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Table Index

Table 2.1. Effect of drought on ornamental plant quality and traits
associated to tolerance.

Table 2.2.Effect of salinity on ornamental plant quality and traits
associated to tolerance.

Table 2.3. Effect of hypoxia or anoxia on ornamental plant quality and
traits associated to tolerance.

Table 2.4.Effect of shadow on ornamental plant quality and traits
associated to tolerance.

Table 2.5. Effect of high or low temperature on ornamental plant
guality and traits associated to tolerance.

Table 3.1.Key traits of plant species suitable for green roofs in
Mediterranean environment.

Table 3.2. Plant species studied for extensive green roofshin
Mediterranean region.

Table 4.1.Number of taxa and genera for botanical families of Italian
flora of potential ornamental value.

Table 4.2. Number of taxa and genera for botanical families of
selected plantgccording tadhe number of taxa.

Supplementary Table 4.1. Characteristics oMediterranean shrub
species selectddr the potential landscape use



Table 5.1. Species (S) and drought stress (D) effects on total (TB) and
epigeous (EB) dry biomass, root/shoot ratio (R/S), total leaf area
(TLA), and leaf number (LN) of. hybridum P. peltatum,andD.
hybrida The plants were subjected to drought stress and rgcover
period.

Table 5.2.Mean effects of days (D), species (S), and treatments (T)
on chlorophyll a, b, total (Chh, Chhb, Chl tot), a/b ratio, and
carotenoids (Car).

Table 6.1.Plant species adopted.

Table 7.1.Effects of different treatments on dry biomass at the end of
the trial.

Table 7.2.Effects of different treatments on leaf characteristics at the
end of the trial.

Figure Index

Figure 2. S1.The detoxification enzymes belonging to ascorbate
glutathione cycle. The superoxide radicals; jCare removed by
superoxide dismutase (SOD) which leads to hydrogen peroxidase
(H20.) formation. The ascorbate (A3As regenerated by oxidized
forms by a cycle catalyzed by ascorbate peroxidase (APX) enzyme.
The AsA is covered in monodeltiyoascorbate (MDHA) by APX,
then the monodehydroascorbateeductase (MDHAR) oxides the
MDHA and reduces the NADPthat is regenerat by Ferredoxin
(Fd). The MDHA can be converted to ASA and dehydroascorbate
(DHA) by nonenzymatic reaction. The DHA is converted by
dehydroascorbate reductase enzyme (DHAR) in ASA, contemporary



the reduced glutathione (GSH) is transformed in oxidizethtjlione
(GSSG) by NADPH.

Figure 2.1. Schematic of light saturation curves and light
compensation points lowered by shading treatments. Shading lowers
the light compensation point from 30 to 20 méP. The lowering

of light compensation point can ngce several days or weeks.

Figure 2.2. Ranking criteria for plant species choice for sustainable
green areas.

Figure 4.1.Distribution of shrub in the Mediterranean area, in wild,
urban, perurban areas.

Figure 4.2.Distribution of shrub for biological forms.

Figure 4.3.Distribution of shrub for height: H1= < 20 cm; H2=-80
cm; H3= 60100 cm; H4= 10140 cm; H5= > 140 cm

Figure 4.4.Distribution of flowering in the different months of the
year.

Figure 4.5.Distribution of shrubs fothe possible uses in green areas

Figure 4.6. Top left to right: 1)Adenocarpus complicatusubsp.
bivonae (C.Presl) Peruzzi; 2Ajuga iva subsp.iva; 3) Anthyllis
hermanniaelL.; 4) Arenaria grandiflora subsp. grandiflora; 5)
Aubrieta columnaésuss.; 6)Centaureaaeolica Guss. Ex Lojac.; 7)
Cerastium tomentosurh.; 8) Colutea arboresceng.; 9) Cressa
cretica L.; 10) Daphne oleoidesSchreb.; 11) Edraianthus
graminifoliusA.DC.; 12 Emerus majoMill.; 13) Erica cinereal.;
14) Euphorbia gasparriniiBoiss.; 15)Fumana laevipe$pach; 16)
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Glandora rosmarinifolia (Ten.) D.C.Thomas; 17Helianthemum
croceum(Desf.) Pers.; 18Hexaphylla rupestrigTineo) P.Caputo &
Del Guacchio; 19)omelosia crenatéCirillo) Greute & Burdet; 20)
Minuartia geniculataThell.; 21)OnosmaechioideqL.) L.; 22) Rosa
caesiaSm.; 23) Salsola vermiculatal.; 24) Searsia pentaphylla
(Jacq.) F.A.Barkley ex Moffett, 25ideritis italica(Miller) Greuter
& Burdet; 26) Thymelaea hirsutd&Endl,; 27) Tripolium sorrentinoi
(Tod.) Raimondo & Greuter; 28Yygophyllum creticum(L.)
Christenh. & Byng.

Figure 5.1.Timeline for suspension/rewateringiS treatments used
in the experiment. FW = full watering; DS = drought stress event; REC
= recovery

Figure 5.2.Climate trend [temperature (°C) and Relative Humidity
(RH, %)] during the experimental period.

Figure 5.3. Relative Water Content (RWC) iR. hybridum (A)

P. peltatum(B) andD. hybrida (C) during the experimental period.
Plants were irrigated to container capacity (100% WC) or subjected to
water stress treatments (60% WC and 40% WC) and subjected to
suspesion/rewatering treatment [7 days no water (DS), 7 days
irrigation (REW), 14 days no water (DS2), 7 days irrigation (REC)].
Data are mean £ S.E. (n = 6). * denote statistical significance from
ANOVA at the 0.05 levelns = not significant

Figure 5.4.Net photosynthesis (An), stomatal conductance (gs), and
transpiration rate (E) iR. hybridum(A, D, and G)P. peltatum(B, E,

and H) andD. hybrida(C, F, and I) during the experimental period.
Data are mean £ S.E. (n = 6). *, ** denote statistical sigaifoe from
ANOVA at the 0.05 and 0.01 levels, respectiyely = not significant



Figure 5.5. Maximum quantum efficiency of the PSIlI (Fv/Fm) in

P. hybridum (A), P. peltatum(B) and D. hybridum(C) during the
experimental period. Data are mean + S.E. (n = 6). * denote statistical
significance from ANOVA at the 0.05 leveis = not significant

Figure 5.6. Contents ofproline and MDA inP. hybridum(A,D),

P. peltatum (B,E) andD. hybridum(C,F) during the experimental
period. Data are mean = S.E. (n = 3). *, ** *** denote statistical
significance from ANOVA at the 0.05, 0.01 and 0.001 levels,
respectivelyns = not significant

Figure 5.7.Interaction effect of species x days and speciesatemw
treatments on total chlorophyll. Data are means * standard error (n =
3). According to Tukegs test, different letters denote significant
differences between irrigation treatments at each sampling time at P <
0.05.

Figure 5.8.Biplot graph and scores based on the first two components
of morphometric, physiological, and biochemical traits of
P.hybridum P. peltatumand D. hybridum response to water
treatments.

Figure 6.1.Timeline for suspension/rewatering-& treatments uske
in the experiment. FW = full watering; DS = drought stress event; REC
= recovery.

Figure 6.2. SPAD index at the end of the first period of water

suspension in relation to different treatments. Data are mean *
population S.E. (n = 6).
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Figure 6.3. Net plotosynthesis (An) at the end of the first period of
water suspension in relation to different treatments. Data are mean *
population S.E. (n = 6).

Figure 6.4.Stomatal conductance (gs) at the end of the first period of
water suspension in relation to difent treatments. Data are mean *
population S.E. (n = 6).

Figure 6.5.Transpiration rate (E) at the end of the first period of water
suspension in relation to different treatments. Data are mean *
population S.E. (n = 6).

Figure 6.6.Maximum quantum efficiency of the PSII (Fv/Fm) at the
end of the first period of water quension in relation to different
treatments. Data are mean + population S.E. (n = 6).

Figure 6.7. SPAD index at the end of the second period of water
suspension in relation to different treatments. Data are mean *
population S.E. (n = 6).

Figure 6.8.Netphotosynthesis (An) at the end of the second period of
water suspension in relation to different treatments. Data are mean +
population S.E. (n = 6).

Figure 6.9.Stomatal conductance (gs) at the end of the second period
of water suspension in relationddferent treatments. Data are mean
* population S.E. (n = 6).

Figure 6.10.Transpiration rate (E) at the end of the second period of

water suspension in relation to different treatments. Data are mean *
population S.E. (n = 6).
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Figure 6.11.Maximum quantum efficiency of the PSII (Fv/Fm) at the
end of the second period of wagrspension in relation to different
treatments. Data are mean + population S.E. (n = 6).

Figure 7.1.Temperature (above) and relative humidity (below) during
the trial.

Figure 7.2.Interactive effects of water and biostimulant treatments
for stem dry bimass (A), leaf dry biomass (B), root dry biomass (C),
epigeous dry biomass (D), and total dry biomass (E). 100% WC =
received 100% of water considering the evapotranspiration rate
performed using the gravimetric method; 50% WC = received 50% of
water condglering the evapotranspiration rate performed using the
gravimetric method; Control = distilled water treatment; AE =
biostimulant extraction from leaves @rithmum maritimumby
ethanol (96%) and mthanol(4%); WA = biostimulant obtained from
water maceran of leaves ofC. maritimum Columns denoted with
the same letters are not significantly different, as determined by
Tukeybs test at p<0.05.

Figure 7.3.Interactive effects of water and biostimulant treatments
for leaf area (A), leaf number (B), unit leaf area (C), and SLA (D).
100% WC = received 100% of water considering the
evapotranspiration rate performed using the gravimetric method; 50%
WC = receive 50% of water considering the evapotranspiration rate
performed using the gravimetric method; Control = distilled water
treatment; AE = biostimulant extraction from leavesGrfthmum
maritimumby ehanol (96%) and maanol (4%); WA = biostimulant
obtainal from water maceration of leaves®f maritimum Columns
denoted with the same letters are not significantly different, as

determined by Tukeybs test at p<O0
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Figure 7.4. SPAD index in Coleus amboinicus plants during
experimental period for the diffent biostimulant treatments. 100%
WC = received 100% of water considering the evapotranspiration rate
performed using the gravimetric method; 50% WC = received 50% of
water considering the evapotranspiration rate performed using the
gravimetric method; Cdrol = distilled water treatment; AE =
biostimulant extraction from leaves @rithmum maritimumby
ethanol(96%) and mathanol(4%); WA = biostimulant obtained from
water maceration of leaves Gf maritimum Data are mean + S.E. (n
=6).

Figure 7.5. Net photosynthesis (An) ifColeus amboinicusduring
experimental period for the different biostimulant treatments. 100%
WC = received 100% of water considering the evapotranspiration rate
performed using the gravimetric method; 50% WC = received 50% of
water onsidering the evapotranspiration rate performed using the
gravimetric method; Control = distilled water treatment; AE =
biostimulant extraction from leaves @@rithmum maritimumby
ethanol(96%) and mathanol(4%); WA = biostimulant obtained from
water maeration of leaves df. maritimumData are mean + S.E. (n

= 6).

Figure 7.6. Stomatal conductance (gs) @oleusamboinicusduring
experimental period for the different biostimulant treatments. 100%
WC = received 100% of water considering the evapotranspiration rate
performed using the gravimetric method; 50% WC = received 50% of
water considering the evapotranspiration ragefqgymed using the
gravimetric method; Control = distilled water treatment; AE =
biostimulant extraction from leaves d@rithmum maritimumby
ethanol(96%) and nathanol(4%); WA = biostimulant obtained from
water maceration of leaves Gf maritimumDataare mean £ S.E. (n
=6).
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Figure 7.7. Evapotranspiration (E) irColeus amboinicusduring
experimental period for the different biostimulant treatments. 100%
WC = received 100% of water considering the evapotranspiration rate
performed using the gravimetrieethod; 50% WC = received 50% of
water considering the evapotranspiration rate performed using the
gravimetric method; Control = distilled water treatment; AE =
biostimulant extraction from leaves @rithmum maritimumby
ethanol(96%) and mathanol(4%); WA = biostimulant obtained from
water maceration of leaves 6f maritimumData are mean + S.E. (n
=6).

Figure 7.8. Maximum quantum efficiency of the PSII (Fv/Fm) in
Coleus amboinicus during experimental period for the different
biostimulant treatmentsl00% WC = received 100% of water
considering the evapotranspiration rate performed using the
gravimetric method; 50% WC = received 50% of water considering
the evapotranspiration rate performed using the gravimetric method,;
Control = distilled water treatemt; AE = biostimulant extraction from
leaves ofCrithmum maritimunioy ethanol(96%) and rethanol(4%);

WA = biostimulant obtained from water maceration of leave€.of
maritimum Data are mean + S.E. (n = 6).

Figure 7.9.Nitrate content (mg k§DW) in Coleusamboinicusat the
point 0 and at the end of the experimental period for the different
biostimulant treatments. 100% WC = received 100% of water
considering the evapotranspiration rate performed using the
gravimetricmethod; 50% WC = received 50% of water considering
the evapotranspiration rate performed using the gravimetric method,;
Control = distilled water treatment; AE = biostimulant extraction from
leaves ofCrithmum maritimuniy ethanol(96%) and rethanol(4%);

WA = biostimulant obtained from water maceration of leaves of
C. maritimum Data are mean = S.E. (n = 3).
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Figure 7.10. Reducing sugarscontent (mg g* DW) in Coleus
amboinicusat the point O and at the end of the experimental period for
the different biostimulant treatments. 100% WC = received 100% of
water considering the evapotranspiration rate performed using the
gravimetric method; 50% WC = received 50% of water considering
the evapotranspiration rate performed using the gravimetric method,;
Control = distilled water treatment; AE = biostimulant extraction from
leaves ofCrithmum maritimunioy ethanol(96%) and rethanol(4%);

WA = biostimulant obtained from water maceration ledves of

C. maritimum Data are mean + S.E. (n = 3).

Figure 7.11.0smolyte content (kg DW) iG@oleusamboinicusat the
point 0 and at the end of the experimental period for the different
biostimulant treatments. 100% WC = received 100% of water
consideing the evapotranspiration rate performed using the
gravimetric method; 50% WC = received 50% of water considering
the evapotranspiration rate performed using the gravimetric method,;
Control = distilled water treatment; AE = biostimulant extraction from
leaves ofCrithmum maritimunioy ethanol(96%) and rethanol(4%);

WA = biostimulant obtained from water maceration of leaves of
C. maritimum Data are mean + S.E. (n = 3).
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Research highlights

1
1

Drought stress severely limits plant growth

The Mediterranean climate is characterized by long, hot, and
dry summer

The availability of good quality water is decreasing in urban
ares.

Water scarcity increases the difficulty in maintaining urban
green areas

Particular attentionshould be paid to impreing the
sustainability of ornamental plant maintenance

Various strategies can be adopted to overcome drought stress
Some green infrastructure, such as green roofs, exacerbate
drought stress problems.

Identifying genotypes capable tiflerating drought stress is

of considerable importance.

Since there are both herbaceous and woody ornamental plants,
it is appropriate to analyze the response of both groups of
plants.

To identify these genotypedi is essential toanalyz
morphobiologia@l and functional response

Non-destructive measurementsuch as chlorophylla
fluorescence analysiscan accurately characterize plant
responsg

The effects of drought stress primarily affect the
photosynthetic system.

The use of biostimulants is a saimable way to mitigate the
effects of drought stress.

The response to biostimulants is speapscific and depends

on productoseand the extraction method.

16



Abstract

Drought stress, a consequence of climate change, poses a significant
challenge to plant growth and, at times, survival. This issue is
especially pronounced in the Mediterranean region, a climate hotspot
where the impacts of climate change are particularly severe. This
challenge is critical for ornamental plants, especialhen used in
urban green spaces. On one hand, water availability is often
inadequate or entirely absent; on the other, the plants in green
infrastructure provide essential ecosystem services that improve the
guality of life and weHbeing in cities.Severa solutions exist to
alleviate the challenges associated with water scarcity. Selecting the
appropriate genotype is undoubtedly a crucial strategy; however,
ornamental plants exhibit vast biological diversity, with over 90,000
species used for ornamentalrposes. This diversity necessitates a
wide range of choices and repeated testing of numerous potentially
viable genotypes. In this context, it is essential to identify the response
mechanisms of both herbaceous and woody plants to facilitate the
efficient and rapid screening of potentially useful genotypes.
Additionally, technical solutions, such as biostimulants, may help
mitigate the adverse effects of drought stréssthis context, the
doctoral thesis examined several preliminary aspects of the issue
through two reviews. Specifically, it focused on (i) strategies to
enhance the resilience of shrubby plants to abiotic stress and (ii) the
selection of plants suitable for green r@ofsn infrastructure where

the effects of drought stress are particulargnpunced. The potential
contribution of certain native shrubs to the sustainability of
Mediterranean green spaces was analyzed, along with the
morphological, physiological, and biochemical responses of various
herbaceous plants subjected to drought strasd subsequent
sheltering. The final two trials investigated the application of

17



biostimulants, assessing speesgecific effects as well as the
influence of treatment timing, dosage, and extraction methods.

Keywords biodiversity, biostimulants chlorophyll a fluorescence;
climate change; extensive green roajas exchange; green areas;
native plants, plant species selection; Relative Water Content; SPAD
index sustainable landscajparban environment
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Riassunto

Anche a seguito detambiamento climatico, lo stress da siccita
rappresenta uno dei principali ostacoli per la crescita e talvolta per la
sopravvivenza delle piante. Il problema e particolarmente avvertito
nell 6area mediterranea chnecuigiappr e
effetti dei cambiamenti climatici sono particolarmenmtgens. |l

problema é fortemente avvertito per le piante ornamentali soprattutto
guando impiegate negli spazi a verde urbani. Da una parte, infatti, la
disponibilita idrica & spesso subottimaleeem assente, dal l
proprio le piantepresenti ndé infrastrutture verdia fornire quei

servizi ecosistemicin grado di migliorare la qualita della vita e il
benessere in citta.

Diverse sono le soluzioni per lenire i problemi connessi con la carenza
idrica. La scelta del genotipo adatéo sicuramente una strategia
importante; il problema & che le piante ornatakrsi caratterizzano

per un patrimonio biologico molto ampiosi stima che le piante
utilizzate come ornamentali siano superiori a 90.00@ questo
presuppone c he possibiita disneltagpccardafarddia mp i a
conti con la necessita di reitge le prove per i numerosi genotipi
potenzialmente impiegabili. In questo contesto, diventa importante
individuare i meccanismi di risposta delle piahtdano esse erbacee

che legnosé in grado di consentire un adeguato e rapido screening

fra i genotip potenzialmente utilizzabili. Anche alcuni mezzi tecnici,

quali i biostimolanti, potrebbero consentire di ridurre gli effetti
negativi dello stress da siccita.

I n gqguestbdambito | a tesi di dotto
alcuni aspetti preliminardella questione ,ein particolare (i) le

strategie per incrementare la risposta delle piante arbustive agli stress
abiotici e (i) quali piante & possibile usare nei tetti verdi,
undéi nfr ast rglteffetiirdallo $trass dausiccita sono
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particolamente intensi. E stato poi analizzato il possibile contributo

che alcuni arbusti autoctoni possono assicurare per rendere piu
sostenibile il verde mediterraneo e la risposta morfologica, fisiologia

e biochimica di alcune piante erbacee sottoposte a dfxesiscita e a
successivo ricovero. Le ultime du
del | 6i mpi ego di bi ostimol an+ti, a
speci fico c¢he | Gincoiilefietuairastameéreao, mo m
della dose e della modalita di estione del biostimolante stesso.

Parole chiave ambiente urbano aree verdi; biodiversita,;
biostimolanti; cambiamento climatico; fluorescenza della clorddilla
indice SPAD; piante autoctondrelative Water Contentscambi
gassosiselezione dspecie vegetali; sosteniibdl spazi a verg tetti
verdi estensivi
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Preface

Preface

Drought stress is particularly severe in the Mediterranean region
because oits unique climatic conditions. Historically, irrigation has
been employed to mitigate abiotic stress, particuliarlgrnamental
plants. However, growing ecological awareness reasingly
advocags for sustainable solutions that align with the principles of
Agenda 2030.

The relationship between ornamental plants and stress is further
enhanced by the recognition that these plants, beyond their striking
and aesthetically appealinbaracteristics, serve as valuable tools for
the redevelopment of degraded areas, often resulting from human
activity, such as urban or pesidustrial environments. In these
settings, drought stress is prevalent and can significantly jeopardize
plantsurvival.

The relationship between ornamental species and stress involves
several specific aspects. The first and most immediate consideration is
that damage assessment cannot be based on plant growth alone. In
some cases, smaller @towergrowing plants may be regarded
positively. Instead, it is essential to evaluate the aesthetic value of
plants. Damage to foliage, such as necrotic areas on leaves, can
significantly impair the primary function of ornamental pkant

Another aspect othe issue is the significant potentialying to the

wide variability characterizing species suitable for landscaping in the
Mediterranean environment, to identify genotypes best equipped to
tolerate and/or resist stressful conditions. This extensivetigene
heritage of plants available for landscaping is advantageous because it
enables the identification oplants capable of withstanding the
specific environmental stresses of a given area. However, this vast
diversity can paradoxically pose a limitaticas it requires costly
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evaluation of various species and/or cultivars to determine the most
resilient genotypes.

However, he response of the same genotype stress varies
depending on factors such as age, phenological stage of the plant,
intensity and duation of stressandinteractions with environmental
factors and other stressor§here is also a need to develop
experimental protocols suitable for analyzing stressors, often in
laboratory settings and/or under controlled conditiddhough this
approach allows for the isolation of individual stressors, it can also
result in scenarios that are not fully representative of what occurs
under operational conditions. Therefore, it is essential to idehtfy
most effective measuremerits quickly and accurately assessing the
effects of stress.

Recently, attention has been directed toward the potential role of
certain substances known as biostimulants in alleviating the
detrimental effects of drought stress. Some of these substances can be
directly extractedfrom plants using methods such as maceration or
ethanol extraction, which facilitates the identification of exftctive

and sustainable solutions. This PhD théstsiseson these themes.
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1. General introduction

Over the years, human activities related to urbanisation have generated
enormous pressure on natural environmerRecently, green
infrastructure (Gls) have been widely used in various cities
worldwideto counteract the negative imagts of urbanisation (Nowak

et al. 1998, 2006; Yang et al. 2005a, 2005b). The presencesof Gl
namely trees, shrubs, lawns, rqadad green walls, has been shown
to be effective in reducing heat island and harmful emissions of air
pollutants within citiegAkbari et al. 2001; Tzoulas et al. 2007; Baré

et al. 2014). Gls offer important benefits to urban communities in
terms ofsocial, health, environmental, and econofadators(Benedict

and McMahon 2002; Mansor et al. 2012).

In the Mediterranean region, eéhdifficulty in establishing Gls is
mainly related to water scarcitiprought stresseverely limits plant
growth. The climate of the Mediterranean region, as is well known, is
characterisedby a marked seasonality, with long, hot, dry summers
and cool, wet winters. Forecasts for the future, due to global change
that will further reduce water availability, especially in arid and semi
arid environments such as the Mediterranean, are notvaosithe
availability of high-quality water will decrease especially in large
cities WWAP 2014 Paz et al. 2016). This will lead to difficulties in
maintaining green areas because competition for access to water
become more intense.

For these reasons, nmtuattention has recently been paid to water use
and management to improve the sustainability of ornamental plant
maintenance in senarid environments, such as the Mediterranean
basin. Water scarcity has led to the spread of w&teing landscaping
techngues (xeriscaping), favouring the use of water st@esant
species, which are native species such as the carobwned is
highly tolerant of high temperatures and low soil water efficiency
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(Ouzounidou et aR012). This focus on water saving isaislated to

the fact that, although water in the urban environment is widely used
for purposes other than irrigation (e.fpr industrial and residential
uses), a green space, due todiisual exposur@ is an immediate
indicator of water consumptiofi layer 1976).

Water savings can be maximised by using various stratemiels as

the appropriate choice of species, identifying those that exhibit high
tolerance to water scarcity without compromising their ornamental
value, and/or adopting innovativeltvation methods to reduce the
effects of water stress (Toscano et al. 2019).

It must be remembered that ornamental plants are increasingly seen
not only as species and/or cultivars that offer aesthetic pleasure to our
eyes butalso as effective tools formproving the environment and
guality of our lives (Savé 1999). Therefore, ornamental plants are used
to restore degraded landscapes, control erosion processes, reduce
energy inputs for climate contr@nd improve the aesthetic quality of
urban, perurban and rural landscape$he number of plant species
used for ornamental purposissvery high. Thavide biodiversity of
ornamental or potential ornamental species increases the chances of
identifying genotypes that can cope with drought stress ancbdx

for landscaping.

The choise of plants for creatiiggeen spaces, can be basedramy
species from numerous geographical artizat are capable of
performing different functions (Savé 1999). In contrast to agricultural
activity, the performance of arnamental green space is not assessed
by @uantifiable yield but by the fulfilment of the expectations of the
user or individual/entity that has borne the cost of planting and/or
maintaining the space. These expectations often include aesthetics
and/orthe possibility of providing shady spaces, ground cozed
opportunities for enjoyment (Kjelgren et al. 200@)the restoration

of degraded green areas, plaatvival is oftenthe sole purpose of
cultivation. Furthermore, for ornamental plants used tire
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landscaping of ornamental green areas, rapid growth is not always
desirable because excessive plant vigour leads to frequent pruning and
thus higher management coske. maintain a compact growth habit,
frequent pruning or the use of growth regulatengquired (Cameron

et al. 2004). A reduced amount of water can have positive benefits on
growth control, and thus moderate water scarcity can be a useful tool
to provide plants with a compact habitus and slower growth, allowing
for easier maintenance gfeen spac(Niu et al. 2007).

However,the effects of water stress on plants are difficult to study
becausethe sensitivity and reactiortime to water scarcity vary
between species and are related to the intensity and duration of the
water stress itskl Plant responseto water scarcity involve the
activation of numerous physiological and biochemical mechanisms
(Rafi et al. 2019aGiordano et al. 2021) that can be exploited as
markers for the identification of stregslerant species (Alvarez et al.
2018).

1.1 State of the art

1.1.1. Response of ornamental plants to drought stress

Drought stress severely limits plant growth in the Mediterranean
climate, which is characterised by pronounced seasonality, with hot,
dry summers and cool, wet winters (Raal. 2016). The main aspect
that influences plant characteristics and vegetation in this environment
is the prolonged dry seasohherefore the growth and survival of
plants are threatened by long periods of water shortage and high
temperatures in sunmen which lead to more or less intense stress
conditions (Medrano et al. 2009). Global climate changbi;h are

likely to occur in the future, will worsen water availability, especially

in arid and semarid environments. The availability of fredmgh-
quality water will decrease especially in large citi#®#8WAP 2014

Paz et al. 2016). This will make it difficult to maintain green areas
because competition for water will become a particularly critbsale
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For these reasons, much attention feently been placed on water
use and management to improve the sustainability of maintaining
green spaces in sefaiid environments, such as the Mediterranean
basin(Pantaloni et al. 2022; Pumo et al. 203Barma et al. 2023;
Silva 2023. Water saving aga be maximised by using different
solutions that can be traced back to two main strategies: i) an
appropriate choice of ornamental species, identifying thosec#mat
able to exhibit a high tolerance to drought stress without
compromising their ornamentehlue; ii) the reduction of the effects

of drought stress through innovative cultivation methods.

As mentioned in the introductiomgrnamental plantsre numerous,
which increases the possibility of identifying genotypes that can cope
with water stress andan therefore be used for green spaces. The
response of plants to such stress involves numerous morpho
anatomical and functional changes (Jafari et al. 2019; Tribulato et al.
2019; Zulfigar et al2020; Toscano e Romano 202%ang et al.
2024).

Growth ard morpheanatomical modifications

Plant responses to drought are different and interconnected. The
ability to adapt to water stregaries amongenera, species (Sanchez
Blanco et al. 2002; Torrecillas et al. 2003), and cultivars. The main
morphological canges under drought conditions are the reduction of
the epigeal portion and leaf growth, which negatively affect the
ornamental value and visual appearance of the plants, particularly
important factors (from an aesthetic point of view) that must be
prioritised when assessing the tolerance of genotypes to this stress
(Farieri et al2016).

The reduction of leaf area is a typical response observed in plants
subject to drought stress, as highlighted by Toscano et al. (2018a),
often as a consequence of a refturctn the leaf number (Alvarez et

al. 2013) or as a result of a smaller leaf size (unit leaf area) (Toscano
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et al. 2014). This is a typical avoidance mechanism, whereby plants
counteract the limited availability of water by reducing the transpiring
surfa@ area.

When a plant is subjected to water stress, in addition to a reduction in
leaf area, changein leaf unit size and cuticle thicknesse also
observed.

The reduction of Specific Leaf Area (SLA) could be a strategy to
improve Water Use Efficiency (WUE); thicker leaves usually have
higher concentrations of chlorophyll and protpérunit leaf area and
therefore exhibit higher photosynthetic capacifes unit leaf area
than thinner leaves (Liu and Stiitzel 2004).

Leaf anatomical changes are specific featurfes: example in
Polygala, anatomical changes in leaves have been linked to spongy
tissue, whereas in Viburnyno palisade tissue (Toscano et al. 2019).
In plants subjected to drought conditions, an increasdesioot/shoot

ratio has frequently been observedhich isuseful in reducing water
consumption (Wu et al. 2008) and increasing water uptake (Smirnoff
19®8). Although destructive this parametergould also be suggested

as a screening factor for classifying species according to their different
tolerance to the stress in question.

Physiological parameters

As far as physiological parameters are concernee, rtin
conseguences of drought stress in plants are stomatal closure, reduced
gas exchange, slowed photosynthetic activity and, as a final
conseqguence, plant death (Campbell et al. 2010; Hu et al. 2010).
Drought stress conditions mainly affect the photdsgtic system; in
particular, they impair elements involved in the process, such as
electron transport to the thylakoids, the carbon ¢ymhel stomatal
control of CQ supply. The reduction in photosynthetic activity, in
particular, is related to stomatal conductance mechaniBet8{anco

et al. 2000; Samarah et al. 20@dmadi and Baker 2001; Anjum et
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al. 2011; SancheBlanco et al. 2019)The first response of planto

water stress is stomatal closure and the consequent reduction in carbon
assimilation required for photosynthetic activity. As a consequence of
stomatal closure, there is not only reduced water loss but also reduced
nutrient uptake, resulting in alterenetabolic pathways (Xiong and
Zhu 2002).

The reduction in leaf water potential is atetated toa reduction in

plant growth.

Under water stress conditions, high ratdset photosynthesis ¢4

and stomatal conductance (gs), also expressed as WilliEatanthat
leaves (particularly chloroplasts), even if immediate stomatal closure
is observed, try to maintain high photosynthetic performance. As
reported by Alvarez et al. (2018), the reduction of gs in lentisk
(Pistacia lentiscus4..), subjected to drought stress limited water losses
by controlling transpiration.

To estimate water stress tolerance in plants, it is essentiateamine

the transpiration rate. Indeed, it has been observed that species that can
retain more water and thdéoee lose less water through their stomata
are those that are more drought tolerant (Riaz et al. 2013). Galmes et
al. (2007) reportedthat shrubs have a better ability to regulate
transpiration than herbaceous plants.

Under drought stress conditions, onfetlee parameters commonly
used to identify the presence of photosynthetic damage in plants is the
measurement of chlorophydlfluorescenceThis parameter is useful

for analysing the influence of environmental factors on the efficiency
of the photosynthat apparatus (Lichtenthaler and Rinderle 1988).
The declinein photosystem Il (PSIl) activity causes an imbalance
between electron generation and utilisation, leading to changes in
quantum yield (Reddy et al. 2004). The Fv/Fm ratio ,(itke
maximum primay photochemical efficiency of PSII in a sample of
darkadapted leaves) allows the evaluation of PSIlI photosystem
efficiency, indirectly measuring the physiological state of the plant
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(Maxwell and Johnson 2000). In a study conducted by Alvarez et al.
(2011 on Callistemon plants maintaineohder different levels of
water stressthe Fv/Fm values remained constant at 0.80. Drought
stress with this value did not compromise P@®ikrefore Callistemon

can be considered a drougbsistant species.

Effects of drought stress on the ornamental value of plants

Plants under water stress modify their morphology and physiology to
survive in arid environments. These changes canditeotly affect

the visual appearance and ornamental value of plants éRaHi.
2019b; Toscano et al. 2019).

Water scarcity has a direct impact on plant habitus and ornamental
guality, especially athe leaf level. Leaves may fall due to ethylene
production, change colouor show necrosis. The duration and
turnover of flowersare often compromised. The presencélafers

on plants greatly influences th&isual appearanc¢éhereforetolerant
plants should be able to produce a high number of flowers with a
longer life because in water deficflower turnover is reduced (Rafi

et al. 2019b). Flower turnover or the production of new flowers
depends, on the energy availability of the plants, and in the case of
prolonged drought stress, reduced photosynthesis results in fewer
carbohydrates availadko support the flowering process.

However, reducing growth can have a positive effect on ornamental
plants used in urban green spaces bedauséduces the frequency of
pruning required, therebynanagement costs. This is particularly
importantfor ornamental plants used in topiary; slower growth helps
preserve the desired shape for longer.
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1.1.2 Use ofvarious toolsto mitigate droughtinduced damage

One solution to overcome the problems associated with drought stress
is the appropriate choice of spes. The response to drought varies
greatly among plants used in green spaceszgions wher&rought
stress is frequent, the choice of ornamental plaraty favourthose
growing in desert areas (such as xerophytes or succulents), which are
particularly weltequipped to survive in conditions of water shortage
(Leotta et al. 2023)

Symbiosis with arbuscular mycorrhizal (AM) fungi can increase host
resistance to drought stress, although the effect is not always
predictable (Chen et al. 2020; Rgva and Puschel 202(ecause
drought stress is frequent in drougitbone soils, the influence of AM

on the watedeficiency response of plants may partially result from
the influence of AM on salt stress. With this aim in mind, Cho et al.
(2006) invesgated whether AMnduced effects on water shortage
responses were more pronounced when plants of similar size were
exposed to drought in saline soils than when they were subjected to
water shortage alone. In the experiment, conducted in two
greenhouses, ifferent characteristics of water relations were
measured in sorghum plants with roots colonise@lmynusmosseag
Gigaspora margaritaor a mixture of AM species, during a long period

of drought followed or not by Na&upplemented water to simulate
salt stress. The results confirmed that AM fungi can modify plant
responsg to drought but do not contribute to salt resistance. The
beneficial effects of AM are related to the improved ability of the roots
to absorb water by increasing the active root surfaa. The
increased root adsorption capacity is also due to the production of
gibberellins and cytokinins by AM (Barea and Aze®guilar 1982).

Plant growthpromoting bacteria (PGPBj)ave beerioundto play a
direct and indirect positive rolgnder stressonditions (Wong et al.
2015). The positive effestof PGPBhave been validated byheir
activation of the enzyme -dminocyclopropand-carboxylate
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deaminase, which reduces ethylene production and increases auxin
concentration at the root level (Glick 2014

In recent years, there has been a considerable increase in the use of
biostimulants in agriculture to improve the abiotic stress tolerance of
crops (du Jardin 2015). Abiotic stress reduction is the most frequently
cited benefit of biostimulant formulans (Yakhin et al. 2017).
Biostimulants are derived from organic substances through various
industrial processes and can be composed of microorganisms such as
fungi or bacteria (du Jardin 2019)heyhelp improve plant adaptation

to suboptimal conditionsby acting on plant physiology and
biochemistry (Toscano et al. 2018b). The contribution of cytokinin
producing bacteria under drought conditionsfigreatinterest (Calvo

et al. 2014). Some microbial inocula, known to have a positive effect
on plant deelopment, may also help plants overcome or tolerate
abiotic stress conditions.

Even in ornamental plants, production can be improkbgdthe
application of biostimulantg:or exampleHibiscusplantstreated with
commercial biostimulants showediagrease in gas exchange (Massa

et al. 2018). In a pot experiment with bedding @aatgae extract
(Ascophyllumnodosum had positive effects onthe growth and
development of petunia, pansy and cosmos subjected to water shortage
(Battacharyya et al. 2015 Positive effects of biostimulants on
flowering have also beenfound due to earlier flower induction,
increased number of flowerand increased biomass accumulation
(Vernieri et al. 2006).

Plant growth promoting rhizobacteria (PGRRYealsobeenadoped

to stimulate plant growth under resouttriting conditions by
enhancing tolerance to abiotic stress and increasing nutrient
availability, uptake, and assimilation. PlantsReétunia x hybrida
(Hook.) Regel Impatiens walleriana Hook.f, and Viola x
wittrockianaGamstreated with two bacteria strains B$eudomonas

had greater shoot biomass than untreated control plants when grown
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under lownutrient conditions and after recovery from drought stress
(Nordstedt et al. 2020).

The effects of exogwmus application of salicylic acid (SA) on
morphephysiological and molecular characteristics laipatiens
walleriana Hook.f. plants grown under water deficit stress were
investigated (Safari et al. 2022). The application of 2 mM SA
increased growth and péiological indices in droughdtresseglants
mitigating the detrimental effects of water deficit in this important
ornamental species.

With the aim of assessing differences in the mechanisms involved in
the resistance of ornamental species to drought stress resulting from
regular suspension and recovery of water supply, Toscano et al. (2014)
subjected the plants of five ornamental shri@asllistemon citrinus
(Curtis) Skeels Laurus nobilis L., Pittosporum tobira(Thunb.)
W.T.Aiton, Thunbergia erectdBenth.) T.Andersonand Viburnum
tinusL. & u c i Ptatwodconsecutive cycles of suspension/recovery
(S/R) in comparison with plants growmder constant water supply
conditions (C). The five speciesxhibited different responses to
drought stress. At the end of the experimental period, tie S
treatment had no effect dhe dry weightof anyspecies, excegor

P. tobira. In the latterspecies, drought stress redutkdtotal plant
biomass by 19%. Drought stress induced negative effects in the plants,
including a decrease in dry matter of the epigeal portion and an
increase in the root/area rat@specially inC. citrinusandP. tobira.

All species adapted to water shortage using physiological mechanisms
[Relative Water Content (RWC) and regulation of water potential,
stomatal closure and reduced photosynthesis]. After irrigation, all
species recovered completeltherefore deficit irrigation can be
considered a suitable strategy for landscaping in a Mediterranean
environment. It must be emphasised that this is a spspesfic
response, as. nobilisandT. erectaappeared to be the least sensitive
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species to water shortage stressnpared to the other genotypes
studied.

Drought stress can hesed to control the growth of ptid plants.
Davies et al. (2016) used deficit irrigation compared to conventional
irrigation on two crops with different canopy characteristiesrqius
albaL. andLonicera periclymenurh.). In a subsequent experiment,
Forsythia x intermediaZabel was grown in two substrates with
different amounts of peat (60 and 100 @gficit irrigation was found

to be particularly effective in controlling vegetative growth &vh
applied with overhead irrigation, with results similar to those of drip
irrigation (Davies et al. 2016 hiscomparable response suggests that
deficit irrigation can be applied in the absencepodcision drip
irrigation.

1.2 Aim of the thesis
The drought tolerance of ornamental plants varies widely between
genotypes and in response to different environmental conditions and
soil or substrate characteristics. Species used in ornamental green
spaces exhibit drought tolerance ima&gisms similar to thosef
agricultural cropshoweverthe assessment of such tolerance for these
plants should be based primarily on aesthetic value rather than on
growth effects. Because of the very large number of species that can
potentially be usedor ornamental purposes, the identification of
genotypes suitable for arid conditions should be easy, although
screening mudie performed by considerimgarge number of species
and/or cultivars.
The main problems that arise when dealing with the regpois
ornamental plants to water stress are mainly relatdzettollowing
I.  the need to experimentally analyse a wide range of genotypes
to identify those best suited to such stress conditions;
II.  interest in identifying parameters useful in discriminating
water scarcity stress tolerance;
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M. development of irrigation methods or plant management
strategies suitable for enhancing the tolerance of species to
water stress needed

The study of plant response mechanisms to water staeskin
particular, the physiological mechanism®f tolerance to water
shortage could allow the identification, on a more certain basis, of
plants capable of surviving the stress in question, which is very
frequent in the Mediterranean environment.
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Abstract

The native flora of different Mediterranean countries, often woody
species, was widely recognized for its ornamepitatential. The
shrubs, in particular, are a typology of plants very widespread in the
Mediterranean environment and con
vegetation of this ecosystem. The use of native shrubs for the
realization of ornamental green aréas been recently examined for
their adaptability to abiotic stress. Abiotic stresses, in fact, are the
major limiting growth factor in urban and peniban areas. The
identification and use of tolerant ornamental species allow the
reduction of managemenbsts and preserve the aesthetical value of
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green areas. Tolerance to drought stress, for instance, in the
Mediterranean climate can improve the ecosystem services of these
plants in the urban environment. In this review, the possibility to early
individuae differentp | ant speci esd® mechani sm
the stresses is analysed, as well as the possibilitictease abiotic
stress tolerance through genetic and agronomic strategies. The
exploration of wildor spontaneous species can be a gooccedor
selecting tolerant plants to be used as ornamplatats in urban areas.
Among agronomic strategies, biostimulants, mulching, and plant
combinationcan provide a useful solution to counteract abiotic stress
in the urban environment.

Keywords: urban environment; shrubs; green areas; landscape;
abiotic stress; pollution; plant choice; biostimulants

2.1. Introduction

Woody plants, trees or shrubs, represent the most common plants in
many natural and semitural environmentéG°tmark et al. 201§.

Almost all these plants have characteristics, such as being perennial or

the same structure of ramifications, that allbeit use for ornamental
purposegRead and Bavougian 2014) AI' I &éwoody ornam
can be used in gardens and landscaping, thanks to the presence of
flowers, more or less showy, of different colours, the colour and
morphology of leaves, and the skapf the plant (height, shape, and

width) (Read and Bavougian 2014)he species of woody ornamental

plants belong to numerous botanical families and genera; within a
single species, there are numerous cultivars, expressing enormous
variability (Van Laereet al. 2018) An indication of the wide
biological diversity of woody plants used for horticultural purposes is
the fALiI st of Names of Woody Pl a
contains the 6épreferred botanical
trade names of aimogt5, 000 woody (Lists ofBlaanesy pl a
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of Woody Plants and Perennia?923. The new edition (20222025)
contains more than,B0 new names of woody plants. Shrubs, in
particular, which are the plant typology on which our attention is
focused in this review, are a category of woody plants widespread
above all in the Mediterraneduasin, where they form the salled

in |ItaccaAanadoM i . e. , the vegetatio
The diffusion of this plant typology in the Mediterranean regions is
justified by its adaptability to stressful climatic conditions,
characterized by hot summers and low rainfall, which determine a
long and droughty summéPaz et al. 2016)Climatic conditions of

the Mediterranean environment are also found in four other regions of
the Earth (California, Chile, South Africa, and some areas of
Australia). The frequency of abiotic stresses, and rtiquéar water

and saline stresses due to the poor quality of the water, has selected
the plants of all these environments, leading to the convergence of the
morphophysiological traits of the various species, determining that all
the plant communities ohé Mediterranean climate are dominated by
sclerophyllous evergreen shrubs. In the Mediterranean regions, water
stress and poor water quality (high salt content) are among the main
problems hindering the use of ornamental plants. Global climate
change will certainly accentuate problems associated with water
deficits and salt levels, especially in urban a@#g/AP 2014) The
possibility of the use of native Mediterranean shrub species can be a
solution for droughtMunnéBosh and Puebs 2004)and saline
stress (Cassaniti et al. 2013)It is of interest to increase the
sustainability of the landscape. Native Mediterranean shrubs are able
to adapt to conditions of accentuated drought, which is one of the most
important factors influencing plant survival angesies distribution
(Filella et al. P98). Many woody ornamental plants and native
Mediterranean shrubs are particularly suitable to use in landscape
planning. These plants, in addition to their high aesthetic value, are
characterized by wide biodiversitindeed, the Mediterranean Basin
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is one of the Earthoés areas with
10% of the worldbés higher pl ants
Ear t h 6 s(Mé&lail rafidaQuézell997) Of the approximately
25,000 species remted in the Mediterranean area, half are endemic
to the regionHeywood and Skoula 1999%otspots represent about
22% of the total area of the Mediterranean Basin and host a0t 5
restricted endemic speci@dédail and Quézel 19.

Thanks to their particular morpkahysiological characteristics,
woody plants are very suitable to be used for ornamental purposes.
Since shrubs are characterised, as Giv(iS®84)recalled, by a high
number of active meristems, which are potential sftas stem
regeneration, thegantolerate abiotic stresses more than trees. Itis no
coincidence, in fact, that shrubs are associated with degraded
environments, where abiotic stresses are very frequent, for these
reasons. They are plant species suitabldde maintenance green
infrastructures. Shrubs, perennial plants with numerous branches that
branch out at or near the grou@btmark et al. 2016are widespread

in the different biomes of the Earth; their tolerance to numerous
stresses allows them taure numerous ecosystem servigegancini

et al. 2022) These plant species are able to control temperatures,
stabilize the soil, and ensure the water balance of the ecosystem,
absorption, and carbon storage. The capacity to assure ecosystem
services izrucial in the choice of ornamental plants for sustainable
green infrastructures. From an ornamental point of view, shrubs are
characterised by different features (high number of twigs, which
influences their growth pattern; pulvinate shapes, which redhe#s
transpiration and improves the visual qualities of the green
infrastructures; leaf characteristics; different blooming periods; and
colours of flowers) that add interest and variety to the landscape
(Romano and Scariot 2021)

49



Chapter 2

2.2.Methodology andliterature research

According to the objective of this review, i.e., to analyse the strategy
and improve théolerance of ornamental shrubs to abiotic stresses that
are commonly frequent in urbameas, the research has been searched
in the mosimportant scientific databases suctSaspus and Web of
Science. The published research papers were selected considering
theirimpact and keywords that matched with the aim of our review.
Recent works with robudtatistical data analysis were considered,
especially in the last 10 years. The main criterisase the ornamental
value of the plants adopted and the role of human interventioarin
designed green infrastructures (gardens and urban parks). Certainly, it
was taken intoconsideration plants thdtave essential ecological
functions, but attention, and therefore thelusion of some articles,

was focused on agronomic and horticultural aspects, inclutiimg
choice of species, which can improve tolerance to stress and therefore
maximize theecosystm services of the plants introduced by man into
the city for ornamental arfduition purposes.

2.3. Ornamental shrubby plants in the urban environment
Urbanisation significantly modifies the physical environment,
biological componentand ecosystem processes of cifidsDonald

et al. 2007) Woody plants, trees, and shrubs become essential
components of urban green infrastructures for their numerous
ecosystem services and, particular, for the reduction of pollution
(Francini et al. 822) Another aspect linked to urban environment
quality is heat island reduction, determined by green areas and
vegetation, particularlymportant in relation to increasing global
warming. Plants, thanks to their sha@éassetti et al. 2019and
transpiraéion, are able to improve urban conditions for the inhabitants
but also for touristsvho favour areas with green infrastructure to
spend their time outdoo(kopes et al. 20222022b) It is wellknown

that urban areas have temperaturesg 8 higher tharrural areas.
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Mitigation of thehigh temperatures is obtained by the transpiration of
plants, and the efficiency dependswater availability. Ornamental
shrubs are able to maintain environmental quality and pfésrsant
landscape effects, even if urbsaiion, with its environmental
changes, exertsegative effects on plants, which mainly affect the
characteristics of the leav@$yas et al. 2021)At the same time, the
variations that, due to the stressful effects of urbanisation, are
observed irplants, such as leaf thickness, unit leaf area, specific leaf
area, etc., can be used as indicatdrhe urban environment quality
(llyas et al. 2021)

2.4. Mechanism oftolerance and/orr esistance obrnamental
shrubs to abiotic stress

Abiotic stresses are the major limiting growth factor in urban and peri
urban areaslhe identification and use of tolerant ornamental species
allow the reduction of managemerttsts and preserve the aesthetical
value of green areas. Urban environments casubgcted to more
stressful conditions than rural ar¢&sancini et al. 2022)

Drought tolerance is most important for agricultural production, as
most of the plantsare obtained in Mediterranean, seanid, and
tropical regiong(Tanveer et al. 2018)Soil waer limitation during
drought affects evaporation, evapotranspiration, and ultimately,
precipitation (Igbal et al. 202Q) Plants have developed various
adaptive strategies to cope with drought stfekssain et al2018).
Plantsadapt to drought in sevéravays, such as drought escape,
tolerance, and avoidance mechanisthevitt 1980) Perennials
especially rely on drought toleran@i¢ozlowski and Pallardy 2002)
which can be achieveithrough morphological adaptations of roots,
stems, and leaves. Tolergoiants have digh-water potential with
higher water uptake or physiological adaptations througtethection

of transpiration(Vinod 2012). Plant adaptation varies among plants
depending on speciegenotype, phenological development, or organ
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type (leaes)(Chen et al2009). Optimisation of carboassimilation

with minimisation of water loss, i.e., improvement of intrinsic water
use efficiencyhas been described as an adaptive trait for plants that
are exposed to severe droudtke, for example, thévlediterranean
woody plant speciedvedrano et al2009; Alvarez et al. 2018)

Woody species are particularly important in this context, due to their
longevity and the possibility of studying lonterm adaptation
mechanisms. To understand tioderancelevel, many physiological
traits, such as the measurement of leaf water potential bstongse

and at midday, photosynthetic rate, stomatal conductance,
transpiration rate, aridtercellular carbon dioxide concentratjovere
analysed. Biochemal characteristics, suclas ascorbic acid,
glutathione, chlorophyll content, tocopherols, amino acids,
carotenoidsand soluble sugar, have also been used to control the
tolerance level of plants to drougtitesgToscano et al. 2019t has
been obsemrd that species that can retain a greater quantity of water
and therefore lose less through the stomata are more tolerant to
drought(Riaz et al. 2013)As reported byzalmés et al(2007) shrubs
have a better ability to regulate transpiration than hexdnzplants
(Toscano et al. 2019)

Many of the favourable characteristics for resisting drought are
present in shrubs; itis not a coincidence that in searid
environments, most of the plants are sclerophyllous evergreen shrubs,
or deciduous or seasonatlimorphic shrubs, which possess the main
adaptive approaches of perennial species to drought Eliessano et

al. 201&). The main role of shruba semiarid ecosystems lies in the
fact that these plants can grow under conditiongrafironmental
stress where trees cannot survij@ilson 1995; Igbal et al. 2020)
Some perennial species, such Bsphorbia dendroidesL., a
Mediterranean shrub, keep their leaves during the winter aspatiog

and drop them with the onset of the hot season.
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The use of Meiterranean shrubs for revegetation in sami areas

has increasedue to their ability to adapt to severe drought conditions,
which is considered one dfie most important factors influencing
plant survival and species distributiviilagrosa et al. 2014 In the

case of Mediterranean evergreens, leaves undergo several drought
events that cafurther hinder photosynthetic capacftyiinemets and
Kenan 2014; Nadal et al. 2020Dne of their most distinctive
characteristicts a higher water usdficiency (WUE) at the leaf level,

due to the reduced stomatadnductance but higher carboxylation
capacity of Rubisco compared to evergreens of dilenes(Flexas

et al. 2014)Hence, stomatal and mesophyll diffusion constraints are
the most importanfactors limiting photosynthesis in evergreens
(Nadal and Flexas 2019However, Mediterranean sclerophyése

able to sustain positive G@ssimilation rates at relatively low leaf
water potentialscompared to Mediterranean deciduous species
(Flexas et b 2014) This increased drought tolerance bagn partly
attributed to the robustness of sclerophyll leaf@e Micco and
Aronne 2012) which tend to sustaishrinkage and collapse, thus
preventing negative effects on photosynthesis and wedasport
(Flexas et al. 2014; Scoffoni et al. 2018Beyond the response
mechanisms to drought stress, ornamental plasgd in landscaping
must ensure an aesthetic value that can be influenced by a reduction
in the number of flowers, an excessive decrease in gtamith, and

a worsening of foliagguality (Toscano et al. 2019The analysis of

the mechanisms adopted by different species to overcmeght
stress and reduce water loss could allow the identification of the most
tolerantspecies to be used in ariddasemiarid environments, thus
increasing the sustainability ofrnamental green infrastructures
(Table2.1).
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Table 2.1. Effect of drought on ornamental plant quality and traits
associated to tolerance.

Target Stress effects Tolerance or | References
organs adaptation
response
Roots Increase of roof Increase thd Toscano et al
biomass functional  roots| 2019
and architectures
Stem Decrease the Increase the Geng et al. 2019
growth, lignification Jafari et al. 2019
elongation, process Toscano et al
diameter ang 2019
biomass
Leaves | Reduction of sizg Increase the wax g Chen et al. 2009
and leaf number | thickness, and
trichome number
Flowers | Reduction of| Increase the flowe| Cai et al. 2012
flower production| longevity and
and longevity turnover

Salt stress is another important abiotic stress that ornamental plants
and shrubs itandscaping can be exposedTbere are not numerous
studies on the effects of salisgess(Toscano et al. 2020F5alinity

can affect the growth of ornamental shrubs by reducing leaf growth
and expansion due to osmotic effects or by toxicity due to the high
concentration of Naand CI" in saline water(USEPA 1992) In
ornamental plants, the aesthetic value can be compromissditiyy
inducing leaf necrosis or abscissi@fercival 2005 Cassaniti et al.
2013) In many ornamental species, salinigually induces dry shoot
biomass ad leaf surface. Morphological adaptations saghesinous
buds, and waxy leaves and stems in tolerant species allow woody
plantsto cope with salinity stress. The salt exclusion mechanisms are
represented by smoottvigs, sunken buds, and low surfaceaate
volume ratios (as occurs, for example, in piredles)Appleton et

al. 1999; Tribulato et al. 2019)
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Exposure to salt can affect plant metabolism through an osmotic
effect, causing wateteficit, or through a specific ion effect, causing
excessiveadn accumulatiorfAzza Mazher et al. 200.7Undersaline
conditions, plants must activate various physiological and biochemical
mechanismsto cope with saline stress, which include water
relationships, photosynthesis rate, hormomabfiles, toxic ion
distribution, antioxidant metabolism, and soil respo#smstaMotos

et al. 2017) In particular,the changes in leaf tissue cell walls and
factors limiting photosynthesis under these conditions and their
possible interactions with leaf tissue damage are ettumderstood
(Alvarez et al. 2018)Plants that have some degree of tolerance to
salinity may show quality reductions whexrposed to this stress, and
this is an important factor in the selection of ornamental pfantsse

in gardens and landscapi(@ameron et al. 1999)

The ionic composition of irrigation water can influence the response
of shrubs andrees to salt stress. Chloride salts appear to be more
harmful than SG salts, and M§ associateavith CI-is more harmful
than Nd with CI (Devitt and Morris 2005)Among many salinity
tolerancemechanismgMunns and Tester 2008he ability to limit

the entry of saline ions through the roots and to lthttransport of

Na" and/or Clto the aerial partggetaining these ions in the root and

in the lower part of the stem, is one of the most important
characteristics associated with stdterance(Colmer et al. 2005)
Species that maintain acceptable growth rates under saline conditions
haveeffective mechanisms for excluding Nand Ci from roots or
leaves, thus maintainirgpod aesthetics and are ideal for landscaping.
The low reduction and absence of symptoafissalt damage in
Eugenia myrtifolial. was associated not only with the rootratye of

Na" and Ci, but also with their limited uptake with increasing salinity
(Boursier and Lauchli 1990An importantaspect of salt tolerance is
related to a plantoés abil i tNg to
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and Cl, in roots or stem@ergison and Grattan 2006assaniti et al.
2009)

The response of plants to salinity depends not only on the intensity of
the salt treatmerdut also on the time of exposure to the salt treatment
(Alvarez et al. 2015) These aspects are of primaimportance,
especially in the Mediterranean area when saline water is used for
irrigation of perennial species, such as woody plants, as the interaction
between intensity and duratiasf exposure to salt will determine
physiological and molecular changéd.nursery levelthe selection

of plants tolerant to salinity stress can be carried out by the evaluation
ofpl antsd responses t2®).salinity ¢tr

Table 2.2. Effect of salinity on ornamental plant quality and traits
associated to toleraac

Target Stress Effects Tolerance or | Reference
Organs Adaptation Response
Roots Increase of rooty Increase the watg Sanchez
biomass uptake and exclusion g Blanco et al.
some toxic ions such g 2014
Na* or Ct
Stem Decrease the Increase the extrusion ¢ Alvarez et al.
growth and| storage 2012
biomass
Leaves | Reduction of| Increase the storage ( Cassaniti et
size, necrosis, 0| ions in vacuole al. 2012
abscission
Flowers | Reduction of| Increase the flowe| Fornes et al
flowers longevity and turnover | 2007
production and
longevity

In urban areas, hypoxia is an abiotic stress that ornamental plants can
be often exposeth in compacted soil. Compaction is determined by
physical degradation, which reduces ttedume of a given mass of
soil and decreases porosity. This promotes the formation of urban
flooding (Yang and Zhang 2015)An excess of water is usually
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considered to be deleterious to plant health grawth, and total
submergence rapidly kills most plargpecies. Hypoxia/anoxia
conditionsrestrict processes such as plant respiration and water and
nutrient absorption(Jackson 1997; Kozlowski 1997)l'he most
common symptoms in the aerial part of a plant under hypoxia/anoxia
conditionsinclude leaf curling (ginasty) and stem twisting, leaf
chlorosis and wilting, marginalbrowning of the leaf and
shedding/defoliation, as well as fruit drop. The physiological
consequences of hypoxia are a decrease in stomatal conductance
(Folzer et al. 2006and a reduction ofvater potentialElse et al.
2001) In woody plants, waterlogging tolerance responses are
associated witlinypertrophied lenticels, new adventitious roots, and
aerenchyma developmgtreuzwieser and Rennenberg 20Iese
morphological and anatomical clyges depend on the intensity,
duration, and timing othe flooding cycle(Kozlowski 1997) The
presence of hypertrophied lenticels is a common anatowheaige
observed in many woody speci€gamamoto et al. 1995)The
development of hypertrophied lentiseés supposed to simplify the
downward diffusion of @ as well as the potential discharge of
compounds produced in the roots as-pbyducts of anaerobic
metabolism(Parent et al. 2008)

Oxygen depletion is one of the most important events dildoding.

The diminishingn gas diffusion to the root environment as a result of
the presence of excessive water in the soil or deprived aeration in
soilless cultures, accompanied by reductiorawdilable oxygen by
aerobic processes (i.e., root and midabrespiration), will deprive the
rhizosphere of available-O

A flood-tolerant plant can overcome the adverse effects of flooding
through numerousnorphological modifications, such as hyponasty
(upward bending of leaves), improvetootextension, aerenchyma
formation, the development of barriers against radidb&s (ROL) in
roots, the development of adventitious roots, leaf anatomical changes,
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and the formation of a gas film on leaf surfac€Sauter 2013;
Voesenek and Baile$erres 205). The formation of adventitious

rootsi mproves the plantbdés adaptati ol
transports atmospheric@to the roots, and may support or replace

the primary root systenfSauter 2013) Furthermore,aerenchyma

occurs in adventitius roots and acts as ant@nsportation pathway
(Table2.3).

Table 2.3. Effect of hypoxia or anoxia on ornamental plant quality and
traits associated to tolerance.

Target Stress Effects Tolerance or | References
Organs Adaptation
Response

Roots Increase thg Cell death and in som| Cameron et al
ethylene herbaceous plants th 2010; Yang et
production aerenchyma formatiol al. 2020

Stem Decrease thq Increase the ethylen| Cameron et al
growth and| biosynthesis 2010
biomass

Leaves | Leaf yellowing,| Increase the storage { Cameron et al
abscission ions in vacuole 2010

Flowers | Reduction of| Increase the flowe| Yang et al. 2020
flower longevity
production and
longevity

Urbanenvironment pollution is also a source of stress in ornamental
plants. Urbanareas can be highly polluted by human activities.
Pollution can be represented hgavy metals derived from heating
systems, vehicular traffic, and industrial emissiOhsgari Lgayer et

al. 2019) Combustion of engines and tire emissions can represent a
mobile pollutant source, whiléndustries and heating systems
represent fixed sources of pollutigRrancini et al. 2022)Around
pollution sites, the concentration of heavy megtaincreases.
Ornamental plants can have differdegrees of pollution tolerance or
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ability to uptake and degrade them if they are orgpailutants. The

use of suitable plant species can recover the visual appearance of
pollutedareas. The success of gnaarea establishment depends on the
tolerance of ornamentalants to the pollutant concentrations. Heavy
metals are represented by different elemsuath as aluminium (Al),
arsenic (As), cadmium (Cd), copper (Cu), chromium (Cr), (€4,
mercury (Hg),and zinc (Zn). The tolerance of ornamental plants to
heavy metals istrictly connected with the ability of these species to
exclude the toxic heavy metals frahe uptake or the ability of plants

to uptake and translocate heavy metals to organsdhdie released,
such as older leaves or even frifKhan et al. 2021)

The identification of tolerant ornamental plants at nursery level can be
performed by exposing the interested species to increasing
concentrations of heavy metals. The biochemaral phgiological
response of plants allows their classification to different levels of
tolerance. The specific markers for the evaluation of tolerance to
heavy metals can be thgroduction and accumulation of some
protection molecules such as phytochelatins. s€h@oteins can
protect the plants by removing metals from the active cell metabolism
by chelation,and their biosynthesis is induced by heavy metals
accumulation. The phytochelatitiosynthesis is mediated by
phytochelatin synthase and starts from gluteté (Kneer and Zenk
1992) Theactivity of this enzyme is regulated by the heavy metals
posttranslation activatiofiCobbett 200Q)Heavy metals induce plant
stress with the accumulation of free radicals and damagestoell
membrane. The most commordicals are represented by reactive
oxygen specie$ROS), reactive nitrogen species (RNS), or reactive
sulfur species (RSS). The nspecificresponse can be represented by
the increase of the detoxification enzymes such as thelsaging to

the ascorbaialutathione cycléFigure2. S1).
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Figure 2. S1. The detoxification enzymes belonging to ascorbate
glutathione cycle. The superoxide radicals; jCare removed by
superoxide dismutase (SOD) which leads to hydrogen peroxidase
(H20.) formation. The ascorbate (AsA) is regenerated by oxidized
forms by a cycle catalyzed by ascorbate peroxidase (APX) enzyme.
The AsA is covered in monodeltiyoascorbate (MDHA) by APX,
then the monodehydroascorbateeductase (MDHAR) oxides the
MDHA and reduces the NADPthat is regenerated by Ferredoxin
(Fd). The MDHA can be converted to ASA and dehydroascorbate
(DHA) by nonenzymatic reaction. The DHA is converted by
dehydroascorbate reductase enzyme (DHAR) in ASA, contemporary
the reduced glutathione 8B) is transformed in oxidized glutathione
(GSSG) by NADPH.

Free radicals are highly reactive and can damage the cell membrane

and the phospholipidouble layers. The damage of ROS on the cell

membrane is specifically due to loss of compartmetggrity and

enzymes coming into contact with substrates generating prdtiacts

can be responsible for several physiological disorders, compromising

the visualappearancéNazir et al. 2020)Membrane integrity and low

lipid peroxidation are also good amkers for the estimation of

ornamental plant tolerance to heavy metal concentrations. At the

nurserylevel, the selection of plants tolerant to heavy metals is carried
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out by exposing the plants increasing doses and monitoring the lipid
peroxidation, pytochelatin accumulatiorand enzymatic response.
The distribution of plants in the planning area must be done
considering the concentration and distribution of pollution in the soil.
The shadows of buildings or tall plants in green areas can have
negative effects onother plants. Therefore, the combination of
different plant species such as herbacgwasts, shrubs, and woody
ornamentals must be carefully considered. The visual appeaatce
aesthetical quality of the area depend on the health stgtlentd and
their correct distribution. It is important to identify the correct
exposure to ensure adequate lightensity. Plant distribution and
combination must be carried out considering their shattilegance.
Buildings and trees can be responsilite shading and light
limitations. Manyornamental plants can have a plasticity degree that
allows the adaptation of plants to loviight intensities. At the nursery
level, the ornamental plants can be prepared for -liglt
environments by progressivaglit reduction using black nets with a
shading percentadeom 50 to 90%. The intensity of shading depends
on the shading in the urban area. T8fede adaptation must be
achieved by slow light intensity reducti¢iiddleton 2001) Plants
undershadecontribute to the ornamental value through the increase of
chlorophyll concentrationAt the physiological level, leaves under
progressive shading intensity reduce the lighinpensation point
(Figure 2.1). This means that a lower amount of light is reedito
compensatt¢he respiration proceggontenoandMcWilliams 1978)
Ornamental plants that have good light plasticitylmansed for green
planning in the shaded areas inside urban and-uplean
environments.If plants are not tolerant to shade, unddading
conditions, the respiration can be higliean photosynthesis with a
negative sugar accumulation balance in a 24 h period.nHgative
balance, if prolonged, can lead to plant death. Shade plants can survive
at lowlight availability since theyave low light compensation points.
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Figure 2.1. Schematic of light saturation curves and light
compensation points lowered by shading treatments. Shading lowers
the light compensation point from 30 to 20 méfsit. The lowering

of light compensation point can require several days or weeks.

Plants tolerant to shadere typical of underbrush conditionfaple

24)t he 1 ight compensati on?shdhent fr
lowering of light compensation point can require several days or
weeks.
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Table 2.4. Effect of shadow on ornamental plant quality and traits
associated to tolerance.

Target Stress effects | Tolerance or | References

organs adaptation response

Roots Decrease  of - Zhao et al. 2012
roots biomass

Stem Increase of Increase theifmness of| Zhao et al. 2012
stem cell walls
elongation

Leaves | Reduction of| Increase the chlorophy| LugassiBen
thickness and concentration an¢ Hamo et al.
leaf number lowering the light| 2010;Zhao et al.

compensation point 2012;

Flowers | Reduction of| Increase the flowe| LugassiBen

flower number| longevity and turnover | Hamo et al. 201(

High and low temperatures can induce damages that compromise the
ornamental value of plants. Temperature is an important
environmental parameter that camducespeciation and affect plant
distribution in diverse geographical areas. Plant growth and
development are tightly correlated with temperature, and many
species are synchronisedith the environment for foliation and
flowering. Each species has anioml rangeof development; the
minimum and maximum temperatures must be considered in the
selection of plant species to use in certain regions or geographical
areas. The temperatunas a direct impact on primary and secondary
metabolism. In an urban comnte the reduction of growth is not a
problem if there is any change of visual or external qudlityfact,

slow growth can reduce the cost of management due to pruning.
Unfortunately,the wrong ornamental plant selection exposed to low
temperature can suffer cold stresgloitling injury during winter. On

the contrary, plant species sensitive to high temperataneell as for
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low temperature, can also show some physiological disorders such as
leaf abscission or senescence.

Cold stresscan be dramatically deleterious depending on the
phenological stage oplants. Deciduous ornamental plants are
strongly tolerant to low temperatures duringnter when they are in

the dormant stage. In spring, if new vegetation appears eadgtual

low temperatures can induce chilling injury. Based on temperature
data recordeth recent years, it is possible to distribute plants in areas
considering their sensitivity tow temperatures. The combination of
ornamental species from woody trees, shrubd ha&nbaceous plants
can protect each other.

High temperatures during summer can negatively affect ornamental
plant performancé€Table2.5).

Table 2.5. Effect of high or low temperature on ornamental plant
guality and traits associated to tolerance.

Target organs | Stress effects | Tolerance or | References
adaptation
response
Roots Decrease ol Increase thg Franco et al,
roots roots uptake ol 2006; Francini
functionality ions et al.2021
Stem Increase ol Increase thg Vaid and
decrease of ster] firmness ofcell | Runkle 2013
growth walls
Leaves Increase oft Reduction the| Vaid and
thickness, leal chlorophyll Runkle 2013
necrosis concentration
Flowers Reduction of| - Khodorova and
flower numbers Boitel-Conti
2013

The negative effect of heat stredspends on the solar radiation
intensity and duration. In summer, the temperature can rapidly
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increase during the day, and thighest values can be observed from
12:00 to 2:00 pm. It can happen that ornamental ptamde exposed

to high temperatures fodi 6 h per day during the hottest summer
months.

The localisation and light exposure of plants in the urban environment
can mitigate oimcrease high temperature stress. At physiological and
biochemical levels, the tolerance pfants to high temperatwse
depends on the transpiration rate and the thermoreguétioiency

of plants(Wabhid et al. 2007)At the molecular level, the tolerance of
plants to heat stress @&ssociated to the accumulation of heat shock
proteins (HSPs) and genes encoded fordbmxification of ROS
(Toscano et aR023)

25. Strategies toimprove the shrub tolerance to abiotic
stress

The improvement of shrub tolerance can involve the identification of
new ornamentadpecies among wild or spontaneous plants in specific
geographical areas. These woirkglve genotype characterisation or
agronomic strategies such as the use of biostimutaumtsilching.

2.5.1. Plantspecies and/ocultivar choice

Due to their characteristics, woody plants, trees, and shrubs can ensure
numerous ecosystem services. Plants in cities provide valuable
ecosystem services, which can imprapelity of life, but they also
face numerous stresses, such as heat, salt, drextteine winds, and
pests, which can reduce or cancel these berfaflen et al. 2010)In

order to ensurecosystem services, a key factor is plant selection to
obtain more stable and resilient greefrastructures. The possibility

of fully utilising the benefits of green infrastructures atiekir
ecosystem services is reduced by the lack of technical criteria for the
selection of planspecies in urban ared¥ogt et al. 2015; Nufez
Florez et al. 2019; Farrell et al. 2022 recorded by Capotorti €t a
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(2020} it is essential to putheright plant in the right plade There

is not much research on the requirements and charactenstics
ornamental plants in urban environmegiMePherson et al. 2018yhe

lack of a clear referendeamework(Ferranteet al. 2021; Toscano et

al. 2022)leads to unsuitable choices and often an increase in the
maintenanceosts of green areas. The selection of plant species is, in
fact, influenced by subjectivelements, such as the availability of
plants in nurseries opersonal preferences, whiaketermines the
planting of species unsuitable for the environment and which,
therefore, daot ensure the desired ecosystem services.

The choice of a single species can be done for urban parks on the basis
of their adaptabilitto environmental conditions, their aesthetic and
ecological values, their reducedaintenance requirements, and the
advantages they cdming (Figure2.2). The selectiomf appropriate
species of ornamental plants becomes the key factor for the creation
of a sustainable green space, i.e., a space that adapts well to the
environmental conditions of thplace (Asgarzadeh et al. 2014;
Ghafari et al. 2020)In this context, it is essential to identify a
diversified mix of woody speciewell-adapted to the corans
determined by climate change. The adaptation of the gégp@nds, in
addition to the characteristics of the genotype, on the environmental
conditionsand the amount of care it will receifjdan der Veken et al.
2008) it should also beemembered that rates dfmate change can

be more rapid and extreme in cities than in rural areas.

Miller (1997)proposed a species selection scheme that included site
(i.e., environmental and culturadonstraints), social factors (i.e.,
aesthetics, furtions, and disruptions), and economic factfrs.,
planting and maintenance costs).
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Figure 2.2. Ranking criteria for plant species choice for sustainable green areas.

Ranking criteria for plant species choice

|

Environment Aesthetic Maintenance Growth Specific
adaptation features requirement characteristics advantages
¥'Climatic ¥'Plant shape; ¥ Pruning v'Herbaceous or v Transpiration
conditions; v Flower frequency; woody plants; entity;
¥'Substrate showiness; ¥'Susceptibility to ¥'"Annual or v Pollution
characteristics; v Flower colours; disease; perennial reduction;
¥'Shade ¥'Leaf shapes; ¥ Deciduous ¥'Growth rate; v'Windbreak
conditions; v Evergreen or habitus; ¥ Growing season; function
¥'Tolerance to deciduous; ¥ Fruit fall ¥'Stature of the ¥ Anti-noise
biotic and abiotic v Bloom season plant; function
stress; ¥'Canopy shape; ¥ Bright screen
v'Tolerance to v’Shading function
pollution capacity v Resistance to
¥'Space available mechanical
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Roloff et al.(2009)focused on drought tolerance arwld hardiness

as critical for the future survival of trees in a changing climate, based
onthecl i matic conditions of Thishe sp
reasoning, although correct, must, however, take into account, in
addition tothe characteristics of the environments of origin and
therefore the needs of the differapecies, the physiologicdhsticity

of a plant, i.e., the range of habitats to which a spe@asadapt. It
should also be taken into account that one stress can accentuate the
severity ofanother(Toscano et al. 202;Lhigher temperatures, for
example, increase the evapotrandfra demandand therefore
drought stress, predisposing the plant to attacks by par@3ékesand

Frank 2014) In addition,salinity from recycled irrigation water or
coastal flooding can adversely affect soil healtid shrub growth
(Farieri et al. 2016)Species with narrow tolerance ranges may be
most adverselaffected. Some shrubs, thanks to their plasticity, often
appear more suitable than treajch have a poor genetic ability to
adapt due to their long life.

The complexity of choosing the corrgaiant species determines a
reductioninthemumber of species used, co
However, the biodiversity of urbagreen spaces is important as it
reduces the risks deriving from pests and diseasefr@mdclimate
change and therefore imgves the resilience of ecosystem services
ensuredy green infrastructures. To manage and enhance biodiversity,
Santamour 9/ 2006 30®s & dSantamout@P0)hash u mb 6
been widely accepted, which statieat urban forestshouldcomprise

no more than 10% of any particular plant species, 20% of any genus,
or 30% of any single botanical fami{}Kendal et al. 2014)

Urban environments are capable of sustaining plant species
biodiversity due to environmentand land cover heterogehgi
socioeconomic factors, and possible spedigsoductions. Urban
green spaces include many different types of habitats, from intact
patches of native vegetation to highly constructed habitats such as
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green roofgAronson et al. 2017)mprovingour unceerstanding of the
contribution of urban biodiversity could enable gregrastructure to
deliver the ecosystem services needed to sustain an urbanising global
population.

A very important contribution to the biodiversity of the urban forest
can be ensureoly shrubs, due to their small size, which allows for the
presence of numerous individualsthin the green area, and their
resilience to numerous biotic and abiotic stresses.

2.5.2. Agronomictools andmanagemenplans

The tolerance obrnamental plants can be induced or activated by
different applicationsof microbic and nommicrobic biostimulants
(Toscano et al. 20b3 or other strategies that can direaihindirectly
reduce abiotic stress intensities.

25.2.1. Biostimulants anarbuscularmycorrhizas

Landscape plants are produced in nurseries in a relatively controlled
environmentUpon transplanting to the landscape, they are subjected
to high levels of postransplanstress, caused by such factors as root
loss, water stress, inds and disease, and scilangegKoller 1977)
Therefore, in the first period of establishment, it is essential to
minimisestress for plants with the best growing conditions possible.
In recent decades, globally, hitgdmperatures, drougtgalinity, and
heavy metals are considered main stresses thatriemadive effects

on plants. In order to overcome these stress conditions, plants
implement various mechanisms (morphological, physiological,
biochemical); to relieve these stressfahditions, biostimulants have
been widely used in recent years. The use of biostimulants
agriculture has been emphasised, which are products that contain
active ingredientor organic agents free of pesticides, capable of
acting, directly or indirectly, on albr part of the cultivated plants,
increasing their productivity. According to EU Regulation 2019/1009
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(2019) biostimulants means a product stimulating plant nutrition
processes, independenttyf t he productdéds nutri
sole aim of improing one or more othe following characteristics of
the plant or the plant rhizosphere: (a) nutrient use efficie(izy;
tolerance to abiotic stress; (c) quality traits; (d) availability of confined
nutrients in soil orhizosphere. Biostimulants are preti based on
natural raw materials, such as hydrolygedteins and amino acids
from animal and plant bgroducts, microalgae and seawesttacts,
humic substances, plant extracts, and microorgar(isen$orre et al.
2016) Biostimulants arepplied as doliar spray and enhance plant
growth; freezing, drought, and salt tolerangiotosynthetic activity;
and resistance to fungi, bacteria, and virus, improving the gisdd
productivity of many crops. Unfortunately, new landscape plantings
are often instd¢d in settings with poor soil (e.g., heavy clay, low
organic matter, and poor nutrition) aneceive slight or no
supplemental irrigation, which may decrease their chance of survival.
Plants treated with commercial biostimulants including mycorrhizae,
hydrogel, and/obiostimulants may be more resistant to such stressful
conditions, necessitate less additionatrients and irrigation, and
have improved disease resistan@dewman and Davies 1987)
Biostimulants reducthe need for fertilizers for the pland increase
their productivity and resistance to wasgress since they act as a
hormonal and nutritional incremerftle Vasconcelos and Chaves
2020)

In shrubby plants, production can be improved by biostimulant
application. Hibiscus(Hibiscus spp.) treated with commercial
biostimulants showed an increase in gas exchawmigle higher
photosynthetic activitiegMassa et al. 2018Hibiscus plants treated
with hydrolysed substancesbtained from green compost and a
fraction of urban solid wastes.d., FORSU)showed an enhanced
photosynthetic rate that turned into a higher relative growth rate and
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biomass accumulation under optimal growing conditidMassa et al.
2016)

Actiwave, a biostimulant based on carbon nitrogen, was utilised in the
nurseryfor improving the rooting ofCamellia japonical. cuttings
because the rooting stage in thigecies is long and requires more than
three months if no rooting promoting treatmentsaguelied(Ferrante

et al. 2013) Camellia cuttings treated with Actiwa®e Valagro,
Atessa (Chieti), Italy as apray, showed a speeded uprooting and
growth.

In a study on woody ornamental plants uslraptana camaralL.
treated with humicsubstances, the genetic analyses (MAiS
AGAMOUS-like) highlighted the relationshifpetveen the above
substances and the activation of genes involved in plant flower and
fruit developmen{Costa et al. 2008)

Arbuscular mycorrhizal (AMF) and humic substances are two of the
seven maincategories of biostimulants, which have been used
separatly in previous studies to improvelant nutrient uptake,
growth, and development, as well as to enhance tolerance and
resistance to abiotic stress and to promote soil structural st€dility
Jardin 2015Aalipour et al. 202Q)

On gardeniaGardenia jasminoided. Ellis), a calcifuge woody plant,
the effects orthe growth of two strains dRhizophagus irregularis
(AMF) were analysed to evaluatee possibility to reduce phosphate
fertilization. Under reduced phosphate fertilizatiorgculation with
arbuscular mycorrhizal fungi favoured the growth of gardenia plants,
especially in the higipeat substrat@Papafotiou et al. 2021)

Many studies indicate that the symbiotic relationship between plants
and the arbusculanycorrhizal fungi (AMF) isa key factor in helping
plants tolerate and/or resist abiaticess. Yang et g2015) in a study
conducted omRobinia pseudoacacia. under lead stresshowed that
AMF symbiosis had enhanced the physiological and biochemical
properties othis woody pant via increased ROS scavenging capacity.
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Earlier rooting of photinia cuttings was observed in plants treated with
the rhizobacteridzospirillum brasilensé_arraburu et al. 200. In a
study conducted by Loconsole et(@023)on LantanacamaraL. and
Abelia grandiflora (Rovelli ex André) Rehder, the treatments with
Goteo®, (Goted Goactiv, UPL, Cesena, lItaly) a commercial
seaweetbased biostimulant, stimulateddventitious rooting and
provided better rooting quality and shoot development of stem
cuttings. Similarly, Rathore et g2009) showed that the plants of
Glycine max(L.) Merr. treated with seaweed extract (prepared from
Kappaphycus alvareziishowed beneficial effectaith improved
vegetative growth.

The application of biostimulators cononly results in an increased
concentration ophotosynthetic pigments that are strictly connected
with the plant 6sangdarbchystg laveldbd-t i ¢
Elkader et al. 2022)

In this regard, Aug€001)stated, also, that the positive etfeEAMF
relies mainlyon the uptake and transport of water and on an improved
uptake of nutrients, especialty available soil P and other immobile
mineral nutrients, resulting in the hydration @fant tissues,
sustainable physiology, and a clear prapsmbf growth. AMF have
alsobeen shown to regulate several plant greadghtrolling processes
both under normal anstressful conditiongYand et al. 2015Abd-
Elkader et al. 2022 Arbuscular mycorrhizal (AM) symbiosis can also
increasehost resistanceotdrought stress, although the effect is not
always predictable.

The positive effect of plant growAromoting bacteria (PGPB) occurs
through the activatiorof the Zaminocyclopropand-carboxylate
deaminase enzyme that reduces ethylgroeluction and increases
auxin concentration in root&lick 2014) Plant growth regulators
(PGRs) act at very low concentrations to stimulate, inhibit, or
otherwise modify plant growth. PGRse commonly used for root
induction and development in cutting®pagated in ornamentirub
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nurseries. Auxins are particularly capable of stimulating simultaneous
andsteady root formation.

2.5.2.2. Mulching

Mulching in urban areas has multiple functions. The mulch can be
used for weedontrol, avoiding competitibamong ornamental plants
and spontaneous species. Thelch can also be useful for reducing
water loss from the soil and improving the watise efficiency of
ornamental plants used in the green area. This barrier effect in
reducingwater evaporation hdseen studied in zinnia plants mulched
with pine needles, volcangtone (scoria), a plastic polyethylene layer,
and wood chipgKazemi and Safari 2018Results showed th#be
water use efficiency of plants increased in plants mulched with plastic
polyethylene and wood chips. Weed development was absent in
plastic and wood chip mulching. THiewering periods were longer
with a lower number of flowers in plants mulched wihastic
polyethylene. In woody ornamental plants, suciiiia europaeal.
andAesulusx carneaZeyh., trees mulched with two organic mulch
coarse composts derived fragreen material left after sifting (coarse
compost) and pine bark were analysed in termgrofvth or ece
physiological respong@-errini et al. 2008)The twoorganic mulches
increased the heighincrement and the transpiration of plants
compared to the control treated with herbicide.

In a study performed using cobblestone, water permeable brick, pine
bark, green wasteompost, and living (turf grass) mulches e
growth of Sophora japonicd.. in urban treestesults indicated that
organic mulching improved soil fertility and physical properties, but
no differences were found in the growi@u et al. 2019) Similar
results were observed in tea olif®smanthusfragrans (Thunb.)
Siebold]. Mulching used was inorganic, such as round grawel,
organic, such as wood chips, and manila turf grass demonstrated that
organic mulchegnproved soil organic mattéNi et al. 2016)
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25.2.3. Association amordifferentspecies

The combination of plants is an important parameter that must be
carefully considereih urban areas to reduce management costs and
avoid agronomic problems. Tleembination must be planned to have
at least no negative interference amohg plantsat the roots and
aerial parts. As for herbaceous plants, the combination of plants should
be planned avoiding competition for nutrients or water at the root
level. Plant densitgnd species distribution should be done by placing
plants with supdicial and deep rootsloser to exploit nutrients at
different depths. The herbaceous plants and trees shewdmbined
favouring the use of plants belonging Fabaceaefamily that can
providenitrogen by symbiosis witRhizobiunthat are able to fix #
atmospheric nitrogen. This important for avoiding the supply of
nitrogen fertilizers and lowering management codBsitive
interaction can be also represented by th@rawvement of soil
structure. Treesan improve water infiltration in soil with ¢ roots,
avoiding flooding, with benefits for species suffering in heavy and
compact soils. In polluted soils, species that have high hewtsl
uptake can reduce the concentration for sensitive species, avoiding the
appearancef phytotoxicity symptoms

Interactions among plants belonging to different species
(interspecific) and amondhose belonging to the same species
(intraspecific) shall be investigated in ornamengabnts for
combination in urban environments. Antagonistic species that produce
allelopathicmolecules should be planted at a minimum distance to
avoid negative effects dhe closer plants. All antagonism situations
must be avoided because they can induoamental value losses such
as leaf yellowing and stunted growthparticular, it hakeen reported
thatLantana camard. showed allelopathic effects on several species
(Kato-Noguchi and Kurniadie 2021¢specially those that belong to
Liliaceaefamily (Hussain et al. 2011The allelopathic substances can
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cause the delatof trees or herbaceous species around the producing
plants. Black walnuproduces natural products that can induce the
death of white pineRinus strobus..) andred pine P. resinosaiton),

or black alderAInus rugos&preng.) and whips of white bir¢Betula

L. spp.)(Chick and Kielbaso 1998However, further research studies
are required for planning a bettewmbination of ornamental plants
and avoiding those that have antagonist effects.

At the areal part, the canopy of plants should be indepémddrout
branch crossinghat can limit air circulation with an increase of
disease incidence or insect infestations. Tiersection of the
branches can be avoided by increasing the planting distance.

High density induces higher maintenance costs, céspe those
related to pruning.The combination of plants with canopies at
different heights can provide several positremefits. In shade plants,
the shadow of higher plants can show dark green leavesahiopy

of higher plants can protect tehorter ones.

25.2.4. Transplantingnodalities

The transplanting modalities are crucial to assure the full
establishment of planténformation about this issue is wider forre
establishment of woody species in degraéegironments than in

urban green raas. The season of transplanting is crucial: in the
Mediterranean climate, fall transplant before the rain season helps the
establishment of thglants. The inability of containgrown seedlings

to develop deep and wedtructuredoot systems rapidly &t planting
out(Vallejoetal. 2000hamper s the plantés sur
to increase the root systembs abi
efficiently are adoptedike arbuscular mycorrhizal (AM) symbioses
(Caravaca et al. 2003; Green et24105)

Drought stress imposed in the nursery phase can allow the seedlings

to develop roobiomass and branchir{@reen et al. 2005Gilman et

al. (2009)analysed the effects of different volunsesl frequencies of
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irrigation applied to the rod#all, in view to understand their influence

on canopy growth, plant health, survival, and attractive features, and
found that irrigationfrequency affected only one speci®&§burnum
odorotissimumKer Gawl) among the shruspecies analysedIgx
cornutaLin d | . & Paxt . Pit@porui tobirdThunb. Na n a €
6Variegatabd) . Il rrigation every fo
establish shrubs in nortorida, where rainfall occurs after planting.
The survival or growth was not increasedafplying meoe water
volume or irrigating more frequently. Only a slight improvemeint

the aesthetical value of shrubs was obtained in the first year after
planting with moréntense irrigation.

To promote the establishment of some native Mediterranean shrubs
(Medicago arboreal., Quercus cocciferd.., andPistacia lentiscus

L.), alpha grass Stipa tenacissima..) was adopted. The grass
significantly reduced photosynthetically active radiation and soil
temperature, improving shrub survival n&atenacissimghan inthe

open areas. Predawwater potentials measured before and after the
summer were significantly higher in tlazea with the alpha grass
(Maestre et al. 2001)

Micro-catchment water harvestiiBeddy 2016}an also represent a
solution in very dryclimates to capture rainwater and improve soil
moisture and vegetation establishméetause it allows deep root
development and reduces the mortality rate of shgéband Yazar
2007). The slope length useful to capture water can be inserted by the
plant composition of thgreen infrastructure.

In order to understand the influence of irrigation and organic mulching
on the survivabf shrubs after transplanting, Montague et(2007)
analysed the gas exchange and grafdome shrubg.agerstroemia
indicalL . 0 VIrocsythiak idtermediaz a b e | 0 LSpiraeao o d 6 ,
vanhouttei(Briot) Zabel, andPhotinia x fraseri Dres§ placed in
landscaped bedafter transplanting, the plants were irrigated twice a
week, with a return of 100%, 75%, arkD% of thereference
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evapotranspiration (ETO). Although the plants that had used mulch
and greater quantities of water had a greater stomatal conductance, all
the plantsd the trial took place in Texas in a place with high
temperatures (>32C) and low rainfall (26.m) d survived, and

they appeared healthy throughout the growing season, fully
responding tdheir ornamental function.

2.6. Conclusions

Abiotic stress mitigation can be achieved by a radtion approach,
such as agronomimanagement ansuitable ornamental genotypes.
In a short period, the use bfostimulants, mulching, or appropriate
species combination could provide positive effamisabiotic stress
mitigation, especially in urban and perban areas. Beside the
agronomicstrategiesthe selection of tolerant species against the
different abiotic stresses could provigmsitive effect on urban
environments and human welfare. Wild or underutilispdcies can

be opportunely selected for improving or preserving the ornamental
quality.

Further studies must be carried out for understanding the ornamental
plant interactionsand responses under abiotic stresses in urban
environments.
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3. Which plant species for green roofs in the
Mediterranean environment?

This chapter is based on the published version of the review
article:

Leotta et al. 203. Which Plant Species for Green Roofs in the
Mediterranean Environment? Plants, 12(23), 3985.
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Abstract
In recent years, owing to intense urbanization and global change with
the consequerdgxtreme climate effects, interest in green roofs, even
extensve ones, in the Mediterranean environmkeas increased. To
this end, the choice of plant species is crucial because, owing to the
identification ofthe most suitable plants, it will be possible to expand
this type of green infrastructure and increasedtssystem services in
the urban environment. In this context, the objective of the review,
througha critical analysis of some of the references on the topic, is to
identify suitable criteria for plargpecies selection that are simple to
apply andable to respond to the need to have plants capzble
surviving, ensuring a suitable aesthetic effect, and providing essential
ecosystem services. Vdso investigated whether, and to what extent,
associations of different species can better adapthe dfficult
environmental conditions of Mediterranean green roofs. Two possible
strategies tadentify the plant idiotype were analyzed: the analysis of
plants present in habitat analogues or itentification of morphe
functional characters capable of distinating the response to abiotic
stress, and in particular to drought stress. The use of plant
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communities, rather than a single species, seapable of improving
aesthetic effects, plant survival, and ecosystem services.

Keywords: plant species seleoh; ecosystem services; plant species
survival; plant communityaesthetic effects; extensive green roofs

3.1. Introduction

The growth of the global population (in 2022, 8 billion people on Earth
were exceededind the rate of urbanization (the UN Urbanization
Statistics in 2018Urbanization Statistica UN 48) estimate that over
60% of the world population lived in urban areas and that by 2030, the
number of megacitiewith more than 10 million inhabitants witle
equal to 43) indicate that the problems linkectities have become
central to the quality of human life. In fact, overpopulation determines
that cities have become heterotrophic organisms with their own
metabolism(Odum 1983)whichbases their growtand expansion on

the indiscriminate use of resources (energy andmaderials, often
nonrenewable), favored by the proliferation of means of transport and
supported by industrial devel opme
agglomerationseturn heat ashpollution to the environment, alter bio
geochemical cycles, and causeeversible loss and fragmentation of
natural habitat¢Fischer and Lindenmayer 200 Furthermore, cities

not only consume the resources immediately available within their
physicalboundaries, but alskave a pervasive effect on large areas,
linked to the production of commercial goods aedvices necessary
for their sustenance and development. To mitigate the failures of
intenseurbanization, a fundamental role for the environmlegquality

of the city is assured lyreen infrastructures and ecosystem services
(Francini et al. 2022)Green roofs play an important role amdhg
green infrastructures. Since building roof surfaces cove2®® of
urban areagAbass et al. 2020yreenroofs can effectively contribute

to increasing ecosystem services (reduction in tamperature,
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interception of rainfall, reduction in pollution, etc.). This contribution
variesamong the different types of green roofs, which, based on the
height of thesubstrate and tHevel of maintenance requirements, can
be divided into extensive (height of the substiten less than 10
cm, cheaper, weight approximatelyi@30 kg m?), semiintensive

(15 30 cm, expensive, weight 25% above or below 150 Ky, mnd
intensive (>30 cm, vergxpensive, weight 208600 kg m?) (Abass et

al. 2020)

Vegetation can ensure the letegm effect of a green roof, also
through its evolutionas a result of interactions with the environment
and between the different speciegdisTherefore, the identification

of the most suitable plant species is one of the most impatpetts

of green roofs, which involves green roof designers, who must
evaluate numerouparameters and individuate the advantages and
disadvantages of possibiplant speciechoices. In recent years,
ecological aspects have become more prevalent than acapsiats

in the selection of plant species. The positive environmental effects of
these typesof green infrastructure in urban areas have been
highlightedabove al(Snodgrass and Snodgrass @0@hich strongly
influence the same criteria for choosing plants. Green roofs are
considered indispensablecosystem structures for cities, and are
capable of ensuring heat island mitigation, temperdiatencing
buildings, better management of water runoff, and greater urban
biodiversity (Arabi et al. 2015; Shafique et al. 2018ased on the
function that is considered prevalent, the selection crihange,
sometimes significantly; therefore, it is necesgarige well aware of

the objectivesthat underlie the identification of different species
(Snodgrass and Snodgrass 2006)
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3.2. Theenvironmental conditions of greenroofs

It is often thought that a green roof is a simple extension or
continuation of the vegeténdscape found at ground ley@urke
2003) but this is not true because the microclimatic conditimms
green roofs are profoundly different; not considering this aspect can
lead to high planmortality (Butler et al. 2012)Green roofs are
difficult environments for plants, which must cope wihallow
substrates, poor availability of nutrients and water, high solar
radiation, and higipollutant levelgAguiar et al. 2019)

Green roofs are a useful solution @mvering private (terraces, roofs,
and garages ofesidential complexes), public buildings (offices,
industries, and shopping centers), or o#lements that, in an urban
environment, are preferred to be hidden. In all of these dhsearea
explored bythe root systems of the plants is strongly limited by the
narrowness ofthe available substrate, particularly in depth. The
approach used for the choice of plapecies for green roofs could be
compared, given the similarity of the conditions, with msitiyations

of urban forestry, such as the same street trees in which the root
systems of th@lants suffer similar limitations in their development.
The main consequences determihgdhis critical factor are different,
and among the most influential:

- limited growth of vegetation, determined by reduced substrate

depth and rapid losg humidity;

- difficulty anchoring plants with larger sizes caused by the

reduced expansion of theot systems;

- inadequate drainage caused by substrate compaction.
Thesurvival of plants on green roofs is related to different factors that
modify plant physiology and growth, such as solar radiation level
(Getter et al. 2009)air quality (Francini et al. 2022)and substrate
characteristic¢Olly et al. 2011)

While shading in most natural habitats reflects the structure of
vegetation, shadingin urban environments also reflects the
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heterogeneity in buildings and other built struct@adenasso et al.
2007) Consequently, the solar radiation reaching the plantsan

both within andbetween green roofs and can affect the survival of the
plants as well as the temperatwe the substrate. The effects of
building structures can be exerted on the depositiopagticulate
matter (Cohen et al. 2004xaltering growth radium conditions and
plant survivorship. Althougthe conditions of the green roof substrate
may change over time, its compositamd depth, at least in the initial
phase, are designed to satisfy both the construction aspecteeds

of the dominant vegtation on the green rodfGreen Roofing
Guideline 2018) Therefore, differences isurvival among plant
species can be caused by abiotic factors associated with the design of
a roof (for example, composition and depth of substrate) and by those
connectedo greenroof sites due to the heterogeneity of the urban
landscapdAloisio et al. 207).

Although natural soils are typically replaced by engineered substrates
owing to theirhigh weight, they can provide important ecological
advantages for greagnof systemsthereby increasing habitat vitality.
Even when they cease to be biologically active, natoitd can still
benefit from green roofs by mimicking the mineral properties of their
naturalhabitat. Problems related to the infiltration of firetzles, the
increased load on roofs, aride impossibility of predicting their
biological activity limit their use on green roqBest et al. 2015)in
addition, the compost substrate, owing to organic matter, can promote
plant growth andhelp plants ogrcome the harsh conditions of a green
roof (Dunnet and Nagase 2@ 1Papafotiou et al. 2018 he positive
effects ofdeeper substrates on plant growth on extensive green roofs
have been shown in variosgidies(Eksi et al.2017; Papafotiou et al.
2018 and were mainly attributed to increased wdtelding capacity.

The characteristicsef the cultivation substrates are able to promote
urban biodiversity and counterdwibitat loss. Schradera and Bodning
(2006)anal yzed 10 gr een r oroofosf sodof wdeirf

104



Chapter3

buil't bet ween 1990 and 1994 and i
1999) inGermany, and found that the old roofs environment is more
stable due to the evolutioof the soil and the greater presence of
collembolans. Differences in species richne@ssesmall, but species
diversity appeared to be dynamic over time, resembling that of
recentlyreclaimed areas. A specific type of urban soll, called edifisols,

is formed on buildingss a result of early and relatively natural soll
formation processescourring on artificialsubstrate4 Char zy Es k i
al. 2015) Due to organic pollutants, plant residues, and bird
droppings, a new typef humus, techno humus, is formed on these
often ephemeral and young edifis@éarkiewicz et al2018).

3.3. Objectives of theplant specieschoice

The choice of plant species in relation to the type of green roof is
strictly linked to theobjectives you intend to achieve that vary from
the simple survival of the plants to thmeprovement of the aesthetic
effect, the reduction in costs and, above all, the achievemient
particular ecosystem services.

3.3.1. Plantsurvival and costreduction

Plant survival on green roofs is a key parameter in the choice of plant
species andlearly influencesmaintenance costs. Succulent plants,
often characterized by the CAphotosynthetic cycle, represent the
most used group of plants on green rq@feerndorfer et al. 200@nd
aresuitable for growthand survival in xeric environments, which are
typical corditions of green roofgBeattie and Berghag2004). For
example, the survival of forbs and grasses is typically lowerttian

of droughtresistant succulent planfButler et al. 2012)and among
herbaceous plants, forbs ofteave a lower survival rathan grasses,

at least in the natural environmghuenroth and Adler 2008Plant
species with C4 photosynthesis, which are more adapted to thermal
and water streghan those with C3 photosynthe§&age 2004)can
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ensure greater survival on roofshiat anddry climates. Furthermore,
compared with succulents, which often form a low layefegfetation,
forbs and grasses generally have a taller stgtDHig et al. 2011)
although this parametean vary considerably between different plant
species. Grater plant height and coveragfeherbaceous plants could
influence both the interactions between plant species mixantthe
consequent positive ecosystem functig@eok-Patton and Bauerle
2012) Positive interactions can be obsenmtween plant sies
(Bertness and Callaway 199#pr example, it has been analyzed how
a greater sward heigban increase the survival rate of plants on green
roofs, owing to the reduction in themperature of the soil and
increased biodiversit{Stewart et al. 2001)rherefore, plant survival
dependson the composition of the plant species, characterized by
different growth habitugLundholm et al. 2010)biotic and abiotic
factors (e.g., light radiation, temperature, and substrate characteristics)
interact to influace plant surviva{Heim et al. 2014Aloisio et al.
2017)

In the absence of irrigation, the selection and survival of plants
depends mainly orthe substrate depth of the green roof system
(Dvorak and Volder 2010)in semiarid regions, roofs with higher
substrate depths may be required, ranging from 15 cm for succulents
to over 30 cm fograsses and herlfd/illiams et al. 201Q)However,

a compromise must be found between substrate deplhweight
because building structures often cannot support exeessiight
loads(Benvenuti and Bacci 2010 he inclusion of a water retention
layer, in which the water available to plants is stored fétonger
period, could be a valid solutiofiDvorak and Volder 2010
Furthermore, placing the green roof in a mefeltered position
reduces the rate of evapotranspiration and helps keep the substrate
moistfor a longer periodGetter et al. 200950lar radiation exposure
influences the floral quality of green rooiis terms of vegetative
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cover, plant species richr&gsand plant species compositivian
Mechelen et al 2015)

To identify plants capable of surviving on extensive green roofs in a
Mediterranearenvironment, the inclusion of native plants has been
proposed with positive results, evdnit is not always pesible to
match the survival ensured by Rpative species of theedungenus
(Durhman et al. 2007; Latocha and Batorska 200%g choice of
native plants, however, should not be made basldon the fact that
these plants are adapted to the climatieditions of the sit¢Dunnet
2006)because the conditions in which they evolved, and above all the
depth and characteristio$ the soils, are very different from those of
the substrate used in green roofs, whiclgareerally shallow and well
drained. Sora strategies implemented by native plants, sash
deepening the root system to cope with water shortages, are not
applicable when therés just over 10 cm of growing substrate.
Therefore, it is necessary to pay attention to plaritgnating from
habitas characterized by shallow and wethined substrates, such as
rocky or ruderal habitats; in the communities that settle in these
contexts, there may Ipant species suitable for extensive green roofs,
in particular.

The use of native plant species orean roofs, especially in the
Mediterranean area, &so limited by the lack of references regarding
their performance and necessary cultivato@me. Furthermore, the
seeds of native plant species do not simply bud on roqfpie and
Snodgrass 2003)

The identification of plants with characteristics and physiology
suitable for the tolerationf stress can significantly reduce irrigation
needs and related maintenance costsrécularly important aspect

in a climate, such as the Mediterranean climé#tere waters scarce

in summer(Brand® et al. 2017)
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3.3.2. Aesthetieffects

To achieve interesting ornamental effects, it is best to aim for the
presence of a plam@ommunity rather than a single specisdum
monocultures, for example, are widelgopted in extensive greenery,
and have a monotonous effébunnet and Nolan 2004yvhich is not
alwayspleasant. Furthermore, similar to agricultural monocultures,
the presence of a single plapeciesincreases the risk of parasitic
attack. Abscission of leaves in response to drougpical of many
native Mediterranean species, can improve the response to water stress
(Toscano et al. 2019mowever, from an aesthetic perspective, it is an
aestheticall unpleasant adaptation.

Obtaining a space of high aesthetic value is an important ecosystem
benefit providedby green roofs(FernandexCafiero et al. 2013)
although this is not always recognized. The contribution of gsfa

to stress reduction in mode cities was analyzed (through the
psychological angbhysiological parameters of heart rate variability
and systolic blood pressure). Basedtloese results, it was observed
that a space with an open and structured vegetation désign
includes both grss and shrubs may have more potential for stress
reduction thana monotonous vegetation model; the increase in
vegetation biomass was not necesséiriked to higher psychological
and physiological benefifdee et al. 2023)

Several studies have suggelstbat future research on plant breeding
should betterconsider and quantify plant architecture and shape,
flowering duration, variation iolor and vegetation throughout the
year, biomass production, and how irrigation arider cultivation
techniques iftuence the vegetation and aesthetic performance of
greenroofs(Benvenuti and Bacci 2010; Nagase and Dunnet 2010)

3.3.3. Ecosysterservices
There are numerous ecosystem services provided by green roofs.
Among the mairand typical ones, there rsinfall interception and
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prevention of flash floods in urbameas, consequently decreasing the
load on sewer systems. To this end, vegetation playsportant role
because it significantly influences the moisture content of the substrate
and runoff rag (Stovin et al. 2015; Abuseif 2023Jhe reduction in
runoff occurs through various processes suclvasr interception,
plant transpiration, root absorption, retention, and storage of imater
plant tissues(Stovin et al. 2012) Plant water consumptioms
determined by transpiration capacitshereas root biomass influences

its ability to store wate(Nagase and Dunnet 2012hcreasing the
plant coveron a green roof improves rainwater reten{iBerndrsson
2010) however, species richness does sigtificantly affect water
storage unless diverse plants are characterized by higher water
consumption(Monterusso et al2004) Beyond the choice of plant
species, there is no doubt, however, #raélement that influences the
interception of water is the dth of the substrate: Soukks al.(2017)

using three species with different characteristi&dum sediforme
(Jacq.) Paua succulent planQriganum onited.., a xerophyte plant,
andFestuca arundinace&chreb.a turfgrasd noticed how the total
runoff reduction (%) for the entire study period veggial for the three
species to 50.8%, 63.6%, and 54.9% with a substrate depth of 8 cm,
andto 60.3%, 81.1%, and 68.8%, respectively when the substrate was
16 cm deep. However, should be emphasized tret the same depth

of substrate, xerophyte species were the mifisient in intercepting
rainwater.

The amount of runoff can be reduced by increasing the number of
plant species witldifferent characteristicRiven and Mulder 2005)

The presence of far species can lead to a higher rate of water
interception and evapotranspiration, whereas the presence of shorter
plants in contact withsoil determines the presence of a layer of
humidity beneath the canopy. The capacitystore water changes
based orthe characteristics of the plant (orientation and size of the
leaves, roughness and hydrophobicity of the bark, rigidity of the
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branches, and densibtf the foliage). Plant community structure can
also influence water interceptighlagase and Dunnet 2012d)o this

end, the characteristics of the root system are important because water
retention irthe substrate is influenced by the root structure. Plants that
form dense and fibrous rootsych as grassddlagase and Dunnet
2012) reduce the porosity of trseibstrate and the volume available to
retainwater(Maclvor and Lundholm 2011}jhus proving to be more
efficient in reducing rainwater runoff than succulenfarb species.
Evapotranspiration is the other plastated process that influences
runoff production (Lundholm and Richardson 2010$pecies with
high evapotranspiration rates that reduce water fromgtbging
medium create more space for the capture of water in subsequent rain
eventgMaclvor and Lundholm 2011)

Another ecosystem function of greeroofs is the increase in
biodiversity; green roofsan also be used as an urban space where
plant biodiversity can be preserv€dunnet and Kingsbury 2@).
Higher plant species biodiversity can make extensive green roofs
attractive to native arthropodsid avian specig¥Volf and Lundholm
2008) Having different plant species, especially in extensive green
roofs, may allow them to adapt to variable moisture conditions and
maximize the evaporativ@oling benefit, thus extending the benefits
of green roaf (Compton 2006)

Plants absorb a significant percentage of solar radiation through their
biologicalfunctions such as photosynthesis, transpiration, respiration,
and evaporation(Vijayaraghavan 20d). Similarly, it has been
suggested that the presencedifferent plant species with lower
reflectance tincrease diversity would only reduce the albedo of green
roof (Cook-Patton and Bauerle 201Z)herefore, the choicef plant
species has an important effect on tempera(Bevilacqua et al.
2015) It has leen suggested thalant characteristics, such as height,
leaf area index, and plant responses to drought, griefitignce the
thermal insulation capacity of green rog¢fgaimondo et al. 2015)
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Plants with a high canopgtensity and height can provide gter
shading and cooling via transpiration, suggestiag plant phenology,
plant water consumption, and their interactions are key points for
understanding seasonal differences in the relative contribution of each
plant, especially forroof thermal perfomance (Bevilacqua et al.
2015)

The greater thermal regulation capacity of vegetated roofs compared
with nonvegetatedoofs has been largely attributed to the shading
effect caused by plants or greater evapotranspiréBtanusa et al.
2013) Since thes two factors are not always directly related, the
selection ofplant species and adoption of models to facilitate this
selection are complex. In this regafgefias et al(2018)highlighted

how Sedum sediform@acq.) Pau, a species that consulittes water

and forms a dense, muléiyered foliage of fleshy leaves, has a higher
thermal regulation capacity thaBrachypodium phoenicoided..)
Roem. & Schult., a herbaceosigecies with higher transpiration rates
thanSedurnrsp. This suggests that canopy architecture, leaf anatomy,
and spatial arrangement of leaves would have a greater effect on
thermal regulation than the transpiration capacity of plants. Although
both specis showsimilar surface coveragB, phoenicoidebas erect
leaves that would allow for the passagkea greater quantity of
incident radiation compared ®. sediformea species that presents
creeping behavior, with maximum development and flowering durin
the warm seasorif shading has positive effects on summer thermal
regulation, it has negative effects winter because it reduces the
temperature. Nevertheless, the performance of the ptargsalways

be considered based on the climatic conditiorisesite. In fact, some
modelshave indicated that taller plants have a greater insulating effect
in Mediterranean Europeanities due to the height of the foliage and
higher LAI values(Ascione et al. 2013)However, these models
usually do not considehe differences in leaf anatomy and canopy
architecture, whiclaffect the thermal regulation capacity of plants.
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Blanusa et al(2013)analyzed different types of plants (a mixture of
Sedum StachysbhyzantinaK.Koch, Bergenia cordifoliaSternb., and
HederahibernicaCarriére) to evaluate@hether and to what extent the
plants differ in their fGdesahd ng
whether leaf morphology influenced leaf temperature, and how the
substratevater content altered this response. fidhationship between

the temperatures of the lestirface and those of the air immediately
above the canopy and the influence of the typeplafit on the
temperature of the substrate below the canopy (i.e., potential to
provide aerialcooling) were also atied. It was found thaS.
byzantinaoffered the best results in termsaafoling the leaf surface
(even in the drying substrate, e.g>Gcooler tharSedunp substrate
cooling under the canopy (up to i), and air above the canopy (up

to 1 °C, when sil moisture was not limited). Based on these results
and the significance of the reductiam temperature, the authors
suggested that the choice of plant species on extensive igrefsn
should not be anchored only to the survival of the plants, butdghoul
also considethe contribution in terms of ecosystem services. Plant

selection should therefore be basedt only on fAwhat
al so on fAwhat pr ovi de gBlahuseeet d&h.e st

2013)

The effectiveness of the temperature réiduds also a function of the
height of the plants, and the highest temperature reductions were
obtained with plants 35 cm talbllowed by those 15 cm tall, and then
by those 10 cm tall. Plants with green leavesmacee efficient at
reducing temperates than those with purple/red leavgsu et al.
2012)

Another ecosystem service is the ability of the green roof to control
and reduce soungressuréAzkorra et al. 2015)the reduction in the
noise level can reach 80 dB (Abass et al. 2020 relatian to the
vegetation layer characteristics.
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Finally, we cannot forget that green roofs can be used as supplements
for other sourcesf food production in urban areas. Urban agriculture
carried out on roofs can improweumerous ecosystem services,
increase biodiversity, and reduce food insecui@owdhury et al.
2020)

3.4. Criteria for plant speciesselection

The selection criteria, or rather the idiotype of plant species or plant
community,change for extensive amtensive green roof; for the first,
plant species that tolerate wateleficit in the substrate are
recommended, with a low and prostrate habit (to obtain good
coverage), evergreen foliage, and a long flowering season. However,
in intensive greemoofs, itis possible to use a wide range of plants,
including shrubs and trees, thus increasimegability of plant cover to
reduce pollution and improve air qualifRowe 2011) It must be
taken into account that fertilization, carried out in an intensive green
roof to promote planigrowth, makes plants more vulnerable to
drought (Rowe et al. 2006)The use of numerous plant spedes
improve biodiversity favors vegetation establishm&nindholm and
Richardson 2010)

The selection of plants must consider various asj€atse3.1), such

as weight tolerateby the structure, plant cover, level of maintenance,
and tolerance to the difficunvironmental conditions that occur in
green roofs, such as high exposure to she, shallowgrowing
substrates, limited water availability, increased wind speed, and
prolongeddrought period¢Chow and Bakar 2018)

113



Chapter3

Table 3.1. Key traits of plant species suitable for green roofs in Mediterraneamement.

- low shrubs, forbs,
grass, groundcover
plants, geophytes,

and climbing plants.

Ecological Ecosystem Morpho- Aesthetic Physiological Cultivation
Service Biometric
- plant diversity and | - good rainfall - low plant height - plant shape and - succulent leaves - easy to transplant;
symbiosis; interception; with cushion aesthetic with ability to store | - short period of
- native origin; - good dust capturing| forming habit; appearance; water; establisment and
- competitive or ability; - shallow and - relatively stable - certain degree of fast reproduction;
ruder al G| -resistant to pollution| spreadingoots; growth rate and high| succulence of roots | - have been used
strategies and capable of - root system adapts | ornamental value; and stems; locally and
absorbing or to limited substrate | - high ground cover; | -flooding tolerance; commonly;
retaining pollutants; | depth; - establish quickly; - tolerance to - have been
- reduction in noise - leaf shape and - long flowering high/load successfully
level; orientation; season; temperature; introduced;
- thermal regulation; | - high LAl value; - variation in color - drought tolerance - simple maintenance
- increase - structure wind and vegetation and ability to utilize and with a slow
biodiversity. tolerant; throughout the year.| excess water; growth rate, and low

- tolerate extreme
environmental
conditions;

-CAM or C4
photosynthesis;

- ability to adapt the
transpiration rate to
environmental
conditions;

- plasticity in the use
of water;

- light-loving plants.

nutrient
requirements.
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Species of th&edumgenus, which are succulent groundcovers, are
widely usedin green roofs because they can survive in difficult
environments (Villarreal and Bengtsson 20Q5however, some
researchers suggest favoring native plant species due to their high
adaptability todcalclimatic conditiongChow et al. 2018)To expand

the list of plants suitable for green roofs, it is possiblénclude
species that live in habitats similar to those found on roofs, such as
coastaldunes and rocky outcrops exposed to high temperatures and
shallow soils (Lundholm 2006) According to Balachowski and
Volaire (2018) it is good to consider both the climate of origin and
the characteristics of the plant when choosing the species, as the
former indicates thenvironment in which a plant is adapted, but the
latter allows for predicting the probaldeological strategies that the
plant will use in response to resource limitati@hu and Farrell
2022)

There are different approaches to sdétecplants suitable for green
roof environmentsthey can be based on the characteristics of the
plants, through a morphghysiological andecological approach
(Nagase and Dunnet 20X2aneva et al. 2015undholm 2015)or on

the identification of naturdiabitats that express conditiosimilar to
those of green roofd.undholm2006; Lundholmand Walker 2018)
Some physiological approaches have teshedability of plants to
tolerate drought and utilize excess water when present, as these
strategies ardéunctional for selecting plant species for green roofs
where stormwater managemeist relevant (Farrell et al. 2013)
Another strategy is based on climatic characteristics of the area of
origin. Climate is the key determinant of larggale ecosystem
compaition and structure,and temperature and precipitation
significantly influence plant species distributigBirks and Birks
2014) Aridity indices, such as the heat moisture index (H{@I) et

al. 2019) can be useful because thepresent tharidity of the
environment and consider the interaction between temperatware
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precipitation(Dobbs et al. 2014)Plants from climates with a higher
HMI tolerate drier and hottezonditions, which may indicate greater
tolerance to water deficit conditioiidspimwall et al. 2013)Shrubs

can also be very drought tolerant, for example, those from dry rocky
habitats have bedound to survive watedeprived conditions when
placed in a green roof with a shallow substi&arrell et al. 2013)
Although severalstudies have analyzed the drought tolerance of
shrubs in aridand semiarid habitats (Papafotiou et al. 2013;
Raimondo et al. 2015; Savi et al. 2016p studies have evaluated
shrubs based on physiologicabproaches and climate of origin.
Regarding stanwater retention, ideal shrub specfes green roofs
should have high evapotranspiration under wgthated conditions,

but tolerate water deficit conditions, as attested by a more negative
midday water potentialFarrell et al. 2013)This strategy habeen
demonstrated for monocotyledonous and herbaceous species from
rocky outcrops, which showed high water use under-waihated
conditions and droughblerance by reducing water potential under
waterdeficit conditions. However, it is uncleawhether this
combination of high water use and high drought tolerance also exists
in shrubdecause drought tolerance is often negatively correlated with
transpiration ratéTardieu 2005)

3.4.1. Theidiotype ofplant species

Several methods have bgaoposed to select plant species on a green

roof, suchas he fAhabitat templated approa
and Walker (2018) This approachis based on the concept that
artificial ecosystems can be modified to present condisongar to

those of a atural habitat so that plants living in that environment are

able toadapt better to green rodisundholm and Richardson 2010)
However, another approach comprises selecting a certain
characteristic of the plant that appears strat@g@m Mechelen et al.
2014;Caneva et al. 2015; Ksiazdkikenas and Kdhler 20183uch as

116



Chapter3

the size of the plangesthetic valu¢Benvenuti and Bacci 2010pr
resistance to abiotic stre§Boscano et al. 2020The key assumption

of the latterapproach is that abiotic stressare critical factors that
limit plant growth and survivaparticularly in green roofs.

Another factor that influences the plant selection process is canopy
structure. Plantsvith a mostly horizontal leaf distribution and/or
extensive foliage developmershould be selected to reduce the
transmission of solar radiation. Other important factors inajudeth

rate, nutrient requirements, and sensitivity to pollution. In addition to
drought plants on green roofs must tolerate intense radiation and high
temperatures in both air angubstrate. In particular, high thermal
levels in the root zone can have detrimental effectsptamt
physiology, growth, and biomagkiu and Huang 2005)Savi et al.
(2016) reported a significant positiveorrelation between theoot
vulnerability to heat stress and plant mortality. Ideal plahtaild be
drought, heat and wind tolerant, pest resistant, light loving, have low
height,good coverage, and shallow root sys{efiao et al. 2014)

It is advisable to favagslants that express the following characteristics:
ease of transplargimple maintenance, slow growth rate, resistance to
pollution, and capability tabsorb or retain pollutants. Plants must be
able to survive even in the presence of laggantities ofwater,
because there is no good drainage system on some(Xoafset al.
2014) Beingtaller, trees are more exposed to the action of wind than
other types of plants; the sizetbé canopy and leaves influences their
susceptibility to wind; thereforef is often necessaryo provide
anchoring(Getter and Rowe 2006)

Ideal plants for extensive green roofs must be established quickly,
provide high ground cover, tolerate extreme environmental
conditions, and adapt to limited substrate degiigrhman et b
2007) Therefore, it is not surprising that succulents are among the
most intensively studied taxas they have shallow root systems, high
water use efficiency, and are able to tolethte extreme conditions
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found on extensive green roofs in Northeegions with growth
substrates ofi710 cm, but also 5 cm. TH&edungenus has proven to

be very reliable, asfitas high drought tolerance. Many species tolerate
up to one month without precipitati@md someSedunspecies have
survived for up to four months without water in greenhouse
experiments in the Great Lakes region of the United StBtehman

et al. 2006) The genuPelospermaalso appeared to be suitable and
D. cooperi(Hook.f.) L.Bolus andD. nubigenum(Schltr.) L.Bolus
proved to be suitable in many regidBsitler and Orians 200950me
perennial grasses and herbaceitmsers also have effective adaptive
measures to cope with drought. The answer dependslimatic
conditions and substrate depth; withbstrates of 15 cm or more,
many nativeherbaceous plants survive in northern climates without
irrigation (Lundholm 2009)

Geophytes can survive periods of drought thanks to the accumulation
of water inunderground organs, such as bulbs and rhiz¢iega®

and Dunnet 2013Especially in a Mediterraneatimate, therophytes
appear promising because their short life cycle allows them to spend
the summer months dry as seeds and to germinate again after autumn
rain (Van Mechelen et al. 2014)

Green roofs areften installed to reduce urban stormwater runoff; to
achieve thisplants must use water when it is available, but reduce
transpiration when water itselfiis limited supply. Succulent species
often fail to achieve these goals. To this end, Fatedl. (2013)
observed the behavior of species found in granite outcrop
environments t@valuate the water use strategies they implemented
under contrasting conditions of watavailability. The investigated
species exhibited good plasticity with respect to waitge. The
authors developed a conceptual model using physiological traits to
select speciesuitable for green roofs. Ideal plant species are those that
use high quantities of watand can tolerate drought simultaneously.
In particular, the parametexnalyzed wer@) water use strategy under
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well-watered conditions (WW), (ii) status rate of water useler
waterdeficit (WD), and (iii) maintenance of water under WD
conditions. Suitablglant species are those with high use of water
under conditions ofjood water availabilitywhich are therefore able

to reduce the runoff of rainwater and maintain a good water status
under conditions of water deficit. Species with slow rates of water use
under water deficitonditions are more tolerant to drought.

In the study, carried out in Australia, in contrast to the succulent
(Sedum pachyphylluiRose), used as a control, all the species of the
granite outcrop showed plasticity in the usewaiter; however, the
most droughtesistant species proved to be the founaumtyledons
[Arthropodium milleflorum (Redouté) J.F.Macbr., a geophyte,
Stypandra glaucaR.Br., Dianella admixta Gand., Lomandra
longifolia Labill., hemicryptophyte grassesand the flowering
herbaceous plant, also hemicryptophytsgtoma axillaris Lindl.,
present in the surfaadepressions on the granite outcrops. This was
achieved through reduced transpiratiand/or a high root mass
fraction (RMF), proving that high water users can also be drought
resistant, making them the most suitable plant spémiegeen roofs.

All species analyzedhad a certain degree of root, stem, or leaf
succulence. Therefore, plant selection for greefs should prioritize
these traits in nesucculent species. Shrubs, suclGasvilleaalpina
Lindl. or Correa reflexavent, present in these habitats, are generally
found in deepedepressions in the soil or in cradi&edinger et al.
2000)and can avoid water stress by accessing water Sieeguer in

the underlying rocky substratgschwinning 201Q) This strategy,
which is useful for graniteutcrops, is not effective for green roofs
with shallow substrates; therefore, the high watetential and
anisohydric response of shrubs to water deficit is a risky strategy
(Farrell et al. 2013)Otherselection ctieria, such as plant shape and
aesthetic value, can be considered, althougipproach based on the
physiological response to water availability also has great potential
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improve the ecosystem services provided by pléRtsrell et &
2013)

Lundholmet al. (2015) used four characteristics (height, individual
leaf area, specifiteaf area (SLA), and leaf dry matter content) to
evaluate whether these characteristics cquitlict adaptability to
green roof conditions and ecosystem services. Six indicatere
considered for the latter: thermal, hydrological, water quality, and
carbon sequestratidanctions. Species average height and SLA were
the most useful traits for predicting sevesatvices via their effects
on canopy density or growth rate. Tétearacteristics of plantahich

are easily measurable, can therefore be used to select species suitable
for optimizing the performance of green roofs, as well as from an
ecosystem service perspectikeindholm et al. 2015)

3.4.2. Choose thelant species or thelant community?

Although it might be tempting to use only the optimal plant species
for green roofsit is better to use plants of different biological forms
and, therefore, different drougtdlerance strategies to ensure both
better perfamance and resilience to strédaclvor et al. 2011)

The performance of green roofs, in fact, could be improved by
expanding the rangef plant species currently us@dundholm et al.
2010; Nagase and Dunnet 2010; Butler and Orians 2@lant
diversity, in terms of both life form andirought tolerance, can
improve ecosystem functioning, due to the complementarity of
performance(Lundholm et al. 2010; Van Mechelen et al. 2015)
Numerous studies underline the importance of biological interactions
between dferent plant species that influence the survival and growth
of plants; thereforet is preferable, when choosing the plant species,
to refer to the entire plant communitgther than to a single plant
species(Mclintire and Fajardo 2014Species compdad#n of plant
communitiess determined by their interactions with biotic and abiotic
factors. Historically, abioticfactors (soil moisture, temperature,
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nutrients, and pH) were thought to have a nsigaificant influence

on the establishment and survial plant species, and the role of
biotic interactions, whether negative (competition) or positive
(facilitation), was underestimatad plant development and in the
coexistence and structure of plant communitig@&rime 1973;
Callaway 1995)

Sedumspecies can facilitate the survival of reuncculent plants by
reducing highsoil temperatures during drought periq@utler and
Orians 2011) Their particular photosynthetic pathwé@AM) and
succulent leaves allow them to survive prolonged periodsoofgtht,
makingthem the main choice for extensive green r¢pisrhman and
Rowe 2006) Even bryophytes, which caspontaneously colonize
substrates and survive extreme droughts, can mitigate the thermal
conditions of extensive green roofs, thereby fatititathe survival of
other vasculaplants(Butler and Orians 2011)

The presence or absence of these interactions influences relationships
within andbetween plant communiti¢Brooker and Callaghan 1998)

In particular, in the context of green roofs, ajrénteresthas been
arousedbythesoal | ed fAnurse plantso whic
otherplants that live within their canopy, modifying the microclimate
(Lépez et al. 2007) providing shadein conditions of high
temperature¢Butler and Orians 21), increasing soil nutrients with

an increase imlecomposing organic mattéhnthelme and Dangles
2012) reducing the negative action of the wifide Roux and
McGeoch 2010)r increasing the soil moisture contegi@allaway
2007) Furthermore, the presencof nurse plantdncreases the
biodiversity of species, abundance of plant formation, and survival of
otherplants(Aguiar et al. 2019)Butler and Oriag2011)analyzed the

use ofSedum albunk. as a nurse plant tfacilitate the growth of
Agastache rupestrigGreene) Standl. aniisclepias verticillatd.. and
noted howS. albumacted as a competitor during periods of abundant
water, reducing thbiomass of the other two species, while improving
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their performance dumg the summewater deficit, and reducing their
mortality.

When plants with different habitus are adopted (succulents, forbs, and
grasses), bettemanagement of rainwater and greater cooling are
achieved compared to monocultusistems(Dvorak and Volder
2010) One of the most important interaction effects between plants is
connected tdéhe shading exerted by taller individuals on shorter ones.
In the absence of this protectiaetion, high solar radiation can reduce
photosynthetic activity due to the gbmhibition of PSII (Murata et

al. 2007) with consequent delay in plant growybbemmigAdams and
Adams 1992)whereas the high leaf temperatutest are reached lead

to the closure of the stomata and inactivation of the enzymesawith
conseguent reduon in growth(Zandalinas et al. 2018 particular,

in hot climates, shade is obsentedncrease the growth of many plant
species, owing to the involvement of microclimanditions/Aguiar

et al. 2019) The level of shade tolerable by plants i®etféd by their
light compensatiopoint (LCP), and the LCP of different species can
be adopted for the selection of ornameptahts that can be used in
urban and perirban areagFrancini et al. 2023and green roofs.
Furthermore,in green roofs, alongvith the shading caused by
vegetation, the shading cones of tmgighboring structures are of
significant importance and can significantly modify thieroclimatic
conditions.

Linking plant water use to | eaf
(Grime 1973)could facilitatethe selection of green roof plant. To this
end, Lonnqvist et a2023) determined the growtfshoot biomass,
relative growth rate, and leaf area), leaf characteristics (leaf dry matter
content, specific leaf area, and succulenasd, @SR strategies of 10
common species dauropean green roofs [of which three succulents:
Phedimusspurium( M. Bi e b . Bylotéephiui aetephiuniL.)
H.Ohba, Sedum acrd..; one grassPoa alpinalL., and six forbs:
CampanulaotundifoliaL., Galium veum L., Hypericum perforatum
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L., LotuscorniculatusL., Tanacetum vulgaré., andViola tricolor

L.], and correlated them with their use of wateder conditions of

full availability (WW) or water deficit (WD). All three succulent
speciesincluded in theexperiment mostly showed stress tolerance
traits, and their water lossas lower than that of the unvegetated
substrate, probably due to substrate cover. Plaitits higher water
use under WW had ruderal and competitive strategies, and greater leaf
area ad shoot biomass than those with lower water use under WW.
However, the fourspecies with the highest water use under
WWoconditions T. vulgare V. tricolor, P. alpina andL. corniculatu$
were able to reduce their water use under WD, indicatingthlegt
could both retain more precipitation than surviving periods of water
limitation. This studyindicates that for optimal rainwater retention,
the selection of green roof plants in tiegions, at least in the northern
European latitudes, should focus tire selection of nonsucculent
plants with predominantly competitive or ruderal strategies to
maximize thdong day length during the short growing season.

The diversity of plant species and functional traits have been shown to
enhance greemoof ecosystenservices. Differences between plant
species that contribute to ecosystesarvices are products of
evolutionary change and phylogenetic diversity (PD). Macétaal.
(Maclvor et al. 2018analyzed six combinations of communities with
different levels of B, using 28 plant species from 12 different
botanical families. They found that the minimum anaekrage roof
temperatures in the plant community decreased with an increase in
PD. Theincrease in PD also led to an increase in the volume of
rainwater captuie although it wasiot proportional to the amount of
water lost due to evapotranspiration 48 h followingrtiafall event
(Maclvor et al. 2018)

Nagase and Dunng¢R010) investigated the influence of biological
diversity on thesurvival of plants subjeetl to water stress. Twelve
plant species were selected from theee main functional groups
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commonly used for extensive green ro@squmforbs, andyrasses).

For each group, four species were selected and planted in combination
with increasing diversjtand complexity: monocultures, feapecies
mixtures, and twelvepeciesnixtures. Three irrigation regimes were
imposed: watering every one, two, or threeeks. The results
demonstrated that a more diversified mixture was more advantageous
than a monodture in terms of survival and presence of vegetation.
Combinations offunctionally diverse species can achieve this goal
more effectively than plants of the sar@xonomic group, which,
compete for the same resources when grown togéegase and

Dunnet2010)
If a single function improves in a more plant species community
than in a monoculturég, hi s i s call ed a fAmi xt ul

based on two factors: the firstasnnected to the benefits associated
with the cultivation ofdifferent species; the contributiaf a plant
species to a certain function improves when the species itself is
cultivated with another specieglilman et al. 200%)the second is
niche complementaritgTilman et al. 2001and occurs whetwo or
more plan species, due to differences in resource use, can better
exploit availableesources. Therefore, it is important for plant species
to exhibit functional differences. bonstructed ecosystems, designers
are unlikely to rely on chances to improve ecosysfenction;
therefore, it is important to identify the most important functional
traits thatdetermine ecosystem functioning and to determine whether
species combinations cagliably improve ecosystem function. If the
plant species in a mixture are relali similar, for example, all
succulent plants, functional diversity will be low despite the high
taxonomic variability.

3.5. Plantspecies forgreenroofs in the Mediterraneanarea
In many regions with hot and dry climates, including the
Mediterranean, green rotdchnology is not widespredwilliams et
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al. 2010) mainly due to the difficult climate (summer drought and
high temperatures) and the limited availability of water. These
characteristics impose sevamgstrictions on the growtand survival

of green roof{Benvenuti and Bacci 2010; Butler and Orians 2011)
Plants are assumed to sotrvive in semiarid climates on unirrigated
green roofs with substrate depths of less tham, especially during

the summer drought or establishrgmaseqThuring et al. 2010
Williams et al. 201Q) Furthermore,summer water scarcity is a
recurring problem in the Mediterranean and climate chanljéead

to even more severe water scarcity because summer precipitation is
expected talecrease by 5%er decadéVanuytrecht et al. 2014This

can lead to irrigation becoming an unsustainabdgulated, and
limited option. Therefore, it is necessary to select plant species that are
capable of adapting to the absence of irrigafian Mechelen et al.
2014). Mediterranean areas contain habitath in native plant
species that have the potential to be used on extensive green roofs
(Van Mechelen et al. 2014)ecause they are believed to be better
adapted to local climatic conditions and reguitdée maintenance
(Dvorak and Volder 2010From a biodiversity perspective, one could
also assume that green roafenstitute a new habitat for some
Mediterranean plants whose natural environments adarnger. The
choice can rely on the fact that mangtive plant species of the
Mediterranean (in particular, the xerophytes) express morpho
functional and physiological adaptatiotieat make them particularly
suitable for green roofs; in fact, they present changes istihetures

of the leaves (imbricatkor often linear, with thick and waxy cuticle,
sunkenstomata, pubescent surface) and roots (deep roots, large root
hair, rapid development young plants), reduction in photosynthesis,
and leaf drop phenomena under conditionsdmfught, high solar
radiation, and high temperatures in sumrfignandéo et al. 2017)
Although research in the Mediterranean environment is less extensive
than that carriedut in a continental climate, numerous native species
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have been considered. Aeset al.(2018) for examie, analyzed the
response of five Mediterranean speéi€&rachypodiunphoenicoides

(L.) Roem. & Schult.Crithmum maritimurrL., Limonium virgatum
(Willd.) Fourr.,Sedum sediform@acq.) Pau, arf8porobolus pungens
Kunthd grown in a norimiting water regime or restoring 50% of
evapotranspiration. The plant species were selected babaysgrow

in natural habitats characterized by shallow soils with low organic
substancecontent, high solar radiation, and extreme temperatures,
namely, under conditions sirail to those found on a green roof.
Furthermore, some of thes§&.(sediforme were CAM or CAM-
facultative succulent species. The behavior of these plant species was
monitoredfor two years. All plant species survived and exhibited a
suitable aesthetic perfmanceand vegetation coverags. sediforme
recorded the least changes in appearance, the hifi@siass
production, and the lowest water consumption. Howeugr,
phoenicoidesappearsto be an interesting alternative due to its
valuable aesthetic charadistics and wateconsumption during the
rainy season, suggesting a potential role of this species in the
regulation of rainwater related to runoff reductioB. pungens
performed well in summebrut presented poor aesthetic value during
winter. L. virgatum, a plant that grows on roclgoasts, has shown
good aesthetic value, both for its flowering and compact shape, and a
high carbon sequestration capacity. In contrast, the use of C4 species,
such asS. pungendn urban green roofs in the Mediterraneamelie

is limited by the difficulty of this species ®urvive in winter and
regrow in early springAzefas et al. 2018)

To broaden the diffusion of green roofs in the Mediterranean
environment, the contributiorof four native plant species in
Portugad Antirrhinum linkianum Boiss. & Reut., Asphodelus
fistulosud.., Centranthus rubefl..) DC. andSedum sediform@acqg.)

Paw resilient and drought tolerant, was analyzed. Growth, and
aesthetic value were evaluated unwle irrigation regimes (return of
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100 and 60% evapotranspiratior). linkianum had the highest
number of flowers, longest seed production duration, and the highest
area coveragedemonstrating its suitability for use. The level of
irrigation did not sigrficantly affectflowering and green coverage for
any of the plant species and irrigation costs coulddoiiced by
adopting deficit irrigatior{fEsfahani et al. 2022)

Attention has also been paid to therophyte species; annual plants
contribute significanyl to the vegetation of the Mediterranean basin,
but their presence on green roofs lieen limited to dat€Van
Mechelen et al. 2014Wwhich is due to the brevity of their cycle, the
difficulty of regenerationand the lack of competitiveness compared
to perennial plants. The absence of thpsmts during the summer
months results in a modest cooling effect during the hot se¥aon.
Mechelen et al(2014)analyzed the plants present in natural habitats
in southern Francehat presented characteristicentar to those of
green roofs, and identified 372 potentiallyable species on the basis
of some functional parameters; of these 35% are therophyiésh
indicates that many annual species can be taken into consideration.
Therophyteshave interesting pperties such as a short flowering
period and the production of masgeds. Their conservation value
may also be important, as many annual plants are threatened
Mediterranean aredkavergne et al. 2006Dther traits such as CAM
metabolism, stress talnce,and succulence have been shown to be
important for successful green rog@berndorfer et ak007).

The screening tool provides a potential list; however, definitive proof
is obtainedhrough experimental tests. Despite these limitations, the
plant characteristics approacbffers interesting possibilities for
Mediterranean regions and can also help adapt greemesafns to
future climate chang@/an Mechelen et al. 2014)

Sage species native to Gre@&dee., Salvia fruticosaMill.,, S.
officinalisL., S. pomiferassp.pomiferg S. ringensSm.,S. tomentosa
Mill., and interspecific hybrids were evaluated faheir inclusion in
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an extensive green roof in a Mediterranean climate in the summer
period with regular or reduced irrigation (everdi 3 days with
substrate humidity of iI@2% v/v and 45 days with substrate
humidity of 711% v/v). Regardless of the irrigation frequency,
S.pomiferassp.pomiferax S. ringensandS. officinalisx S. pomifera
ssp.pomiferashowed thénighest survival i@ among all hybrids and
species, as well as satisfactory growth, wBilguticosarecorded the
lowest survival, demonstrating that numer@adviaspecies can be
used in extensive green roofing in arid regi@spafotiou et al. 2022)
The possible use of two Mediterranean shrdlsbutus unedd.. and
Salvia officinalisL., on green roofs was analyzed. The first species
presented a substantial isohydric respqoséng to the reduction in

the stomatal opening at the first signs of stréssas ablego contain

an excessive lowering of the water potential) and the second
anisohydric (theplant appeared capable of withstanding strong
variations in water potential while onlyartially limiting stomatal
closure). Both species can be usedhmMediterranean greenof,

even if the anisohydric species appear to be more sensitive to the
characteristics of theubstratéRaimondo et al. 2015)

Reducing soil temperature while maintaining a relatively high air
temperature habeen shown to impravthe growth and functional
status of both roots and shoots @amhance plant surviv§Huang et

al. 2012) This contrasts with the need to reduce the depth of the
substrate to limit weight and installation co$Gao et al. 2014)
However, the depth of éhsubstratés not always a limiting factor in

the adoption of shrubs. Savi et @015)investigated théehavior of

two droughtadapted shrubs of twgearsold (Cotinus coggygria
Scop.and Prunus mahaleh.) grown in experimental modules with a
10 or 13cm deep substrate. Thesults highlighted how the reduced
depth of the substrate translated into less severe whitss than
hypothesized and that the shallower substrate indirectly stimulates
lower waterconsumption as a consequence of the reducedt pla
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biomass; therefore, it is possiblettgpothesize a green roof with the
use of stressesistant shrubs in stMediterranean areasyen in the
presence of a substrate only 10 cm deep.

The performance of native Mediterranean plants on greencoold

be improved byadopting a plant community instead of a monoculture.
VarelaStasinopoulou et a(2023) analyzed the growth, flowering,
and selfreproduction rate of three plant communitiestificially
created and made up of native Mediterraneamtplaplaced in
substrates oflifferent depths (8 and 15 cm) and with two irrigation
regimes (high, 20% ETo and lod)% ETo). The plant communities
simulated those on the islands of Crete and Greece.didlct three
artificial plant communities comprisetne species and subspecies.
Deepersubstrates significantly improve the growth, flowering, and
survival of most taxa. Thierigation regime was not significant for any
species except for one, indicating that minisralounts of water may

be sufficient forirrigation. Four species failed to flower, wherdds
species managed to se#fproduce.

Information on the plant species proposed for extensive green roofs in
the Mediterraneamegion is presented in Tabl@2. The selected
papers were experimental tsalkonductedin the Mediterranean
environment. No information has been reported on pigcies
performance because the operative and stressful conditions are quite
different. Thdist is full of over 180 species and/or cultivars belonging
to over 40 famiks, most of therof Mediterranean origin, attesting to

a large number of plant species that can be coevialwith substrate
depths of less than 20 cm. Among biological forms, chamaephytes
(~40% of the total) and hemicryptophytes (~30%) stand out.
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Table 3.2. Plant species studied for extensive green taofthe Mediterranean region.

Plant Specie$ Botanical Plant | Chorotypes Substrate | References
Family3 Life Depth (cm)
Form*
Achillea millefoliumL. Asteraceae H Eurosib. 4,7,10, 19 | Eksi and Rowe 201%hu et al. 2022
Aeonium arboretum Crassulaceae NP Macarones. 6 GurreaYsasi et al. 2022
Webb & Berthel.
Allium carinatumL. Amaryllidaceae G Stenomedit. 20 Benvenuti 2014
Allium roseund. Amaryllidaceae G Stenomedit. 10 Vannucchi et al. 2022
Allium sphaerocephalon | Amaryllidaceae G Paleotemp. 5,10 Van Mechelen et al. 2015
L.
Alyssum alyssoidds Brassicaceae T Eurimedit. 5,10 Van Mechelen et al. 201%annucchi
et al. 2022
Alyssum saxatilé. Brassicaceae C Medit. 14 Provenzano et al. 2010
Anemone hortensls Ranunculaceae G N-Eurimedit. 20 Benvenuti 2014
Anthemis arvensis. Asteraceae T Stenomedit. 20 Benvenuti 2014
Anthemis maritima.. Asteraceae H W-Medit. 15, 20 Benvenuti and Bacci 2010
Anthyllis vulnerarial. Fabaceae H Eurimedit. 10 Vannucchi et al. 2022
Antirrhinum majud.. Plantaginaceae C W-Medit. 20 Benvenuti 2014
Antirrhinum linkianum Plantaginaceae C Endem 11 Eshahani et al. 2022
Boiss. & Reut Portugal
Aptenia cordifolia(L.f.) Aizoaceae C Africa 5,6 Schweitzer and Erell 201Gurrea Di
Schwantes Miceli et al.2022;Ysasi et al. 2022
Arbutus unedd.. Ericaceae P Stenomedit. 18 Raimondo et al. 2015
Armeria maritima(Mill.) | Plumbaginaceae H Subcosmogl. 4,7,10, 1% | Vestrella et al. 2015Eksi and Rowe|
willd. 1 2019
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Armeria maritima Plumbaginaceae H Subcosmopol. 19 Chu et al2022

(Miller) Willdenow

subspmaritima

Armeria maritima Plumbaginaceae H Subcosmopol. 14 Provenzano et al. 2010

6Roseabd

Armeria pungens Plumbaginaceae C W-Europ. 15, 20 Benvenuti and Bacci 2010

Hoffmanns. & Lirk

Artemisia absinthiun. Asteraceae C E-Medit. 7.5, 10, 15 | Papafotiou et al. 2013Papafotiou et
al. 2018

Arthrocnemum Amaranthaceae C Medit. 10 Paraskevopoulou et al. 201

macrostachyunfMoric.) Paraskevopoulou et al. 2023

K.Koch

Asphodelus fistulosus Asphodelaceae H Subtrop. 11 Eshahani et al. 2022

Atriplex halimud.. Amaranthaceae P Stenomedit. 7.5, 10, 15 | Papafotiou et al. 2018 assoula et al
2021

Atriplex portulacoided.. | Amaranthaceae C Circumbor. 10 Paraskevopoulou et al. 2021

Ballota acetabulosa Lamiaceae C W-Asia 8 Kokkinou et al. 2016

Benth.

Blackstonia perfoliata Gentianaceae T Eurimedit. 10 Vannucchi et al. 2022

(L.) Huds.

Brachypodium Poaceae H W.Stenomedit. 15 Dunnet and Nolan 2004; Azefias et

phoenicoidegL.) Roem. 201&; Azefias et al. 2018\ zefas et|

& Schult. al. 2019

Brachyscome multifida | Asteraceae H Australia 19 Chu et al2022

DC.

Calamintha nepet&avi Lamiaceae C Medit.-Mont. 15, 20 Benvenuti and Bacci 2018&genvenuti
2014

Calendula arvensik. Asteraceae H Eurimedit. 10 Vannucchi et al. 2022
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Carpobrotus eduligL.) Aizoaceae C S-Africa 5,6,9, 12, | Palermo et al. 202Di Miceli et al.

N.E.Br. 15 2022

Carpobrotus rossii Aizoaceae C S-Africa 10 Razzaghmanesh et al. 2014

(Haw.) Schwantes

Carthamuscarduncellus | Asteraceae H NW-Medit. 5,10 Van Mechelen et al. 2015

L.

Centaurea cyanuk. Asteraceae T Stenomedit. 20 Benvenuti 2014

Centranthus Caprifoliaceae H W.Stenomedit. 10 Vannucchi et al. 2022

macrosiphorBoiss.

Centranthus rube(L.) Caprifoliaceae C Stenomedit. 11,11+ 1, | Benvenuti and Bacci 2010/estrella

DC. 15, 20 et al. 2015Eshahani et al. 2022

Cerastium tomentosulm | Caryophyllaceae C Endem. Italy 6,9, 12, 14, | Provenzano et al. 201Palermo et al|

15 2019

Chrysanthemum myconij Asteraceae T Stenomedit. 20 Benvenuti 2014

L.

Chrysocephalum Asteraceae H Endem. Italy 19 Chu et al2022

apiculatum(Labill.)

Steetz

Cistus salviifoliud.. Cistaceae NP Stenomedit. 10, 13 Savi et al. 2016

Clinopodium acinos Lamiaceae T Eurimedit. 5,10 Van Mechelen et al. 2015

Kuntze

Colchicum autumnalk. | Colchicaceae G C-Europ. 20 Benvenuti 2014

Consolida regalisGray Ranunculaceae T Eurimedit. 20 Benvenuti 2014

Convolvulus cneoruh. | Convolvulaceae C N-Medit. 7.5, 10, 15 | Tassoula et al. 201®apafotiou et al
2018 Tassoula et al. 2021

Convolvulus sabatius Convolvulaceae G W.Stenomedit. 19 Chu et al. 2022

Viv.
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Cotinus coggygriéscop. | Anacardiaceae NP Medit-Turan. 10,13 Savi et al. 2015Savi et al. 2016

Crithmum maritimuni. | Apiaceae C Eurimedit. 7.5, 15, 20 | Benvenuti and Bacci 201Mektarios
etal. 2016Martini et al. 2017Azefias
et al. 2018bAzenas et al. 2019

Crocus vernugL.) Hill Iridaceae G Eurimedit. 20 Benvenuti 2014

Delosperma cooperi Aizoaceae C S-Africa 14 Provenzano et al. 2010

(Hook.f.) L.Bolus

DelospermaN.E.Br. Aizoaceae C S-Africa 14 Provenzano et al. 2010

60Kel ai di sbo

DelospermaN.E.Br. sp. | Aizoaceae C S-Africa 14 Provenzano et al. 2010

Dianella caeruleeSims | Asphodelaceae H Australia 10 Razzaghmanesh et al. 2014

0Breezebd

Dianthus carthusianorun| Caryophyllaceae H C-Europ. 15, 20 Benvenuti and Bacci 2018envenuti

L. 2014

Dianthus deltoides. Caryophyllaceae H Euroasiat. 10 Vannucchi et al. 2022

Dianthus deltoides. Caryophyllaceae H Euroasiat. 14 Provenzano et al. 2010

OLeucht funk

Dianthus fruticosus Caryophyllaceae H Endem. Greece 7.5,15 Nektarioset al. 2011

subspfruticosus

Dianthus Caryophyllaceae H C-Europ. 6,9, 12,15 | Palermo et al. 2019

gratianopolitanusVill.

Dianthus superbuk. Caryophyllaceae H Euroasiat. 5,10 Van Mechelen et al. 2015

Dorycnium hirsutunfL.) | Fabaceae C Eurimedit. 14 Provenzano et al. 2010

Ser.

Drosanthemum Aizoaceae C S-Africa 5,6, 8, 10, | Vestrella et al. 20L5Di Miceli et al.

floribundum(Haw.) 11+1,12 | 2022 Marouli et al. 2022

Schwantes
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Dymondia margaretae | Asteraceae H S-Africa 11+1 Vestrellaet al. 2015 Vestrella et al.

Compton 2018

Echium plantagineurh. | Boraginaceae H Eurimedit. 8 Latini et al. 2022

Echium vulgard.. Boraginaceae H Europ. 8 Latini et al. 2022

Emerus majoMiill. Fabaceae NP C-Europ. 10, 13 Savi et al. 2016

Erodium cicutariun(L.) | Geraniaceae T Subcosmop. 10 Vannucchi et al. 2022

LOH®Tr .

Erophila verna(L.) DC. Brassicaceae T Circumbor. 5,10 Van Mechelen et al. 2015

Euphorbia characias. Euphorbiaceae NP Stenomedit. 15, 20 Benvenuti and Bacd@010

Euphorbia cyparissiak. | Euphorbiaceae H C-Europ. 5,10 Van Mechelen et al. 2015

Euphorbia pithyusa.. Euphorbiaceae C W-Medit. 15, 20 Benvenuti and Bacci 2010

Festuca arundinacea Poaceae H Paleotemp. 8, 16 Soulis et al2017

Schreb.

Frankenia laevid.. Frankeniaceae C Stenomedit. 11+1 Vestrella et al. 2015Vestrella et al.
2018

Geranium molld.. Geraniaceae H Eurasiat. 10 Vannucchi et al. 2022

Glaucium flavunCrantz | Papaveraceae H Eurimedit. 15, 20 Benvenuti andacci 2010

Halimione portulacoides | Amaranthaceae C Circumbor. 5,10 Schweitzer and Erell 2014

(L.) Aellen Paraskevopoulou et al. 2015

Hardenbergia violacea | Fabaceae P Australia 19 Chu et al2022

(Schneev.) Stearn

HelianthemunGr ay Cistaceae C - 14 Provenzano et al. 2010

Dragoné

Helianthemum Cistaceae C Europ-Caucas. 5,10 Van Mechelen et al. 2015

nummulariunMill.
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Helichrysum italicum Asteraceae C S-Europ. 7.5, 10, 15, | Benvenuti and Bac&@01Q Papafotiou

(Roth) G.Don 20 et al. 2013 Monteiro et al 2017
Papafotiou et al. 2018

Helichrysum italicum Asteraceae C Eurimedit. 15, 20 Benvenuti and Bacci 2010

subspmicrophyllum

(Willd.) Nyman

Helichrysum orientale Asteraceae C Endem Medit. 7.5, 8, 10, 15| Papafotiou et al. 201&okkinou et al.

(L.) Gaertn. 2016 Papafotiou et al. 2018

Helichrysum stoechas Asteraceae C Stenomedit. 11+1, 15, | Benvenuti and Bacci 2010/estrella

(L.) Moench 20 et al. 2015

HemerocallisL . 6 S t| Asphodelaceae G - 14 Provenzano et al. 2010

de Orob

Heucheral . 6 E| e| Saxifragaceae H - 10 Monteiro et al. 2017b

HeucheraL . 6 Ob s| Saxifragaceae H - 10 Monteiro et al. 2017b

Hypericum calycinunh. | Hypericaceae C Medit.-Mont. 14 Provenzano et al. 2010

Hypochaeris radicatd.. | Asteraceae H Europ-Caucas. 10 Vannucchi et al. 2022

Hyssopus officinali&. Lamiaceae C Orof. Eurasiat. 19 Chu et al2022

Hyssopus officinalis Lamiaceae C Medit. 14 Provenzano et al. 2010

subsparistatus(Godr.)

Nyman

Indigofera Fabaceae P Australia 19 Chu et al2022

australigwilld.

Iris chamaeirisBertol. Iridaceae G NWStenomedit. 20 Benvenuti 2014

Iris lutesceng.am. Iridaceae G NWStenomedit.| 5, 10,11+ 1 | Van Mechelen et al. 201¥estrella et
al. 2015 Vestrella et al. 2018

Jacobaea maritiméL.) Asteraceae Cc Stenomedit. 19 Chu et al2022

Pelser & Meijden
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Lagurus ovatus. Poaceae T Eurimedit. 5,10 Van Mechelen et al. 201%Ondofio et
al. 2016

Lampranthus spectabilis| Aizoaceae C S-Africa 6, 8, 10, 12 | Marouli et al. 2022

(Haw.) N.E.Br.

Lavandula angustifolia | Lamiaceae NP Stenomedit. 6, 8, 10, 12 | Marouli et al. 2022

Mill.

Lavandula dentata. Lamiaceae NP Paleosubtrop. 15 Monteiro et al. 2017b

Lavandula stoechals. Lamiaceae NP Stenomedit. 15, 20 Benvenuti and Bacci 2010

Lavandula stoechas Lamiaceae NP Endem. Spain 15 Brandao et ak017

subspluisieri (Rozeira)

Rozeira

Leontodon tuberosus Asteraceae H Stenomedit. 15, 20 Benvenuti and Bacci 2018envenuti
2014

Ligustrum vulgard.. Oleaceae NP Eurasiat. 100r13 Savi et al. 2016

Limonium virgatum Plumbaginaceae C Eurimedit. 11+1,15 | Vestrella et al. 2015Azefias et al.

(willd.) Fourr. 2018h Azefias et al. 2019

Linum bienneMill. Linaceae H Eurimedit. 5,10 Van Mechelen et al. 2015

Lobularia maritima(L.) Fabaceae C Stenomedit. 5,10 Van Mechelen et al. 201%annucchi

Desuv. et al. 2022

Lomandra longifolia Asparagaceae H Australia 10 Razzaghmanesh et al. 2014

Labill 60Ta

Lomelosia creticdL.) Caprifoliaceae C Stenomedit. 7.5, 10, 15 | Papafotiou et al. 2018 assoula et al

Greuter & Burdet 2021

Lotus creticug.. Fabaceae C Stenomedit. 10,11+ 1 | Vestrella et al. 20150ndofio et al.
2016

Medicago arbored.. Fabaceae P NE-Medit. 6, 8, 10, 12 | Marouli et al. 2022

Melissa officinalid.. Lamiaceae H Eurimedit. 8 Kokkinou et al. 2016
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Muscari comosun(L.) Asparagaceae G Eurimedit. 10 Vannucchi et al. 2022

Mill.

Myoporum parvifolium | Scrophulariaceae C Australia 10 Razzaghmanesh et al. 2014

R.Br.

Narcissus tazetth. Amaryllidaceae G Stenomedit. 20 Benvenuti 2014

Nepeta catarid.. Lamiaceae H E-Medit. 19 Chu et al2022

Nigella damascena. Ranunculaceae T Eurimedit. 20 Benvenuti 2014

Olearia axillaris (DC.) Asteraceae T Australia 19 Chu et al2022

Benth.

Origanum dictamnusk. Lamiaceae H Endem. Crete 7.5, 10, 15 | Papafotiou et al. 2018 assoula et al
2021

Origanum majorand.. Lamiaceae H SahareSind. 7.5, 10 or 15| Papafotiou et al. 2018

Origanum onited.. Lamiaceae C E-Medit. 8orl6 Soulis et al2017

Origanum vulgard.. Lamiaceae H Eurasiat. 19 Chu et al2022

Ornithogalum Liliaceae G Eurimedit. 10, 20 Benvenuti 2014 Vannucchi et al.

umbellatumi. 2022

Otanthus maritimugL.) Asteraceae C Medit.-Atlant. 10, 20 Benvenuti and Bacci 2010

Hoffmanns. & Link

Paliurus spinachristi Rhamnaceae P SE-Europ. 10, 13 Savi et al. 2016

Mill.

Pallenis maritima(L.) Asteraceae H W-Medit. 7.5, 10, 11+ | Vestrella et al. 203,50ndofio et al.

Greuter 1,15 2016h Papafotiou et al. 2017
Papafotiou et al. 2018\zefias et al|
2019

Pennisetum clandestinur| Poaceae H E-Africa 5 Schweitzer and Erell 2014

Hochst. ex Chiov.
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Petrorhagia prolifera Caryophyllaceae T Eurimedit. 5and 10 | Van Mechelen et al. 2015

(L) P.W.Ball &

Heywood

Petrorhagia saxifraga Caryophyllaceae H Eurimedit. 10 Vannucchi et al. 2022

Link

Phillyrea angustifolial. | Oleaceae P Stenomedit. 10, 13 Savi et al. 2016

Phlox douglasiHook. Polemoniaceae H N-America 14 Provenzano et a2010

6McDani el s

PistacialentiscusL. Anacardiaceae P S-Medit. 10, 13 Savi et al. 2016

Plantago afral. Plantaginaceae T Stenomedit. 5,10 Van Mechelen et al. 2015

Prunus mahaleh. Rosaceae P S-Europ. 10, 13 Savi et al. 2015Savi et al. 2016

Pyrus pyraste(L.) Rosaceae P Eurasiat. 10, 13 Savi et al. 2016

Burgsd.

Rosmarinus officinalit. | Lamiaceae NP Stenomedit. 8, 15, 19 Kokkinou et al. 2016Brandao et al|
2017 Chu et al. 2022

Salvia fruticosaMill. Lamiaceae C E-Medit. 8, 10 Kokkinou et al. 2016 Martini et al.
2022 Papafotiou et al. 2022

SalviaL. hybr Lamiaceae C - 10 Papafotiou et al2022 Martini et al.
2022

Salvia officinalisL. Lamiaceae C Stenomedit. 10, 13, 18 | Raimondo et al. 2015 avi et al. 2016
Martini et al. 2022;Papafotiou et al
2022

Salvia officinalisL. Lamiaceae C Stenomedit. 10 Monteiro et al. 2017b

6Berggarten

Salvia pomiferaubsp. Lamiaceae C Endem. Crete 10 Papafotiou et ak022

pomifera

Salvia ringenssm. Lamiaceae Cc Endem. Greece 10 Martini et al. 2022; Papafotiou et g

2022
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Salvia tomentosMill. Lamiaceae C NE-Medit. 10 Papafotiou et aR022
Santolina Asteraceae NP Medit. 7.5, 10, 15 | Papafotiou et al. 2018
chamaecyparissus.
Santolina rosmarinifolia | Asteraceae NP Medit. 11+1 Vestrella et al. 2015
L.
Saponaria ocymoidds Caryophyllaceae H Orof. SEurop. 14 Provenzano et al. 2010
Satureja illyricaHost Lamiaceae C S-Europ. 14 Provenzano et al. 2010
Satureja montané. Lamiaceae C W-Medit. 15, 20 Benvenuti and Bacci 201Monteiro
etal. 2013
Scabiosa columbaria. Dipsacaceae H Eurasiat. 15, 20 Benvenuti and Bacci 2018envenuti
2014
Scilla autumnalid.. Asparagaceae G Eurimedit. 20 Benvenuti 2014
Scrophularia canind.. Scrophulariaceae H Eurimedit. 15, 20 Benvenuti and Bacci 2010
Scrophularia peregrina | Scrophulariaceae T Stenomedit. 10 Vannucchi et al. 2022
L.
Sedum acré. Crassulaceae C Europ. 4,5,6, 7,10, Van Mechelen et al. 2015ksi and
12 Rowe 2019 Nektarios et al. 2021
Vannucchi et al. 2022
Sedum alburh. Crassulaceae C Eurimedit. 4,5,6, 7,10, Provenzano et al. 2019an Mechelen
12, 14 et al. 2015 Eksi and Rowe 2019
Pérez et al. 2020; Nektarios et
2021; Di Miceli et al. 2022
Vannucchi et al. 2022
Sedum floriferunfPraeger| Crassulaceae C Siberia 14 Provenzano et al. 2010
Sedum hispanicuin Crassulaceae C SE-Europ. 5,14 Provenzano et al. 201@i Miceli et
al. 2022
Seduni. spp. Crassulaceae C - 6, 10 Monteiro et al. 201 7fGurreaYsasi et

al. 2022
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Sedum ochroleucum Crassliaceae C Medit.-Mont. 5 Di Miceli et al.2022
Chaix
Sedum reflexurh. Crassulaceae C C-Europ. 6, 12,14 | Provenzano et al. 2010ektarios et
al. 2021
Sedum rupeeg L. Crassulaceae C C-Europ. 15, 20 Benvenuti and Bacci 2010
Sedum sediform@acq.) | Crassulaceae C Stenomedit. 5,6, 7.5, 8, | Nektarios et al. 2015Soulis et al.
Pau 10, 11, 12, | 2017 Azefias et al. 20838 Azefias et
13,15, 16, | al. 201®; Azefias et al. 2019
19 Schindler et al. 2019Pérez et al|
202Q Esfahani et al. 202Di Miceli
et al. 2022Marouli et al. 2022
Sedum sexangulate Crassulaceae C C-Europ. 6, 10, 12, 14| Provenzano et al. 201®Pérez et al.
2020;Nektarios et al. 2021
Sedum spuriurM.Bieb. | Crassulaceae C Europ-Caucas. 14 Provenzano et al. 2010
Sedum spuriurM.Bieb. | Crassulaceae C Europ-Caucas. 10 Pérez et al. 2020
cf.*6 Cocci neu
SedunspuriumM.Bieb. | Crassulaceae C Europ-Caucas. 10 Pérez et al. 2020
cfl.’6 Summer G|
Sempervivunh. Crassulaceae C - 10 Monteiro et al. 2017b
0Reinhardé
Sesuvium verrucosum | Aizoaceae Cc America 5 Schweitzer and Erell 2014
Raf.
Sideritis athoaPapan. & | Lamiaceae C Macarones. 7.5, 10, 15 | Papafotiou et al. 2018 assoula et al
Kokkini 2021
Sideritis hyssopifolid.. Lamiaceae C NW-Medit. 5,10 Van Mechelen et al. 2015
Silene conicd.. Caryophyllaceae T Paleotemp. 5,10 Van Mechelen et al. 2015
Silene gallical.. Caryophyllaceae T Eurimedit. 10 Vannucchi et al. 2022
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Silene vulgarigMoench) | Caryophyllaceae H Paleotemp. 5,10 Ondofio et al. 2016

Garcke

Spartium junceurnh. Fabaceae P Eurimedit. 10, 13 Saviet al. 2016

Sporobolus pungens Poaceae G Subtrop. 15 Azefias et al. 2018bAzefas et al.

Kunth 2019

Stachys byzantina Lamiaceae H E-Asia 10, 14 Provenzano et al. 201®lonteiro et al.

K.Koch 2017b

Sternbergia lutedLl..) Amaryllidaceae G Medit.-Mont. 20 Benvenuti 2014

Ker Gawl. ex Spreng.

Teucrium chamaednls | Lamiaceae C Eurimedit. 14 Provenzano et al. 2010

Teucrium fruticang.. Lamiaceae NP Stenomedit. 19 Chu et al2022

Thymus caespititiuBrot. | Lamiaceae C Iberian 15 Monteiro et al 2017
Peninsula

Thymus Lamiaceae C Eurasiat. 14 Provenzano et al. 2010

marschallianu$Villd.

Thymus Lamiaceae C S-Europ. 15 Monteiro et al 2017

pseudolanuginosus

Ronniger

Thymus serpyllurh. Lamiaceae H Eurasiat. 11+1 Vestrella et al. 2015

Trifolium arvensd.. Fabaceae T Paleotemp. 10 Vannucchi et al. 2022

Trifolium campestre Fabaceae T Paleotemp. 10 Vannucchi et al. 2022

Schreb.

Tuberaria guttatg(L.) Cistaceae T Eurimedit. 20 Benvenuti 2014

Fourr.

Verbascum blattarid. Scrophulariaceae H Cosmopol. 10 Vannucchi et al. 2022

Verbascum thapsus Scrophulariaceae H Europ-Caucas. 15, 20 Benvenuti and Bacci 2010

Veronica prostratd.. Plantaginaceae H Eurasiat. 14 Provenzano et al. 2010
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Zoysia matrellaL.) Poaceae H E-Asia 75,15 Ntoulas et al. 2013
Merr.

1We considered that substrate layer thickness of extensive green roof was from 5 t(P20eznet al. 2020

2t he names of the species have been cor (heéps:tvnevd woldleammdineor/we he i nc
preferred to keep the names indicated by the authors of the papept, wken multiple synonyms of the same species were used; in this

case, we have only reported the correct botanical name;

Saccording to iWps/wdwviolldboraanliine.ordi i n e o

4 according to The Life Forms of Plants of RaunkiéE934; H = Hemicryptophyte, NP = Nanophanerophyte, G = Geophyte, T =
Therophyte, C = Chamaephyte, P = Phanerophyte;

5 references are mainly related to Pign@t€ig2);

Sfcf . 0 means theauthors, theccaltivar cannotdpe affioned with certainty but the phenotype is compatible.
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3.6. Conclusions

Green roofs are increasingly being considered for their contribution to
ecosystenservices, which are essential fbe quality of life of urban
areas. Many of its functionsre connected to the vegetation that is
installed, making the choice of species one of niest strategic
aspects of the design. Even in the Mediterranean environment,
sustainablesolutions are podse for the creation of a green roof,
which must be based on a reductinrthe height of the substrate to
allow it to be installed in a greater number of structuzes, a more
rational use of water resources. For the identification of species, the
analysis ofboth plant species is present in habitat analogs and some
morphafunctional characteristiasan be considered a useful strategy.
However, only experimental trials in representatoantexts can
provide conclusive information to understand whethesg¢hchoices

are functional. Another strategy is to increase biodiversity by
replacing a single species witlplant community to make the best use
of the positive relationships that can be establisietdieen different
plant species. However, even in thise, only specific experimental
trials would be able to provide a framework of knowledge
indispensable for spreading th@esence of green roofs in the
Mediterranean environment.
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4. The use of Mediterranean native shrubs for
improving the sustainability of urban
environments

This chapter is based on tpeblished version of theesearch
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Abstract

The Mediterranean Basin is home to one of the highest levels of
biodiversity on Earth, with approximately 25,000 plant species. The
typical vegetdbn in this region is predominantly consists of shrubs.
Due to their anatomical, morphological, physiological, and
biochemical characteristics, these plants can tolerate abiotic stress,
particularly drought. Consequently, incorporating them could enhance
the sustainability of urban green spaces. However, species native to
the Mediterranean Basin are not yet widely represented in green
spaces, despite their attractive ornamental traits. To quantify the
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contribution of Mediterranean native shrubs, a survey egaducted

on ltalian flora. Using a selection grid, species of potential interest
were identified; these species belong to the Mediterranean chorotype
and exhibit appealing ornamental characteristics. The overall
attributes of these plant species supfiair ornamental use, owing to
their form and the features of their leaves, flowers, or fruits. The
investigation identified 369 species that are not currently available in
commercial nurseries. The most represented families included
Rosaceae Asteraceag Fabaceae Lamiaceae and Cistaceae
Although the flowering period of each species is relatively short, the
blooms of different species are distributed throughout the year.
Therefore, by simultaneously utilizing various species, it is possible to
ensure @ontinuous ornamental display.

4.1. Introduction

The Mediterranean Basin is one of the richest regions in the world in
terms of plant diversity, boasting approximately0®®, plant species
(Myers et al. 2000). Due to their high biological diversity,
Mediterranean ecosystems have been recognized as biodiversity
hotspots and prime targets for conservation effgvtyers et al. 2000;
Tawand lu and Pausa018). However, the climate makes the
Mediterranea Basin one of the most vulnerable areas to both abiotic
and biotic stress. Drought, combined with extreme temperatures,
constitutes abiotic stress that negatively affects the survival, growth,
development, and productivity of Mediterraneanody species
(Ogaya and Pefiueld®003). These environmental constraints are
expected to intensify in the near future due to glahalate change
(Pinheiro et al2014).

Mediterranean plants can tolerate stressful abiotic conditions and,
therefore, are somewhat resilieto the warming and increased
drought associated witlktlimate change (Toscano et &019).
However, only species with significant phenotypic plastéity
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particularly those capable of rapid evolutionary changes in both their
functional traits and plastigi® will persist under rapidly changing
environmental conditions induced by glolwddange (Matesanz and
Valladares2014). These characteristics are especially common in
shrubs, which are characterized ¢k
and more potential padisf o r stem regenlB8)ati on
These traits enable shrubs to tolerate abiotic stress better than trees.
Shrubs are often associated with disturbed and stressful environments;
for these reasons, they are more suitable for green infrastructures in
Mediterranean environments, especially where maintenance is
limited. The high biodiversity and aesthetic value of these plants
suggest that their use is the key component of sustaitetdiscape
(Romano and Scari@021).

Among Mediterranean ecosystemsshrublands represent a
characteristic vegetation type that is widespread across various
habitats. Due to several factérincluding physiological,
morphological, reproductive, phenological, and regenerative traits, as
well as inter and intraspecific intemion® each shrub species
constitutes a significant component of the plant community. Shrubs
play a vital ecological role (Pasaloddato et al. 2015) in multiple
ways, such as soil protection (Bochet et al. 2006; Francini et al. 2021),
enhancing biodiveity (Mangas et al. 2007), nutrient production,
carbon storage (Chapin 1983), and ecosystem restoration (Rey et al.
2009).

The spread of shrubs in the Mediterranean region is attributed to their
adaptability to harsh climatic conditions, characterized by ho
summers and low rainfall, resulting in a long, dry season (Paz et al.
2016). The use of native Mediterranean shrub species offers a
potential solution to drought (Mu@Bosch and Pefiuelas 2004), salt
stress (Cassaniti et al. 2013), and heat stresse Hadive shrubs can
withstand severe drought, a critical factor influencing plant survival
and species distribution (Filella et al. 1998). Due to their unique
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morphophysiological traits, woody plants are wslited for
ornamental purposes. It is no couhence that shrubs are commonly
found in degraded environments where abiotic stresses are frequent.
From an ornamental perspective, shrubs exhibit various fedtures
such as a high number of twigs influencing their growth patterns;
pulvinate (cushiofike) shapes that reduce transpiration and enhance
the aesthetic appeal of green infrastructures; distinctive leaf
characteristics; varied flowering periods; diverse flower céldtat
contribute interest and variety to the landscape (Leotta et al. 2023a).
Despite widespread appreciation, the vast plant diversity of the
Mediterranean region largely consists of neglected and underutilized
species (Padulosi et al. 2013). Only a small fraction of these resources
is currently employed in the agricultural and ornamemtaticulture
sectors due to poor documentation of their potential and the lack of
coordinated efforts (Rivera et al. 2006; Scariot et al. 2006). Globally,
the ornamental horticulture industry seeks new éapfsen of exotic
origind that exhibit appealing roamental traits, adaptability to
diverse conditions, and low maintenance costs (Fascetti et al. 2014;
Maloupa et al. 2008; Junqueira and Peetz 2017). Unfortunately, native
plants receive insufficient attention, partly because of limited
information regarithg their performance and propagation.

Studies on the ornamental value of new crops generally focus on the
pl ant sd habit and characteristi
phenological traits, development and growth, ecological
characteristics including tolemee to various factors, aesthetic features
like flower and leaf attributes, and cultivation methods encompassing
agricultural practices such as ease of propagation and adaptability to
different cultivation conditions (Krigas et al. 2021). For plants
intenced for landscaping and gardening, resistance to biotic and
abiotic stresses is of particular importance (Krigas et al. 2021).
Another factor supporting the use of native plants in green spaces is
the potential to aid populations of declining native spedlereby
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helping to prevent their extinction. Gardens, which are common in
both urban and rural environments, are increasingly recognized for
their role in conserving biodiversity (Gratzfeld 2017). Recently, the
concept of conservation gardening has emeras a novel approach

to biodiversity restoration. This approach focuses on cultivating
declining native species in private gardens, integrating commercial
horticulture with conservation efforts, and promoting public
engagement (Segar et al. 2022; Sta2@2?2; Munschek et al. 2023).
Awareness of the importance of biodiversity and the benefits of
incorporating local flora into urban landscape design is growing
(Lovell and Johnston 2009; Ahern 2013). By doing so, we can
safeguard pollinators that have-eedved with many genera or
species of native plants (Hall et al. 2017; Senapathi et al. 2017).

An increasingly informed public is demanding the inclusion of native
plants in green spaces, driven by the awareness that this can reduce
dependence on resourdeprimarily wate® in urban and suburban
environments. Although native flora encompasses a variety of species
with diverse water requirements, some species, particularly shrubs,
demonstrate greater watese efficiency (Chaves et al. 2003; Evans
et al. 2013; Mrtinson 2020).

Recently, the checklist of vascular flora native to Italy has been
updated (Bartolucci et al. 2018). The checklist now includes 8,241
species and subspecies, belonging to 1,111 generd5anthmilies
(Bartolucci et al2024). According tdartolucci et al. (2024), the taxa
currently confirmed to occur in Italy number 7,591, as the remaining
taxa have not been recently verified, are doubtful, or are affected by
errors or incomplete information. In any case, the Italian flora is
particularly rich in plant species, which can serve as a valuable
resource for revitalizing the biological diversity of ornamental
nurseries and for individuating new species better suited for urban
greenery.
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In this context, the objective of this study was to revibe shrub

species present in the Italian flora and examine some of their
morphological and functional characteristics to conduct a preliminary
assessment of their adaptability to various landscape use modalities.

4.2. Materials and methods

4.2.1.Literature sources

The survey began with a review of relevant literature sources (Pignatti
1982; Raimondo et al. 2010; Conti et al. 2005; Bartolucci et al. 2018,
2024), which facilitated the identification of the initial group of
species. All data collecn and literature searches were performed
within the period November 2024 until February 2025. All identified
plants belonged to the category commonly referred to as bushes. These
plants correspond to chamaephytes, caespitose phanerophytes, and
nanophaneghytes, according to Raunkiaer (1934). Although some
individual accessions could be classified under other biological forms
(e.g., rhizomatous geophytes, caespitose hemicryptophytes,
hemicryptophytes with rosettes, scapose hemicryptophytes), all listed
taxa fall within these biological categories. The taxa considered were
limited to species spread in ltaly and classified as indigenous,
naturalized archaeophytes, or cryptogenic. From the preliminary list,
certain accessions were selected for further studgdan specific
morphegbiological characteristics, flowering season, and distribution
within the national territory. For each accession, synonym names were
verified to eliminate duplicates using Plants of the World Online
(https://powo.science.kew.org/) okbever, a double taxonomic check
(accepted name versus heterotypic synonym) has not been performed.
Families were listed according to Plants of the World Online.
Information on origin and flowering period was referenced from
Pignatti (1982) and Acta Plamtan (https://www.actaplantarum.org/).
Based on literature data (Pignatti 1982; Pignatti et al.iZ110; Acta
Plantarum), plant height was categorized into classes (< 20 ¢80 20
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cm; 60 100 cm; 100140 cm; > 140 cm), along with flower color and
the organof greatest showiness (flowers, fruits, or leaves). For the
latter information, we relied on iconography available online from
reliable websites (Acta Plantarum, iNaturalist).

4.2.2. Morphological traits

Considering morphological traits (heightrominence of flowers,
fruits, and leaves) and functional characteristics (origin environments,
flowering season), the potential use of these species for ornamental
purposes in green aréasuch as green roofs, naturalistic gardens, pot
cultivation, slopesgeriscaping, wildflowersy was proposed. The list

of selected plants was then compared with a previous list of species
found in twentyseven nurseries nationwide that marketed ornamental
plants used for the arrangement of green spaces (Romano 2021), in
order to identify which of these accessions were available on the
market.

4.3. Results

The review identified 1,137 taxa belonging to 271 genera and 74
different botanical families (Table4.1). Based on specific
morphobiological characteristics, flowering season, and distribution
within the national territory, a selection process identifidd Eaxa
belonging to 199 genera and 68 botanical families (T&B)e Among
these, 159 taxa were subspecies, accounting for 29.2% of the total
(Table4.1S). The most represented botanical familiesRosaceae

(44 genera and 56 specie8kteracead16 genera and 55 species),
Fabaceag17 genera and 50 speciesgmiaceaq16 genera and 45
species)Cistaceag(3 genera and 38 species), daryophyllaceae

(12 genera and 30 species).

To highlight the extensive biodiversity observed, itiddde noted

that 36 botanical families (52.9% of the total) were represented by a
single genus, and 23 botanical families (33.8%) were represented by a
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single species (Tabkel). The highest number of genera was found in
the Rosaceaefamily, followed by Asteraceag Fabaceae and

Lamiaceae

Table 4.1. Number of taxa and genera for botanical families of Italian
flora of potential ornamental value.

Botanical family N. genera N. taxa Botanical family

N.

genera taxa

Amaranthaceae
Anacardiaceae
Apiaceae
Apocynaceae
Aquifoliaceae
Araliaceae
Arecaceae
Aristolochiaceae
Asparagaceae
Asteraceae
Berberidaceae
Betulaceae
Blechnaceae
Boraginaceae
Brassicaceae
Buxaceae
Campanulaceae
Cannabaceae
Capparaceae
Caprifoliaceae
Caryophyllaceae
Celastraceae
Cistaceae
Convolvulaceae
Coriariaceae
Cornaceae
Crassulaceae
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Hypericaceae
Lamiaceae
Lauraceae
Linaceae
Linnaeaceae
Loranthaceae
Malvaceae
Myrtaceae
Oleaceae
Orobanchaceae
Phyllanthaceae
Plantaginaceae
Plumbaginaceae
Polygalaceae
Polygonaceae
Ranunculaceae
Rhamnaceae
Rosaceae
Rubiaceae
Rubiaceae
Rutaceae
Salicaceae
Santalaceae
Sapindaceae
Saxifragaceae
Scrophulariaceas
Selaginellaceae
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Cupressaceae
Elaeagnaceae
Ephedraceae
Ericaceae
Euphorbiaceae
Fabaceae
Fagaceae
Frankeniaceae
Grossulariaceae
Hydrangeaceae

N

ol

5 Smilacaceae

1 Solanaceae

3 Staphyleaceae
28  Styracaceae
27  Tamaricaceae
133 Thymelaeaceae

3 Ulmaceae

2 Valerianaceae

8 Viburnaceae

1 Vitaceae

TOTAL

P NFEPNMNNORFEREEFEDNPRP
-
»

271 1137

Table 4.2. Number of taxa and genera for botanical families of

selected plants, accorditgthe number of taxa.

Botz?mlcal N. generiN. taxa Botanical family N. genereN. taxa
family

Rosaceae 44 56 Convolvulaceae 2 3
Asteraceae 16 55 Ephedraceae 1 3
Fabaceae 17 50 Grossulariaceae 1 3
Lamiaceae 16 45 Malvaceae 1 3
Cistaceae 3 38 Orobanchaceae 1 3
Caryophyllacea 12 30 Ranunculaceae 1 3
Brassicaceae 9 29 Solanaceae 3 3
Euphorbiaceae 2 19 Cornaceae 1 2
Plumbaginacea 4 15 Frankeniaceae 1 2
Crassulaceae 3 14 Rutaceae 1 2
Amaranthaceae 8 11 Viburnaceae 2 2
Caprifoliaceae 4 9  Amaranthaceae 1 1
Ericaceae 3 9  Apocynaceae 1 1
Amaranthaceae 2 7  Aquifoliaceae 1 1
Asparagaceae 2 7  Araliaceae 1 1
Plantaginaceae 4 7  Arecaceae 1 1
Rhamnaceae 3 7  Aristolochiaceae 1 1
Salicaceae 1 7  Asphodelaceae 1 1
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Boraginaceae 2 6  Berberidaceae 1 1
Rubiaceae 5 6  Blechnaceae 1 1
Tamaricaceae 2 6  Celastraceae 1 1
Thymelaeaceae 2 6 Lauraceae 1 1
Anacardiaceae 3 5  Loranthaceae 1 1
Apocynaceae 4 5 Myrtaceae 1 1
Campanulaceat 3 5  Phyllanthaceae 1 1
Cupressaceae 1 5 Polygonaceae 1 1
Hypericaceae 1 5  Santalaceae 1 1
Oleaceae 4 5  Sapindaceae 1 1
Apiaceae 3 4  Saxifragaceae 1 1
Betulaceae 4 4  Scrophulariacea 1 1
Capparaceae 1 4  Selaginellaceae 1 1
Fagaceae 1 4  Smilacaceae 1 1
Ulmaceae 2 4  Vitaceae 1 1
Cannabaceae 2 3 Zygophyllaceae 1 1
Convolvulaceae 2 3 TOTAL 199 544

Most of the species were from the Mediterranean area, based on the
criteria adopted for inclusion in the list (Figudel). Endemic or
subendemic species account for 29% of the total. Sttediterranean
species are also well represented, comprising 21t#edbtal

Others

Steno-

Mediterranean
21%

Endemics or
subendemics
29%

Euro-Mediterranean
0y

Mediterranean
17%

Figure 4.1.Distribution of shrub in the Mediterranean area, in wild,
urban, perurban areas.

177



Chapterd

The most common biological form was chamaephytes, which
accounted for 58% of the total, followed by cespitose phanerophytes
(22%), and nanophanerophytes (20%) (FigLi2g.

cespitose

phanerophytes

chamephytes
58%

nanophanerophytes
20%

Figure 4.2.Distribution of shrub for biological forms.

Over 50% of the plants eve under 60 cm in height, while 30%
exceeded 100 cm (Figu#e3).

200

150

m I I
0 I l
H1 H2 H3 H4

Figure 4.3.Distribution of shrub for height: H1= < 20 cm; H2=80
cm; H3= 60100 cm; H4= 10140 cm; H5= > 140 cm
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The flowering period of different species lasted an average of 3.7
months. In terms of distribution across the months, the highest
concentration of lbwering occurred between April and June,
accounting for over 50% of the blooms. The lowest concentrations
were observed in November and December, at 1.9% and 1.2%,
respectively (Figurd.4).

30
25

20

Figure 4.4. Distribution of flowering in the different months of the
year.

The conspicuousness supporting the ornamental characteristics was
attributed to the flowers in 86.4% of cases, to the fruit in 20.6%, and
to the foliage in 23.7% (Table 1S). In fact, somecigmewere valued

for multiple ornamental traits.

The color of the flowers, the most conspicuous organ, was white in
134 species (24.6% of the total), yellow in 196 species (30.0%}, pink
red in 103 species (18.9%), and viditc in 46 species (8.5%) (D&

1S).

Based on their morphological and phenological traits, the species can
be primarily used in naturalistic gardens (39%), xeriscaping (28%),
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slope stabilization (14%), and green roofs (11%). Their use for pot
cultivation and wildflowers is marginaFi{gure 45). Each species
supports multiple applications, averaging 2.1 uses per species,
highlighting their potential value in green spaces.

WlldflnowefS Green Roofs
3% 1%

Xeriscaping
28%

Naturalistic
gardens
39%

Slopes
14%

Pot cultivation
o

Figure 4.5.Distribution of shrub for the possible uses in green areas.

Despite the small size of the flowers, many species are appreciated for
their abundant blooms and, occasionally, for the distinctive
characteristics of their fruits and foliage, highlighting the aesthetic
appeal of many recorded taxa (Figdre).

Many ofthe ornamental species surveyed are not listed in the catalogs
of major Italian commercial nurseries. A total of 369 plant species,
representing 67.8% of the recorded accessions, were absent from these
commercial nursery catalogs. However, it cannot bedraut that

some of these unlisted species are cultivated on a marginal scale.
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- | S - | | | Mgt ~ |
Figure 4.6.Top left to right: 1)Adenocarpus complicatusibsp bivonae(C.Presl) Peruzzi; 2Ajuga ivasubsp.
iva; 3) Anthyllis hermanniael.; 4) Arenaria grandiflorasubsp.grandiflora; 5) Aubrieta columnaésuss.; 6)
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Centaureaaeolica Guss. Ex Lojac.; Qerastium tomentosuin; 8) Colutea arborescenis.; 9) Cressa cretica
L.; 10) Daphne oleoidesschreb.; 11)Edraianthus graminifiius A.DC.; 12 Emerus majoMill.; 13) Erica

cinereal.; 14) Euphorbia gasparriniiBoiss.; 15)Fumana laevipe$pach; 16)Glandora rosmarinifolia(Ten.)

D.C.Thomas; 17Helianthemum croceurfDesf.) Pers.; 18Hexaphylla rupestriqTineo) P.Caputo & Del
Guacchio; 19)Lomelosia crenatgCirillo) Greuter & Burdet; 20Minuartia geniculaa Thell.; 21) Onosma
echioideqL.) L.; 22) Rosa caesi®m.; 23)Salsola vermiculatd..; 24) Searsia pentaphyll@lacq.) F.A.Barkley
ex Moffett, 25)Sideritis italica(Miller) Greuter & Burdet; 26] hymelaea hirsut&ndl.; 27)Tripolium sorrentinoi
(Tod.) Raimondo & Greuter; 2&ygophyllum creticun(L.) Christenh. & Byng.
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4.4. Discussion

The survey highlighted the floristic diversity of thvediterranean
region, which is influenced by various factors such as topographical,
biogeographical, ecological, and climatic heterogeneity, as well as
human interference that has significantly impacted the vegetation. The
current levels of endemiginmany d the taxa identified in the review

are endemig@ and biodiversity are the result of these interactions
(Rundel and Cowling 2013; FAO 201
as a peninsula with numerous islands is a key factor explaining its
biodiversity (Contiet al. 2005; Takang lu and Pausas 2018).

Urban populations rely on various ecosystem services provided by
natural areas. However, the expansion of urban environments and the
consequent destruction of natural habitats have increased the reliance
on ornanental green spaces to deliver ecosystem services for the
benefit of city residents (Francini et al. 2022). Among these services,
biodiversity conservation plays a crucial role. Introducing native
plants can contribute significantly to conservation effaetgpecially

when these plants are rare or threatened. Many species identified in
our study possess these characteristics, which enhances the value of
their use. Incorporating native plants into urban landscapes not only
boosts biodiversity but also creanvironments capable of providing
essential ecosystem goods and services within cities.

Public awareness of the importance of biodiversity and the benefits
derived from incorporating regional flora into urban landscape design
is now well established (Le and Johnston 2009; Ahern 2013;
Phondani et al. 2016).

The demand for native plants in landscaping and gardening, driven by
ecological concerns, is increasing. Therefore, research is necessary to
identify suitable native plants and to evaluate whetheir use can
enhance biodiversity resilience and improve the capacity of native
plant landscapes to provide ecosystem services for a growing urban
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population (Martinson 2020). The most common benefits of green
spaces include the reduction of pollution (maiate matter, heavy
metals, ozone), mitigation of high temperatures, reduction of surface
runoff by preventing erosion, slope stabilization, carbon dioxide
sequestration, and oxygen emission (Francini et al. 2021, 2022; Leotta
et al. 2023a).

Green infastructure (GI) plays a crucial role in biodiversity
conservation. Conservation gardening has recently been promoted as
a strategy to mitigate the decline of native plant species (Affolter 1997;
Gratzfeld 2017; Ismail et al. 2021; Mounce et al. 2017). Ghicept

has emerged as a participatory approach to restoring biodiversity by
cultivating declining native species in private gardens, integrating
commercial horticulture with conservation efforts, and encouraging
public engagement (Munschek et al. 202%g& et al. 2022).
Investigating the role of gardens as dispersal corridors for native and
endangered plant species could provide valuable insights for
collectively addressing the biodiversity crisis (Staude 2022).

The species identified in our review cdutherefore contribute to
enhancing the native biodiversity of cities; however, the feasibility of
their actual inclusion still needs to be evaluated.

The longterm sustainability of landscapes utilizing native plant
resources requires management to camsigot only ornamental
purposes but also ecological and environmental values (e.g., soil,
water, biodiversity) and socieconomic factors (Muhtaman et al.
2000; Burlando et aR025).

The biodiversity of urban green spaces is crucial because it mitigates
the risks posed by pests, diseases, and climate change, thereby
enhancing the resilience of the ecosystem services provided by green
infrastructure (Leotta et al. 2023a).

Depending on their hardiness, shrubs play a fundamental ecological
role in green area (PasalodeSato et al. 2015). In natural
environments, the shrub stage represents a secondary succession that
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can stimulate, facilitate, or positively interact with community
dynamics. In fact, shrub species, which act as nurse plants, can
promote the genination and growth of woody forest species beneath
their canopy by improving the water status of seedlings through
reducing radiation, lowering soil temperature, conserving moisture,
and protecting them from herbivore damage. These effects are also
influenced by t he shrubso functi on.
characteristics (Bruno et al. 2003; Castro et al. 2004; Manaut et al.
2011). Shrubs are pioneer, branched plant species that are highly
adaptable and strongly interactive with other species (Gotataak
2016).

In Mediterranean ecosystems, shrubs are a characteristic type of
vegetation, widespread across various habitats. Due to multiple
factor® including physiological, morphological, reproductive,
phenological, and regenerative traits, as welhtes-iand intraspecific
interaction® each shrub species constitutes an important component
of the plant community and fulfills a specific ecological role
(Lombardo et al. 2000). The most critical morphological traits for
abiotic stress tolerance are leafonphology and functionality,
particularly the ability to reduce gas exchange and enhance metabolite
accumulationl(eotta et al. 2023a oscano et al. 2020).

The high biodiversity potential offered by the identified plant
specied over 540 taxabelonging to 68 botanical famili@scan
ensure the goal of enhancing the sustainability of green spaces. Native
shrubs, due to their hardiness, are sgeited for new urban green
design systems that reduce maintenance costs, partly through more
naturalistc planting (Nam and Dempsey 2019). This approach enables
an increase in biodiversity even within urban environments (Capotorti
et al. 2020; Bonthoux et al. 2019; Pomatto et al. 2023).

Biological form helps us understand the characteristics of plants and
their ability to adapt to marginal conditions. In our review, the most
common type was chamaephytes. The specific morphological traits of
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chamaephytes can vary greatly depending on the species and
environmental factors. Chamaephyte plants are charactenziegdvb
growth close to the ground, which allows them to survive in harsh
conditions such as cold climates, where the warmth of the soil aids
their survival, or drought conditions, due to reduced transpiration
resul ting fr om-like Bhape.pMny chantaephytesu s h i ¢
possess adaptations that enable them to endure these challenging
environments. Additionally, survival in harsh conditions is facilitated
by a reduction in leaf size, which minimizes water loss.

The list is well represented by caespitosan@rophytes, which are
plants characterized by the formation of dense clumps or groups of
stems arising from a common base. Nanophanerophytes, typically
low-growing woody plants that usually reach only a few meters in
height, are also included in the legsimpiled by our study.

The potential for domesticating endemic plants for ornamental
purposes is underscored by the inadequate ex situ conservation of local
endemic species in botanical gardens and seed banks (Krigas et al.
2021). Another challenge is thack of studies on assessment systems
for the rapid identification of suitable landscapes and garden plants.
Key characteristics to consider include plant habit and height,
vegetative and flowering periods, flower traits, modes of reproduction,
tolerance @ biotic and abiotic stresses, and ass®ed survival rates

(Liu et al.2016). Utilizing these plants in landscapes and gardens can
also contribute to the conservation of endemic species at risk of
extinction.

An interesting aspect that emerged from gtigly was the variability

in the heights attained. In many cases, the plants did not exceed 20 cm
in height; therefore, the species identified can be used as ground cover.
Ground cover plants serve as components or connecting elements in
other green infrasucture interventions (Woods Ballard et al. 2015),
such as rain gardens, green roofs, or rainwater harvesting tanks (Nur
Hannah Ismail et al. 2023).
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Their small sizé over 54% of the species surveyed do not exceed 60
cmd makes them particularly suitable foew types of greenery, such

as extensive green roofisgptta et al. 20235avi et al. 2016). Their
limited height is linked to their biological form: in 58% of cases, they
are chamaephytes. The height of the plants surveyed, often less than
one meter, &bws for a wide variety of uses and plays an important
ecological role in plant communities. The cushion shape, which
minimizes the exposed surface area of the plant relative to its volume,
contributes to their tolerance of abiotic stresses, as observéd in
Mediterranean region.

Based on the information available for each of the accessions
surveyed, we can only hypothesize about their possible uses, which
appear to be quite diverse. The different species had an average of 2.1
uses. However, only experimigl trials conducted in representative
contexts will be able to accurately assess the actual uses of the
accessions surveyed.

Aesthetic aspects play a crucial role in urban landscape design. The
beauty of plants is primarily conveyed through their visual
appearance, which is inherently linked to color. Ornamental plants
contribute vibrant color to urban green spaces (Whang 2021).
Additionally, the landscape created by ornamental plants evolves over
time, meaning that the color of plants across differeas@es has a
significant chromatic impact. The color of plants, particularly their
flowers, is therefore a key element in crafting an appealing urban
landscape (Wang 2021). The survey revealed that plants typically
flower for several months; notably, it @ossible to have varying
blooms$ and thus different coloésthroughout the year. Many of the
species identified were also valued for their combined aesthetic
gualities related to flowers, foliage, and fruit.

Today, ornamental plants are valued not onlytieir aesthetic appeal

but also for their ability to enhance the environment and improve
quality of life (Sa®2009). A large number of Mediterranean origin
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species, particularly shrubs, are walited for sustainable
landscaping due to their capacity ttwive in harsh conditions and
tolerate drought stress. Unlike agriculture, the success of an
ornamental landscape is not measured by yield but by its ability to
satisfy user expectations while requiring minimal maintenance. In
degraded environments, ptasurvival may be the primary objective

of cultivation (Toscano et aR019). Many of these plants, owing to
their origin, resilience in marginal settings, distinctive
morphobiometric traits, and attractive ornamental qualities, appear
well equipped to maehe current demands of urban landscaping.

45. Conclusions

The Mediterranean region is a rich source of biodiversity for the
ornamental sector, hosting a wide variety of plant species suitable for
urban and penirban landscapes. Althoughmorphological and
physiological traits vary among botanical families, they remain of
significant interest. The ornamental value is derived from leaves,
flowers, and fruits, each contributing to aesthetic appeal at different
times or seasons. Consequentbgmbining various ornamental
species can extend the visual appeal of an area throughout the year. In
this study, the most important genera and species were identified for
use in successive experimental tests aimed at selecting native plants
capable of addjmg to urban environments. This approach aims to
enhance the sustainability of urban green spaces while revitalizing the
biological diversity of ornamental floriculture.
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:’ frontiers
Supplementary Material
Suppl atary Table 1. Characteristics of Mediterranean shrub species selected for the potential landscape use.
Family Flowerlngm B\olog\[:’al Origin Height class Show‘\;’ T Nursery Proposed
ke phenology Form {cm) organ presence iiag W
Acer monspessalanum L. Sapindaceae 1% Pcaesp/Pscap |Euri-Medit >140 Fr yellowish yes sl
| Achillea maritima subsp. maritima Asteraceae V-vill Chsuffr Medit.-Atl. (Euri-) 20-60 Le yellows ne Gr, Xe, Wf
| Achyranthes aspera var. sicula L. Amaranthaceae 11V Chsuffr _ [SW-Medit.-Mont. 60-100 il ved-purple no Xe
|Adenocarpus complicatus {L.) Gay Fabaceae VI NP/Chsuffr |Endem. Ital 20-60 Fl :;i!:;: yes Gr, Xe
vellow-
| Adenocarpus complicatus subsp. bivonae {C.Presl) Peruzzi Fabaceae IV-vi NP Endem. Ital. 20-60 Fl orange yes Gr, Xe
Adenolcarpus complicatus subsp. brutius (Brullo, De Marco & Siracusa) i Vvl Chsuffe/NP |Endem. Ital. 20-60 Bl yellow- ves Gr, Xe
Peruzzi & Bernardo orange
yvellow-
Adenocarpus complicatus subsp. commutatus {Guss.) Cout. Fabaceae V-V NP Endem. ltal 20-60 FI orange yes Gr, Xe
Aldenocarpus cofnuficatus subsp. samniticus {Brullo, De Marco & Eibasasa vl NP il it 2060 Fl yellow- ves 61, Xe
Siracusa) Peruzzi orange
Adenn.mrpus complicatus subsp. tenoreanus {(Brullo, Gangale & Uzunov) Fabaceas vl NP Endem. Ital 2060 fl vellow- yes Gr, Xe
Peruzzi & Bernardo orange
Aeonium arboreum Webb & Berthel Crassulaceae X101 NP Macarones. 60-100 Fl, Le yellow yes Gr, Po, Xe
[ Aethioneme saxatile (L) W.T.Aiton Brassicaceae n-vi Chsuffr Medit.-Mont <20 Fl rose no Gr
|Ajuga iva (L.} Schreb. Lamiaceae M-V Chsuffr Steno-Medit. <20 Fl rose-yellow no Gr, Xe
Ajuga ive subsp. iva Lamiaceae 1-X Chsuffr  [steno-Medit <20 ] rose-yellow no Gr, Xe
Ajuga ive subsp. pseudoiva (DC.) Brig. Lamiaceae IV-vI Chsuffr Steno-Medit. <20 FI rose-yellow no Gr, Xe
Alnus glutinosa {L.) Gaertn Betulaceae -V Pscap/Pcaeps |Eurosiber, >140 Le yellowish yes sl
Aloe vera {L.) Burm. f. Asphodelaceae 1V-vi NP Paleatrop. 100-140 Fl, Le yellow yes Gr, Po, Xe
lAmelanchier ovalis (Willd.) Borkh, Rosaceae V-V Pcaesp Medit. >140 Fl, Fr white yes sl
Anagyris foetida L. Fabaceae IHY Pcaesp S-Medit. 100-140 Fl yellow no sl
| Andrachne telephioides L. Phyllanthaceae Hn-vi Chsuffr/NP  |Euri-Medit.-Merid. 20-60 Fr greenish ne Gr, Xe
|Anthemis aetnensis Schouw Asteraceae V-Vl Chsuffr Endem. Sic. <20 FI white no Ng
Anthemis cotula L. Asteraceae V-IX Chsuffr Eurimedit. 20-60 i white no Gr, Wf
|Anthemis cupaniona Tod. ex Nyman Asteraceae IV-VI Chsuffr Endem. Sic. 20-60 Fl white no Ng
Anthemis ismefia Lojac. Asteraceae IV-vi Chsuffr Endem. Sic. 20-60 Fl white ho Ng
Anthyllis barba-jovis L. Fabaceae n-v Pcaesp Steno-Medit.-Occid. =140 Fl whitish Yes S, Xe
|Anthyilis hermanniae L. Fabaceae V-Vl Chfrut Steno-Medit. 20-60 Fl yellow yes Gr, Xe
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Anthyliis hermannige subsp. brutia Brullo & Giusso Fabaceae V-V Chfrut Endem. Ital. 20-60 Fl yellow yes Gr, Xe
[Anthyllis hermannige subsp. corsica Brulla & Giusso Fabaceae V-V Chfrut Endem. Ital. 20-60 Fl yellow yes Gr, Xe
[Anthyliis hermanniae subsp. ichnusae Brullo & Giusso Fabaceae V-V Chfrut Endem. Sar(-Cor) 20-60 FI yellow yes Gr, Xe
[Anthyllis hermannige subsp. japygica Brullo & Giusso Fabaceae V-V Chfrut Endem. Ital. 20-60 Fl yellow yes Gr, Xe
Anthyllis hermanniae subsp. sicv/a Brullo & Giusso Fabaceae V-V Chfrut Endem. Sic. 20-60 Fl yellow yes Ng
Antirehinum majus L. Plantaginaceae 1-X11 Chfrut W-Medit. 60-100 Fl purple yes wf
|Antirrhinum siculum Mill. Plantaginaceae 1-X11 Chfrut Endem. Ital. 20-60 Fl whie no Ng, Wf
yellowish

Antirrhinum tortuosum Bosc ex Lam. Plantaginaceae 11-v1 Chfrut W-Stenomedit. 60-100 il purple no Wf
Apteranthes europaea subsp. europaea Apocynaceae V-1l Chsuce  [SW-Medit. <20 FI dark red no Gr, Pa
Arbutus unedo L. Ericaceae VIN-XI Pcaesp/Pscap |Steno-Medit. 20-60 Fl, Fr, Le white yes sl, Xe
|Arenaria grandiflora subsp. grandiflora Caryophyllaceae V-Vl Chsuffr W-Medit.-Mant <20 Fl white no Gr, Po
Aria umbeliata (Desf.) Sennikov & Kurtto Rosaceae V-VI Pcaesp/Pscap |Pontica =140 Fl, Fr white no H
Aristolochia sempervirens L. Aristolochiaceae VIV Plian Steno-Medit.-Merid. =140 FI pu\::‘llijvnd yes Ng
Artemisia alba Turra Asteraceae VII-X Chsuffr Steno-Medit. 20-60 Le whitish no Gr, Xe
Artemisia arborescens L [Asteraceae V-Vl NP/Pcaeps [S-Medit. 60-100 Le yellowish yes Sl, Xe
Artemisia campestris L Asteraceae VX Chsuffr Circumbar. 20-60 Le greenish no Xe
| Artemisia campestris subsp. alpina (DC.) Arcang. Asteraceae VII-X Chsuffr Circumbor. 20-60 Le greenish no Xe
[Artemisia campestris subsp. campestris Asteraceae VII-X Chsuffr Eurasiat. 20-60 Le greenish no Xe
Artemisia campestris subsp. glutinosa (1.Gay ex Besser) Batt, Asteraceae VII-X Chsuffr  |W-Medit. 20-60 Le greenish no Xe
Artemisia campestris subsp. variabilis (Ten.) Greuter Asteraceas VII-X Chfrut/Chsuffr|Endem. Ital. 20-60 Le greenish no Xe
Arthrocaulon macrestachyum [Moric.) Piirainen & G.Kadereit Amaranthaceae IV-1X Chsucc Medit. 60-100 Le yellowish no Sl, Xe
[ Arthrocnemum macrostachyum (Moric.) K.Koch [Amaranthaceae VII-IX Chsuce/Psuce |Medit. 60-100 Le yellowish no Sl, Xe
Asparagus acutifolius L. Asparagaceae VII-IX Grhiz/NP  |Steno-Medit. 100-140 Le ve:::i:h— no Xe
Asparagus albus L. Asparapaceae WX Chfrut/NP  [Steno-Medit.-Occid. 60-100 Le white no Xe
(Asparagus aphyilus L. Asparagaceae VX Chfrut S-Stenomedit. 60-100 Le yellowish no Xe
[Asparagus horridus L. Asparagaceae n-v NP S-Stenomedit. 100-140 Le ve:?ewei;h- no Xe
Asparagus pastorianus Webb & Berthel. Asparagaceae X1l-IV Chfrut/NP  [SW-Medit. 100-140 Le white no Xe
Astragalus nebrodensis (Guss.) Strabl Fabaceae VIVl Chfrut/NP  |Endem. Sic. 20-60 Fl, Le yellow na Ng
(Astragalus siculus Biv. Fabaceae VIV Chfrut/NP  |Endem. Sic. 20-60 FI rose na Ng
Atriplex glauca L. [Amaranthaceae IV-1X NP Saharo-Sind. >140 Le greenish no Sl, Xe
[Atriplex halimus L. [Amaranthaceae VII-X Pcaeps Steno-Medit. =140 Le greenish yes Sl, Xe
(Atriplex portulacoides L. [Amaranthaceae Vvl Chfrut/Prept |Circumbar. 60-100 Le reddish no S, Xe
|Aubrieta columnae Guss., Brassicaceae V-vI Chsuffr NE-Medit. <20 FI violet no Gr, Po, Xe
Aubrieta columnae subsp. columnae Brassicaceae V-V Chsuffr Endem. Ital. <20 Fl violet no Gr, Po, Xe
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[Aubrieta columnae subsp. italica (Boiss.) Mattf. Brassicaceae V-vi Chsuffr Endem. Ital. <20 Fl violet no Gr, Po, Xe
(Aubrieta columnae subsp. sicula (Strobl) M.Koch, D.A.German & R.Karl  [Brassicaceae V-vi Chsuffr Endem. Sic. <20 Fl rose no Ng
Ballota hispanica Benth, Lamiaceae -V Chfrut NE-Medit. 20-60 Fl rose no Ng, 51
Berberls aetnensis C.Pres| Berberidaceae V-vi NP Endem. Ital. 20-60 Fl, Fr yellow no Ng
Brassica incana Ten. Brassicaceae I1-1V Chsuffr Subendem. 60-100 Fl yellow no N
Brassica insularfs Moris Brassicaceae -V Chsuffr Medit. Subendem. 60-100 Fl white no Ng
Brassica macrocarpa Guss. Brassicaceae 1-111 Chsuffr Endem. Sic. 20-60 Fl yellow no Ne
Brassica rupestris Raf. subsp. rupestris Brassicaceae -V Chsuffr Endem. Ital. 60-100 Fl yellow no Ng
Brassica rupestris subsp. hispida Raimondo & P.Mazzola Brassicaceae -V Chsuffr Endem. Sic. 60-100 FI yellow no Ng
Brassica villosa subsp. bivoniana (Mazzola & Raimondo) Raimando & Brassicaceae IV Chsuffr Endem. Sic. 2060 " vellow o Ng
P.Mazzola
2rass,ca villosa subsp. brevisifiqua (Raimondo & Mazzola) Raimondo & Biissicacisa W Chsuffr Endem. Sic. 2060 A vellow - Ng
eraci
Brassica villosa subsp. drepanensis (Caruel) Raimondo & P.Mazzola Brassicaceae v Chsuffr Endem. Sic. 20460 " vellow e Ng
Brassica villosa subsp. tinei {Lojac.) Raimondo & P.Mazzaola Brassicaceae -1V Chsuffr Endem. Sic. 20-60 Fl yellow no Ng
Brassica villosa subsp. villosa Brassicaceae -V Chsuffr Endem. Sic. 20-60 Fl yellow no Ng
Brassica villosa Biv. ex Spreng. Brassicaceae |-V Chsuffr Endem. Sic. 20-60 Fl yellow no Ng
Bupleurum dianthifolium Guss. Apiaceae V-vi Chsuffr Endem. Sic. 20-60 Fl yellow no Ng
Bupleurum fruticosum L. Apiaceae VIV NP Steno-Medit. 100-140 Fl yellow yes Gr, Ng, Xe
Calendula suffruticosa subsp. fulgida (Raf.) Guadagno Asteraceae Xi-IV Chsuffr Endem. Sic. 20-60 Fl orange no Ng
Calendula suffruticosa subsp. maritima (Guss.) Meikle Asteraceae 1-X1l Chsuffr Endem. Ital. 20-60 Fl yellow no Ng
Calendula suffruticosa Vahl Asteraceae XIl-IV Chsuffr SW-Medit. 20-60 Fl orange no Gr, Wf
Calicotome infesta (C.Presl) Guss, Fabaceae -V Pcaesp Stenomedit. =140 Fl vellow no 5l, Xe
Calicotome intermedia (Salzm. ex C.Presl) Boiss, ex Rehb f Fabaceae V-V Pcaesp Steno-Medit.-Occid. >140 Fl yellow no Sl, Xe
Calicotome spinosa (L.) Link Fabaceae -V Pcaesp Steno-Medit. =140 Fl yellow yes 5l, Xe
Calicotome villosa (Poir.) Link Fabaceae 111-V Peaesp  [Steno-Medit., >140 Fl yellow no Sl, Xe
Campanula marcenai Brulle Campanulaceae VI-vII Chsuffr Palectemp. <20 Fl violet no Gr, Po
Camphoresma monspeliaca L. [Amaranthaceae V-1X Chfrut Medit. 20-60 Le greenish no Xe
Capparis orientalis Duhamel Capparaceae IV-1% NP Steno-Medit. 60-100 Fl white no Gr, Xe
Capparis spinosa L. Capparaceae V-VI NP Eurasiat, 60-100 Fl white yes Gr, Po, Xe
Capparis spinosa var, canescens Coss. Capparaceae IV-v1 NP Steno-Medit. 60-100 Fl white yes Gr, Xe
Capparis spinosa var, ovata (Desf.) Ficl Capparaceae V-vi NP Eurasiat. 60-100 FI white yes Gr, Xe
ﬁz::}?;zn agrigentinum (Guss.) C.Brullo, Brullo; Glusso, Guarina & [Amaranthaceae Vvl NP Endem. Sic. 20-60 Fl, Le rose no Ng
Carpinus orlentalis Mill. Betulaceae V-V Pcaeps/Pscap |Pontica =140 Le greenish yes sl
Celtis tournefortii subsp. aetnensis (Tornab.) Raimondo & Schicchi Cannabaceae A Pcaesp Endem. Sic. =140 Le yellowish no Ng
Celtis tournefortii Lam. Cannabaceae V-V Pcaeps NW-Medit. =140 Le yellowish no sl
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Centaurea aeolica Guss. ex Lojac. Asteraceae V-V Chsuffr Endem. Ital. 20-60 Fl rose no Ng, Wf
Centaurea erycina Raimondo & Bancheva Asteraceae V-viI Chros Endem. Sic. 100-140 Fl rose-violet no Ng, Wf
Centaurea panormitana subsp. umbrosa (Fiori) Greuter Asteraceae V=i Chsuffr Endem. Sic. 60-100 Fl violet no Ng, Wf
Centaurea panormitana Lojac, Asteraceae el Chsuffr Endem. Sic. 60-100 Fl violet no Ng, Wf
Centaurea saccensis Raimando, Bancheva & llardi Asteraceae V-V Chsuffr  |Endem. Sic. 60-100 FI violet no Ng, Wf
Centaurea sequenzae (Lacaita) Domina, Greuter & Raimondo Asteraceae V=il Chsuffr Endem. Sic. 20-60 Fl violet no Ng, Wf
Centaurea tauromenitana Guss. Asteraceae IV Chfrut Endem. Sic. 60-100 FI yellow no Ng, Wf
Centaurea todaroi Lacaita Asteraceae V-vill Chsuffr Endem. Sic. 60-100 Fl violet no Ng, Wf
Cerastium tomentosum L, Caryophyllaceae VIV Chsuffr Endem. Ital. 20-60 Fl white yes Gr, Ng, Po
ellow-
Ceratonia siliqua L. Fabaceae 1X-XI Pcaesp/Pscap [S-Medit, =140 Le :”eddlsh yes Ng, SI
Chamaerops humilis L. Arecaceae V-vi NP/Pscap  |Steno-Medit.-Occid. >140 Le yellowish yes Ng, Po, Xe
Chiliadenus lopadusanus Brullo Asteraceae VIV Chfrut Endem. Sic. 20-60 Fl yellow no Ng, Xe
Cichorium spinosum L. Asteraceae Vi Chsuffr Steno-Medit. <20 Fl light blue no Xe
Cistus clusii Dunal Cistaceae V-V NP W-Medit, 60-100 Fl white yes Ng, Xe
Cistus creticus L, Cistaceae V-vi NP W-Steno-Medit, 60-100 Fl deep pink, yes Ng, Xe
light purple
i deep pink,
Cistus creticus subsp, erfocephalus (Viv.) Greuter & Burdet Cistaceae -V NP W-Stenomedit, 60-100 Fl Jight purple yes Ng, Xe
. deep pink,
Cistus creticus L, subsp, corsicus (Loisel ) Greuter & Burdet Cistaceae V-vi NP W-Steno-Medit, 60-100 Fl Jight purple yes Ng, Xe
" . i deep pink,
Cistus creticus L. subsp. creticus Cistaceae v-vi NP W-Steno-Medit, 60-100 Fl yes Ng, Xe
light purple
Cistus crispus L. Clstaceae V-V NP W-Medit, 20-60 Fl deep pink yes Ng, Xe
Cistus monspeliensis L. Cistaceae V-V NP Steno-Medit. 60-100 Fl white yes Ng, Xe
Cistus parvifiorus Lam. Cistaceae V-V NP E-Medit. 60-100 Fl rose yes Ng, Xe
Cistus salviifolius L. Cistaceaa V-V NP Stena-Medit. 20-60 Fl white yes Ng, Xe
Clematis cirrhosa L. Ranunculaceae X-XII Plian Medit.-Turan. >140 FI white or red yes Ng
Clematis flammula L. Ranunculaceae V-l Plian/Hscap |Euri-Medit. >140 Fl white yes Ng
Clematis vitalba L, Ranunculaceae V-V Plian Euri-Medit. >140 Fl whitish yes Ng
lolet
Clinopodium aipinum subsp. meridionale (Nyman) Govaerts Lamiaceae Vvl Chsuffr  |Orof. S-Europ. 2060 Fl "p‘::p;’ no Gr, Po
Colutea arborescens L, Fabaceae V-V Pcaesp  |Euri-Medit. >140 FI yellow no Sl, Xe
Convolvulus cneorum L. Convolvulaceae V-V Chsuffr  [N-Medit. 20-60 Fl Whith with yes Gr, Po
vellow throat
Convolvulus lineatus L. Convolvulaceae 1lI-vI Chsuffr  |Steno-Medit. <20 il pale pink no Gr, Ng
Cornus mas L Cornaceae [EY) Pcaesp  |S-Europ.-Sudsib. >140 Fl, Fr yellow ves Ng, SI
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Cornus sanguinea L. Cornaceae V-V Pcaesp Eurasiat. =140 Fl,Fr UE:TV yes Ng, 5l
whnite
Coronilia valenting L. Fabaceae IV NP SWi-Medit. 20-60 Fl yellow yes Po, Xe
Corylus avellana L. Betulaceae -1V Pcaesp Europ. =110 Fl, Le yellow yes Ng, 51
hite le
Cotoneaster nebradensis K.Koch Rosaceae V-V NP Endem. Ital =140 Fr e P_:Lpa 5 no Ng, 5!
pi
Crataegus germanica (L.) Kuntze Rosaceae V-VI Pcaesp S-Europ.-Sudsib. =140 Fl, Fr white no Ng, 51
Crataegus Jaciniata Ueria Rosaceaa -y Peaesp/Pscap [S-Medit. =140 FI.Fr white no Ng, 5
Crataegqus Jaevigata (Poir.) DC. Rosaceae n-vi Pcaesp C-Europ. =110 Fl, Fr white yes Ng, Sl
Crataegus monogyna lacq. Rosaceae V- Pcaesp/Pscap |Eurasiat, =110 Fl, Fr white yes Ng, S
Crataegus orjentalis subsp. arlentalis Rosaceae il Pcaesp 5-Stenomedit, =140 Fl, Fr white no Ng, S
Crataegus orientalis subsp. presfiana K.1.Chr. Rosaceae -y Pcaesp W-Medit, =140 Fl, Fr white no Ng, 5
Crataegus orientalis (Mill.) M.Bieb. Rosaceae -y Pcaesp  [S-Stenomedit. =140 Fl, Fr white no Ng, 5!
Cressa cretica L. Convolvulaceae V-l Chsuffr Cosmap. 20-60 Fl pinkish white| no Gr, Xe
z 5 - e white
Crithmum maritimum L. [Apiaceae VIl Chsuffr Euri-Medit. 20-60 Fl, Le vt yes Gr, ¥e
Crucianeila maritima L. Rubiaceae il Chsuffr S-Medit. 20-60 Le yellow no Xe
Cymbaiaria pubescens (J.Presl & C.Presl) Cufod. Plantaginaceae m-vi Chrept Endem. Sic. <20 Fl, Le white no Ng
Cynanchica gussenel (Boiss.) P.Caputo & Del Guacchio Rubiaceae Vv Chsuffr Endem. Ital <20 FI rose na Mg, Xe
Cynanchica peloritana (C.Brullo, Brulle, Giusso & Scuderi) P.Caputo & Del Rilbiscess vt Chsuffr Erid o Sie. <20 Fl kiite: Hidi Ng
Guacchio
Cynanchum acutum L. [Apocynaceae VIV Plian Paleosubtrap. =140 Fl, Le |pinkish white no Ng
Cytisus aeolicus Guss. Fabaceae -1V Pcaesp/Pscap [Endem. Ital. >140 Fl yellow na NE, Sl Xe
Cytisus scoparius (L.) Link Fabaceae Wyl Pcaesp Europ. =140 FI vellaw yes Ng, 5l, Xe
Cytisus villosus Pourr. Fabaceae v Pcaesp Steno-Medit. 100-140 Fl vellaw no Ng, 5l, Xe
Daphne gnidium L. Thymelaeaceas VII-IX Pcaesp Steno-Medit, 100-110 Fl,Fr white no Ng, 5, Xe
2 yellowish-
Daphne lgureola L. Thymelaeaceae - Pcaesp Steno-Medit. 100-110 Fl, Fr fie no Ng, 5, Xe
Daphne olecides Schreb. Thymelacaceae v-vi Chfrut/NP  |Eurasiat. 20-60 Fl, Fr white no Ng, 3l, Xe
Daphne sericea Vahl Thymelacaceae 11111 NP E-Medit. 100-140 Fl rose yes Ng, 5l, Xe
Dianthus arrostal C.Pres| Caryaphyllaceae -1 Chsuffr SW-Medit 20-60 Fl rose no Ng
Dignthus busambrae Soldano & F.Canti Caryophyllaceae V-V Chsuffr Endem. Sic. <20 Fl purple rose no Ng
Diagnthus cyathophorus Moris Caryophyllaceae V-V Chsuffr Endem. Ital, <20 Fl pale pink no Ng
Dignthus cyathophorus subsp. cyathophorus Caryophyllaceae -y Chsuffr Endem. Sar(-Cor} <20 Fl pale pink no Ng
Dignthus cyathophorus subsp. minge (Mazzola, Raimondo & llardi) carjonhyllacese Vvl Chsuffr Eridamsic: <20 fl salepiik b Ne
Raimondo
'Eann‘ms gasparrinii Guss. Caryaphyllaceae VII-X Chsuffr Endem. Ital <20 Fl rose no Ng

203



Chapterd

Dignthus graminifolius C.Presl Caryaphyllaceae el Chsuffr Endem. Sic. 20-60 Fl deep pink no Ng
Dignthus rupicola Biv. Caryophyllaceae M-I Chsuffr Subendem. 20-60 Fl deep pink yes Gr, Ng
Dignthus rupicolo subsp. oeolicus [Lojac.) Brulla & Miniss. Caryophyllaceae V-IX Chsuffr Endem. Sic. 20-60 Fl deep pink yes Ng
Dianthus rupicola subsp. lopadusanus Brullo & Miniss. Caryophyllaceae M-I Chsuffr Endem. Sic. 20-60 Fl deep pink Yes, Ng
Dianthus rupicola subsp. rupicola Caryaphyllaceae V-X Chsuffr Subendem. 20-60 Fl deep pink yes Gr, Ng
Dianthus siculus C.Pres| Caryaphyllaceae V-Vl Chsuffr Subendem. <20 Fl deep pink no Ng
Dipiotaxis harta subsp. crassifolia (Raf.) Maire Brassicaceae (AT Chsuffr S-Medit. 60-100 Fl yellow no Ng, Wf
Edraianthus graminifolius subsp. graminifolius Campanulaceae V-Vl Chsuffr E-Medit. <20 Fl viclet no Ng, Po
Edraianthus graminifolius subsp. siculus (Strobl) Greuter & Burdet Campanulaceae V-V Chsuffr Endem. Ital. <20 FI violet no Ng, Po
Edraianthus graminifolivs A.DC. Campanulaceae V-Vl Chsuffr E-Medit. <20 Fl violet no Ng, Po
Emerus major Mill, Fabaceae 1-X NP C-Europ >140 FI yellow no 51, Xa
Emerus majar subsp. emercides (Baiss. & Spruner) Soldana & F. Canti Fabaceae 1% NP £ Medit. =140 R vellow no S, Xe
Emerus major subsp. majar Fabaceae 1¥-VI NP C-Europ. =140 Fl vellow no S|, Xe
Eokochia saxicola (Guss.) Freitag & G.Kadereit Amaranthaceae VII-X Chsuffr  [Endem. Ital. 20-60 Le greenish no Sl Xe
Ephedra distachya L. Ephedraceae n-vi NP Steno-Medit.-Nordoceid|  60-100 Fr vellawish no Sl, Xe
Ephedra fragilis Desf, Ephedraceae IV-v NP Steno-Medit 60-100 Fr yellawish no S, Xe
Ephedra major subsp. major Ephedraceae -vI NP Steno-Medit.-Merid. 100-140 Fr yellawish no 5l, Xe
Erica arborea L. Ericaceae HI-¥ Pcaesp/NP  |Steno-Medit, =140 Fl white yes Sl, Xe
Erica cinerea L. Ericaceae Y-yl Chfrut/NP  |Steno-Medit. 20-60 FI pink-purple yes Gr, Xe
Erica manipulifiora Salisb, Ericaceae VII-X Chsuffr/NP  |Steno-Medit.-Qrient. 60-100 Fl deep pink no Ng, Xe
inkish-
Erica multiflora L. Ericaceae MI-X1 NP/Pcaesp [Steno-Medit. 100-140 Fl ppurple yes Ng, Xe
inkish-
Erica multifiora subsp, hyblgea Domina & Raimenda Ericaceae 1X-X1 NP Endem. Sic. 100-140 Fl upurple yes Ng
B ; n pitikish-
Erica multiflora subsp. multiflora Ericaceae 1%-XI NP Stenomedit. 100-140 Fl Siipla yes Ng, Xe
Erica sicula subsp. sicula Ericaceae v Chfrut Endem. Sic. 100-140 FI white-pink no Ng
llow-
Erysimum cheiri Crantz Brassicaceae -v1 Chsuffr Euri-Medit. 20-60 FI il yes Wi
arange
Evonymus europaeus L. Celastraceae IV-VI Peaesp/Pscap |Eurasiat. >140 Fr white yes Ng, 5l
el I
Euphorbia amygdaloides L Euphorbiaceae n-vi Chsuffr Europ.-Caucas. 20-60 Fl E A no Ng, Xe
Ereen
Euphotbia biumbellata Poir. Euphorbiaceae -y Chsuffr W-Stenomedit, 20-60 Fl yellowish no Ng, Xe
Euphorbia bivonae Steud, Euphorbiaceae X1l Chsuffr Endem. Sic. 100-110 Fl yellawish no Mg, Xe
Eupherbia ceratocarpa Ten, Euphorbiaceae -vi Chsuffr Endem. Ital, 60-100 Fl vellawish no Ng, Xe
Eupherbia characias L Euphorbiaceas 11V NP Steno-Medit 100-140 Fl yellawish yes Ng, Xe
Euphorbio characias subsp. wulfenii (Hoppe ex W.D.) Koch) Radcl.-Sm.  |Euphorbiaceas 11V NP Steno-Medit. 100-140 FI vellawish ves Ng, Xe
Euphorbia dendraides L. Euphorbiaceae X-IV NP Steno-Medit. =110 Fl yellowish no Sl, Xe
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Euphorbia gasparrinii Baiss. Euphorblaceae V-VI Chsuffr Endem. Ital. 20-60 Fl yellawish no Ng, Xe
Euphorbio meuselii Geltman Euphorbiaceae IRl Chsuffr Endem. Ital, 20-60 Fl greenish no Ng, Xe
Eupharbia myrsinites L. Euphorbiaceae V-V Chrept Pontica 20-60 Fl, Le reddish Yes, Ng, Xe
Euphorbia papiliaris [Boiss.) Raffaelli & Ricceri Euphorbiaceae %-ll NP Endem. Sic. 20-60 Fl, Fr yellowish no Ng
Euphorbia paralias L Euphorbiaceae -V Chfrut Eurimedit. 20-60 Fl vellawish no Ng, Xe
Euphorbig pithyusa L. Euphorbiaceae V-l Chsuffr W-Wedit, 60-100 Fl yellowish no Ng, Xe
Euphorbia pithyusa subsp. cuponil (Guss. ex Bertal.} Radel -Sm. Euphorbiaceae n-vi Chsuffr Endem. Ital 60-100 Fl yellawish no Ng, Xe
Euphorbia pithyusa subsp. pithyusa Euphorbiaceae V-V Chsuffr Steno-Medit.-Occid. 60-100 Fl yellowish no Ng, Xe
Euphorbia rigida ©M.Bieb. Euphorbiaceae n-4v Chsuffr Pontica 20-60 FI, Fr vellaw no Ng, %e
Euphorbio segetalis L. Euphorbiaceae 11V Chsuffr W-Medit. <20 Fl yellawish no Ng, Xe
Euphorbia segetalis var. pinea (L.} Lange Euphorbiaceae n-vi Chsuffr W-Medit, <20 FI yellawish no Ng, Xe
Fantanesia phiffyreoides Labill. Oleaceae n-v Pcaesp E-Medit. >140 Fl white yes sl
Frankenia hirsuta L. Frankeniaceae V-v1 Chsuffr  |Steno-Medit. 20-60 Fl purple no Gr, ¥e
Frankenia laevis L. Frankeniaceae 1V-VI Chsuffr  |Steno-Medit. <20 FI light pink ves Gr, Xe
Fumana arabica Spach Cistaceae -y Chsuffr Medit.-Turan. <20 FI yellow no Gr, Ng, Xe
Fumana junipering (Lag. ex Dunal) Pau Cistaceae -V Chsuffr W-Medit. <20 Fl yellow no Gr, Ng, Xe
Fumana laevipes Spach Cistaceae 1v-V Chsuffr  |Steno-Medit. <20 Fl yellow no Gr, Ng, Xe
Fumana laevis (Cav.) Pau Cistaceae 11-¥1 Chsuffr Steno-Medit. <20 Fl yellow no Gr, Ng, Xe
Fumana procumbens Gren. & Godr. Cistaceae V-1 Chsuffr Medit.-Turan. <20 Fl vellow no Gr, Ng, Xe
Fumana scoparia Pomel Cistaceae -y Chsuffr Steno-Medit. <20 Fl yellow no Gr, Ng, Xe
Fumana thymifolia Spach Cistaceae V-1 Chsuffr  |Steno-Medit. <20 Fl yellow no Gr, Ng, Xe
Genista aetnensis (Biv.) DC Fabaceae VI Pcaesp/Pscap [Endem. Ital. =110 Fl yellow yes Ng, S|
Genista aristata CPres| Fabaceae Vvl Chsuff/NP  [Endem. Sic. 20-60 Fl yellow no Ng
Genista aspalathoides Lam. Fabaceae -1 NP Subendem. 20-60 Fl yellow no Ng, Xe
Genista cupanil Guss. Fabaceae VI-VI Chsuff/NP  [Endem. Sie. 20-60 Fl vellaw no Ng
Genista demarcei Brullo, Scelsi & Siracusa Fabaceae V-1 NP Endem. Sic. 60-100 Fl vellow e Ng
Genlista ephedroides DC Fabaceaa V-1 NP Endem. Ital 100-140 Fl yellaw no Ng, 5l, Xe
Genista gosparrinii (Guss.) C.Pres| Fabaceae -V NP Endem. Ital. 20-60 Fl vellow no Ng, Xe
Genista madoniensis Raimondo Fabaceae -V NP Endem. Sic. =140 Fl yellow no Ng
Genista monspessulana (L) LA.SJohnson Fabaceae - Pcaesp Steno-Medit. 100-140 Fl vellow no Ng, Xe
Genista tyrrhena Vals. Fabaceae =¥ Pcaesp Endem. Ital >140 Fl yellaw no Ng, 5l, Xe
Glandara rosmarinifolia [Ten.) D.C.Thomas Baraginaceae Xl=IV Chsuffr Subendem. 20-60 Fl blue yes Ng, Po
Globuiaria afypum L. Plantaginaceae palll Chfrut/NP  |Steno-Medit. 20-60 Fl sky blue no NEg, Po, Xe
Gypsophila arrostii Guss Caryophyllaceae V-V Chsuffr Endem. Ital, <20 Fl white no Ng, Xe
Halecnemum strobilacewm (Pall.) M.Biek, Amaranthaceae VIH-¥ Chsuce/Psuce [Medit. 60-100 Le greenish no Xe
Hedera helix L. Araliaceae V=K1 Plian Submedit. =140 Fr,Le greenish Yes Ng
Helignthemum apenminum Mill, Cistaceae IV-vI Chsuffr  |Steno-Medit, <20 FI white no Ng, Po
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Helianthemum canum (L.) Baumg. Cistaceae V-vil Chsuffr Europ.-Caucas. <20 FI vellow no Ng, Po
Helicnthemum cinereum subsp. rotundifolium (Dunal} Greuter & Burdet [Cistaceae V=Y Chsuffr SW-Medit, <20 Fl yellow no Ng, Po
Helignthemum cinereum Pers. Cistaceae -y Chsuffr Swi-Medit. <20 Fl yellow no Ng, Po
Helianthemum croceum [Desf.) Pers. Cistaceae M-V Chsuffr W-Medit. <20 Fl yellow no Ng, Po
Helianthemum fippii (L.) Dum.Cours. Cistaceae n-v NP S-Medit. 20-60 Fl vellow no Ng, Po
Helianthemum nummularium subsp. berteroanum (Bertol.) Breistr. Cistaceae ArANIT) Chsuffr Europ.-Caucas. 20-60 Fl yellow no Gr, Ng, Po
Helianthemum nummularium subsp. glabrum (W.D J.Koch) Wilczek Cistaceae M-I Chsuffr SE-Europ. 20-60 Fl yellow no Gr, Ng, Po
Helianthemum nummularium subsp. grandifiorum (Scap.) Schinz & Cistaceae V-V Chsuffr Qrof. 5-Europ. 20-60 Fl yellow no Gr, Ng, Po
Heficnthemum nummularium subsp. nummularium Cistaceae V-V Chsuffr Europ.-Caucas. 20-60 Fl vellow no @r, Ng, Po
Helianthemum nummufarium subsp. obscurum (Eelak.) Holub Cistaceae V-V Chsuffr Europ. 20-60 Fl vellow no Gr, Ng, Po
Helianthemum nummularium subsp. semiglabrum (Badard) M.Proctor  |Cistaceae VI Chsuffr Alpica-Appeann, 20-60 Fl yellow no Gr, Ng, Po
el iR et b L L - T V=il Chsuffr Europ.-Caucas. 20-60 FI yellow no Gr, Ng, Po
Helignthemum nummularium Mill Cistaceae V=W Chsuffr Europ.-Caucas. 20-60 Fl yellow Yes, Gr, Ng, Po
Hefionthemum ocefandicum subsp. aflionii (Tineo) Greuter & Burdet Cistaceae V-V Chsuffr Endem. Ital. <20 Fl yellow no Gr, Ng, Po
Helianthemum oelandicum subsp. alpestris {lacq.) Breistr. Cistaceae V-V Chsuffr Orof. S-Europ. <20 Fl vellow no Gr, Ng, Po
Helianthemum celandicum subsp. incanum (Willk.) G. Lopez Gonzalez  [Cistaceae Vvl Chsuffr Europ.-Caucas. <20 FI yellow no Gr, Ng, Po
Helignthemum aelandicum subsp. italfcum (L.} Fant Quer & Rothm. Cistaceae -Vl Chsuffr Orof. SW-Europ. <20 Fl yellow no Gr, Ng, Po
Hstianhemum cefandioii sUbsp: Azirodense (Helli:ex Giesi) Cistaceae V-1 Chsuffr Endem. Sic. <20 Fl yellow no Gr, Ng, Po
Greuter & Burdet

Helianthemum oelandicum subsp. pourretii (Timb.-Lagr.) Greuter &

Burcat Cistaceae V-vI Chsuffr  [Subendem. <20 Fl yellow no Gr, Ng, Po
Helianthemum celandicum [L.) DC. Cistaceae M-V Chsuffr Europ.-Caucas <20 FI yallow no Gr, Ng, Po
Helianthemum sicanorum Brulle, Giusso & Sciandr. Cistaceae 11 Chsuffr Endem. Sic. 20-60 Fl yellow no Ng
Helichrysum errerge Tinea Asteraceae VIl Chsuffr Endem. Sic. 60-100 Fl yellow no Ng
Helichrysum italicum subsp. ftalicum Asteraceae V-Vl Chsuffr S-Europ. 20-60 Fl yellow yes NE, Xe, Wf
Helichrysum italicum subsp. siculum (lord. & Fourr.) Galbany, L.5dez & F— vl Chsuffr R aniSE, 2060 Fl vellow ves Ng, Xe, WF
|Benedi

Hefichrysum italicum subsp. tyrrhenicum (Bacch., Brullo & Giusso) [ oIX Chsuffr Euri-Medit. 2050 Al wlow s NE, Xe, Wf
Herrando, J.M.Blanco, L.53ez & Galban

Hedichrysum jtalicum (Roth) G.Dan Asteraceae V-1X Chsuffr S-Europ. 20-60 Fl yellow yes Ng, Xe, Wf
Helichrysum litoreum Guss Asteraceae VI Chsuffr Endem. Ital 20-60 Fl yellaw no Ng, Xe
Helichrysum pendulum C.Pres| Asteraceae V-V Chsuffr Medit. 20-60 Fl, Le yellow no NE, Xe, Wf
Helichrysum stoechas subsp. barrelieri (Ten.) Nyman Asteraceas V-l Chsuffr Steno-Medit.-Orient. 20-60 Fl vellow yes Ng, Xe, Wf
Hefichrysum stoechas subsp. stoechas Asteraceas V-l Chsuffr Endem. Sic. 20-60 Fl vellow Ves, Ng, Xe, Wf
Helichrysum stoechas [L.) Moench Asteraceae WV-vil Chsuffr Steno-Medit 20-60 Fl yellow yes Ng, Xe, W
Herniaria fontanesii subsp. empedocieana (Lojac.) Brullo Caryophyllaceae 11V Chsuffr Endem. Sic. <20 Le greenish no Ng
Hexaphylla rupestris (Tinea) P.Caputa & Del Guacchio Rubiaceae -V Chsuffr Endem. Ital, <20 Fl light pink no Ng, Xe
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Hieracium lucidum subsp, cophanense (Lojac.) Greuter Asteraceae IV-X1 Chsuffr Endem. Sic. <20 Fl vellow no Ng
Hippacrepis emerus (L) Lassen Fabaceae 1-% NP C-Europ, 20-60 Fl yellow yes NE, Sl, Xe
Humulus lupulus L. Cannabaceas IV-viI Plian Circumbor, =140 Fl, Le greenish no Ng
Hypericum aegyplicum L. Hypericaceae V1 Chfrut 5-Stenomedit. 20-60 Fl yellow no Gr, Ng, Xe
Hypericum androsaemum L. Hypericaceae V-Vl NP Subatl. 60-100 Fl vellow yes Gr, Ng, Xe
Hypericum hircinum L. Hypericaceae M NP Steno-Medit. =110 Fl yellow no NE, 51, Xe
Hypericum hircinum subsp. hircinum Hypericaceas M-I NP Endem. Ital =140 Fl yellow no Ng, 51, Xe
Hypericum hircinum subsp. majus (Aiton) N.Robson Hypericaceae V-V NP Steno-Medit. =140 Fl yellow no NE, 5, Xe
theris semperflorens L. Brassicaceae IX-v Chsuffr C-Medit. 20-60 Fl white yes Gr, Po, Xe
flex aquifolivim L. Aquifoliaceae 1V-v Pcaesp/Pscap [Submedit. =140 Fl, Fr, Le white yes Ng, S
lJacobaea ambigua subsp. ambigua Asteraceae WII-xI Chsuffr Endem. Sic, 20-60 Fl, Le yellow no Ng
Vacobaea ombigqua (Biv.) Pelser & Veldkamp Asteraceae VIV Chsuffr Endem. Sic, 20-60 Fl, Le yellow no Ng
Jacobaea candida (C.Presl) B.Nord, & Greuter Asteraceae VI-IX Chsuffr Endem. Sic. 20-60 Fl, Le yellow no Ng
[acobaea gibbosa {Guss.} B.Nord. & Greuter Asteraceae Y-V Chsuffr Endem. Ital. 20-60 Fl, Le yellow na Ng, Xe
lacobaea iycopifolia (Poir.) Greuter & B.Nord. Asteraceas WII-X1 Chsuffr Endem. Ital. 20-60 Fl vellow no Ng, Xe
Vacobaea maritima subsp. bicelor (Willd.) B.Nord. & Greuter Asteraceag Vvl Chsuffr Endem. Ital. 20-60 Fl, Le yellaw yes Ng, Xe
lVacobaea maritima subsp. maritima Asteraceae M-I Chsuffr Steno-Medit. 20-50 Fl yellow yes Ng, Xe
[acobaea maritima subsp. sicula N.G.Passal., Peruzzi & Pellegrine Asteraceae V-V Chsuffr W-Medit.-Mont. 20-60 Fl yellow yes Ng, Xe
lJacobaea maritima (L.) Pelser & Meijden Asteraceas V-l Chsuffr Medit. 20-60 Fl vellow Yes, Ng, Xe
lJuniperus communis L. Cupressaceae -1 Peaesp/Pscap |Medit.-Mont. =140 Fl, Le greanish Y&s Ng, I, Xe
Vuniperus macrocarpa Sm. Cupressaceae 1-1V Pcaesp Eurimedit. =140 Fl, Le greenish yes Ng, 5, Xe
[uniperus axycedrus L Cupressaceae 11V Pcaesp/Pscap |Euri-Medit. =110 Fl, Le greenish yes NE, 5I, Xe
luriperus phoenicea L Cupressaceae n-1v Pcaesp/Pscap |Euri-Medit. =140 Fl, Le greenish Yes Ng, 51, Xe
Juniperus turbinata Guss. Cupressaceas X-X1 Pcaesp w-Medit. =140 Fl, Le greenish no NE, S, Xe
Lounaea fragilis (Asso) Pau Asteraceas -1 Chfrut Saharo-Sind. 20-60 Fl yellow no Ng
Laurus nabilis L. Lauraceae 1-1V Pcaesp/Pscap [Steno-Medit. =140 Fr,Le yellowish yes Ng, SI, Xe
Lavandula multifida L Lamiaceae -1V Chfrut Steno-Medit. -Occid. 20-60 Fl blue no Gr, Xe
Lavandula steechas L. Lamiaceae -V NP/Pcaesp |Steno-Medit. 20-60 Fl blue yes Gr, Po, e
Ligustrum vulgare L Oleaceae -V NP/Pcaesp |Eurasiat, =140 Fl, Le white yes Ng, 5!
timbarda crithmoides (L) Dumort. [Asteraceas WII-X1 Chsuffr Medit.-Atl.[Steno-) 20-60 Fl vellow no Gr, Xe
Limoniastrum monopetalum Boiss. Plumbaginaceae V-V Chfrut/NP  [SW-Medit. 100-140 Fl violet yes NEg, &I, Xe
Limonium albidum (Guss.) Pignatt Plumbaginaceae V-V Chpuly Endem. Sic. <20 Fl light pink no Ng
Limonjum bocconei {Lojac.) Litard. Plumbaginaceae VI Chsuffr  [Endem. Sic. 20-60 FI violet no Ng
Limonium catanense (Tineo ex Lojac.) Brullo Plumbaginaceae V-V Chsuffr Endem. Sic. 20-60 Fl blue no Ng
timonium catanzaroi Brullo Plumbaginaceae V-V Chsuffr Endem. Sic. 20-60 Fl violet no Ng
Limonium cosyrense Kuntze Plumbaginaceae VI Chsuffr Endem. Sic. 20-60 i violet no Ng
Limonium dubium (Andrz. ex Guss.) Litard. Plumbaginaceae M-I Chsuffr Stenomedit. 20-60 Fl rose no Ng
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