more informed use of ciliates
as bioindicators of soil health. In this regard, the main hypothesis
that were tested through the projects, were the following: 1) to
evaluate the capacity of ciliate communities to discriminate between
different land uses (forests and agroecosystems) with different levels
of physical and/or chemical soil disturbance; and ii) farming
management practices (organic vs conventional); iii) to assess
relationships among ciliate communities and abiotic factors.

Methodology
Soil sampling, processing and ciliate communities’ analysis

To investigate the diversity of soil ciliated protists, at each
investigate site, ten soil samples (0-10 cm depth) were randomly
collected with an Edelman auger, mixed to obtain a composite sample
(weighing approximately 1 kg), then sealed in a sterile plastic bag
and transferred to the laboratory. Ciliate communities were studied
by means of qualitative (non-flooded Petri dish method) and
quantitative methods (direct counting on slide) as described by Kumar
et al. (2014).

Multivariate analysis was realized using the PAST 2.17c package
(dyvind Hammer, Natural History Museum, University of Oslo).

 Soil Ciliates: Novel Species from.
ttaly

Raraparentocirrus sibillinensis Gonostomum paronense

©ANTONIETTA LA TERZA, SANTOSH KUMAR, DAIZY BHARTI

Pseudouroleptus plestiensis

Figure 1l: Novel species of soil ciliated protists from Italy
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Paraparentocirrus sibillinensisn. gen., n. sp (Kumar et al., 2014); Pseudouroleptus
plestiensis n. sp. (Bharti, Kumar and La Terza, 2014); Gonostomum paronense n. sp.
(Bharti, D., Kumar, S. & La Terza, 2015).

Results
First case study - The BioPrint project

In the 2009, in the framework of the BioPrint Project and for the
first time in Italy, we investigated the biodiversity and the
community structure of soil ciliates from both natural and agro-
ecosystems of Marche Region. Soil samples were collected twice from
10 sites with different levels of soil disturbance (5 natural sites:
FORest (virgin soils); and 5 agricultural fields: 3 ORGanic (minimum-
tillage) and 2 CONventional (sod seeding). Soil chemical-physical
(texture, NPK, OM, C/N ratio, soil moisture, and temperature)
parameters were also measured. Qualitative analysis allowed us to
identify a total of 59 ciliate species representing 29genera and 12
orders (plus 10 species new to science) (Kumar et al., 2014). ORG
sites were the richest in species followed by CON and FOR. The mean
values for H’ (2.6), d (3.4) and J (0.8) are significantly higher in
ORG than in CON (H’'=2.1; d=2.7; J=0.7) and FOR (H’'=1.7; d=1.95; J=0.0).
These results support the “Intermediate Disturbance Hypothesis” (IDH),
that slightly disturbed habitats (e.g. minimum-tillage) usually have
higher organism diversities than stable ones (Foissner, 1997).

Multivariate analysis show statistically significant differences
between natural sites (FORest) and agricultural sites as well as
between the ORGanic and CONventional management farming systems.
Canonical Correlation Analysis (CCA) analysis show correlations
between the distribution of species with environmental parameters;
indicating the importance of these parameters in shaping the ciliate
communities at different sites (Figure 2).
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Figure 2: Canonical Correspondence Analysis (CCA)

Relationships between individual ciliate species in the community and abiotic
factors at all sites CCA of log-transformed abiotic and species-abundance data.

Second case study -Ciliates in the Organic Vineyards Project

Organic farming employs a set of farming practices that contribute
towards preserving soil quality. In this scenario, the aim of this
study was to assess the long term effect of organic floor management
on soil health by mean of ciliate communities analysis in 3 vineyards
which were organically managed (at the time of sampling) for 19 years
(V92), 13 years (V98) and 2 years (V09) respectively. The study was
realized in a commercial vineyard in the terroir of “Werdicchio di
Matelica” (Italy), in 2011 with a total of three samplings for each
vineyard. Qualitative ciliate analysis allowed us to identify a total
of 27 ciliate species belonging to 6 classes, 11 orders, 19 genera.
The results of diversity indices (H’, J, d) and the multivariate data
analysis (nMDS), indicated that the most stable habitat for ciliate
communities was the “oldest” (V92) followed by the V98 and the
“youngest” V09 vineyards (Figure 3). This effect may be due to the
greater soil resilience, possible achieved due to the long-term
organic management, of the wvineyards V92 and V98 (La Terza et al.,
2014) .
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Figure 3: Non-metric Multidimensional scaling (nMDS) for spatial taxonomic
patterns of soil ciliates for log transformed species-abundance data on Euclidean
Distances, for the 3 vineyard, V92, V98 & V09

The nMDS analysis evidences a pronounced fluctuation of ciliate community structure
in the “younger” V09 vineyard in the 3 sampling periods and, the absence of
variations in community structures in the V92 and V98 vineyards.

Third case study- SoilMapping LombardiaProject

In the framework of the Soil Mapping Project, the ciliate communities
were investigated in four industrial sites (Incinerator of Parona;Site
of National Interest, SIN Brescia; Plant of regeneration of exhausted
oils, Viscolube; Cement factory of Broni) of the region Lombardia with
the main aims: 1) to evaluate their potential in discriminating
different levels of soil contamination; and i1) to assess
relationships among «ciliate communities and abiotic factors.
Qualitative ciliate analysis allowed us to identify a total of 73
species belonging to 7 classes, 12 orders, and 30 genera, including
12 species new to the science (Bharti, Kumar and La Terza 2015; Bharti,
Kumar and La Terza, 2016). The results of diversity indices (H’,J,d)
and multivariate data analysis, show that the communities associated
at the four sites are significantly different; except at the sites of
Parona and Viscolube, which were similar for species composition and
abundances. Furthermore, multivariate analysis showed correlation
between the distribution of species with environmental parameters (and
contaminants), indicating the importance of these factors in shaping
the ciliate communities at the four investigated sites (La Terza et
al., 2015).
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Discussion

Each one of the above-described case studies shed light on how ciliate
communities can contribute as bioindicators of soil health (Figure
1). In this regard, the BioPrint project show the bioindicative
potential of ciliate communities in discriminating between natural
(FORest) and agro-ecosystems, and different management systems
(ORGanic vs CONventional) (Figure 2). In the project: Ciliates in
Organic Vineyards, the ciliate communities act as a measurable proxy
of soil resilience 1in agroecosystems (and thus, as indicators of
sustainable land management) (Figure 3). In final, the Soil Mapping
project highlight the capacity of ciliate communities in
discriminating between different levels of soil contamination in
polluted sites.

Conclusions

In summary, these outcomes generated new knowledge and provided
baselines for a more informed use of ciliates as bioindicators of soil
health. However, further surveys should be conducted in order to
better refine and possible standardize sampling protocols, to develop
less time consuming methods for soil ciliates analysis and possibly
associate the classical methods to the molecular one. Furthermore,
these surveys have contributed to “reboot” so0il ciliate diversity
studies in Italy by updating Italian checklist, identifying more than
25 novel species, and dwelling deeper into the “soil ciliate diversity
black box” in natural, contaminated and agro-ecosystems.
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Abstract summary

In this study, we propose to build a global indicator for biocassessment
of soils based on environmental DNA (eDNA). This tool should be easily
applied, inexpensive, and standardizable regardless of climatic
conditions. The eDNA metabarcoding method is wused to assess the
presence of different taxonomic groups (eukaryotes and prokaryotes)
considered as soil bioindicators but also to establish global soil
DNA signatures without any a priori knowledge. This indicator is
developed in the context of the restoration of degraded sites, with
the purpose of monitoring ecosystem recovery during rehabilitation
and remediation actions, for instance in urban environments. For each
study area, samples are collected both from reference sites and sites
in restoration. The objective 1s to assess the sensitivity of DNA
signature to restoration actions and to inform in which extent the
observed signature indicates the degree of restoration in terms of
soil quality. Ultimately, a database including different types of
soils will be built at the national scale. It will be wused to
characterize the correlation between DNA signature and ecosystem
functions, using ‘Machine learning’ approaches. This bioindicator can
also be used in the agriculture sector, to contribute to the assessment
of soil biological quality and to guide cultural practices.

Keywords: soil biodiversity, bioindicator, eDNA metabarcoding, DNA
signature, restoration, polluted soils, machine learning.

Introduction, scope and main objectives

In response to environmental but also socio-economic challenges,
expenses related to the restoration of degraded or polluted soils have
increased in the last 15 years. In addition to obvious public health
issues (e.g. reducing the risk of spread of pollutants), the
restoration of soils favours the dynamic of vegetal cover and trophic
interactions and allows recovering ecosystem functions as well as
associated ecosystem services. Ecological restoration generates a gain
for the biosphere, but also for humans. Restoration procedures take
place according to methods adapted to various operational and
scientific objectives, involving technical and financial investments
(Bazin and Barnaud 2002). Although these restorative actions have
increased in recent years, a large number of studies highlight the
lack of suitable and standardized protocols and indicators to assess
the restoration of biodiversity, functions and ecosystem services
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(Baptist et al., 2018). One of the major challenges is the construction
and / or adaptation of dedicated indicators, in connection with the
functions and ecosystem services targeted during the restoration of
degraded sites, in order to allow effective monitoring of the soil
compartment.

Various physicochemical indicators are currently used to assess the
quality of a soil (pH, cation exchange capacity, organic matter
content, nitrogen and total phosphorus etc.), but these indicators do
not allow to assess the level of functionality. The most commonly
applied biological indicators (or bioindicators) are based on a
descriptive analysis of the richness and abundance of specific groups
such as earthworms (or Enchytreids in the absence of earthworms),
nematodes, microarthropods or even bacterial or fungal communities
(see Blnemann et al. 2018 for a summary). However, these taxonomic
groups can undergo a strong spatial and temporal variability according
to edapho-climatic conditions. The development of bioindicators also
requires a sometimes tedious, potentially subjective and particularly
costly morphological identification phase. The analysis of
environmental DNA (eDNA) from soil samples should make possible to
circumvent the technical constraints linked to the morphological
identification of the different taxonomic groups listed above. DNA is
now recognized as a reliable tool for detecting the presence of species
or establishing biodiversity inventories in a given ecosystem
(Valentini, Pompanon and Taberlet, 2009; Taberlet et al. 2018).

Our objectives in this study were:

1. To test the eDNA tool to assess environmental changes in polluted
pilot site under restoration.

2. To build a bioindicator based on the whole range of eukaryote
diversity in soils, in order to assess the success of restoration
of the degraded ecosystem functions.

Methodology
Site

Seven samples were collected in an industrial site being restored.
The site is polluted with hydrocarbons and heavy metals. Restoration
actions include spreading topsoil as well as gravels to re-establish
bird habitats. Five replicates were sampled in non-restored fields,
and two in on-going restored fields.

Sampling

For each replicate, 20 pooled subsamples were collected in the surface
layer (horizon 0-10cm) of quadrats (lm*1m). From this pool, two soil
samples of approximately 20g were taken and preserved dry in silica
gel until their analysis in the eDNA laboratory.
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Figure 1l: Sampling equipment for soil

Laboratory procedures

Extracellular DNA was extracted using a phosphate Dbuffer method
(Taberlet et al. 2018). Amplification of DNA was performed using the
eukaryote primers Euka02 (Taberlet et al. 2018) with four replicates
per sample. Negative controls were performed at each step of the
process. DNA was purified and sequenced in an Illumina Miseq
sequencing run (2*125 bp).

Bioinformatic and biostatistics analyses

The OBItools and ROBItools (Boyer et al. 2016) were used to assemble,
filter and perform taxonomic assignation of sequences (Genbank ®).
Statistical analyses included multivariate analyses (vegan, Oksanen
et al., 2007), Shannon diversity indices and identification of
indicator species (R library: indicspecies).

Results

The composition of taxa in all soil samples shows that, among animals,
there is a majority of annelids, protozoans and collembolas. Among
plants, monocotyledons and mosses dominate (Figure 2).
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Figure 2: Global composition of eukaryotes in soil samples

The type of habitat (polluted and on-going restored fields) did not
influence global soil biodiversity (Shannon indices, results not
shown) but a higher proportion of collembolas was observed in on-going
restored fields (Figure 3a), which might indicate that this group
corresponds to pioneer species.

Soil samples structure mainly according to habitat type (axis 1 in
Figure 3b) but also according to the hydrocarbon concentration (axis
2 in Figure 3b). In other words, habitat and hydrocarbon concentration
influence the composition of eukaryote communities, but not their
diversity.
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The focus on collembolas among the metabarcoding results allowed
showing that this group responds well to environmental variables, in
terms of habitat type or pollution type.
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The statistical treatment of data allowed identifying different
‘composite’ bioindicators, depending on habitat type, that can testify
of the soil restoration without any a priori knowledge (Figure 4). A
similar work can be performed on the “pollution’ gradient.

Discussion

This pilot study emphasizes the benefit of using the eDNA tool as a
global indicator for biological assessment of soils. This tool can be
standardized, it 1s inexpensive and easily applied regardless of
climatic conditions.

Ultimately, a database considering different type of soils will be
built at national scale. It will be used to characterize the
correlation between DNA signatures and ecosystem functions, using
‘Machine learning’ approaches.

Conclusions

This pilot study showed that a DNA signature can be established from
soil samples and that this signature can be used to assess the degree
of restoration of soil quality in polluted environments. This
bioindicator can also be used in the agriculture sector, to contribute
to the assessment of soil biological quality and to guide cultural
practices.
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Abstract summary

Land use and management have important impact on soil quality and
biodiversity. To monitor the status of the living soil community it
is required to have an efficient indicator able to highlight any
suffering conditions. Emilia-Romagna Region has adopted the QBS-ar
index (Soil Biological Quality Index based on soil arthropods) as
indicator of soil biodiversity and soil health, and it started a
monitoring plan more than 5 years ago aimed to: i) define the quality
status of regional agricultural soils; 1i) assess how the different
land uses impact soil biodiversity and soil biological gquality. The
results of this first step is reported here. In 2018, another regional
monitoring network has been organised and funded by the CAP 2014-2020
(Measure 20 of regional RDP). The activity is still in progress and
it will assess whether farming systems are sustainable and respectful
even towards biodiversity.

Keywords: soil biodiversity, soil quality, sustainable agriculture,
monitoring network, arthropods

Introduction, scope and main objectives

As required by the EU’s Common Agricultural Policy (CAP 2014-2020),
with the Rural Development Programme (RDP) the Emilia-Romagna Region
has adopted soil conservation management practices whit the aims of
achieving production with less input in terms of pesticides,
chemicals, water and lower CO; emissions, to protect natural resources
and environment. While there is a growing awareness of the need to
protect soil from pollution, for healthy food, and from the loss of
organic matter, to preserve fertility and increase the soil storage
of CO;, there is still a poor awareness of the importance and the
function of soil's biotic component.

The study of edaphic communities has received increasing attention in
recent years, however, there is still a limited number of standardized
procedures and a lack of reference values to establish the state of
soil quality also taking into account the use, type and level of soil
disturbance (Turbé et al., 2010).

A bioindicator widely spreading is the QBS-ar index (Biological Soil
Quality Index based on soil arthropod community) developed by Parma
University (Parisi, 2001; Parisi et al., 2005). 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. The index values are generally directly
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related to the use and state of the soil, allowing to draw conclusions
on soil management (Tabaglio et al., 2009).

In 2015 Emilia-Romagna Region and University of Parma have started a
monitoring plan aimed to detect QOBS-ar index in 58 agricultural soils
with different land use and management in order to: 1) describe the
state of the biological quality of the regional soils; ii) establish
reference values to describe the typical characteristics of soils in
different contexts of land use; 1ii) test the use of indicator to
highlight soil degradation condition or reduction of biodiversity in
relation to the impact of agricultural management.

Methodology

Soil samples were collected in 58 sites located in the plain and on
the hill of the Emilia-Romagna Region (northern Italy).

The sites were chosen considering the soil characteristics described
by the regional Soil Database with the aim of choosing sites
representative of the most widespread soils.

The 58 sites include 3 different land uses: 22 sites in arable land
(annual crop), 19 sites in permanent crops (8 in vineyard, 11 in
orchard), and 19 sites in grassland. In the latter, three different
sub-categories were considered based on the age of the meadow: meadows
of alfalfa that remain without tillage for a maximum of 5 years, and
are in rotation with annual crops (8 sites); permanent meadows of
alfalfa or polyphite grass older than 5 years but under 30 years (6
sites); stable meadows are polyphite grass more than 30 years old (5
sites).

FEach site was sampled twice, in spring and autumn, with three clods
of soil, arthropod extraction was performed by Berlese-Tillgren funnel
(extraction time 10 days). The specimens were placed in a preservative
solution, identified to class level and an ecological-morphological
index (EMI), ranged between 1 and 20, was assigned for each taxon.
QBS-ar index resulted as the sum of the highest EMI wvalues of the
three replications relative to each taxon.

Soil characteristics of the sites were also known, the different types
of soil have been grouped into Soil Functional Groups (SFGs) based on
the following aspects: texture of the surface horizon, saturated soil
condition, presence of organic horizons. Some characteristics of the
functional groups used in this work are reported in the Table 1.

Table 1: Mean values of soil parameters of the 58 sites grouped by SFGs

Soil functional Organic
groups Carbon % Clay % SLHE R PH
% 1.461 £ 0.626 | 44.68+5.319 | 11.67+5.762 | 7.68+£0.463
(15 sites)
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? 1.669+£0.275 36.95+£1.401 | 14.447.093 | 7.775+0.429
(8 sites)

9 2.067£1.451 30.94+2.383 | 20.4447.832 | 7.6974£0.492
(16 sites)

P 1.2440.535 17.67£3.204 | 21.3343.67 | 7.945+0.301
(6 sites)

g 1.235+£0.499 16.07+£5.328 | 48.3416.08 | 7.96940.191
(11 sites)

? 2.49+2.376 8+2.376 83.540.707 | 7.91540.191
(2 sites)

A fine texture, B moderately fine texture with > 35% of clay, C moderately fine
texture with < 35% of clay, D medium texture, E moderately coarse texture, F
coarse texture

Results

The two-way ANOVA analysis shows that land use is the factor that most
affects the QBS-ar values (p value <0.001) while the season does not
significantly influence the index value (p value> 0.05). To highlight
the differences between different land uses, Tukey’s test was applied
(Table 2).

Table 2: Tukey’s test applied to different land use

Land use orchard |vineyard Lt ) permanent e
y alfalfa meadows meadows

orchard - - - - -
vineyard 0.093 - - - -
meadow of
alfalfa 1.000 0.166 - - -
permanent 0.411 0.998 0.540 - -
meadow
stable 1.000 0.242 1.000 0.577 -
meadow
annual crop 0.001 0.000 0.001 0.000 0.037

Value in bold significantly differed from each other (p-value <0.05)

Tukey's test highlights significant differences between annual crops
and all other land uses: arable land shows the lowest QBS-ar values
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among the five categories considered, with values between 41 and 182
and an average value of 105 (Figure 1).
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Figure 1: QBS-ar values for different land uses

box plot: X= mean, line=median, box= interquartile range, whisker=minimum, maximum

Meadows reached higher wvalues of the index compared to annual crop
(Figure 1) for the absence of tillage and a major protection of the
soil surface. Within this category, alfalfa meadow ranged between 89
and 187 (average value 143), permanent meadow from 103 to 237 (average
value 166), while stable meadow ranged from 93 and 212 (average value
141), but the differences are not significant.

Vineyards have values between 123 and 239, with an average of 172,
while orchards have values from a minimum of 67 to a maximum of 221,
and an average value of 141. Although these permanent crops were
affected Dby management practices, the grass cover reduces the
disturbance of soil and creates an edaphic environment similar to
grassland.

To investigate the relation of QBS-ar and soil type Tukey’s test was
applied. (Table 3).

Table 3: Tukey’s test applied to different Soil Functional Groups

Soil

functional A B C D E
groups

A — — _ _ _

B 0.998 - - - -

C 0.040 0.325 - - -

D 0.956 0.880 0.038 - -

E 0.238 0.663 0.997 0.137 -

F 0.500 0.409 0.027 0.878 0.063
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Value in bold significantly differed from each other (p-value <0.05)

SEFGs show different trend of QBS-ar index, though not always these
differences are statistically significant (Figure 2). Only moderately
fine soils with <35 percent of clay (SFG C) are different from fine
soils (SFG A), medium textured soils (SFG D) and coarse soils (SFG
F).
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Figure 2: QBS-ar values for different Soil Functional Groups

box plot: X= mean, line=median, box= interquartile range, whisker=minimum, maximum

Discussion

Although there are still no national reference shared values of QBS-
ar, the results obtained in this work do not differ from those found
in previous studies (Menta et al., 2010; Tabaglio, Gavazzi and Menta,
2008; Tabaglio, Gavazzi and Menta, 2009). Menta et al. (2018) reported
a reference value of 93.7 as a result of 41 published works worldwide.
Compared to this value, all land use categories assessed have a higher
average value (figure 1), only arable lands show lower value with 25
percent of the values even lower than 82.5.

The study highlights that the presence of a permanent grass cover, as
found in meadows, in many vineyards and orchards, is a key element
for the maintenance of a complex arthropod community. Otherwise, more
intensive agricultural systems, which require annual soil tillage,
make the biological community more vulnerable with simpler and poorer
communities in terms of biodiversity and functionality.

As described in the results section, there was no close relationship
between the QBS-ar values and the different soil types due to soil
management. In this case soil management had a high impact on the
edaphic community that didn’t allow the features of the soil to emerge.
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Conclusions

This study led to a first important evaluation on the Dbiological
quality of the Emilia-Romagna agricultural soils. QBS-ar index can be
used to detect soil quality and soil biodiversity, and it can show
how different types of soil management can affect soil properties.
Conservative practices, such as the minimum or no-tillage, the use of
multi-annual crops in rotation with annual crops, the use of cover
crop and the grass cover in permanent crops maintain and enhance soil
living community and soil functionality.

Thanks to the results achieved in this work, the QBS-ar index has been
chosen by the Emilia-Romagna Region as an indicator in soil monitoring
activity. In 2018, a regional monitoring network has been organised
and funded by the CAP 2014-2020 through Measure 20 of regional RDP.
The aim of this new project (123 sites) is to compare soil chemical
and biological quality between organic, integrated, conservation
agriculture, extensive grassland and traditional farming systems.
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Abstract

Amazonian Dark Earths (ADEs) are highly fertile human-made soils,
commonly found in Amazonia. These soils have a unique soil biota and
a high content of charcoal, organic C, available P and Ca as a result
of repeated burning and additions of bone and organic matter (OM) over
centuries of Amerindian occupation. “Terra Preta Nova” techniques aim
to replicate these soils by adding ADE components, but little is known
of their single and synergistic impacts on plant productivity. We
replicated an ADE by adding five distinct components and studying
their single and interactive effects on maize production in the
greenhouse. FEarthworms (Pontoscolex corethrurus), OM (horse manure),
biochar (from Brazil nut), ground fish bones and pottery sherds were
added to a nutrient poor soil, and after 60 days plant height, above
and below-ground (root) biomass, root length, and soil fertility
levels were assessed. The main components affecting plant productivity
were earthworms, OM and fish bone meal, with significant synergistic
effects, while biochar and pottery, although significant, were not as
important for plant growth and soil fertility.

Keywords: soil fertility, agricultural sustainability, Amazonia, soil
biology, soil amelioration

Introduction

Over centuries of occupation, Amazonian Amerindian populations
generated highly fertile Amazonian Dark Earths (ADEs, also known as
Terra Preta de Indio in Portuguese), by the addition of fresh and
burned organic materials (human excrements, animal remains such as
fish bones, plant organic matter) and pottery sherds. These soils are
highly sought out by present day farmers in the region due to the high
plant production potential. They tend to have high soil C, available
Ca and P contents, as well as a unique soil biota, including important
earthworm populations (Cunha et al., 2016). It is well known that
organic materials such as animal manures (Bayu, Rethman and Hammes,
2008) and fish bone meal (Blatt, 1991), biochar (Ding et al., 2016)
and earthworms (Brown, Edwards and Brussaard, 2004) can positively
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affect plant production. However, the impact of pottery sherds on
plant production is not well known, though they may contain important
nutrient stocks (Rodrigues, 2014). Very few studies have reported
results of ADE recreation (Terra Preta Nova), on plant production in
nutrient poor soils, and none of them evaluated interactions between
the different components of ADEs. Hence, the present study was
undertaken to evaluate the impact of organic manure, biochar, fish
bone meal, earthworms and ceramics on plant production in a nutrient
poor Latosol.

Methodology

A clayey yellow Latosol was obtained from Paraopeba-MG, in Central
Brazil, and a fractional factorial experiment was installed using 160
pots with 4 kg soil (dry wt equivalent) each. In each pot, each of
the five components of ADEs were added or not, generating 32
treatments, each of with was replicated five times (Figure 1, Table
1) . A hybrid maize variety was grown in the greenhouse, and 55 days
after germination, plant production parameters (height, fresh biomass
above and below-ground, root length), soil fertility (exchangeable
nutrients, pH), and earthworm survival were recorded. When added to
the treatments, earthworms (Pontoscolex corethrurus) were 5
individuals, biochar from Brazil nut shells at 10 percent (w/w),
ceramic pieces (pottery shards) at 10 g Kg! soil, partially composted
organic matter (horse manure) at the rate needed to reach 2.6 percent
C in the soil, and fish bone meal at fertilizer rate of 500 mg dm™3 P
in the soil. Earthworm abundance, soil C and pottery mass were within
values that can be found in ADEs under field conditions. The pots were
randomly placed in the greenhouse and a single maize plant per plot
kept after germination. Statistical analyses (individual treatment
effects and interactions) were evaluated using General Linear Models
(GLM) with R (RStudio Team, 2016).

v,

Figure 1: Components of the ADEs used in the Terra Preta Nova experiment in the
greenhouse evaluating maize production after 60 days

a) Earthworms Pontoscolex corethrurus; b) Pottery shards; c) Biochar from Brazil
nut shells; d) Fish bones before grinding (to produce fish bone meal); e) partially
composted horse manure

Results

All of the ADE components used to create the Terra Preta Nova had
significant impacts on maize production (Table 1). Surprisingly,
biochar had a slightly negative impact and ceramics had a major
positive impact on shoot mass, while highest positive impacts overall
on plant parameters (up to 26 percent increase in shoot mass) were
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observed with addition of organic matter and fish bone meal, in

particular (Table 2). Earthworms positively impacted both shoot and
root mass (Tables 1, 2). Several important two-way as well as three-
way interactions were detected (Table 1). Four-way interactions were
only significant in the absence of OM, with all the remaining
components (W x B x P x F). Soil fertility impacts were observed

mainly with addition of fish bone meal, but also with OM, with
significant increases in available P levels.

Table 1: Results of the GLM tests of significance of main-effects of the different
ADE components (factors) and their combined treatments (interactive effects) on
maize shoot and root biomass and length after 55 days germination under greenhouse

conditions
Shoot Root Root Shoot Root Root
Treatment Treatment
mass mass length mass mass length
w Kokk KKk ns W x B x P ns ns ns
oM * ko *kx *kx W x B x OM ns ns ns
P KoKk ns ns W x P x OM ns ns ns
F ** * * % * * ok * WxBx F * % * % ns
B * ns ns Wx P x F ns ns ns
W x OM *x xxx xxx WxOM=xF ns * *xx
W x P ns ns ns B x P x OM * kK Kokk ns
WxF xR xxKx *x BxPxF ** ns ns
W=xB * KK * ns B xOMxF * ns ns
OM x P ns ns ol PxOMxF * ns ns
ol W x B x P x ns
OM x F *ok Kk * kK ns ns
oM
OM X B * * % el W X B X P X * % % * % % ns
F
*x W x B x OM
P x F ns *x ns ns ns
x F
W x P x OM
P x B *x xR K ns ns ns ns
x F
* B x P x OM
F x B ns ns F ns ns ns
X
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W=earthworm; OM=organic matter (horse manure); P=pottery sherds; F=fish bone meal;
B=biochar. Treatments with significant main effects or interactions are highlighted
in bold.

Table 2: Mean values of plant height, shoot and root biomass and root length (and
correspondent increase) of maize plants for each component of the ADE used in the
Terra Preta Nova greenhouse experiment

Treatment Plant height Shoot biomass Root Root length
(cm) (9) biomass (cm)
(9)
Earthworm
Presence 95.7 (+2%) 12.2 (+20%) 2.78 12784
(+11%)
Absence 93.4 | 10.2 2.50 12674
Biochar
Presence 94.9 11.8 (-3%) 2.70 12516
Absence 95.7 12.2 2.78 12784
Ceramics
Presence 98.5 13.0 (+24%) 2.94 13488
Absence 94.3 11.3 2.60 12266
OM
Presence 99.9 (+6%) 13.4 (+26%) 3.03 13889 (+13%)
(+17%)
Absence 94.3 10.6 2.60 12266
Fish bone
meal
Presence 100.0 (+10%) 13.4 (+26%) 3.02 13789 (+19%)
(+24%)
Absence 91.0 10.6 2.44 11546

Treatments with significant presence effects are highlighted in bold typeface.

Discussion

A spiked interest in “Terra Preta Nova” began around 10 years ago,
due to the supposed high potential soil fertility and C sequestration
effects of biochar (Lehmann, 2009). In fact, the use of biochar and
organic matter together had significant interactive effects on plant
production parameters. Although biochar wuse in agriculture has
considerably increased, there are still some concerns regarding its
possible impacts to soil quality in the long term (Verheijen et al.,
2010) . Furthermore, in the present experiment, use of biochar resulted
in a slight negative impact on maize shoot mass, but root mass and
length were not affected. However, several interactions with biochar
were significant, showing that it has potential to impact plant
parameters depending on what 1s used together with it. Physical
parameters were not measured, and biochar is known to have impacts on
soil porosity and water movement (Blanco-Canqui, 2017).

Earthworms are well known plant growth promoters, and P. corethrurus
is distributed throughout the tropical world, particularly in
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disturbed regions and agroecosystems, where it can have important
effects on soil properties (Taheri, Pelosi and Dupont, 2018).
Furthermore, earthworms can ingest biochar (Ponge et al., 2006), and
impact organic matter mineralization and nutrient availability, and
these may be important reasons why they had positive impacts on maize
production in the present experiment (Brown, Edwards and Brussaard,
2004) .

Pottery sherds may be important in long-term nutrient release
(Rodrigues, 2014), but also in modifying soil physical properties such
as porosity and water availability, and in the present case, their
addition was important for promoting shoot growth. Little is known of
the use of potsherds in agriculture, and they may play a role in Terra
Preta Nova, particularly in clayey soils with physical restrictions
to plant growth.

Organic manures are important for sustainable agriculture in small
farms (Bayu, Rethman and Hammes, 2008), particularly where inorganic
fertilizers are less available and/or wunaffordable. They have
important fertilizer value contributing with K, Ca, Mg, N, P, S and B
to plant nutrient needs. Fish bone meal and OM were the two most
important plant growth promoters in this Terra Preta Nova experiment.
Fish bone meal also has significant amounts of Ca, P, Mg, S, Fe, Zn,
Mn and Cd (Buddhachat et al., 2016), all of which are important for
plant growth. The use of high-P and N-containing organic residues 1is
an important strategy for increasing soil fertility and plant
production in nutrient-poor soils of the tropics. In acid soils,
additional benefits of bone meal use may be long-term impacts on pH
and associated nutrient availabilities.

Conclusions

These preliminary results show the potential for wider wuse of
household and farm refuses, such as bones, manures and broken pottery
in soil improvement, and the importance of interactive effects in
affecting plant growth, factors that need further attention in future
soil fertility and management schemes such as Terra Preta Nova
technologies, based on the Amazonian Dark Earth concept. However,
longer-term and field experiments are needed using these concepts in
order to verify these phenomena.
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Abstract summary

In the Yucatan Peninsula, Mexico, soil macroinvertebrates diversity
has strongly decreased. At Campeche, although there is an important
production of glyphosate tolerant soybeans, no studies have been
developed to determine glyphosate and AMPA (its first metabolite) in
soils, moreover no information exists of the relationship of this
herbicide and soil macroinvertebrates abundance and diversity.
Therefore, a systematic sampling was carried out along soybeans and
not soybeans plantations in Campeche. Two hundred soil samples and
soilil macroinvertebrates were collected for the assessment of
glyphosate, AMPA, and soil macroinvertebrates abundance and diversity.
Glyphosate and AMPA were detected through LC-MS/MS. 68.7 percent of
soil samples were above the limit of detection (LOD >0.05 mg.kg-1),
and the highest concentrations of glyphosate and AMPA were found in
soybean plantations (0.942, 0.8%1.1 mg.kg-!); glyphosate and AMPA soil
concentrations from non-managed areas were significantly higher
(0.3+0.9, 0.2£0.3 mg.kg-1) than in mays crops, where soil
macroinvertebrates abundance and diversity were the highest
(513.6+754.9 ind.m?, 2.5+1.8 number of taxa groups). The ratio
AMPA/soil invertebrates revealed high risk for soil invertebrates in
non-managed areas. Formicidae, was the dominant taxa group, while
gastropods (snails) were only present in soils from mais crops and
non-managed areas where glyphosate and AMPA were not detected.

Keywords: soil macrionvertebrates diversity, glyphosate, soybean plantations,
Yucatan.

Introduction, scope and main objectives

Recent studies have demonstrated that glyphosate and its main
metabolite aminomethylphosphonic acid (AMPA) are even after years of
application present in soils (Silva et al., 2018). AMPA accumulates
onsite, attached to the clay particles of the soil (Bento et al. 2017)
and underlays the risk of offsite transport by water and wind erosion
(Silva et al., 2018; Rendon-von Osten and Dzul-Caamal, 2017; Yang et
al., 2015).

In the last decade at the Yucatan Peninsula, Mexico, the development
of genetically modified glyphosate-tolerant crops (Contardo-Jara,
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Klingelmann and Wiegand, 2009) has led to the intensive wuse of
glyphosate. Nevertheless, at Campeche (major producer of soybeans),
there is a considerable use of glyphosate there are not studies pursued
which inform about the amount of glyphosate or AMPA concentrations in
soils, and the effects that this herbicide may produce to soil life.
Nevertheless, previous investigations have indicated the
contamination of humans by this herbicide in Yucatan (Rendon-von Osten
and Dzul-Caamal, 2017), no attention has been paid to the sources and
dissemination of glyphosate.

This investigation aimed at assessing the concentration of glyphosate
and AMPA in soils from the soybean crops into the surrounding
vegetation at Campeche. Furthermore, soil macroinvertebrates
diversity and abundance were also determined.

Methodology

The study was developed at the state of Campeche, in Hopelchen, Bonfil
and Calakmul municipalities. Sampling was carried out by transects in
soybean plantations, mais crops and non-managed areas, before the
application of agrochemicals. Thus, a total of 200 top-soil samples
(0-2cm) were taken for glyphosate and AMPA determination following
the methodology given by Bento et al. (2016), and 200 25x25x25 cm
monoliths were extracted and hand-sorted for soil macrofauna
collection according to the TSBF method (Anderson and Ingram 1993),
from those monoliths soil was also collected for clay and soil organic
matter characterization.

Glyphosate and AMPA determination

First, 0-2cm topsoil samples were immediately frizzed at -20°C, then
they were air dried and sieved at 1 mm, next, 2 g of drought soil were
weight per sample. Second, glyphosate and AMPA concentrations were
determined by LC-MS/MS (Liquid chromatography-mass spectrometry)
using an XBridge™ Shield RP C18 column (3.5-pm particle size, 150 mm
in length, 2.1-mm i.d., Yang, 2016). Third, multi-level calibrations
using solvent standards were implemented for glyphosate and AMPA
quantification. Then, glyphosate and AMPA response data was normalized
in relation to the corresponding internal standards, and corrected
for any effects of ion suppression in the LC-MS/MS measurements. The
limit of detection (LOD) for those components was 0.05 mg.kg-*.

Soil organic matter, clay and soil invertebrates’ characterization

Previous investigations have highlighted a crucial connection between
clay and organic matter with glyphosate and AMPA concentrations in
soil (Bento et al., 2016), therefore in this study clay and soil
organic matter were determined following the Mexican Norm (SEMARNAT,
2000) . Soil invertebrates were characterized by their density (ind.m?)
and their diversity (no. species and diversity indexes) per sample.
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Calculations

Indexes, glyphosate/ soil macroinvertebrates and AMPA/soil
macroinvertebrates was developed in order to assess the amount of
glyphosate or AMPA potentially used by the soil macroinvertebrates
per m®, expressed in pg.ind. The indexes are done by de followed
equations:

1) gly/invd ratio = (gly (mg.m2®))/invd(ind.m?®) x 1000
2) AM/invd ratio = (AM (mg.m3®))/invd(ind.m3®) x1000

Where gly 1is glyphosate, expressed in mg.m?; invd 1is soil
macroinvertebrates density (ind.m’®), AM is AMPA also expressed in
mg.m>.

Statistical analysis

First, the normality of all variables was evaluated by the levene’s
test, then 1if the data didn’t follow a normal distribution, was
normalized by log (10) (x+1). Second, One-way Anovas were performed
in order to find significant differences among glyphosate, AMPA, soil
organic matter, clay and soil invertebrates’ abundance and diversity
per land-use (soybean plantations, mays crops and non-managed areas).
Third, a matrix of correlations was carried out to identify
significant correlations among the variables.

Results

Significant highest concentrations of glyphosate and AMPA in soils
were observed in soybean plantations (0.9+2, 0.8+1.1 mg.kg-!', Figure
la), moreover clay content was also significant highest in soybean
plantations (55+12.4 percent), and organic matter was significant high
in soils from soybean plantations and non-managed areas; while the
significant lowest concentrations of glyphosate and AMPA were found
in soils from mays crops (0.05+0.1, 0.0740.1 mg.kg-!), lower than in
non-managed areas (0.3+0.9, 0.2+0.3 mg.kg-!).Soil invertebrate’s
significant highest abundance and number of species were observed in
mays crops (513.6+754.9 ind.m?, 2.5%1.8, Figure 1lb & Table 1). No
significant correlations were observed between the concentration of
glyphosate and AMPA in soils and the percentage of clay. Instead, a
significant spearman correlation was found between the concentration
of glyphosate and the percentage of organic matter in soils (R: 0.56
p<0.05) . Moreover, glyphosate and AMPA concentration in soils were
inverse to the number of morpho species and abundance of soil
invertebrates, observed by a significant negative correlation between
these parameters (R: -0.55, -0.56, -0.43, -0.44 p<0.05, respectively).
Ants was the dominant group in this study, gastropods were the
invertebrates with less presence (Table 1), only present where
glyphosate and AMPA were not detected. Ratio glyphosate/invertebrates
was significant high in the soybean plantations (Table 1).
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Figure 1: a) Glyphosate and AMPA concentrations in soils per land use, b) soil
invertebrate’s abundance per land use

Table 1: Soil macroinvertebrates and ratios gly/invd (glyphosate/ invertebrates
density), AM/invd (AMPA/ invertebrates density); ew: earthworms, coleo: coleoptera;
term: termites; gastero: gasteropoda; others:

group taxa

soil invertebrates from other soil

ratio ratio
Fields ants | ew cole term gastr | other gly/inv | AM/inv
o o s d d
soybea Mean 16.0 1.9 5.6 2.1 b 0 c 3.5 ¢ 7.9 a 10.9 a
n
Minimum | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2
Maximum | 272. 48. 64.0 32.0 0.0 16.0 95.6 96.1
0 0
Std.Dev | 40.9 | 7.3 | 13.8 7.5 0.0 6.6 20.4 20.3
mais Mean 25.3 |1 1.0 7.8 328 a | 647.9 38.1 0.2 b 0.1 Db
a a
Minimum | 0.0 0.0 0.0 0.0 75.0 0.0 0.0 0.0
Maximum | 192. l6. 64.0 | 3328 1850. | 250.0 1.8 0.8
0 0 0 0




Std.Dev | 49.2 3.9 | 16.0 | 783.3 | 617.4 57.8 0.4 0.2
non- Mean 17.9 | 4.5 3.2 19.8 188.8 16.4 3.1 b 3.0 b
manage b b b
d area
Minimum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Maximum | 300. 96. 32.0 | 560.0 | 2625. 125.0 61.4 19.6
0 0 0
Std.Dev | 44.9 | 15. 8.0 79.8 579.5 27.1 9.4 5.7
0
Discussion

Glyphosate is a component known to harm humans (Gasnier et al., 2009),
soil life (Haney et al., 2000) and wildlife. More attention should be
paid on the application of this herbicide. In Campeche, the Yucatan
Peninsula, a process of soil biological desertification is taking
place, one example is the significant decrease of soil invertebrate’s
abundance and diversity due to different factors, where glyphosate
plays a role, because its concentration is significant inverse to the
abundance of soil invertebrates. In this study, it was found 0.8-2.8
taxa groups, while in other investigations conducted in the region,
there were found 1-9 taxa groups in managed and non- managed areas
(Huerta Lwanga et al., 2008; Sanchez del Cid, 2017). Gastropods are
the most vulnerable group in this study, not present in the soybean
plantations, and only present in mais and non- managed soils where
the herbicide was not detected. While earthworms and termites also
scarce in this study were present even with low numbers at the soybean
crops. Previous investigations have emphasized the use of gastropods
as soil bio indicators, (Druart et al., 2011), and this study can
confirm their vulnerability.

Conclusions

Soil macroinvertebrates diversity and abundance in this study are
significantly inverse to glyphosate and AMPA concentrations in soil.
Gastropods are soil invertebrates susceptible to be indicators of soil
quality in soils of the Yucatan Peninsula.
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Abstract summary

Soil carbon modelling has mostly not described microbial processes
mechanistically. Here we use a recently developed model that
explicitly take microbial processes and diversity into account. We
modify it using both molecular data and carbon flux data to simulate
waterlogged conditions. The tests of the model indicate that the
modification produce realistic results, but the tests also uncover
problems with the original model. We believe this study show a good
example of how molecular data can be integrated into model development
to produce more mechanistic descriptions of microbial processes in
carbon turnover models.

Keywords: soil carbon model, waterlogging, wetland, mechanistic model,
microbial process

Introduction, scope and main objectives

Several model of terrestrial carbon turnover in the plant-soil system
exist, and these models can be integrated into earth system models
(ESMs) to predict the biotic feedback to climate change. One example
is the Community Land Model (CLM) (Oleson et al., 2010). Whilst plant
processes can be described mechanistically, the description of soil
and microbial processes are usually simplistic due to lack of
mechanistic understanding. Additionally, most of the theory for soil
process description has been developed for agricultural systems.
Recently there has been some effort to implement the best available
process-based knowledge on soil microbial processes into the CLM
(Wieder et al., 2015).

Wetlands are particularly interesting, both because they store large
amounts of carbon, and because they are unique habitats (Joosten,
Tapio-Bistrdom and Tol, 2012). Historically many wetlands have Dbeen
drained, but there is currently also a drive to re-wet some previously
drained wetlands and bring them back to a state as close as possible
to natural. It is not known if carbon content and microbial diversity
in re-wetted wetlands will get back to original levels, or how fast
this might happen.

Moisture has not received the same attention as temperature in carbon
turnover studies, although climate change is likely to affect moisture
as well. Those models that have reduced decomposition rates at
waterlogged conditions, modify decomposition rate of all pools
equally. However, there is good reason to believe that decomposition
at waterlogged conditions is fundamentally different from at that at
field capacity. The real reduction is not caused by the high water
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content, but by lack of oxygen. A number of other gases are produced,
not Jjust CO; (e.g. methane). There is also evidence that microbial
utilisation of litter is different e.g. lignin cannot be decomposed
without oxygen (Kdgel-Knabner 2002).

The aim here is to describe the development and testing of a modified
model for decomposition under waterlogging and changing water table,
taking into account the best knowledge and new data about the microbial
processes and diversity under waterlogging.

Methodology

The MIMMICS model was used for carbon turnover as this model take
microbial processes explicitly into account to some extent (Wieder et
al., 2015). Microbial populations are divided into two pools r- and
K-strategists and they consume litter by reverse Michaelis-Menton
kinetics. Otherwise the model uses a similar approach to that used in
most soil organic matter models with 2 litter pools and 3 other soil
carbon pools. The version of the model used is described in Hartman
et al. (2019). The soil moisture modifier used in MIMMICS is based on
a symmetrical curve with an optimum of 1 at waterfilled pore space at
about 0.5 and minimum (0.05) at waterfilled pore space at 0 and 1
(Hartman et al., 2019). An inhouse version with layered soil model
and timesteps of one day was used (Le Borgne, 2019).

Incubation experiments were simulated with one soil layer and no plant
input during simulation. When a wetland was simulated, a version with
soil layers and plant input was used. The top soil layer in the model
received both the aboveground litter and some litter from roots,
whilst the lower layer received plant input only from roots. Plant
input was calculated by BASGRA grass growth model (Ho6glind et al.,
2016) . Root input was divided into rhizodeposition and root death.
Root death was assumed to be a constant fraction of standing root
biomass (0.02 per day) and it was assumed to mainly structural litter.
Rhizodeposition was assumed to be proportional to root growth as it
is released from growing root tips, and as it consists of soluble
carbon it was assumed to be only metabolic.

We attempted to fit the carbon pool distribution in the beginning of
the simulation to get the gas flux observed at field capacity in
Foereid et al. (2018). It turned out to be difficult to reproduce
short term wvariation other than that caused by temperature
fluctuations as the model was very sensitive to temperature. In
addition, some of the carbon pools only change on timescales longer
than the incubation. However, a pool distribution that produced
reasonable output was found and used further.

To find out how microbial processes and particularly r and K
strategists were affected by waterlogging, data from a number of sites
with wetland restoration were examined (Verbruggen and Wilk,
unpublished). Soil samples from triplets of pristine, drained and
rewetted were collected in each site. The pristine was the most
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different from the others, and we decided that comparing drained and
rewetted is the closest we get to comparing waterlogged and non-
waterlogged starting from the same state. An ANOVA analysis with
management (rewetted or drained), depth and site (from Poland to
Wales) as factors was performed for each variable. The variables were
fungi and bacteria measured by plfa, fungi measured by ergosterol
(each both on weight and volume basis) and the number of copies of
DNA (indication rate of growth).

The model was then tested on the data from Bergman et al. (1999).
There peat was incubated at waterlogged and at field capacity at 15°C
and 25°C and labelled glucose was added in some treatments.

The model was also run for a long time with a drainage introduced at
a certain timepoint.

Results

The analysis from the microbial data analysis indicated that there
were less microbes in the drained case, and more dominance by bacteria
over fungi. We therefor conclude that the main difference in the
waterlogged case should be that it had more fungi than at optimal
water content. It is also known that waterlogging affects structural
litter more than metabolic, at least lignin degradation requires
oxygen (Kogel-Knaber 2002). The model was therefore modified so that
the moisture modifier affected microbial utilization of structural
litter which also reduces fraction of chemically protected becoming
active, and death rate of K strategists only. Utilization of metabolic
litter and death rate of r strategist was constant as at optimum water
content.

The test with the data from Bergman et al. (1999) showed that the
difference Dbetween waterlogged and non-waterlogged was quite
realistic, but the model did not respond enough to input of glucose.
Both those results and the simulation of the data from Foereid et al.
(2018) indicate that the MIMMICS model 1s wvery sensitive to
temperature.

The model predicted the evolution of soil carbon after drainage
realistically. Carbon flux was high just after drainage, and it
remained above that of the undrained for a long time. Carbon content
decreased quickly after drainage.

Discussion

Modelling microbial processes in soil mechanistically is still in its
infancy (Crowther et al. 2019). Here we show an attempt to use
microbial data to adapt a model for waterlogged conditions. However,
we also encountered problems with the MIMMICS model. It appears to be
too sensitive to temperature, and possibly not sensitive enough to
other factors.

Our modification of decomposition under waterlogging produced
realistic results. Both in the incubation and in the larger scale
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simulation the difference predicted between waterlogged and non-
waterlogged were realistic. As molecular data in addition to data on
rate are used to adapt the model, we believe it 1is closer to a
mechanistic description of the difference between waterlogged and
optimum water content than in currently available models.

It may be a bit premature to model decomposition under waterlogging
mechanistically, but we still think this study shows how microbial
data can be used to adapt models.

Conclusions

We believe this work did not succeed fully because we encountered
problems with the original model. Further work should focus on
improving the description of microbial processes and finding more and
better ways to use the vast amount of molecular data now available to
adapt and test the mechanistic description of microbial processes and
diversity in models.

Acknowledgements

The authors wish to thank Erik Verbruggen and Mateusz Wilk for
generously sharing unpublished data, Will Wieder for advice on MIMMICS
and Astrid Nesse for initial work on the model. This study was funded
by REPEAT - Restoration and prognosis of PEAT formation in fens,
Biodiversera project.

References

Bergman, I., Lundberg, P., Nilsson, M. 1999. Microbial carbon
mineralisation in an acid surface peat: effects of environmental
factors 1in laboratory incubations. Soil Biology & Biochemistry,
31:1867-1877.

Crowther, T.W., wvan den Hoogen, J., Wan, J., Mayes, M.A., Keiser,
A.D., Mo, L., Averill, C. & Maynard, D.S. 2019. The global soil
community and its influence on biogeochemistry. Science, 365:eaav0550.

Foereid, B., Zarov, E. A., Latysh, I. M., Filippov, I. V., & Lapshina,
E. D. 2018. Photo-exposure affects subsequent peat litter
decomposition. Geoderma, 315:104-110.

Hoéglind, M., Van Oijen, M., Cameron, D. & Persson T. 2016. Process-
based simulation of growth and overwintering of grassland using the
BASGRA model. Ecological Modelling, 335:1-15.

Hartman, M.D., Wieder, W.R. & Sulman, B. 2019. CASA-CNP Model testbed,
Users Manual and Technical Documentation.
https://usermanual.wiki/Document/ManualCASAtestbed. 964860591 .pdf

Joosten, H., Tapio-Bistrom, M.-L. & Tol, S. 2012. Peatlands - guidance
for climate change mitigation by conservation, rehabilitation and

132



sustainable use. Second edition. Mitigation of Climate Change in
Agriculture Series 5. Rome, FAO. 100 pp. (also available at
https://www.gret-
perg.ulaval.ca/fileadmin/fichiers/fichiersGRET/pdf/Doc_generale/Joos
ten 2012 Peatlands-guidance for climate change.pdf)

Kogel-Knabner, I. 2002. The macromolecular organic composition of
plant and microbial residues as inputs to soil organic matter. Soil
Biology & Biochemistry, 34:139-162.

Le Borgne, A. 2019. Alexis MIMICS version user’s manual. NIBIO
(unpublished) .

Oleson, K.W., Lawrence, D.M., Bonan, G.B., Flanner, M.G., Kluzek, E.,
Lawrence, P. J., Levin, S., Swenson, S.C. & Thornton, B. 2010.
Technical Description of Version 4.0 of the Community Land Model,
Technical Note, Boulder, Colorado, National Center for Atmospheric
Research.

Wieder, W.R., Grandy, A.S., Kallenbach, C.M., Taylor, P.G. & Bonan
G.B. 2015. Representing life in the Earth system with soil microbial
functional traits in the MIMICS model. Geoscientific Model Development
Discussions 8:2011-2052.

133



GLOBAL SYMPOSIUM ON SOIL BIODIVERSITY | FAO HQ | Rome, Italy, 19-22
April 2021

Monitoring soil biological quality in the Veneto region
Francesca Pocaterra 1*, Francesca Ragazzil

'ARPA Veneto, Soil and environmental remediation centre, Via Santa Barbara 5/A, Treviso,
Italy. francesca.pocaterra@arpa.veneto.it

Abstract summary

Organisms living in the soil are highly sensitive to soil degradation.
Intensive anthropogenic pressures have led to a global decline in
biodiversity also in soils with consequences on their functionality.
Following the QBS-ar methodology (Soil Biological Quality index),
based on the analysis of microarthropods groups present in soil, the
regional agency for environmental prevention and protection (ARPAV)
carried out a soil quality monitoring plan in the Veneto region for
ten years. The QBS-ar index is based on the concept that the higher
the soil quality, the higher the number of microarthropod groups
morphologically well adapted to the specific soil habitat. Through a
network of 10 monitoring stations, more than 240 samples were
collected in 18 land uses and more than 800 data were processed. QBS-
ar index values above 150 occur in undisturbed environment, therefore
it can be taken as quality threshold. In arable crops the index were
found below 100, wvalues below 50 indicate poor soil quality.
Intermediate values, between 100 and 150, suggest medium biological
soil quality.

In agriculture, OBS-ar index may be used to assess the effective
impacts of agricultural practices on soil health.

Keywords: biodiversity, monitoring, quality index, Soil Biological
Quality

Introduction, scope and main objectives

The community of organisms living in the soil is highly sensitive to
soil degradation. Anthropogenic pressures have led to an overall
decrease also in soil biodiversity sometimes with serious consequences
on their functionality. In 2009 ARPAV (Regional Agency for
Environmental Prevention and Protection) started a soil quality
monitoring plan in the Veneto region; since 2012 soil monitoring
activity has been systematically carried out. The aim of the
monitoring plan is to investigate the soil biological quality in the
region and to identify reference values according to different land
uses. This can be the mean to highlight soil degradation or pollution.

Methodology

The soil microarthropod community was analysed using a soil
biodiversity and quality index called QBS-ar (Soil Biological Quality
based on soil arthropods, Parisi et al., 2005). The QBS-ar index 1is
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based on the following concept: the higher the soil quality, the
higher the number of microarthropod groups morphologically well
adapted to the specific soil habitat. In “disturbed” soils,
microarthropod groups morphologically well adapted tend to disappear
and only those less adapted will remain (Menta et al., 2018). The
method consists in taking 3 topsoil cubic clods (10 cm® each) from
every monitoring area. A Berlese-Tiillgren funnel was used for
microarthropod extraction (with a 2 mm mesh sieve and, above all, a
light source; Figure 1). In 10 days, the specimens fall from the soil
into the funnel and are collected in a solution of alcohol and
glycerine.

The extracted specimens were observed under a stereomicroscope. Soil
organisms are classified into biological forms according to their
morphological adaptation to soil environments. Degree of adaptation
to soil habitat depends on the presence and combination of some
morphological characters: miniaturization, anophthalmia, flat body,
short antennas and short legs. Each of these forms is associated with
a score named “EMI” (eco-morphological index), which ranges from 1 to
20 (depending on degree of adaptation). The QBS-ar index wvalue is
obtained from the sum of the EMI scores of all collected groups, based
on the principle that is more important the degree of soil adaptation
than taxonomy (Parisi and Menta, 2008). If in a taxonomic group,
biological forms with different EMI scores are present, the higher
value (more adapted to the soil form) is selected to represent the
group 1n the QBS-ar index calculation. The sampling methodology
requires the collection of three soil cubes at each sample site,
combined into a single sample.

The averages of the number of each taxon individuals and the
percentages of total were calculated. The organisms belonging to each
biological taxon were counted in order to estimate the average density
per square meter (ind/m?). The number of total taxa found was also
considered.

[PARPAV/FRANCESCA POCATERRA

Figure 1: Extraction and microscopic reading

Since 2012, 10 monitoring stations have been set up in the Veneto
region (Figure 2), 4 in plain areas, 2 in hilly areas and 4 in mountain
areas. All stations are representative of the regional environment
for: land use, so0il characteristics, parent material and climate
conditions. 18 different types of land wuse (crops or natural
vegetation) have been studied.
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Figure 2: Monitoring stations in Veneto region, locations and land uses

At each site, information on soil characteristics was derived from
semi-detailed soil maps (ARPAV, 2005 and 2020) and samples were
collected for organic carbon, soil texture, electrical conductivity
and pH analysis. Temperature and soil moisture conditions may
influence so0il fauna behaviour, so climate data have also been
collected from the closest weather stations.

For each area one undisturbed sample was taken in order to measure
bulk density and soil moisture.

Statistical processing have been worked out with “Statistica®”
software, version 8.0. Significant differences between the land uses,
in taxa abundance and QBS-ar index values, were tested using Analysis
Of Variance (ANOVA). Statistical tests using parametric methods (test
HSD-Honestly Significant Difference di Tuckey, test t) and non
parametric (Kruskal-Wallis) were also performed to highlight
statistical variability in the OBS-ar index.

Results
Plain environment

In plain areas the following crops were studied in detail: arable
crops, alfalfa, meadows, vineyard, orchard (pome fruit), forest tree
farming (in previous arable lands), a deciduous forest and a coastal
pine forest. Analysis Of Variance (ANOVA) points out relationship
between QBS-ar index and land use, post hoc analysis (Tuckey test HSD)
was worked out in order to highlight differences between land uses
(Figure 3, Table 1).
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Figure 3: QBS-ar index in relation to land uses in plain areas; 2012-2018

Table 1: Post hoc, Tuckey test, differences in the QBS-ar depending on land use in
plain areas

vineyard e deciduous Rt Al
land use arable crop| alfalfa | meadows Y tree pine
orchard . forest
farming forest
arable crop 0,095721 | 0,022506 | 0,001522 | 0,000026 | 0,040716 | 0,982495
alfalfa 0,095721 0,982934 | 0,945157 | 0,14873 0,984455 | 0,958017
meadows 0,022506 0,982934 1,000000 | 0,796638 | 1,000000 | 0,680934
vineyard
orchard 0,001522 0,945157 | 1,000000 0,700611 | 1,000000 | 0,633421
foreset tree
farming 0,000026 0,14873 | 0,796638 | 0,700611 0,870421 | 0,106394
deciduous 0,040716 | 0,984455 | 1,000000 | 1,000000 | 0,870421 0,656195
forest
°°a:tal Pine | 0982495 0,958017 | 0,680934 | 0,633421 | 0,106394 | 0,656195
orest

In red bolt significant differences (p-value>0,05)

It can be seen that among land uses, arable crops differ from all, it
has the lowest QBS-ar values (between 80 and 150), whereas meadows
(above 150) prove to be a good biodiversity pool (Menta et al., 2011).
In orchards and vineyards, the soil between the rows was grass covered
therefore showed QBS-ar high wvalues (between 150 and 200), despite
heavy machinery passages and phytosanitary treatments. Forest tree
farming was found to be the richest habitat (index between 180 and
220) thank to low human impacts and high biodiversity shrub and tree
species.

The lowland wood (planted in the 80’s on an agricultural area) examined
has QBS-ar values lower than forest tree farming due to lack of
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herbaceous vegetation. Sandy soil texture in “coastal pine wood” is
an inhospitable environment to soil fauna. Looking at microarthropod
communities (density of taxa per square meter), “Mites” is the largest
group, followed by “Collembola” and “Hymenoptera” (Table 2). Larvae
of ™“Coleoptera”, “Diplura” and “Chilopoda” are present in low
percentages. “Pseudoscorpiones” can only be found in meadows and,
rarely, in the vineyard.

Table 2: Percentage of each taxon in arable crops and meadows

arable crops meadows
taxa % %
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The effect of some soil parameters was additionally tested (texture,
pH and organic carbon): only coarser soil texture and high soil
salinity were found to provide a lower biological quality.

Hilly and mountain environment

In 2018 the monitoring network was implemented with two stations in
hilly areas (<700 m asl) and four stations in mountain areas. In hilly
areas vineyard and deciduous forest (chestnut, maple, alder and ash)
have Dbeen studied. Deciduous forest showed higher QBS-ar index
(average 213) and number of arthropod, Dbut differences were not
statistically significant, probably due to the short period of
observation monitoring (Figure 4). Deciduous forest with calcareous
substratum (average 240) presents Dbiological quality higher than
deciduous forest with acidic substratum (average 190).
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In mountain areas most common forest land uses were studied: beech
forest and conifer wood (over 1100 m asl). In plain areas, meadows
and pastures were considered. Despite the few data available being at
an initial stage of monitoring it is quite clear that forests (values
between 170 and 215) present biological gquality higher than meadows
(average 115) that are more “disturbed” (livestock grazing for
example). Due to the acid litter, soil of spruce wood (170) is less
hospitable for the microarthropod community than beech forest (215,
figure 5).

Discussion

In plain areas the main factor influencing QOBS-ar index 1is land use:
arable crops have the lowest QBS-ar index, number of taxa and density
per square meter. Among crops, wheat has the highest (QBS-ar index
(average 144), soybean the lowest (average 118), corn and rapeseed
have intermediate wvalues (average 130). These values were found for
usual agricultural practices, but can be modified by the agronomic
practices.

In crops 1less disturbed by farming processes (alfalfa, vineyard,
orchard, meadow and forest tree farming) a greater porosity of soil
lead to high wvalues of QBS-ar. High biodiversity of plant species
makes forest tree farming the richest habitat among agricultural land
uses. Lowland woods have intermediate QBS-ar values (average 182 and
lower number of taxa) compared to forest tree farming because of
litter and the shadow of “high-trunk tree” (limiting the growth of
grass) . Coastal pine wood has QBS-ar index not very high (average 147)
because of thick litter, soil sandy texture, poor undergrowth and
problems regarding salinity.

In the hilly areas the highest biological value of natural
environments 1is confirmed compared to the agricultural environment
(vineyard) . In the deciduous forest probably the pH of the substratum
(calcareous or acid) influences indirectly the growing vegetation and
directly soil fauna.
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In mountain areas most common forest land uses were studied and in
plain areas, meadows and pastures were considered. Forests present
biological quality higher than meadows as livestock grazing limits
arthropod development in soil.

Regarding vegetation, the conifer forests (spruce, white fir) have a
lower QBS-ar index value than beech forest, as beech forest litter is
more hospitable for microarthropod than conifer wood litter.

Future studies will be focused on how the substratum (calcareous or
acid) influences the soil fauna.

Conclusions

Since 2012, the so0il biological quality monitoring activity was
systematically carried out in four plain area stations. In 2018 two
stations were added in hilly areas (altitude between 400 and 700 m
asl) and four stations in mountain areas (>700 m asl). All monitoring
stations are representative of Veneto region habitats concerning land
use, soil and substratum characteristics and climatic conditions.

Reference QBS-ar values have been established in different Veneto
region land uses; the index was found to be helpful to highlight
potential soil degradation or pollution. As reported in other studies,
arable crops have the low QBS-ar wvalues due to the environmental
impact of farming. It has been confirmed that meadows are a reservoir
of biodiversity. The same biological richness found in orchards and
vineyards (despite the heavy machinery treading and phytosanitary
treatments) is due to grass cover between rows.

In the agricultural land uses, the coexistence of different habitats
has the higher protective value for biodiversity (Romero-Alcaraz and
Avila, 2000); in the same direction go practices preventing landscape
simplification as farming hedges and wooded areas.

To assess impact of tillage on biological quality, a study has begun
on different soil working techniques like minimum tillage or sod
seeding, trying to evaluate differences in Dbiodiversity versus
conventional tillage.
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Abstract summary

The aim this study is to validate a methodology for the quantification
of bioturbation on thin sections of Typic Argiudolls of Argentina,
for its use as soil quality indicators. Soil samples were taken from
surface horizons in plots with different land wuses: natural,
agricultural, eucalyptus plantation, pines plantation. In each site
bulk density, penetration resistance, structural stability, organic
matter and pH were determined. For each land use, volume percentages
of total porosity and biopores were determined in the thin sections
using two methodologies, deferring on the time spent of image edition
and final accuracy. In natural and forested plots the percent of
biopores represented 80 percent of the total porosity, while in A plot
the 40 percent, indicating higher biological activity. This activity
is linked to the high content of organic matter and high structural
stability. Bioturbations would be good indicators of soil quality and,

141


http://www.arpa.veneto.it/temi-ambientali/suolo/conoscenza-dei-suoli/carte-1-50.000
http://www.arpa.veneto.it/temi-ambientali/suolo/conoscenza-dei-suoli/carte-1-50.000
http://www.arpa.veneto.it/temi-ambientali/suolo/conoscenza-dei-suoli/carte-1-50.000

in consequence the methodologies used can be an easy-to-use tool for
the determination of bioporosity in soils.

Key words: biological activity, bioturbation, micromorphology, soil
quality.

Introduction, scope and main objectives

Biological activity 1s expressed through bioturbation, which is
defined as the reworking of soil components by organisms, plant roots
and faunal channels (Meysman, Middelburg and Heip, 2006). There are
few studies on the use of bioturbations as soil quality indicators in
agroecosystems, which can be carried out through soil thin section
analysis.

Typic Argiudolls of Argentina are used for traditional horticultural
and agricultural production. Also, it 1is common to find areas
afforested with exotic pine and eucalyptus species. These cultivated
soils show a loss of structure, organic matter (40 percent) and clay
(50 percent), and low soil biodiversity (Osterrieth, 2001). Previous
studies of soil gquality indicators in the area showed a decrease of
aggregate stability, and an increase of bulk density and penetration
resistance in cultivated sites (Alvarez, Osterrieth and del Rio,
2012). There are very few references on the micromorphology of the
soil porosity under different land uses, and on the relation of the
soil biota whit soil structure (Alvarez, Osterrieth and Cooper, 2018).

The aim this study is to validate a methodology for the measurement
of bioturbations based on the study of soil thin sections of surface
horizons of Typic Argiudolls of Argentina, for its use as soil quality
indicator.

Methodology

The study site 1is located in the Buenos Aires province (Figure 1).
Four plots with Typic Argiudolls were selected: R) natural, A)
agricultural, £E) Eucalyptus globulus forest plantation, P) Pinus
radiata forest plantation.
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Figure 1: Map of the location of the study area

R: reserve. E: Eucalyptus globulus forest plantation. P: Pinus radiata forest
plantation. A: agricultural. Modified from Alvarez et al. (2020)

Five samples were randomly taken at 5cm for the determination of bulk
density (BD, Blake and Hartge, 1986) and penetration resistance (PR,
Bradford, 1986). PR corrected according to IC = a.Wb (Busscher et al.,
1997). Structural stability (SS) was measured by the Hénin (1972)
method. The pH was measured in a soil paste (1:1). The organic matter
(OM) determination was realized by the Walkey and Black (1965) method.

Three undisturbed samples in each site were taken from the upper
levels. The samples were impregnated (Murphy, 1986) and a fluorescent
pigment (Uvitex OB) was added to the solution. From each impregnated
block one vertical thin section, 5x7 cm was obtained. The three thin
sections were scanned and edited in Corel Photo Paint ® program. From
them, fields of 3.2 cm x 4 cm were analysed.

From each thin section were obtained:

Total porosity: original 1image was Dbinarized, and the volume
percentage of porosity was determined (Poch, 2005), using the Imaged
® program (Rasband, 2014).

Bioporosity: in original image the biopores were identified and the
bioporosity was analysed:

Methodology I (Figure 2)

In those thin sections where the biopores were easily recognizable,
an irregular polygon on the outline of the biopore was drawn, using
the Corel Draw ® program. In thin sections where almost all volume
was bioturbated, subangular and angular aggregates were outlined in
the matrix. Images obtained were binarized and the area of pores was
calculated used Imaged ® program (Rasband, 2014).
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Figure 2: Methodology 1

a: determination from the outline of biopores. b: determination from the matrix
outline. Image size: 3.2cm x 4cm.

Methodology II (Figure 3)

The biopores were quantified by point counting (Weibel, 1980). A 20 x
30 square grid was drawn on the image in the Corel-Draw ® program.
The calculation of the surface was performed following the
stereological principles of Delesse (1847).

A ANOVA, Fisher LSD test (p<0.05) using the Statistica ® program was
performed to compare the soil properties between different land uses.
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Figure 3: Methodology 2 for the calculation of percentage of biopores by the
planimetry and point couting methods Image size: 3.2cm x 4cm.
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Results

The E, P y R showed significantly lower values of BD than A,
These plots also showed SS values close
(p<0.05)

had the opposite behaviour.
to 100 percent,

the other treatments

The OM contents were significantly different
following this order:

treatments,

In addition,
values were recorded in the other plots

the R had a slightly acidic pH value,
(Table 1).

being those of A significantly lower
(Table 1).

(p<0.05)

E>R>P >A.

while PR

between the

while more acidic

Table 1: Average values of 5 replications of physicochemical properties in the
plots studied

Bulk Penetration Structural Organic PH(1:1)
density resistance stability matter (%)
(MPa) (%)
Reserve 1.02b l.16c 100 a 11.63 b 6.03 a
Eucalyptus 0.73 ¢ 1.83 b 99.85 a 18.90 a 5.09 b
globulus
forest
planation
Pinus 0.91 b 1.79 b 99.38 a 9.99 ¢ 5.25 b
radiata
forest
plantation
Agricultural 1.16 a 2.02 a 89.13 b 8.42 d 5.05 b
field

Different letters indicate significant differences of the variables between plots

R shows a

bioturbation

4 d).

granular

E and P have a crumb microstructure,
formed by pores mostly as channels and wvughs,
(Figure 4 b, c).

(p<0.05) .

microstructure, a
interconnected compound packing pores,
(Figure 4 a).

high porosity
a high Dbioturbation degree
high porosity
also due to a high
A showed a more compact structure,
lower porosity formed by planar pores and a lower bioturbation

made

than

(Figure

The two proposed methodologies for the measurement of bioporosity

yielded different results (3-7 percent of the biopores) but not
significant (p<0.05).
E, P and R plots presented significantly higher wvalues of total

porosity and biopores than A plot (p<0.05) (Figure 4).

In R, E and P the biopores with two methodologies represent a 80-98
percent total porosity, while A the porosity is low and the biopores
only represent a 40-65 percent of the total porosity (Figure 4).
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Methodology Reserve Eucalyptus globulus Pinus radiata Agricultural field
forest plantation forest plantation
Total porosity (TP) 3543 a 42.65 a 3749 a 14.39b
Biopores 1 3482bA 41.80aA 36.51bA 9.23cA
Other pores 1 3.40b 0.85b 0.98b 7.89a
Biopores/TP 1 98.28 a 98.01 a 97.39 a 64.13 b
Biopores 2 28.39aA 32.89aA 3044 aA 6.11bA
Other pores 2 7.04 a 9.76 a 7.04 a 8.28 a
Biopores/TP 2 80.13 a 81.21a 7711 a 42.46 b

Figure 4: Average values of total porosity, biopore volume, others pores and
relation biopores/total porosity percentages

Different lowercase letters indicate significant differences of the variables
between plots (p<0.05). Different uppercase letters indicate significant
differences between methodologies (p<0.05). a. Granular microstructure in R plot. b
and c. Crumb microstructure in E and P plots. d. Fisures microstructure in A.

Discussion

The biopores of the natural and forested plots represent 80 percent
total porosity. It indicates an intense fauna and root activity,
reflected in a high aggregation and structuration with stable packing
pores. In the agricultural plot the biopores are a 40 percent total
porosity, and the rest are planar pores generated after compaction
sometimes deformed by fauna and roots, which penetrate in those
existing fissures generating channels.

The Dbiological activity in the natural and forested plots 1is
associated with the high organic matter contents. These, in turn,
participate in the formation and stability of soil aggregates, which
is reflected in their good structural parameters (Figure 4 a, b, c).
Earthworm activity 1is also restricted in soils with acidic pH
(Lavelle, 1997), which is reflected in a lower bioporosity of the
agricultural plot.

The biological activity is also favored Dby the physical
characteristics of these soils in a feed-back process. The root growth
would be more restricted than in the other plots, since bulk density
values are greater than 1 g/cm3, while penetration resistance values
are higher than 2 MPa, which is also a critical value for root growth
(Pagliai and Nobili, 1993).

Regarding the methodologies tested, despite the slight differences of
the results, both of them can be used for measuring bioturbation as
an estimator of biological activity. However, Methodology 2 requires
a lower time of image edition and can be done without special software.
Therefore, this technique is preferred for the volume estimation of
biopores in these plots.
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Conclusions

The study of bioporosity from thin sections allowed to differentiate
the biological activity in soils with different uses. Reserve and
forested plots had both a higher porosity and bioporosity than the
soil of the agricultural plot, which was less porous and with half of
the bioporosity than the rest. Hence a greater biological activity
can be estimated in R, P and E, in relation to the agricultural plot.
This results in a more stable and complex microstructure in natural
and forested soils with respect to cultivated ones. Taking into
account the results, Dbioturbations constitute good soil quality
indicators of these Typic Argiudolls.

The proposed methodologies for the measurement of bioporosity, in
particular Methodology 2, represents a contribution to thin section
description and quantification, since it is a simple and nonexpensive
tool when evaluating soil quality in biological terms.
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Abstract summary

This research is part of the CONAF / JICA-Japan Watershed Restoration
Project "Erosion Control and Forestry in Watersheds of the semi-arid
zone of Chile"™, it has been extended 1994-2019, three 150 ha pilot
areas have been located experimental and has allowed the successful
development of nursery, reforestation and soil conservation.

Specifically, a micro-biological analysis of the evolution,
biodiversity and quantification of bacterial strains that develop in
the rhizosphere of: (1) Eroded soils (xeralf according to soil
taxonomy classification), (2) Exotics coverages of Eucalyptus
camaldulensis from Australia, (3) Native coverage of Quillaja
saponaria endemic species of Chile.

The FEucaliptus camaldulensis, a tree native to Australia of lake
albacutia and the Quillay (cryptocaria alba) endemic tree species of
Chile have evolved for thousands of years adapting to the wvarious
zone-climatic edafo-climatic conditions and Y“genetic memory”, which
has led to a parallel evolution of the species bacterial soil. Key
elements for bacterial adaptation have been the root exudates released
by “Quillay”, which allows inferring that the root exudates differ
from the Eucalyptus species as they belong to a different ecological
and edaphic original environment.

Bacterial biological soil crusts have demonstrated high efficacy to
recover eroded and degraded soils. In this context, they contribute
to the recovery and re-carbonisation of eroded soils through the
induction of potential recovery processes and the generation of
pedogenetic eco-system services, support and provision, in the
interaction and synergy with soil and water conservation practices.

Keywords: Badland, Soil Biodiversity, Bacteria, Rhizospheres,
Evolution, Vegetation Cover

General framework

This research is part of the CONAF / JICA-Japan Watershed Restoration
Project "Erosion Control and Forestry in Watersheds of the semi-arid
zone of Chile", it has been extended 1994-2019, three 150 ha pilot
areas have been located experimental and has allowed the successful
development of nursery, reforestation and soil conservation (Francke,
2019) .
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The project has been transformed into a project of technological
transfer, by making feasible and technically and socio-economically
soil conservation practices associated with reforestation techniques,
nursery of tree and shrub species adapted to arid and semi-arid
conditions of extreme droughts with medium annual rainfall 100 mm per
year, in the framework of the mega-drought last 2 decades associated
with anthropic climate change (Araya, 2015)

e Specifically, a micro-biological analysis of the evolution,
biodiversity and quantification of Dbacterial strains that
develop in the rhizosphere of:

e FEroded soils (xeralf according to soil taxonomy classification)

e Exotics coverages of Eucalyptus camaldulensis from Australia

e Native coverage of Quillaja saponaria endemic species of Chile

The biological soil crust (CBS) constitutes a complex component of
the ecosystem that encompasses different organisms present 1in the
first soil horizons and shows relative abundance where vegetation
cover 1s scarce in arid and semi-arid ecosystems and can contribute
significantly in terms of vegetative cover (Elbert et al., 2012).

Despite the positive effect, the CBS react variably according to the
type of vegetation and this technique can be combined with a correct
reforestation procedure in degraded soils (Rivera-Espinoza and
Dendooven, 2004).

Objectives
General objective

Evaluation comparative microbiological in the rhizosphere of
vegetative cover of exotic species of Australia (Eucalyptus), native
to Chile (Quillay) of “badland”soils in Chile.

Specific Objectives

1. Evaluate the effects of comprehensive soil restoration
treatments through  the application of soil and water
conservation techniques.

2. Evaluate the microbiological properties of the biodiversity of
bacteria in rhizospheres of vegetative cover of exotic, native
species and in eroded soils.

3. Lay the foundations to propose a restoration model for the
generation of ecosystem services through comprehensive
approaches.

Material and method
Material

The area where the project 1s developed corresponds to the
Metropolitan Region, in the central zone of Chile, parallel 33 ° 46°
and 34 ° 04" South Latitude and meridians 71 ° 12" and 71 ° 42° West
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Longitude, 38 km Direct distance from the Pacific and 120 km from
Santiago. It is located in the semi-arid zone of the inland coastal
dryland of the central zone of Chile in the Maipo river basin.

Methodological approach

Table 1 shows the analytical values of base fertility of eroded xeralf
granitic soils of San Pedro Melipilla Chile.

Medium to low levels of organic matter are recorded, pH in the weakly
acidic range, low electrical conductivity, low levels of N and P,
medium and high levels of K, cation exchange capacity that varies from
1.8 (very low) to 16.5 (low).

Table 1: Analytical values of base fertility of eroded xeralf granitic soils of San
Pedro Melipilla Chile

Micro- Horizont | M.O | pH C.E N N P K CIC
watershed % mmhos/cm | ppm | Total | ppm | ppm C
% mol/kg
MC-1 Ap 2.3 6.0 0.45 5 0.065 5 75 15.2
MC-2 Ap 1.2 |5.8 0.27 10 0.066 8 38 16.5
MC-3 Ap 2.8 | 6.0 0.48 7 0.042 4 169 8.5
MC-4 Ap 2.8 | 6.5 0.63 6 0.092 4 111 1.8

Methodology for soil microbiological analysis

Soil samples are obtained in the rhizosphere of native tree species
("quillay"), an exotic tree (Eucalyptus camaldulensis) and eroded soil
samples to establish comparative patterns. Samples are analysed in
the laboratory by PCR amplifying the 16S rRNA and subsequently, the
analysis 1is carried out with the PREMIER software for quantitative
analysis of the results (Araya, 2015)

For the microbiological study, samples of the rhizosphere of a native
tree are obtained, which in this case is quillay (Quillaja saponaria),
an exotic tree from Australia Eucalyptus (Eucaliptus cameldulensis)
and from eroded soil (without vegetation) to establish comparison
patterns.

5 samples of the rhizosphere of 2 trees (Quillay and Eucalyptus) and
5 samples of eroded soil are obtained; the 5 samples of each zone are
obtained to homogenize the prospecting of samples. The methodology
includes 15 samples in total, are analysed in the laboratory and the
nucleotide sequences that identify the respective bacterial families
are determined.

The microbiological analysis in the laboratory is carried out based
on three logical and successive steps:

e Extraction and cultivation of soil microorganisms.

e FExtraction and purification of microbial DNA.

e Extraction and purification of microbial DNA (Department of
Biology, Faculty of science, Puerto Rico’s University).
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DNA culture and
extraction

Laboratoryanalysis —_5 PCR
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gene sequences
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Identification of

Figure 1: Applied methodological sequence

Premier software template

Multivariate analysis, software analyses information to perform
statistical tests and graphical analysis of dendrograms are used.
Information about bacteria genes is analysed using PREMIER software.
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Figure 2: Premier software application

The application of the PCR technique allows to establish genetic
differences between one family and another according to
differentiation based on the application of an RFLP. The PCR results
are analysed with FIRST software, statistical test differences are
established and quantified.

Presentation of results
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erosion . Microbasin 4 Control saponaria (native species of

“quillay”) with infiltration

ditches. Micro-basin 1
o T 3 TR

A R

RN W

%
.
- ’)\

na

©CONAF/Samuel FranckesGagpa

© 5 ; : : ’3‘3
Reforested area with eucalyptus Red eucalyptus from Victoria
camaldulensis, infiltration Lake Australia (Eucalyptus
ditches and water micro- camaldulensis)

reservolir (water reservoir)
microbasin 2

153



‘_S‘amuel Francke—Campaﬁaf' ;

©
W
©
o
=
£
Q
()
=
(&}
c
i
L
ot
po !
=
[
(%Y
[T
<
2
O
@)
10

Evolution of vegetative coverage in the treatments applied

The evolution of hydrographic basins in the last three decades has
been a process characterized by a recovery in terms of vegetative
biomass and edaphic conditions, reducing soil loss in reforested areas
under soil conservation treatment from 30 ton/ha/year at 100
kg/ha/year, based on evaluation of the USLE model applied to soil
conservation works.

Tree biomass formed in the micro watershed under restoration according
to the comparative values of NDVI (Normalized Difference Vegetation
Index), betweenl994 and 2010 clearly show a substantial increase in
biomass and plant cover Table 2.

Table 1: Microbasin description after NDVI 1990-2010

Microbasin Description NDVI year NDVI year increase %
description 1990 2010
1 Afforestation 0.09 0.21 57.1%
2 Afforestation 0.06 0.22 72.7%
and erosion
control
3 Afforestation 0.08 0.20 60%
and erosion
control
4 Control 0.07 0.10 30%
witness

For the period under study,

microbasin 1,

During the period of study,
treatments that include restoration biotechnics
hydrotechnics of soils and waters in high granitic soils and severely
eroded by past and intensive agricultural use,

from 0.06 to 0.22 in microbasin 2;

the NDVI values are increased in the

(Araya,2015).

the NDVI values vary from 0.09 to 0.21 in
0.08 to 0.20 in
microbasin 3 and 0.07 to 0.10 in microbasin 4 control without soil
and water conservation treatments

and conservation

unsustainable use of

wheat for 150 years at the time of the California “gold rush”.
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The quantitative increase in NDVI, clearly indicates that ongoing
restoration processes contribute significantly to an increase in
vegetative biomass, the recovery and re-carbonisation of eroded soils.

Bacterial microbiological evaluation according to bacterial
similarity matrix

Based on the micro-biological evaluation, the amplification of the
16S rRNA is achieved, obtaining communities and not bacterial species.
The gene amplification allows establishing the existing variability
at the level of bacterial communities in the eroded granitic soils
(xeralf) of San Pedro Melipilla, without distinguishing the precise
species that coexist there.

Of the 15 samples, 9 achieve acceptable levels of measurement, samples
of 54 genes of 16S rRNA are obtained, and the similarity matrix is
presented in Table 3.

Table 2: Bacterial Similarity Matrix

1x 3x 5x 6x Tx 9x 12x 13x 14x
14x 52.385 | 60.982 | 36.250 | 61.331 | 61.744 | 63.350 | 80.620 | 72.478
13x 55.013 | 63.623 | 42.357 | 56.332 | 57.020 | 57.916 | 76.525
12x 57.471 | 63.227 | 42.481 | 63.654 | 61.322 | 60.311
9x 48.218 | 58.758 | 36.706 | 73.710 | 79.280
Tx 51.907 | 62.965 | 37.461 | 69.597
6x 53.151 53.606 44.912
5x 66.167 | 51.673
3x 64.157
1x

The soil samples prospected from the rhizosphere of quillay,
eucalyptus and eroded granitic “badland” soil (xeralf), establish that
there is selectivity in the bacterial populations that inhabit the
roots of these trees (Araya,2015)

The results obtained from the bacterial analysis of the soils of the
study area show that the population of Dbacteria is substantially
modified when a soil is eroded.

In the same way, the conformation of the rhizosphere of exotic trees
(Eucalyptus camaldulensis changes compared to native forests (Quillaja
saponaria), 1s significant in population changes and in the ecology
of the rhizosphere.

According to the NMDS (non-metric multidimensional scaling) of
bacteria, communities exhibit high similarity when they grow in the
same environment. In this case, the bacterial communities of the
rhizosphere of eucalyptus, quillay and bare (eroded) soil are
significantly different depending on the vegetation cover (attached
figure 3).
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Figure 3: NMDS of bacteria

This implies that the eco-systemic conditions at the root level change
widely from one species to another. The quillay as a native species
is in water balance between what is available in the soil matrix and
the consumption by evapotranspiration.

Evaluation of the degree of genomic variability of the bacterial
edaphic communities

Figure 4 indicates the degree of genomic variability between the
bacterial communities in the soils of the study area

Samples that have a point in common correspond to similar bacterial
communities; This 1is established by the similarity Dbetween the
nucleotide sequences of 16S rRNAs. The 9 samples have a high diversity,
which is visualized in the bifurcation of the tree dendrogram.

14MCAMSPL.fs4

12CAMSP1.fsa

13CAMSP1.fsa

3CAMSPL.fsa

9CAMSPL.fsa

7CAMSPL.fsa

6CAMSPL.fsa
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1CAMSPL.fsa

a0 60 80 100

Figure 4: Dendrogram of bacterial microbial communities '"genomic variability" of
the soils of San Pedro Melipilla Chile

Microbiological evaluation of bacterial activity according to
similarity test

Table 3: Percentages of similarity and contribution according to bacterial species
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Type of cover Abundance Similarity Similarity Sd | Contribution$%
average (%) average (%) average (%)

Badland xeralf | 66.12 26.41 3.33 43.54

Soil of | 62.72 20.94 10.11 28.22

eucalyptus

(exotic

species)

Soil of | 51.30 18.93 9.32 24.73

quillay

(native

species)

According to the similarity test, species 92 contributes 43 percent
in eroded soil, it constitutes the most abundant bacterial species
with 66.1 percent of the soils under study. 9 species represent the
sample and 6 of them represent 84.3 percent (Araya, 2015).

On the other hand, in soils with eucalyptus it 1is observed that the
bacterial species (92) contributes 28.2 percent of soil biodiversity
and records an abundance of 62.7 percent. 15 species represent the
sample and constitute 90.7 percent.

In soils with “Quillay”, species 92 contributes 24.7 percent and
records an abundance of 51.3 percent, a lower contribution and
abundance is observed when compared with eroded soil substrates and
eucalyptus. 13 species represent 90.3 percent of the sample.

There is a smaller quantity of species and, therefore, a greater
selectivity on the part of the rhizosphere of the "Quillay". This
typifies in fact that the selectivity of the quillay at least in
bacteria 1is greater because 1t probably has fewer species and
abundance does not achieve abundance when compared to the soils
mentioned.

According to a similarity test, the bacterial communities of the
eucalyptus rhizosphere are significantly different from Dbacterial
communities of native species of "Quillay".

Conclusions and recommendations

The Eucaliptus camaldulensis, a tree native to Australia of lake
albacutia and the Quillay (cryptocaria alba) endemic tree species of
Chile have evolved for thousands of years adapting to the wvarious
zone-climatic edafo-climatic conditions and “genetic memory”, which
has led to a parallel evolution of the species bacterial soil.

Key elements for bacterial adaptation have been the root exudates
released by “Quillay”, which allows inferring that the root exudates
differ from the Eucalyptus species as they belong to a different
ecological and edaphic original environment.

Bacterial biological soil crusts have demonstrated high efficacy to
recover eroded and degraded soils. In this context, they contribute
to the recovery and re-carbonisation of eroded soils through the
induction of potential recovery processes and the generation of
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pedogenetic eco-system services, support and provision, in the
interaction and synergy with soil and water conservation practices.
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Abstract summary

The aim of this work was to evaluate soil biodiversity at a preserved
watershed, Ribeirdo Arrependido, with a degraded watershed, Rio da
Garca, using the indicators: biodiversity, soil loss by erosion under
different types of vegetation cover, measured by water quality index.
The two sub-watershed evaluated are part of Rio do Peixe watershed,
which has a total area of 1 million hectares. Rio da Garca watershed
has an area of 14 thousand ha, it is located close to the source and
Ribeirdo Arrependido watershed has an area of 5,000 ha and it 1is
located downstream of Rio da Garcga watershed, having independent
drainage networks. Remaining natural vegetation at these watersheds
is composed of Seasonal Semi-deciduous Forest. Indicators analysis of
soil loss and water quality were made for: Turbidity, Suspended
Solids, Phosphorus and Organic Carbon. Vegetation cover and soil use
influenced watersheds soil biodiversity and water quality, being
favorable to Ribeird&o Arrependido watershed, proving that soil
preservation and vegetation cover improvement are beneficial to water
production and soil biodiversity at watersheds.

Keywords: watershed, vegetation cover, soil biodiversity, water
quality, Turbidity, soil conservation.

Introduction

The most efficient way to evaluate soil preservation is the use of
watershed as a study unit, Dbecause; at the watersheds that the
chemical, physical and biological soil processes occur, in addition
to water Dbalance. These chemical, physical and Dbiological soil
characteristics are part of these processes and are closely related,
that 1is, if one of them degrades, the other will also undergo
degradation. A watershed-monitoring program, aimed at assessing
biodiversity related to soil loss and water quality, to achieve this
success, should not be carried out for each indicator in isolation.
The indicators analysis must be carried out under a context of land
use and management in addition to water quality, vegetation cover
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aspects, so0il health and environmental degradation can Dbe good
indicators (Attanasio, 2004). According to Castro (1989), who studied
similar landscapes near Marilia city, stated that the region was
deforested more than 80 vyears ago and, until then, Tropical
Latifoliated Forest with tree species such as Cedrela fissilis,
Aspidosperma polyneuron, Gallesia 1integrifolia, FEuterpe edullis
predominated. Forests are —considered ideal environments from
ecological balance point of view, since in them the mass and energy
balance is zero or minimal, while their replacement by another use
leads to an increase in outputs, or energy loss (Bruijnzeel, 1990).
In Marilia region, primitive vegetation is very restricted, located
mainly on rugged slopes, whose use for agricultural activities is not
feasible due to the steep slopes (Kronka et al., 1993). In this
context, urban environment can be considered the opposite of forest
use, while the riparian vegetation preservation and application of
soil conservation practices would be management forms that aim to
reduce the imbalance caused by the change in land use. Knowing water
quality values parameters in a region, at watersheds with different
uses, 1is an indicator of environmental balance, being a useful tool
for the rational and sustainable management of available resources
(Spera, Nizoli and Honda, 2011).

According to Interliche et al. 2004, who studied a watershed in
Piratinga city, SP, with predominant so0il: Red Yellow Ultisol,
diversity of epiedaphic fauna is extremely diminished in these areas,
and Collembola order is more sensitive to soil uses and management.
Additionally, the presence of free-living nematodes 1in natural
environments or with less impact on the soil is an indication of these
systems balance, which has been altered by the use and inadequate soil
management.

The aim of this work was to evaluate the soil biodiversity by comparing
a preserved watershed (Ribeirdo Arrependido) to a watershed (Rio da
Garca), using as indicators: biodiversity, soil loss by erosion, under
different types of vegetation cover, measured by water quality index.
The measurement of soil losses and sediment input to the river were
assessed by water quality indicators assessed by Turbidity, Suspended
Solids, Phosphorus and Organic Carbon, measured by periodic water
analysis (Vischi Filho et al., 2020)

Methodology

The work was carried out at two sub-watersheds, components of Rio do
Peixe watershed, which has a total area of 1 million hectares. Rio da
Garca watershed has an area of 14 thousand ha, it is located close to
source. Whose exit is at coordinates: S22 ° 20'5.35 ", W49 ° 54'39.99",
Vera Cruz city, SP, Brazil and Ribeirdo Arrependido watershed has an
area of 5 thousand ha and it 1s located downstream, with exit at
coordinates: S22 ° 19'5.41 ", W50 ° 01'16.23", in Marilia city, SP,
Brazil (Figure 1.).
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Figure 1l: Study area location. Brazil, S&o Paulo State. Rio da Garga and
Arrependido watersheds

The two watersheds have an independent drainage network for sample
collection purposes. The predominant soil, at the two watersheds, 1is
Abrupt Red-Yellow Ultisol and Litolic Entisol. The remaining natural
vegetation at these watersheds is predominantly composed of Seasonal
Semi-deciduous Forest, Arboreal Formation and Secondary Vegetation of
Seasonal Forest. The water sample collection for soil loss and water
quality indicators analysis: Turbidity, Suspended Solids, Phosphorus
and Organic Carbon were carried out at the exit of each watershed.
Soil biodiversity was evaluated on soil under Natural Forest and
Pasture, using the methodology proposed by Islam and Weil (1998) for
microbiological analysis, the methodology of Storer and Usinger (1971)
for edaphic fauna and Jenkins (1964) for nematodes.

Results and discussion

Remaining natural vegetation at these watersheds 1is predominantly
composed of Seasonal Semi-deciduous Forest, Arboreal Formation and
Secondary Vegetation of Seasonal Forest. The city with the most
remaining native vegetation is Marilia, with 11,031 ha. Ribeirédo
Arrependido watershed, with a total area of 5,000 ha, is located in
Marilia and has an area of natural vegetation of 2,058 ha and 9,799
ha of pasture. Rio da Garca watershed, with a total area of 14,076
ha, has an area of remaining natural vegetation of 1214 ha, it is
located in Vera Cruz city, has 1,783 ha of remaining natural vegetation
and 2402 ha of pasture.

The soil biodiversity assessed in the area covered by natural forest
and 1in the pasture area, vegetation cover predominant in the two
watersheds, are shown at Table 1.

Table 1: Evaluation of soil fauna under vegetation cover: cultivated pasture and
natural forest

Soil Vegetation cover
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Pasture Natural Forest
Soil Fauna R1 R2 R3 R1 R2 R3
Nematodes
Phytopathogens 12 0 2 4 8 4
Youth 50 12 16 12 5
Free life 16 1 3 6 0
Total 78 13 21 21 16 9
Nematodes
Microbiological
CBMS (mg kg ) 350,0 202,6 291,5 339,4 424 312
C-CO; (mg kgl ) 85, 4 64,9 78,1 52,1 84 22
qCo; 0,2 , 0,2 0,2 ,2 0,1
Cmic/Corg 6,2 3,6 7,5 2,5 ,3 4,2
Edaphic fauna
Blatodea 0 0 0 1 1 1
Coleoptera 20 44 34 38 14 32
Collembola 30 34 12 8 38 24
Dermaptera 0 0 0 1 1 1
Diplopoda 0 0 0 0 2 1
Diptera 1 0 0 4 1 5
Hemiptera 0 0 0 0 1 1
Homoptera 0 0 0 0 0 0
Hymenoptera 17 28 35 41 31 36
Isoptera 0 0 0 13 7 7
Lepidoptera 0 0 0 0 1 1
Orthoptera 1 1 1 8 7 7
Quilopoda 0 0 0 1 1 2
Larvas 0 0 0 0 0 0
Acarina 1 2 2 3 0 0
Aracnidea 0 0 0 2 0 0
Gastropoda 0 0 0 0 0 0
Oligoquetas 0 0 0 0 1 0
Total Fauna 70 105 80 120 92 118

* Adapted from Interliche et al., 2004. Rl1, R2, R3 = collection point. CBMS =
Carbon in microbial biomass. CO in CBMS = Organic Carbon in microbial biomass. gCO2
= Metabolic quotient

Observing Table 1. It can be inferred that: among individuals of
edaphic fauna, Coleoptera, Collembolas and Hymenopterans
predominated. On soil under Natural Forest, the number of individuals
found was higher than that of pasture. As for the microbial activity,
it was higher in the so0il under Natural Forest and the number of
nematodes was higher on pasture area, which demonstrates the balance
of soil on the area covered by natural forest.

At Rio da Garca Watershed, the results obtained with changes in soil
and water conservation management practices regarding the improvement
of vegetation cover and water quality, occurred by minimizing erosion
processes and reducing sediments carried to the watercourse and water
quality indicators have proved that. The Water Turbidity evaluated
from 2000 to 2007, considered as before the completion of watershed
rehabilitation work, presented average values of 192 NUT
(Nephelometric Units of Turbidity), against the average values of 104
NUT, evaluated from 2008 to 2016, after carrying out the work at the
watershed, a 54 percent drop in average values. The suspended solids
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evaluated from 2000 to 2007, presented average values of 297 mg 17!
(milligrams per litre), against the average values of 132 mg 17°%,
evaluated for the years 2008/2016, a 44 percent drop in average values.
The phosphorus evaluated from 2000 to 2007, presented average values
of 0.18 mg 1! (milligrams per litre), against the average values of
0.15 mg 1! evaluated for the years 2008/2016, a 83 percent drop in
average values. The Organic Carbon evaluated from 2000 to 2007,
presented average values of 9.60 mg 17! (milligrams per litre), against
the average values of 5.19 mg 17!, evaluated for the years 2008/2016,
a 54 percent drop in average values (Vischi Filho et al., 2020).

At Ribeirdo Arrependido watershed the results obtained with the
preservation of native forest and also with the changes in soil and
water conservation management practices and improvement of water
quality occurred by minimizing erosion processes and which were proven
by water quality indicators.

The Turbidity of the evaluated water presented, average values of 2.47
NUT, evaluated for from 2008 to 2016, which compared to average values
of Rio da Garca Watershed for the same period, had a 97 percent drop
in the average values, that is, Arrependido watershed water is 97
percent higher than Rio da Garca watershed water in this regard.
Suspended Solids presented average values of 128 mg 1! (milligrams
per liter), evaluated from 2008 to 2016, which compared to the average
values of 132 mg 17! of Rio da Garca watershed for the same period. It
had a 3 percent drop in the average values, that is, the water of
Arrependido watershed has a quality 3 percent superior to the water
of Rio da Garca watershed at this aspect. The Total Phosphorus
presented the average values of 0.02 mg 17! (milligrams per litre);
evaluated for the years 2008/2016, against the average values of 0.15
mg 17! of Rio da Garca watershed, for the same period and there was an
86 percent drop in average values in this regard. Organic Carbon
presented the average values of 9.60 mg 17! (milligrams per litre),
evaluated for the years 2008/2016, against the average values of 7.49
mg 17! of Rio da Garca watershed for the same period, a 22 percent
drop in average values in this regard.

Conclusions

Microbial activity was higher on soil under the Natural Forest and
the number of nematodes was even greater on the pasture area, which
demonstrates the soil balance on the area covered by natural forest.

The edaphic fauna found, Coleoptera, Collembolas and Hymenopterans
predominated and on the soil under Natural Forest, the number of
individuals found was higher than that of the soil under pasture.

The water quality indicators used proved better water quality of
Ribeirdo Arrependido watershed, preserved, in relation to the degraded
water of Rio da Garca watershed.
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Abstract summary

There 1s increasing evidence that earthworm species which 1live in
alternative habitats such as deadwood can be missed by traditional
sampling methods, leading to false classifications regarding species
distributions and conservation status. Resolving the current lack of
a systematic and quantitative methodology for surveying earthworms in
microhabitats such as deadwood may also lead to valuable insights into
earthworm species ecologies. The aim of this research was to develop
and trial a systematic method for surveying deadwood-associated
earthworms. Sampling of earthworms within soil, deadwood and soil
beneath deadwood was carried out across oak forest stands. Results
show that in oak woodlands, omitting deadwood microhabitats from
earthworm sampling can lead to incorrect estimates of total earthworm
species richness, abundance and biomass. The systematic method
presented should be considered as additional and complementary to
traditional sampling protocols, to provide a realistic estimate of
earthworm populations in woodlands. Adopting this quantitative
approach to surveying the biodiversity value of deadwood may enable
forest management practices to more effectively consider ecological
and conservation impacts.

Keywords: Earthworms, Coarse Woody Debris, Deadwood, Microhabitat,
Deciduous Woodland, Oak, Soil, Sampling method

Introduction, scope and main objectives

Deadwood 1is an important habitat in forest ecosystems; acting as a
substrate and shelter for invertebrates, including earthworms (Bunnell
and Houde, 2010). Whilst deadwood colonisation processes have been
described, very few studies exist which have investigated earthworm:
deadwood interactions (Hendrix 1996; Zuo et al., 2018). Furthermore,
there 1s increasing evidence that earthworm species which 1live in
alternative habitats to soil (e.g. micro-habitats such as decaying
wood) can be missed by traditional quantitative sampling methods
(Schmidt, Shutenko and Keith, 2015; Rombke, Blick and Dorow, 2017).
These research gaps are likely due to the current lack of a systematic
and quantitative methodology for surveying earthworms and other
invertebrates in microhabitats such as deadwood. Resolving this
methodological absence may lead to valuable and fundamental insights
into earthworm species ecologies and the ecological importance and
benefits of deadwood in forest systems. The main objective of this
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research was to develop and trial a systematic method for surveying
deadwood-associated earthworms.

Methodology

The sampling method was trialed across 12 spatially-independent forest
stands of common ocak (Quercus robur), in Alice Holt Forest in England,
UK. A square plot of 10 x 10 m was marked out within each forest stand
(Figure 1). Each plot was first surveyed for the total volume of
coarse deadwood greater than 10 cm in diameter (Bastrup-Birk et al.,
2007) . From the total available deadwood per plot, five pieces of any
size and decay class were randomly selected and sampled for
earthworms. This involved relocating the deadwood onto a sheet, and
immediately digging a soil pit (0.1 m? area and 10 cm depth) where the
deadwood had been laying, then excavating this soil onto a separate
sheet to hand-sort for earthworms. Whilst processing soil, the
deadwood was routinely observed for escaping earthworms. To each pit,
5 litres of mustard suspension vermifuge (concentration of 50 g
mustard powder to 10 litres water) was applied to the pits to extract
deep-burrowing earthworms, and the pit observed for 15 minutes.
Moisture and temperature measurements were taken in soil beneath the
deadwood using a delta-T theta probe and a standard kitchen
thermometer. Soil samples were collected from the excavated soil for
chemical analysis. Soil was then replaced, and attention turned to
sampling the deadwood.

Deadwood diameter and length was measured, and the tree species and
decay class were estimated based on the criteria of Hunter Jr (1990).
This consisted of a 1 to 5 ranking system, whereby 1 is least decayed
(freshly fallen) and 5 the most advanced stage of decay (complete
incorporation of the deadwood into the so0il profile). Deadwood
temperature was measured by placing the thermometer beneath any bark
present. Any moss and loose bark were removed and inspected for
earthworms, and the remaining wood was dismantled and inspected.
Organo-mineral accumulations Dbeneath loose bark were collected for
chemical analysis. Deadwood was returned to its original location once
sampled, with moss and loose bark replaced.

Additionally, five soil pits (0.1 m? area and 10 cm depth) were dug
in each plot, the soil excavated onto a sheet and hand-sorted for
earthworms. Mustard vermifuge was applied to all soil pits and
earthworms collected as described above. Soil samples were taken for
chemical analysis, and moisture and temperature measurements were
taken in the top 10 cm soil adjacent to each pit. Soil bulk density
and soil moisture content were analysed by oven drying at 105 °C for
24 h, and soil pH measured 1in water suspension. All collected
earthworms were preserved in 80 percent ethanol, had preserved mass
recorded and were identified using the key of Sherlock (2018).
Statistical models (described in-text) were applied to data on
earthworm abundance and biomass, species richness and diversity, using
R Studio statistical software.
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Figure 1: Layout of the sampling method in a 100 m?> forest plot (adapted from
Spetich, 2007)

Dashed white lines within deadwood indicate sections divided into separate pieces.
All deadwood 2 10 cm in diameter and within the plot were measured for total length

and midpoint diameter (dark grey), and five randomly selected pieces sampled for
earthworms within the deadwood and in the soil beneath (0.1 m? soil pits). All
deadwood < 10 cm in diameter or outside the plot were excluded from the survey
(light grey). Five standalone 0.1 m? soil pits (indicated by crosses) were sampled
for soil-dwelling earthworms. Source: Ashwood et al. (2019).

Results

In total 1,012 earthworms were collected, representing 13 species.
Total earthworm species richness varied by habitat type, with seven
species found in deadwood, eleven species within the soil beneath
deadwood, and twelve species found in open soil (Table 1). One species,
E. fetida, was found exclusively within deadwood and one species, A.
rosea, was found only in open soil. Earthworm species diversity
(Shannon-Wiener H) did not differ between the three habitat types.

Table 1: Abundance (individuals m2, + SD) of earthworm species found in the three

habitats surveyed, arranged alphabetically by scientific name following the
nomenclature of Sherlock (2018)

Allolobophora 19.5 + 23.8 a | 9.8 + 13.9 a | 0.6 & 1.3 b*
chlorotica

Aporrectodea 2.2 + 3.9 1.0 £ 2.9 -
caliginosa

Aporrectodea longa 0.8 £ 2.9 0.2 £ 0.6 -




Aporrectodea rosea 0.5+ 1.2 ¢ - -
Bimastos eiseni 0.2 £ 0.6 a 0.3 £0.8 a ! 9bf*2 3
Bimastos rubidus 4.5 £ 7.5 6.5 + 7.8 2.8 + 3.1
Dendrobaena attemsi 8.8 £ 25.3 6.7 £ 17.8 0.9 = 2.4
Dendrobaena octaedra 16.8 + 23.8 12.5 + 17.2 3.2 £ 4.6
Dendrobaena pygmaea 0.3 £ 1.8 0.2 + 0.6

Eisenia fetida - - 0.2 £ 0.5 ¢
Lumbricus castaneus 0.3 £ 1.2 0.3 £+ 1.2 -
Lumbricus rubellus 19.2 £ 10.5 a 13.8 £ 9.9 a 1 i;ij’4
Octolasion lacteum 0.2 £ 0.6 0.5+ 1.7 -
Total abundance (Ind. 102.0 + 63.8 21.33 + 15.0 21.18 £+ 10.1
m-2) a*x* b b
Total biomass (g m™2) 23.8 £ 9.1 ax*x* 5.0 £ 2.8 Db 2.0 £+ 1.3 Db

Different letters indicate significant differences, * p <.05, ** p <.01, *** p
<.001, Kruskall-Wallis non-parametric ANOVA, n = 12. t Unique species to this
habitat, - species absent from this habitat. Source: Ashwood et al. (2019).

Total earthworm abundance (individuals m™?) and biomass (g m?) was
significantly greater in open soil than in soil beneath deadwood and
within the deadwood (p < .001) (Table 1). There was an effect of
habitat type on the abundance (individuals m™2) of three earthworm
species: B. eiseni, A. chlorotica and L. rubellus (see Table 1). The
proportion of adult earthworms (percentage of total population) was
significantly lower within deadwood than in soil beneath deadwood and
in open soil (p = <0.001), and vice versa for juveniles (Figure 2).
Habitat type influenced soil moisture content (percentage), with
significantly greater moisture —content in the organo-mineral
accumulations beneath deadwood bark than both soil habitats (p <.001).
Deadwood was also around 1°C warmer on average than the surrounding
soil. The deadwood surveys contributed an additional mean 81
earthworms and 209 g earthworm biomass per plot, equivalent to 1
percent and 9 percent of the estimated total earthworm abundance and
biomass data respectively per 100 m?. Sample-based species rarefaction
curves indicated that a maximum sampling effort of 8 deadwood samples
is required to capture the total earthworm species richness within a
plot.
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Figure 2: The proportion (% of total abundance) of adult and juvenile earthworms in
the three habitats surveyed

DW Soil = Soil beneath deadwood. Generalized Linear Mixed Model (GLMM) with logit
link and binomial errors, followed by Chi-squared test, *** p <.001. Source:
Ashwood et al. (2019).

Discussion and conclusions

Our research demonstrates that omitting deadwood microhabitats from
woodland earthworm sampling can lead to underestimates of total
earthworm populations and species richness. We also found that the
soil Dbeneath deadwood supports much reduced earthworm populations
compared to open soil, and a significantly greater proportion of
juvenile earthworms dwell within the earthworm communities of
deadwood, where temperature and moisture conditions were more
favourable. Thus, woodland-based earthworm research which does not
account for microhabitat effects may well provide 1inaccurate
population estimates. Based on our results, the systematic earthworm
surveying methodology presented cannot replace traditional soil pit
sampling alone but should Dbe considered as additional and
complementary, to provide a realistic estimate of earthworm
populations in woodland systems. As well as improving quantitative
earthworm data, such holistic sampling may enable the gathering of
fundamental knowledge on different earthworm species life histories
and ecological roles (Rombke, Blick and Dorow, 2017), as well as the
collection of fine-scale data on other ecologically important
invertebrates. Adopting this approach may enable forest management
practices to more effectively balance commodity production against
the ecological and conservation importance of deadwood retention.
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Abstract summary

Assessment of soil biodiversity, i.e., within the context of national
and EU directives and policies, must be based on proper baseline and
threshold wvalues as well as reliable tools derived from existing
supra-regional data on species’ occurrences. Throughout Europe,
abundant soil biodiversity information exists, whose common potential
has vyet to be explored or collated together. The COST Action
EUdaphobase is therefore developing an existing soil-biodiversity data
infrastructure into a pan-European soil-biodiversity data warehouse,
establishing a comprehensive knowledge- and database of high
scientific and data-management quality for Europe.

This data warehouse will not only aggregate data on species
distributions throughout Europe (like other data repositories), but
will combine this data with accompanying environmental metadata and
species’ functional traits, providing a vastly increased value of data
re-use for ecological evaluations. Based on the needs of stakeholders
and end users, the Action will evaluate and test modern biodiversity
modelling approaches for their implementation in semi-automated
decision-support tools for soil-biodiversity assessments. A
coordinated approach towards assessment of soil health in terms of
soil biodiversity and ecosystem services will ensure more efficient
and knowledge-based assessment of soil biodiversity, quality and
health.

Keywords: Soil biodiversity, Europe, data harmonisation, data
warehouse, FAIR principles, data re-use, assessment tools

Introduction, scope and main objectives

European authorities and stakeholders urgently need reliable tools
for monitoring and evaluating the environmental condition of soils,
particularly within policy assessment in context of national and EU
directives. Many soil functions leading to ecosystem services (ESS)
are biotically driven (Turbé et al., 2010), so that soil protection
requires coordinated efforts for the evaluation of soil Dbiota
throughout Europe (Dunbar, Panagos and Montanarella, 2013). However,
without proper Dbaseline data and reliable tools for soil-state
assessment, it is currently difficult to efficiently address such
goals (Glesner, Helming and de Vries, 2014). Procedures for assessing
soil biodiversity as well as establishing baseline values and current
states must be based on existing data (Ramirez et al., 2015),
preferably accumulated from national or local databanks. International
biodiversity databases such as GBIF, PREDICTS or DiSSCo do contain
information about species and their distributions, but cannot provide
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focussed representation of the current status of soil biodiversity.
More importantly, they are not operational for ecological assessments
or advancing decision-support tools, as they do not include crucial
environmental metadata.

The COST Action EUdaphobase is further developing a soil-biodiversity
data infrastructure 1into a pan-European soil-biodiversity data
warehouse, establishing a comprehensive database and knowledge portal
of high scientific and data-management quality. An aim of the
infrastructure is the use of such data in publicly available decision-
support instruments for effectively addressing EU-level policy goals
concerning soil protection. The focus of the Action is on creating
the structures, capacities and procedures necessary for developing an
open, publicly available data warehouse for Europe-wide soil
biodiversity data and assessment tools. The goal is to establish such
a supra-regional pan-European data and knowledge infrastructure,
providing both soil-biological data and instruments to EU and national
institutions, science and private/public stakeholders for
understanding, protecting and sustainably managing soils and their
biodiversity and functions.

Methodology

The Action’s infrastructure is based on the EUdaphobase soil-biology
data-warehouse platform that includes data from diverse sources
(literature, scientific research data, monitoring data, museum
collections, etc.) (Burkhardt et al. 2014). As opposed to classical
data repositories, this data warehouse not only collates, but also
harmonizes and integrates heterogeneous data sets, combining biotic
occurrence data with georeferenced sites of occurrence and
methodological and environmental metadata, and renders all this data
reusable for further analyses.

The work plan of the Action follows the basic logical model of
information flow from data import by providers, through data curation
and harmonization in the data warehouse, to data queries and analyses
by end users of data (Figure 1). To ensure highest possible data
congruence and data-provider acceptance, the Action is agreeing upon
standardized terminologies, implementing international standards for
data harmonisation (i.e., AgroVoc standards; EUNIS and CORINE systems,
etc.). A first key activity has been the development of an easy-to-
use, flexible tool for data upload, harmonization and import into the
data platform, allowing data providers to upload their data and
metadata as is, without having to reorganize it to fit standard data
structures. Data quality-control procedures developed for national
data platforms are being expanded into international protocols and an
international review board for taxonomic and technical quality control
will be established.
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Figure 1l: Work plan of the COST Action EUdaphobase

A focal approach is to include morphological, response and effect
trait data for soil-dwelling species collated from Action
participants’ national databases and integrated into the EUdaphobase
data infrastructure. The goal 1is to combine such trait data with
observational data on species distributions as well as with
indispensable environmental metadata to gain insight into site-
specific functional relationships in soils. Available European,
national and remote sensing (i.e. satellite) data will be identified
that can fill gaps in environmental metadata.

Innovative procedures to operationalize assessments of the state of
soil biodiversity will be developed. Specific Action workgroups will
work with regional, national and European stakeholders to identify
their data-use and -analysis needs. Based on this, specific analytical
tools will be developed for applied uses of policy, management and
regulatory agencies. These open-access tools of the data warehouse
will recognize and visualize (i.e. on maps) the contribution of soil
biodiversity to soil functioning related to soil type, wuse and
management practices as well as determine and delineate soil ESS,
baselines and set the basis for forecasting changes thereof.

Results

The EUdaphobase consortium presently includes over 70 participants
from ca. 30 pan-European countries. The EUdaphobase infrastructure is
based on the Edaphobase platform, which uses developed methodologies
for integrating biodiversity and environmental data from diverse
sources, such as the Essential Biodiversity Variables (Kissling et
al., 2018), the INSPIRE guidelines for soil metadata
(https://inspire.ec.europa.eu/), DataCite metadata standards for DOTI
data citations or the DarwinCore tool for biodiversity-data exchange
(Wieczorek et al., 2012). Edaphobase implements the FAIR principles
(Findable, Accessible, Interoperable, Reusable; Wilkinson et al.,
2016) and offers DOIs for data publication.
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Edaphobase can currently accept over 600 different variables relating
to data source, taxa, sites, soil properties, climate, methodologies
etc. The minimal data set has been defined as taxonomic names
(“species”), geo-referenced site information and sampling dates
(“what”, “where”, “when”), whereby recommended are furthermore
(meta)data on habitat types, land-use and soil parameters as well as
sampling and determination methodologies and persons “under what
environmental conditions”, (“how” and “by whom”). A data policy and
data-sharing agreement regulates open access while ensuring the
intellectual property rights (IPRs) of data providers as well as
implementing recent European data-protection legislation.

Current data-import software can import text, Excel or Access files
into the data-warehouse infrastructure. After registering data-
provider information, the software records metadata on the data
source, the included sites and environmental parameters. Subsequently,
the provider’s data is mapped to the Edaphobase data structures,
converting nomenclatures and vocabularies where necessary. Finally,
the software performs basic (pre-import) quality controls. To ensure
high-quality data in the infrastructure, further (peri-import) manual
quality-control procedures are being tested, and the data provider
can (post-import) control the data in the data warehouse before it is
opened to public access.

APIs are currently being planned to network Edaphobase with existing
trait databases, e.g. BETSI (Hedde et al., 2012) and EcoTaxonomy
(Potapov, Sandmann and Scheu, 2019), and procedures are being
developed to 1link trait data to species’ sites of occurrence.
Edaphobase currently offers basic descriptive data-analysis tools,
such as distribution maps (differentiable according to species or
habitat/environmental parameters), species’ niche-space analyses as
well as expected species composition for specific site conditions
(Hausen et al., 2017), implementing procedures for automatically
querying data from the database for statistical analyses and models.
More detailed prognoses of soil biodiversity (distribution maps as
well as site-specific point scales) based on species-distribution
models are currently being developed. Based on these software
procedures, the Action is conceiving more advanced tools similar to,
or in conjunction with, decision-support tools such as the recent Soil
Navigator (Debeljak et al., 2019).

Discussion

Throughout Europe abundant soil biodiversity information exists, whose
common potential has yet to be explored. However, a lack of consensus
on taxonomic classification or standardised vocabularies renders their
interoperability difficult. A number of recent European projects on
soil-biodiversity evaluation (i.e., ENVASSO, EcoFINDERS, LANDMARK)
offer cautious optimism that a common knowledge base can be achieved
for key soil-organism groups. To solve these problems, instead of
organising another round of harmonised large-scale and costly sampling
campaigns to generate new data, the EUdaphobase Action is establishing
procedures for collecting, curating, quality-checking and harmonizing
existing data. Thereby, the Action aims towards a pan-European data
warehouse (not a repository) specifically structured to integrate
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different datasets for common data re-use and post-hoc synthesis (cf.
Inmon, 2005).

End users request procedures for evaluating questions of soil quality
relevant for their specific domains. Tools, e.g. for determining
biodiversity baselines and thresholds, must use available data
relating taxa to sites of occurrence and to the environmental
conditions of those sites. By focussing on including environmental
metadata, the European data and knowledge warehouse will allow the
conception of such evaluation tools for applied uses by policy makers,
management and regulatory agencies, consultants (SMEs), NGOs, etc..
Furthermore, the inclusion and combination of species functional
traits will allow insight to be gained, through these tools, into
site-specific functional relationships in soils and to predict the
state of biotically driven ecosystem services.
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Abstract summary

Polychlorinated biphenyls (PCBs) are hazardous soil contaminants for
which a bio-based technology for their recovery is essential. The
objective of this study was to validate the exploitation of spent
mushroom substrate (SMS), a low or null cost organic waste derived
from the industrial production of the edible mushroom Plerotus
ostreatus, as bulking agent in a dynamic enhanced soil landfarming
pilot plant, treating ten tons of a historically contaminated soil
(9.28 + 0.08 mg PCB/kg soil dry weight) and designed for the recovery
of contaminated agricultural soil. The SMS was exploited at an
amendment ratio compatible with the regular practices for the
management of agricultural soil. After eight months of incubation,
94.1 percent depletion was recorded. A positive correlation between
the increase in bacterial biodiversity and PCB depletion was observed.
A molecular approach was adopted for both a taxonomical and functional
analysis of bacterial biodiversity and an increase in Actinobacteria
and Firmicutes metabolism was positively correlated to PCB depletion.
The possible role of bacterial laccase activity was also envisaged.
The exploitation of SMS in enhanced landfarming practices resulted to
be a valuable management strategy for the re-utilisation of an organic
waste deriving from food industry to recover PCB contaminated
agricultural soils.

Keywords: PCB, Spent Mushroom Substrate, soil bioremediation

Introduction, scope and main objectives

Pollution from PCBs is particularly dangerous especially when
agricultural areas are of concern. PCBs, in fact, can reach humans
through the food supply chain. Biological (bioremediation) treatments
for the recovery of polluted matrices from PCBs represent the only
way forward, in terms of environmental and economic sustainability,
to solve widespread contamination of these dangerous contaminants.

PCB detection in the environment is still ubiquitous due to their high
chemical stability and affinity for hydro-phobic organic solids
(Girvin and Scott, 1997). PCB actually can be frequently recovered
also in agricultural soils. Bacterial PCB biodegradation in natural
compartments has been reported (Pieper and Seeger, 2008). Generally,
PCB congeners with four or more chlorine atoms undergo bacterial
anaerobic reductive dechlorination. Lower-chlorinated PCB congeners
are subject to cometabolic aerobic oxidation mediated by dioxygenases,
encoded by the bphA gene family (Furukawa and Fujihara, 2008). Fungal
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PCB biodegradation has also been reported. Fungi with the capacity to
transform several PCB congeners 1in liquid medium were described
(Tigini et al., 2009) . A few studies investigated fungal
transformation capacity in soils. Pleurotus ostreatus produces
ligninolytic enzymes described for their capacity to transform a
plethora of waste substrates including PCBs (Gayosso-Canales et al.,
2012) . The basidiomycete is also an edible mushroom whose industrial
cultivation is affected by the production of significant amount of
spent mushroom substrate (SMS), a lignocellulosic cellulosic matrix,
that has to be disposed of, creating a bottleneck in the production
chain for mushroom farmers (Chiu et al., 2000). The exploration of
new applications for re-utilisation of SMS are desirable. In this
context, our aim was to verify the efficiency of SMS from P. ostreatus
as a bulking agent in enhanced landfarming practice for the
decontamination of  historically PCB contaminated soil by the
exploration of actual agronomical practices: the amendment of up to
10 percent in organic substances for improving soil productivity. The
laccase enzymatic activity and the 1levels of transcription of
different bacterial biphenyl dioxygenases were determined.

Methodology

The soil derived from an area in the north of Italy. The texture of
the soil was sandy-loam (38 percent silt, 52 percent sand, and 10
percent clay) with total phosphorous, 1.6 percent; total organic
carbon, 2.3 percent; total nitrogen 1.5 percent; pH 7.2; PCB
contamination up to 9.28 + 0.08 mg PCB/kg soil dry weight (dw). Any
contamination by total petroleum hydrocarbons and polycyclic aromatic
hydrocarbons was detected. In a pilot scale experiments a total of
10tons of contaminated soil was mixed in a tank (length x width x
height,4,2 x 1,8 x 1,2 m) with 10 percent on a weight base ratio of
the SMS. The tank was prepared in March and closed in November and
managed as a dynamic enhanced landfarming plant. Collection of

representative samples for chemical (PCB content), molecular
(taxonomical and functional molecular markers) and Dbiochemical
(laccase activity) data was performed as described in Di Gregorio et
al. (2016) every two months. Analyses for PCB quantification were

performed on 15 PCB congeners including six indicator PCBs that are
the set of PCBs used to estimate total PCBs to simplify analytical
approaches (Babut et al., 2009). Total RNA from soil was purified
using the MoBio RNA power soiltotal RNA isolation kit (MoBio
Laboratories Inc., USA) following themanufacturer’s instructions. To
produce the cDNA template for PCR amplification of the bphA genes and
the ribosomal 16S and 18S retrotranscripts, reversetranscription was
performed on the total community RNA extracted,using the RNase H
activity-less RevertAid premium reverse tran-scriptase (Fermentas,
Lithuania) according to the manufacturer’s in-structions. Primers used
for the reverse transcription and the quantification of the
transcripts for bphA, the total 16S rcDNA and the total 18S rcDNA are
listed in (Siracusa et al., 2017). Taxa specific 16S rcDNA primers
were used for quantification of the Actinobacteria, Acidobacteria, o-
and B-Proteobacteria, Bacteroidetes and Firmicutes. The gPCR reactions
were carried out as described in (Pfaffl, 2001). The fractional copy
numbers of the amplified genes were calculated as the ratio between
the normalized amplification levels of the gene in SMS amended soil
and 1in soil amended with autoclaved SMS and the normalized
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amplification levels in soil not amended with the SMS. Laccase was
extracted from soil samples according to Lang, Eller and Zadrazil
(1997) and its activity was measured by the oxidation of 2,2'-azino-
di (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) (Niku-Paavola,
Raaska and Itavaara, 1990).

Results

The SMS substrate amendment was mandatory to determine PCB depletion
and in particular the 94.1 percent of the total in 8 months. However
the soil bacterial community resulted to be also involved in the
depletion of the contamination and the assumption derives principally
by the observation that if it is true that the depletion of the
contamination might be at the base of the recovery of a microbial
diversity in soil, in this <case the increment in microbial
biodiversity was associated to the increase in metabolic activity that
are related to PCB depletion such as the increase in the expression
of bphA gene isoforms for the bacterial depletion of PCB. At the same
time, bacterial laccase activity might be induced and responsible for
the depletion of PCBs.

In fact, a positive correlation between a PCB depletion in soil and
higher numbers of metabolically active Dbacterial candidates with
particular interest to specific taxa (Firmicutes and Actinobacteria)
was observed. Actinobacteria contain well-known PCB degraders 1like
Corynebacterium spp. described as transcribing bphA genes. Thus, the
increment in metabolically active Actinobacteria in the presence of
the SMS and the concomitant PCB depletion, suggests their involvement
in the process. In relation to Firmicutes, the taxon is known to
contain species that are involved in the dechlorination of PCB
congeners. Both Firmicutes, and Actinobacteria, were previously
described as possible bacterial dominant taxa capable of
lignocellulose degradation in soils and contaminated matrices. As
previously assessed, a positive correlation between the production of
a lignocellulosic Dbattery of enzymes and the degradation of
recalcitrants 1in the environment was broadly reported. In this
context, the involvement of Actinobacteria and Firmicutes in
determining the level of laccase activity measured during the
experimentation cannot be excluded. In fact, in contrast to a constant
level of laccase activity here recorded, a decrease in the fractional
copy number of the metabolically active fungal candidates was observed
during the experimentation. This evidence and the previously reported
assessment that Firmicutes and Actinobacteria might be capable of
lignocellulose degradation 1in soils, offers new perspective of
interpretation of the =role of Dbacteria in PCB degradation in
environmental matrices.

Discussion

The reuse of not dangerous supply chain wastes, especially from the
food sector, in the context of the circular economy, might be the one
of the best options to sustainably recover resources. The use of SMS
for the remediation of soils contaminated with PCBs therefore might
represent an excellent option in the management systems currently
available, allowing the achievement of significant decontamination
objectives.
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Conclusions

In the frame of the sustainability of the proposed approach, which is
inspired by the philosophy of the circular economy, the results here
obtained showed both that the SMS is exploitable as a biostimulant
bulking-agent for PCB depletion in soil and that it can be exploited
at a percentage of amendment, 10 percent on fresh weight basis ratio,
compatible with standardized agronomical practices adopted for the
improvement of soil quality by mixing with compost or lignocellulosic
matrices. At the same time result obtained showed that the increment
of the biodiversity of microbial specimen, indigenous to environmental
matrices, 1s correlated to a functional biodiversity that can be
actually unexpected with reference with already described and
consolidated microbial ©processes, known to be involved 1in the
maintenance and recovery of the soil resilience.

References

Babut, M., Miege, C., Villeneuve, B., Abarnou, A., Duchemin, J.,
Marchand, P. & Narbonne, J.F. 2009. Correlations between dioxin-like
and indicators PCBs: Potential consequences for environmental studies
involving fish or sediment. Environmental Pollution, 157(12): 3451-
3456. https://doi.org/10.1016/j.envpol.2009.06.016

Chiu, S.-W., Law, S.-C., Ching, M.-L., Cheung, K.-W. & Chen, M.-

J. 2000. Themes for mushroom exploitation 1in the 21st century:
Sustainability, waste management, and conservation. The Journal of
General and Applied Microbiology, 46 (6) : 269-282.

https://doi.org/10.2323/jgam.46.269

Di Gregorio, S., Becarelli, S., Siracusa, G., Ruffini Castiglione, M.,
Petroni, G., Masini, G., Gentini, A., de Lima e Silva, M.R. & Lorenzi,
R. 201l6. Pleurotus ostreatusspent mushroom substrate for the
degradation of polycyclic aromatic hydrocarbons: the case study of a
pilot dynamic Dbiopile for the decontamination of a historically
contaminated soil. Journal of Chemical Technology & Biotechnology,
91(6): 1654-1664. https://doi.org/10.1002/jctb.4936

Furukawa, K. & Fujihara, H. 2008. Microbial degradation of
polychlorinated biphenyls: Biochemical and molecular
features. Journal of Bioscience and Bioengineering, 105(5): 433-449.
https://doi.org/10.1263/jbb.105.433

Girvin, D.C. & Scott, A.J. 1997. Polychlorinated biphenyl sorption by
soils: Measurement of soil-water partition coefficients at
equilibrium. Chemosphere, 35(9): 2007-2025.
https://doi.org/10.1016/s0045-6535(97)00225-7

Gayosso-Canales, M., Rodriguez-Vazquez, R., Esparza-Garcia, F. J. &
Bermudez-Cruz, R. M. 2012. PCBs stimulate laccase production and
activity in Pleurotus ostreatus thus promoting their removal. Folia
microbiologica, 57(2): 149-158.

Lang, E., Eller, G. & Zadrazil, F. 1997. Lignocellulose decomposition
and production of ligninolytic enzymes during interaction of white
rot fungi with soil microorganisms. Microbial ecology, 34(1): 1-10.

180



Niku-Paavola, M.L., Raaska, L. & Itadvaara, M. 1990. Detection of
white-rot fungi by a non-toxic stain. Mycological Research, 94 (1):
27-31. https://doi.org/10.1016/s0953-7562(09)81260-4

Pfaffl, M.W. 2001. A new mathematical model for relative
quantification in real-time RT-PCR. Nucleic Acids Research, 29(9):
45e45. https://doi.org/10.1093/nar/29.9.e45

Pieper, D.H. & Seeger, M. 2008. Bacterial Metabolism of
Polychlorinated Biphenyls. Journal of Molecular Microbiology and
Biotechnology, 15(2-3): 121-138. https://doi.org/10.1159/000121325

Siracusa, G., Becarelli, S., Lorenzi, R., Gentini, A. & Di Gregorio,

S. 2017. PCB in the -environment: bio-based processes for soil
decontamination and management of waste from the industrial production
of Pleurotus ostreatus. New Biotechnology, 39: 232-239.

https://doi.org/10.1016/5.nbt.2017.08.011

Tigini, V., Prigione, V., Di Toro, S., Fava, F. & Varese, G.C. 2009.
Isolation and characterisation of polychlorinated biphenyl (PCB)
degrading fungi from a historically contaminated soil. Microbial Cell
Factories, 8(1): 5. https://doi.org/10.1186/1475-2859-8-5

181


https://doi.org/10.1186/1475-2859-8-5

GLOBAL SYMPOSIUM ON SOIL BIODIVERSITY | FAO HQ | Rome, Italy, 19-22
April 2021

The Italian skill network of soil biological quality assessed
by microarthropods’ community
Lorenzo D’Avinol*, Cristina Menta?, Carlo Jacomini3, Fabrizio
Cassi?, Giovanni L’Abatel, Antonietta La Terza®, Francesca
Staffilani®, Francesca Pocaterra’, Mauro Piazzi?, Vittorio
Parisié8

ICREA Research Centre of Agriculture and Environment,via di Lanciola 12/a, Florence,IT.
lorenzo.davino@crea.gov.it

’Dept of Chemistry, Life Sciences and Environmental Sustainability, Parco Area delleScienze
11/A, Parma, Italy

SInstitute for Environmental Protection and Research (ISPRA/SNPA), Rome, Italy

‘Timesis srl, Via Niccolini 7, San Giuliano Terme (PI), Italy

°School of Biosciences and Veterinary Medicine, University of Camerino, Via Gentile III da
Varano, Camerino, Italy

fGeological, Seismic and Soil Survey - Emilia-Romagna Region, Vialedella Fiera, 8, 40127
Bologna, Italy

"ARPA Veneto, Soil and environmental remediation center, Via Santa Barbara 5/A, Treviso, Italy
8QBS-ar index inventor, Parma, Italy

Abstract summary

In December 2017, during the 4274 Congress of the Italian Society of
Soil Science (SISS), the working group of the QBS-ar index (Soil
Biological Quality based on soil arthropods) was established. The aim
of this group is to create a network of skillfulness on the well-known
and widespread QBS-ar index, conceived by Vittorio Parisi in 2001.
The index allows to easily assess soil biological quality analysing
the presence of soil dwelling microarthropods. The working group is
hosted by SISS and, at present, accounts 57 members expert in this
methodology working in 14 different Italian Region, mainly in research
public institutions but also in the national System of Environmental
Protection Agencies and private bodies. Without any own funds, it
already realized 5 workshops and a public seminary at the national
scale, a database containing more than 500 files concerning QBS-ar, a
SWOT analysis here reported, and a public tender for the graphical
Logo.

Keywords: edaphic biodiversity, mesofauna, soil quality assessment,
soil management effects, bioindicators

Introduction, scope and main objectives

Since December 2017, the national working group on Soil Biological
Quality Index (QBS-ar) aims to be a co-ordination reference for the
development, 1implementation, and standardization of the QBS-ar
proposed by Parisi in 2001. QBS-ar provides an assessment of soil
microarthropod communities 1in relation to their peculiar soil
adaptation 1level and can potentially wvary between 0 (biological
vacuum) and more than 300 (high biodiversity). The method was widely
applied throughout Italy at different 1local levels and it 1is
attracting increasing interest also at the international level (Menta
et al., 2018), as it provides fast and reliable assessment of the
local soil communities of microarthropods. The working group members
work 1in 14 different Italian regions (Figure 1) and share 1its
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achievements twice a year. The 4% workshop, performed on the occasion
of the World Soil Day (December 5, 2019) was followed by a public
seminary, to disseminate its topics and results, as well as to raise
awareness among various stakeholders on the functional importance of
soil biodiversity.

In this regard, soils host an immense and still unknown reservoir of
organisms that performs pivotal ecosystem functions and services, e.g.
soil formation, nutrient cycling and pest control (Pascual et al.,
2015) . However, an ever-increasing number of studies have shown that
anthropogenic activities such as land use changes, compaction,
pollution etc., can greatly affect soil living communities, limiting
and/or even halting their capacity to provide these critical
functions. For these reasons, soil bioindicators are highly effective
in to assessing soil functioning and the level of its disturbance

(Gardi et al., 2013). In this regard, various soil taxa have been
proposed as indicators of soil health and, among them, soil
microarthropods (Stone et al., 2016). In order to provide a robust

evaluation of the performance of soil bioindicators, it is strategic
to develop and standardize appropriate methodological tools to measure
(in a harmonized manner) microbial and faunal diversity and thus, to
make possible the comparison across different data sets and studies.
Several recent EU projects (e.g. ENVASSO, EcoFINDERS, Excalibur etc.)
approached these tasks and contributed some ISO standards (Philippot
et al., 2012). Nevertheless, most of the developed standards provide
insight about the analysis of abundance, structure, and activity of
soilil microorganisms and, only a few are available for the faunal
component of soil. In this regard, ISO standards have been developed
for sampling earthworms, enchytraeids, nematodes, macroinvertebrates
as well as microarthropods but, in this case, primarily taking into
account the most abundant taxa of Collembola and Acarina, and not the
less abundant and well-adapted (euedaphic) taxa of Pseudoscorpionida,
Protura, Symphyla, Diplura, Palpigrada etc. as instead proposed by
the QOBS-ar index (Parisi et al., 2005).

In this scenario, the main aim of this network will be to contribute
to the correct application and dissemination of this index. 1In
particular the network aims to: i) guarantee the correct QBS-ar use
in each application phase everywhere, allowing comparison between
sites; 11) create synergies among researchers applying OBS-ar index
in soil monitoring programs and projects; 1ii) gather dataset and
publication to promote knowledge in soil microarthropods communities;
iv) develop a standardized protocol of QBS-ar application for
different climatic =zones; vVv) promote short training courses for
beginners or experts; vi) help users to solve troubleshooting during
identification.

183



Coordination Subgroups

Standardization of the

R EcErRCcEires protocol (26 members)

COORDINATOR d o
Quality classes revision

(22)

Georeferred database
(15)

Project proposal
management (24)

UNIVERSITIES CORDINATOR

+ ST WEN

Identification keys and

REGIONAL ADMINISTRATIONS ' troubleshooting (13)
AND AGENCIES COORDINATOR

Ry Laboratory ring test
\/ = L/ "‘,,//' /| >.‘ A\ \ :
W</ BEAEAAR T A (9)

Website managment

PRIVATE COORDINATOR
and logo (5)

QBS training courses (8)

Figure 1: Organizational chart of the working group, detailing the number of
members for each subgroup

Methodology

The group at present shares a Database with about 500 files on QBS-ar
index experiences, organized in 71 folders, aiming to collect the most
relevant and affordable publications and descriptions of the method.

The group is organized in a core-team of 4 coordinators (the first
four authors of this paper), representative of the national bodies
who applied this method: Public Research Centres, Universities, the
System of Environmental Protection Agencies and Regional
Administrations, and private bodies. Moreover, the group is structured
in 8 subgroups, a coordinator and a deputy coordinator were identified
for each subgroup. Every member participates from 1 to 3 subgroups
(Figure 1).

Achieved objectives

Nowadays the network accounts 57 QBS-ar experts throughout Italy,

mainly academic researchers (Figure2). The workflow chart and
operational perspective for every subgroup is shown in table 1. The
group has already catalogued 232 stereoscope images of

microarthropods, assigning them the correct echo-morphological index
(EMI) wvalue. The group organized a public tender to have a Logo
receiving several tens of proposals. Winning logo, representing a
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stylized Oribatid mites that goes down to the soil, is reported in
Figure 3.

Private
18%

University
33%

Regional
administration
and agency
23%
Research
centre
2.a 2.b 26%

Figure 2: Membership distribution on QBS-ar skill network (a) and composition by
institution types (b)

Table 1: Group and subgroups activity time: schedule ( setting phase, m
operational phase)

2017 [2018 [2019

Plenary
meeting
l.standardi
zation
2.classes
3.database
4.projects

5.identific
ation
6.ring test

7 .communica
tion

8.training
courses

ABS-ar
/(V SISS

Figure 3: Working group logo that won the call for tender

The number of examined soil sites quoted in 100 publications is more
than 2600. The analysis of extant publications shows a sharp increase
in number and quality of publications (Figure 4).

185



The data reported in scientific and technical publications include
different objectives, project span and land uses. A meta-analysis
showed how: i) the highest average QBS-ar value resulted in orchards,
grasslands and forests, 1ii) lower values occurred in urban parks and
soils involved in human degradation, iii) the average value is about
100 (Menta et al., 2018).
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20 600
500

15
400
10 300
200
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o

Figure 4: Trend of publications and investigated sites (reported by these
publications) regarding the QBS-ar index

The publications are available in the network database

Conclusions

QBS-ar index 1s an easy-to-learn and cheap tool to describe soil
quality and soil biodiversity, it can highlight soil degradation and
pollution and can be used to assess the risk of biodiversity loss as
consequence of human activities. It responds more quickly than direct
measure of soil organic carbon to soil management changes. For these
reasons, QBS-ar index can be chosen as indicator in soil monitoring
programs to describe the current state of soil quality and to establish
local reference wvalues according to the different pedo-climatic
conditions, land use and soil management. Many studies have already
shown that land use and soil management have the greatest impact on
soil microarthropod community, QBS-ar can be used to put in evidence
how the different soil management can affect soil quality and
biodiversity.

Whereas many studies have been published on QOBS-ar application, this
network 1s interested in international collaborations aimed to
coordinate the index application in different environments. Moreover,
the network has the scope to guarantee the correct QBS-ar use in each
application phase everywhere. For this reason, the network members
will organize training on the QBS-ar use regularly.

QBS-ar index was recently included within the set of biodiversity
indicators in a voluntary certification protocol in agriculture namely
Biodiversity Alliance (CCPB, 2017). Maintaining the certification
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involves checking, wusually on an annual Dbasis, the biodiversity
parameters of a single farm or an agricultural products supply chain.
This monitoring activity takes advantage from the sensitivity of the
OBS-ar index in recording the effects on the soil induced by different
methods of agronomic management. These statements are fully reflected
in the analysis of strengths, weaknesses, opportunities and threats

(SWOT)

performed by the QBS-ar skill network.

Table 2: SWOT analysis of the QBS-ar method performed by the skill network

reckoning the
final value

representativeness

of the sample sites

soil resilience
to specific
stress factors

Strenghts Weaknesses Opportunities Threats
. Possibility of Data Qualit
Quality Classes to . Y Q .y
Robust \ on-line data Control still
be redefined ) )
inserting absent
. Homogeneous
. Soil Food Webs g b
Cheap Generic , Database
Insights .
Implementation
Easy-to-learn, . Soil Community Implementation in
Multiple \
to set up & to , Structure not-applicable
) Disturbance Factors ..
implement Definition contexts
, Correlation with | Mistakes in
Fast in Actual

procedure
implementation or
in EMI assignment

Not always well- Implementation .
Data Ecosystem . Y ) P Need of milestone
applied outside to several .
Approach sites
Italy scales
Vertical
Numerical, , fluctuations,
Hard response to Easy method’s . s
non- ) . soil humidity and
. . forests selective efficacy
qualitative . . . temperature
; cutting Communication .
index correlations at
sampling moment
Does not allow to
Short term Eventual reference . check which soil
. . Robust Regional )
index, site need degradation cause
. Dataset
expression of (Treatment vs. . and needs other
. . . Implementation .
biodiversity Control) indexes
correlation
Direct
relationshi L .
. . . . P Sensitive Species
Soil Does not consider with soil )
. ) may determine
researchers specimens porosity, land . .
. . their Faunal Unit
appreciation abundances use and
. absence
agricultural
practices

Easy to sample
and easy to
identify
Faunal Units
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Represents
soil aggregate
distribution
better than
other
diversity
indexes
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Abstract summary

Lead (Hg) 1is a toxic metal and well-known by its capacity to cause
noxious effects on human health and biota. This work proposes the
ecotoxicological evaluation of an artificial soil, Ferralsol,
Chernosol, and Gleysol contaminated by Pb at the laboratory, based on
acute bioassays with earthworms (Eisenia andrei). The bioassays were
performed according to standard protocols (ISO). Physical, chemical,
and mineralogical characterization of the soils were determined to
support the interpretation of ecotoxicological data. The addition of
Pb (NO3) > induced the reduction of pH levels of all soils. The bioassays
revealed the following order of toxicity (LCso mg/kg): Ferralsol (496)
> Artificial Soil (3327) > Chernosol (4002) > Gleysol (4438). The high
organic matter content in Gleysol seems to be able to decrease the
toxicity levels. In Chernosol, the abundance of 2:1 clay mineral
suggests the occurrence of metal adsorption, reducing the toxicity.
In artificial soil, its mineralogy predominantly composed of qgquartz
and poorly degraded organic matter may have contributed to increasing
the toxicity levels. The Ferralsol mineralogy is essentially kaolinite
and might have favoured the increase of Pb concentration in soil
solution, increasing its toxicity. The results indicated that soil
properties played a crucial role in Pb toxicity to earthworms.

Keywords: Toxicity, Lead, Earthworms, Contamination,; Biodiversity,
Soil

Introduction, scope and main objectives

Lead (Pb) is a highly toxic metal and is known to cause adverse effects
on human health and the ecosystem. In the last decades, the number of
studies focused on understanding the ecological effects, and their
consequences for soil health has been increasing. These studies point
out that long-term exposure to heavy metals poses a threat to
biodiversity.

The Brazilian legislation that defines the limit concentrations of Pb
for soil quality (Brasil Resolution, 2009) 1is Dbased on values
idealized for temperate soil ecosystems and, does not represent
particular characteristics of tropical region. The evaluation of
toxicity based on bioassays with tropical bioindicators and Brazilian
soils is imperative and urgent, in order to assess the feasibility of
this legislation in preserving soil biodiversity.
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The physical, chemical, and mineral properties of soils play an
important role in the behaviour of metals in the soil. Such processes
determine the potentially biocavailable concentrations in the soil,
the leaching potential, and the geochemical mobility of contamination
(Cipullo et al., 2018). The understanding of these processes added to
the application of ecotoxicological tests is crucial to assessing the
applicability of the current Brazilian legislation, and for the
generation of sustainability indicators aiming at (i) the indication
of sensitive and priority areas for remediation, (ii) the definition
of the most vulnerable ecological receptors and appropriate strategies
for the preservation of Dbiodiversity, (11ii) the maintenance of
ecosystem services, and (iv) the assessment of the most sustainable
remediation options given the geochemical behaviour of contaminants
and the associated ecological risk.

Bioassays with earthworms (Eisenia andrei, Eisenia fetida) are widely
used to assess toxicity due to metal exposure (Luo, Verweij and Van
Gestel, 2014; Sivakumar, 2015). The present work proposes an
evaluation of the influence of the properties of different classes of
specific toxicity of Pb for earthworms. Therefore, the soils were
spiked with Pb, and the bioassays carried out with E. andrei in three
types of natural soil (Ferralsol, Chernosol, and Gleysol) and
artificial soil.

Methodology

Ferralsol and Chernosol were collected in the municipality of Duque
de Caxias (RJ - Brazil) (22°41'34.2" S, 43°17'14.5" W) and from Rio
de Janeiro (RJ - Brazil) (22°51'22.5" S, 43°30'0.7" W), respectively.
Sampling was performed with the aid of an auger, and the material was
collected at horizon B.

Gleysol was collected in the municipality of Rio de Janeiro (RJ)
(22°52"'16.41" S; 43° 42'47.08" W). The sample was obtained at a depth
of 10 cm in the transition from horizon A to horizon C.

The physical and chemical characteristics of the soils were determined
according to Brazilian Agricultural Research Corporation (EMBRAPA)
(1997). The mineralogy of the clay fraction of the samples was carried
out by X-ray diffraction. Samples were obtained from the separation
of the clay fraction by sedimentation (EMBRAPA, 1997). Were prepared
natural, glycosylated, and heated to 550 °C after saturation with KC1
slides (Jackson, 1958).

The soils were spiked with Pb, and the concentrations used were (where
0 mg/kg = pure soil): 0, 180, 2000, 3000, 3500, 4000 and 4500 mg/kg
for Artificial Soil; 0, 180, 300, 1500, 2000 mg/kg for Ferralsol; O,
500, 1000, 3000, 4000, 5000, 6000, 7000 mg/kg for Chernosol; and O,
1000, 3000, 5000, 6000, 7000 mg/kg for Gleysol. The acute test with
E. andrei was conducted according to the recommendations of (ISO,
1998). The composition of the tropical artificial soil followed the
recommendations of Garcia (2004): 70 percent quartz sand, 20 percent
kaolin and 10 percent coconut fibre powder.
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The LCsp was calculated based on the analysis of PriProbit (Sakuma,
1998). The significance of the differences was assessed based on the
Kruskal-Wallis test (for p <0.05). The correlations between the
parameters were assessed by Spearman correlation.

Results

Ferralsol showed low pH values (4.2), fine texture (58 percent clay),
low CTC, and has high 1levels of Fe (11.3 percent) and Al (26.4
percent). Chernosol is a less acidic soil (6.2), of high fertility
and high CTC. Both soils have low levels of organic matter (0.22
percent and 0.34 percent, respectively) since they were collected in
horizon B. The Gleysol, on the other hand, has a pH close to neutrality
(6.9), high organic matter content (4.88 percent), silty texture and
high electrical conductivity (735 uS/cm) compared to Latosol (100
nS/cm) and Chernosol (165 pS/cm).

Ferralsol showed essentially kaolinitic mineralogy (88.6 percent),
with the presence of gibbsite (8.9 percent) and goethite (2.5

percent). Chernosol presented a high percentage of vermiculite (60
percent), and kaolinite (40 percent). Gleysol showed a predominance
of kaolinite (91.2 percent), followed by illite (4.29 percent),
hydromica (3.63 percent), vermiculite (0.60 percent), and

interstratified illite/smectite (0.25 percent).

For all classes of soils studied, there was a tendency of decreasing
soil pH with the increasing of Pb concentrations. Figure 1 shows the
levels of survival and biomass variations of earthworms exposed to
different soils contaminated with Pb. The lethal doses of Pb to 50
percent of the organisms (LCsg) in different soils, indicates the
following increasing order of toxicity: Ferralsol > Artificial Soil >
Chernosol > Gleysol. In the case of artificial soil, the significant
death of organisms was only detected from the dosage of 3000 mg/kg
(LCsp = 3327 mg/kg). From the dose of 4500 mg/kg all the organisms
died. The toxicity levels in Ferralsol were the highest, and the 500
mg/kg dose was able to cause the death of more than 50 percent of the
organisms, on average (LCso = 496 mg/kg). At the 1500 mg/kg dose, all
organisms were dead.

The lowest toxicity level was for Gleysol. Only after 5000 mg/kg dose
was possible to verify the occurrence of significant mortality (LCso
= 4438 mg/kg). At the dose of 7000 mg/kg all organisms were dead.
Chernosol had the second-lowest level of toxicity among the studied
soils. For this soil, significant death were observed from the
concentration of 4000 mg/kg (LCso = 4002 mg/kg), and in doses 2 5000
mg/kg all organisms died.
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Figure 1l: Survival and variations in Eisenia andrei biomass exposed to artificial
soil, Ferralsol, Chernosol and Gleysol spiked with lead (Pb)

+ = survival significantly different from the control (p <0.05); * = biomass
significantly from the control (p <0.05).

Discussion

In Ferralsol the addition of Pb (NOs): was able to reduce the pH value
substantially. For 1500 mg/kg dose, which caused mortality of 100
percent of the organisms, the pH was 2.8. Pearson's correlation
indicates that earthworm mortality was positively correlated with Pb
concentration (R? = 0.93). Although the addition of Pb(NO;)s is related
to the reduction of pH, the Ferralsol is already naturally acidic and,
thus, the Pb would tend to become more geochemically available for
the solution, even at low doses of Pb(NO;)s: application. Ferralsol had
the lowest LCso value (496 mg/kg) that may be associated with the
abundance of kaolinite, a 1:1 clay mineral with low potential for
adsorption of metals, and low organic matter content, that could
increase the biocavailability of Pb.

Although the mineralogy of Gleysol, similarly to Ferralsol, 1is
predominantly composed of kaolinite, Gleysol showed the lowest
toxicity (LCso = 4438 mg/kg) among the studied soils. This finding may
be related to the high content of organic matter in the Gleisol (4.88
percent) when compared to Ferralsol (0.22 percent) and Chernosol (0.34
percent), collected in Horizon B. Organic matter has high CEC and is
widely known for forming stable complexes with metals, reducing their
biocavailability and toxicity to soil organisms. In contrast to
Ferralsol, in Gleysol it was possible to detect a significant
correlation between the reduction of pH and the reduction of the
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survival of earthworms (R? = 0.81). Gleysol has a natural pH close to
neutrality, and its reduction by the addition of metallic salt played
an important role in increasing the biocavailability of Pb, whose total
concentrations also correlates with the increase of mortality (R? =
0.90) .

The low acute toxicity found in Chernosol is possibly linked to its
mineralogy, with an abundance of vermiculite, an expansive clay with
high CTC, and widely known for reducing the geochemical mobility of
metals and their ecotoxicity for soil organisms. Artificial soil is
composed of quartz sand. Since quartz has an inert behaviour, it is
consistent to assume that the Dbiocavailability of Pb in soil
interstitial water is higher, thus increasing the toxicity to
earthworms. Although Artificial Soil contains 10 percent of the
coconut fibre, this organic matter is very 1little degraded (and,
therefore, less active than that verified in Gleysol), resulting in
less potential for metal complexation, including Pb. These findings
seem to corroborate the high toxicity of Pb in Artificial Soil in
comparison to Chernosol and Gleysol. Similar to the other soils, in
Artificial Soil, it was also possible to observe a significant
correlation between the ©pH reduction and the increase in the
concentration of Pb (R?> = -0.95), a result of the acidification of the
soil by addition of metallic salt.

Finally, it is worth noting that Ferralsol had the highest level of
acute toxicity among the studied soils. It is a class of typically
tropical soil and the most widely distributed in Brazil. The LCsp found
in Ferralsol reaches up to six (6), eight (8) and nine (9) times lower
than those found in Artificial Soil, Chernosol, and Gleysol,
respectively. Toxicity levels were very higher in highly lixiviated
soils than in temperate or hydromorphic soils. This fact deserves to
be highlighted in the sense that the current Brazilian legislation
for soil quality (CONAMA 420/2009), Dbased on guiding values for
temperate climate ecosystems, may need to be adapted to the
specificities of the tropical region.

Conclusions

Pb was toxic to earthworms in acute exposure, and presented the
following order of toxicity by type of soil: Ferralsol > Artificial
Soil > Chernosol > Gleysol. The soil properties played a crucial role
in toxicity, with emphasis on pH, clay mineralogy, salinity, and
organic matter content. In this context, it is worth mentioning that
the addition of Pb nitrate to the soil resulted in pH reduction and
contributed to the increase of Pb bioavailability. On the other hand,
the abundance of expansive clay minerals and organic matter, with high
CTC and high potential of Pb geochemical sequestration, was able to
mitigate the toxicity of Pb and nitrate salts. In future work, it is
suggested to carry out avoidance and reproduction tests with
earthworms and collembolans, aiming at a more comprehensive
understanding of the ecotoxicity associated with Pb and the generation
of data to support the revision of the current Brazilian legislation
for soil quality.
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Abstract summary

Soil mesofauna have historically been grouped together based on
taxonomy, trophic position, size, and different diversity index
categories (i.e. adaptation to soil environment) in efforts to predict
fauna impacts on ecosystem function or to understand fauna responses
to environmental factors. These groupings assume that impacts on
ecosystem function are tied directly to the fauna’s shared biology
and are therefore pre-determined by such set criteria. This research
investigates how factor analysis and modelling techniques can be
applied to first allow the environment to predict the mesofauna groups
and then use those groups to predict ecosystem function. Piecewise
structural equation modelling was used on a dataset from a long-term
cropping system experiment in New York State, USA. Exploratory factor
analysis followed by confirmatory factor analysis were used to create
mesofauna groups to incorporate into the cropping system model. These
statistical techniques illustrated that taxonomically different taxa
can have similar responses to environmental conditions. Incorporating
these mesofauna groups into the model revealed linkages between soil
health metrics and crop productivity, therefore more clearly
connecting soil fauna to specific functions and ecosystem service
outcomes. These findings may have important ramifications for how soil
biodiversity and functionality is assessed and conserved.

Keywords: Collembola, mites, soil invertebrates, microarthropods

Introduction, scope and main objectives

Soil mesofauna have historically been grouped together based on
taxonomy, trophic position, size, and different diversity index
categories (i.e. adaptation to soil environment) (Brussaard, 1998;
Crossley, Mueller and Perdue, 1992; Menta et al., 2018). These
groupings were created 1in efforts to predict fauna impacts on
ecosystem function or to understand fauna responses to environmental
factors. However, these groupings assume that impacts on ecosystem
function are tied directly to the fauna’s shared biology and are
therefore pre-determined by such set criteria. Since these groupings
were not designed to consider how mesofauna communities interact in
response to different environmental conditions, these grouping
approaches may limit our understanding of biodiversity and functional
redundancy in soil ecosystems.

Statistical techniques, such as exploratory factor analysis followed
by confirmatory factor analysis and different modelling approaches
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(i.e. traditional structural equation modelling (SEM), piecewise SEM,
path analyses), may provide insight into how soil fauna communities
respond to environmental changes and influence ecosystem functions
(Kozan and Richardson, 2014) . This research investigates how
statistical techniques <can be applied to allow environmental
conditions to determine mesofauna groups and inform mesofauna
functionality in ecosystems. An example methodology is explained, and
further investigations of statistical techniques are discussed.

Methodology

In 2005, the Cornell Organic Grain Cropping Systems Experiment was
established in central New York State, USA. Four organic grain
cropping systems that varied in crop rotations, fertilizer inputs,
tillage practices, and weed control were compared (Jernigan et al.,
2020). In 2017, the experimental site was mouldboard ploughed and
seeded with sorghum sudangrass as part of a uniformity trial to assess
legacy effects of past management practices. Prior to initiating the
uniformity trial, soil samples were collected and analysed for soil
health indicators. Soil samples were also collected to assess soil
invertebrate abundance and community structure at two time points
during the uniformity trial. Sorghum sudangrass and weed biomass were
sampled at the end of the uniformity trial (Jernigan et al., 2020).

Factor analysis methods were considered to determine how to best group
mesofauna in the dataset based on their overall response patterns
across the tillage and fertilizer gradients. Exploratory factor
analysis (EFA) and confirmatory factor analysis (CFA) were then used
to create mesofauna groups to incorporate into an overall grain
cropping system model. Piecewise structural equation modelling (SEM)
was used to quantify relationships between different response
variables (Jernigan et al., 2020).

Results

The EFA/CFA process created two fauna groups that had similar response
patterns across the dataset. The first fauna group, FaunaFl, 1is
composed of Jjuvenile and adult astigmatid mites (Acaridae) and
oribatids in the family Tectocepheidae. While related taxonomically
in the order Oribatida, the taxa comprising this group differ
considerable in ecology and 1life history and are therefore often
separated into different groupings. The second fauna group, FaunaF2,
is composed of collembolans (Onychiuridae and Isotomidae), and the
mesostigmatid mite family Rhodacaridae. These taxa are both
taxonomically and functionally diverse, and are therefore rarely, if
ever, grouped together.

The model revealed different relationships between the two fauna
groups and the other response variables. Results from SEM show that
soil phosphorus, soil aggregate stability, and soil respiration
explained variation in abundance of the fauna comprising FaunaFl
(Figure 1) . Aggregate stability, soil respiration, soil moisture, weed
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biomass, and the fauna comprising FaunaF2 affected the sorghum
sudangrass biomass production (Figure 1). Interestingly, FaunaF2
mediated the relationship between soil respiration and crop biomass
production (Figure 1).

Soil Moisture 0.85 > WeedsF1
R2,=0.32; R2:=0.32
Phosphorus g
P 039 FaunaF1
/’ R2,=0.31; R2.=0.69 -0.38
0.29
Respiration <414 FaunaF2
R2,=0.15; R2,=0.48 ™ 031
0.30 »
Aggregate P Crop Biomass
Stability 0.46 » | R2,0.49; R?.:=0.50

Figure 1: Piecewise structural equation model (SEM) showing how soil health
indicators, soil invertebrate groups, and weed biomass group affect crop biomass
(sorghum sudangrass biomass)

FaunaFl is the group factor comprised of phoretic hypopi, Acaridae, and
Tectocepheidae. FaunaF2 is the grouped factor comprised of Onychiuridae,
Isotomidae, and Rhodacaridae. WeedsFl is the grouped factor comprised of yellow
foxtail, giant foxtail, and yellow nutsedge. Black arrows represent positive
relationships, and grey arrows represent negative relationships. Standardized path
coefficients are shown for significant relationships. Marginal (R?,;) and conditional
(R%.) coefficients of determination are shown for each component model, which
describes the proportion of response variance associated with the fixed effects
(marginal) and the fixed effects with random effects included (conditional).
Source: Jernigan et al. (2020)

Discussion

These statistical techniques, EFA followed by CFA, showed that
taxonomically and functionally different taxa can have similar
responses to environmental conditions. This method of grouping
mesofauna shows promise as a technique that may provide insight into
how taxa interact within communities and impact ecosystem functions.

Different approaches to modelling Dbiological communities in the
context of environmental parameters exist, however there is not an
established approach to identifying correlation structures between
species in a diverse dataset (Brown et al., 2014; Wisz et al., 2013).
This illustrated technique (EFA/CFA) may fill an important gap in
ecological statistical analyses and may serve as an important tool
for Dbetter understanding how soil fauna interact in response to
environmental changes. Our findings may indicate that established
functional groupings may not always be sufficient to understand the
role of fauna in different environmental contexts.

Within the field of soil ecology there are open questions of how soil
fauna communities and their interactions contribute to ecosystem
services (Eisenhauer et al., 2017). Incorporating these mesofauna
groups into the piecewise SEM revealed linkages between soil health
metrics and crop productivity, which connects the soil fauna to a
specific ecosystem service outcome. Therefore, this grouping technique
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in conjunction with modelling methods may provide new insights into
how soil biological communities interact to impact ecosystem function
and ecosystem services.

Conclusions

Different statistical techniques may provide insight into how soil
biological communities respond to changing environmental conditions
and how they interact to impact important soil processes. The
illustrated grouping method suggests that non-traditional methods of
grouping mesofauna may yield new information regarding mesofauna
functionality. This dataset identified taxa to taxonomic families,
however further research is needed to determine which taxonomic level
of identification is best when applying these statistical techniques.
Looking forward, future research should consider how mesofauna are
initially identified and grouped to best answer the proposed research
questions.
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Abstract
Diversity and quantity of arbuscular mycorrhizal fungi (AMF)
associated to coffee plants rhizosphere (Coffea arabica), were

evaluated in 28 lots 1in production of 10 Cenicafé research
substations; levels of root colonization and density of spores/g of
solil were determined, 1increasing native inoculum in Brachiaria
decumbens and Pueraria phaseoloides trap crops; chemical analysis of
sampled soils was performed. Based on the analysed variables and
chemical properties of the soils, multiple linear regression models
were estimated, selecting parameters with p-values lower than 10
percent. Twenty HFMA species were identified, which reflects high
diversity 1if we consider that the samplings were carried out in
ecosystems with common temperature characteristics and that only one
host plant was evaluated. For the total number of AMF species a model
was selected where pH, total nitrogen (N), organic matter (OM), iron
(Fe) and manganese (Mn) had a significant effect; while for the
percentage of colonization the model selected showed a significant
effect of the real cation exchange capacity (CEC), iron (Fe) and
phosphorus (P). In contrast, the model related to spore density did
not show significant parameters.

Key words: Arbuscular mycorrhizal fungi, diversity, soils, mycorrhizal
colonization, spore density

Introduction

During the 2018-2019 coffee year, Colombia produced 15,235,000 60 kg
bags of coffee from 853,700 ha planted (FNC, 2020); this represented
a historical increase in the country's production compared to previous
years. Coffee in Colombia is mainly planted at altitudes between 1,200
and 1,800 m on the slopes of the Eastern, Central and Western
Cordilleras. The soils of these areas are mostly Andisols, which have
high organic matter (OM) and nitrogen (N) contents and high phosphorus
retention; they are dark, deep, friable, well-drained, highly porous
and have high aeration and moisture retention (Suarez, 1991). However,
in the Colombian coffee zone, soils are formed by igneous, metamorphic
and sedimentary, heterogeneous, stony, poorly drained and low in
moisture retention, which generates difficulties for the adequate
development of coffee cultivation. Given the characteristics of the
cultivated soils and that coffee does not present a notorious response
to phosphoric fertilization in the production phase (Uribe and Mestre,
1976), 1t has Dbeen reported that the presence of the Arbuscular
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Mycorrhizal Forming Fungi (AMF) Glomus manihotis, G. occultum, G.
macrocarpum and Entrophospora colombiana in the seedling development
stage contribute to the increase of growth, dry weight and absorption
of nutrients and water (Sa&nchez, 1999). In accordance with the above
considerations, the purpose of the present investigation (Bolafios-
Benavides, 1996) was to estimate the relationship between the
diversity and colonization parameters of AMF isolated from Colombian
coffee soils with their chemical properties.

Methods
Sample design

A cluster sampling design was employed with sample allocation
proportional to the number of lots at the 10 Cenicafé experimental
substations located in eight departments of Colombia; the sampling
unit was one hectare, within which 30 samples were taken at randomly
selected sites (Table 1). With respect to the coffee plant, sampling
was done between 0 and 20 cm deep, at three radial distances from the
trunk (10, 20 and 50 cm), sampling only coffee roots when there were
associations with legumes. In each case, three subsamples were taken
to form a composite sample, from which 100 g of soil and 20 g of roots
(fresh weight) were used. The root and soil samples were mixed
separately and a representative sample of 3000 g soil and 600 g roots
(fresh weight) was taken.

Table 1: Substations and amount of soil samples collected.

Substation Department Batch | Samples
El Rosario Antioquia 1 30
Naranjal Caldas 4 120
Rafael Escobar . 4 120
Santa Barbara cundinamarca 8 240
J. Villamil Huila 2 60
Paraguaicito Quindio 2 60
La Catalina Risaralda 1 30
La Trinidad Tolima 3 90
iibzzrena Valle del Cauca i 38

Total 28 840

Analysed variables and data processing

Taxonomic identification, evaluation of the amount and diversity of
spores in each soil according to their morphology was carried out. It
was necessary to increase the native inoculum in trap crops of
Brachiaria decumbens and Pueraria phaseoloides to obtain samples of
250 g of soil with a wide and diverse content of spores per species.
For the evaluation of the colonization level (percentage) and spore
density of the identified AMF (g/soil), root staining and wet sieving
and sucrose gradient were carried out; respectively. Additionally,
chemical characterization analyses were performed on the 28 soils
sampled following the methodologies of the Agricultural Chemistry
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Laboratory of Cenicafé (Carrillo, 1985). Response variables and soil
chemical parameters were subjected to a multiple linear regression
analysis, selecting the parameters with a p-value lower than 10
percent; processing the data through the free software R (R Foundation
for Statistical Computing).

Results

According to the results of soil analysis, they presented pH ranges
from 4.2 to 5.4; organic matter content from 4 percent to 21 percent;
real cation exchange capacity (CEC) from 8 to 38 cmol) kg'; total
nitrogen (N) content from 0.2 percent to 0.9 percent; phosphorus (P)
from 4 to 250 mg kg*' ; potassium (K) from 0.1 to 1.6 cmol kg?i;
calcium (Ca) from 0,6 to 13,8 cmol kg™!; magnesium (Mg) from 0.1 to
2.7 cmol, kg™t; iron (Fe) from 126 to 1.050 mg kg™'; copper (Cu) from
0 to 39 mg kg!; manganese (Mn) from 5 to 222 mg kg, and aluminium
(Al) from 0.1 to 5.0 cmol) kgt.

A total of 20 species of AMF were identified in the coffee plantations
of central Colombia belonging to the six genera of endomycorrhizae;
the most frequent being Acaulospora mellea and Glomus occultum.
According to the multiple regression analysis to establish the
relationship of the chemical properties of the soils on the analysed
variables, a positive effect of the pH, N and Fe; and negative of the
OM and Mn on the total mycorrhizae (total AMF) was observed; while
the percentage of colonization (%AMF) was influenced negatively and
positively by the content of P in the soil and the CEC and Fe,
respectively. On the other hand, the model related to spore density
did not present significant parameters. The models obtained are
detailed below:

HFMA Total = -12,41 + 3,45pH + 12,46N - 0,55MO + 0,012Fe - 0,028Mn
%AMF = -4,55 + 1,49CEC - 0,33P + 0,13Fe

Discussion

The amount and genera identified in the 28 soils sampled reflect a
high diversity of AMF, considering that the sampling was done in
ecosystems with common temperature characteristics between 19.4 and
21.4 °C and that only C. arabica was evaluated. The selection of pH
as a significant and positive parameter for the amount of AMF is
related to the condition of acidity characteristic of the central
Colombian coffee zone, which would indicate that, by increasing the
pPH units to a maximum of 5.5, the probability of finding greater
mycorrhiza diversity in Colombian coffee plantations increases. In
addition, the availability of N becomes decisive to guarantee a
greater diversity of mycorrhiza species. With respect to the $%$AMF, it
is important to mention the positive effect of the CEC, which would
indicate for this type of acidic soil, that the effective cation
exchange capacity (ECEC) should also be considered in order to
estimate the variable load of these coffee soils, possibly given the
presence of amorphous clays that can directly influence the
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colonization of the different mycorrhizae in the soil. Considering
the models obtained, it is dimportant to highlight the inverse
correlation between the percentage of colonization and the P content
availablee in the soils, results that are in line with those obtained
by Garzdédn (2016) .

Conclusions

According to the results obtained in the present study, the
association of AMF to the rhizosphere of C. arabica can be ratified
and, therefore, they should be considered as natural inhabitants of
the coffee ecosystems by virtue of their presence and the variability
of the chemical conditions of the soils evaluated. In order to
guarantee the conservation of the soil resource as a natural living
body, which serves as a support for plants, the importance of the role
played by different groups of organisms in processes of
solubilization, mineralization, immobilization and humification among
others, considered to be of utmost importance in the dynamics of
nutrients, should be recognized.
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Abstract summary

If green spaces are among the new societal expectations of urban
people, they also play a crucial role in preserving biodiversity in
urban areas. However, the effectiveness of urban micro-farms in
supporting biodiversity, especially soil biodiversity, has rarely been
studied.

We investigated the soil biodiversity (micro-organisms, meso- and
macrofauna) in rooftop as well as in ground-level urban micro-farms
in order to (i) evaluate the soil biodiversity service provided by
urban micro-farms, (ii) to determine the key factors that condition
the microbial and faunistic soil biodiversity and (iii) to finally
study the co-occurrence between microorganisms and fauna.

Surprisingly, urban micro-farms are not supporting high levels of soil
biodiversity contrary to others urban agriculture spaces. Due to
various soil characteristics (e.g. organic matter), differenced was
found Dbetween wurban micro-farms on rooftop and on the ground
concerning the taxonomical structures and compositions of collembolan,
macrofauna and microorganisms communities. As it was difficult to find
reference values in order to evaluate the biodiversity support, we
conclude that there is a strong need for biodiversity studies in urban
green infrastructure, especially dedicated for urban agriculture.

Keywords: urban agriculture, green roofs, micro-organisms, mesofauna,
macrofauna, Technosol

Introduction, scope and main objectives

With a worldwide urban population projected to reach 5 billion by 2030
(Véron, 2007), the roles and benefits of urban green spaces take a
key role in the future of cities, like climate regulation by trees
or water flow regulation (Gémez-Baggethun and Barton, 2013). Although
the services that urban micro-farms provide to the city are often
highlighted (e.g. food supply, landscape integration), this is rarely
based on a real assessment (Clinton et al., 2018). Urban micro-farms
play also a crucial role in preserving biodiversity in urban areas.
Urban micro-farms were defined with four major characteristics: a
small surface (<lha by farmer), often on urban soil, multifunctional
(not only food production purpose) and with a strong benevolent
implication in the functioning.
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The knowledge acquired on Dbiodiversity in cities remains very
incomplete and mainly concerns plants (e.g. Muratet et al., 2008),
pollinators (e.g. Matteson, Ascher et Langellotto, 2008) or avifauna
(e.g. Croci, 2008), rather than soil organisms despite their major

role in the functioning of urban soils.

One part of the SEMOIRS project objectives was to evaluate the soil
biodiversity service provided by urban micro-farms, to determine the
key factors that condition the microbial and faunistic soil
biodiversity and finally to study the co-occurrence Dbetween
microorganisms and fauna.

Methodology
We selected seven wurban micro-farms located in the dense urban
environment of the Paris region (France) including three on greens

ground and one contaminated site (at soil level -
each micro-farms and delimit one or two cultivated
In each cultivated areas, we performed three

roofs, three on the
see Table 1). We map
areas for vegetables.

replicates of sampling for each so0il biodiversity groups: micro-
organisms, mesofauna and macrofauna. Other data on soil
characteristics (fertility and contamination) available in the SEMOIRS

project were also used.

As index did not match the basic assumptions of normality and
homoscedasticity required for parametric statistics (Wilk-Shapiro
test at rejection level of a = 0.05), we used the Wilcoxon Rank-Sum
test to assess differences in abundance and species richness between
microfarms.

We analysed the effects of green roof type on species composition by
performing a non-metric multidimensional scaling (NMDS) for each
taxonomic groups, using the Bray-Curtis index, to explore
dissimilarities between communities. All statistics were performed
using R software version 3.2.2 (R Core Team, 2015).

Table 1: Seven microfarms studied for the soil biodiversity; soil type according

WRB 2006
Microfar Experiment Contaminat
al MF2 MF3 ed soil MF5 MF6 MFE7
m MF1-Exp MF4-S.C.
Age 8 4 6 12 14 6 7
Soil Technosol Pseudo-natural
(e Technosol (rooftop) (ground) s0il (ground)
T 1
suz::ce ~ 900 ~ 698 145 40 000 25 = N
000 819 1100
(m?)
Total
cultivat 15 ~
ed area ~ 200 397 80 ~ 1 215 000 5000 683
(m?)
i , Aubervillie Pari vitry Pari Pari
City Paris Nanterre -sur-—
rs s i S S
Selne
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Results and Discussion

We noticed a high variability between and within urban microfarms.
Composition and biodiversity (abundance and species richness) of the
soil biodiversity groups differ Dbetween the ground and rooftop
microfarms (Table 2, Figure 1). These differences are in relation with
the high variability of soil chemical characteristics (more organic
matter on Technosol on rooftop). However, the more or less marked
differences are not similar between all soil biodiversity groups. We
observed more abundances of Collembola and micro-organisms in rooftop
than in microfarms on the ground whereas it 1is the contrary for
macrofauna, even if we don’t demonstrate a significant difference for
all groups (Table 2).

Table 2: Specific richness and abundances of collembolan in function of urban
microfarms type

Rooftop Ground
Species number 8,0 £+ 1 9,6 £ 3
Density
+ +
(103 ind.m™2) 15 £ 10 10+ 4
Shannon 1,7 £ 0.2 1,9 £+ 0.4
Evenness 0.8 £ 0.1 0.9 £+ 0.1
No significant differences.
Q
v
o
o~
a Ground
Z o |
o
Rooftop
3]
S
T \ T
05 0.0 05 1.0
NMDS1

Figure 1l: NMDS on collembolan communities in urban microfarms

In order to evaluate the ecosystem service provided by microfarms, we
used for comparison references values from urban vegetables gardens
or urban and agricultural land uses. We noticed a low biodiversity in
the urban microfarms in contrast to the previous studies carried out
on green roofs (Joimel et al., 2018) or allotment gardens (Joimel et
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al., 2017). This can perhaps be explained by the dry climatic
conditions of the year 2018.

In existing methodologies for the evaluation of soil biodiveristy, a
single indicator is often selected (e.g. microarthropods in Calzolari
et al., (2016)). In our results, we demonstrated the importance to
study wvarious organisms in function of their morphometric classes
because their response may be different. Moreover, in the project, we
encountered a major obstacle in assessing the biodiversity service
provided due to the choice of reference values to compare results and
literature. As data are not already available on urban microfarms, we

selected three types of references: usage references ("urban
agriculture”" and "green spaces") and service references ("market
gardening") . The multifunctional character of the studied forms tends

to compare them to other possible uses of the space where they are
located. Comparison with a reference whose main function is the
expected service (for example food supply in the case of a market
gardening operation), can pose the problem of comparing 