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Abstract: Urban areas are facing a range of environmental challenges including air, water and soil
pollution as a result of industrial, domestic and traffic emissions. In addition, global climate change is
likely to aggravate certain urban problems and disturb the urban ecology by increasing the frequency
and severity of extreme weather events. In the context of urbanization growth and the consequent
impact on the environment, there is a growing interest in maintaining urban soil quality and functions
as they are the medium for green infrastructure development. Furthermore, urban soils are becoming
one of the key factors in the delivery of many ecosystem services such as carbon storage, climate
regulation, water flow regulation, etc. On the other hand, urban soils are well-known to be a major
sink of air pollutants due to the wet and dry atmospheric deposition and recirculation. Soil has the
ability to degrade some chemical contaminants but when the levels are high, urban soils could hold
on large amounts and pose a risk to human health. A cost-effective technological solution is to use the
ability of some plant species to metabolize, accumulate and detoxify heavy metals or other harmful
organic or inorganic compounds from the soil layer. The establishment of urban lawns (grass covered
surfaces) is a helpful, environmentally friendly, economically sustainable and cost-effective approach
to remove contaminants from polluted soils (terrains), which also has some aesthetic benefits. In
this paper, an overview of the benefits and limitations of urban lawn construction is presented.
The focus is on the perspectives for sustainable management of urban lawns, especially as buffer
green patches in the road network surroundings, that can represent strategies to provide ecological
and social multifunctionality of urban soils, and thus, increasing their ecosystem services capacity.
Specifically, the paper highlights (i) the possibilities for phytoremediation of urban soils, (ii) potential
of some perennial grasses and (iii) key issues that should be considered in the planning and design of
urban lawns.

Keywords: phytoremediation; soil pollution; perennial grasses; green infrastructure; ecosystem
services; life quality

1. Introduction

The growth of industrial and urban areas is invariably associated with environmental
pollution, causing negative changes in the air, water and soil at biological, physical and
chemical levels, and is thus revealed to worsen quality of life [1-4]. Anthropogenic ac-
tivity results in organic and inorganic pollution of urban areas, including with CO,, SO,,
particulate matter (PM), soot, heavy metals, hydrocarbons, aldehydes, etc., that are toxic
to humans, animals and the environment as a whole. A permanent level of air pollution
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(even at low doses) significantly affects urban ecosystems (parks, gardens, green areas,
etc.), so often they need to be restored and rehabilitated. Furthermore, air pollution is
regarded as a factor that contributes to the worsening of human health, so it is of great
importance for social well-being [5]. Air pollution is also one of the factors for the de-
position of contaminants in the soil, together with waste disposal, pesticides application,
road maintenance during winter season, etc. [6] Once in the soil, hazardous elements can
pass from one medium to another, as well as in drinking water, living organisms and
in the atmosphere (in the form of recirculating dust) [7]. Many studies have shown that
when the soil temperature and humidity are disturbed, organic matter and the intensity
of self-purification are reduced, but on the other hand, carbon content, compaction and
alkalinity of urban soil are increased. Impaired physicochemical properties of soils directly
affect their microbial biocenosis composition and structure [5,8].

The World Health Organization reported in 2019 that in megacities and large cities
with developed heavy and chemical industries, the level of air, water and soil pollution
exceed the maximum allowable values [9]. Environmental problems in settlements are
addressed by the use and improvement of green and buffer areas as a means of reducing
air and soil pollution due to the increased use of personal and public vehicles as the main
sources of pollutants in an urban environment. Over the last decade, much research has
been carried out looking for environmentally friendly and safe approaches to reduce the
impact of transport on air quality [4,9,10]. In many countries, the refusal of personal motor
vehicles and the use of alternative transport are encouraged, but the results obtained are
often contradictory and environmental problems in settlements are exacerbated.

Historically, urban soils have been ignored for a long time in the scientific research
due to the failure to assess their importance to the urban population. According to the
UN forecasts, 70% of the world’s population is expected to live in cities in 2050, revealing
to the even greater anthropogenic pressure on urban soils [8]. Soil is a major depot for
accumulation and infiltration of anthropogenically derived components, which creates
significant technical and economic challenges in their removal by conventional methods.
At the same time, soil plays a key role in the growth and development of urban vegetation,
which in turn contribute to maintaining air and water quality. Urbanization and indus-
trialization of urban areas have a negative impact on the environment and a reduction
in soil ecosystem services (mainly due to soil compaction) or a complete absence of soil
ecosystem services (due to degradation) are often observed [11]. The trend of increasing
the number, role and size of cities is expected to intensify in the coming decades [12],
which requires the search for sustainable solutions and management practices in order to
compensate for environmental problems caused by urbanization impact on soil quality and
functioning [13]. Enhancing green infrastructure is beneficial in mitigating the effects of
urban development and biodiversity conservation, as well as in flood management and in
the reduction of heat, dust, and air pollution, but requires adequate planning and strategies
for their support. This is especially important in terms of urban lawns, as the traditional
protection and restoration opportunities of these habitats are limited [14].

In this context, the scope of this paper is to emphasize the relevance of the problem
of urban soil pollution and to provide an overview of the benefits and limitations of
applying urban lawns as a tool in sustainable soil management. The focus is on the
perspectives for construction and the maintenance of buffer green patches in the road
network surroundings due to their vulnerability to both traffic pollution and flooding.
Approaches, ideas, and techniques for phytoremediation, reported by various authors in
terms of accessibility and effectiveness, are discussed. Specifically, the paper highlights
some perennial grasses and their potential in phytoremediation of contaminated urban
soils—perennial ryegrass (Lolium perenne L.), crested wheatgrass (Agropyron cristatum L.),
standard wheatgrass (Agropyron desertorum Fisch.), tall fescue (Festuca arundinacea Schreb),
and cocksfoot (Dactylis glomerata L.) This approach is not limited to the simple introduction
of vegetation in urban areas, but aims to make the vegetation an active part of urban space
design, focusing on human well-being [15]. Therefore, it is needed firstly to identify trends
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across studies which could be developed, generalize and provide different insights into
strategies to support the ecological and social multifunctionality of urban soils, and thus
increasing their ecosystem service capacity.

2. Material and Methods

The initial identification of scientific literature in the field was done by searching for
articles using the Scopus, Web of Science and Science Direct platforms in addition to the
articles known to the authors. The literature search was carried out in early 2021. The
keywords searched were urban soil pollution, traffic pollution, phytoremediation, green
infrastructure, urban lawns, and perennial grasses. Some terminology associated with soil
processes and functions was also included, such as the ideas of ecosystem services and
ecological functions of soils being closely related [16].

Only papers written in the English language were considered. The screening of the
outputs was manually performed to first remove duplicates, and then by checking the
abstract, methodology and conclusions; only those studies fitting the topic of the paper
were selected as eligible, which left 153 papers that were relevant [17]. The three-staged
literature review process is presented in Figure 1 following [18].
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Figure 1. Literature review process.

The analysis is presented in Section 3 (Results) as follows: first, a synthesis of the
phytoremediation mechanism is provided (Section 3.1), with a focus on benefits and
potential of perennial grasses (Section 3.2) providing examples related to the breeding and
selection of varieties with specific features in both urban lawn construction and urban soil
remediation. Some technological solutions related to the urban lawn establishment and
maintenance are discussed in Section 3.3, providing examples for sowing rate, fertilizing
and weed management. Conclusions and future possibilities are given in Section 4.

3. Results
3.1. Phytoremediation as an Effective Strategy for the Restoration of Soils around the Urban
Road Network

Selected studies by the literature search on urban soil pollution are focused on heavy
metals [19-21]; polycyclic aromatic hydrocarbons (PAHs) [22,23]; salts used for road de-
icing [24] and anthropogenic residues, which further contribute to human health risks.
These studies highlight contaminants presented in urban soils and show that reducing
public exposure to such contamination is crucial.

Phytoremediation is an effective strategy and is often part of the integrated approach
used in environmental restoration programs on contaminated lands [25-29] as it is econom-
ically feasible, easy to manage, environmentally friendly, erosion preventing, etc. [30,31].
Phytoremediation involves the use of plants, together with appropriate agronomic practices
(liming, application of fertilizers, organic matter, etc.) to remove, immobilize or neutralize
pollutants in urban ecosystems [30,32-34]. A number of authors consider the advantages of
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phytoremediation as a cost-effective technological solution using the ability of some plant
species to metabolize, accumulate and detoxify heavy metals or other harmful organic or
inorganic pollutants accumulated in the soil layer [35-39]. In particular, heavy metals do
not decompose in the soil for a long period of time, becoming a long-term environmental
threat [40]. Basic heavy metals, such as Cu, Fe, Mn, Ni and Zn are part of the physiological
and biochemical processes during the life cycle of plants, but can become toxic when their
concentration increases [41]. Other heavy metals, such as Pb, Cd, As and Hg, are highly
toxic with no known function in plants and can severely affect various physiological and
biochemical processes [42].

It is well-known that phytoremediation is carried out through a number of mecha-
nisms, such as phytotransformation (phytodegradation), phytoextraction, phytostabiliza-
tion, phytovolatilization and rhizofiltration. Phytoextraction and phytostabilization are the
two most popular phytoremediation techniques. Phytoextraction involves the absorption of
heavy metals from the soil, their transfer and accumulation into aboveground plant tissues,
which are then removed from contaminated soil. The plants used for this process must
have a fast growth rate, intensive biomass synthesis and high tolerance to heavy metals.
Plants with a well-developed root system are suitable for phytoremediation, capable of
performing rhizofiltration, and plants with a well-developed aboveground biomass are
preferred for phytoextraction [43].

Plant species with the ability to maintain very low levels of toxic elements in their
aboveground part are preferred for phytostabilization or phytoimobilization purposes
due to the regulation of absorption and transport mechanisms. Accumulator and hyper
accumulator plants are able to store toxic elements, mainly in their aboveground biomass,
due to efficient transport from roots to stems (the ratio between stems and roots is greater
than one). Such plants are used for efficient phytoextraction and form a significant amount
of biomass that can be used after harvest for energy production [44].

Zhang et al. [45] revealed that some perennial grasses accumulate higher amounts
of lead (Pb) in their root tissues than in aboveground biomass, with significant genotypic
differences between different species. Furthermore, the accumulation of heavy metals in the
root system of grass is the largest in the rhizosphere zone of soil. According to the authors,
the organic compounds released in the rhizosphere zone contribute to the development of
microbial coenoses that accumulate some heavy metals. The accumulative effect, however,
depends on the ontogenetic development of the plants in the urban grassland and on
the concentration of industrial pollutants in the soil [46]. Other studies found that the
formed stable microbial coenoses in the rhizosphere soil zone contribute to the conversion
of some toxic hydrocarbons into non-toxic forms, as well as to the degradation of some
chemical contaminants in the soil, forming them into substrates for soil microorganisms’
development [47-49]. The results obtained in the experimental work of many other authors
are quite similar [50-52]. These authors stated also that in addition to the fact that peren-
nial grasses have the ability to accumulate larger amounts of heavy metals in the roots
and/or rhizomes, they could represent a vital part of the ecological systems in the urban
landscape—for parks construction, roadside buffer green patches establishment, sports
fields green cover, etc. Perennial grasses are strongly recommended due to the formed
dense vegetation cover after mowing, the high anti-erosion potential, and something more:
their aboveground biomass is less flammable after drying when compared to other plants
used for decoration and landscaping. The formed grass turf also improves the microclimate,
helps to absorb carbon dioxide, increases biodiversity and improves soil fertility in the area.
Most of the perennial grasses (especially those with C4 type photosynthesis) have a well
expressed tolerance to abiotic and biotic stress with a high potential for growing in a wide
range of soil types, climatic and meteorological conditions [53-56].

Based on the above-mentioned, it is obvious that the selection of species and varieties
of plants used for phytoremediation is determined by a number of biological characteris-
tics of the species, related to their intensity of growth, accumulation of pollutants in the
roots and aboveground biomass, as well as their biological potential for detoxification of
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contaminants [57-59]. When regarding the phytoremediaton of urban soils by the con-
struction of buffer green patches along heavily congested urban roads, these plant species
should also be tolerant to various anthropogenic activities and adapt to the unfavorable
urban environment.

The use of lawns in urban areas is seen as a product of the modern way of life [60].
Lawns cover a significant part (up to 70—75%) of all the open green areas in urban regions.
They are built in different parts of the cities—public parks, gardens, golf courses, roadsides,
etc. Most people accept lawns in urban areas as “natural” and even as a mandatory element
of the urban landscape, without questioning their social, environmental or aesthetic values
as well as issues related to their construction, maintenance and use [61].

Grassing of open spaces and along the roadside network with heavy traffic is a practice
in many European cities that aims to bring greenery back into urban space and to provide
habitats for wild biodiversity. The formed lawns provide many benefits for each urban area,
such as reducing the air temperature, forming a permeable surface through which rainwater
can penetrate, and so on. Aesthetically green lawns are perceived to be significantly better
than the concrete or asphalt cover that forms the urban environment. The landscaping
technology around and between the road arteries allows grassing of already existing or
new areas, as well as on areas with laid tram rails. Many studies demonstrate that the
established urban lawns have a multifaceted positive effect: the green cover, which is close
to car traffic, absorbs harmful dust particles from the atmosphere; reduces soil and air
temperature; and acts as a natural drainage of rainfall [62—-68]. Furthermore, green patches
along roads and in open spaces have significantly lower maintenance costs compared to
costs if maintaining the same areas but covered by concrete, asphalt and other construction
materials. The other benefits of the urban lawns and buffer green patches along the road
network are related to the fact that they provide accessibility for snow removal equipment
during the winter season; contribute to the drainage of the terrains along the city roads; and
reduce noise from the contact between the asphalt road and car tires [62-68]. Landscaping
of urban road infrastructure is not a new idea but it it is still based mainly on the aesthetic
and physiological criteria for plant composition. There is a need to enhance the role of
urban lawns as a tool for restoration and sustainable management of urban soil quality,
which could be done by implementing the phytoremediation potential as a criterion in the
species-selection process.

3.2. Perennial Grasses—DBenefits and Potential for Phytoremediation of Degraded Urban Soils

The establishment of urban lawns and green patches is associated by a compliance
with a number of technological solutions and requirements that determine their effective
use in grassing and formation of natural turf from perennial grasses. Genetic resources of
perennial grasses are their populations in natural habitats as well as the adapted ecotypes
and varieties in a certain region, maintained by breeding programs and seed production [69].
Using the modern breeding programs, a wide list of varieties with valuable biological
features has been created: fast growth rate after mowing, high tolerance to chemical
pollutants (toxic substances), significant resistance to abiotic and biotic stress as well as to
the impact of economically important diseases and pests [70]. Differences in the intensity
of leaf coloration in grass stands allow the formation of various colors and shape panicles
which, both with other biological features, are a prerequisite for increasing entomological
diversity [71]. The use of perennial grasses in the establishment of urban lawns and buffer
zones is an efficient method for sustainable and biological restoration of contaminated and
degraded urban soils in a short period of time [72].

Over the last decade, perennial grasses have been preferred by landscape architects
when creating decorative compositions in urban landscaping to control soil erosion due to
their biological and ecological features [73-76]. Many authors have identified the significant
potential of perennial grasses for phytoremediation [77,78]. They are characterized by
a fast growth rate, a well-developed root system, a large aboveground biomass and a
long life cycle. In addition, they show a high tolerance to soil contamination with heavy



Land 2022, 11, 343

6 of 23

metals [79], so they can accumulate large amounts of heavy metals in both roots and
shoots [80-82]. A large number of studies have been conducted on evaluating the processes
of uptake, transport, accumulation, and toxicity of trace elements in grasses, assessed for
phytoremediation. Undoubtedly, perennial grasses have a tremendous potential to stabilize
trace elements in soils, sediments, and wastewater [83-89].

In ecological terms, perennial grasses can be used for phytoremediation, due to their
huge biological potential, regenerative capacity after mowing, undemanding fertiliza-
tion and their ability to grow on poor and unstructured soils, allowing phytomanage-
ment of ecosystems with little investment and minimal maintenance [25,37,90]. Thanks
to their multi-year life cycle, grasses can be successfully used for phytoremediation, as
the aboveground-formed biomass could be easily removed from the grasslands, which
determines the continuous phytoextraction of pollutants from the contaminated sub-
strate [37,50,91]. The minimum investment in the creation of urban lawns, as well as the
long period of use, determines economic profitability, subject to minimum agro technical
requirements, measures and approaches [92-96]. From the point of view of the formation
of stable ecosystems, perennial grasses are ecologically dominant species, widespread in
the world, adapted to grow on rich and well-structured soils, as well as on poor, weak and
degraded soils [91,97-100]. The inclusion of perennial grasses in the establishment of urban
grasslands is a prerequisite for building sustainable ecosystems by preventing the invasion
of weed species [101,102]. Depending on the anthropogenic factor specifics for each urban
area, the suitability of specific grass species should be first assessed.

Some experiments have shown that self-cultivation of perennial grasses is less effec-
tive when performing phytoremediation of contaminated soils compared to the use of
grass—legume mixtures [103-107]. Mixtures of perennial grasses and legumes in different
quantitative proportions are widely used in anthropogenic ecosystems, as a means of
restoring the structure and quality of the soil and improving the biodiversity and energy
flow of substances. With the constantly formed grass cover and a well-structured and
developed root system, they protect the soil from water and wind erosion, increase the
biological diversity, take part in carbon sequestration, and last but not least, reveal an
adequate economic return on the investments made in their creation. Five plant species
(sunflower, oat, rye grass, tall fescue, and green gram) were found to be able to survive the
mixed contaminated conditions [108].

Ornamental grasses have become increasingly popular in recent years because they
are adaptable to a wide range of climatic conditions, including humid and arid areas, with
a wider habitat. They require minimal maintenance, have fewer pest problems, and are
less demanding on the soil than other ornamental plants [103]. Their many useful features
have attracted the attention of landscape architects in landscaping public or private areas,
grassing terrains, creating decorative compositions, erosion control, etc. [74] Some of the
ornamental grasses have specific panicles and leaf coloration and can attract the wild
enthomofauna [71]. On the other hand, ornamental grasses can play a significant role in
the phytoremediation of contaminated urban soils.

According to the summary of studies, urban soils are anthropogenically influenced
and most often have disturbed properties and functions; however, grasses from the Poaceae
family dominate in plant communities and determine the appearance of the vegetation in
the free undeveloped spaces in the settlements, thanks to their high ecological plasticity
and stability [37,109-113]. Over the last 20-25 years, European park science and practice
has paid considerable attention to the creation and use of public green spaces. Since the
1990s, there has been a trend to replace the demanding exotic species with sustainable
plantations from native species [114,115]. In a number of industrial and metropolitan cities,
landscape designers develop projects of urban compositions in park areas, using many
perennial grasses (Lolium perenne L., Agropyron desertorum (Fisch. ex Link) Schult, etc.) for
ornamental purposes [115-118].

The genus Lolium from the Poaceae family is one of the most famous genera of
grasses used in the world for fodder and ornamental purposes. Perennial ryegrass



Land 2022, 11, 343

7 of 23

(Lolium perenne L.) is a widespread species, with good rooting, rapid initial growth, biomass
productivity, tolerance to trampling, mowing and grazing, with high nutritional value for
ruminants [116,119,120]. Referred to as the so-called phytoaccumulators, it can accumulate
up to 1—2% potentially toxic elements (PTE) [121]. It is classified as a tolerant plant to air
dust and is used for grassing polluted soils in urban environments, as well as in open spaces
and parks. Perennial ryegrass has the ability to reduce soil erosion, improve microbial
activity, soil fertility and carbon storage [122]. It is recommended to be successfully used
for biological remediation of significantly contaminated soils with heavy metals, although
the formed aboveground biomass from the culture growing on contaminated soils is often
lower [123-127]. Italian ryegrass (Lolium multiflorum) can grow successfully in soil with
increased content of cadmium (Cd) and lead (Pb), with no symptoms of visual phytotoxicity
in culture [121,128,129]. Similar results are reported by Li et al., which have found that
perennial ryegrass develops without visible phytotoxic symptoms, forms a dense grass
cover on sediment substrate, although the yield of the aboveground biomass decreases
from 2 to 43%, and in the presence of heavy metals Cu, Zn, Ni, Cd and Pb in soil profile,
the reduction of aboveground biomass is in the range of 6 to 44% [130]. Lolium perenne L.
has been recently described as a suitable plant to restore metallurgical sites [123,131,132].
The authors confirmed that this plant species seems to accumulate Cd and Zn from soils
as previously reported in urban areas [133-135]. The possibility to use Italian ryegrass in
the remediation of aqueous and soil solutions polluted with terbuthylazine—a herbicide
belonging to the triazines class and widely used in agriculture for crop protection—was
also reported by Mimmo et al. [136] Phytoremediation ability of perennial ryegrass assisted
by Pseudomonas to remove DDTs has been also documented and it was found that the
plants may enhance the rhizosphere environment for microorganisms and promote the
bioremediation of pollutants [137].

Another large genus of the Poaceae family is the genus Festuca with over 600 species
described. Festuca spp. are distributed mostly in the temperate zones of both hemispheres,
but more abundantly in the Northern Hemisphere [138]. Fescue grass is an important
component of natural, permanent and artificially created lawns and has an important role
in landscape protection against climate change. The group of fescue with broad leaves
includes meadow fescue (F. pratensis Huds.) and tall fescue (F. arundinacea Schreb.). The
narrow-leaved fescue group (with fine leaves) includes red fescue (F. rubra L.) and sheep
ovine (F. ovina L.). Narrow-leaved species have minimal water loss during plant respiration,
and are characterized by intensive growth after mowing or trampling. Their tolerance to
soil acidity (pH = 5.5-6.5), climatic conditions (severe drought) and shading makes them
commercially and economically valuable for grassing in urban areas and for decorative
purposes [139-142]. Red fescue (Festuca rubra L.) has been successfully used to prevent
erosion and stabilize slopes, canals and river banks [143]. In their experimental work,
Begonia et al. found that the species also has a high potential for phytoextraction of
lead (Pb), developing on heavily lead-contaminated soils without any visible phytotoxic
symptoms and without reducing the formed aboveground biomass from the crop [144].
Festuca arundinacea ‘Rahela’, may absorb a relatively high amount of heavy metal ions from
the soil, without significant reduction of biomass yield, what is expected in the case of
bioremediation practices. So, this cultivar could be regarded as a potential candidate for
the phytoextraction of Cd-contaminated soil [145].

The genetic resources of perennial grasses are populations in natural habitats or
region-adapted ecotypes and varieties, maintained by seed production [69]. The genetic
improvement of cereal grasses is the subject of research in various breeding programs.
Varieties with high potential for biomass production have been created using modern
technologies and selection schemes. The creation of varieties with high growth potential
after mowing, resistance to stressors (toxic substances, drought and low temperatures),
major diseases and pests should also be the subject of such programs. It is also necessary to
create varieties with potential in warmer and colder regions, which increases the possibility
of commercialization compared to the market opportunities of such technologies [70].
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As an example, some achievements of the Institute of Forage Crops (IFC), Pleven,
Bulgaria, in the selection of perennial grasses with potential for urban lawns construction
and phytoremediation of urban soils are presented. This institute is a part of the Bulgarian
Agricultural Academy and performs long-term breeding and improvement work with
perennial grasses. Five new varieties with complex qualities are certified and entered in the
Official variety list of the Republic of Bulgaria, incl. Perennial ryegrass, Crested wheatgrass
and Standard wheatgrass.

Cocksfoot (Dactylis glomerata L.) Variety Dabrava (Figure 2)—The plants have an
upright habit (hay type). It belongs to the group of medium-late varieties with great vitality
and longevity of use. It is resistant to abiotic stress under the influence of drought and low
temperatures, tolerant to leaf and stem rust with a prolonged period of use of 5 years or
more [146].

Figure 2. Cocksfoot (Dactylis glomerata L.) Variety Dabrava. Author’s photos of Prof. A. Katova.

Tall fescue (Festuca arundinacea Schreb) Variety Albena (Figure 3)—The plants have a
semi-upright habit. The generative shoots are relatively thin with 4-5 internodes, resistant
to lodging. The variety is drought-tolerant, cold and frost resistant, and with high toler-
ance to leaf and stem rust. Plants are characterized by great vitality and longevity (over
9-10 years) [146].

Figure 3. Tall fescue (Festuca arundinacea Schreb) Variety Albena. Author’s photos of Prof. A. Katova.

Three varieties of Perennial ryegrass (Lolium perenne L.) are created in recent years, both
grow very early in spring when the soil warms up to 3—4 °C and continue their vegetation
until the first frosts. They are tolerant to frequent mowing, have a greater durability, winter
hardiness and tolerance to drought and high summer temperatures.
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IFC Harmoniya (Figure 4) is a diploid variety. The plants have a well-developed
bearded root system, intensive tillering, with a semi-upright to upright habitus relatively
resistant to lodging. The leaves are linearly flat or slightly curved, dark green, smooth and
shiny on the underside [147].

Figure 4. Perennial ryegrass (Lolium perenne L.) Variety IFC Harmoniya. Author’s photos of Prof.
A. Katova.

Tetrany (Figure 5) is a tetraploid variety of perennial ryegrass. It is early- to medium-
early, ecologically stable (winter hardy and drought tolerant), highly productive and
long-lasting. The plants have a well-developed bearded root system, intensive tillering.
They form numerous and well-leaved generative and vegetative shoots. The generative
shoots are 2.8 mm thick stems, smooth, and relatively resistant to lodging, with 4-5 leaves.
The leaves are linearly flat or slightly curved, very dark green, smooth and shiny on the
underside. The variety is multifunctional, suitable for grazing, hay-grazing and ornamental
use, alone or in mixtures with red fescue for decorative and sports-technical stands, with a
high percentage of soil cover [148].

Figure 5. Perennial ryegrass (Lolium perenne L.) Variety Tetrany. Author’s photos of Prof. A. Katova.

Tetramis (Figure 6) is a tetraploid variety, very early, highly productive, ecologically
stable (winter-hardy and drought-tolerant) and long-lasting. It forms well-leaved genera-
tive and vegetative shoots, resistant to lodging, with 4-5 leaves. The foliage of the plants
is 35—43%. The leaves are linearly flat or slightly curved, light green, smooth and shiny
on the underside. It is suitable for creating meadows and pastures, urban landscaping,
etc. [149].
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Figure 6. Perennial ryegrass (Lolium perenne L.) Variety Tetramis. Author’s photos of Prof. A. Katova.

Two varieties of Agropyron sp. have also been created in recent years, both beginning
vegetation in early spring when the soil warms up to 3—4 °C and continuying until the
first frosts. They are characterized as having a very long durability over 10 years, a high
winter hardiness and drought resistance, resistance to leaf diseases and tolerance to high
summer temperatures.

Crested wheatgrass (Agropyron cristatum L.) Variety Svejina (Figure 7)—The plants are
xeromesophytic with a deeply developed root system, mainly located in the soil layer up to
1 m and reaching a maximum depth of 2.4 m, with an upright habit. It forms numerous and
well-leaved generative and vegetative shoots. The generative shoots are 1.8-2.0 mm thick,
smooth, and resistant to lodging, with 5-6 leaves. The leaves are linearly flat, medium
in size, slightly curved, are light to blue-green, smooth in length (17-18 cm) and width
(4-5 mm), and the lowest ones are sometimes hairy. It is suitable for creating anti-erosion
grass areas and maintaining the landscape [150].

Figure 7. Crested wheatgrass (Agropyron cristatum L.) Variety Svejina. Author’s photos of Prof.
A. Katova.

Standard wheatgrass (Agropyron desertorum Fisch.) Variety Morava (Figure 8)—The
plants are xerophytic with a deeply developed root system, mainly located in the layer
1 m and reaching a maximum depth of 2.4 m, with an upright habit. Forms well-leaved
generative and vegetative shoots resistant to lodging, with 5-6 leaves. The leaves are
linearly flat or slightly curved, grey—green, smooth, and the lowest ones are sometimes
hairy. The length and width of the leaf are 21-23 cm and 5-7 mm, respectively. It is suitable
for creating anti-erosion grasses and for maintaining the landscape [151].
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Figure 8. Standard wheatgrass (Agropyron desertorum Fisch.) Variety Morava. Author’s photos of
Prof. A. Katova.

3.3. Technological Solutions for Urban Lawns Establishment and Integrated Weed Management

Building grass stands with perennial grasses in an urban environment is a responsible
process based on many years of research [152]. The formation of urban lawns depends on
many factors: climatic and meteorological features of the region; soil characteristics; natural
vegetation in the region (type and degree of weed infestation); the species composition of
the local biodiversity and the needs for its protection and restoration [153]. Grassing and
landscaping in urban conditions for decorative purposes is applied not only when creating
new areas, but also when restoring the existing ones [154]. The construction of lawns is
added as a counteraction to erosion, salinization, acidification and/or soil pollution, climate
change and so on [155].

General recommendations on the best sowing rates for ryegrass pastures have re-
mained unchanged for decades. The recommended sowing rates for new perennial
ryegrass stands are around 20 kg of seeds per hectare (kg seeds/ha) for diploid cul-
tivars and 28 kg seeds/ha for tetraploid cultivars (due to the tetraploid’s larger seed
size). Ryegrasses and fescues typically have about 400-500 seeds per gram, which when
applied at 20 g/m? equates to 8000-10,000 seeds per m?. At 35 g/m?, this equates to
14,000-17,500 seeds per m?, which is usually adequate for repairing or restoring areas
where existing plants are already in situ. Decades of research have shown little advantage
of moving away from those standard rates. However, some authors suggest that the sow-
ing rates should be higher to ensure a good establishment, or lower to prevent seedling
competition that compromises their ability to survive in the first summer after sowing [156].
There is a study revealing that the increasing seeding rates of perennial ryegrass at 0, 195,
390, or 585 kg ha~! could reduce the total sediment loading, with up to 48%, 67% and 86%
(respectively) of sediment eroded from bare soil over the 42-day establishment period [157].

Many urban lawns and parks receive frequent inputs of fertilizers, herbicides and
irrigation depending on the local climate [158,159]. This is costly and at odds with reduced
funding for managing public spaces in many developed regions [160]. Therefore, alternative
landscape materials are being promoted in urban areas, which require less nitrogen fertilizer
inputs than traditional turf grass vegetation. However, when planting perennial grasses,
fertilization and watering are one of the most important factors for the formation of
dense grass cover. According to Carrico et al. [161] and Martini and Nelson [162], both
actions are obligatory due to the reduced type of composition in the grassy areas built in
the settlements.

In the summary studies of Fuentes [163] and Nielson and Smith [164], it is pointed out
that the grassland formation in urban areas requires more intensive lawn care regimes with
the application of fertilizers associated with intensive summer irrigation and more frequent
mowing in monoculture grass areas. It was found that for the optimal development, the
perennial grasses in urban lawns need relatively larger amounts of nitrogen, which is a
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major limiting factor for the formation of dense grass cover with good aesthetic qualities,
associated also with the habit of aboveground biomass and the intensity of plant coloring
in green [165].

Nitrogen fertilizers are imported depending on the type of development of perennial
grasses: “winter” or “winter-spring”. For species with winter-spring type development,
nitrogen fertilizers are imported as follows: 50-70 kg/ha in spring and 50-80 kg/ha in
autumn. For species with a “winter” type of development, 50-70 kg /ha of nitrogen fertilizer
is applied in the autumn in order to stimulate the intensity of wrinkles and the formation
of shortened vegetative shoots, on which the density of grass next year largely depends
and 50-80 kg/ha is applied in the spring. In their studies, Brum et al. [166] found that
the optimal rate of nitrogen fertilization can be up to 60 kg N/ha per year if the mowing
frequency is increased, as nitrogen fertilization increases the productivity of aboveground
grassland biomass.

Phosphorus, another macronutrient in plants, is needed for energy reactions and is also
often imported as a fertilizer. Relatively few studies have studied the impact of fertilization
in urban areas [167] compared to the natural meadows and pastures one [168]. According
to the summarized studies for pedoclimatic conditions of Bulgaria, it is recommended to
apply 280-300 kg /ha of active ingredients P,Os and 120-150 kg/ha of active ingredients
K5O in phosphorus-poor and moderately potassium-rich soils [169].

Carey et al. [165] have found that the combined application of fertilizers is a better
approach to achieving healthy grass and minimizing the potential for nutrient loss. Their
study also documents that the application of N and P fertilizers is most appropriate in
the phase of intensive growth of cereal grasses, when there is the greatest capacity for
fertilizer use in urban areas. Fertilization carried out outside the period of active growth
in conditions of cold and drought is a prerequisite for nutrient loss [170]. However, the
application of nitrogen fertilizers that exceed plant needs and soil capacity can have an
undesirable effect on grasslands, while the potential for high N losses in response to over-
fertilization may increase with grass ageing [171]. Excessive amounts of nitrogen in lawns
can enter into groundwater such as ammonium (NH**) and nitrate NO> by leaching [172],
threatening public health [173] or entering the atmosphere by evaporation of ammonia
(NH3) and emissions of nitric oxide (N2O) and nitrogen monoxide (NO) during nitrification
and denitrification [174]. Due to the economic and environmental problems caused by the
use of nitrogen fertilizers in urban environments, many authors recommend that nitrogen
fertilization should not be carried out as a practice for urban lawns management.

Weed control is also one of the basic prerequisites for obtaining a dense grass cover
on the soil surface. Weed infestation is a major problem affecting lawns and is often
the result of urban low-level grass maintenance [175]. According to Streibig [176] and
Qiang [177], the composition of weed species in a cultivated area is usually highly de-
pendent on the geographical region and the cultivated plant species. In their summary
studies, Zhang et al. [178] found that the weed community within urban lawns encompass
more than 37 species of weed belonging to 14 families. Perennial weeds represent 45.9%
of the total weed community, while annual or biennial weeds account for 54.1% and the
percentage of deciduous weeds is 94.6%. According to the authors, the dominant weed
species (integration of relative weed height and relative cover) and relative abundance
(integration of relative weed density, frequency and uniformity) in spring for Asian con-
ditions are Taraxacum mongolicum Hand.-Mazz., Inula japonica Thunb., Hemistepta lyrata
Bge., Trigonotis pedunclaris (Trev.) Benth., Calystegia hederacea Wall., Lepidium apetalum Willd.,
Plantago asiatica L., Cirsium segetum Bge. and Ixeanceris sonchifolia. Ixeris polycephala Cass.
and T. mongolicum Hand.-Mazz. They are directly related to factors such as soil nutritional
conditions (N, P and K content), soil physical properties (density and clay content), soil
moisture, soil temperature, pH and human anthropogenic activity.

According to the summarized studies of Andreeva-Fetvadzhieva [179] and Bog-
danov et al. [180], when perennial rhizome weeds such as Sorghum halepense (L.) Pers.,
Agropyron repens (L.) P. Beauv., Cynodon dactylon (L.) Pers. or the emergence of root weeds
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such as Cirsium arvense (L.) Scop. and Convolvulus arvensis L. predominate in uncultivated
areas and in free urban spaces, then weed control should be done before sowing. Accord-
ing to studies by Peerzada [181], Harlan [182] and Sheley [183], perennial weeds are an
economically and agronomically significant factor in urban lawns, urban parks, and urban
horticulture and cause up to 88% of losses.

The successful solution of the problem of available weeds is carried out through a
set of measures including: mechanical weeds control, selection of appropriate species and
varieties, application of highly effective synthetic herbicides and biological products for
weed control. The practices of weed management and control through the use of herbicides
are potentially associated with negative impacts on the urban environment [184,185]. The
conventional herbicides used can have a phytotoxic effect on nearby areas, as well as
migrating into ground water.

The present stage of weed control in urban lawns requires a phytocenological approach
with a dosed anthropogenic impact, with mechanical and physical methods to regulate the
degree of weed infestation and the application of environmentally friendly methods of weed
control depending on their species diversity [186]. When weeds infestation in the green
areas is dominated by species with perennial rhizomes, such as Johnson grass (Sorghum
halepense (L.) Pers.), Couch grass (Agropyron repens (L.) P. Beauv.), Bermuda grass (Cynodon
dactylon (L.) Pers.), or by root-sprouting weeds as Canada thistle (Cirsium arvense (L.) Scop.)
and Bindweed (Convolvulus arvensis L.), then the weed control should be made even before
the establishment of the grass plots.

The choice of herbicide depends on the type of perennial grasses, the composition of
weeds, the degree of weed infestation and the distance from the settlements. The optimal
growth stage for weed treatment is “inflorescence emergence, heading” of cereals and
“flowering” of deciduous weeds in the year before the establishment of the urban lawns. It
is recommended to use the lower-than listed rates for herbicide application.

Weed control in the year of grass establishment is of particular importance, as perennial
grasses are characterized by a very slow initial rate of growth, development and biomass
synthesis. Dimitrova [187] and Damyanova [188] revealed that the best results are obtained
when the herbicides are applied in the initial stages of the development of cereal grasses
(from the second to third leaf of tillering). In the first years after the grass area establishment,
the herbaceous plants have a higher competitiveness to weeds; however, the application
of herbicides with a high selectivity should be carried out in the growth stage “stem
elongation”. A wide range of synthetic herbicides based on active substances pinoxaden,
metsulfuron methyl, dicamba, tritosulfuron, chlorsulfuron and others can be applied, and
significant differences in their selectivity when used in urban lawns with different types
of perennial grasses have been reported [189-191]. The use of herbicides for vegetative
application at a more advanced stage of growth and development of perennial weeds or on
grasses under stress conditions (drought, over-moisture, lack of nutrients, etc.) may reduce
the effectiveness of products and/or cause a severe phytotoxic effect on urban lawns, which
can lead to disruption of the soil cover formed by grasses [187].

The most effective approach is the integrated one, which combines a set of different
measures, methods and tools to control weeds combined with the application of highly
effective synthetic herbicides and biological products to weed control [192,193]. Direct
weed control includes:

(1) Mechanical and physical methods for the destruction of the weeds, their seeds and
aboveground organs for vegetative propagation, through differentiated tillage, deple-
tion, exposure to temperatures (low or high) of the rhizomes and organs for vegetative
propagation. Rhizome and root-weed weeds are highly invasive, easily propagated in
a vegetative way and spread quickly, so in areas of heavy weed infestation with them
should not be used tillage equipment with cutting organs (cutters, disc tools);

(2) Chemical weed control with pesticides have advantages over mechanical and physical
methods, but cannot always be applied in urban areas. The use of environmentally
friendly herbicide agents is preferable. Chemical weed control in urban lawns is
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characterized as follows: chemical agents are applied in small doses of the active
ingredients per hectare; application should be carried out quickly and easily in a short
time; weeds are mortified in a short time after treatment (from 7 to 21 days); both
the above-ground biomass is destroyed and the root system and/or the rhizomes are
partially suppressed; the method allows the process to be mechanized, which makes
it possible to reduce the financial costs from 50 to 80%. In this sense, it is necessary
to carry out an effective and sustainable weed management process by integrating
the various control methods (i.e., cultural, mechanical and chemical) in a harmonious
way without damaging the whole ecosystem. In this way, intensive mechanization
and the use of herbicides should be avoided [194]. However, complete removal of
actual (sprouted plants) and potential (seed bank) weeds is unattainable [195].

A high effect is achieved by combining differentiated tillage and applications of total
herbicides for foliar application in the previous year of grassland creation if possible
and the event does not pose risks to the human health and the migration of residual
quantities in the soil profile. Synthetic herbicides are not recommended for use on sloping
terrains, near residential buildings and on unstructured and sandy soils. Overall, it is
estimated that only about 0.1% of pesticides reach the target plants, and the rest of 99.9%
pollute the environment [196]. Repeated use of sustainable pesticides is a prerequisite for
contaminating ecosystem components. Pesticides entering the food chain have been shown
to bio accumulate at a higher trophical level.

Recently, several acute and chronic human diseases have been associated with expo-
sure to the pesticides applied near settlements and/or in urban environment [197]. Despite
the conflicting views on the impact of herbicides on ecosystems, weed infestation can
adversely affect natural areas, urban parks, urban landscape and infrastructure through:

- Anticipating native plants or landscape species for resources such as water, light,
space and nutrients, potentially reducing their survival.

- Causing inconvenience and potential danger (if they are prickly) for people, reducing
the quality of the grass cover of sports grounds/playgrounds, etc.

- Reduction/replacement of natural habitats and food sources for native animals and
insects, leading to increased pressure on local populations and potential extinction of
local species.

- Damage or displacement of infrastructure with invasive species with well-developed
root systems.

Weed control is an essential and necessary measure for maintaining the aesthetic and
entertainment values of urban parks and other landscapes, protecting the ecological values
of urban green areas [198].

In urban areas, only the best environmentally friendly techniques and commercial
products should be used to weed management in parks, ornamental gardens, roadside
vegetation, etc. Although scientific studies on the negative impact of environmentally
friendly products for weed control is limited and their use is strongly encouraged to reduce
the use of synthetic herbicides. Most environmentally friendly weed control products are
developed on the basis of organic oils (clove 0il, eugenol and d-citric), soaps, acetic acid,
nitric acid, citric acid, etc., which destroy the leaf cuticle and cause cell death resulting in
necrosis and lesions on plant leaves similar to burning [192,193].

Commercial fatty acid-synthesized products have a similar action to non-selective
contact herbicides, which effectively control annual deciduous and some cereal weeds in
the early stages of their ontogenetic development [199,200]. According to Coleman and
Penner [201], pelargonic acid (nonanoic acid) is a naturally occurring fatty acid in geranium
oil (Pelargonium spp. L'Her.) Pelargonic acid can be used as a desiccant in a number of crops
before harvest [202]. Other studies have shown that pelargonic acid (nonanoic acid) can be
used to control weeds in grassy roadside strips in urban areas [199,201,203-205], although
there are concerns among members of the European Commission as no methodologies
have been developed for the registration of natural products due to a lack of appropriate
toxicological data on their commercial use [206]. Essential oils and their biologically
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active compounds have been shown not to be genotoxic or harmful to human health [207].
According to the performed toxicity tests by European Food Safety Authority, the pelargonic
acid has no toxic effect on birds, fish and honey bees [208].

It has been found that organic products with an herbicidal effect destroy only the
aboveground biomass of plants and do not provide long-term control of weeds with a
well-developed root system or underground reproductive organs, such as rhizomes, tubers
or bulbs [209-211]. Despite some of the shortcomings in the last decade, they have been
widely used in urban areas [203]. An advantage of environmentally friendly weed control
agents is the rapid initial effect they have, similar to contact herbicides, but for good efficacy
against weeds they require a larger contact area with the aboveground weed biomass. It is
especially important to carry out treatment at the points of growth, otherwise the weed
species will grow again.

4. Conclusions

The present paper, starting from a general analysis of urban soil pollution by traffic
emissions, focuses on the establishment of buffer green patches around urban road net-
works as a promising tool for soil restauration. Although the dimensions and shapes of
urban lawns could vary significantly in different settlements, their integration in urban
areas is important for amplifying the benefits that these green technological solutions can
bring to the enhancing urban quality of life.

Such strategies are discussed from a new point of view that takes into consideration
not only the simple introduction of vegetation into the cities, but looks at the vegetation as
an active part of the design of urban space to maximize its benefits and to minimize the
negative anthropogenic load. Grass-covered urban areas are a low-cost, environmentally
friendly and biodiversity-enhancing tool for sustainable urban soil management.

This review is not exhaustive and a further analysis is foreseen, but it is expected
that this paper opens to a new vision for urban planning and development as well as for
enhancing the values of ecosystem services in urban areas.
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