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Abstract

Freshwater scarcity and saline groundwater are major constraints for maintaining green
roofs in coastal areas. This study evaluated the response of Jacobaea maritima subsp. sicula,
(Sicilian silver ragwort) a drought-tolerant coastal ornamental plant, to tap water and
seawater irrigation under Mediterranean summer conditions. Plants were grown in 10 cm-
deep green-roof modules and subjected to six irrigation regimes: tap water, seawater, or
alternating tap water and seawater, each applied at 4- or 8-day intervals, with irrigation
volumes equal to 60% of cumulative reference evapotranspiration (ETo). Growth, rela-
tive water content (RWC), chlorophyll index (SPAD), and leachate electrical conductivity
were monitored to assess plant performance and salinity responses. Seawater irrigation
caused rapid substrate salinization, leaf dehydration, and plant death within one month,
while alternating seawater with tap water also failed to sustain survival. In contrast, tap
water–irrigated plants maintained high RWC, chlorophyll content, and stable visual quality
throughout the experimental period, even with deficit irrigation at 60% ETo every eight
days. These findings demonstrate that J. maritima subsp. sicula is well suited for freshwater-
irrigated extensive green roofs in semi-arid regions, providing reliable performance under
infrequent irrigation and limited water supply. However, seawater or high-salinity irri-
gation should be avoided. Future research should explore mixed freshwater–seawater
irrigation regimes with a higher freshwater proportion, aiming to reduce total freshwater
consumption while sustaining plant survival and esthetic performance.

Keywords: drought-tolerant ornamentals; leachate salinity; Mediterranean climate; relative
water content; salinity stress; Sicilian silver ragwort; SPAD index

1. Introduction
Urbanization and climate change are imposing increasing pressure on cities, partic-

ularly in coastal Mediterranean regions characterized by semi-arid conditions [1]. The
continuous expansion of impervious surfaces reduces natural stormwater infiltration, ex-
acerbates urban overheating and intensifies environmental stress on both residents and
urban biodiversity [2]. Among nature-based solutions, green roofs are widely recognized as
sustainable technologies that mitigate urban heat stress, improve stormwater management,
enhance urban biodiversity, and contribute to esthetic quality [3]. However, the broader
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implementation of green roofs is often constrained by the load-bearing capacity of existing
buildings, especially in older urban areas [4]. For this reason, extensive green roofs, charac-
terized by shallow substrates not exceeding 15 cm and low maintenance requirements, are
the most adopted systems in Mediterranean cities [5,6].

At the same time, rising air temperatures, irregular rainfall, and freshwater scarcity in
semi-arid regions make it increasingly difficult to establish and maintain urban green spaces,
particularly extensive green roofs [7,8]. Suitable species must tolerate restricted rooting
depth, extreme fluctuations in substrate temperature, and prolonged periods of limited
irrigation [9,10]. Consequently, succulents and other xerophytic species are commonly used,
restricting plant diversity and limiting both the ornamental and ecological potential of
these systems [11,12]. Expanding the palette of suitable plants requires exploring irrigation
practices that can sustain less drought-tolerant yet esthetically valuable species, hence
improving green roof biodiversity and functionality.

Freshwater scarcity in coastal Mediterranean regions has intensified interest in the
use of alternative water sources, including saline or recycled water, for landscape irriga-
tion [13]. While seawater is abundant, its high salinity imposes osmotic and ionic stresses
as well as nutrient imbalances that restrict its direct use for most ornamentals [14,15]. In
natural urban green spaces, repeated application of seawater irrigation can also lead to
excessive salt accumulation in soil, further compromising plant growth and survival [16].
By contrast, green roof substrates, typically composed of coarse-textured, highly porous
materials, facilitate rapid drainage and effective leaching of salts [17]. In addition, the
engineered drainage layer allows controlled collection of leachates, thereby reducing the
risk of groundwater contamination or soil salinization. These features make extensive
green roofs particularly suitable experimental systems for testing saline irrigation strategies
and for identifying ornamental species that can tolerate seawater, whether applied directly,
diluted, or alternated with tap water.

Previous studies have explored seawater irrigation on green roofs, highlighting both
its potential and limitations. Paraskevopoulou et al. [18] investigated the halophyte Arthroc-
nemum macrostachyum (Moric.) K. Koch in extensive green roofs and found that both partial
and exclusive seawater irrigation were feasible when applied at high frequencies (every
4 days), highlighting the species’ suitability for green roof systems irrigated with seawater.
Ntoulas and Varsamos [19] evaluated two seashore paspalum (Paspalum vaginatum Sw.)
varieties (‘Marina’ and ‘Platinum TE’) grown in extensive green roofs and reported that
exclusive seawater irrigation severely reduced turf quality. However, they also found that
applying seawater at higher irrigation volumes increased the leaching fraction and main-
tained leachate electrical conductivity closer to that of the applied seawater, consequently
reducing salt accumulation in the substrate and partially alleviating salinity stress, which
in turn supported turfgrass survival. In a follow-up study, Ntoulas et al. [20] reported that
alternating seawater with potable water (1:1) could sustain acceptable growth, but only for
limited periods. These findings highlight the importance of irrigation frequency, volume,
and leaching management when considering seawater as an alternative resource for green
roof irrigation.

Jacobaea maritima (L.) Pelser & Meijden, syn. Cineraria maritima (L.) L. and Senecio
cineraria DC., commonly known as Silver ragwort, is a perennial ornamental species, valued
for its distinctive silver-gray, tomentose foliage [21] and notable drought tolerance [22,23]. It
produces bright yellow, daisy-like flower heads from early to late summer, adding seasonal
ornamental interest; however, it is more appreciated for the decorative features of its foliage
than for its flowers [24]. The species is native to the Mediterranean region [25] and is widely
used in urban plantings [26], improving air quality [27]. Its adaptability to limited irrigation
suggests potential suitability for extensive green roof systems [28], yet its response to saline
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irrigation under shallow substrate conditions remains unknown. In the present study, the
plant material corresponded to Jacobaea maritima subsp. sicula (Sicilian silver ragwort), a
coastal taxon native to the Central Mediterranean and found on maritime cliffs and rocky
coastal slopes [29].

This study assessed the growth and physiological responses of J. maritima subsp. sicula
to tap water, seawater, and alternating tap water–seawater irrigation under simulated
extensive green roof conditions during the Mediterranean summer. To our knowledge, this
is the first study to investigate the performance of J. maritima subsp. sicula under seawater
irrigation, addressing the dual challenges of freshwater conservation and plant selection
for sustainable and resilient green roofs.

2. Materials and Methods
2.1. Experimental Setup

The study was conducted outdoors at the experimental field of the Laboratory of Flori-
culture and Landscape Architecture, Agricultural University of Athens, Greece (37◦59′ N,
23◦42′ E). (Figure 1). Thirty rectangular plastic containers (Holiday Land S.A., Piraeus,
Greece) with internal top dimension of 49 × 34 cm and a height of 16 cm were placed on
metal benches at ~1% slope to facilitate drainage. A 15 mm drainage hole was opened
near the lower end of each container and connected via flexible tubing to a sealed 5 L tank
positioned beneath to collect leachates (Figure 2).

 

Figure 1. Experimental setup of the simulated extensive green roof modules with Jacobaea maritima
subsp. sicula plants at the experimental field of the Laboratory of Floriculture and Landscape
Architecture, Agricultural University of Athens.

Each container was filled with a layered extensive green roof system (Figure 2). A
protection and water retention mat (VLS-500, DIADEM, Landco Ltd., Athens, Greece) was
placed at the bottom of the containers, which was a synthetic sheet made of non-rotting
synthetic fibers, having a 4 mm thickness and was able to retain 3.6 L m−2 of water. On
top, a 25 mm drainage board (DiaDrain-25H, DIADEM, Landco Ltd.) was placed. The
drainage layer, which was made of recycled high-impact polystyrene, was equipped with
water retaining troughs, having a water holding capacity of 11.8 L m−2 and openings to
enhance sub-surface aeration. The drainage layer was covered with a non-woven geotextile
(VLF-150, DIADEM, Landco Ltd.) of reinforced polypropylene, having a thickness of
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1.2 mm and a water permeability of 105 mm s−1, to prevent fine substrate particles from
clogging the drainage layer. Finally, a 10 cm layer of FLL-compliant lightweight extensive
green roof substrate (SEM, Prasini Stegi, Landco Ltd., Athens, Greece) (Table 1) was added,
gently leveled, and lightly compacted.

Figure 2. Construction detail of the simulated extensive green roof modules used in the study.

Table 1. Physical and chemical properties of the substrate used in the study (SEM, Prasini Stegi,
Landco Ltd., Athens, Greece).

Parameter Value

Mechanical Analysis

Particle Size Percent Retained

mm % (w/w)

pH (CaCl2) 7.3 >12.5 mm 0.3
Electrical conductivity (water, 1:10, m:v), dS m−1 0.19 12.5–9.5 mm 5.9
Dry bulk density, kg L−1 0.98 9.5–6.3 mm 8.4
Bulk density at maximum water-holding capacity, kg L−1 1.36 6.3–3.2 mm 18.7
Total pore volume, % 56.7 3.2–2.0 mm 24.7
Maximum water-holding capacity, % (v/v) 40.7 2.0–1.0 mm 19.5
Air-filled porosity, % (v/v) 16.0 1.0–0.25 mm 12.1
Water permeability, cm·s−1 0.007 0.25–0.05 mm 4.3
Organic matter content, % (w/w) 7.5 0.05–0.002 mm 4.7
Phosphorus, P2O5 (CAL), mg L−1 167.4 <0.002 mm 1.2
Potassium, K2O (CAL), mg L−1 663.8
Magnesium, Mg (CaCl2), mg L−1 165.7
Nitrate + Ammonium (CaCl2), mg L−1 1.5

Uniform plants of J. maritima subsp. sicula (identified following Passalacqua et al. [29])
were sourced from a local nursery and transplanted individually in the center of each con-
tainer on 21 April 2021. Following transplanting, plants were irrigated with tap water every
other day to promote establishment. Salinity treatments began 40 days after transplanting
and continued for 97 days (30 June–4 October 2021). The experiment ended with the first
autumn rainfall on 8 October 2021. During the trial, weather conditions were typical of
a Mediterranean summer, suitable for testing seawater irrigation, as no rainfall occurred
apart from a negligible shower of 0.2 mm on 9 September 2021 (Figure 3). Daily mean air
temperature ranged from 18.6 ◦C (23 September) to 36.5 ◦C (3 August), with an average of
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27.6 ± 3.8 ◦C, based on the records of the National Observatory of Athens (Thissio station;
37◦58′ N, 23◦43′ E).

Figure 3. Daily maximum, mean, and minimum ambient air temperatures (◦C) and precipitation
(mm) recorded at the Thissio station of the National Observatory of Athens during the experimental
period. (21 April–8 October 2025). The shaded area marks the salinity stress treatment period
(30 June–8 October 2021).

2.2. Irrigation Regimes

At treatment initiation (30 June 2021), all plants were irrigated with tap water to
saturate the substrate and ensure uniform moisture conditions. Thereafter, six irrigation
regimes were studied: tap water, seawater, or alternating seawater and tap water, each
applied at 4- or 8-day intervals. At each irrigation, the applied volume equaled 60% of
the cumulative reference evapotranspiration (ETo) that was calculated since the previous
irrigation, with ETo determined from an adjacent Class A pan using a pan coefficient of 0.65,
following FAO Irrigation and Drainage Paper 56 [30] (Figure 4). The treatment with 60%
ETo was selected to simulate deficit irrigation, a common practice in extensive green roofs
with drought-tolerant plants, to reduce water use while maintaining plant performance.
Although lower replacement ratios could further maximize water savings, they often fail
to secure any leaching. For this reason, a 60% threshold was chosen in the present study
to achieve water conservation while ensuring at least minimal leaching. This is critical
because leaching is the most important factor in mitigating salinity stress under saline
irrigation [31–33].

The 4-day interval represented a frequent irrigation strategy aimed at maintaining
favorable water status in the simulated green roofs. By contrast, the rationale for including
the longer irrigation interval was twofold. First, the larger cumulative irrigation volume
applied every 8 days was expected to produce a higher leaching fraction, thereby promoting
salt leaching and helping to maintain substrate salinity at lower levels. Second, the 8-day
regime provided an opportunity to assess the tolerance of J. maritima subsp. sicula to
extended intervals without irrigation, which is highly relevant to green roof applications in
semi-arid Mediterranean climates where irrigation frequency is often restricted.
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Figure 4. Irrigation volumes (mm) applied every 4 and 8 days (bars) and corresponding cumu-
lative reference evapotranspiration (mm) (symbols) during the salinity stress period (30 June–8
October 2021).

Tap water had an electrical conductivity (EC, 25 ◦C) of 0.3 dS m−1. Seawater was
collected once from Drapetsona, Attica, Greece (37◦57′ N, 23◦37′ E), stored in a shaded
plastic tank, and used throughout the experiment. Its EC at 25 ◦C was 57.6 dS m−1, with
the full chemical composition shown in Table 2. The salinity of the stored seawater was
periodically checked and showed no significant variation during the study. Plants were
hand-irrigated with a watering can fitted with a rose head to ensure uniform distribution
across the substrate surface. To minimize variability from manual watering, the same
person applied irrigation at a uniform flow rate across all replicates. No fertilization was
applied during the trial.

Table 2. Chemical analysis of seawater used for extensive green roof modules irrigation during
salinity stress period (30 June–8 October 2021).

Parameter Value

pH 8.2
Electrical conductivity (25 ◦C), dS m−1 57.6
Total hardness, mg CaCO3 L−1 6615
Carbonate (CO3

2−), mg L−1 32.4
Bicarbonate (HCO3

−), mg L−1 136
Sulfate (SO4

2−), mg L−1 2350
Chloride (Cl−), mg L−1 22,100
Calcium (Ca2+), mg L−1 415
Magnesium (Mg2+), mg L−1 1284
Potassium (K+), mg L−1 399
Sodium (Na+), mg L−1 10,900
Iron (Fe), µg L−1 304

2.3. Measurements

After each irrigation, leachates collected in the tanks were measured for EC at 25 ◦C
with a handheld conductivity meter (HI98192, Hanna Instruments Inc., Woonsocket, RI,
USA), and the tanks were subsequently rinsed thoroughly with tap water to prevent salt



Land 2025, 14, 2214 7 of 15

accumulation. The leaching fraction (LF) was calculated as the ratio of leachate volume
to irrigation volume. Plant size was recorded every 8 days using a growth index (GI)
calculated as (height + largest canopy diameter + perpendicular diameter)/3 [34]. This
metric integrates vertical and horizontal growth into a single parameter, allowing for a
reliable assessment of plant size over time.

Leaf relative water content (RWC) was determined following Turner [35]. Every 8 days,
immediately before irrigation (12:00–14:00 h), fully expanded leaves (0.5–1.0 g per plot)
were sampled and weighed for fresh weight (FW). Samples were immersed in deionized
water for 24 h, blotted, and weighed for turgid weight (TW). They were then oven-dried
at 75 ◦C for 48 h and weighed for dry weight (DW). The RWC (%) was calculated as
100 × (FW − DW)/(TW − DW). This parameter was used to evaluate plant water status
and the degree of osmotic stress under the different irrigation regimes.

Leaf greenness (SPAD index) was also assessed every 8 days using a portable chloro-
phyll meter (SPAD-502, Spectrum Technologies Inc., Aurora, IL, USA). For each plant,
six readings from different fully expanded leaves were averaged. This index served as
an indirect measure of chlorophyll concentration and photosynthetic capacity, providing
further insight into plant physiological performance under saline stress [15].

2.4. Experimental Design and Statistics

Treatments were arranged in a completely randomized design using the randomiza-
tion function in Microsoft Excel (Microsoft Corp., Redmond, WA, USA), with five replicates
per treatment, resulting in 30 experimental plots (i.e., six irrigation treatments × five replica-
tions = 30 experimental plots). Each plot consisted of a single plant grown in an individual
container, ensuring independence among replicates.

Collected data for leachate electrical conductivity, growth index, relative water con-
tent, and SPAD index were subjected to one-way analysis of variance (ANOVA) within
each sampling date using Statgraphics Centurion v15.2.11 statistical software (Statpoint
Technologies Inc., Warrenton, VA, USA). Treatment means were separated using Fisher’s
protected least significant difference (LSD) at a 0.05 probability level (p < 0.05).

3. Results and Discussion
3.1. Leachate Electrical Conductivity

Leachate electrical conductivity (ECL) closely reflected irrigation treatments and pro-
vided a direct indicator of salt accumulation in the 10 cm substrate [36]. In treatments
irrigated exclusively with seawater, ECL increased rapidly and exceeded the salinity of the
applied seawater (57.6 dS m−1) within 12–16 days, whereas this threshold was reached
more gradually, within 20–24 days in irrigation treatments alternating seawater with tap
water (Figure 5). Continued irrigation exclusively with seawater every 4 days led to further
salt accumulation, with ECL values doubling the seawater salinity by the end of the first
month. This salinity increase can be attributed mainly to evaporative concentration and
limited leaching as a result of deficit irrigation, rather than to restricted drainage, since
the substrate used in this study exhibited high water permeability (Table 1). By contrast,
seawater applied every 8 days maintained ECL at significantly lower levels, although
values still reached 86 dS m−1 after one month. This effect can be attributed to the larger
cumulative irrigation volumes every 8 days, which produced higher leaching. In tap water
treatments, ECL remained consistently low (<3 dS m−1) throughout the study period. Al-
ternating irrigation with seawater and tap water resulted in fluctuating ECL values near
seawater salinity, as periodic tap water applications temporarily reduced the accumulated
salts; however, this dilution effect was insufficient to counterbalance the high ionic load
of seawater.
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Figure 5. Leachate electrical conductivity (dS m−1) as affected by irrigation treatments during the
study period (30 June, day 1–4 October, day 97). The electrical conductivity of the applied seawater
(57.6 dS m−1) is shown. Values are means of five replicates. Different letters on a given day indicate
significant differences between treatments at p < 0.05 using Fisher’s least significant difference (LSD).

Similar findings were reported by Paraskevopoulou et al. [18], who evaluated the
halophyte Arthrocnemum macrostachyum in extensive green roofs irrigated with partial
or exclusive seawater. They observed that seawater irrigation at 4-day intervals rapidly
increased ECL above the salinity of the applied seawater, while alternating seawater with
tap water only delayed this increase but did not prevent salt accumulation. When seawater
was applied at longer, 8-day intervals, ECL values still increased but tended to remain
significantly lower compared to the 4-day regime, as a result of the greater total irrigation
volume applied at each event, which enhanced leaching efficiency under the less frequent
but deeper irrigations. Ntoulas and Varsamos [19] showed that when seashore paspalum
was irrigated exclusively with seawater on shallow green roof systems, low irrigation
volumes resulted in small leaching fractions (0.4–0.5) causing ECL to rise above the salinity
of the applied seawater. In contrast, only excessive irrigation producing leaching fractions
close to 0.9 was able to maintain ECL at levels equivalent to the irrigation source.

In the present study, the average LF values during the first month were as follows:
0.19 for seawater every 4 days, 0.32 for seawater every 8 days, 0.14 for seawater alternated
with tap water every 4 days, and 0.30 for seawater alternated with tap water every 8 days.
These values confirm that irrigation volumes equivalent to 60% of ETo, either every 4 days
or 8 days, were insufficient to provide adequate leaching and prevent salt accumulation.
Overall, the findings indicate that seawater use in extensive green roof systems demands
substantially higher irrigation volumes or a much greater proportion of tap water in
alternating regimes to secure adequate leaching. In practice, leaching requirements under
seawater irrigation are extremely high if ECL is to remain comparable to the salinity of the
applied seawater. Otherwise, salts accumulate rapidly in the shallow substrate, driving
ECL to excessive levels. These results confirm that while green roof substrates facilitate
drainage, maintaining effective leaching fractions is critical when irrigating with saline
water [16,17].

3.2. Plant Growth Index

Growth of J. maritima subsp. sicula, expressed as growth index (GI), was vigorous in
both tap water treatments (every 4 and 8 days), with no significant differences between
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irrigation frequencies throughout the 97-day study period (Figure 6). By the end of the
study, plants irrigated with tap water every 4 days reached an average GI of 40.7 cm, while
those irrigated every 8 days attained 38.7 cm. This demonstrates the species’ tolerance to
limited water supply and low irrigation requirements, consistent with its known drought
tolerance [22,24], and highlights its potential for use in extensive green roofs requiring
minimal water input under semi-arid Mediterranean conditions. Similarly, Guo et al. [28]
evaluated 11 Mediterranean species on unirrigated green roofs under extremely hot and
dry conditions and reported that J. maritima was among the best surviving species in both
10- and 15 cm substrate depths.

Figure 6. Growth index (cm) of Jacobaea maritima subsp. sicula as affected by irrigation treatments
during the study period (30 June, day 1–4 October, day 97). Values are means of five replicates.
Different letters on a given day indicate significant differences between treatments at p < 0.05 using
Fisher’s least significant difference (LSD).

In contrast, plants irrigated with seawater, either exclusively or alternating with tap
water, exhibited a sharp decline in growth after 16–24 days (Figure 6). All seawater-irrigated
plants died between 33 and 40 days after initiation of the study, indicating that Sicilian silver
ragwort exhibits limited tolerance to full-strength seawater irrigation under green-roof
conditions. Following plant death, no further physiological measurements were recorded
for these treatments, as the last measurement was conducted on day 33.

Although J. maritima is often listed in horticultural sources as a salt-tolerant ornamental
suitable for coastal or seaside plantings, its tolerance to saline irrigation has been only
limitedly evaluated under experimental conditions. Observations from coastal Florida
landscapes have noted that the species tolerates seawater spray [37]. Wang et al. [15], in
a comprehensive review of ornamental plant responses to salinity, classified J. maritima
among moderately salt-tolerant species and placed its irrigation salinity threshold near
13 dS·m−1 over a 30-day exposure period, values that correspond to roughly a quarter of
seawater salinity. The present findings further indicate that, although J. maritima subsp.
sicula is regarded as a salt-tolerant coastal ornamental, its performance declines markedly
under the combined effects of undiluted seawater salinity, high summer temperatures,
and the limited leaching typical of extensive green-roof systems. These results therefore
represent an extreme salinity scenario. Future research should include intermediate salinity
treatments to identify the transition from tolerance to intolerance and to develop practical
irrigation guidelines for brackish or saline water use in green-roof applications.
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Alternating seawater with tap water every 4 days delayed the decline slightly
(Figure 6). By contrast, the more rapid decline observed under the 8-day alternating
treatments can be attributed to the combined stress of extended irrigation intervals and
cumulative salt accumulation, as indicated by the ECL data (Figure 5). This phenomenon
has been documented in other species as well, where limited water availability and salinity
stresses interact synergistically [38]. Mndi et al. [39] reported that when Mesembryanthemum
crystallinum was subjected to both salinity and longer irrigation intervals, the combined
stresses exacerbated negative physiological effects more than each stress individually.

3.3. Leaf Relative Water Content

Leaf relative water content (RWC) is a widely accepted indicator of plant water status,
reflecting the ability of leaf tissues to maintain hydration under conditions of water deficit
or salinity stress [40,41]. Decline in RWC under saline conditions have been widely reported
among ornamental species, including chrysanthemum (Chrysanthemum × grandiflorum),
polygala (Polygala myrtifolia), and lavender (Lavandula angustifolia), all of which exhibit
reductions in leaf water status when subjected to saline irrigation [42–44]. In the present
study, RWC of J. maritima subsp. sicula varied significantly among irrigation treatments as
salinity stress developed during the experimental period (Figure 7).

Figure 7. Leaf relative water content (%) of Jacobaea maritima subsp. sicula as affected by irrigation
treatments during the study period (30 June, day 1–4 October, day 97). Values are means of five
replicates. Different letters on a given day indicate significant differences between treatments at
p < 0.05 using Fisher’s least significant difference (LSD).

In the tap water treatments, plants maintained consistently high RWC values (>70%)
throughout the 97-day trial (Figure 7). Plants irrigated every 4 days exhibited significantly
higher RWC on several sampling dates compared with those irrigated every 8 days; how-
ever, both regimes ensured adequate hydration to sustain vigorous growth (Figure 7). This
stability in leaf water status demonstrates the species’ capacity to maintain tissue hydration
under reduced irrigation frequency.

By contrast, exclusive seawater irrigation caused a rapid and severe decline in RWC
(Figure 6). Values dropped sharply from day 17 onward, falling below 55% by day 25 and
reaching levels below 20% by day 33, coinciding with visible leaf wilting and plant death.
Under the 8-day seawater irrigation, RWC decreased even faster than under the 4-day
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regime, reflecting the synergistic impact of prolonged irrigation intervals and cumulative
salt accumulation.

Plants subjected to alternating seawater and tap water irrigation exhibited a slower
decline in RWC, maintaining values above 55% until day 25 (Figure 7). Thereafter, RWC
decreased rapidly, yet remained significantly higher than in exclusive seawater treatments
by day 33, though still below 30%. The sharp decline in RWC closely mirrored the reduction
in the corresponding growth index observed under saline irrigation (Figure 6), indicating
that the loss of cellular turgor was a primary cause of growth cessation and mortality in J.
maritima subsp. sicula.

These results highlight the species’ inability to maintain water balance under high
salinity. Osmotic stress induced by elevated substrate EC, combined with ionic toxicity,
likely restricted water uptake and accelerated dehydration, while fluctuations in substrate
temperature during the summer period may have further intensified these effects by
enhancing evapotranspiration and ion accumulation in seawater-irrigated plants [45,46].
In contrast, A. macrostachyum, as a halophytic species when evaluated under comparable
conditions by Paraskevopoulou et al. [18], maintained RWC values above 75% throughout
a three-month seawater irrigation period due to efficient osmotic adjustment. Although
Saito et al. [47] reported that J. maritima can exclude Na+ ions from its shoots and maintain
salt tolerance under 100–200 mM NaCl, these adaptive mechanisms may be insufficient
to offset the much greater osmotic potential and ionic toxicity associated with seawater
salinity (≈600 mM NaCl). Consequently, the plants experienced rapid dehydration and
eventual mortality. This suggests that while J. maritima subsp. sicula may exhibit tolerance
at low to moderate salinity levels, its defense mechanisms become overwhelmed under the
extreme ionic loads imposed by seawater irrigation.

3.4. SPAD Index

Salinity stress strongly affected the leaf greenness of J. maritima, subsp. sicula as
indicated by changes in SPAD values (Figure 8). In the tap water treatments, plants
maintained high chlorophyll levels throughout the 97-day experimental period, with no
significant differences between the two irrigation intervals. A temporary decline observed
in mid-August was likely associated with peak summer temperatures recorded earlier this
month (Figure 3). As temperatures decreased, stress symptoms subsided, and chlorophyll
levels recovered. Overall, the maintenance of high SPAD readings confirms the species’
ability to preserve photosynthetic efficiency under limited irrigation.

In contrast, plants subjected to seawater irrigation exhibited a sharp and irreversible
decline in SPAD values immediately after treatment initiation (Figure 8). Even after the
first irrigation event, SPAD readings decreased noticeably, as according to the ECL data
(Figure 5) a single seawater application raised the substrate salinity to levels that likely
far exceeded the salinity tolerance threshold of J. maritima subsp. sicula. This response
suggests that Sicilian silver ragwort has a substantially lower threshold for irrigation water
salinity than that of seawater. Continued application of seawater further increased substrate
salinity, intensifying osmotic and ionic stress on the plants. Under both exclusive seawater
irrigation and alternating seawater with tap water, SPAD values fell below 30 within 25 days,
representing a 30–40% reduction, and dropped below 20 by day 33 (approximately 48–54%
reduction), coinciding with visible symptoms of chlorosis and necrosis. These findings
indicate that periodic tap water applications were insufficient to prevent chlorophyll
degradation or to mitigate the cumulative effects of salinity stress. Comparable rapid
declines in SPAD values have been observed in other ornamental species when irrigation
water salinity exceeded their tolerance limits [15,48,49].
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Figure 8. Leaf greenness (SPAD index) of Jacobaea maritima subsp. sicula as affected by irrigation
treatments during the study period (30 June, day 1–4 October, day 97). Values are means of five
replicates. Different letters on a given day indicate significant differences between treatments at
p < 0.05 using Fisher’s least significant difference (LSD).

4. Conclusions
The present study provides the first systematic evaluation of Jacobaea maritima subsp.

sicula performance under saline irrigation in extensive green roof systems. The results
indicate that the subspecies can maintain vigorous growth and high esthetic quality under
limited irrigation but exhibits pronounced sensitivity to seawater salinity. Both exclusive
or alternating seawater irrigation rapidly increased substrate EC beyond the species’ toler-
ance threshold, resulting in reduced growth, sharp decline in relative water content and
chlorophyll levels, and ultimately plant death within one month.

From a practical standpoint, J. maritima subsp. sicula is well suited for extensive green
roofs in semi-arid Mediterranean regions, where it can maintain ornamental quality and
physiological performance throughout the summer, even when irrigated every eight days at
60% of ETo replacement. This highlights its potential for low-maintenance, water-efficient
green roof systems. However, irrigation with seawater or other high-salinity sources should
be avoided.

Future research should focus on identifying halophytic ornamentals capable of main-
taining their esthetic and physiological performance under high salinity, as well as devel-
oping irrigation strategies that combine seawater and freshwater in mixed ratios (e.g., 1:2,
1:3, or higher). Such approaches could reduce overall freshwater use, mitigate substrate
salt accumulation, and help define the salinity thresholds under which ornamental species
can be sustainably cultivated in coastal urban green-roof systems.
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SPAD Soil–Plant Analysis Development
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