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Abstract

Urbanization continuously consumes land resources. Soil sealing disrupts carbon fixation, water cycles,
and air flows, threatening ecosystems. To preserve and restore ecological soil functions, the European
Union aims to achieve ‘no-net-land take by 2050’, supporting the de-sealing of unused urban areas. The
project REUSES (Restore Urban Sealed Soil for Alternative Ecosystem Services) mainly aims to restore
the soil functionality of case study areas that have been sealed for a long time by impermeable materials,
such as concrete and asphalt, and to establish green spaces for citizens in the form of community gardens.
The first step implied de-sealing selected areas in Ancona, precisely two abandoned parking lots.
Afterwards, the soil’s biochemical and physical parameters will be evaluated before and after the
interventions. The presence of contaminants, including heavy metals and hydrocarbons, will also be
assessed. Then, the soil will be ploughed and hoed to reduce its compaction and amended with suitable
compost in different concentrations to promote plant growth. Afterwards, two crop cycles of seasonable
vegetables will be planted. The impact of soil de-sealing on crop production will be assessed by analysing
the change in soil characteristics and the edible parts of the selected vegetables. The presence of heavy
metals and other contaminants in the edible parts of the plants will be evaluated for food safety. Moreover,
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the REUSES project also aims to assess citizens' perceptions and interests in urban gardens and determine
what is necessary to involve them by conducting a local survey. The insights gained from this project
can serve as a basis for broader initiatives and projects aimed at urban restoration, generating best
practices protocols for soil restoration.

Keywords: green recycling, soil de-sealing, soil re/storation, urban/community garden, soil contaminant

1. Introduction

Soil plays a vital role in maintaining environmental and ecosystem equilibrium, and it
is considered as non-renewable resource within a human lifetime. The increase in urban
development caused by population growth and economic development drives ever-growing
land consumption at the expense of natural and semi-natural land (European Environment
Agency, 2021; Marquard et al., 2020). Land take causes several harmful effects, as confirmed
by various studies, from the loss of natural habitats and biodiversity to the increased risk of
floods and pollution (Gregory et al., 2015; Scalenghe and Marsan, 2009).

The Environmental European Agency reported a higher increase (+0.15%) between
2006 and 2012 in the average soil sealing index in the Mediterranean countries in comparison
with the rest of Europe (Ferreira et al., 2022), especially in the coastal areas (Munafo et al.,
2013). One of the most detrimental types of land take is soil sealing with asphalt or concrete.
Being covered with impermeable materials makes the soil unreachable from water and air,
causing the progressive degradation of its properties. Soil’s nutrients and biological activity
become depleted, the ecosystems are severely impaired due to the lack of water and gas
exchange, and the available organic carbon decreases considerably (European Environment
Agency, 2022).

To limit the progression of land take and to preserve and restore ecological soil function,
the Council and the European Parliament defined the goal of “no-net-land take by 2050” within
the 7" Environment Action Program and the European Union Roadmap to a Resource-
Efficient Europe (Build Europe, 2022). To achieve this goal, artificialized land must be
recycled in three main ways (Fig. 1): urban densification (new buildings between already
existing constructions to increase populations’ density), grey recycling (constructions of
buildings on a land already developed, reuse and requalification of already existing buildings),
and green recycling (development of green urban areas and land re-naturalization).

Developing green areas in an urban context significantly impacts citizens' quality of
life (Addas, 2023) and urban climate (Heidt and Neef, 2008). Furthermore, urban gardens
serve as gathering places where community members can connect and engage in collaborative
activities that promote physical and mental well-being, helping to reduce the risk of exclusion
(Kim et al., 2014). The type of green areas that are developed bring different benefits. Parterres,
ornamental flowers and tree areas provide a safe place for social and recreational purposes;
kitchen gardens can also offer zero-mile fruit and vegetables.

2. The REUSES project

The possibility of restoration of sealed soil is often underinvestigated. The common
perception is that once the soil is sealed for a long time, its functionalities and productivity are
lost forever. Moreover, if the urban land is abandoned, it loses its intended social function
while adversely affecting the environment. The REstore Urban Sealed soil for alternative
Ecosystem Services (REUSES) project finds the perfect collocation in this context. REUSES
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Fig. 1. Land recycling possibilities. Urban densification requires the optimisation of land use by
increasing population density; grey recycling includes all the necessary measures for the retrieval of

existing urban areas, with the optimisation and adaptation of already in-place buildings; green recycling
aims to restore and implement green urban areas and to re-naturalise exploited lands

The REUSES project aims to retrieve abandoned sealed soils and reuse them as
community gardens (CG); therefore, three prominent aspects will be considered and developed.
First, sealed soil will be revitalised to restore its essential ecosystem functions, such as
productivity, carbon sequestration, water and air storage and exchange, and fostering the
development of new habitats. Second, the feasibility and safety of food production on the
selected land will be evaluated and demonstrated. Third, restoring an abandoned area will yield
significant social benefits, especially if the community actively participates. Hence, REUSES
is a pilot study that aims to understand better what steps are necessary to retrieve abandoned
and asphyxiated land, to make it productive again, and possibly set “best practice guidelines”
for managing the restoration of sealed soil in an urban-social context.

Two institutions, the Polytechnic University of Marche (UNIVPM) and the National
Research Council of Italy (CNR), are involved in the REUSES project. The variety and
complementarity of expertise enable a comprehensive investigation into the requalification of
abandoned sealed soil, the development of urban gardens, and the citizen’s perception and
interest in participating in similar future initiatives.

The UNIVPM participates with the Department of Agricultural, Food and
Environmental Sciences and is in charge of the management and administration of the
REUSES project. The UNIVPM research group has expertise in Soil Science. It has gained
competencies in urban soil research thanks to its involvement in the risk assessment of
pollutants in Ancona and several studies on the effect of climate change on the chemical,
physical, mineralogical, and biochemical properties of soils in the central Apennines. This
expertise is crucial for the evaluation of the sealed soil regeneration. In the REUSES project,
the UNIVPM group is responsible for the study site preparation (asphalt and roadbed removal),
sample taking, and soil morphological and physicochemical characterisation. The team will
also overview the field operations, such as soil preparation, compost distribution, and crop
sowing/harvesting.

The CNR participates in the project with two institutes, the Research Institute on
Terrestrial Ecosystems (IRET) and the Institute of Sciences and Technologies for Sustainable
Energy and Mobility (STEMS).
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The IRET group’s research focuses on the dynamics and interactions among
soil/substrates, organisms (mainly plants), and atmosphere, as well as the effects and impact
of contaminants and climate change on plant and soil characteristics. The group’s expertise
ranges from soil physics and chemistry, even in extreme environments, to the use of
biotechnologies to optimise soil resources and improve soil fertility. Within the REUSES
project, IRET is responsible for analysing soil, compost, and plant samples and evaluating data.
Moreover, it collaborates with UNIVPM in the project management.

The area of expertise of the STEMS group ranges from applying new technologies in
agricultural machinery for improving sustainability and efficiency to studying the
environmental impact of agro-industrial activities. The research also focuses on the sustainable
management of municipal solid waste organic fraction and agro-industrial waste and the
limitations of greenhouse gas emission from the composting process. Moreover, STEMS
group developed a solid knowledge in investigating final user attitudes toward sustainable
innovations. Within the REUSES project, STEMS is responsible for selecting and analysing
the compost, evaluating data, drafting the survey, and engaging Ancona’s citizens to assess
opinions and interest in community gardens.

Figure 2 summarizes the main phases of the REUSES project.

De-sealing the soil of two Soil treatment and amendment
abandoned parching lots with compost. Crops plantation.

Citizens’ survey.
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s0il contaminants. Crop contaminants,

Fig. 2. REUSES project main phases
3. Materials and methods

Two locations have been selected in Ancona, a medium-sized city with 100,500
inhabitants, in central Italy along the Adriatic coast. The municipality granted two abandoned
parking slots of ca. 100 m? each, as shown in Figures 3A and 3B, on loan for free use. One of
the two locations was sealed with a compact and undamaged asphalt layer, not allowing any
aeration or water penetration (Fig. 3A). The other slot was covered with deteriorated asphalt
with an exchange of water, even if very limited (Fig. 3B). This disparity gives the possibility
to evaluate different stages of soil-sealing.

3.1. Experimental design and physicochemical analysis
With the assistance of the Municipality of Ancona, both asphalt and roadbed have been
removed to reach the soil level. Thus, three soil trenches have been excavated in each lot to

study the pedological variability. Soil profiles were morphologically described, and soil
samples were collected according to the genetic horizons for analysis (Schoeneberger et al.,
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2012). The soil's physicochemical (e.g. texture, pH, total organic carbon, total nitrogen,
available phosphorous) and biological (e.g. basal respiration, microbial biomass) properties
will be evaluated in the following months. Since the final purpose of the project is to grow an
urban garden, the presence of harmful pollutants will be studied, among others, the presence
of heavy metals (e.g., arsenic (As), mercury (Hg), lead (Pb)), hydrocarbons, and oils. Before
sowing, the ground was ploughed and hoed to loosen the soil compaction and allow the air and
water to be exchanged.

Fig. 3. Abandoned parking lots granted from the municipality of Ancona. Fig. 3A: First lot covered
with a compact and undamaged asphalt layer; Fig. 3B: Second lot covered with deteriorated asphalt

Each area will be divided into nine randomly distributed plots of ~ 8.5 m? (Tahiri et al.,
2022). Plots will be divided into two sub-plots for planting two seasonable vegetables under
different conditions: i) control soil without amendment, ii) compost dose 1, and iii) compost
dose 2 (double dose 1). Every treatment and crop condition will be done in three replicates for
statistical data treatment.

Compost derived from urban tree mowing was selected to promote soil restoration and
plant growth. Compost characterization will include the analysis of pH, electrical conductivity,
total organic carbon, organic, total nitrogen, C/N ratio, and heavy metals. The dose of compost
to add will be determined according to compost and soil properties. To simulate the cultivation
succession, two crop cycles will be carried out accordingly with the alternation of the seasons.
The selected vegetables will be salad and fennels for the autumn/winter, while potatoes and
tomatoes will take over during spring/summer. The chosen vegetables have different edible
parts (leaves, fruits, bulbs, tubers). Each part of the plants will be analyzed to evaluate the
potential presence and/or accumulation of toxic contaminants to ensure food safety. Figure 4
summarizes the experimental design.

3.2. Citizens engagement
Within the REUSES project, a survey will be administered locally to estimate the

potential community desire for involvement and evaluate the public's perception and interest
in CGs. To develop the proper questionnaire to engage the citizens of Ancona, bibliographic
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research was conducted with various keyword combinations and synonyms:
questionnaire/survey, urban/community garden, food safety, CG benefits, and CG risks.
Different typologies of surveys have been considered, including in-person, online, multiple-
choice, and open questions. To obtain the best comparability between in-person and online
data, the easiness of administration, and the correct classification of respondents’ answers
(Patten, 2014; Schuman and Presser, 1979), a multiple-/scale-responses questionnaire in
person and online has been chosen.

Autumn/Winter Spring/Summer
| 4 s ‘P
W o TJ F N s o Pa
lea|l/leae | Pasa | Paa

Fig. 4. Experimental design for the crop cycles of salad and fennels in autumn/winter and
potatoes and tomatoes in spring/summer. Each vegetable will be cultivated in three conditions: without
compost and with the addition of two different amounts of compost. Each condition will have three
replicates

4. Preliminary results and discussion
4.1. Morphological properties of de-sealed soils

Figure 5 shows soils after the de-sealing. The first location presented a cover of asphalt
and roadbed of 40 cm depth and homogeneous soil morphological properties. The
representative soil profile consisted of a series of C horizons, marked by a massive structure
with no visible roots and skeleton content < 2%. The upper horizons showed signs of prolonged
asphyxia as suggested by gleyic colors (e.g., dark greenish grey), absent in the below layers.
On the contrary, the second location had a less thick layer of coverage, with impermeability
somewhere compromised. The de-sealed area is characterized by higher pedodiversity, likely
due to the preparatory operations for the construction of the parking lot, which involved the
addition of terrigenous fill material in a non-uniform manner.

The variability in the morphological properties among the three excavated profiles can
be summarized by the presence of BC genetic horizons, with differences in structural
development ranging from strongly to weakly developed. Some profiles clearly show evidence
of pedogenetic processes, such as accumulating secondary calcium carbonates in the lower
layers (indicated by the BCk horizon). Additionally, the presence of roots with a wide range
of sizes (from very fine to coarse) suggests that the soil cover still allows for gas and water
exchange, even if minimal.

4.2 Questionnaire
The other crucial aspect is the social impact of the project. Remediation from harmful

pollutants must be left to experts and professionals. Still, communities can and should be
involved in the green recycling of abandoned urban areas for the sustainability and success of
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the project. In perspective, in fact, locals are those responsible for maintaining a requalified
green urban space and are those who will benefit in the first place.

Fig. 5. The two study areas after the removal of the asphalt and the roadbed. Fig. 5A: First lot,
previously covered with a compact and undamaged asphalt layer; Fig. 5B: Second lot, previously
covered with deteriorated asphalt

A questionnaire was developed to engage the citizens of Ancona, both in person and
online mode. The survey is articulated in two blocks of questions: 1) nine multiple-/scale-
response questions about community gardens and 2) ten socio-demographic questions (e.g.,
gender, age, degree, family status). The first block of nine questions covers several aspects of
the CG topic. It starts by assessing citizens’ civic sense, especially in the context of
environmental respect and participation in the maintenance of common spaces, then focuses
on general knowledge about community/urban gardens and different sources of information
on the topic. Then, the survey evaluates the interviewees' interest in urban gardens and
willingness to take over their management. The questionnaire concludes by asking about the
main factors that could incentivize the citizens to participate in CGs, their knowledge of
contaminants, their perception and concerns about food safety for urban gardens’ products,
and the perceived benefits of such initiatives. The survey will be administered in the next
months in person and online mode, allowing the evaluation of the long-term feasibility and
criticality of urban green recycling projects.

5. Concluding remarks

The REUSES project aims to enhance our understanding of sealed soils in the context
of developing community gardens in urban areas. It will provide crucial insights into the soil's
physicochemical and biological conditions of soil resulting from asphalt sealing, as well as
outline the essential steps needed to restore its functionality. Thanks to detailed analysis, the
presence of contaminants that could be relocated in the vegetables will be investigated into the
soil and, after the harvest, in all the edible plant parts to evaluate and guarantee food safety.
To complete the framework, the output obtained at the end of the project could guide and
encourage municipalities to safely rehabilitate abandoned urban spaces, transforming them
into green areas and community gardens.
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This approach will revitalize the ecological functions of long-time sealed soils and
requalify abandoned places. The spreading of CGs in urban areas will promote a more
sustainable lifestyle, with the production of zero-mile fruit and vegetables. Moreover, CGs
will serve as gathering centers and promote collaboration and civic sense while also
encouraging physical activity.
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