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Abstract: This work attempts to identify which of two species with different levels of salinity tolerance,
Salvia officinalis L. or Asteriscus maritimus L., is more suitable for irrigation with reclaimed wastewater,
as well as the effect of the arbuscular mycorrhiza Glomus iranicum on the plant. The experiment was
carried out in a growth chamber with a first phase, where both species were irrigated with good
quality water, a second phase in which the plants were irrigated with reclaimed wastewater, and a
third phase in which the plants were irrigated with good quality water again (recovery). Salinity
caused a reduction in leaf water potential, stomatal conductance and net photosynthesis in both
species. The percentage of mycorrhization was higher in Asteriscus than in Salvia, mitigating the
decrease in leaf water potential. There was osmotic adjustment in Salvia, although the proline content
increased in both species. The damages produced were clearer in Salvia, in which lipid peroxidation
values were higher. Likewise, the visual appearance of the leaves showed symptoms of toxicity in
this species, although the mycorrhizae diminished these effects. Irrigation with good quality water
induced the recovery of lipid peroxidation in both species, as well as the appearance of new leaves
in Salvia.

Keywords: non-conventional irrigation; water status; photosynthetic efficiency; plant nutrition; growth

1. Introduction

Factors such as climatic variations, population growth and ineffective water manage-
ment practices have caused a great imbalance in the water availability in arid and semi-arid
regions [1]. Taking into account the importance of this resource, especially for crops and
plant development, the search of alternative sources to alleviate the water shortage is of
vital importance. One of the viable alternatives may be the use of marginal waters, such as
reclaimed waters. Technological advances in wastewater treatment in recent years have
meant that marginal waters can be considered suitable for agricultural irrigation and for
agricultural, industrial or environmental improvement purposes in areas with limited wa-
ter resources, such as is the case of the region of Murcia [2]. In the last mentioned example,
the use of these waters could be considered for the irrigation of ornamental plants for
landscaping purposes, in revegetation, urban gardening or leisure spaces [1,3,4]. Despite
the above-mentioned advances, these waters are generally characterized by having higher
levels of salts than conventional water, accompanied by changes in pH, alkalinity and
chemical substances [3], which can affect the growth, development and quality of plants.

Numerous investigations have studied the effects of salinity on plants. Excess salts,
either in the substrate or in the irrigation water, can affect the development of plants in
different ways, since the accumulation of salts lowers the osmotic potential, making it
difficult for the plant to absorb water and causing a water deficit. Moreover, there is an
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ionic effect, a consequence of the presence of toxic ions in plant tissues at concentrations
higher than some species can tolerate, which can cause toxicity and nutritional imbalances
and lead to oxidative stress. In general, among the effects of salinity on plants we may
mention a decrease in photosynthesis and growth, limitations in the leaf area, as well
as the synthesis of osmoprotective compounds such as proline [4]. The recovery from
saline effects through irrigation with good quality water is also important, as has been
described in several species; normally this is a situation that occurs naturally and is closely
related to the recovery of photosynthesis and capacity of the plants to repair damage to the
membranes [5,6].

According to their resistance to salinity, plants can basically be classified into two
groups [7]. Glycophytes are those species whose growth and development is inhibited
by a high concentration of salt, and halophytes that can easily survive in soils with rela-
tively high concentrations of NaCl (300–500 mM) because they have developed resistance
mechanisms [4,8,9]. For the present study we selected, on the one hand, Salvia officinalis,
which is a well-known ornamental and medicinal plant and is now extensively cultivated
around the world. It is characterized with specific antioxidant, spasmolytic, antimicrobial,
anti-hidrotic, astringent, and sensory activities [10]. However, its salt tolerance has not
been well-documented. On the other hand, we also studied a native halophyte of lands
surrounding the Mediterranean Sea, especially Spain, Asteriscus maritimus (L.), which is
considered as an useful species in revegetation programmes in Mediterranean areas affected
by salinity [8].

In addition to the physiological mechanisms of such plants, the symbiosis that plants
can establish with soil microorganisms and the benefits that this brings has also been
studied. One of the most relevant interactions studied is the association between plants
and mycorrhizal fungi [11], which is estimated to be present in 90% of terrestrial plants [12].
Specifically, the most common mycorrhizal associations are arbuscular, and comprise ap-
proximately two thirds of the associations present in terrestrial vascular species [13]. In the
present experiment the arbuscular mycorrhizal fungus Glomus iranicum var. tenuihypharum
was used. This species is characterized by an extensive mycelium network, improving
soil structure and tolerating high amounts of salts, all of which improves the transfer of
nutrients and water from the soil to the plant and the establishment of efficient symbio-
sis [14]. For this reason, it was considered to be of interest to know the role that the fungus
plays in the response of two species with different levels of salinity tolerance (S. officinalis
and A. maritimus) when irrigated with reclaimed wastewater. The effects of both variables
(irrigation water and mycorrhizae) were evaluated by reference to parameters such as
growth, water status and gas exchange, photosynthetic efficiency and lipid peroxidation
both in the saline irrigation conditions and when these were replaced by irrigation with
good water quality (recovery). Thus, more attention is required in terms of research on
aromatic and ornamental plants and mycorrhizae in order to improve the plant quality
when these plants are irrigated with alternative waters, which normally present elements
that can affect their development and physiological behavior.

2. Materials and Methods
2.1. Plant Material and Experimental Conditions

One hundred plants from the nursery (cultivated in multi-alveolar black polyethy-
lene trays with 50 × 50 × 115 mm/alveolus) were used, fifty Asteriscus maritimus (L).
Less. and fifty Salvia officinalis L., which were transplanted into 1.2 L pots containing a
commercial substrate (8:7:1, coconut fibre: Sphagnum peat: perlite). The substrate was
supplemented with Osmocote (14:13:13 N, P, K and microelements). After transplantation,
the plants were taken to a growth chamber, where they remained until the end of the exper-
iment (four months). The conditions in the chamber were established to promote optimal
plant growth: temperature, 23 ◦C/18 ◦C (day/night); photosynthetic photon flux density,
350 µmol m−2 s−1; photoperiod, 16 h/8 h (light/dark) and 60% relative humidity (RH).
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2.2. Treatments

At the beginning of the experiment, half of the plants of each species were inoculated
with the arbuscular mycorrhizal fungus Glomus iranicum var. tenuihypharum (15 g per
100 mL/plant). It is a commercial product (mixture of spores, mycorrhizal root fragments
and rhizospheric soil), isolated from an extremely saline soil, provided by the Symborg
Company. Inoculum of the AMF was multiplied as proposed by Fernández and Juárez [15].

During the three weeks after inoculation, all the plants were watered at field capacity
to ensure stabilization of the fungus. Then, half of the plants (mycorrhized and non-
mycorrhized) of each species were irrigated with reclaimed wastewater (RWW) (170.20 ppm
Na+ and 210.46 ppm Cl−) with an EC of 3.4–4.0 dS m−1 from the wastewater treatment
plant (WWTP) located in Roldán-Balsicas (Murcia, Spain). The rest of the plants were
irrigated with tap water with an EC of 0.8 dS m−1 (36.76 ppm Na+ and 39.07 ppm Cl−).
As a result, four treatments were obtained per species: plants watered with good quality
water, non-mycorrhized (control, C−), and mycorrhized (C+) and plants watered with
RWW, non-mycorrhized (RWW−) and mycorrhized (RWW+). The saline period lasted
seven weeks. After this period, the saline plants were watered under the same conditions
as the control plants for approximately four weeks (recovery period). The experiment was
divided into three phases based on the irrigation provided:

1. A first “pre-stress” phase, in which all the plants were watered with good quality
water (33 days; phase I).

2. A second phase of stress, in which half of the plants were irrigated with RWW (51 days;
phase II).

3. A final recovery phase (29 days; phase III), in which the plants were irrigated again
with good quality water.

2.3. Fungal Colonization

At the end of the experiment, the roots of six plants per treatment were removed from
the substrate and washed before staining to evaluate fungal development. The staining
process consisted of a first immersion in KOH in a water bath at 100 ◦C for 6 min, followed
by rinsing and a second immersion in H2O2. After washing again, it was stained with a
trypan blue bath for 15 min.

Once stained, a magnifying glass was used to determine the percentage of mycorrhiza-
tion, following the method described by Kormanik and McGraw [16]: the stained roots
were placed in plates for counting and 100 fields were observed, determining the positive
fields (colonized) and negative (not colonized). Finally, the percentage of colonization was
calculated by the following formula [17]:

% colonization =
number of colonized fields

total number of fields observed
× 100

2.4. Biomass and Leaf Area

At the end of both the saline (phase II) and recovery (phase III) phases, five plants
per treatment were extracted and separated into roots, stems and leaves. The fresh weight
(FW) was then determined and, after drying in an oven at 60 ◦C, the dry weight (DW)
was obtained.

In order to check whether the higher concentration of salts present in the RWW affected
the growth of leaves, the leaf area was also studied using a scanner (Area Meter AM 200,
ADC BioScientific Ltd., Hoddesdon, UK) throughout the experiment.

2.5. Substrate and Plant Mineral Content

At the end of the stress and recovery periods, the mineral content of both substrates
(five samples per treatment) and of plants (separated into leaves, stems and roots, five
plants per treatment) were analysed. For this, the macronutrient concentrations were
determined in a digester with HNO3 / HCl4 (2:1, v/v) using an inductively coupled plasma
optical emission spectrometer (ICP-OES IRIS INTREPID II XDL, Thermo Fisher Scientific
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Inc., Loughborough, UK). The concentration of Cl− in the aqueous extracts obtained was
analysed by a chloride analyser (Chloride Analyser Model 926, Sherwood Scientific Ltd.
Cambridge, UK) by mixing 100 mg of powdered dry sample with 40 mL of water before
shaking for 30 min and filtering.

2.6. Water Relations

Leaf water potential (Ψl) was measured periodically at maximum luminosity using
a pressure chamber (Soil Moisture Equipment Co., Santa Barbara, CA, USA, mod. 3000)
according to the method described by Scholander et al. [18]. The leaves were introduced
into the chamber and the pressure was increased at a rate of 0.03 MPa s−1 with nitrogen
gas, until a drop of sap appeared.

The osmotic potential (Ψs) was calculated with a Wescor 5520 vapour pressure os-
mometer (Wescor Inc., Logan, UT, USA.), calibrated with solutions of known osmolality [19].
The turgor potential (Ψp) was calculated as the difference between the leaf and osmotic
water potential.

To know the osmotic water potential at full turgor (Ψ100s) the leaves were immersed
in distilled water for 24 h at 4 ◦C in the dark. Subsequently, the same procedure described
for Ψs was followed, taking measurements periodically in five plants per treatment.

2.7. Gas Exchange and Leaf Temperature

Stomatal conductance (gs) and net photosynthesis rate (Pn) were determined with
a portable gas exchange meter, a LICOR 6400 (LI-COR Inc., Lincoln, NE, USA), making
the measurements at the same time and in the same plants in which the water relations
were measured. The measurement parameters were set at a CO2 concentration of 400 ppm,
with an airflow rate of 300 µmol s−1 and photosynthetically active radiation (PAR) of
1000 µmol m−2 s−1.

Leaf temperature (Tl) was obtained from thermal images taken with a thermographic
camera (ThermaCam FLIRe50 System, Inc., Danderyd, Sweden) periodically during the
experiment on five plants per treatment. The background temperature was calculated as
the radiation temperature in a wrinkled aluminium paper placed in a position similar to
that of the sheets of interest, setting the emissivity value at 1.0 [20]. The emissivity for the
measurement of the leaves was set at 0.96 [21]. Images were taken from a distance of 0.5 m
and processed with a ThermaCam Reacher Professional 2.10 FLIR QuickReport software.

2.8. Chlorophyll Fluorescence

Chlorophyll fluorescence measurements were carried out in three leaves per treat-
ment at the end of each phase by using a fluorimeter (IMAGINGPAM M-series, Heinz
Walz, Effeltrich, Germany). First, the leaves were adapted to darkness for 15 min to achieve
maximum stomata opening. Subsequently, the maximum and minimum fluorescence
values were measured. A kinetic analysis was performed in the presence of actinic light
(81 µmol quanta m−2 s−1 PAR) on saturating pulses of light at 27,008 µmol quanta m−2 s−1

PAR every 20 s. The photochemical parameters studied were: Fv/Fm (maximum efficiency
of PSII), Y (II) (quantum yield) and photochemical quenching (qP). The non-photochemical
parameters measured (related to heat dissipation) included non-photochemical quench-
ing (qN).

2.9. Proline Content

The proline content was determined in five leaves per plant, at the end of phases I and
II, following the method of Bates et al. [22]. For this, the plant material was homogenized
with 5 mL of 3% sulfosalicylic acid and centrifuged for 10 min at 12,000 g. After this, 1 mL
of the supernatant was mixed with 1 mL of acidic ninhydrin and 1 mL of glacial acetic acid,
and incubated for 1 h at 100 ◦C before being rapidly chilled on ice. Extraction was carried
out with 2 mL of toluene to achieve full separation of the two phases. The organic phase
was extracted from the mixture and its absorbance at 520 nm was measured.
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2.10. Lipid Peroxidation

Lipid peroxidation is considered a sign of oxidative stress, and so is a parameter of
interest to be measured. In this case, the concentration of malondialdehyde (MDA) was
measured in five plants per treatment, following the procedure described by Cakmak and
Horst [23], whereby lipid peroxidation is estimated by determining the amount of sub-
stances that react with thiobarbituric acid (TBARS). The amount of TBARS was calculated
from the difference in absorbance obtained at both wavelengths and at a molar extinction
coefficient of 155 mM−1 cm−1.

2.11. Statistical Analysis

In this experiment, 50 plants (per species) were randomly assigned to each treatment.
Data were analysed by one-way ANOVA using the statistical analysis program SPSS (IBM
SPSS Statistics 26 for Windows, Armonk, NY, USA). Treatment means were separated with
Duncan’s Multiple Range test (p ≤ 0.05). Before statistical analysis, the percentage of root
colonization was subjected to an arcsine square root transformation to ensure homogeneity
of variance.

3. Results
3.1. Mycorrhization Percentage

All the inoculated plants were colonized by Glomus iranicum var. tenuihypharum.
However, Asteriscus maritimus presented a higher percentage of mycorrhization than Salvia
officinalis, both in the saline phase (II) and recovery phase (III) (Table 1). Root mycorrhization
for both species was higher in phase II than in phase III in the plants irrigated with RWW+.

Table 1. Percentage of root mycorrhization on Asteriscus maritimus and Salvia officinalis plants irrigated
with control water (C+) and reclaimed wastewater (RWW+) at the end of the phase II and phase III.
Values are means ± SEM (n = 6).

Asteriscus maritimus Salvia officinalis

C+ RWW+ C+ RWW+

Phase II 33.00 ± 2.87 a 37.00 ± 4.07 aA 13.70 ± 2.22 b 15.67 ± 2.47 bA

Phase III 29.50 ± 4.65 a 18.00 ± 5.51 bB 10.17 ± 1.93 c 10.33 ± 1.80 cB
Different capital letters indicate significant differences in treatments between phases and lowercase letters in rows
indicate significant differences between treatments and species, both according to a Duncan0.05 test.

3.2. Biomass and Leaf Area

Plant growth in Salvia was more affected by irrigation with RWW than in Asteriscus,
which presented similar values of leaf and stem dry weight, regardless of the treatments
and the phases (Figure 1a,c). However, the root dry weight of the plants irrigated with
RWW− was lower than that observed in the control (C−) plants in phase III (Figure 1e).

Salvia behaved differently and, from phase II onward, the leaf and root biomass of
Salvia plants irrigated with RWW were significantly lower than in control plants. The total
biomass (leaf, stem and root) of the control plants in phase II was around 22.525 g, while
for plants irrigated with RWW it was 7.750 g (Figure 1b,d,f). Furthermore, this reduction in
total DW was maintained in phase III, while control plants had a growth increase through
the experiment.

No differences in total DW between treatments and species due to the effect of mycor-
rhizae were observed (Figure 1).

At the beginning of the experiment, Asteriscus plants irrigated with control water
(C−) showed higher values of leaf area. However, during phase II, there were no significant
differences between treatments. At the end the phase III, leaf area in the control plants
(C− and C+) was higher than in plants irrigated with RWW (RWW− and RWW+) (Table 2).
In Salvia, the decrease in leaf area was more evident in phase II, when the plants were irri-
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gated with RWW, showing a significantly smaller area than the controls. These differences
were maintained in phase III (Table 2).
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Figure 1. Dry weight (DW) of leaf, stem and root of Asteriscus maritimus (a,c,e) and Salvia officinalis
(b,d,f) subjected to control water and reclaimed wastewater without and with arbuscular mycorrhizal
fungi at the end of the three phases of the experiment. Values are means of five samples. The vertical
bars indicate standard errors. Different lowercase letters indicate significant differences between
treatments according to a Duncan0.05 test, and the absence of the same means that there were no
such differences.

3.3. Substrate and Plant Mineral Content
3.3.1. Na+ and Cl− Ion Content in the Substrate

Na+ and Cl− contents of the substrates of the saline treatments were significantly
higher than those of the control for both species and in both phases (phase II and phase III)
(Table 3). In Asteriscus in phase II, the mycorrhizae mitigated the accumulation of Na+ in the
substrates of the plants irrigated with RWW (RWW+) compared with the non-mycorrhizal
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plants (RWW−). In Salvia, the highest Cl− content was observed in the substrates of RWW+
plants at the end of the recovery phase (Phase III) (Table 3).

Table 2. Leaf area of Asteriscus maritimus and Salvia officinalis irrigated with control water and
reclaimed wastewater, with and without arbuscular mycorrhiza in the three phases of the experiment.
Values are means ± SEM (n = 5).

Leaf Area (mm2)

Asteriscus maritimus Salvia officinalis

Phase I

C− 257.25 ± 12.75 a 915.92 ± 8.03 a

C+ 177.21 ± 4.04 b 931.42 ± 7.58 a

RWW− 177.33 ± 6.67 b 821.17 ± 8.62 b

RWW+ 169.72 ± 2.26 b 938.75 ± 8.62 a

Phase II

C− 170.25 ± 4.58 1064 ± 31 a

C+ 146.04 ± 15.79 906.92 ± 37.92 b

RWW− 180.50 ± 3.83 658.75 ± 13.58 c

RWW+ 166.92 ± 14.42 718.00 ± 21.17 c

Phase III

C− 194.67 ± 12.93 a 533.33 ± 7.37 a

C+ 197.83 ± 0.00 a 528.17 ± 12.11 a

RWW− 171.33 ± 9.25 b 318.17 ± 29.67 b

RWW+ 158.25 ± 13.41 b 306.67 ± 23.81 b
Different letters in columns indicate significant differences between treatments in each phase according to a
Duncan0.05 test. Absence of letters in rows indicates no significant differences between treatments.

Table 3. Substrate Na+ and Cl− content of Asteriscus maritimus and Salvia officinalis irrigated with
control water and reclaimed wastewater, with and without arbuscular mycorrhiza at the end of phase
II and phase III. Values are means ± SEM (n = 5).

Asteriscus maritimus Salvia officinalis

Na+ (mg/L) Cl− (mg/L) Na+ (mg/L) Cl− (mg/L)

Phase II

C− 6.48 ± 0.45 b 4.90 ± 0.31 b 5.76 ± 1.86 b 6.62 ± 0.34 b

C+ 7.03 ± 0.14 b 4.33 ± 0.55 b 6.85 ± 0.35 b 6.67 ± 1.58 b

RWW− 13.64 ± 0.5 a 13.91 ± 1.35 a 16.04 ± 3.38 a 26.43 ± 2.09 a

RWW+ 10.50 ± 2.85 ab 9.84 ± 1.14 a 16.99 ± 2.97 a 28.22 ± 3.55 a

Phase III

C− 7.55 ± 0.25 b 5.31 ± 2.88 b 8.02 ± 1.24 b 9.65 ± 2.51 c

C+ 8.56 ± 1.45 b 6.87 ± 0.27 b 7.98 ± 1.24 b 9.84 ± 2.59 c

RWW− 19.46 ± 1.33 a 23.99 ± 5.85 a 19.12 ± 0.56 a 27.56 ± 1.30 b

RWW+ 20.70 ± 1.51 a 21.86 ± 3.69 a 21.24 ± 0.98 a 33.65 ± 2.56 a
Different letters in columns indicate significant differences between treatments according to a Duncan0.05 test.

3.3.2. Na+ and Cl− Ion Content in Root and Aerial Part

In general, Salvia plants had a lower Na+ and Cl− content than Asteriscus, which
showed no significant differences in this respect whether irrigated with RWW or good
quality water at the end of phase II (Table 4). This behaviour remained similar in the
recovery phase (phase III), except that mycorrhizae increased the concentration of Cl− in
the aerial part of plants irrigated with RWW (Table 4A). In Salvia, the Na+ and Cl− content
was higher in the aerial part of the plants irrigated with RWW than in control plants in
phase II (Table 4B). This difference was more pronounced in the recovery phase (phase III),
reaching values of approximately 17 mg L−1 Na+ and 88 mg L−1 Cl− in RWW plants
compared with the 1.8 mg L−1 Na+ and 13.8 mg L−1 Cl− in control plants. Mycorrhizae
tended to decrease the Na+ and Cl− content in the RWW+ plants with respect to the RWW−
plants in phase III (Table 4B).
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Table 4. Aerial and root Na+ and Cl− content of Asteriscus maritimus (A) and Salvia officinalis (B)
irrigated with control water and reclaimed wastewater, with and without arbuscular mycorrhiza at
the end of the phase II and phase III. Values are means ± SEM (n = 5).

A Asteriscus maritimus

Na+ (mg/L) Cl− (mg/L)

Aerial Part Roots Aerial Part Roots

Phase II

C− 59.71 ± 4.62 12.39 ± 4.53 88.68 ± 30.30 8.72 ± 2.65

C+ 60.65 ± 3.69 8.57 ± 0.56 93.77 ± 31.73 5.65 ± 0.88

RWW− 66.59 ± 12.22 14.21 ± 1.12 107.08 ± 32.59 10.08 ± 4.19

RWW+ 68.81 ± 4.57 13.74 ± 4.31 100.26 ± 36.51 12.53 ± 3.24

Phase III

C− 23.80 ± 1.58 9.04 ± 3.27 191.82 ± 14.27 b 8.08 ± 1.84

C+ 59.90 ± 9.39 15.92 ± 11.97 224.36 ± 17.56 ab 6.79 ± 1.77

RWW− 23.25 ± 1.90 11.28 ± 1.05 165.08 ± 70.78 b 6.99 ± 3.13

RWW+ 50.15 ± 25.07 10.27 ± 3.79 300.67 ± 17.56 a 11.88 ± 4.54

B Salvia officinalis

Na+ (mg/L) Cl− (mg/L)

Aerial Part Roots Aerial Part Roots

Phase II

C− 1.80 ± 0.20 b 4.84 ± 0.49 10.42 ± 1.47 b 8.169 ± 0.87 a

C+ 2.57 ± 0.19 ab 4.51 ± 0.13 9.27 ± 1.15 b 6.295 ± 0.16 b

RWW− 4.71 ± 1.69 a 4.97 ± 0.81 20.03 ± 1.94 a 7.863 ± 3.09 ab

RWW+ 3.91 ± 0.88 ab 5.28 ± 0.85 20.59 ± 2.78 a 9.120 ± 1.70 a

Phase III

C− 2.05 ± 0.12 b 4.74 ± 1.03 12.63 ± 3.27 b 10.67 ± 2.00

C+ 1.57 ± 0.34 b 5.29 ± 0.43 14.89 ± 2.77 b 9.68 ± 1.35

RWW− 18.25 ± 9.34 a 9.07 ± 4.66 104.76 ± 45.03 a 12.04 ± 9.96

RWW+ 15.82 ± 3.02 a 7.51 ± 1.43 72.66 ± 10.25 a 9.84 ± 1.14
Different letters in columns indicate significant differences between treatments according to a Duncan0.05 test.
The absence of letters in columns indicates no significant differences between treatments.

3.4. Water Relations

The leaf water potential (Ψl) in Asteriscus maritimus decreased in plants irrigated with
RWW during phase II. Mycorrhization alleviated the negative effect of water stress due
to salts and the decrease in Ψl values was less pronounced (Figure 2a). When the plants
were irrigated with good quality water (phase III), Ψl values recovered (Figure 2a). No
differences were observed between treatments at any time during the experiment in the
case of osmotic water potential (Ψs) (Figure 2c), although turgor potential (Ψp) showed
differences in both phase II and phase III. In phase II, RWW+ plants presented higher Ψp
values than the non-mycorrhized (RWW−) and in phase III the value of Ψp of RWW+ were
similar to C+ (Figure 2g).

Differences between treatments in water relations were clearer in Salvia officinalis.
The Ψl, Ψs and Ψ100s values of the salinized plants were significantly more negative than
in the control during phase II (Figure 2b,d,f). Likewise, the Ψp in the saline plants was
higher than the control plants (Figure 2h). Mycorrhizae had no effect on these parameters.
In phase III, Ψ100s decreased when the plants were watered with RWW (Figure 2f) and
mycorrhization had no effect on Ψ100s. In this phase, the most negative values of Ψ100s
were observed in the RWW+ plants (Figure 2f).

3.5. Proline Content

The plants of both species irrigated with RWW had higher proline content than the
controls in phase II (Figure 3). Furthermore, while the effect of mycorrhization was not ob-
served in Salvia, mycorrhized Asteriscus plants had a slightly higher proline concentration
than non-mycorrhized plants (Figure 3).
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Figure 2. Leaf water potential (Ψl), osmotic water potential (Ψs), osmotic water potential at full
turgor (Ψ100s) and turgor potential (Ψp) of A. maritimus (a,c,e,g) and S. officinalis (b,d,f,h) irrigated
with control water and reclaimed wastewater, without and with arbuscular mycorrhizal fungi in the
three phases of the experiment. Values are means of five plants. The vertical bars indicate standard
errors. Different lowercase letters indicate significant differences between treatments according to a
Duncan0.05 test, and their absence means that there are no such differences.
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3.6. Gas Exchange and Thermography

In Asteriscus, stomatal conductance (gs) was lower during phase II in RWW− and
RWW+ plants (Figure 4a). This caused an increase in leaf temperature (foliar heating).
However, during phase III, the gs values of RWW− and RWW+ plants recovered to reach
the levels of control plants or were even higher in RWW+. Thus, this increase in gs was
accompanied by a decrease in Tl (Figure 4a,c).
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Figure 4. Stomatal conductance (gs) and leaf temperature (Tl) of Asteriscus maritimus (a,c) and Salvia
officinalis (b,d) subjected to control water and reclaimed wastewater without and with arbuscular my-
corrhizal fungi in the three phases of the experiment. Values are the means of five plants. The vertical
bars indicate the standard error. Different lowercase letters indicate significant differences between
treatments according to a Duncan0.05 test and their absence means that there are no such differences.

Similar behaviour was observed in Salvia in phase II, when gs decreased in saline
plants (RWW− and RWW+). The highest gs values were found in C+ plants. At the end
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of phase III, no differences were observed between treatments. Again, the decrease in gs
coincided with increases in Tl (Figure 4b,d).

Net photosynthesis (Pn) was affected by saline water in both species (Figure 5). In
Asteriscus, the saline treatments (RWW− and RWW+) led to lower Pn values in phase II.
Furthermore, the mycorrhized plants (RWW+) had significantly lower Pn values than the
non-mycorrhized plants. At the end of phase III, Pn values had recovered and were higher
than in the control plants (Figure 5a).
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Figure 5. Photosynthetic rate (Pn) of Asteriscus maritimus (a) and Salvia officinalis (b) subjected to
control water and reclaimed wastewater without and with arbuscular mycorrhizal fungi in the
three phases of the experiment. Values are means of five plants. The vertical bars indicate standard
error. Different lowercase letters indicate significant differences between treatments according to a
Duncan0.05 test and their absence means that there are no such differences.

Similar Pn behaviour was observed in Salvia plants in phase II, when the control plants
had significantly higher Pn than those irrigated with RWW. Mycorrhization significantly
increased Pn values in the control plants. In phase III, RWW plants had recovered, Pn
values were the same as in the control plants (Figure 5b).

3.7. Clorophyll Fluorescence

No differences in Fv/Fm were observed in Asteriscus maritimus as a result of the type
of water or mycorrhizae in phase II. However, RWW− treatment presented the lowest
values of Y(II) and qP, while RWW+ had similar values to the control plants (C− and C+)
(Table 5A). In the recovery phase (phase III), the quantum yield (Y(II)) of the RWW−
plants was similar to that of the other treatments, while the photochemical quenching
(qP) continued to decrease in the RWW− and RWW+ plants (Table 5A). In the case of the
non-photochemical parameters (qN) a similar trend was observed, as C− and C+ plants
also had higher values than RWW− and RWW+ in phase II (Table 5A).

Both the photochemical and non-photochemical parameters were negatively affected
by the RWW in Salvia officinalis (Table 5B). The Fv/Fm was affected in phase II, when
there were significant differences between control plants and those irrigated with RWW.
Furthermore, qP and Y(II) noticeably decreased in RWW+ and RWW−, the values of Y(II) of
the saline treatment plants being around 30% lower than those of control plants (Table 5B).
However, the decrease in photochemical performance was lower in mycorrhized plants,
and their recovery was better (Table 5B).

3.8. Lipid Peroxidation

Regarding the lipid peroxidation of A. maritimus, there were significant differences from
phase I. In phase II, the peroxidation levels of the different treatments were similar, except
those of mycorrhized plants irrigated with RWW (RWW+) that showed significantly higher
peroxidation values. In phase III, the peroxidation of the plants of the RWW− and RWW+
treatments decreased below the values of the control plants (Figure 6). The values of the
mycorrhized plants were higher than those of the non-mycorrhized ones.
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Table 5. Leaf chlorophyll fluorescence (Fv/Fm, efficiency of PSII; Y(II), quantum yield; qP, photo-
chemical quenching; and qN, non-photochemical quenching) of Asteriscus maritimus (A) and Salvia
officinalis (B) watered with control water and reclaimed wastewater without and with arbuscular
mycorrhizal fungi at the end the three experimental phases.

A Asteriscus maritimus

Fv/Fm Y(II) qP qN

Phase I

C− 0.777 ± 0.005 b 0.567 ± 0.012 a 0.842 ± 0.007 a 0.469 ± 0.013 bc

C+ 0.779 ± 0.005 b 0.487 ± 0.018 b 0.722 ± 0.018 c 0.524 ± 0.017 a

RWW− 0.796 ± 0.005 a 0.565 ± 0.008 a 0.789 ± 0.011 b 0.433 ± 0.010 c

RWW+ 0.782 ± 0.002 b 0.553 ± 0.005 a 0.806 ± 0.007 b 0.478 ± 0.018 b

Phase II

C− 0.789 ± 0.002 0.559 ± 0.015 a 0.785 ± 0.023 a 0.417 ± 0.013 b

C+ 0.790 ± 0.006 0.530 ± 0.018 a 0.777 ± 0.014 a 0.471 ± 0.023 a

RWW− 0.778 ± 0.010 0.445 ± 0.008 b 0.658 ± 0.028 b 0.335 ± 0.016 c

RWW+ 0.781 ± 0.008 0.550 ± 0.030 a 0.753 ± 0.040 a 0.349 ± 0.008 b

Phase III

C− 0.712 ± 0.017 0.520 ± 0.002 0.772 ± 0.039 ab 0.397 ± 0.029 b

C+ 0.715 ± 0.017 0.505 ± 0.026 0.859 ± 0.021 a 0.558 ± 0.014 a

RWW− 0.723 ± 0.016 0.428 ± 0.038 0.573 ± 0.037 c 0.341 ± 0.007 b

RWW+ 0.741 ± 0.014 0.503 ± 0.038 0.715 ± 0.046 b 0.507 ± 0.030 a

B Salvia officinalis

Fv/Fm Y(II) qP qN

Phase I

C− 0.777 ± 0.002 0.475 ± 0.010 0.710 ± 0.009 ab 0.494 ± 0.017 b

C+ 0.780 ± 0.003 0.489 ± 0.010 0.745 ± 0.012 a 0.566 ± 0.018 a

RWW− 0.785 ± 0.004 0.455 ± 0.018 0.679 ± 0.017 b 0.549 ± 0.019 ab

RWW+ 0.782 ± 0.004 0.490 ± 0.020 0.727 ± 0.009 a 0.509 ± 0.018 b

Phase II

C− 0.785 ± 0.004 a 0.507 ± 0.013 a 0.789 ± 0.018 a 0.615 ± 0.014 a

C+ 0.794 ± 0.007 a 0.523 ± 0.017 a 0.776 ± 0.006 a 0.529 ± 0.021 b

RWW− 0.758 ± 0.012 b 0.343 ± 0.017 c 0.594 ± 0.017 c 0.637 ± 0.017 a

RWW+ 0.758 ± 0.007 b 0.399 ± 0.018 b 0.681 ± 0.022 b 0.638 ± 0.017 a

Phase III

C− 0.728 ± 0.018 0.345 ± 0.022 b 0.77 ± 0.017 a 0.808 ± 0.014 a

C+ 0.732 ± 0.019 0.402 ± 0.011 ab 0.840 ± 0.024 a 0.806 ± 0.010 a

RWW− 0.748 ± 0.017 0.368 ± 0.026 b 0.635 ± 0.018 b 0.671 ± 0.019 c

RWW+ 0.712 ± 0.013 0.453 ± 0.011 a 0.636 ± 0.062 b 0.729 ± 0.026 b
Different letters in columns indicate significant differences between treatments according to a Duncan0.05 test.
The absence of letters in columns indicates no significant differences between treatments.
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Figure 6. Lipid peroxidation of Asteriscus maritimus (a) and Salvia officinalis (b) subjected to control
water and reclaimed wastewater without and with arbuscular mycorrhizal fungi in the three phases
of the experiment. Values are means of five plants. The vertical bars indicate standard error. Different
lowercase letters indicate significant differences between treatments according to a Duncan0.05 test.
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In the case of Salvia plants, the effect of salt was more evident, since differences
between plants irrigated with control water and those irrigated with RWW were observed
in phase II. In phase III, peroxidation levels decreased in salinized plants when they were
equal to C+ values, while C− plants reached the highest values (Figure 6).

4. Discussion

Plants are exposed to a variety of abiotic stresses, one of the most problematic being
saline stress, which affects growth and yield and can cause plant death [24]. Because of
the shortage of water in Mediterranean areas, the use of unconventional water, such as
reclaimed water, for irrigation purposes is increasing [25]. One of the main problems of
these waters is their high content of salts, which, in the long term, can lead to salinization of
the soil, representing a risk to production [26]. Among the lines of research to mitigate the
negative effect of salts on crops, is that looking at the use of biological resources, such as the
application of mycorrhizae. The use of arbuscular mycorrhizae contributes to improving
resistance to salinity by increasing the availability of water and nutrients [11].

Both species under study were colonized by the fungus Glomus iranicum var. tenuihy-
pharum, although the mycorrhization percentage was higher in Asteriscus maritimus than in
Salvia officinalis, since the mycorrhizal dependence of this species is known to be greater [27].
However, in our case, the percentage of glomus mycorrhization in Asteriscus was lower
than in other studies [27], which may explain why its effect was not appreciated in many
of the parameters studied. It must be taken into account that the experimental conditions
(limitation of root system development) and salinity affect the development of the fungus,
reducing the formation of mycelium and making it difficult to colonize plants [28,29].

In both species, the percentage of mycorrhization was higher in the saline phase than
in the recovery phase, since the levels of Na+ and Cl− in the substrate were higher in
this last phase, probably because the salts were not completely washed off with irrigation.
Regarding the content of salts in the substrate, A. maritimus had higher Na+ and Cl− levels
in the plants irrigated with RWW than the controls, although this did not increase ions
in the aerial part of the plant. Plants try to prevent toxic ions from reaching the aerial
part through mechanisms such as salt exclusion or compartmentalization of the same in
vacuoles. Halophytes usually have both mechanisms, which allow them to tolerate high
concentrations of salts [4,9]. However, glycophytes have a low capacity for exclusion and
compartmentalization [9]. We observed that the amount of Na+ and Cl− was higher in
the Asteriscus plants than in Salvia, but there were no significant differences between the
control and saline plants. While Asteriscus was able to exclude salts, Salvia was not, so the
plants watered with RWW had higher amounts of salts than the control plants. As a result,
Asteriscus presented fewer negative effects than Salvia, as seen from the growth results and
physiological parameters. Gómez-Bellot et al. [3] found that the nutrient content of saline
reclaimed water improved the nutritional status of euonymus plants since the presence of
other nutrients in the water could interfere with Na and Cl uptake by plants.

One of the main consequences of excess salts is the reduction in plant growth [1,4,30].
Numerous studies show that the dry weight of tissues subjected to saline stress is lower than
in control plants [1,31], although this negative effect is usually less visible in mycorrhized
plants, since they grow better in saline conditions than non-mycorrhized plants. Our results
confirmed that the salinized plants had lower growth and it was evident in Salvia. Under
these conditions, no effect of mycorrhization was observed on this parameter. Furthermore,
a previous study on mycorrhization in Salvia officinalis showed that there was no significant
difference between leaves dry weight and stems of mycorrhized and non-mycorrhized
plants [32].

Another typical response to salt is a reduction in leaf area, as observed in Salvia plants.
This can be considered as an avoidance mechanism, since it minimizes water loss through
transpiration [33,34]. Together with stomatal closure, it favours the retention of ions in the
roots or in the soil, hindering their absorption and limiting their accumulation in the aerial
part [34]. The reduction of leaf area in Salvia was evident both during phase II and phase
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III, meaning that biomass synthesis did not recover during this last phase. After recovery,
plants of M. communis previously treated with saline RWW manifested the negative effects
on biomass production, which correlated with greater Na accumulation and a reduction
in K levels [1]. No reduction in leaf area was observed in Asteriscus during phase II, but
was observed in phase III, when the leaf area of saline plants was lower than that of control
plants. Regarding water relations, the accumulation of salts in the rhizosphere causes a
decrease in osmotic potential and, therefore, in water potential, reducing the amount of
water available for the roots. The first effects of saline stress are practically the same as
those of water stress [4]. This was seen clearly, since in A. maritimus, and especially in
S. officinalis, the plants subjected to salinity presented more negative leaf potentials than the
controls. Mycorrhizae contribute to maintaining the water status of the plant under stress
conditions [26,29] by promoting development and increasing the hydraulic conductivity
of the roots [35]. This was evident from the leaf water potential of Asteriscus, since the
mycorrhized plants irrigated with RWW (RWW+) suffered a lower decrease in potential
than the non-mycorrhized ones.

Regarding osmotic potential at full turgor (Ψ100s), Asteriscus showed no difference
between treatments, while in Salvia it decreased in the plants irrigated with RWW. An ad-
vantage of studying the osmotic water potential at full turgor is that, if the dehydration
factor is overlooked, the parameter indicates if there has been osmotic adjustment. This
behavior was observed in Crithmum maritimum and Atriplex halimus, which reduced the
osmotic leaf potential to maintain leaf turgor values in plants irrigated with RWW. When
water potential is suddenly reduced, osmotic adjustment occurs rapidly to allow partial
turgor recovery and re-establishment of water potential gradient for water uptake, and the
loosening ability of the cell wall increases [9]. Proline stands out among the compounds
that can act as osmolytes, increasing under stress conditions [28]. Proline has antioxidant
properties and acts by providing resistance to plants against environmental stresses [4]. In
both species, during phase II, proline production increased which, in Salvia, corresponded
to a lower osmotic water potential at full turgor. Even so, the proline levels in both cases
were not much higher than the control. In Salvia, a slight increase in proline (in plants
irrigated with regenerated water) allowed the turgor potential (Ψp) to remain stable and
even to reach higher levels than in the control plants. No effect of mycorrhization was
observed in Salvia, but in Asteriscus, mycorrhizal plants (RWW+) presented a higher content
than non-mycorrhizal plants, despite the fact that several experiments have suggested that
fungi promote the accumulation of proline [28,36].

When plants are subjected to osmotic stress caused by salinity, one of the first responses
is stomatal closure to reduce the water loss through transpiration. Therefore, salinity also
causes a decrease in stomatal conductance [33]. In this case, both in Asteriscus and Salvia,
the lowest stomatal conductance values coincided with the salinization phase. At the
same time, a decrease in stomatal conductance has several effects, such as increasing leaf
temperature. In the plants irrigated with regenerated water, there was a significant increase
in leaf temperature which coincided with the lowest values of stomatal conductance.
Although some studies have indicated that mycorrhizae promote greater stomatal opening
and, therefore, lower leaf temperature [3], this was not reflected in our study.

Stomatal closure is one of the factors by which the photosynthetic rate decreases
under salinity. In both A. maritimus and S. officinalis, the photosynthetic rate was affected
during irrigation with RWW. Mycorrhized plants have been shown to maintain a higher
photosynthetic rate than non-mycorrhized plants under stress conditions [29,37]. Although
in Salvia the mycorrhizae had no effect during phase II, in Asteriscus the opposite was true,
and it was the non-mycorrhizal plants (RWW−) that presented a higher photosynthetic
rate than inoculated plants.

Photosynthetic activity can also be measured by reference to chlorophyll fluorescence
parameters. In general, under salinity conditions, photochemical parameters decrease and
non-photochemical parameters increase, since they constitute a mechanism to dissipate
excess energy. In our experiment, the values of the photochemical parameters decreased
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in both species during the stress period, but the non-photochemical parameters did not
increase (although it is true that such changes depend to a great extent on the species and
the degree of stress). For example, Moradi and Ismail [38] found that in some cases non-
photosynthetic parameters also suffer a decrease as a consequence of stress. In this case, it
seems that mycorrhizae have a positive effect, since the photochemical parameters of both
species are significantly higher in mycorrhizal plants (RWW+) than in non-mycorrhizae
(RWW−), as numerous investigations have previously shown [28,39,40].

If salt stress is prolonged, Na+ and Cl− ions can accumulate inside the cell and lead to
oxidative stress. One of the consequences of this stress is the production of reactive oxygen
species (ROS) which, if they interact with membrane lipids, can lead to their degradation in
a process known as lipid peroxidation [1]. The results were clearer in Salvia, where salinized
plants and control plants differed in phase II, the values in saline plants being higher, as
would be expected when subjected to stress. Although mycorrhizal plants generally tend to
have lower peroxidation levels [28], in our case there was no apparent effect of mycorrhizae.
After recovery, we observed how, in both species, the peroxidation of plants treated with
RWW fell to values lower than the control values. This could be because, as the plants
age, peroxidation increases. During phase III, the plants (especially S. officinalis) grew new
leaves, and so the number of new and healthy leaves was higher. These young leaves could
explain why the plants treated with salt showed less peroxidation than the control plants
(older leaves).

To sum up, it was confirmed that the Asteriscus is more tolerant to salt than Salvia,
since all the parameters studied presented better values. Irrigation with RWW decreases
the ornamental quality of Salvia, making it difficult to use in landscaping projects [41].
The effect of mycorrhizae was only appreciated in some of the parameters, but did not
represent any significant improvement in most cases.

5. Conclusions

In conclusion, both species are susceptible to mycorrhization with Glomus iranicum var.
tenuihypharum, although the crop conditions limited the mycorrhization percentages. All
the measured parameters were less affected in A. maritimus than in S. officinalis, confirming
that it is more tolerant to salinity, which is why it is more suitable for irrigation with
reclaimed waters. This tolerance of A. maritimus is due to the reduction in the ability of
potentially toxic ions to reach the aerial part. Glomus iranicum var. tenuihypharum improved
the photochemical parameters of both species during phase II, as well as the leaf water
potential and proline content in A. maritimus. And finally, irrigation with good quality water
after a period of irrigation with RWW induces the recovery of gas exchange, water status
and the ability of plants to repair membranes damage. Going forward, the inoculation of
native AMF is a promising method to improve the quality and yield of plants and should
be considered during production. The application of this study will be useful in order to
advance the knowledge of the response of plants to salinity. Thus, to know the benefits of
reclaimed wastewater irrigation for ornamental purposes is crucial in areas where water
resources are limited.
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