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Abstract: Salinity stress is severely affecting modern horticulture and puts food security under threat
for current and future generations. The aim of the present study was to evaluate the effect of saline
conditions (three salinity levels: 2.0, 5.0 and 10.0 dS m~') on the growth, physiological processes
and quality of two wild edible species (Urospermum picroides and Reichardia picroides) grown under
three different cropping systems (pots indoors (GP) and outdoors (FP); and floating hydroponics
(FH)). Our results indicate that high salinity affected growth parameters in all the studied cropping
systems in the case of U. picroides, whereas R. picroides was not affected only when grown in pots
outdoors. Moreover, total soluble solids content and titratable acidity in both species were not
affected by high salinity for any of the cropping systems, except for in the case of FP system. Similarly,
carotenoids content decreased under high salinity when both species were grown in the FP system.
A varied effect was recorded for total phenolic compounds content in response to salinity levels,
although the FP system resulted in considerably higher phenolics accumulation in both species, while
proline content increased when plants were subjected to high salinity, regardless of the cropping
system. The antioxidant activity also varied among the studied treatments for both assays (TEAC
and FRAP), although cultivation outdoors in pots resulted in considerably higher values compared
to the other systems. Finally, nitrate content showed decreasing trends with increasing salinity in
plants grown in the GP (both species) and FP system (only U. picroides), whereas no significant
differences in physiological parameters in comparison to the control treatment were recorded, except
for the stomatal conductance (FP and GP system) and transpiration rate (FP) of R. picroides plants. In
conclusion, it seems that the tested plant species responded differently to the salinity treatments but
they both displayed a lack of severe stress even at high salinity.

Keywords: antioxidant activity; common brighteyes; greenhouse production; leaf gas exchange; leafy
vegetables; prickly golden fleece; salinity stress; wild edible species

1. Introduction

Soil salinization and the quality degradation of irrigation water due to climate change
and anthropogenic activities is imminent, with severe impact on crop production and
food security around the globe [1-3]. Most of the conventional crops, especially important
staple food crops, are susceptible to saline conditions with significant implications on
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the obtained yields and the income of farmers [4]. Therefore, modern agriculture has to
reconsider the well-established practices of the past and try to shift to more sustainable
and environmentally friendly ones, focusing on novel agronomic tools and on species that
are resilient to salinity stress such as halophytes and wild edible plants [5-7].

Several recent studies have highlighted the importance of introducing new alternative
species into the existing farming systems aiming to increase agrobiodiversity and also allow
farmers to overcome harsh environmental conditions that are prohibitive for the cultivation
of conventional crops [8,9]. Especially in the Mediterranean basin, there are numerous
wild species that have been used for human consumption throughout the centuries and
they are an integral part of local gastronomy [10-12]. However, considering that the
common practice so far has been to collect these species from the wild raises major concerns
regarding the threat of genetic erosion and the ecosystems’ disruption due to irrational
harvesting. For this purpose, gaining knowledge about the commercial cultivation of wild
edible species is necessary to establish a valid and sustainable value chain and allow their
integration into the existing farming systems [13-15].

Recent studies highlighted the potential of cultivating various wild species under
saline conditions including Cichorium spinosum [16-18], Crithmum maritimum [19] and
Chenopodium album [20,21] among others. Urospermum picroides (L.) Scop. Ex EW.Schmidt
(prickly goldenfleece) and Reichardia picroides (L.) Roth (common brighteyes), are two wild
edible species that have attracted the interest of researchers for their systematic cultivation
either in soil mixtures/substrates under cover [22] or in hydroponic systems [23]. Both of
them belong to the Asteraceae family, they are rich sources of phenolic compounds and vari-
ous antioxidants and are commonly used in the Mediterranean diet in various forms [24,25].
They are known for their ability to grow in different environments, and, in many cases,
show remarkable adaptability to stressful conditions, either from the climate (e.g., high
temperatures and drought), or from the soil (e.g., low pH and high salinity) [23,26-28].
Recently, the effect of low pH [29] and high salinity levels [23,29,30] on the growth, yield
and quality of these species showed promising results regarding the tolerance of the species
to unfavorable conditions.

So far, most of the studies regarding wild edible species refer to greenhouse
experiments using hydroponic systems [23,31-33], pots [34,35] and soil [36], or field
cultivation [37-39]. However, more research is needed on the comparison of different
cropping systems to evaluate their effect on plant performance, especially in the small-scale
farming systems of Mediterranean rural areas [40], while special attentions should be paid
to chemical composition and bioactive properties in comparison to plants collected from
the wild [39,41,42]. Considering that wild edible species have low input requirements,
the evaluation of their performance under different cropping systems of varied intensity
(e.g., greenhouse vs. field cultivation or hydroponics vs. cropping in growth substrates)
needs to be studied in order to reveal their potential for commercial cultivation, especially
under unfavorable conditions (e.g., salinity stress). In hydroponic floating systems, the
exposure of plants to stress conditions, such as low pH or high concentration of salts in the
nutrient solution, is immediate and gives a measure of the resistance of plants to specific
abiotic stressors [43]. In contrast, the gradual exposure of plants to high salinity conditions,
e.g., through irrigation with saline water in the soil or soilless substrates, may allow the
gradual adaptation of plants to these conditions due to the gradual build-up of salts in the
growing medium [44,45]. In addition, cultivation practices related to climate conditions
(e.g., cropping under cover or in the open field, in substrates or in hydroponic systems)
may affect the growth, production and quality characteristics of plants and particularly the
concentration of substances with medicinal properties [46,47]. Differences in temperature
and lighting (e.g., light intensity, wavelength) between indoor and outdoor cultivation may
affect both the physiology of plant growth and the composition of secondary metabolites
linked to the medicinal properties of the plants [48]. At the same time, the presence of
organic matter in growth substrates (such as peat), in addition to the concentration and
availability of inorganic nutrients and water, may significantly affect plant physiology
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and growth [49]. The changes observed in plants subjected to high salinity stress differ
according to climate (e.g., temperature, light) not only in terms of photosynthesis and
transpiration [49] but also in functions linked to the secondary metabolism as well [29,30].
Therefore, cropping systems and cultivation practices may significantly differentiate plants’
response to high salinity where the absorption of water and consequently of salts depends
significantly on the conditions that determine the rate of evaporation of water through
stomata [48].

To date, there are limited data regarding the comparative study of the growth, produc-
tion and quality of the plants under different cultivation systems, e.g., grown under cover
or in the open field, or grown in substrates or in a floating hydroponic system. Therefore,
increasing the knowledge about the requirements needed for their commercial cultivation
is important in order to define the conditions that facilitate increased plant growth without
compromising the quality and nutritional value of their edible leaves. The aim of the
present study was to evaluate the effect of saline conditions on plant growth, chemical
composition and the physiological processes of UL picroides and R. picroides grown in pots
(indoors and outdoors) or in a floating hydroponic system (indoors). The studied cropping
systems were chosen to reveal the effect of the direct exposure of plants to salinity stress
(e.g., in the hydroponic floating system) compared to cropping in growth substrates, as
well as to evaluate the effect of growing the studied species indoors and outdoors in the
same growth substrate. The presented results will provide new information regarding the
cultivation of these species under soilless conditions and reveal the effect that growing
conditions may have on the tested parameters.

2. Materials and Methods
2.1. Plant Material, Experimental Treatments and Conditions during Cropping

Plants of Urospermum picroides (U. picroides hereafter) and Reichardia picroides (R. pi-
croides hereafter), were cultivated in the heated glasshouse and the experimental field of
the Laboratory of Vegetable Production at the Agricultural University of Athens, Greece
(37°58'55.83" N, 23°42/16.69" E), from mid-August 2021 to early December 2021. Seeds of
both species were sown in 150-cell styrofoam sowing trays filled with white peat bedding
substrate (Klassmann-Deilmann TS1, Geeste, Germany, pH 6.0, with P and K base fertiliza-
tion without N addition) on 24 August 2021 and then they were placed in the glasshouse.
Sowing trays were regularly irrigated and after the formation of the second true leaf were
fertigated with nutrient solution according to Chatzigianni et al. [50], formulated as follows:
11.5 mM NO3, 1.5 mM NHy, 7.5 mM K, 4.4 mM Ca, 1.5 mM Mg, 1.2 mM H,POy, 4.8 mM
SOy, 30.0 uM B, 15.0 uM Fe, 8.0 uM Mn, 6.0 uM Zn, 0.7 uM Cu and 0.5 uM Mo (E.C.
2.0dSm™!, pH5.6).

Both species were grown under three cropping systems, namely, cultivation in pots
in the greenhouse (GP hereafter), in pots at the field (FP) and in a floating hydroponic
system in the greenhouse (FH). In particular, transplantation took place at the 3 true-leaf
stage (at 5 October 2021; 41 days after sowing (DAS)) in either 3 L pots filled with a 2:1
(v:v) mixture of white peat bedding substrate (Klassmann-Deilmann TS1) and agricultural
perlite (Perloflor, Isocon S.A., Athens, Greece) or in 54-cell styrofoam sowing trays with cell
dimensions of 5 cm x 5 cm X 5 cm, as previously described by Alexopoulos et al. [29,30]
for hydroponic production. After transplantation half the pots remained in the greenhouse
(same conditions as in the case of the hydroponic system), while the rest were placed
outdoors (field conditions). For hydroponic cultivation, sowing trays were placed in
160 L containers (0.8 m length x 0.5 m width x 0.4 m height), filled with 100 L of the
same nutrient solution used for the fertigation of plants. Nutrient solution was regularly
replenished and permanently supplied with air using air pumps.

Immediately after transplantation, three salinity treatments were implemented with
different EC (electrical conductivity) values of the nutrient solution used for the fertigation
of the plants in the three cropping systems, achieved by adding different amounts of NaCl



Agriculture 2023, 13, 1852

4 0f 26

The EC levels studied were 2.0 dS m~! (EC-2—control: nutrient solution EC without any
NaCl addition), 5.0 dS m~! (EC-5) and 10.0 dS m~! (EC-10).

Throughout the growing period, mean daily temperatures in the greenhouse ranged
between 19 and 25 °C, whereas mean maximum and minimum temperatures were 31.2
and 15.5 °C, respectively, ranging between 22.4 and 37.7 °C (maximum) and 12.8 and
18.8 °C (minimum), with the use of ventilation and heating. In the field, the following
temperatures were recorded: 13-20 °C mean daily temperature range, 26.3 °C mean
maximum temperature, ranging between 16.0 and 37.7 °C, and 12.2 °C mean minimum
temperature, ranging between 9.0 and 18.7 °C. In the same period, maximum values of
solar radiation in the field ranged between 211 and 942 W/m?, whereas mean daily values
ranged between 21.6 and 173.0 W/m?, with an average for the total growing period of
108.2 W/m?. The respective values of solar radiation inside the greenhouse were found to
be 25-30% lower than those in the field. Temperature and solar radiation values in the field
were obtained from an automatic weather station of the NOANN network of the National
Observatory of Athens, Greece [51], whereas those inside the greenhouse were recorded on
10 min basis, using a Hobo Weather Station (Onset Copr., Bourne, MA, USA). In the case of
floating hydroponics, the pH and EC values of the nutrient solution within the containers
was monitored every 3 days. EC showed an insignificant increase of 0.2 dS m~! towards
the end of the experimental period whereas pH remained constant in all EC treatments and
in both species throughout the experiment.

The experiment was performed using a two-factorial (growing system x EC level)
completely randomized design (CRD), comprising three treatments per factor (growing
system: GP, FP and FH and EC level: EC-2, EC-5, EC-10), and five replications comprising
8 plants each (360 plants in total for each species).

Harvest was applied according to plant phenology and when the rosette reached a
marketable size (e.g., plants adequately grown, prior to the flowering stage whilst all the
leaves were still green and tender and older leaves did not show any wilting, yellowing
or senescence) [29]. In particular, U. picroides plants were harvested the same day in all
treatments (on 3 November 2021—69 DAS), whereas in R. picroides harvesting took place
on 21 November 2021 (88 DAS) and 9 November 2021 (76 DAS) in the case of field (FP) and
greenhouse (GP and FH) grown plants, respectively.

2.2. Growth Parameters

For the assessment of growth parameters, 8 plants from each replication were used.
The tested parameters included the number of leaves, leaf area using a LiCor 3100C leaf
area meter (LiCor Environmental, Lincoln, NE, USA) and fresh leaf weight (using a PM
3600 analytical balance, Mettler-Toledo, Columbus, OH, USA). Moreover, leaves from
4 plants were used separately for the determination of dry leaf weight and dry weight
percentage, after drying at 85 °C until constant weight. The leaves from the rest of the
plants (4 plants) were pooled in one batch and stored at —80 °C until further chemical
analyses. Leaf mass per area (LMA) was calculated after dividing leaf dry weight by the

respective leaf area of each plant and was expressed as mg cm 2.

2.3. Chemical Analyses in Leaves

The content of leaves in total soluble solids (TSSC), titratable acidity (TA), total pheno-
lic compounds (TPC), proline and nitrates was determined as previously described [52-54],
while the content of pigments (chlorophylls and carotenoids) in leaves was quantified as
previously described in the literature [53,55,56].

Total antioxidant activity (TAA) of leaves was measured based on the protocols for
the TEAC (Trolox Equivalent Antioxidant Capacity—[57]) and FRAP (Ferric Reducing
Antioxidant Power—[58]) assays, using the methanolic extracts obtained from the assays
for the quantification of total phenolic compounds, following the Folin—Ciocalteu protocol
after slight modifications [29].
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2.4. Chlorophyll Fluorescence and Leaf Gas Exchange

Measurements were performed in fully developed leaves of U. picroides and R. pi-
croides plants at 68 and 73 DAS, respectively, at 8:00 a.m. and 12:00 a.m. Chlorophyll
fluorescence and gas exchange measurements were performed on the same leaves. The
in vivo chlorophyll fluorescence parameters were recorded using pulse amplitude modu-
lated fluorometry to study light-response curves of PSII photochemical parameters using a
portable chlorophyll fluorometer (PAM 2100, Walz GmbH, Effeltrich, Gemany). Each leaf
was acclimated for 30 min before the measurements were taken, using dark leaf clips. After
dark adaptation, the PAM measuring light (650 nm; PFD ca. 0.15 umol quanta m~2 s~ !;
kept steady during all experiments) was turned on and the minimal fluorescence value in
the dark-adapted state (Fj) was recorded. Subsequently, a 0.8 s saturation pulse (ca. PFD
15,000 umol quanta m~2 s~!) was applied for the recording of the maximal fluorescence
in the dark-adapted state (Fy,). Afterwards, various actinic light intensities (using the
halogen lamp of the instrument; white light) were applied, at PAR photon flux density
(PFD) between ca. 50 and 1100 umol quanta m~2 s~! (steady state was accomplished
by applying each light intensity for 30 s) to create light response curves. For each light
level, maximum fluorescence in the light (F') and steady state fluorescence (Fs) were
determined. Maximum (intrinsic) quantum yield of PSII photochemistry was calculated as
Dpgrio = Fy/Fm, where F, = F, — Fy. Effective quantum yield of PSII photochemistry
was calculated as ®pg; = AF/Fr' = (F” — Fs)/Fm' [59], where Fy is the steady-state level
fluorescence immediately before the application of the saturation pulse. Electron transport
rate (ETR) was calculated as ETR = Q x ®pgyp x 0.5 x 0.84 (where Q is the PAR PFD
incident on the leaf and assuming an equal distribution of photons between the two photo-
systems and a leaf absorbance of 84%). Fluorescence quenching coefficients (photochemical
quenching; qp, and non-photochemical quenching; qn;) were calculated according to van
Kooten and Snel [60] and Baker [61], as qp = AF/(Fm’ — Fo') = (Fm’ — Fs)/(Fm’ — Fo') and
qN = (Fm — Fm')/(Fm — Fo'). The parameter Fy’ was calculated using the approximation of
Oxborough and Baker [62]: Fy' = Fy/(Fy/Fm + Fo/Fm'). Stern-Volmer non-photochemical
quenching was calculated as NPQ = (Fy, — Fn')/Fm’ [63].

Measurements of light-saturated net CO; assimilation rate and stomatal conduc-
tance were performed using a portable open-circuit gas-exchange instrument (LCPro+,
ADC BioScientific Ltd., Hoddesdon, UK), equipped with a broad leaf chamber enclosing
6.25 cm? of leaf area. Temperature and relative air humidity inside the chamber were
29.3 £2.1°C, and 41.3 & 3.6%, respectively. Gas exchange parameters (net rate of CO,
assimilation (A); transpiration rate (E); intercellular CO, (ci); and stomatal conductance to
H,O (gs)) were measured using light curves at ambient CO, atmospheric concentration
under saturating photosynthetic PFD, supplied via the LED light of the instrument’s cham-
ber (1840 umol m~2 s~1). Each leaf was acclimated at least for 10 min before recording the
measurements.

2.5. Statistical Analysis

All data of each species were subjected to two-way ANOVA to determine the effect of
the studied experimental factors (EC level and growing system) and their interaction on
the tested parameters. In addition, one-way ANOVA was performed in each species and
growing system, to study the effect of EC level on those characteristics. Differences in means
were evaluated using the Duncan’s Multiple Range Test (DMRT) at the 5% significance
level. The presence of significant correlations among TEAC, FRAP and TPC, and between
DW% and TSSC as well, were assessed between all pairs of means using the Pearson’s
correlation test. Additionally, principal component analysis (PCA) was implemented to
assess the contribution of each variable to the total diversity and classify the tested cropping
systems and salinity levels according to crop performance (yield), chemical composition
and physiological processes for each species. All statistical analyses were performed with
the StatGraphics Centurion-XVII statistical package (StatPoint Technologies Inc., Warrenton,
VA, USA).
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3. Results
3.1. Plant Growth and Yield

The results of the effect of salinity levels on the leaf number and leaf area of the tested
species in relation to the cropping system are presented in Table 1. In the case of U. picroides,
high salinity (EC-10) inhibited the formation of leaves, where the leaves formed under
saline conditions were compared to the control treatment for all cropping systems, except
in the case of hydroponics where moderate salinity (EC-5) resulted in increased leaf area.
On the other hand, plants of R. picroides grown in pots in greenhouse conditions formed the
highest number of leaves under moderate salinity (EC-5), while leaf area was negatively
affected by high salinity (EC-10). High salinity also had a detrimental effect in regard to leaf
number and leaf area for plants grown in the hydroponic system, whereas no significant
differences in the leaf number and leaf area were recorded between the studied salinity
treatments for plants grown in pots under field conditions.

Table 1. Effect of salinity on plant leaf number and leaf area per plant of the tested species grown
under different cropping systems (mean £+ S.D.; n = 5).

Urospermum picroides

Leaf Number Leaf Area (cm?) Leaf Number Leaf Area (cm?)

Reichardia picroides

Salinity (S) xx xEx ns ns
CrOpplng system (C) %% *%K *%¥ *%%
SxC ns * ns ns
Salinity level Greenhouse—Pots (GP)
EC-2 (control) 13.3 £ 0.6 at 568.6 = 51.5a 189 +£22b 413.6 + 32.6 ab
EC-5 128 +£09a 4835+412b 239+23a 4624 +41.1a
EC-10 11.7 £ 05b 398.5+72.0c 18.6 £2.7b 400.3 +£42.3b
Greenhouse—Floating hydroponics (FH)
EC-2 (control) 127 +£09a 452.1 £ 364b 19.0£0.7a 303.4+332a
EC-5 11.9 £ 0.3 ab 520.4 +46.5a 18.6 £2.0a 2949 +31.8a
EC-10 11.1+11b 358.6 +30.4 c 162+ 1.6b 2228 +£20.7b
Field—Pots (FP)
EC-2 (control) 10.8 £09a 278.0 =253 a 372+44a 3773 £589a
EC-5 95+ 1.2ab 240.2+19.7b 364+59a 364.3 £ 669 a
EC-10 88+0.7b 1762 £13.0 ¢ 39.7+70a 396.8 + 64.7 a

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
***: significant difference at 0.001; ns: not significant.

The fresh weight of leaves per plant was variably influenced by the level of salinity
and the cropping system, as indicated by the significant interactions of salinity x cropping
system in both species (Table 2). In particular, the fresh and dry weight of U. picroides
plants grown in pots within the greenhouse were negatively affected by saline conditions
(EC-5 and EC-10) compared to the control treatment, while in the case of the hydroponic
system moderate salinity resulted in increased values of fresh and dry weight. In the
case of plants grown in pots in the field, fresh weight was negatively affected only by
high salinity (EC-10), whereas dry weight was reduced for both salinity levels (EC-5 and
EC-10) compared to the control treatment. On the other hand, moderate salinity resulted
in increased fresh weight for R. picroides plants grown in pots in the greenhouse, while no
significant effect was recorded on dry weight for the studied salinity levels in the same
cropping system. In the hydroponic system, high salinity significantly reduced both fresh
and dry weight, whereas no significant differences between the studied salinity levels
were recorded in terms of the fresh and dry weight of R. picroides plants grown in the field
in pots.
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Table 2. Salinity effect on fresh and dry leaf weight per plant of the tested species grown under

different cropping systems (mean + S.D.; n = 5).

Urospermum picroides

Reichardia picroides

Fresh Leaf Dry Leaf Fresh Leaf Dry Leaf
Weight (g) Weight (g) Weight (g) Weight (g)
Salinity (S) ok et ns ns
CI‘Oppll’lg System (C) *%% Eatd %% k%%
S X C * 3% * *
Salinity level Greenhouse—Pots (GP)
EC-2 (control) 253 +22at 177 £011a 258+20Db 155+0.12a
EC-5 224+13Db 157+ 023 a 30.7+23a 153+0.12a
EC-10 20.0+19b 1.60+0.23 a 268 £3.1b 1.61+024a
Greenhouse—Floating hydroponics (FH)
EC-2 (control) 229+1.6Db 1.38+0.10b 209 +28a 126+0.17a
EC-5 257+ 16a 1.54+0.09a 193+ 13a 1.35+0.09a
EC-10 179+21c 125+0.09b 155+22b 0.93+0.13b
Field—Pots (FP)
EC-2 (control) 146+11a 1.32+0.10a 319+44a 216 £0.31a
EC-5 133+12a 1.06 £0.10b 332+60a 232+042a
EC-10 10.1+13b 0.71 £0.09 c 36.8+49a 257 £0.35a

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
**: significant difference at 0.01; ***: significant difference at 0.001; ns: not significant.

A varied effect of salinity and the cropping system on the dry weight of leaves of
both species was also observed (Table 3). In U. picroides FP plants leaf dry weight (%)
and LMA values were significantly reduced under high salinity, whereas the opposite
trend was recorded in FH plants. Moreover, no significant effect of salinity level on dry
weight was recorded for GP plants, whereas LMA was significantly reduced at the highest
salinity level under the same cropping system. For R. picroides GP plants, moderate salinity
(EC-5) reduced leaf dry weight, while high salinity (EC-10) significantly increased LMA
values compared either to the control or the moderate salinity treatments. In the case of the
hydroponic system, salinity did not affect the dry weight of leaves of R. picroides plants,
while moderate salinity resulted in significantly higher LMA values compared to the rest
of the treatments. Similarly, salinity did not affect the dry weight of plants grown in pots in
the field, while the control treatment recorded significantly lower values compared to EC-5
and EC-10 treatments.

3.2. Organoleptic Traits, Antioxidants and Secondary Metabolism Products
3.2.1. Total Soluble Solids Content (TSSC) and Titratable Acidity (TA)

Total soluble solids content and titratable acidity in relation to the salinity level and
cropping system are presented in Table 4, where a variable effect was recorded. In the case
of U. picroides moderate and/or high salinity significantly increased TSSC compared to the
control treatment for all the tested cropping systems, whereas the effect of salinity on TA
varied depending on the cropping system. In particular, the control and EC-10 treatments
showed the highest TA in plants grown indoors in pots; the TA of the EC-10 treatment was
significantly higher than the control treatment in hydroponically grown plants, while no
significant differences were recorded between the EC-5 and EC-10 treatments; the control
treatment presented the highest TA in U. picroides plants grown outdoors in pots. On
the other hand, salinity did not significantly affect the TSSC and TA of R. picroides plants,
regardless of the growing system, except for in the case of the hydroponic system where
both moderate and high salinity significantly increased the TSSC compared to the control
treatment and the GP system where the control and EC-10 treatments were significantly
higher than the EC-5 treatment (Table 4).
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Table 3. Salinity effect on the percentage of dry weight (DW%) and leaf mass per area (LMA,
mg cm~2) of the tested species grown under different cropping systems (mean + S.D.; 1 = 5).

Urospermum picroides Reichardia picroides

DW (%) LMA (mg cm~2) DW (%) LMA (mg cm—2)
Salinity (S) ns ns ns xEk
CrOpplng SyStem (C) *%% et %% %%
S X C *%% bt ns k%%
Salinity level Greenhouse—Pots (GP)
EC-2 (control) 720 £ 045 at 3.11+022b 6.20 =045 a 3.75+0.13b
EC-5 6.80 £ 0.84 a 326+022b 5.00 £0.01b 332+0.16¢
EC-10 740 £0.55a 379 £0.38a 6.25+0.50 a 402+022a
Greenhouse—Floating hydroponics (FH)
EC-2 (control) 6.00 £0.01b 3.05+0.19Db 6.20 = 0.84 a 414 +0.17Db
EC-5 6.25 £ 0.50 b 298 £0.23b 720+ 130a 4.60 £0.27a
EC-10 7.00+£0.01a 349 £0.27a 6.40 £ 0.55a 417 +0.24b
Field—Pots (FP)
EC-2 (control) 9.00£0.71a 476 £0.37 a 720+ 1.10a 575+0.11b
EC-5 820+ 0.84a 443 +0.36 ab 6.80 =045 a 6.38 £ 0.05a
EC-10 7.00 £ 0.01b 4.02+0.36Db 700+ 0.71a 6.52 £ 043 a

t: in the same column and for the same cultivation system followed by the same letter results do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; ***: significant difference at 0.001;
ns: not significant.

Table 4. Effect of salinity on the total soluble solids content (TSSC; °Brix) and titratable acidity (TA;
g malic acid 100 g~! f.w.) of leaves of the tested species grown under different cropping systems
(mean £+ S.D.; n =5).

Urospermum picroides Reichardia picroides

TSSC TA (g Malic TSSC TA (g Malic
(°Brix) Acid 100 g—1) (°Brix) Acid 100 g—1)
Salinity (S) wHx ** ns ns
Cropping system (C) * ns > ns
SxC ns * * ns
Salinity level Greenhouse—Pots (GP)
EC-2 (control) 2.35 4+ 0.17 bt 0.074 £0.015a 240+0.27 a 0.057 £ 0.005 a
EC-5 274+ 0.27 a 0.050 £ 0.005 b 214 +0.27 a 0.046 £ 0.010 b
EC-10 298 +0.20a 0.070 & 0.009 a 246 +0.26 a 0.058 £ 0.009 a
Greenhouse—Floating hydroponics (FH)
EC-2 (control) 226+0.23b 0.053 £ 0.006 b 234+022b 0.054 +0.009 a
EC-5 244 +029b 0.059 £ 0.011 ab 3.06 +£0.15a 0.059 £ 0.007 a
EC-10 323+033a 0.068 + 0.007 a 2.88 +0.28 a 0.058 + 0.014 a
Field—Pots (FP)
EC-2 (control) 318+ 0.54a 0.078 £ 0.015a 270+ 0.31a 0.057 £ 0.006 a
EC-5 297 £0.55a 0.055 £ 0.012b 230+ 0.38 a 0.059 £+ 0.012 a
EC-10 3.54+0.59 a 0.056 £ 0.007 b 248 £0.29 a 0.061 £0.013 a

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
**: significant difference at 0.01; ***: significant difference at 0.001; ns: not significant.

3.2.2. Pigments Content (Chlorophylls and Carotenoids)

The content of pigments (chlorophylls and carotenoids) in the leaves of the studied
species was variably affected by salinity and cropping system (Table 5). Chlorophylls con-
tent in U. picroides was negatively affected only by moderate salinity (EC-5) in greenhouse-
grown plants (pots and hydroponic cultivation), while no effect was recorded for field-
grown plants. Moreover, a similar trend was recorded for hydroponic cultivation where
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the EC-5 treatment significantly reduced carotenoids content, while for pot grown plants
(GP and FP) both salinity levels (EC-5 and EC-10) significantly reduced carotenoids content
compared to the control treatment (except for in the case of GP plants where the EC-10
treatment did not differ significantly from the control treatment). Regarding the pigments
content of R. picroides plants, salinity did not affect chlorophylls contents in both the FH
and FP systems, while high salinity (EC-10) significantly increased the chlorophylls content
compared to the control and the EC-5 treatments (Table 5). Moreover, carotenoids content
was increased under moderate and/or high salinity in greenhouse-grown plants (GP and
FH systems), whereas high salinity had a negative effect on the carotenoids content in
field-grown plants (FP system).

Table 5. Effect of salinity on the total chlorophylls (mg 100 g~! fresh weight (f.w.)) and carotenoids
(mg 100 g_l fresh weight (f.w.)) content in leaves of the tested species grown under different cropping
systems (mean & S.D.; n = 5).

Urospermum picroides Reichardia picroides

Chlorophylls Carotenoids Chlorophylls Carotenoids
(mg 100 g1 (mg 100 g1 (mg 100 g1 (mg 100 g—1
fow) fow) fow) fw)
Salinity (S) b i ns ns
Cropping system (C) ot * * ok
SxC ns ns ns ns
Salinity level Greenhouse—Pots (GP)
EC-2 (control) 111.1 £ 139 at 10.03 £2.14a 62.6+40Db 5.37 + 0.53 ab
EC-5 89.8 £16.7b 814+ 1.61b 557+ 85D 521+ 0.86b
EC-10 113.2+39a 9.00 & 0.88 ab 750+ 109a 622+ 0.62a
Greenhouse—Floating hydroponics (FH)
EC-2 (control) 89.0 £ 14.8b 9.05+0.55a 739+ 11.1a 5.68 £ 0.94b
EC-5 708 £3.2¢ 6.36 £ 0.81b 748+ 69a 759 +1.17a
EC-10 1029 +9.0a 949+139%a 747 +9.6a 6.87 £ 1.15ab
Field—Pots (FP)
EC-2 (control) 84.1+88a 10.45 £ 0.60 a 712+ 55a 8.32 +£0.92 ab
EC-5 789 £59a 8.85+0.61b 743 +10.0a 871+0.79a
EC-10 822+ 164a 8.88+0.74b 724+27a 7.39+£090b

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
***: significant difference at 0.001; ns: not significant.

3.2.3. Total Phenolic Compounds and Proline Content

In both species a variable effect of salinity and the cropping system on total phenolic
compounds (TPC) and proline content was recorded (Table 6). In particular, TPC content
in U. picroides plants was significantly higher under high salinity in the GP system, while
the control treatment resulted in the highest TPC content in the case of the FP system.
For plants grown in the hydroponic system, both the control and high salinity treatments
resulted in the highest TPC content. The proline content of the same species was the highest
under high salinity conditions, regardless of the cropping system. On the other hand,
salinity did not affect the TPC content of R. picroides plants grown in the GP system, while
the EC-5 and the control treatment resulted in the highest TPC content for the FH and FP
systems, respectively (Table 6). Moreover, the proline content of R. picroides plants was also
the highest under high salinity conditions in all the tested cropping systems.
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Table 6. Effect of salinity on the total phenolic compounds (TPC; mg GAE 100 g~ ! fresh weight (f.w.))
and proline (umole proline g1 f.w.) content in leaves of the tested species grown under different
cropping systems (mean + S.D.; n = 5).

Urospermum picroides Reichardia picroides

TPC(mg GAE P“’;‘“efl TPC (mg GAE  Proline (umole
100 g1 f.w.) MO o\E 100 g1 f.w.) g 1fw)
W)

Salinity (S) ns *

Cropping system (C) k% *% *% w3

S >< C %3 ns X %o

Salinity level Greenhouse—Pots (GP)

EC-2 (control) 470+£50bt 0158 +£0.046c  50.1+54a 0448 +0.009b
EC-5 4924+84b  04824+0112b  455+91a 0394 +0110b
EC-10 598+83a  1.053+£0129a  51.84+35a  0578+0.144a

Greenhouse—Floating hydroponics (FH)

EC-2 (control) 404+31a 0.137 £ 0.034 ¢ 628 +5.7Db 0.028 £ 0.006 ¢

EC-5 289 +45b 0.248 £ 0.019b 91.0+8.7a 1.010 £0.120b

EC-10 369+0.7a 0.720 4+ 0.083 a 65.3 +105b 1.444 £ 0228 a
Field—Pots (FP)

EC-2 (control) 139.8 £ 6.7 a 0.195 £ 0.045b 1655+ 11.0a 0.118 £ 0.018 b

EC-5 1278 £59b 0.301 £ 0.025b 148.8 £83b 0.142 £ 0.014b

EC-10 1126 + 11.5¢ 0.949 £ 0.140 a 136.8 £10.8b 0.383 +0.049 a

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
**: significant difference at 0.01; ***: significant difference at 0.001; ns: not significant.

3.2.4. Antioxidant Activity

Regarding antioxidant activity, a variable response to salinity and the cropping system
was recorded in both species for the studied assays (Table 7). In particular, antioxidant
activity for the TEAC assay was the highest under high salinity conditions in the case of
U. picroides plants, regardless of the cropping system, while moderate salinity recorded
the highest TEAC values in R. picroides plants grown under the FH and FP systems. In
contrast, no significant effect was observed for R. picroides plants grown in the GP system.
On the other hand, the FRAP assay did not show consistent results for both species and
it either decreased under moderate salinity in the GP system, or increased in the case of
the control treatment and high salinity for plants of the same species grown in the FH and
FP system, respectively. A variable effect was also recorded in R. picoides plants where
the highest values were observed for the control (FP system), the EC-5 (FH system) or the
EC-10 treatment (GP system).

3.3. Nitrate Content

In both species, the effect of salinity on the accumulation of nitrates in leaves was
variable among the different growing systems (Figure 1). In particular, the control treatment
recorded the highest nitrate content in U. picroides plants grown in the GP and FP system,
whereas no significant effect of salinity was recorded for the hydroponic system (FH). On
the other hand, salinity had a significant effect on the nitrate content of R. picroides plants
grown under the GP system, whereas no significant effect was recorded for the FH and FP
cropping systems (Figure 1).
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Table 7. Salinity effect on the antioxidant activity of leaves of the tested species grown under different

cropping systems (mean =+ S.D.; n = 5) assayed by the TEAC (mmol Trolox 100 g~ ! fresh weight
(f.w.)) and FRAP (mg ascorbate 100 g*1 f.w.) methods.

Urospermum picroides

Reichardia picroides

TEAC (mmol FRAP (mg TEAC (mmol FRAP (mg
Trolox Ascorbate Trolox Ascorbate
100 g~ 1 f.w.) 100 g~ 1 f.w.) 100 g~ 1 f.w.) 100 g~ 1 f.w.)
Salinity (S) ns i i *
CI‘Opplng System (C) bt R 3% 4%
S X C ns EEE3 *3% e

Salinity level Greenhouse—Pots (GP)

EC-2 (control) 7.35 + 1.68 bt 5812 +9.90 a 1250 +1.23 a 32.39 +4.37b
EC-5 8.81+£190b 48.70 £5.55b 12.96 + 0.88 a 33.80 +1.18 b
EC-10 12.68 =246 a 60.27 +295a 12.67 2094 a 39.49 + 443 a

Greenhouse—Floating hydroponics (FH)

EC-2 (control) 6.01 £0.70b 4118 +4.64 a 13.80 £1.04b 4414 +595b
EC-5 5.98 +0.70 b 32.14 +5.87b 1558 =141 a 7397 + 6.59 a
EC-10 8.19 £0.77 a 30.43 +0.51b 14.30 == 1.15 ab 39.04 +7.61b

Field—Pots (FP)

EC-2 (control) 28.75+4.40b 1243 +219b 37.19 +3.88 ¢ 157.7 £ 139 a
EC-5 24.86 +7.58 b 121.4 +28.7b 4500+ 1.84a 1239 +19.4b
EC-10 4434 £229a 2223 +39a 4093 +£295b 110.3 £ 15.0b

t: Means in the same column and for the same cultivation system followed by the same letter do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level; *: significant difference at 0.05;
**: significant difference at 0.01; ***: significant difference at 0.001; ns: not significant.

NO; concentration (mg kg™ f.w.)

Urospermum picroides Reichardia picroides
14,000 14,000
M EC-2 (control) — a M EC-2 (control)
12,000 HECS 2 12,000 HECS
- b
10,000 EC-10 ¥ 10000 c a 2, EC-10
o0 -
E 1
8,000 a = 8,000 1 1
o
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c
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I, ¢ ‘ S a o @
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| IE T
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Figure 1. Salinity effect on the concentration of nitrates (mg NO3;~ kg*1 fresh weight (f.w.)) of the
tested species grown under different cropping systems (mean £ S.D.; n = 5); different letters above
columns indicate significant differences among salinity levels in each cultivation system according
to the Duncan’s Multiple Range test at 5% significance level; vertical lines above bars indicate SD
values.

3.4. Gas Exchange and Chlorophyll Fluorescence

The net photosynthetic rate of U. picroides plants grown in pots, either in the field or
in the greenhouse was not affected by salinity; however, in the floating system (FH), EC-5
resulted in the lowest values of the net photosynthetic rate (Figure 2A). Similarly, salinity
did not affect the net photosynthetic rate in R. picroides plants grown in the GP system,
whereas high salinity conditions (EC-10) had significantly lower values compared to the
EC-5 treatment (Figure 2A).

Regarding stomatal conductance, salinity had no effect on U. picroides plants, regardless
of the cropping system, whereas in R. picroides plants, EC-10 significantly reduced stomatal
conductance values compared to the control and EC-5 treatment in all cropping systems
(Figure 2B). Similarly, the transpiration rate of U. picroides plants was not affected by salinity
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in any of the studied growing systems, whereas a lack of a salinity effect was recorded
for R. picroides plants grown in the hydroponic system; in contrast, the EC-10 treatment
reduced the transpiration rate in relation to the control and the EC-5 treatment (GP system)
or only in the control treatment (FP; Figure 2C).

Urospermum picroides B Reichardia picroides
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Figure 2. Salinity effect on the net photosynthetic rate (umol CO, cm~2 g7 1; A, B), stomatal con-
ductance (mol H,O cm~2s~1; C,D) and transpiration rate (mmol H,O cm 2 s71; E,F) of the tested
species grown under different cropping systems (mean & S.D.; n = 5); different letters above columns
indicate significant differences among salinity levels in each cultivation system according to the
Duncan’s Multiple Range test at 5% significance level; vertical lines above bars indicate SD values.

Regarding the maximum quantum efficiency of PSII primary photochemistry, no
significant effects of salinity were recorded for both plant species, regardless of the cropping
system, except for in the case of R. picroides plants grown in the hydroponic system (FH)
where a significant reduction was recorded for the highest salinity level (Table 8).

3.5. Principal Component Analysis (PCA)

The principal component analysis (PCA) was conducted to identify groups and high-
light similarities and differences between the experimental treatments in multivariate data.
Our analysis showed that in the case of U. picroides the first four principal components
(PCs) were associated with Eigen values higher than 1 and explained 88.1% of the cumu-
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lative variance, with PC1 accounting for 44.4%, PC2 for 18.9%, PC3 for 13.7% and PC4
for 11.1%. In particular, PC1 was positively correlated with FRAP, LMA, proline content,
TEAC, TPC and TSSC, whereas it was negatively correlated with E-transpiration, Fv/Fm,
FW, gs-conductance, leaf area and leaf number. On the other hand, PC2 was positively
correlated with carotenoids, chlorophylls, DW%, leaf area, leaf number and TA, whereas
it was negatively correlated with FRAP. Finally, PC3 was positively correlated with FW,
whereas a negative correlation was recorded for carotenoids and proline content. Therefore,
PCA allows the discrimination of the tested factors as presented in the respective scatter-
plots and loading plots. The scatterplot in Figure 3 shows four distinct groups for the tested
cropping systems and salinity levels based on the crop performance, chemical composition,
and physiological attributes of U. picroides plants.

Table 8. Salinity effect on the maximum quantum efficiency of PSII primary photochemistry of the
tested species grown under different cropping systems (mean £ S.D.; n = 5).

Maximum Quantum Efficiency of PSII (Fv/Fm)

Salinity level Urospermum picroides

Greenhouse—Pots (GP)
EC-2 (control) 0.839 + 0.002 at 0.833 £ 0.006 a
EC-5 0.832 + 0.007 a 0.833 + 0.006 a
EC-10 0.829 £ 0.008 a 0.832 £0.013 a

Greenhouse—Floating hydroponics (FH)
EC-2 (control) 0.844 + 0.005 a 0.828 4 0.006 a
EC-5 0.833 £0.004 a 0.831 £ 0.012a
EC-10 0.831 £0.010 a 0.816 £ 0.009 b

Field—Pots (FP)
EC-2 (control) 0.825 £0.014 a 0.817 £0.035 a
EC-5 0.830 + 0.012 a 0.826 &+ 0.010 a
EC-10 0.823 4+ 0.005 a 0.814 +0.022 a

t: in the same column and for the same cultivation system followed by the same letter results do not significantly
differ according to the Duncan’s Multiple Range test at 5% significance level.

Reichardia picroides
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Figure 3. Three-dimensional scatterplot of principal components 1, 2, and 3 for Urospermum picroides.

Moreover, the loading plot of the first two components also revealed groups of posi-
tively correlated variables (Figure 4). In the upper left quadrant were the nitrate, chloro-
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phylls, DW, leaf number, leaf area, Fv/Fm and FW; in the lower left quadrant were the
gs-conductance and E transpiration; in the upper right quadrant were the carotenoids, TA,
A-net photosynthetic rate, DW%, LMA, and TPC; and in the lower right quadrant were the
TEAC, FRAP, TSSC and proline content.
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Figure 4. The loading plot of principal components 1 and 2 for Urospermum picroides.

The loading plot of PC1 and PC3 correlated variables is as follows: in the upper left
quadrant were the nitrate, Fv/Fm, FW and leaf area; in the lower left quadrant were the
leaf number, DW, E-transpiration, gs-conductance and chlorophylls; in the upper right
quadrant were the TPC, FRAP, TEAC, LMA, DW% and A-net photosynthetic rate; and in
the lower right quadrant were the TSSC, carotenoids, TA and proline (Figure 5).
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Figure 5. The loading plot of principal components 1 and 3 for Urospermum picroides.

In the case of R. picroides, the first four principal components (PCs) were associated
with Eigen values higher than 1 and explained 78.0% of the cumulative variance, with PC1
accounting for 41.3%, PC2 for 19.0%, PC3 for 11.6% and PC4 for 6.1%. In particular, PC1 was
positively correlated with nitrate and proline content, whereas it was negatively correlated

with carotenoids, DW, FRAP, FW, leaf number, LMA, TEAC and TPC. On the other hand,

PC2 was positively correlated with FW, leaf area and leaf number, whereas it was negatively
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correlated with chlorophylls, DW%, E-transpiration, proline and TSSC. Finally, PC3 was
positively correlated with A-net photosynthetic rate, DW%, E-transpiration, FRAP, gs-
conductance, TPC and TSSC, whereas it was not negatively correlated with any of the
tested variables. Therefore, PCA allows for the division of the tested factors as presented in
the respective scatterplots and loading plots. The scatterplot in Figure 6 shows four distinct
groups of the tested cropping systems and salinity levels based on the crop performance,
chemical composition, and physiological attributes of U. picroides plants.

Scatterplot
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Figure 6. Three-dimensional scatterplot of principal components 1, 2, and 3 for Reichardia picroides.

Moreover, the loading plot of the first two components also revealed groups of posi-
tively correlated variables (Figure 7). In the upper left quadrant were the leaf area, FW, DW,
leaf number and gs-conductance; in the lower left quadrant were the TEAC, LMA < FRAP,
TPC, carotenoids, DW% and chlorophylls; in the upper right quadrant were the Fv/FM, A-

net photosynthetic rate and nitrate; and in the lower right quadrant were the E-transpiration,
proline and TSSC.
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Figure 7. The loading plot of principal components 1 and 2 for Reichardia picroides.

The loading plot of PC1 and PC3 correlated variables as follows: in the upper left
quadrant were the gs-conductance, FRAP, TPC, carotenoids, DW% and chlorophylls; in the
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lower left quadrant were the leaf number, TEAC, LMA, DW, FW, leaf area and TA; in the
upper right quadrant were the A-net photosynthetic rate, E-transpiration, Fv/Fm, nitrate
and TSSC; and in the lower right quadrant was proline only (Figure 8).
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Figure 8. The loading plot of principal components 1 and 3 for Reichardia picroides.

4. Discussion

During the last few years, there has been an increasing amount of evidence regarding
the response of wild edible species (WEPs) to environmental conditions and agronomic
practices, especially regarding their resilience to adverse/stressful soil and climatic fac-
tors [17,64]. However, despite prolific scientific research there is still a lack of information
that could serve in aiding the domestication and exploitation of WEPs as complemen-
tary/alternative crops in existing farming systems. In that sense, the present study aimed
at providing more insight on the salinity response in relation to the growth environment
(greenhouse vs. field) and the cultivation system (soil vs. hydroponics) for two wild edible
greens, Urospermum picroides and Reichardia picroides, that have gained much attention
recently mostly due to their health-promoting properties and the high nutritional value.

Regarding plant growth and yield, in both species high salinity (EC-10) significantly
reduced the number, area, and fresh and dry weight of the leaves of greenhouse-grown
plants (GP and FH cropping systems) in comparison to the control treatment, with only
a few exceptions showing no effect (the dry weight of the leaves of R. picroides in the GP
system). On the other hand, the highest EC level had a less intense effect on field-grown
plants, especially in the case of R. picroides where no effect was recorded for the EC-10
treatment in all growth and yield parameters. This could be attributed to the fact that plants
grown in pots in the field received 30% less frequent irrigation and therefore less NaCl
than plants grown in pots in the greenhouse, due to the lower temperatures that prevailed
outdoors, as well as due to rainfalls which led to the partial leaching of NaCl from the
pots in the field, thus avoiding the build-up of salts in the growing medium. Moreover, for
plants grown under the same environmental conditions (GP and FH cropping systems)
a varied response was recorded with moderate salinity (EC-5) depending on the species,
showing no significant differences or higher values compared to the control treatment for
most of the studied parameters (e.g., leaf area, fresh and dry leaf weight of U. picroides in
the FH system; leaf number and leaf fresh weight of R. picroides in the GP system). These
findings indicate the varied adaptation mechanisms of the studied species to salinity stress
depending not only on the environmental conditions but also on the cropping system.

Several studies have demonstrated that wild edible greens are relatively tolerant to
NaCl; however, their response to salinity depends on the species, the salinity level, the
duration of the crop and the growing season [17,64,65]. For example, the fresh and dry
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weight of R. picroides plants grown in a floating hydroponic system were not affected when
subjected to 5.0 dS m~! NaCl for 4 weeks after transplantation, whereas the fresh weight of
6-week-old plants was negatively affected by salinity [23]. Similarly, the addition of NaCl in
the nutrient solution up to 6.0 dSm ™! had no effect on R. picroides grown in a floating system
but impaired Taraxacum officinale growth parameters [29]. Moreover, the growth of wild
chicory (Cichorium intybus) plants was not seriously decreased at 10.0 dS m~! NaCl [66],
whereas growth characteristics of U. picroides were severely impaired at 6.0 dS m~! and
10.0dSm™! compared to the control treatment (2.0 dS m~!; no NaCl addition) [30].

Our results suggest that the cropping system and environmental conditions play a
significant role in the growth of the tested species under saline conditions. In particular, the
impact of NaCl on plants varied not only between field and greenhouse conditions, thus
indicating environmental, climatic and spatial effects [67], but also between cultivation
in pots and the floating system in the greenhouse, indicating an additional consequence
of the cultivation method on the NaCl effect. The positive effects of moderate salinity
on growth parameters in both species grown in floating hydroponics could be associated
with the better availability of nutrients compared to in pot-grown plants which facilitated
the adaptation to saline conditions and the alleviation of any stress effects [50]. Similarly,
Papadimitriou et al. [68] also indicated the resilience of Scolymus hispanicus plants grown
in a soilless system to moderate salinity stress. Another possible explanation for the
differences observed between pot and hydroponically grown plants could be the gradual
increase in NaCl concentration in pots compared to hydroponic system where the nutrient
solution was regularly replenished, thus preventing the build-up of salts. As mentioned
by Papadimitriou et al. [68], the growing of plants in substrates (e.g., perlite) results in
increased EC values of the drainage which significantly affects the nutrients and water
uptake and eventually plant growth.

Based on the present results, it could be suggested that R. picroides is more resilient to
salinity stress than U. picroides when grown in pots, especially at the highest studied NaCl
levels (i.e., 10.0 dS m~1), since the fresh and dry weight of the leaves were impaired to a
higher extent. On the other hand, a contrasting trend was recorded for the hydroponic
system, where the fresh and dry weight of U. picroides leaves decreased to a lesser extent
compared to R. picroides, while the percentage of dry weight (DW %) and leaf mass per
area increased under high salinity conditions. These findings are in agreement with the
reports of Alexopoulos et al. [29,30] who highlighted the susceptibility of U. picroides
and the relative tolerance of R. picroides to high salinity levels (10.0 dS m™!) in a floating
hydroponic system similar to our study. These authors reported that the variable response
of the studied species to salinity stress could be attributed to differences in their capacity to
efficiently overcome the limited availability of water in the rootzone due to osmotic effects;
a mechanism commonly observed in salinity studies of sensitive and moderately tolerant
species [69]. Moreover, a meta-analysis study suggested a positive correlation between leaf
mass area and increasing salinity [70], which was not always the case in our study (e.g., for
R. picroides and U. picroides plants grown in the FH and FP systems, respectively) indicating
that changes in leaf morphology (production of smaller and thicker leaves) is not always the
preferred mechanism for plants to avoid salinity stress [71]. This could be justified by the
findings of our study regarding the R. picroides plants grown in the FP system where high
salinity did not affect either the fresh biomass yield or the leaf number, the leaf area or the
leaf mass per area. Therefore, other tolerance mechanisms could be postulated involving
physiological and molecular processes, ion homeostasis, root morphology, etc. [69].

In general, the leaf TSSC in plants treated with NaCl-supplemented nutrient solution
was either increased, or remained unaffected, e.g., the FP system for both species or the GP
system for R. picroides. However, no significant correlation between TSSC and DW% was
observed in both species, suggesting that any increase in TSSC due to salinity was not a
result of the concentration. On the other hand, a variable effect was recorded regarding the
TA of the plants grown under different growing systems and salinity levels. Although mild
salinity is recognized as eustressor in fruit vegetables [72], its effect on taste characteristics
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such as the TSSC and TA in leafy vegetables and wild greens in particular is highly variable
and shows no correlation with the tolerance or susceptibility of the species to salinity.
According to the studies of Alexopoulos et al. [29,30], NaCl-induced salinity stress at EC
values up to 10.0 dS m~! had no effect on the leaf TSSC of Taraxacum officinale and R.
picroides, but resulted in an increase in TSSC in U. picroides and Hedypnois cretica plants
grown in a floating hydroponic system. Moreover, in the same studies it was reported that
increasing the salinity up to 10.0 dS m~! had a positive effect on TA in Taraxacum officinale,
R. picroides and H. cretica plants but not in U. picroides. In contrast, Petropoulos et al. [17]
indicated a decrease in free sugars content in spiny chicory (CIchorium spinosum L.) leaves,
while Klados and Tzortzakis [16] noticed increased bitterness and sourness in the leaves
of the same species with increasing salinity (up to 12.0 dS m~! NaCl). Moreover, in
lettuce (Lactuca sativa L.), which is considered a moderately sensitive to NaCl-induced
salinity species [73], leaf TSSC was doubled at 12.6 dS m ! in red lettuce [74], increased at
4.5dS m~! in iceberg lettuce [75] or remained unaffected by 2.0 dS m~! NaCl in red and
green looseleaf lettuce grown in floating hydroponics [76]. Regardless of these findings,
unlike fruits, the concentration of organic acids in the studied leafy greens is very low and
comparable to levels found in related species collected in the wild like Cichorium intybus
and Taraxacum obovatum [77]; thus, organic acids do not significantly contribute to the taste
of the studied edible greens and saline conditions are not expected to induce severe changes
in the organoleptic properties of cultivated plants as soon as salinity levels do not exceed
species-specific thresholds.

The concentration of pigments presented a variable response to salinity and the
growing system. It is interesting to highlight that high salinity did not affect chlorophylls
content in any of the studied species and growing systems, whereas a negative effect
on carotenoids content was recorded only in the case of pot-grown plants under field
conditions. In any case, the changes in pigments content induced by NaCl had practically
no effect on the visual appearance and the green color of the leaves. In contrast, it is
reported that mild salinity stress increased the concentration of chlorophylls and/or green
color intensity in a number of green vegetables (e.g., spinach at 2.0 dS m~! NaCl—[78]; wild
rocket at 3.5 dS m~! [79])). On the other hand, 6.0 dS m~! NaCl reduced the chlorophyll
content in spinach [80] whereas in lettuce a much lower NaCl level of 2.5 dS m~! was
detrimental for SPAD index values and chlorophyll fluorescence [81]. Differences in the
NaCl effect on the concentration of photosynthetic pigments have also been reported in
wild greens, as there was no effect of NaCl up to 10.0 dSm ™! in R. picroides, U. picroides and
Hedypnois cretica grown in a floating hydroponic system [23,29,30], or in Cichorium spinosum
under 2.0 and 4.0 dS m~! NaCl [17], whereas in Amaranthus lividus a reduction of total
chlorophylls and green color was obvious at 5.0 dS m~! NaCl [82]. However, the severity
of salt stress is determined by the salt tolerance of the species, the growth stage of the plant,
the period and the method of stress application; therefore, contrasting results should be
expected among reports in the literature.

Moreover, based on our results no active participation of carotenoids was observed as
part of a resistance strategy to increase salinity considering the chlorophyll to carotenoid
ratios, whose changes were small and inconsistent to the salinity gradients). Other studies
also report that increased salinity did not affect or show contrasting results in terms of
carotenoids content in the case of leafy vegetables such as lettuce [83,84] or spinach [78,85].

Several studies have reported the beneficial effects of mild, moderate or even severe
NaCl-induced salinity stress on the biosynthesis of phenolic compounds in a number of wild
and/or cultivated leafy vegetables grown in soilless culture (e.g., Lactuca sativa—[86,87];
Cichorium spinosum—I[16,17]; Eruca sativa and Diplotaxis tenuifolin—[79]). However, in
our study, only U. picroides plants grown in the GP system at EC-10 and R. picroides
grown in the FH system at EC-5 exhibited an increase in TPC compared to the control
treatment, whereas in the rest of the treatments either no effect or a reduction of TPC
under high salinity conditions was observed. Although salinity stress is associated with
the induction of the secondary metabolism and the de novo biosynthesis of phenolic
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compounds in plants [88,89], several environmental and cultural factors, including the
severity and duration of the stress, the growth stage at which plants were subjected to stress
and the genotype may differentiate the response of plants in terms of phenolic compounds
production. This finding is confirmed by Alexopoulos et al. [29,30] who indicated the
varied response of four wild edible species grown in a floating hydroponic system under
saline conditions (2.0, 6.0 and 10.0 dS m~!), while Maggini et al. [23] found a significant
interaction between the tested factors, namely the harvesting stage (4 and 6 weeks after
transplantation) and salinity level (0-10.0 dS m~! NaCl) on the TPC content of R. picroides
plants grown in a floating hydroponic system.

Nevertheless, field-grown plants of both species presented considerably higher TPC
values, regardless of the EC level, indicating that growing conditions in the field (e.g.,
lower temperatures, UV radiation and precipitation) may induce the secondary metabolism
and phenolics accumulation to a greater extent than salinity itself. Similarly, Hamilton
and Fonseca [90] reported the varied response of TPC content in three leafy vegetables
(Diplotaxis tenuifolia, Eruca sativa, and Lepidium sativum) depending on the salinity level
(EC: 1.5 t0 9.5 dS m~1!) and the cultivation period (March to June) suggesting that levels
higher than the tested ones (9.5 dS m~!) might be needed to define the tolerance threshold
of the studied species. On the other hand, Bonasia et al. [79] highlighted the importance
of the cultivation system (ebb and flow and floating system), salinity level (2.5, 3.5 and
4.5 dS m~') and the genotype of wild rocket, while they considered the moderate salinity
level (3.5 dS m~!) the most preferable to obtain high yields and high quality end products.

Similarly, Ceccanti et al. [41] reported higher TPC values in Cichorium intybus, Picris
hieracioides and Sansquisorba minor, but not in Plantago coronopus and Rumex acetosa plants
grown in the field compared to soilless cultivation and cultivation in the greenhouse
in pots. In contrast to our study, Oh et al. [91] reported a higher TPC as well as the
content of individual phenolic compounds (i.e., chicoric acid and chlorogenic acid), and a
greater activation of key genes involved in the biosynthesis of phenolic substances, ascorbic
acid and o-tocopherol in lettuce plants grown in the field than those in high tunnels,
thus indicating the importance of the cropping system on the biosynthesis of bioactive
compounds in leafy vegetables.

In both species, TAA did not follow the response of TPC to the experimental factors
of this study (salinity level and cropping system), while a differential response of TAA to
salinity and the cropping system was recorded, depending on the assay used (TEAC or
FRAP). Despite that, Pearson’s correlation coefficients between TEAC-FRAP, TEAC-TPC
and FRAP-TPC were significant and higher than 0.8 in all cases, reaching 0.99 between
TEAC-TPC in R. picroides and between TEAC-FRAP in U. picroides. Although high positive
correlations of TEAC (ABTS), DPPH, FRAP and TPC have been reported in various plant
and food matrices [92-95], large differences in TAA values have been repeatedly reported
among different antioxidant activity assays in a number of plants, including vegetables
and wild edible species; therefore, the implementation of at least two different methods
for TAA determination is advised [96-98]. Moreover, the results of our study indicate
that field-grown plants of both species presented higher TAA values than those cultivated
in the greenhouse, suggesting that the growth environment may have a greater impact
than salinity level on the studied species. Similarly, pak choi plants cultivated in the field
in conventional or organic farming systems recorded higher ORAC values than plants
cultivated in high tunnels [99].

The overall response of the studied species to salinity shows that the content of
their total antioxidants, as well as taste components and pigments, varied depending on
the cropping system. In particular, Urospermum picroides recorded an increased content
of TSS, TA, chlorophylls, carotenoid, TPC and antioxidant activity (TEAC assay) when
grown under greenhouse conditions, thus indicating a positive eustress of salinity on this
particular species by improving its functional quality. On the other hand, the results for R.
picroides do not justify the beneficial effect of salinity on the antioxidant- and taste-related
compounds which could be due to the higher resistance of this species due to tolerance
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mechanisms that allow plants to overcome NaCl-induced salinity stress without inducing
their antioxidant defense system. It is well established that several wild edible species are
resilient to unfavorable environmental conditions such as salinity stress, especially those
that are usually found in coastal areas [17,23,33].

On the other hand, field conditions effectively activated the secondary metabolism,
leading to the accumulation of phenolics and to a substantially higher TAA in relation to
greenhouse-grown plants. Maggini et al.’s study [22] also reported the lack of response of R.
picroides’ TAA and TPC to salinity, especially in a coastal-salinity tolerant ecotype, whereas
the greenhouse-cultivated plants of two ecotypes had a lower content of anthocyanins and
phenol glycosides compared to those harvested from the wild.

Moreover, in agreement with our results they also found that in the coastal salt-tolerant
ecotype salinity stress did not restore the nutraceutical properties of cultivated plants to the
levels of those harvested from the wild which makes questionable this cultivation practice
as a means to improve the functional quality of wild edible species under commercial
cultivation conditions.

The gradual increase in proline content under high salinity conditions in both species
and for all the cropping systems (except for the GP system in R. picroides plants where
the increase was not statistically significant) indicates that plants were subjected to stress
that induced their defense system through the production of proline. A similar finding
was reported by Alexopoulos et al. [29,30], who also indicated that increasing salinity up
to 10.0 dS m~! induced the accumulation of proline in U. picroides and R. picorides plants
grown in a floating hydroponic system.

Similarly, Sergio et al. [66] recorded a gradual increase in the content of proline
in wild chicory plants with increasing amounts of NaCl in the irrigation water (0 to
20.0 dS m~! NaCl). Proline accumulation is considered a valid indicator of stress conditions,
since excessive proline content is usually found in plants subjected to stress and it is
pivotal to stress relief through its activity as an osmolyte, and as a defense and signaling
molecule [100]. Our data indicate that the increased content of proline did not always
alleviate the negative effects of salt stress, especially in the case of U. picroides plants where
a significant decrease in the fresh yield was recorded in all studied cropping systems. On
the other hand, in R. picroides plants the highest increase in proline content compared to the
control treatment was recorded under high salinity in the FH system where a significant
decrease in fresh weight was also observed, while in the rest of the cropping systems (GP
and FP) where high salinity did not inhibit plant growth, a slight increase in proline was
recorded. Therefore, it could be suggested that in stress tolerant species such as R. picroides
proline accumulation may serve as a protective compound against salinity stress, whereas
in salt susceptible species such as U. picroides this defense mechanism is not sufficient to
mitigate the stress effects and other defense strategies could be also involved [101,102]. This
explanation could also be justified by the results of Alexopoulos et al. [29,30], who tested
four wild edible species under saline conditions and suggested that proline accumulation
is not proportionally associated to fresh yield reduction but depends on the species and
other possible mechanisms in the plant defense against stress.

The varied response of the tested species to salinity stress could be also justified by
the varied contents of total soluble solids and titratable acidity, antioxidant compounds
contents such as phenolic compounds and carotenoids and the antioxidant activity which
indicates that different mechanisms are involved under different cropping systems at high
salinity as, for example, with the U. picroides plants grown in the FH system, where the
high content of TSS and high titratable acidity are not accompanied by increased TPC
and carotenoids content compared to the control treatment but by increased proline and
TEAC antioxidant activity. On the other hand, the increased content of TSS in R. picroides
plants grown in the FH system under moderate and high salinity is followed by increased
carotenoids, TPC (especially in the EC-5 treatment) and proline (EC-10 treatment) content,
and high antioxidant activity in the TEAC and FRAP assays.
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Regarding the nitrates content of leaves, the effect of salinity was highly influenced by
the species, the growing system and the level of salinity. In contrast to previous reports of
nitrate reduction in both EC-6 and EC-10 in relation to the control treatment in U. picroides
plants grown in floating hydroponics [30], the results of our study showed a drastic
reduction in the nitrate concentrations of plants grown in pots either in the greenhouse or
in the field, whereas no salinity effect was recorded in the floating system (FH). In contrast,
the nitrate content in R. picroides decreased with increasing amounts of NaCl in the nutrient
solution only in the case of the GP system, whereas no significant effects were recorded
for the FH and FP cropping systems. Similarly to our study, Maggini et al. [23] did not
observe significant differences in nitrate content at high salinity conditions (10.0 dS m~!
NaCl) in R. picroides plants grown in a floating system when they harvested at 4 weeks after
transplantation, while a significant reduction was recorded when the harvest took place at
6 weeks after transplantation. Moreover, in contrast to our study, Alexopoulos et al. [29,30]
recorded a significant decrease in the nitrate content of R. picroides and U. picroides plants
grown in a floating system under high salinity conditions, although this decrease was
lower in the case of R. picroides (17% and 61% for R. picroides and U. picroides, respectively).
The same authors suggested that this lower capability of R. picroides plants to control
nitrate accumulation under saline conditions compared to U. picroides could be due to
the competition in absorption between NO3~ and CI~ ions from plants. According to El-
Nakhel et al. [103] and Di Mola et al. [35], the accumulation of C1~ in the nutrient solution
may result in reduced nitrate uptake and nitrogen deficiency. This response is repeatedly
demonstrated in many cultivated and wild species and is exploited in commercial soilless
cultivation to produce safer leafy vegetables [104], as nitrate is widely characterized as an
important anti-nutritional factor, particularly in leafy greens [105].

The regulation of nitrate accumulation in wild edible species through regulated EC
values in the nutrient solution could be of high value, as in agreement with previous re-
ports [106] our study suggests there is an excessive accumulation of nitrates in such species
under control conditions, especially when cultivated in the greenhouse and supplied with
adequate N [33]. Nonetheless, our results presented substantially lower nitrate concentra-
tions in field-grown plants for both species, at levels comparable to or considerably lower
than the lower limits of nitrates imposed by EC regulations for cultivated leafy vegetables
such as lettuce and spinach [107]. As previously mentioned, plants in the field received
30% less fertigation and therefore less N than in the greenhouse, where precipitation led to
leaching of NO3;™ from the growing substrate, hence, nitrate availability in plants grown in
the field was limited, resulting in reduced nitrate uptake and accumulation.

The majority of crop plants show a reduction in yield of 50-80% if grown under
moderate salinity levels corresponding to an EC of 4-8 dS m~! [108], with photosynthesis
impairment being the main cause for this loss [109]. Both species examined in the present
study, especially U. picroides, showed a relatively high tolerance to moderate to high levels
of salinity (EC-5 and EC-10) in terms of photosynthetic and transpiration rate, as well
as of stomatal conductance. On the other hand, photosynthesis parameters were mildly
reduced in R. picroides plants due to high salinity, while PSII photochemical efficiency was
not affected in any of the studied species and growing systems, with the sole exception
of R. picroides in hydroponics under EC-10. This finding indicates that hydraulic and/or
stomatal restrictions should be associated with the decline in photosynthetic rate. Indeed,
both the stomatal conductance and transpiration rate in this species were significantly
affected by the EC-10 salinity treatment in the GP and FP system, respectively, compared to
the control treatment.

5. Conclusions

In conclusion, it seems that the two plant species tested responded differently to
the salinity treatments but they both showed a lack of stress severity even at the highest
salinity tested (i.e., 10.0 dS m’l), despite the observed reduction in fresh yield in the
case of U. picroides in all the evaluated cropping systems and R. picroides in FH system.
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The significant maintenance of the operational efficiency of the photosynthetic machinery,
photosynthesis and stress-related metabolism, corroborates a significant salinity tolerance
against ionic stress due to adaptation or long-term acclimation. Adaptation seemed to
be more efficient in R. picroides plants since too few anatomical, biochemical and physio-
logical adjustments took place during growth under saline conditions, excluding proline
accumulation. Moreover, the reduction of yield in R. picroides was not associated with
the slight reduction in photosynthesis parameters probably due to absence of salinity-
mediated physiological modifications and stomatal limitations related to osmotic and/or
hydraulic perturbations. This differentiation and even contrasting response between yield
and photosynthesis under salinity is not uncommon in plants. The acclimation of the tested
species could be supported by anatomical and biochemical adjustments, e.g., the signif-
icant reduction in leaf area accompanied by an increase in leaf mass area in greenhouse
plants; the reduction in leaf number and leaf fresh weight; the significant accumulation of
total soluble solids and proline; or the increase in leaf antioxidant capacity, resulting in a
more stress-compatible leaf construction and the maintenance of vital leaf photosynthetic
functions. Therefore, it could be suggested that the integration of wild edible species in
commercial cultivation systems is a promising alternative to conventional crops since it
will allow cultivation under arduous conditions. However, further research is needed to
fine tune those agronomic practices to ensure high yield and quality of the final products,
as well as to evaluate the effect of abiotic stressors on the biochemical and nutritional
parameters of edible leaves.
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