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The planning and design of urban and peri-urban green spaces necessitate
careful consideration of various factors, encompassing climatic and agronomic
parameters, botanical and eco-physiological characteristics of ornamental
plants, and interactions between buildings and green elements. These green
areas, along with their composition, play a crucial role in providing essential
ecosystem services within urban environments. The process of designing and
planning green spaces is a complex, multidisciplinary endeavor, involving
professionals such as architects, agronomists, botanists, hydrologists, and civil
engineers. The initial steps involve evaluating the area and its location and
prioritizing environmental and municipal constraints in the analysis. The
selection of plants is heavily influenced by soil and climate parameters. In
cases where the area is already green, a meticulous assessment of each plant
is essential to determine whether preservation or substitution is more
appropriate. Upon completion of the site analysis, the design of the future
green area must consider its environmental and social functions, potential
ecosystem services, its role within the broader context, compositional aspects,
and the judicious use of plant species and materials. This paper proposes a
working method that is both multidisciplinary and multiscale, aiming to create
sustainable, effective green areas that thrive even in challenging conditions linked
to human impact and climate change.

KEYWORDS

urban planning, landscape design, plant selection, ecology, landscape architecture,
environmental planning

1 Introduction

The selection of plants for building a green urban and peri-urban area (UPUA) is
performed considering the aesthetic value of plants and their ability to adapt to suboptimal
conditions (Ferrante and Ferrini, 2023). Despite the aesthetic and adaptative values, the
maintenance requirements must also be carefully considered, especially if maintenance is
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under the municipality administration, because the funds are not
always guaranteed (Molin and van den Bosch, 2014). The group of
experts in charge of planning a new green area must consider the
selection of plant species and their planting pattern, the
composition of the design, the choice of construction materials,
and who furnishes the materials. When designing a new green
UPUA, it is also important to consider potential ecosystem services
and the functions that it performs in relation to the overall context
as well (Pulighe et al,, 2016). The reduction of green areas around
and in cities is usually associated with the increase of pollution and
climate mitigation (Francini et al., 2022).

Urban and peri-urban green planning, also known as urban
green infrastructure planning (UGI), is a strategic approach to
develop interconnected and multifunctional networks of blue and
green structures that potentially provide a wide range of
environmental, social, and economic benefits and simultaneously
enhance the climate resilience of cities (Hansen et al., 2017; Ramyar
et al,, 2021; Korkou et al., 2023). The sustainable development of
cities and the development of urban spaces are of great importance,
not only to maintain nature in the city but also as an urgent need to
improve the lifestyle of urban dwellers (Langergraber et al., 2020).
The quality of life in cities is influenced positively by a range of
significant roles that urban green areas play and provide for its
inhabitants (Francini et al., 2023; Nguyen and Orange, 2023). Green
areas in the urban context contribute to a larger extent to a
sustainable city and the improvement of its environment (Liu and
Russo, 2021). Urbanization processes can lead to the development
of megacities, and green areas are needed to improve the urban
environment in terms of air quality and visual appearance. For
example, the city of Milan has a vision for 2030 to be a green,
livable, and resilient city (Tancredi and Dell’Osso, 2023). This plan
should not generate new volumes compared to the previous 2012
but protects 1.7 million m* from possible urbanization through the
downsizing of settlement forecasts and the constraint to the
agricultural destination of 3 million m? thus reducing soil
consumption by 4%. The city aims to give itself a green footprint,
zeroing soil consumption, enhancing its green and blue
infrastructures, and increasing its resilience to changes that
impact the urban ecosystem (Pulighe et al., 2016). The design of
green spaces to increase ecosystem services needs to adapt different
scientific disciplines at different ecological and urban scales. This
includes single plant interactions with the surrounding
environmental matrix or the relationship of the vegetation with
the municipality (macroscale), neighborhood (mesoscale), and
individual buildings (microscale).

Peri-urban green areas are the landscape interface or ecotone
between town and countryside, also known as the rural-urban
transition zone, where urban and rural uses and functions mix
and often clash. They are recognized as “publicly owned and
accessible open spaces within UPUAs that are wholly or partly
covered by considerable amounts of vegetation” (Semeraro et al.,
2021). These areas are important because they may constitute places
in which awareness is raised with regard to the need to apply
management models that are more respectful of biological diversity,
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generating a critical social mass that enables the extension of these
models to the green belt of UPUAs. To improve UPUAs, state-of-
the-art techniques such as water management techniques or power
management techniques should be used to assess and analyze the
spatial scale of ecosystem service bundles and their relationship
with biodiversity. Green infrastructures in UPUAs have the
potential to improve the quality of life of local populations by
fostering healthy practices, providing beautiful views, and bringing
nature closer to the city (Santo-Tomas Muro et al., 2020; Atanasova
et al, 2021). They also contribute to the mitigation of emissions
(carbon dioxide, particulate matter, etc.) from other urban
activities, thus improving urban sustainability. It is therefore
more and more necessary to design UPUAs according to
interdisciplinary and multiscale methods, capable of providing a
multiplicity of ecosystem services (Chiaffarelli and Vagge, 2023; Dal
Borgo et al., 2023; Hanna et al., 2023). The project planning team
should include experts such as architects, agronomists, civil
engineers, landscapers, hydrologists, and data analysts. All this
knowledge is required for planning green areas with beneficial
effects on citizens, flora, and fauna in urban environments. The
green areas need specific knowledge that correctly provides
solutions for engineering problems related to buildings,
landscape, and nature.

The aim of this paper is to provide a workflow of the activities
that need to be considered for green area designing and planning.
Pedoclimatic information, economic, soil, social, water, and
environmental impact must be associated with the plant species
selected and their maintenance. This paper wants to be a reference
or checklist of all parameters that should be considered in a project
for urban or peri-urban area design and construction. The scope of
this work is to avoid the evaluation of key parameters that are
missed during project development. Unfortunately, if some
parameters are missed or not considered, it can have a negative
impact on the areas in a short or long period.

2 Protocol and procedures for urban
and peri-urban green area design

2.1 Location and area determination

The location should be correctly reported using geographical
information systems (GIS). Physical and digital maps must be
obtained. Old and recent maps can be useful for understanding
the area under evaluation and allow for the identification of
strengths and limitations. These data must allow the
representation of vegetation space, buildings, water channels,
rivers, lakes, and any other objects in the geographical space of
interest (Burrough et al., 2015). The area should be described and
designed with information available in a database that can be linked
to the project. Aside from the maps, historical documents and
studies should be also collected to understand the changes in the
area and foresee the future development of the area of interest.

frontiersin.org


https://doi.org/10.3389/fhort.2025.1354764
https://www.frontiersin.org/journals/horticulture
https://www.frontiersin.org

Burlando et al.

2.2 Environmental and soil parameters

Weather stations related to the project area were identified and
10 or 20 years of data regarding temperature, solar radiation, rain,
and air pollution were downloaded (Clark et al., 2015). These data
must be analyzed to identify environmental parameter constraints
that will affect the new species that may be planted. Soil samples
must be randomly collected in the project area as sampling errors
can lead to wrong evaluation (Jenkins et al., 1997; Theocharopoulos
et al,, 2001). The samples should be taken from the topsoil 30 to 40
cm. These samples should provide the overall soil quality and its
suitability for ornamental plants that will be used.

2.3 Evaluation of the health status of plants

Existing plants must be monitored and categorized, and their
position in the project area can be determined through geographical
position satellite (GPS) coordinates. The evaluation of each plant
should include the following:

- morphological structure (visible roots, branches, trunk),

- visual appearance or aesthetic value (leaf color,
morphology, damage),

- biotic stresses (diseases, insect damage, etc.), and

— abiotic stress effects (salinity-induced necrosis, heavy metal
phytotoxicity, etc.).

2.4 Botanical species selection

The meticulous selection of botanical species in urban and peri-
urban planning and design is a pivotal aspect, demanding careful
consideration of various factors (Leotta et al., 2023). These factors
encompass the local climate, soil conditions, maintenance
requirements, and the aesthetic allure of the chosen botanical
species. In Italy, an exploration of urban street trees uncovered a
rich biodiversity of 277 species, with approximately 60% being
exotic (Caneva et al., 2020). The prevalent species included Platanus
x hispanica Mill. Ex Miinchh., Celtis australis L., and Quercus ilex L.
It is imperative to employ a judicious selection criterion that
incorporates the adaptability of plant species to local climatic
conditions, their aesthetic appeal, and their resilience to abiotic
and biotic stresses. Another study utilized the analytic hierarchy
process (AHP) method and an expert knowledge approach to
effectively select tree species for UPUAs (Li et al., 2021). This
method, grounded in both objective data and personal subjective
idea, offers adaptability for diverse tree planning opportunities
in cities.

Nevertheless, emphasis on botanical species selection for
UPUAs should extend beyond mere aesthetic considerations to
encompass ecological roles and socioeconomic functions
(Velasquez-Camacho et al., 2021). Green UPUAs, for instance,
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significantly contribute to the sustainability of a city and the
enhancement of its environment (Caneva et al, 2020; Nguyen
and Orange, 2023). They play a pivotal role in shaping street
aesthetics and defining the style of the street landscape (Li et al.,
2011). Therefore, the process of selecting botanical species for
UPUAs must be a meticulously planned undertaking, factoring in
a multitude of considerations to ensure the establishment of
sustainable and resilient urban environments. For a correct choice
of the botanical species, the main criteria are the following:

- Plants with abiotic stress tolerance—Abiotic stress includes
drought or water stress, salinity, heavy metals, and shading.
Under drought conditions, plants should be able to reduce
transpiration or improve water uptake. At the
morphological level, plants should have leathery or waxy
leaves (Toscano et al,, 2021). At the root level, plants should
have a greater biomass that allows a larger exploration of
the soil volume and improves water use efficiency. Salinity
is a common abiotic stress in coastal areas. In these
environments, ornamental species should be selected
among the halophytes or plants rich in antioxidants,
proline, or other amino acids (Toscano et al., 2021).
These compounds can be used as indicators or markers
for drought and salinity. In polluted UPUAs with heavy
metals, plants should be able to exclude the metals or
uptake and translocate the heavy metals from their roots
to their aerial parts (Francini et al., 2021). Plants that are
able to exclude the heavy metals can survive and do not
show phytotoxic symptoms. The area will be restored in
terms of ornamental quality, but pollutants will not be
removed. Plants that uptake and translocate the heavy
metals without showing phytotoxic symptoms can be
used for removing these pollutants from the environment.
Shading represents a stress induced by low light availability.
For shaded areas, plants should be selected considering
their shading tolerance which can be measured using leaf
gas exchange analysis. Based on the light compensation
point, the ornamental plant distribution in the planning
area should be performed (Francini et al., 2023). The light
compensation point represents the balance between
respiration and photosynthesis. Plants should be planted
in an area where the net photosynthesis (difference between
photosynthesis and respiration) is positive in a 24-h period
(Atkin and Tjoelker, 2003).

- Coherence with the ecological and environmental
characteristics of the place—These indicators (Ellenberg,
1974; Zolotova et al., 2022) should be considered for the
evaluation of vegetation and soil properties, macro- and
microclimatic characteristics, exposure, brightness,
availability of water, structure, texture and pH of the soil,
C/N ratio, etc. A species coherent with ecological
conditions will be able to adapt better and faster to the
place, will grow stronger and more luxuriant, will be less
subject to pathologies and failures, will make abundant
blooms, and will bear fruits.
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- In UPUAs, resistance to pollution and stress, pollutant
abatement, and heat island mitigation—In cities, above
all, air pollutants represent a major problem for human
health and cause stress for plants. Therefore, in UPUAs, it
would be appropriate to select botanical species that are
able to resist the stress caused by pollutants, often amplified
by water stress during summer. In addition, efficient species
can be selected for the assimilation and storage of carbon
dioxide (CO,) and the reduction of PM-10 and low volatile
organic compound (VOC) emissions, which cause an
increase in the concentration of ozone in the lower layers
of the atmosphere (Bison et al., 2018). The planting layout
will be very important to amplify the efficiency of each
individual species and to mitigate heat island and
noise pollution.

- Ecological connection, biodiversity implementation, and
invasive exotic species control—In the selection of
botanical species, the connection of the new green area
with the existing neighboring ones should be considered.
The creation of a network of green areas is fundamental,
especially in UPUAs to create a resilient and efficient
network for the provision of ecosystem services. A
complex ecosystem is more resilient if rich in species and
biodiversity. The botanical species chosen for the project
and their planting layouts, therefore, will have to guarantee
an increase in biodiversity, and so invasive alien species that
tend to simplify ecosystems and depress biodiversity will be
avoided (Pysek et al, 2020). The selection of botanical
species that attract pollinators, provide food and shelter
for wildlife, and contribute to the overall biodiversity of the
area is important. Native plant species are often the best
choice as they have co-evolved with the local ecosystem and
provide habitat for native wildlife.

- Low maintenance—Both in economic and management
terms, the correct choice of botanical species that allow
for the reduction of water for irrigation, pruning,
substitution of plants that died after transplant, and
incidence of pathologies as well as the assessment of
available resources, such as staff, equipment, and budget,
to determine the maintenance capabilities is important. The
selection of botanical species that align with the
maintenance capabilities will ensure the long-term health
and vitality of the green area.

- Ease of supply in nurseries—This will lower project and
management costs and facilitate plant replacements.

- Historical, evocative, and aesthetic value—The selection of
botanical species should also take into consideration the
plants’ historical, evocative, and aesthetic value, but as
mentioned above, it will not be the only or principal
criterion. The aesthetic appearance, beauty, and
pleasantness of the plants can be enhanced through the
design of the project. Consideration of color, texture, form,
and seasonal interest of the selected botanical species can
create a diverse and visually stimulating landscape
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throughout the year. Incorporating plants with attractive
blooms, vibrant foliage, or interesting texture can enhance
the overall aesthetic appeal of the green UPUAs.

3 Discussion

Designing and planning green UPUAs can indeed face several
critical challenges in cities. The main critical aspects are represented
by the urbanization rate. The increase in urban population is in
competition with the space that can be used for buildings or for
green areas and their utilization (Jim, 2004). The green area
development is also associated with financial resources that are
necessary for the green area establishment as well as maintenance.
The ornamental value of green areas depends on the level of
management that can be performed by private companies or by
public institutions such as the municipality (Azadi et al., 2011;
Sodergren and Palm, 2021). In the latter case, the funds are often
limited which can compromise the quality of the green area.
Recently, a public institution can give the management of green
areas to private companies that use the green space. Traditional
land-use planning models may prove inadequate to address
contemporary issues in sustainable development and protection
governance. To overcome these challenges, it is crucial for city
planners and policymakers to prioritize the creation and
preservation of urban green areas. Innovative approaches, such as
integrating ecosystem services provided via green infrastructure
into traditional spatial planning models, have been shown to
improve environmental performance (Francini et al., 2023).
Sustainable urban drainage systems (SUDS) also represent
solutions that use natural processes to handle stormwater more
sustainably. Another important issue is the quality of plants bought
from the nursery. A healthy plant has a higher success rate in terms
of growth and development after transplant. Finally, it must be
considered that the green areas provide great benefits to inhabitants
and the environment.

3.1 Architectural infrastructure and
relationships with green areas

In the design of an open space, the composition of all the
landscape elements must be considered and should not just focus on
the natural ones. Generally, in a newly designed area, the
architectural design precedes that of the composition of the
greenery, as first of all there is a functional program to be
respected with the creation of paths, play areas, meeting points,
etc. However, within a project, it is the coherent integration with the
living and/or green components, which determines an overall
positive result that meets expectations. A strong character
imprinted on the space, clearly respecting its functionality, can
contribute to a good result; in some cases, there is a prevalence of
artificial elements, and in others, natural ones. In the new district of
Porta Nuova, among the open spaces, which exceed a surface area of
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16 hectares, the BAM (Biblioteca degli Alberi di Milano) is a park
with an innovative design, in which paths of different sizes and
materials intertwine with the vegetation creating a chessboard of
green rooms, irregular fields, circular forests, flowering meadows,
small squares, and equipped areas. In this case, even if there is a
prevalence of green elements, the architectural design is very clear.
When operating in densely built contexts, the benefits of radical
green interventions are almost always numerous and of various
types: economic, social, and environmental. An emblematic case is
the transformation of the neighborhood around the High Line in
New York. Another interesting example is the regeneration project
of the open spaces of the brutalist “Barbican Centre” complex in
London. Nigel Dunnett manages to create a naturalistic
environment immersed in a very built context.

A quality open space is characterized by a synergetic design of
natural and artificial elements; its success depends on many factors,
including a careful design of architectural details. These can
characterize an area, enrich it, and emphasize a theme specific to
that place. In the design of an open space, especially if it is public,
one must comply with basic regulations (overcoming height
differences, cycle and pedestrian paths, playgrounds, car parks),
those of the current urban plans, and municipal building
regulations. One must also investigate whether there are any
green plans and/or detailed plans in the context in which one is
operating, especially if one is in a historical center. Working on the
Italian territory often implies dealing with the stratification of the
ancient fabric, which cannot be neglected, even if there is no specific
reference legislation. When intervening, it is also important to
establish a relationship with the landscape, especially if of quality.

In this regard, the work of Pietro Porcinai (Matteini, 1991) in the
last century is characterized by a continuous search for integration
between architectural details, vegetation, and the characteristics of the
landscape. In the Tuscan context, terracotta or pietra serena
pavements with Mediterranean plants are always present. In the
churchyard of the church of Sant’ Ambrogio in Zoagli (Genoa, Italy),
the waves of white and black pebble paving emphasize the traditional
Ligurian material and the proximity to the sea. In a garden of a
private villa in Portofino (Genoa, Italy), a pool is built with sandstone
paving, typical of Liguria, immersed in a pine forest and a cliff covered
with Mediterranean scrub, but in total visual connection with the sea.

So, if in a context with historical and/or landscape peculiarities,
it is necessary to emphasize its qualities; in other cases, where it is
no longer possible to identify the Genuis loci, it is always convenient
to give a new character to the open space, using contemporary
themes, such as multiculturalism, recycling of materials, and reuse
of water. In this regard, the contemporary interventions such as the
Soul of Ngrrebro (Burlando and Grillo, 2019) for water reuse and
IG’s Superkilen for the enhancement of multiculturalism in a
former disused railway area in Copenhagen (Burlando and Grillo,
2019) are interesting.

Materials play an important role in a green UPUA project,
showing a direct relationship between architectural design and
vegetation choices (Orange et al., 2024). Those used in the local
tradition are proven by centuries of cultural familiarity and
functional verification of use. This is not to say that new
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materials should not be introduced; clearly, their technical and
performance characteristics must be well studied. One aspect that
should never be overlooked when choosing architectural details is
their compatibility with the place where they are introduced, the
same way for the selection of botanical species. For example, one
cannot use stones that crack with thermal variations in locations
with large temperature ranges. In the choice of materials,
inspiration can be drawn not only from traditional elements but
also from the project and/or existing and appropriate vegetation,
e.g., the use of corten for the edge of a flower bed if there are
flowering plants with bark or red leaves.

3.2 Post-planning green UPUA
management

Green UPUA management is a multifaceted endeavor
encompassing the strategic planning, development, and
meticulous maintenance of green spaces within urban settings.
These areas, ranging from parks and gardens to tree-lined streets
and other natural havens, play a pivotal role in enhancing the
overall wellbeing of urban residents and fostering the sustainability
of cities (Aronson et al., 2017; Nguyen and Orange, 2023).
Agronomic management practices, such as plant irrigation,
judicious application of fertilizers, and precise pruning, are
integral components ensuring the vitality of these green spaces
(Eriksen-Hamel and Danso, 2010). The efficacy of green UPUA
management hinges on seamless collaboration among diverse
stakeholders, including local government bodies, community
organizations, environmental experts, and landscape architects
(Orange et al., 2024). This collective effort is crucial for
orchestrating a harmonious balance between the urban
environment and its green elements. Ongoing assessment and
adaptive strategies are imperative to address the dynamic and
evolving needs of urban areas, ensuring the continued efficacy of
green area management practices. To streamline and standardize
these efforts, the development and provision of a comprehensive
guideline manual are paramount. This manual should serve as a
foundational resource for private companies or municipalities
entrusted with the responsibility of green area management,
offering clear directives on best practices, sustainable approaches,
and strategies tailored to the unique characteristics of the urban
landscape (Hughes and Peterson, 2018). By adhering to such a
guideline, those overseeing urban green areas can navigate the
complexities of management with efficiency and foresight,
ultimately contributing to the creation and maintenance of
vibrant and resilient urban ecosystems (Conti et al., 2021).

The green area is not a static element of the landscape but is
dynamic and changes with time. Therefore, the evolution of the area
considering the plant growth and the socioeconomic development
should be considered. The maintenance properly performed can
ensure that the area keeps the planned ornamental value. A specific
post-planning agreement should be signed between the planners
and the municipalities or private companies that will oversee the
management of the area.
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4 Methods, factors, elements, and
criteria for the planning of green areas

To design a green area effectively (both in terms of design,
choice of botanical species, functions, and ecosystem services), an
in-depth multi-scalar analysis of the context is always necessary
according to the scheme presented in Figure 1. Local and extra-local
scale analyses allow us to highlight the vulnerabilities and resilience
of the area, indicating the general planning strategies and
highlighting the role and functions of the project area. An
example of this approach is presented in the case study of Citta
Studi, a neighborhood in the city of Milan, presented in the
Supplementary Materials (Supplementary Data Sheet 1). In the
following paragraphs, the method applied at the scale of a project to
design a green area will be presented: the appropriate analysis,
choice of species, and design composition.

4.1 Environmental conditions of the project
area

The environmental parameters include temperature, rain
intensity and distribution, wind, and snow accumulation. These
parameters can be obtained from local weather stations that are
closer to the project area. At least 20 years of data should be
considered for the project planning and ornamental plant selection.

Extra Local Scale

Macroclimate Geo-
morphology

Environmental Potential vegetation

Local Scale

Mesoclima
Litholology
Real Vegetation

10.3389/fhort.2025.1354764

Temperature: Data should be reported in the project as
means together with minimum and maximum values. This
information is important for selecting plants that can
tolerate suboptimal temperatures in winter and summer.
Temperatures are important for plant growth, which will be
fast in the optimum temperature range and slower in
suboptimal conditions. A historical series evaluation must
be performed at the planting site with particular attention
to minimum temperatures in colder months and to
maximum temperatures in summer months. Based on
these intervals, suitable ornamental species can be
selected (Tabassum et al., 2023).

Rain intensity and relative humidity of air: Rain intensity
and its distribution information can be obtained from weather
stations. These data can provide information on wet and dry
periods and the potential stresses that ornamental plants can
be subjected to. Rain influences the relative humidity of air
which regulates the transpiration of plants. High values can
increase fungal disease incidence, while low values can cause
water stress (Jayamurugan et al, 2013).

Wind: The removal of air from the leaves promotes
transpiration, and drought stress is accentuated during
water-limited conditions. From a physical point of view,
drought stress increases and can encourage the breaking of
branches or the uprooting of trees, endangering people and
buildings (Francini et al., 2021).

Project Scale

Microclima

Pedology

Flora — Vegetation

punctual environmental conditions (light,
salinity, pollution...)

Analysis Ecological Network
Comparison of land uses
by macrocategories

Land-use,

transformation

Anthropic
components

Lanscape Ecology
Analysis

FIGURE 1

(Nature, Water,
Agriculture, Built-up)

Viability, Sprawl analysis,
plans and constraints

Landscape systems main
traits (structural and
functional traits)

VULNERABILITY AND

RESILIENCE (VR)

PROGNOSIS
Planning strategies

L

Comparison of land uses by
specific categories.

Public services (sports,
green areas, schools, etc.),
demography

Landscape systems
quantitative indices (BTC,
diversity, shape complexity,
connectivity..)

Assessment of Ecosystem
Services

VULNERABILITY AND
RESILIENCE (VR)

PRESCRIPTIONS
Corrective intervention

I

Actual land uses

Perceptual-visual, social aspects

Re-computing
v
Concept-plan

Master-plan
Functions
Paths
Choice of species and planting
layouts
Furnishings
Composition....

Scheme of the operations that should be considered and followed for urban and landscape design and planning.
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Snow intensity and accumulation: Snow intensity must be
considered for its potential danger to cars, pedestrians, and
buildings that are under or close to ornamental plants.
Snow accumulation on trees depends on their
morphological and structural properties.

4.2 Soil chemical and physical properties

Soil fertility and physical properties in the project area must be
accurately evaluated. Soil quality affects plant growth and
infrastructure stability. Therefore, an appropriate soil analysis
must be performed before the planting of ornamental species and
the construction of buildings. The most important parameters that
must be considered are the pH, salinity, organic matter, soil particle
size, structure, and macro- and microelements. The soil’s physical
properties refer to the characteristics of the soil related to its
physical structure and texture. These properties play a crucial role
in determining the suitability of soil for plant adaptability (Toscano
et al., 2019).

Soil texture and structure: This parameter refers to particle
size, which is classified from largest to smallest as sand, silt,
and clay. The relative proportions of these particles can
classify the soil as clay, loam, or sand. Sandy soils have
larger and coarse particles. Silty soils have medium-sized
particles, and finally, clayey soils have smaller and finer
particles. Loam soils have a balanced mixture of sand, silt,
and clay, providing good fertility and drainage. In an urban
environment, the soil is subjected to the activities of
different workers such as building contractors, landscape
gardeners, etc.; road management activities; and others. The
activities of these workers can affect the composition,
fertility, and quality of the soil (Huinink, 1998). Soil
structure represents the arrangement of soil particles into
aggregates or clumps. A good soil structure allows for
proper aeration, water drainage, and root penetration.
Unfortunately, in urban areas, often, the high traffic or
parking close to the plants induces compactness of the soil
with a negative effect on plant growth and survival (Mendes
et al., 2024).

Understanding and managing these soil physical properties is
essential for optimizing agricultural practices, land-use planning,
and environmental conservation. Soil testing and analysis are
common methods used to assess these properties in the project area.

Soil chemical properties: This information refers to the
chemical composition of the soil. These properties play a
crucial role in determining the fertility and suitability of the
soil for plant growth. Most plants prefer a slightly acidic to
neutral pH range for optimal growth. pH regulates nutrient
availability, and a lower or higher pH can lead to nutrient
deficiency. Soil analysis including pH can help in the
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determination of fertilizer application. Electrical
conductivity (EC) measures the salinity of soils through
the electrical conductivity of the soil aqueous extract. High
EC levels can indicate salinity issues, which can affect plant
growth. Along with soil chemical properties, this
information can ensure the growth of plants and the
ornamental value of the green area.

Cation exchange capacity (CEC): This measures the ability of
the soil to hold and exchange positively charged ions (cations)
such as calcium, magnesium, and potassium. Soils with higher
CEC generally have better nutrient-holding capacity such as
clay soils or soils rich in organic matter. In a specific urban
area, the CEC can be increased by the addition of clay or
organic matter. The addition of clay has a long-lasting effect,
while increasing organic matter is transient unless
programmed additions are annually planned.

Soil organic matter: Organic matter in the soil comes from
the decomposition of plant and animal residues. It
improves soil structure, water retention, nutrient
availability, and microbial activity. It is a key component
of soil fertility. In an urban environment, the addition of or
enrichment with organic matter is quite difficult since soil
tillage is not regularly performed.

4.3 Soil and air pollution in the project
areas

Pollution can negatively affect plant growth and the ornamental
quality of green areas. Therefore, appropriate analysis and
monitoring should be taken into consideration before the
selection of ornamental plants.

Soil pollution: The most common pollutants of soil in urban
or peri-urban areas are represented by heavy metals
(mainly Pb, Cu, Zn, Mn, Mo, B, etc.) or organic
compounds coming from hydrocarbons (Pierattini
et al,, 2018).

Air pollution: In UPUAs, pollutants can be particulate
matter such as heavy metals, pollens, dust, and ozone
(SO,, NO,, PAN, NO, O5).

5 Conclusion

The effectiveness of designing and establishing a green area
relies on the integration of numerous environmental elements,
encompassing both plants and infrastructure. Plants need to
acclimate to diverse soil characteristics, temperature variations,
relative humidity levels, and variations in light/shade intensity.
Additionally, they must contend with stressors in urban settings,
such as pollutants, soil compaction, aridity, floods, and extreme
weather events associated with climate change.
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Green areas play a vital role in alleviating urban stress and
offering a range of ecosystem services. Therefore, an appropriate
approach involves a multidisciplinary design and planning
framework that places ecology and the environment at its core,
incorporating nature-based solutions (NBSs).

Green infrastructure in and around cities has been highlighted
as important in the face of climate change effects and plays a major
role in providing urban areas with resilience capacity.

The relationship between design and ecology is important, as is
the need to include multidisciplinary knowledge and the integration
of ecosystem services in planning for the implementation of
sustainability in cities.

A successful design and planning of effective UPUAs can be
achieved with appropriate educational programs. At the university
level, several multidisciplinary courses have been developed to
prepare experts with knowledge focused on urban and peri-urban
greenery. All disciplines related to agronomy, botany, architecture,
hydrology, ecology, and civil engineering are needed, with a focus
on planning and the design of green areas and landscape.
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