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Abstract

The community of soil scientists in Italian universities is small, approximately 100 people as
permanent staff, distributed from North to South in groups of variable dimensions. Despite
being a small community, their research activities show a wide range of topics, ranging from
the molecular to the landscape scale, and encompassing evergreen themes and present
days hot-topics. This chapter summarizes the main topics investigated over the last five
years, as they appear in the Scopus database. The activities were grouped into seven main
research fields that offer an overview of both the specific topics, and the scale at which a
phenomenon can be investigated: i) Soil development, pedogenic processes and soll
classification, ii) Soil functions and ecosystem services, iii) Soil organic matter
characteristics and functions, iv) Soil chemical and biochemical properties, v) Biowaste
upcycling for soil remediation and fertility enhancement, vi) Soil degradation, contamination
and remediation, and vii) Land suitability and management, soil variability and mapping. In
many cases, collaborations among ltalian universities and with international partners are
visible, testifying the need of joining efforts and expertise to address the present-day
challenges.

1. Introduction

Scientists working in Italian universities are classified into their main research topic, the so-
called scientific sectors (SSD), that do not exactly follow the ERC classification. Soil
scientists are, at present, mostly classified into two groups: Agricultural chemists (SSD:
AGR/13), including both soil scientists and plant biochemists, and Pedologists (SSD:
AGR/14). The classification does not only describe the main research field, but also
represents the basis for teaching activities. In the Italian system, universities have a certain
degree of freedom in selecting the courses that better fit the purposes of the BSc or MSc
degrees; they must, however, follow some rules that, at the national level, indicate the
compulsory topics for a specific degree (Classi di Laurea). Typically, each degree has to
select the teaching topics from a short list of grouping thematic areas. Agricultural chemistry
is listed among the disciplines related to plant production, while Pedology is included into
the thematic area of environmental protection. Because of these rules, Soil science, either
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Soil chemistry or Pedology or both, is a compulsory topic for all students graduating in
Agricultural or Forest Sciences in Italian Universities. In the last few years however, it has
become a study field in environmental, geological, natural sciences and architectural
university schools.

In Italy there are 97 Universities, and Agricultural Sciences degrees are present in 24 of
them. Forest Sciences are less common as only 19 Universities award degrees in this topic.
Soil scientists are not among the biggest communities: while agricultural chemists
(permanent staff) are 137, soil chemists are 54. Pedologists belong to a smaller group: they
are only 39; both groups are spread among the 24 Agricultural or Forest Sciences faculties
and/or Departments, as well as in Geological, Natural or Environmental Sciences structures.
Some universities, typically the oldest, benefit from a relatively large group of soil scientists,
while in others, more recently established, groups may be as small as one individual. The
community is well balanced in term of men and women, although the glass ceiling is clearly
visible, with fewer women than men in leading positions (Adamo et al. 2022).

The research topics of all soil scientists encompass both the classical evergreen ones in soil
sciences, and the more recent hot topics linked to global change and the sustainable
development goals of the United Nations. This chapter provides an overview of the main
topics investigated over the last five years, as they appear in the Scopus database.

2. Soil development, pedogenic processes and soil classification

This is one of classical topic Pedologists have developed all over the world and Italy is not
an exception. Lead by curiosity and field observations, this research field has a strong
regional connotation and almost all Italian Pedologists have at least one published article
dealing with the pathways of soil formation and the building up of soil properties. Also
recently, soil types occurring in Italian regions or abroad have been the object of studies in
Italian universities (Figure 1)

Soils with andic properties in non-volcanic areas have attracted the curiosity of scientists
from the University of Naples (Terribile et al. 2018). Their genesis was studied (Mileti et al.
2017), but the effect they can have on flow-like landslides was also investigated
(Scognamiglio et al. 2019). More traditional volcanoclastic impacted landscapes were
however also considered (Ermice 2017) and the usefulness of NIR-Vis techniques in the
classification of volcanic soils was assessed at the University of Molise (Di lorio et al. 2019).
The genesis and properties of Terra rossa soils, typical of Mediterranean environments,
have been studied through an integrated approach (Vingiani et al. 2018). The impact of
geomorphology on the genesis of pre-desert soils was the object of a study conducted in
Tunisia by scientists from the University of Marche (Corti et al. 2020), but soils in dry areas
have also been considered for the importance of sand and dust storms (Zucca et al. 2022),
their capacity of acting as an inorganic C sink thanks to gypsum dissolution (Laudicina et al.
2021), as well as for the problems of salinity and sodicity (Stavi et al. 2021). Studies on less
common soil features do not lack and are related to specific geographical settings. Fragipan
genesis, chemical and physical properties were the objects of several papers by Scientists
from the universities of Torino and Bologna (Raimondo et al. 2019, Stanchi et al. 2021a,



Falsone et al. 2017). Mineralogical studies allowed Zucca et al. (2018), from the university
of Sassari to understand the development of microstructure in calcretes from Morocco, and
to follow the changes in microbial communities and enzymatic activities in mountain Luvisols
(Marinari et al. 2021).

Because of the importance that paleosols, vetusols and buried soils have in unveiling past
climates for the assessment of future changes, several studies have focused on this topic in
the last five years. Their importance as a sometimes unexpected, organic carbon reservoir
was discovered in Alpine areas (e.g. Pintaldi et a. 2021) and in the Po river plain (Bianchini
et al. 2022); their characteristics helped in elucidating the cyclicity of sedimentary records,
hence of climatic conditions in fluvial-marine successions (Benvenuti et al. 2021), and
unveiled past climatic conditions in the Ligurian Alps (D’Amico et al. 2019). Organic matter
characteristics of ombrotrophic peatlands were also used as archives of climatic and
environment changes (Zaccone et al. 2018). The cyclicity of Pleistocene loess depositions
and its effects on soils was studied at Torino and Milano universities with the aim of
understanding nowadays soil profiles (Negri et al. 2021a) or date their origin (D’Amico et al.
2021); an important review summarizing loess occurrence in ltaly was published in 2018 by
scientists working at CREA and the university of Florence (Costantini et al. 2018a). The
much more recent technogenic soils are common all over ltaly, as they develop in
abandoned mining (Ferronato et al. 2021) and quarry (Buondonno et al. 2018, Grilli et al.
2021b) areas, and in agricultural landscapes upon land use changes (Dazzi et al. 2019, Lo
Papa et al. 2018). Their characteristics have also been compared with those of non-
anthropogenic soils (Di lorio et al. 2022). Compost applications are common management
technique in these soils which proved to react even in the short time (Panico et al. 2019).
Less drastic transformations, caused by past and present agricultural management have
also been studied extensively. The effects of 30 years management of organic residues in
chestnut stands were found to modify soil properties to a large extent (De Feudis et al.
2021), as was the presence of olive trees in Terra Rossa soils (Madrau et al. 2017), or even
low-intensity agricultural management (Riefolo et al. 2020).

Pedologists working at Italian universities seem however to be more interested in the
changes occurring in forest and natural environments. The impacts on soil properties of
grass vegetation succession (Ferré et al. 2020, Mainetti et al. 2021), of invasive tree species
such as black locust (De Marco et al.2023) or red oak (Ferré and Comolli, 2020), of forest
stand management (Vacca et al. 2017), of stand age (Vittori Antisari et al. 2018) and of
deforestation (Chiti et al. 2018) been thoroughly assessed. The accumulation of soil carbon
related to charcoal formation in forest areas (e.g. Mastrolonardo et al. 2018) was taken as
a starting point for proposing charcoal to be considered in soil classification (Mastrolonardo
and Certini, 2020). More general effects of fire on soil properties have been studied following
different approaches that derived from the multiplicity of situations. Laboratory simulations
at the university of Torino helped in elucidating the effects in Alpine soils (Negri et al. 2021b),
while field investigations, coupled with chemical analyses were used in the case of peat
burning (Natali et al. 2021) and of calcareous soils of Sardinia (Capra et al. 2018). In all
cases the consequences in terms of soil quality and provision of ecosystem services were
stressed.



The classical “soil sequences” approach is still a valuable tool when the effects of soil
forming factors have to be evaluated, and was followed by scientists in several universities,
such as Florence, Palermo, Ancona, Torino, and Perugia. Because of the ongoing climate
change, and of the effect climate has on soils (Certini and Scalenghe, 2023), on soil carbon
stocks (Pellegrini et al. 2018), and on ecosystems as a whole (Rogora et al. 2018)
climosequences are the most frequently considered. The effects of climate were assessed
in Alaska along a latitudinal transect (Cocco et al. 2018) linking permafrost depth to organic
carbon stocks, along an elevation gradient in Nepal (Magnani et al. 2018), in the Moldavian
plateau (Bireescu et al. 2018), as well as in the Apennines (Massaccesi et al. 2020, Cardelli
et al. 2019) and Alps (Pintaldi et al. 2019). Differences linked to lithology were instead
responsible of varying chemical and biochemical properties in soils from Spain (Cardelli et
al. 2017), while biocrusts played a key role in soil formation in polar environments (Agnelli
et al. 2021).

In the last five years, several university soil scientists investigated the characteristics of
archaeological sites, providing clues to archaeologists for reconstructions of ancient times.
Soil features have helped in unveiling the building techniques in Japanese funerary mounds
(Voyron et al. 2022), in deciphering the variations in the inputs of sediments into lakes
(Furlanetto et al. 2022) and land use changes (Ravazzi et al. 2020) during the Bronze Age
in Northern, as well as in Southern Italy (Vingiani et al. 2018).

Several soil scientists working at Italian universities took part in the development of the new
classification of humus forms (Zanella et al. 2018 a, b, c, d, e, f, g), that was successfully
applied in a number of studies.

2. Soil organic matter characteristics and functions

Moving from large to microscopic and molecular scale, more than 100 articles in the last 5
years have been published on soil organic matter (SOM) characteristics and functions
(Figure 2). The Universities of Bari, Naples and Udine stand out for their extensive research,
which continues to improve our understanding on the composition and properties of humic
substances (HS) (Senesi and Loffredo 2018a, Piccolo et al. 2018) and integrate the SOM
conceptual model with new view and concepts. Drosos et al. (2017) showed a molecular
zoom into soil Humeome by a direct sequential chemical fractionation coupled to advanced
analytical identification. De Nobili et al. (2020) reinterpreted the soil continuum model theory
proposing a spontaneous secondary synthesis of soil organic matter components while
Incerti et al. 2017 showed a new model of organic matter decomposition based on
biomolecular content and composition, as assessed by "*C-CPMAS-NMR.

Mechanisms and factors driving the interaction of organic matter (OM) with metal (Me) ions
and mineral phases (Boguta et al. 2019, Senesi and Loffredo 2018) helped to understand
important pedogenetic processes, C storage as well as the bioavailability of micronutrients.
Co-precipitation of organic matter-iron oxides is a more recently investigated process
(Sodano et al. 2017), playing an important role on soil C storage and iron sources for plants
(Di lorio et al. 2019). Many studies have been also devoted to investigate the reciprocal
protection and stabilization offered by the OM-mineral interaction within aggregates
(Giannetta et al. 2018, Guidi et al. 2021).



Many Italian university researchers have assessed biostimulant potential at the soil-root
interface of humic substances (Nardi et al. 2017) as a function of their chemical structure
and biological activity with important implications in regulating plant functionality (Muscolo
et al. 2020, Ertani et al. 2019) and plant growth (Nardi et al. 2021, Vujinovi¢ et al. 2020,
Conselvan et al. 2017, Monda et al. 2018). On the other hand, humic substances enhance
plant tolerance to abiotic and biotic stress (Souza et al. 2021) and play an important role in
the retention of inorganic and organic contaminants, mitigating their soil mobility and plant
availability (Francioso et al. 2019, Souza et al. 2021, Pittarello et al. 2018; Caporale et al.
2018; Pellegrini et al. 2019).

3. Soil functions and ecosystem services

Moving from humic substances to the whole organic matter component, important attention
in the resent years has been devoted to soil organic carbon (SOC) sequestration (Figure 3)
and ecosystem functions, directly or indirectly related to soil organic matter, such as hosting
biodiversity and storing, filtering and transporting nutrients and water, decontaminating
polluted soils. Grilli et al. (2021) investigated several soils in Mediterranean areas under
desertification risk, and found a critical limit of 20 g SOC kg™ for soil quality in the analysed
areas. In reforested drylands, Certini et al. (2019) found that the combination of fog collection
by nets and trees showed good fog collection capacity, allowing good tree survival rate and
inducing fast and substantial C sequestration.

Contrasting results were found by university soil scientists about the effects of woody
encroachment on soils from abandoned lands. Fino et al. (2020) found small or no significant
SOC stock changes during the secondary succession in the topsoil, while both Chiti et al.
(2018) and Pellis et al. (2019) observed an increase. The contrasting findings for the C
storage of topsoils upon woody encroachment indicate the complexity and variability of the
soil system, and the importance of local observations and data collection to correctly
evaluate the soil contribution to climate change mitigation. However, despite this contrasting
trend, all these Authors recorded an important contribution of subsoil in soil C sequestration
function. The relevance of deeper soil horizons on N and C cycling was also acknowledged
in soils of the alpine tundra by scientists working at the University of Torino (Magnani et al.
2017). In soils of a semiarid Mediterranean environment scientists from the University of
Palermo found that inorganic C accumulation in subsoils played an important role in C
storage (Laudicina et al. 2021). Xu et al. (2022) at the University of Florence evidenced how
vulnerable is the soil C storing capacity in environments where fire are common
disturbances. Taking into account the importance of soil organic carbon storage for climate
change mitigation, several papers have discussed how include this factor in Life Cycle
Assessment studies (Fantin et al. 2022, De Feudis et al. 2022, Nicese et al. 2021, Chiriaco
et al. 2019).

The consequences of management on soil functions, other than C storage, have been also
extensively investigated by several groups of soil scientists from Italian universities. Cardoso
et al. (2022) studied the effect on soil productivity in Eucalyptus populations due to
fertilization management. Giffard et al. (2022) reviewed the impacts of vineyard
management on soil biodiversity. Pintaldi et al. (2017) described the changes in soil
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properties due to the soil management in ski areas, highlighting threats and challenges of
sky runs construction and maintenance. In chestnut soils, De Feudis et al. (2020) found that
the conversion of abandoned chestnut forests to managed ones improved the soil microbial
biomass activity, and De Feudis et al. (2021) highlighted the importance of organic residues
conservation for the improvement in deeper soil horizons of the chemical and biological
fertility. Soil Quality Indicators may be important tools to follow the effect of agronomic
management on soil functionality and delivery of ecosystem services as shown by Laudicina
et al. (2017) in a vineyard grown in a semiarid Mediterranean environment and subjected to
different soil management techniques. Also, the economic land evaluation has been
investigated. Dazzi et al. (2019) investigated the economic value of pedotechnique
applications, while for arable lands Priori et al. (2019) proposed an economic evaluation
based on soil physical-hydrological features and ecosystem services provision (Priori et al.
2019).

4. Soil chemical and biochemical properties

Nutrient cycling and soil fertility are key topics in many lItalian Universities with specific
attention to soil resources and element stocks to face global issues (Plaza et al. 2018),
interconnection among nutrients and with soil organic matter (Celi et al. 2021), and
interactions at the soil-plant-microbiome interface (Mimmo et al. 2018), as shown in Figure
4. Communications within roots and between soil microorganisms and roots in the
rhizosphere occur and change continuously influencing the nutrients solubility, their
transport in the soil and plant uptake. Giagnoni et al. (2022) reported that liming and no
tillage positively affected N uptake and biochemical activity in maize rhizosphere during
growth on acidic soils. Soil nitrogen availability was reported to increase with application of
organic fertilizers from biowaste recycling (Rapisarda et al. 2022) and composts in cereal
crops (Moretti et al. 2019), nectarine orchards (Toselli et al. 2019) and walnut orchards
(Mazzon et al. 2018). Visconti et al. (2023) found a combined beneficial effect of compost
and microbial biostimulant applications on improving plant growth and soil biological fertility
and Carnimeo et al. (2022) prevent the entry of anthropogenic organic pollutants. The
physiological and molecular responses of Zea mays seedlings to different urea-ammonium
ratios (Buoso et al. 2021) were also studied as well as the influence of N-based fertilization
on nitrate occurrence in groundwater of hilly vineyards (Zambito Marsala et al. 2021).

Phosphorus cycling and its fertility have been largely investigated at the Universities of
Torino, Bologna, Padova and Napoli. Due to its extreme inaccessibility to plants, many
studies have been focused on understanding organic P forms (Reusser et al. 2023) and the
different strategies plants can adopt to access sparingly available inorganic and organic
forms (Santoro et al. 2022). The growing issue of the exhaustion of mine sources have been
addressed in the studies aiming to upcycle organic wastes as alternative sources of P for
plant nutrition in calcareous soils (Torri et al. 2017, Grigatti et al. 2019).

Attention has been paid also to micronutrients, especially selenium (D’Amato et al. 2018,
D’Amato et al. 2020) and iron (Celletti et al. 2020, Valentinuzzi et al. 2020, Astolfi et al.
2018).



Italian Universities have obtained important advances in the understanding of soil microbial
diversity for predicting soil functions (Nannipieri et al. 2017, Crecchio 2020), using molecular
and proteomics approaches (Giagnoni et al. 2018, Nannipieri et al. 2019). Pellegrini et al.
(2021) modelled an artificial neural network (ANN) for the estimation of soil microbial
biomass in vineyard soils. The assessment of soil microbial functional diversity was used
to evaluate the effects of natural and anthropogenic disturbances. Moscatelli et al. (2018)
investigated the effects of land use combined with soil properties on soil respiration and
enzymes responses while Mocali et al. (2022) observed a short-term resilience of soll
microbial communities and functions following severe environmental changes. Biofertilizer
consortia have been developed to mitigate drought and salinity stress favouring shifts in the
rhizosphere and endosphere colonizing bacterial communities (Yaghoubi Khanghahi et al.
2022). De Mastro et al. (2022) showed that fertilization can promote microbial growth and
minimum tillage increase nutrient-acquiring enzyme activities in semiarid agro-ecosystems.
Ganugi et al. (2022) defined the pivotal role of cultivar affinity to arbuscular mycorrhizal fungi
in determining mycorrhizal responsiveness to water deficit. The relationship between soll
topography, available water and soil bacterial diversity has been investigated by Gurmessa
et al. (2021), which found that under native grasses greater available soil water enhanced
soil biodiversity. The importance of soil-water interactions was unveiled by fast field cycling
NMR relaxometry (Conte and Schmidt 2017).

5. Soil degradation, contamination and remediation

Anthropogenic and natural disturbances frequently induce the degradation of the soil
resource, thus strikingly limiting soil functions and its capacity of providing ecosystem
services for the humanity. Soil degradation may also arise from subtler and less visible
processes that are sometimes inherently linked to pedogenic factors and processes. Due to
the specific characteristics of the Italian landscape, many soil scientists at Italian universities
focused on soil erosion, slope instability, salinity at the landscape and profile scales, but
also investigated the soil physical and chemical properties affecting degradation
mechanisms (Figure 5). On the other hand, many agricultural, industrial and urban soils are
contaminated and need prompt and efficient restoration plans based on a deep knowledge
of soil properties and processes.

Soil erosion was studied mostly in agricultural landscapes. Rosskopf et al. (2020) focused
on the spatial variability of soil erodibility in a hilly agricultural area of Molise, Stanchi et al.
(2021b) assessed the effects of soil management in vineyards of the Aosta valley, while
Costantini et al. (2018b) investigated the effects of soil erosion on the ecosystem services
provided by soils managed with organic farming systems. The problems of considering the
protective effects of the litter layer when estimating soil erosion in forest soils was evaluated
by Pintaldi et al. (2018), but in mountain or forest areas greater emphasis was given to the
role of soil in slope instability and avalanche detachment (e.g. Giadrossich et al. 2019,
Maggioni et al. 2019). Modelling of runoff and erosion, as related to soil conservation
practises, has been studied by Melaku et al. (2018) and Khelifa et al. (2017) in northern
Africa. The efforts in assessing erosion by coupling models and isotope determination is
testified by the work by Baccolo et al. (2023) who used both '3’Cs and 2'°Pb to evaluate the
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redistribution of soil in mountain pastures. Other indicators of vulnerability to erosion and
soil slipping were also considered, such as the Atterberg limits (Stanchi et al. 2017) or the
stability of soil aggregates as affected by plant roots (Hudek et al. 2017) or cyanobacteria
inoculation (Chamizo et al. 2018). In areas subjected to soil erosion, Guidi et al. (2017)
investigated the effect of alfa-alfa on aggregate stabilization and C and nutrients
preservation, and how the efficiency depends on soil type. Similar conclusions were drawn
by Costantini et al. (2018b). In fact, in their multidisciplinary study in eroded vineyards, they
stated that an efficient restoration of the eroded soils requires site-specific treatments.

Soil contamination (Figure 6) was studied mostly in agricultural and urban soils, considering
the effect of heavy metals, pesticides, and other xenobiotics. Arsenic is one of the most
studied toxic elements in many Italian Universities (Bari, Ferrara, Milano, Napoli, Torino),
with focus on the chemical and microbial-driven factors that control its speciation and
mobility in soil and waters (Zanzo et al. 2017, Cavalca et al. 2019, Allegretta et al. 2018).
Arsenic was reported to affect soil microbial diversity (Stazi et al. 2017, Zecchin et al. 2021)
and threaten plant health and food quality (Caporale et al. 2018, Wang et al. 2020).
Innovative approaches have been explored for their potential to decontaminate soil and
waterbodies, such as synthetic layered double hydroxides (Pigna et al. 2020) and defective
bismuth oxide (Balint et al. 2021) that act as adsorbent nanoparticles. The selection of
arsenite-oxidizing bacteria from contaminated groundwaters (Zecchin et al. 2021) as well as
phytoextraction (Salinitro et al. 2022) have been also proposed as promising approaches to
reduce the levels of As in contaminated soil and water compartments.

Heavy metals contamination has been extensively studied in many lItalian universities in
both agricultural and urban areas (Serrani et al. 2022), Spagnuolo et al. 2022) while
assessing the risk for environment and human health (Fagnano et al. 2020, Mehta et al.
2020). Different approaches have been explored for the removal of heavy metals, such as
the application of compost for phytostabilization (Garau et al. 2021), soil washing with
natural humic surfactants (Piccolo et al. 2021) or using mycorrhized plants for
phytoremediation (Brunetti et al. 2018, Demasi et al. 2018). Recently, the increasing
application of sewage sludges and municipal solid wastes in soil has posed the attention on
the potential risk of heavy metal contamination in soils (Feizi et al. 20219) and plants
(Ceccanti et al. 2022, Gattullo et al. 2017). On the other hand, mineral fertilizers also can
contribute to cadmium contamination, representing a potential risk for the environment and
human health (Suciu et al. 2022).

Compared to inorganic contaminants organic xenobiotics have received less attention in the
last 5 years by the Italian university soil scientists. Only a few works have been carried out
on pesticides. They range from experiments devoted to understand the processes that drive
the fate of these xenobiotics in the soil-plant-water system (Marin-Benito et al. 2017, Alix
and Capri 2018) and technologies for their removal (Loffredo et al. 2021), to the
development of tools for the correct use of pesticides at field scale (Di Guardo et al. 2022).
Conversely, microplastics have attracted many Italian soil scientists in the recent years for
their large diffusion in the environment, representing a hidden and unknown biohazard
(Pathan et al. 2020) for their intrinsic xenobiotic nature, and as sink and vectors of pollutants
in waterbodies and soils (Arienzo et al. 2021). The use of bioplastics in agriculture can, at a
certain extent, mitigate microplastic formation and diffusion but their fate and functionality in
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the soil and the methods for characterization are only now beginning to be explored (Mazzon
et al. 2022).

6. Biowaste upcycling for soil remediation and fertility enhancement

The preservation of soil fertility and biological activity, strictly connected to organic matter
content, cannot ignore the fundamental role of biowaste recycling (Ciavatta et al. 2022), and
this topic was addressed in several ltalian universities. In Fact, besides responding to
several Sustainable Development Goals, it constitutes the key concept of the circularity of
production and economic supply chains. The most studied biowastes are, in addition to
livestock effluents, compost, digestates, sewage sludge and biochar. In this context, the
Universities where research has been most focused recently are Torino, Milano, Padova,
Piacenza, Bologna, Perugia, Napoli, Bari, Reggio Calabria, obtaining high-impact scientific
papers, with results often transferred to policy-makers and stakeholders to update the
legislation based on the new scientific outcomes.

Research on biowaste application in soil has investigated the effects on soil physical,
biological and chemical properties, while considering the consequent introduction of
unwanted elements in soil, such as heavy metals, organic pollutants, drug residues. The
new policy for the production of energy from renewable sources, has led to the development
of many anaerobic digestion plants, by using dedicated crops, by-products and, most
recently, organic urban waste. At the end of the process, the residual stable biomass, the
so called digestate, can be upcycled for its use as fertilizer, in a perspective of circular
economy. Research for the agricultural use of the digestate is carried out by the Universities
of Milano, Bologna, Perugia, Bari and Torino, to understand the influence of this organic
substrate on soil fertility and plant health (Solé-Bundé et al. 2017, Piccoli et al. 2022, Calisti
et al. 2023, Valentinuzzi et al. 2020). Due to the instability of fresh digestate, composting
can be a reliable strategy for digestate management, as it reduces CO2 emissions from the
soil and nutrient leaching, without decreasing the nutrient content and its potential as
fertilizer (Grigatti et al. 2020, Zilio et al. 2023, Cucina et al. 2017). Additional promising
technologies involve the extraction from digestate or raw waste materials of biostimulant
derived compounds (Savy et al. 2020, loppolo et al. 2020).

Biochar has been also largely investigated for its potential to affect soil biological, chemical
and physical fertility (Langeroodi et al. 2022, Taskin et al. 2019, Zaccheo et al. 2019,
Maienza et al. 2017, Pituello et al. 2018) or as remediation options for the recovery of
contaminated soils (Abou Jaoude et al. 2020, Dieguez-Alonzo et al. 2019).

7. Land suitability and management, soil variability and mapping

Land suitability plays a crucial role in addressing contemporary challenges such as enabling
sustainable management, coping with climate change, feeding 9 billion people by 2050. The
current pressure on natural, agricultural and urban resources is intense and more than 30%
of land is suffering some degree of degradation. Land suitability is thus fundamental in land
management and planning to stop soil degradation. In this context, the study of soall



variability and the procedures to map it constitute important supporting tools to formulate
site-specific decisions.

Various combination of geographic information systems (GIS), multi-criteria evaluation, or
machine learning methods, and different parameters (climatic, soil type/properties,
topographic, etc.), to digitally map the soil variability and land suitability to agricultural use
or specific crops have been used by soil scientists in many lItalian universities. For example,
mapping within conventional soil cartographic units was conducted by De Feudis et al.
(2021) for land capability and suitability evaluation in coastal reclaimed areas of Northern
Italy. Multi-spectral satellite imagery was used to map a number of soil characteristics;
Giacco et al. (2022) mapped imperviousness, Villa et al. (2018) C stock and sealing of peri-
urban soils. Santaga et al. (2021) instead used muti-spectral imagery for simplifying soil
sampling. Calzolari et al. (2021) verified the effectiveness of soil mapping geomatic
approach to predict the spatial distribution of soil types and their properties. Machine
learning regression was used by Wu et al. (2018) for prediction and mapping of soil salinity.
Tardaguila et al. (2018) used proximal geoelectrical sensing for soil mapping and managing
vineyard homogenous zones. In forests severely damaged by catastrophic events, Zanella
et al. (2020) suggest to anchor on soil map a series of silvicultural and soil management
actions for promotion of soil conservation and the faster recovery of the natural dynamic
stability and resilience of forest ecosystem.

The effect of land use and management were investigated both in agricultural and forest
soils. Khan and Chiti (2022) focused on the effect of land use (cropland, grassland and
forest) over time on soil C stocks and dynamics using LUCAS soil database. Vittori Antisari
et al. (2021) studied organic matter pools and soil quality in chestnuts, orchard and lands
without tree. Several other authors from various universities studied the consequences of
management practices on soil organic C stocks: Gristina et al. (2020) focused on semiarid
vineyards; Belmonte et al. (2018) related them to the microbial activity and aggregate
stability in long-term experiments; Seddaiu et al. (2023) studied the dynamics of soluble soil
organic matter in Mediterranean maize-based forage systems under organic and mineral
fertilization; Massaccesi et al. (2018) investigated the soil organic C pools and storage under
olive groves of different age; Camponi et al. (2022) studied the effect of coppice conversion
into high forest on soil C and nutrients stocks in Turkey oak stands. Changes in SOM
properties, distribution and decomposition due to soil, water and agronomic management
practises have been also investigated (Abdelrahman et al. 2020, De Mastro et al. 2020,
Savarese et al. 2021). The University of Torino found important results on the mechanisms
controlling GHG emissions as a function of soil properties and agronomic management
(Bertora et al. 2020, De Dato et al. 2017, Said-Pullicino et al. 2021). To understand and
estimate of chemical fate and recycling in soil, models based on integration of air-plant-litter-
soil system have been proposed for forest systems (Terzaghi et al. 2017), while decision
support systems based on geospatial soil variability have been implemented for agricultural
soils (Bancheri et al. 2022).

Several authors recently suggested different tools to guide soil management, often
highlighting the need of site-specific decisions. For instance, Caruso et al. (2022) identified
remote and proximal sensing techniques for irrigation management in olive orchards;
Castrignano et al. (2018) suggested the use of geostatistical sensor data fusion approach
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for delineating homogeneous management zones in precision agriculture. Manna et al.
(2017) developed a geospatial decision support system as an operational instrument aiming
at soil sealing mitigation. Ferré et al. (2019) found that the use of spatial regression models
for investigating tree—soil relationships in polycyclic tree plantations can support
management decisions. Independently from the pivotal role of soil as a resource, the general
public do not fully appreciate it. Charzynski et al. (2022) well described it and clearly
indicated the improvements of education in soil science as a challenge in a world where soll
resources are under serious threat. Instead, Erdogan et al. (2021) demonstrated that, for
soil conservation, establishing sub-regional and national partnerships is an additional step
in a concrete sustainable soil management implementation process. They also suggested
that a complementary approach between legal instruments and voluntary initiatives linked
to the development of efficient communication and strong commitment is the key to success.

8. Concluding remarks

Research in soil science at Italian universities is multifaceted, with studies ranging from the
molecular scale to the landscape, in agreement with what is happening all over the world.
Landscape studies typically show a specificity linked to the many biogeographical regions
that are present in Italy, but are often carried out by university consortia, whose components
bring specific expertise and skills. Because of the many international collaborations between
Italian universities and partners from abroad, EU and worldwide, studies are not limited to
the Italian territory but range from the poles to the equator. Studies at the molecular scale
are carried out at all Italian universities and their focus reflect sometimes the “historical”
skills of the research groups (cfr. the other chapters of this book), sometimes are more linked
to emerging issues and techniques such as microplastics and omics. Also in this case,
national and international collaborations are the rule, denoting consciousness of the need
of building new knowledge on previously existing findings and skills.

Soil science at Italian universities will certainly proceed following the main research lines
that have been developed in the last few years, and that well represent present and future
challenges. A bottom-up approach has, however, been emphasized in all fields of research,
asking for multidisciplinarity and transdisciplinarity. An effort has therefore to be made in
looking for even more interactions among the different scientific fields. Soil scientists will
certainly play a role, as the approach at different scales they have adopted until now makes
them the perfect interlocutors when dealing with complex natural systems.
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